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it costs just

That’s remarkable value for money.
Considerably less than you could pay for the same performance,
accuracy, sensitivity and versatility.
Not that we set out to undercut the competition.

All we wanted to do was to produce the best 100MHz general
purpose oscilloscope on the market. But because we started from
scratch, we were able to use the latest engineering techniques
and advanced circuitry (including many i.c.’s). And this meant
we could price the 200 very competitively.

The 200 incorporates all the features you would expect in a
first-class modular instrument, plus several new ideas.

To find out about these, please telephone Ashley Stokes
on 01-450 7811, Extension 113. Or write to him at the address below.

* UK Price

BRADLEY

| electronics

G & E BRADLEY LIMITED, Electral House, Neasden Lane, London, NW10 1RR Telex: 25583 A Lucas Company
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LICdIX

SOUND SYSTEMS AND ELECTRONICS

The MXT-200 is the latest addition to the range of modular
audio mixing units available from Audix for public
address, theatre, broadcast and recording studio
applications. Designed for either mono or stereo working
the MXT-200 incorporates high and low frequency filtering
per channel as well as overall treble and bass tone
controls. A pre-fade listen miniature toggle switch is fitted
to all plug-in channels; the maximum number of inputs
being 16. The wide choice of modules including

output routing, monitoring facilities, P.P.M. or V.U.
metering units can be fitted within rack mounting or free
standing cabinets.

" MANUFACTURERS OF  AUDIX BB LIMITED
al_l I SOUND SYSTEMS AND STANSTED - ESSEX
ELECTRONICS TELEPHONE: STANSTED 3132/3437 (STD 027-971)

WW—005 FOR FURTHER DETAILS
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LOW COST

RC OSCILLATORS
1Hz TO 1MHz

s

LEVELL

T e, s

e

ANALOGUE

FREQUENCY 1Hzto 1MHzin 12 ranges. Acc. + 2%
+0.03Hz.
7Vr.m.ss.downto <200uV with Rs

- 600 Q
<0.1%to 5V, <0.2% at7V from 10Hz
to 100kHz.
7V peak downto <200uV. Rise time
<150nS.
> 1V r.m.s.sine in phase with output.
+1% freq. lock range pervoltr.m.s.
input.
0/2V,0/7V & —14/4+6dBm.on
TG200M & DM only.
77 highx 101" x 53" deep. 10 Ibs.

SINE OUTPUT
DISTORTION
SQUARE OUTPUT

SYNC. OUTPUT
SYNC. INPUT

METER SCALES

SIZE & WEIGHT
TG200 TG200D TG200M TG200DM

Sine O/P Sine & Sq. O/P. Sine O/P Sine & Sq.0/P
+ meter. + meter.

VISIT US ON STAND 621 AT L.E.C.S. 73
OLYMPIA, LONDON, 22-25 MAY

NOTE: All prices subject to V.A.T.

Rk |

AR

fi 2 ’
3 THANSISTOR DECADE DSCILLATOR TYPE TO68s l 7
,»

1000 (500 (o0 Lt X (o

' ®

“R -t
Sy Tl 3300

Vo1 ~rem

- o
T

=00
® iy

DIGITAL

FREQUENCY 0.2Hzto 1.22MHz on four decade
controls.

+0.02Hz below 6Hz

+0.3% from 6Hz to 100kHz
+1%from 100 kHzto 300 kHz

+3% above 300 kHz.

5V r.m.s. down to 30pV with Rs=600 Q2
<0.15% from 156Hzto 15 kHz.

<0.5% at 1.5Hz and 150k Hz.

2 Expanded voltage & —2/+4dBm.
7" high x 103" wide x 7” deep. 12 lbs.

ACCURACY

SINE OUTPUT
DISTORTION

METER SCALES
SIZE & WEIGHT

TG66B

£120

Batteries only.

TG66A

£150

Mains unit &
batteriesincl.

Prices include batteries with 400 hour life.
Mains power units £10 extra. Leather cases £6 extra.

Send for literature covering our full range of portable instruments.
M S , High B , Herts. EN5 5SD
LEVELL ELECTRONICS LTD. rei’01-245 5026/340 6686

WW—006 FOR FURTHER DETAILS
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Transformers, Filters and
Delay Lines for all applications

The majority of products sold by
Gardners are custom built to
specific customer requirements.
But we can also offer a wide range
of standard designs ‘off the shelf’.

Our stock items cover power
transformers, audio transformers,

inductors, chokes and invertors.
The complete range is shown in
full detail in our series of

[ § B ¥R .-Nw N N N N N _§_ /|

Piease indicate your requirements by
I circling the G.T. number/s below.

B 151216 17 21 23 24 25 100

I NAME

brochures. If you'd liketo post GT.1  POWER CONTROLLING
us the coupon, we'll send you SATURABLE REACTORS
brochures by return. The
following publications list gip AUBI® TiRANSEERMERS
our standard range of nearly  GT.12- LILLIPUT SERIES OF
1000 ratings for various MICROMINIATURE
applications usually TRANSFORMERS
available forimmediate GT.16 ALPHA SERIES OF
delivery in small quantities. ' ASSEMBLIES
GT.17 LOW VOLTAGE
ISOLATING AND AUTO
TRANSFORMERS
GT.21 MANUAL OF INVERTER
TRANSFORMERS AND
MODULES.
GT.23 INDUCTORS
GT.24 POWER TRANSFORMERS
GT.25 TRANSISTOR POWER

SUPPLY TRANSFORMERS

GT.100 GENERAL REFERENCE
CATALOGUE

Specialists in
Electronic Transformers

-= Gardners

ADDRESS
1

"il:‘

WWw
(N N N N N |

TRANSFORMERS LIMITED

Gardners Transformers Limited
I Christchurch, Hampshire BH23 3PN
4 Tel: Christchurch 2284 (STD 0201 5 2284).
Telex 41276 GARDNERS XCH.

| GARDNERS

WW—007 FOR FURTHER DETAILS
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Probatly,if you're still using an

ordinary soldering iron.

Ordinary soldering irons can cause
damage to transistors and
integrated circuits — damage
which wastes time and costs
money. Now, with the unigue

ANTEX X256 and CCN tow leakage

soldering irons no harm can come

to the most delicate equipment,

even when soldered ‘Live'.

(You could be making quite a saving).

ALL PRICES MENTIONED EXCLUSIVE OF VAT.

MODEL X25

220-240 Volts or 100-120 Volts.

The leakage current of the NEW

X25 is only a few microamps and

cannot harm the most delicate

equipment even when soldered
“live’’. Tested at 1500v. A.C.

MODEL G
18 watt miniature iron, fitted
with long life iron-coated bit
3/32". Voltages 240,220
or 110. PRICE: £1.83

This 25 watt iron with its CCN (rec. retail)
truly remarkable heat-capa- J %/ 220 volts or ' '
city will easily ‘‘out-solder”’ o/ 240 volts. The
any conventionally-made 15 watt miniature ) {?
40 and 60 watt soldering model CCN N
irons, due to its unique / also has negligible M""‘»,(

construction advantages.
Fitted long-life iron-
coated bit 1/8"". 2
other bits avail-
able 3/32" and
3/16". Totally
enclosed element

leakage.

Test voltage 4000v.
A.C. Totally enclosed
element in ceramic shaft.
Fitted long-life iron-coated
bit 3/32"'. 4 other bits
available 1/8"', 3/16", 1/4"

MODEL CN
Miniature 15 watt
soldering iron fitted

3/32" iron-coated
bit. Many other bits A\

X. MODEL CN2

Miniature 15 watt soldering
iron fitted with

ceramic and steel .
shaft. Bits do not /, p E: and 3/64 R\ available from 3/64;’ nickel plated bit 3/32".
"freeze’’ and can JN R!C 3 £1.80 (_rec. retail) i to 3/16"". Voltages 240, Voltages 240 or 220.

easily be removed O Bitiea\fuith Hipls-Eagicgs 220,110, 50 or 24 PRICE: £1.70

Y iron nickel and Chromium bit 1/8". '} PRICE: é1.70‘ (rec. reta.il) (rec. retail)

PRICE: £1.95 (rec. retail) ‘)

PRICE: £1.75
{rec. retail) Suitable for production
work and as a

general purpose iron.

MODEL SK.2 KIT
Contains 15 watt miniature
iron fitted with 3/16""

MODEL MES.KIT
bit, 2 spare

Battery-operated 12v.

25 watt jron fitted grlmtj gg%
with 15 lead and 2 heat sink.

heavy clips for con- - Contains 15watt o 14er stand
nection to car battery. miniature iron fitted with 3/16 and ""How to
Packed in strong plas- bit, 2 spare bits 5/32"" and Solder”’

tic wallet with booklet 3/32", heat sink, solder, stand booklet. e
"How to Solder’’ and "'"How to Soider’’ booklet, PRICE: £_2.4 i :,".-:';"'
PRICE: £1.95 (rec. retail) PRICE: £2.75 (rec. retail) {rec. retail)

Piease send the ANTEX | enclose cheque/P.0./Cash
colour catalogue. {Giro No. 2581000)
I [ Pleasesend the following: ..o

Reg. Nc. 393594
I From radio or electrical dealers, < ccerottesseaeeseae e NAME i gy g700rd 517 480 2'swe 8 4 mtema
car accessory shops or
I iEem of difficulty direct fromss ~ vr iR A saRE N e e S e - ADDRESS! & e M i Sgissnt {6 o

ANTEX LTD. FREEPOST
{no stamp required) PLYMOUTH
PLIABR Teli075267377.. | omwiis anaimios tun fiam timmyred BE slemeif n % fse bl § [t et & o d [ 2 el b oo, 515 5 wWW 4

WW—008 FOR FURTHER DETAILS
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What is improved?

This question is put to us freguently these days so a few words of
explanation as to why and how we ‘improved’ our Model 3009
Series il precision pick-up arms imay be helpful.

We assuried that if you choose one of our arms you will use the
sort of cartridge it deserves. The fieid thus narrowed we were able
{omake them more compact aid above alireduce the effectivemass
of the standard model to a meie 5-5 grains. This benefits track-
ability and ail round definition with improved bass transients and
stiil iower sensitivity to external shock and feedback.

Ciganing the stylus is not iealiy a problein with a non-detachabie
sheli as the stylus assembiy itseif can usually be withdrawn from
ihe cartridge for this purpose. :

Wheie the facility is demanded an alternative version, the Model

o~ o m o

mass is consequently 4 grams higher.
Both modeis require a lot less space than their predecessor,
widening their application and simplifying installation.
Foilowing our established policy eavlier arms can be updated by
our Seivice Department from whoim particulars are available.

S IIVI{E=:

The best pick-up arm in the world

Write to SME Limited - Steyning - Sussex - England  Telephone Steyning (0903) 814321 ot

WW—009 FOR FURTHER DETAILS
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2t S of research.
.. on accessories for dictating machines, tape recorders,
tele-communications and electro-acoustic equipment. etc.
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EARHANGERS SUB-MINOR FOOTSWITCHES HOSPITAL
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2.5mm and 3.5 mm

JACK PLUGS & :75‘2
SOCKETS & SUB DANASOUND HEADSET THROAT f& DANASONIC

T RE mzzgpﬂerquHouT BOOM gkﬁmg:gxoms INDUCTION AUDIO
SWITChES ONE : LOOP RECEIVER

&*‘i&

DanNnavox

INTE®RN

DANAVOX (GT. BRITAIN) LTD.

Electro-Acoustic Components and Hearing Aids
“"BROADLANDS” BAGSHOT ROAD,

SUNNINGHILL, ASCOT, BERKS.

TEL: 0990 23732/6: TELEX: 84584 WWwaz3

TIONAL

WW—010 FOR FURTHER DETAILS
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Monitor with

Whatever your monitor or data display requirement, the
chances are you'll find exactly the tube you need in the Brimar
range. Screen sizes from six to twenty-four inches. Deflection
angles from 70°to 110°. Narrow neck for reduced deflection
power or wide neck for improved resolution.

Several sizes offer the option of increased neck length for
special deflection techniques. Each type comes in a selection
of phosphors from the extensive Brimar range and graticules
are added to order. An added bonus is the variety of implosion
protection and mounting styles with which Brimar leads the
field.

Thorn is the largest manufacturer of television tubes and
receivers in Britain — knows more about tube design and
application than anyone else in the business.

Justring 01-804 1201 and mention our name : Brimar —
it could save you a lot of trouble.

www americanradiohistorv. com
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[ [ K4 r=
[ ] ]
3 = g 5 | % §| 2| &
- @ £ £ c B s
9 2 o Es.|Es 9 2 B |E3
5 S 3 ED E EQ E so | B, |[RE| v |ES
s <)) T o - - - 0 o 2 n » c - e
=Y £ c Xog|X00| wX o | 2¢ S |Xog
c = on Sog |20 ) = 8w o7 g S E
=) o 0o 22ale28| T> o | O w {20 ¢
M17-12 [ 132% 99 X 6.3 70 Clr 236
M17-15 132x 99 X 11.6 70° | CIr 242
M28-13 [228x1 ny X 11.5 90° | 58 266
M28-131 228171 : X 1.5 | 90° | 58 271
M371-100 [257x 195 X 6.3 70° | 50 449
M31-101 1257 ><'195i X 6.3 70° | 50 490
Q26 I e
M31-182 j 257 % 195i X 63 | 110° | 50 2485
M31-184 1257 x 195i X 63 | 110° | 50 243
M36-141 288x 216 X 6.3 70 60 425
A - == = o
M36-142 288 216 X 6.3 70 60 431
| Fomg | | x| 63| o |
M3€-100 308 x 229 X | 11.5 90° | 50 356
- T — - - — — _1,__ ——
M38-101 1308 229I X T 15 90 50 X | 378
M38-102 308 » 229 X 115 | 90 | 50 X | 383
— _ )| | RN
M38-104 308 229 X 11.5 90 50 361
—— | o | __’* -
M38-110 308x__239{ X 6.3 90° | 50 351
M38-111 1308 <229 X 6.3 90 50 X | 446
—— 1 R T |
M38-112 308 x 229 X 6.3 90 50 X | asm
M50-120 1394>< 308 X 63 | 110° | 45 319
n A _f 1 oy - 1 370 |
M61-120 1481x375( X 6.3 | 110° | 42 370
KEY
Vel
Rectangular Face Mounting Frame Integral Mounting Lugs
Figures denote minimum screen width and minimum screen heightin mm.
Thorn Radio Valves & Tubes Ltd.,
Mollison Avenue, Brimsdown,
Enfield, Middlesex EN3 7NS
Tel: 01-804 1201
THORN
BPT9

WW—011 FOR FURTHER DETAILS
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Handful of relay know-how!

Largest range of Miniature Plug-in
Relays in Europe

Varley miniature plug-in relays including the If you have a relay requirement or problem
Miniaturised Bi-stable polarised relay type VPR contact Varley Technicians now, or send the
and Post Office approved relay type 23 are ® coupon for the Varley catalogue.
used and approved by most ieading electr- ComTETmmTETmem o T mase T me e
onic manufacturers threughout the world. Cambrid Oll;ver é’ell Col?dtr(‘)il Lfd; .

. N I ambridge Row, Burrage ., Woolwich,
The \r]easons ) PERFORMANCP’,,RE%IADILI_TY' IjRICE' London, SEng. Tel: 01-854 1§22 Telex: 897071
arley go to great lengihs to ensure a
consistently high standard of performance and

4

" Name e
reliability in the manufacture of their range of
relays. Ultrasonic cleaning is used ihroughout Company -
manufacture. Each relay is checked under Address___ S

dynamic conditions for contact performance

o, W4 73
and timing.

WW-—012 FOR FURTHER DETAILS
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Cod lighting for hot parties.

Velvet dim to full brightness at a Economical too!

As the light is progressively
dimmed, so the current consumption
drops - think of it as an electric tap.
300 watt capacity, straight
replacement for standard light
switch.

teuch of the finger. Off/on and
infinitely variable.

Beta light glow makes switch easy
to find in the dark and consumes no
current.

}. Complete kutof part £2. 800r 1
made up £2.90s '

l' | A1291 Iy

Hot Ignition 'or cold momings

The Jermyn capacitor discharge

ignition system.

, Instant starting in all weathers.
Even with a near flat battery, the unit

will produce a full sized spark. :

Smoother running.

Less strain on battery and starter.

Lower petrol consumption.

Long plug life with infrequent
adjustment (typically 20,000 miles,
gapped at .050").

No contact breaker arcing giving
long life and tess adjustment
(typically 20,000 - 25,000 miles)

Just one of the many advantages
of an electronic ignition system, the
others are: o

High energy sparkevenat
maximum revs. B <
o
>
s 2 4 ;
a';é)f ’ . ; \ \
e~ "N b R ¥ 3 '&"
r!'\ F o BTN (L o ;
» \ :
Pty 0T

STATE + or —earth
when ordering.

Complete set of parts to build it Reprints of
ycurself for only £7.75, as described Save 55p the two part featurg are available at
in Practical Wireless and fully 25p.
approved by the author. BUy bOTh for £1000
r —————————————————————————————————— ARD SN N MR M WIS WD SR TR gk D SR MR G g e e N G G S G NS D AN M SN S G M MR SO g S WD MR M WD 1
! ToJermyn Industries,84 Vestry Estate, Sevenoaks, Kent. :
1 Please despatch returnof post .. light dimmer kit lightdimmer '
: Ignition Kits . 4+ or —earth .. £10pair. Enclose cheque or postal order. :
1
JERMYN |
VNAME o - B e L :
V ADDRESS B : I :
- ]
I 1
I - 1
LT o N e T, T e T T o e e o e T S SV o S e e I T ;

WW—013 FOR FURTHER DETAILS

wawwsameticanradiohistorns.com


www.americanradiohistory.com



www.americanradiohistory.com

Wireless World, April 1973

al3

Erie metallised dielectric

capacitors-more firsts’

to their name than the rest
rolled together

Erie’s strength in metallised film lies in
immense capability - the result of unique
experience in materials and production
technology, objective marketing and a
total commitment to satisfying customer
requirements. This, plus . . .

an enterprising spirit . . . The group
has held world patents on de-metallising
and handling techniques since 1945.

A string of ‘firsts’ includes the use of
metallised paper with high temperature
impregnants to give fully type-approved
capacitors (with still no competitor in
sight)!

We were first to develop epoxy resins
as a sealing medium. First in Europe with

Oppcsite page: Setting-up plant for metallisation of
plastic film dielectric.

Top left: Type 51016 capacitors awaiting
oven cure.

Top centre: Winding close tolerance professional
metallised polycarbonate capacitors.

Bottom left:  Automatic soldering of wire

terminations on metallised P.E.T.

Bottom centre: Typical examples of custom
designed capacitors.

Test Station for metallised P.E.T.
capacitors.

Far right:

metallised polyethylene terephthalate
(P.E.T.} capacitors. First in the world
with thin metallised polycarbonate film
capacitors, by making our own film.
First with castellated metallised paper
and P.E.T. small-value types (still an
exclusive process).

And in 1970, in a special
custom-designed job, first with the
volume production of a metallised
polypropylene capacitor.
near total in-house capability . . .
Particularly in metallising equipment.
It means new materials and techniques
can be investigated in depth. As
leaders, we are invariably approached
at an early stage by the material
developer. The result is often a
combined development programme
(and more ‘firsts’). It also means the
speedy dispatch of customer specials
independent of outside suppliers.
unique flexibility . . . Thereal key to
Erie’s capacity to meet specific needs —
particularly in long-run multi-section
and feed-through units — is flexibility.

WW-—014 FOR FURTHER DETAILS

WA~ ameticantadiohistenscom

Basically: design-stage discussion and
a batching system specially geared to
quick production line change-overs.
Full-scale Life test both on new
products and on a batch sampling basis
1s carried out to monitor and maintain
Erie’s uncompromising standards. This
Test House is Government approved.
To take any of the foregoing further,
contact
the Advertisement Dept (DC/WW/1/73),
Erie Electronics Litd.,
South Denes, Great Yarmouth, Norfolk.
Tel. (0493) 56122 Telex 97421

ELECTRONICS
LIMITED

o/l
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B&W Monitor Loud

Montreal

New York

set the
standard

Porto

Tenerife

Kingston
< Trinidad

Barcelona

Lund
Copenhagen
oosdrecht,

A

Athens

And now two new models
have been added to our

Helsinki

world-famous range - DM4 and D5 -
proving once again the quality
and technical superiority
of B& W loudspeakers.

Wireless World, April 1973

Throughout the world
speakers

Karachi

Hong Kong |

Singapore

— - e T —— --—l "
|
| |
| {
f
L _ o | SR I | - . =
DMA4 A small D5 A small, two- DM2 Already weli- DM1 The original
monitor using three unit system offering known, this three- B & W three-unit

units including a
new, bass/mid range
unit to provide a

top quality sound
rarely achieved by
speakers at twice the
price.

the unique
combination of

B & W precision,
quality performance
and a remarkably
low recommended
retail price of under
£30

unit system has
achieved a truly
world-wide reputa-
tion for excellence
and been rated as
one of the best top
quality systems.

miniature-—not much
farger than an LP
sleeve-——enjoying
increasing popularity.

DM70 Now released on the
UK market for the first

time in its continental
styling. One of the world’s
finest loudspeakers—and
included in the Design
Council’s Index.

see
=TV electronics you
Sonex

Meadow Road, Worthing, Sussex Tel. 0903 205611

WW—015 FOR FURTHER DETAILS
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AQarrard deck-

the manwho owns ¢

Make no mistake-—your deck
is the key unit in your Hi-Fi
equipment. All the latest
electronic refinementsin
amplifiers and speakers can be
wasted if the deck is not
precision-built and

mechanically reliable. Ask the

man who owns a Garrard. He
may take it for granted—but
that’s the way it should be.
You have no second thoughts,
noregrets once you’ve bought
Garrard. That’s why the
overwhelming majority of
‘package deals’ start witha
Garrard. Hi-Fi dealers can’t
afford after sales problems, so
they go for Garrard.

Go along with your dealer—
go for Garrard.

4 AP76 module: this superb deck offers
every modern feature you need for
Hi-Fiperformance. Thisisa

genuine transcription quality deck at
a moderate price

Fitted with 75/6/SM Shure cartridge.

AP9% module: the connoisseur’s
single playing transcription deck. It
is beautifully styled with precision
performance to match any Hi-Fi
system.

Fitted with 75/6/SM Shure cartridge.

SP25 Mk III module: this automatic
single play deck offers the refinements
of enthusiast Hi-F'i at a budget price.
Fitted with 75/6/SM Shure cartridge.

ZERO-100S module: the ultimate.
Tangential pick-up arm virtually
eliminates tracking error. The
transcription turntable with the
greatest combination of advanced
features available today.

Fitted with M93/E Shure cartridge.

These Garrard units are supplied
complete with elegantly styled
bases and distinctive lift-off
hinged covers, which can be closed
during playing. Ready-wired for
quick and easy connection to
mains and amplifier.

Complete the coupon and post it now!

Please send me more details on the Garrard range of modules and decks.
Name

(Block letters)
Address. =

A PLESSEY QUALITY PRODUCT
To:Garrard, Dept.WW, Newcastle Street, Swindon, Wiltshire.

WW—016 FOR FURTHER DETAILS
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SAY
UNED

WITH JACKSON

When you use Jackson capacitors, you
know you're using tried and tested compo-
nents. Jackson capacitors are made:to the
most exacting standards under rigorous
supervision. As a result, they give perfect
reliability over a very long life. What’s more,
you can have components custom made to
suit your individual requirements.

‘Our skilled personnel and bang up to
date equipment are backed by 45 years of
experience in the communications field. And
that's your guarantee of a reliable product.

Hli

i

TYPE P22 AM/FM 2 GANG CAPACITOR CATALOGUE NO. 4300

T

Write for fully illustrated catalogue:

JACKSON BROTHERS
£ (LONDON) LIMITED

KINGSWAY, WADDON, CROYDON, CR9 4DG.
) TEL: 01-681 2754/7. U.S. OFFICE: M, SWEDGAL,
2568 BROADWAY, NEW YORK, N.Y. 10007
NOW! ON TELEX No. 8946849.
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BULGIN
Can Offer You

Jacks and Plugs
Of Infinite Variety

ORIGINAL
DESIGN

TO BS.666
SPECIFICATION

| I
N |
N\ ,m ——  SIMPLE YET
= SECURE CONTACTS
B — 4
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p i

PHENOLIC BODY
TO BS.771

\\

=g

4.88mm. CABLE
ENTRY HOLE

6mm. CONTINENTAL
SIZE AVAILABLE

GHOIGE OF 50 TYPES

e began making Jacks

and Jack Plugs in 1929
and since that date have
steadily enlarged our range
which now includes a variety
of designs covering all popular
applications.

Many millions have been
supplied to customers

all over the world and have

given every satisfaction.

List No. P.505 The majority of models are

made to BS.666 specifi-
cation and every component
part is checked for compliance
to this standard before assem-
bly. A range of miniature
models are also listed.

List No. P.538
{Chrome)
List No. P.539
{Gold) . .
De5|gns are varied; and in-
clude two pole models,
which can be connected to
twin or co-axial cable and
three pole models. Finishes

List No. P.635

o - (Chrome)
\ ‘ List No. P.536 vary, covering black bakelite,
FN {Gold) frosted aluminium and both
< chrome or gilt plating.
List No. J.2 P gite 9
List No. J.35 Ratings for BS.666 models

are 50V. max., 0.1V min.,
5A max., 50W. max., Max.,
test voltage 250 pole-to-pole
or pole-to-earth.

CUSTOMERS CAN ALWAYS RELY ON
‘THE HOUSE OF BULGIN' FOR SERVICE, QUICK DESPATCH

Also Miniature range
of above available

AND GUARANTEED SUPPLIES FOR YEARS T0 COME

TECHNICAL LITERATURE AVAILABLE ON REQUEST, QUOTE WW/1/73

A.F. BULGIN &CO LTD

ELECTRONIC COMPONENT MANUFACTURERS
BYE-PASS ROAD BARKING ESSEX
TEL.: 01-594 5588 (12 lines) TELEX 897255

Www—018 FOR FURTHER DETAILS
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313 EDGWARE ROAD, LOND

telephone: 01 723 2231 Cable: Omrontrols London.

w telephone: 01

ON W2 3BR.

723 2231 telex 28514

TIMERS
SWITCHES
TRANSFORMERS
VOLTAGE CONTROLS

FOR IMMEDIATE DELIVERY

al7

NOW AVAILABLE THE

FROM STOCK

relays

VARIABLE TRANSFORMERS

- FAMOUS “SLIDUP"

"'SLIDTRANS" MODELS

: #
3 Zi 2'2 :25 £ﬁgg g;g Stainless Steel probe assem-
= Zf 10 amp £22.50 75p I;lrgzes or other conductive
: ;S :25 iﬁggg ;gg Proven use in sewage, water

“OFF THE SHELF’" delivery of all types.
*Fully shrouded. *Bench Mounting.
*Panel Mounting. *Low Price.

*Input 240VAC. Output: D-260VAC.

PANEL MOUNTING *‘SYS”
SYNCHRONOUS TIMER
OMRON brand Syn

timer  with
instantaneous

over contacts.

teed electrica
and mechanica
10,000,000  opera
tions.

»Stocked in 110VAC 240VAC up to twenty eigh
hours time range; 3% repeat accuracy.

£14.90 “‘one off” £10 in guantity.

&
1amp £7.00C. & P.37p

chronous Motordriven
single
and
two timed change-

MINIMUM guaran-

ELECTRONIC PLUG-IN SWITCH
FOR LIQUID LEVEL & ICE
BANK CONTROLS "“61FGP”’
Electronic switch senses @
change in resistance using

beer. milk ice in vending.
effluent, boilers and other industries.
£5.85 for "one off”” £3.50 in quantity.

STAINLESS STEEL PROBE
ASSEMBLY 'PS31""

Length 1 metre, for use on differential and alarm
control of conductive liguids with “'81FGF*’ {illus-
trated above).

£1.60 “‘one off”” £1 in quantity.
ELECTRONIC RECYCLING
TIMER FOR CONTINUOUS
ON/OFF OPERATION “TDA"

MOTOR PL
AT LAST! +

function. Both ins
timer is mounted

WORLD'S SMALLEST SYNCHRONOUS

UG-IN TIMER STPNH
1% REPEAT ACCURACY IN A

MINIATURE PLUG-IN TIMER UP TO 28HRS.

Only OMRON could provide a timer of such unrivailed superiority over
all its competitors, anywhere in the world. .
The STPNH is a synchronous motor driven timer with automatic reset

tantaneous and time limit contacts are fitted and the
on an international 8 pin octal base.

Time ranges start 0.6 secs and finish 0-28hrs with operating voltage
at 110VAC or 240VAC.

Up to 72 mins £7.90 “"one off"’ and £4 in quantity. Long time ranges around £8.

PRO3  SusmiNia-fiSaTs SUBMINIA- |01 |D STATE VOLTAGE
SWITCH. ROSWITCH. CONTROLS 5AMP & 10AMP
m::zf}’ swit:; J CSA approved MODELS
f’ with black toggle switch Full solid state
t ; button 3 amps LA rated 5A @ control over AC
“ @ 240VAC o’.ﬁ 240V 50p ea. voltages.
15p each per #4 in small quan- Input of 230VAC
10;0 P tities. variable on output
: to 25-230VAC.

! Electronic twin timer for con-

tinous recycling operations.
On/Oft time control, D-Gsecs
with 2% repeat accuracy
setting 0-6sec with transfer
switch X10.

t

PNEUMATIC OMRON TIMER UP

T0 200 SECS DELAY—"ATS"

Duat voltage 110/240VAC £28.60

but down te £18 each in quantity.| -

Easily adjustable from delay on
energise to delay on de-energise.
The OMRON ATS works on an
air damped principle and can be| Fesswdl
adjusted between 0.200 secs| |

with screwdriver adjustment. A

PANEL MOUNTING “NSY"
SYNCHRONOUS TIMER

“*New Square Dial”’
The OMRON timer type NSY
features the modern “'DIN”
type square fixed dial. This
attractive package has two

OMRON LIMIT SWITCHES

Full range available with 15amp switching capacity.
Approved by CSA Authorities & guaranteed for
twelve months.

Interchangeable with other British and Continental
manufacturers typical price is around £3.50 for
the coil spring type.

precision snap action
provides a G6A contact
minimum 1,000,000 ops life.

£5 for 110V/240VAC types.

switch
and

“'One off”” £8.10. In quantity,

time limit changeover con-
tacts.

Stock ranga 110/240 VAC up to 28 hrs £12.50
“‘one off’" to £8 in quantity

OMRON MICROSWITCHES

LOW COST PANEL MOUNTING
MINIATURE TIMER—"'STPYMH""

*Interchangeable with all British
& Continental Manufacturers

*Approvals from: CSA; MIL; UL; SEVC; SAA;

. . DEMKQ ETC
Plug-in timer for panel
mounting. Synchronous
Motor driven with auto-

reset facility. Instantaneous

and time limit contacts
rated at S5A. This timer
has fixed and moving
pointers.
£8.40 ““one off” £5 in
guantity.

HIGH ACCURACY SOLID STATE
PLUG-IN TIMER—""TDS"’

Dual Voltage 110/240VAC £18.50 to £13 each.

' A

Genuine 1% repeat accuracy,
with solid timing.

Life 50 million operations
minimum, instantaneous &
time limit contacts.

Full time scales 0-1sec:
0-2sec, 0-5sec. 0-10sec:
0-30sec; 0-60sec;
0-180sec.

EXCLUSIVE

OMRON TIMERS & FLOATLESS

SWITCHES

76p “‘one off’” and 50p. each in quantity.

Type 8PFI for 61FGP & TDA.

SOCKETS FOR

B g @

Screw terminals, with
clips to hold theé timer
or switch firmly in
place where mounted.
F for STPNH. TDS. DTS

0

Type 8P

VIC WITH AMP TERMINALS
Single Pole Changeover 15amp
switch O.F. 400gm R.F. 114gm
M.D.G. 4mm. £18 per 100; £150
per 100; £700 per 5000.
VV-15-1AWITH SOLDER TERMS.
Single Pole Changeover 15amp
Switch D.F. 230gm. R.F. 50gm.
M.D. Imm. £19 per 100; £150 per!
1000; £650 per 5000.

SIA SUBMINIATURE SWITCH
Cheaper than all its competitors.
Single pole changeover 5amp switch
0.F. 200gm. R.F. 40gm. M.D. 0.1mm.
£22 per 100; £180 per 1000;
£850 per 5000.

SIAL WITH LEAF SPRING

VOLTAGE STABILISER

Famous |.M.0. Constan

*200 watt rating
*Input 240VAC +:20%
-+ Output 240VAC+1%.

Miniature and
lightweight  with
finned aluminium
housing these units
can truly replace
wirewound trans-
formers.

£ |vP0o5C (5AMP) £9.90 ““one off’ £6 in quantity.

VPIOC (10AMP} £16.90 ‘‘one off* £10 in quantity.

PHOTOELECTRIC SWITCHES

Reflective and  ‘'slot’”” type
photoelectric  switches.  Will

sense any material passing the

light beam up to 3mm and
provide an output signal of
D2AMPS at 240VAC. Reflective

| distance up to 25mm on reflec-

Voltage Stabiliser stil 1 °
only £12.50 eatch. "I:VRDURN'A( DZI?\EIEE tive surfeces, far longer with
FEATURES: SUPPLY. external light.

PRIOOR {Reflective) £7.50 “"one oft'* £4 in quantity.
PRIOOC {slot) £7.50 “‘one off’" £4 in guantity.

AT LAST OMRON FRONT
CONNECTION SOCKETS—
NOW SUPPLIED FROM STOCK

lots.

lots. ,

Subminiature 5amp microswitch
of 56-180gm R.F. 14gm M.F.
0.8mm. £27 per 100: £220 per
1000; £10C0 per 5000.

SIAL 2 WITH ROLLERACTUATO
Subminiature 5amp microswitch.
0.F. 56-180gms R.F. 14gms. M.D.
0.8mm. €33 per 100; £270 per,
1000; £1250 per 5300.

CCR-5 LOW TORQUE SWITCH
Low cost microswitch for coin
operated or zir vane applications,
0.T. 10gm. R.T. 13gm. M.D. 15°,
£31 per 106: £190 per 1000:
£900 per 5000.

VAQ4 PUSHBUTTON MICRO-
SWITCH.

15amp Microswitch with push-
button actuator low operating
force and Buttons in  various
colours. £49 per 100; £360 per

L

approved and OMRON “‘know
how brings all the advanced|
features of a modern product.
PFO83 (8 pin) 44p each 1000

New range of open, enclosed
and plug in relays

| @reiays

Approved by C.S.A.. V.D.E. and

These new miniature sockets S.EV.

with screw terminal connec- oot " .

tions are only available| H :Il:IriyvercofT::lnsttlzik prices  and
through 1.M.0. or authorised - F :

stockists. Moulding is UL

'TECHNICAL LITERATURE

Full literature is available on all the products

PF113 (11 pin) 58p each 1000|illustrated here. Please telephone our sales office

on 01-723 2231.

FROM THE FOLLOWING I.M.0

ALL THE PRODUCTS ILLUSTRATED HERE ARE ALSO AVAILABLE

. FRANCHISED DISTRIBUTORS.

BIRMINGHAM H.T. Electrical Ltd tel: 0384 78136
BLACKBURN Wilson Automation Ltd tel : 0254 59921

BRISTOL Techniservices Ltd tel: 0272 30701
LEICESTER B.P.X. Ltd tel: 0533 64281

LEEDS Scattergood & Johnson Ltd tel: 0532 30203

LONDON (STH.) D.T.V. Group Ltd tel: 01 670 6166

LONDON (NTH.) J. N. Wade Ltd. tel: 01 458 3311
NEWCASTLE Gledson & Co Ltd tel: 0632 860955
SHEFFIELD John Riley & Son Ltd tel: 0742 49851

SLOUGH Blore Barton Ltd tel : Burnham (Bucks) 5524

I.M.0. TERMS OF TRADIN
CASH WITH ORDER UNLESS A

1000 £1750 per 5000.

‘BEEN ESTABLISHED. TELEPHONE

G
NETT MONTHLY ACCOUNT HAS
: 01-723 2231

WW-—019 FOR FURTHER DETAILS
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Now the Dymar
instrument
range offersa
lightweight
to counton.

R i S T RRES ST R SRS SR % g T S AT SR

The display : six digits with memory.
e requency he operating power : mains supply

or internal NiCd batteries

counter anda 10 prescaler, and also Allina1Zin - 3%in - 91 (8lbs)
u provides a high impedance direct

package — which also incorporates

input with a frequency range of a battery charger and a battery-saving
Rely on the all-solid-state Dymar . 40MHz standby facility circuit
1620 portable frequency counter he high input sensitivity of 10mV Dymar instruments have a reputation
whereveryou use it — inlab. service over most of the frequency range for versatility, convenience and
centre orin the field allows loose coupling to the source guality. The 1620 lives up to its
This compact lightweight featuresa | P€/Ng measured Dymar name.
wide frequency range of from 20Hz he frequency standard : a 10MHz Use the Reader Enquiry Service for
to 200MHz through a 50 ohm input oven-controlled crystal oscillator. more detalls or contact Dymar direct.

the name in radiotelephones

Dymar Electronics Limited Colonial Way Radlett Road Watford Hertfordshire WD2 4LA Tel Watford 21737 Telex: 923035 Cables - Dymar Watford

WW—020 FOR FURTHER DETAILS
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"\ TANNOY

DUAL
CONCENTRICS 4

Versions of the Tannoy Dual Concentric loud —
speaker have formed the basis of many of the
best studio monitors for more than 25 years. The
unit 1s incorporated in @ variety of enclosures
made by leading manufacturers both in the UK.
and abroad, as well as being incorporated in
“package studios” produced by foremost UK.,
Furopean. U.S. and Japanese manufacturers.
The unit not anly has the advantages of high
power hand/ing capacity and long term
consistency, but the level frequency response.
good polar distribution and exceptionally low
intermadulation products make it ideal for the
highest quality studio monitor systems. Apart
from the current range of Monitor Gold units
specitied below the Monitor ‘Red’ 15 1s still
in production and can be supplied upon
request in 1ts original 15) verson.

SPEGIFY TANNOY
DUAL GONGENTRICS
FOR YOUR

STUDIO MONITOR

TECHNICAL SPECIFICATIONS

—

100 200 500 1000 2000 5000 10000 20000
TYPICAL RESPONSE OF MONITOR GOLD

e Al

[FiFTeen TWELVE Mz : ' /T’,'/ | l ; |
Frequency Response | 23-20000Hz | 25:20000 Hz  [-27-20.000 Hz I Il;;—— + = —'£ 11 PR
Polar Distnibution 4d3 at 10,000 Hz| —3dB a1 10.000 Hz | —2dB a1 10,000 Hz TREBLE "ROLL OFF” IN FOUR STEPS
for 60° inc Angle @) T
Power Handhing Capacity 1 50 watis™ 35 watis*® 25 waus* s ] o
lmpedance Via Crossover | 8 ohms- (5 ohms 8 ohms {5 ohm 8 ahms (5 ohms mn.) l /"f/
Network min ) min.) o | =+
Intermodulation Products | less than 2% less than 2% less than 2% waoso 100 200 00 3000 2000 so00 10000 20080
Bass Resonance 26 Ha 28 1o 30 He TREBLE “ENERGY'" IN FIVE STEPS
Crossover Frequency 1.000 Hz 1.000 Hz 1200H % Depending en type of enclosure.

WEST NORWOOD
LONDON SE 27 9AB
= TEL: 01-670 1131

WW—021 FOR FURTHER DETAILS
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e
active filter
takes over

~ from passive

networks

These active filters are designed to take over the functions
of passive filter networks in audio telecommunications
systems. They offer several advantages, in space—saving,
economy and reliability.

As a size comparison, one active filter will take up the same
space as two Post Office Type 3000 relays. By using the same
fixing and terminal holes as the relays, it offers an extra
convenience when baseboards are being prepared. By
replacing inductive components with solid state devices,
filter characteristics have been obtained at less cost, without
insertion loss, and with increased flexibility and economy.
These new active filters have B.P.O. approval, and have wide
applications, in the audio area and in signalling and control
systems.

Whiteley

versatility...

ELECTRONIC & ELECTRICAL DESIGN

PRODUCTION CAPABILITY
CABINET MAKING '

SHEET METAL F Oi?MlNG/ FINISHING

'PLASTICS MOULDING

ENCAPSULATION
WHITELEY ELECTRICAL RADIO CO. LTD.

Mansfield, Notts, England. Tel. Mansfield 24762

London Office: 109 Kingsway, W.C.2. Tel. 01-405 3074
WW~4022 FOR FURTHER DETAILS . See us on Stand 405 ILEC Olympia
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/
mportant

lews forevery
i-fland audio
equipment

manufacturer
In Britain.

NOW you can cut your
production costs without

compromising guality.

Ask Mackarl.

Before you put your name on a stereo to UK OEMs. Through Mackarl’s new London
system, radiogram or other audio equipment, office, you can discuss your requirements with
you must know that both the quality and the European technical and marketing people with
price are right. Mackarl can help. decades of high-level experience in British

With three Far East factories in volume consumer electronics. Mackar! can provide you
production, and a fourth rapidly nearing with bits and pieces, or complete ready-to-sell
completion, Mackar! is already able to deliver units with your own label, or almost anything
20 different tuners, printed-circuit assemblies, in between.

amplifiers, cartridge players and other chassis

Ask Miss Sharpe at Mackarl, today.
MACKARL ELECTRONICS (LONDON) LTD
94.98 Petty France, London SW1H 9EA
Telephone: 01-222 2527

WW—024 FOR FURTHER DETAILS
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EC958

series of receivers
10kHz to 3S0MHz
In world-wide use

Professional high-stability receiver series for a
wide variety of applications. The standard
version can be used as a self-contained F.S.K.

terminal, or as a dual-diversity terminal with
common oscillator control. Variants are
available for Lincompex terminal use, for
specialized network monitoring surveillance
and for marine applications.

Simplicity Reliability
Economy

Your distributor’s address and illustrated
brochure obtainable from:

Eddystone Radio Limited

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

A member of Marconi Communication Systems Limited
LTD/ED99

WW—025 FOR FURTHER DETAILS
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Telford

range of
Oscilloscope
Cameras

* Parallax free viewing

* Lenses up to
f1.3
Fmaa s =1
See us on
Stand 317
at the
London
Electronic
Com-
ponents
Show,
Olympia,
London,
May 22
25

Modular system with range of film backs,
lenses, viewing systems and adaptors to meet
virtually all requirements

TYPEP

*  Uses coaterless

Polaroid® Type
20C, 3000 A.S.A. film

* Cheaper running cost
(up to 42%)

" More complete details
Lowest purchase price available on request from:

PRODUCTS LTD.

WADSWORTH ROAD
PERIVALE GREENFORD

MIDDX. ENGLAND

Telephone:01-998 1011
Telex:935524
im AMEMBER COMPANY OF BENTIMA iNDUSTRIES LIMITED

WW-—026 FOR FURTHER DETAILS

* Precision Dallmeyer
f 4.5 lens

* |nexpensive inter-
changeable adaptor
for most popular
scopes

® Reg. Trade Mark.

www americanradiohistorv com
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ANDERS IMEANS METERS...

Actual size illustration

QnroERs

PROFILE 350 EDGEWISE METER

Scale length 4-3”

M Long scale while retaining small overal! size BProcess control and electronic applications

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

Oxford Long Scale 240°.
2 models, 5-5”, 8” scales.
DC moving coil and AC
moving coil rectified.

Models KE1 and KE2
Miniature Edgewise
Meters. Nominal scale
lengths 1.2 and 2.
Available in sensitivities
from 50 microamps
Moving Coil.

Send for fully illustrated catalogue.

B Easily stackable

®60u A upward, AC/DC

Vulcan Moving lron. 4
models, 1-57, 1-87, 2:77,
3:7” scales. Voltmeters,
ammeters and motor
starting meters.

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

B Horizontal /vertical use

S

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

Stafford Long Scale 240
6 models, 3-:5"—11-5"
scales. DC moving coil,

AC moving coil rectified,
AC moving iron. Also 98

scale.

W Self-shielding rugged movement

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

a23

Solicontroller Moving Coil

Relay. DC moving coil
and AC moving coil

rectified. 1 or 2 adjustable

atlarm controls.

Lancaster Long Scale
240. 2 models, 47, 5-5”
scates. DC moving coil
and AC moving coil
rectified.

nnnﬁns ElE[Innnlts llml'en 48/56 Bayham Place, Bayham Street, London, NW.1. Telephone 01-387 9092.

Manufacturers and distributors of Electrical Measuring Instruments. Sole U.K. distributors of FRAHM Resaqnant Reed Frequency,
Meters and Tachometers. Manufacturers of purpose built electrical and electronic equipment to customers’ requirements.

WW—027 FOR FURTHER DETAILS
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by The new FP 1200 Plumbicon colour
e I a en camera brings to the world of CCTV,

aTV camerathat embraces many of

=i the features associated with large,
l on FP Izoo commercial broadcast units - yet the

: priceis only £7,000.
5 For this you get alight, compact and

The colour TV Camera that gives broadcast [orihisyougetelight compactand

. . very high standard of colour reproduction,
quality at a CCTV price.

even in poor light conditions,because
the FP 1200 is fitted with automatic
lens control.

Based on three Plumbicon tubes, this
new unit has a buiitin encoder which
produces standard colour composite
signals from NTSC or PAL, without the
need for an accessory unit.

And you get builtin facilities such as a
colour bar generator, a masking
amplifier self contained aperture
correction circuit, all of which aid
the camera’s simple-to-use
performance.

If you would like to see the FP1200
in action or require full technical detaiis
please contact Shibaden's Technical
Service Department at01-203 4242 or
write to:

, SHIBAODEN (U K. ) dIMITED
smnin‘:? BROADCAST & CCTV EQUIPMENT MANUFACTURERS

Lodge House Lodge Road Hendon
NWa4 4DQ. Telephone: 01-203 4242/6

WW-—028 FOR FURTHER DETAILS

DRAKE TRANSFORMERS

. F. GILSO
INCORPORATING _LTD —

Mains Transformers
Chokes
Audio Output Transformers
Audio Input Transformers
Saturable Reactors
Coils

Current Transformers
i . . Transistor Transformers
‘ ] Inverter Transformers
. Screened Microphone Transformers
Wide Band R.F. Transformers
e : Resin Cast Transformers

DRAKE TRANSFORMERS LTD., BILLERICAY, ESSEX
Billericay 51155

WW-—029 FOR FURTHER DETAILS
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METER PROBLEMS?

A very wide range of modern design
instruments i1s available for 10/14
days’ deivery.

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD, wW.C.1 Phone: 01/837/7937

WW-—030 FOR FURTHER DETAILS

Stereo radio from
your existing tuner.

A complete set of parts
from Jermyn tobuild a stereo
decoder moduie that will con-
vert your existing mono tuner
Qj"‘cﬁ"c’ for stereo reception whilst
3 —C=0—0 [ maintaining a high standard
of reproduction.

The distortion is very low
(typically 0.3% at 560 mV
RMS composite input signal)
with 40dB channel separa-
tion

The stereo switching is
automaticand thereis a light
emitting diode which acts as
a stereo beacon.

The kit requires no coil
and there are no alignment
problems.

Fitting. The module requires a 10-16 volt power supply which can
normaily be tapped off the existing tuner. The signal input is taken
off before the de-emphasis circuit which in practice means discon-
necting one, or at the most, two capacitors. Any radio engineer will be
able to spot these capacitors, but if you're really stuck send the cir-
cuit with a SAE to us and one of our engineers will indicate the output
point. (Thisis the full extent of ourinvolvement, no hardware please).

Of course, if you have a modern mono tuner with a multiplex out-
put our module simply plugs in.

The outputs go via a screened twin cable to the tuner inputs of
your stereo amplifier.

And the cost? £4.90 for the Kit'with 100% testedintegrated circuit.
Alsoiavailablelassembled and-aligned, checked and ready for use
| at £6.90 (includes 12 month guarantee)., Beat that!

CAUTION  yax YOLTS © 16vde

LAMP CURRENT. 75ma

TT U0

prgset
)

i

4+ 0
uio
Q0
ngo

[o]
[=]
[o]
o

To Jermyn Industries

| B6Vestry Estate | enclose cheque/postal order for £

Sevenoaks Name
| Kent
Address
| BlockCapitals Please 2l

WWw-—031 FOR FURTHER DETAILS
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to earn more money
inElectronics-
Television-Radio?

If you’re willing to give up one hour or more a day
we can help you get into the lucrative growth industries of
electronics, television, radio.

And if you’re already in, we can help you get on!

With our know-how and our wide experience in teach-
ing, plus your determination to study, we can turn your
interest into the technical knowledge you need for success.
Once you’ve got the qualifications you need, you’ll be in a
good position to take full advantage of the opportunities
which exist today in all fields of electronics television
(colour and black/white) and in radio. (We teach you the
theory and practice of valve and transistor portable cir-
cuits while you build your own § valve receiver, transistor
portable and high grade test instrument

With ICS you study at home - at your own pace, when
you choose, in the time you’ve got available. Your ICS
tutors will give you all the help and encouragement you
need to pass any exams you want to take.

Don’t waste another day. Take your first step now
towards a better paid, more assured future. Send for your
FREE Careers Guide today.

_ your key to the door
of opportunity
Tick or state subject of interest and post io
International Correspondence Schools, Dept
Intertext House, Stewarts Road, London SW8 4U]J.

Subject of interest

nmuﬂ_r‘

D Society of Engineers Graduateship (Electri ‘nginearing
: [] C & G Telecommunications Technicians Certifica

[].C & G Electrical Installation Work

[ ] C& G Certificate in Technical Communication Techniques
E [[] MPT General Certificate in Radio Telegraphy
Audio, Radio & TV Engineering & Servici

[7] Electronic Engineering, Maintenange, Enginecrin
! systems, Instrumentation & Control systems

=

E [[] Computer Engineering and Technology
H I:] Electrical Engineeripg, Installations, Cont Lir
' (7] Seif-build radio courses

ppliances

e

Name

Address

Occupation Age

BA! wAccradited by the Council for the Accreditation of Corresp: n olleges ® el

wwALamerticanradiohistonscom.
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brandenburg

STABILISED HIGH VOLTAGE

An even better
photomultiplier

power supply—
at the same
low price

Beandanburg

R |
-

o = o m xe m m a
i..n P 0 " _L_'___‘_‘oj
-_... — N} 2

B

3 0}

How's that in a world of rising prices ? Brandenburg
475R/476R are “2nd generation’ models to the highly
successful model 472R. They incorporate refinements in
design and control — but there is no price increase. Real
value for money at £144.00. The refinementsinclude new
fine output voltage control (down to 10V on the 475R)
by helical potentiometer, giving ten turns instead of one
to cover the fine adjustment range. An ingenious
intertocking system can be set to prevent accidental
pressing of additional control buttons which could
overvolt the load, and the quick and simple output
polarity reversal.is protected against accidental operation.

Abridged Specification
Output voltage 10V to 2100V (475R) and
410V to 2500V (476R)

Output current  5mA max (475R) and
4mA max (476R)

Output ripple 1mV peak to peak

Stability 1 partin 104 against
4 74% mains change
Drift 5 parts in 105 per hour;

1 partin 104 per day

Ask for the 475R/476R data sheet.
Brandenburg also makes stabilised high
voltage supplies for outputs up to 100kV.
Let us know your particular application.

brandenburg limited

939 London Road, Thornton Heath, Surrey. CR4 6JE. England.

Tel: 01-689 0441 Telex 9461489.

Germany : Herr G. E. Wolfe (BRANDENBURG), Bei Edwards
Hochvakuum GmbH, 6 Frankfurt am Main-Niederrad, Hahnstr 46.
Tel: 67-50-57

Agents or distributors in most principal countries. P5049

WW—032 FOR FURTHER DETAILS
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low voltage DC battery equipment. Models are also available for AC
equipment. Dual 110v and 220v DC available as standard as well as
single voitage units.

£88.00

CR110/220/12T 110/220 12v 10A Smoocthed DC

C110/220/608 110/220 116 & 230v sine wave

60 watts £70.40

' The Marine Valradio range of Transvertor are designed for operating

116°& 230v sine wave
200 watts £101.20

C€220/2008 220

Other similar units available to operate from 12, 24, 32 & S0V DC and
outputs of from 30W to 750W in square, sine wave or DC.

Type Input Output Price
CR110/220/60RT 110/220 12v 5A smoothed £66.00
or 24v2.5ADC

Send for information leaflet WC13.
VALRADIO LIMITED
' | BROWELLS LANE, FELTHAM, MIDDX. TW13 7EN I
TEL: 01 890 4242/4837
AVAVAV AV VAVAVAY) AVAVAVAY) AVAVAVAY
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BRADEWICK

Dry De-Soldering Wick

THE INSTANT, POCKETABLE DE-SOLDERING AlD

Enables all types and sizes of joints to be completely
de-soldered in seconds, using just a soldering iron.
Special dry flux impregnation gives superior solder
adsorption. Supplied in four sizes, in handy dis-
penser packs containing approx. 5 ft. {(Use size 3
for general purposes) Price: 90p (list} Leaflet B/5
free on request.

LIGHT SOLDERING DEVELOPMENTS LTD

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

WW-—034 FOR FURTHER DETAILS
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radio 2 tope

Even with a perfect pickup, the
distortion from a gramophone record
for sounds of equal level increases very
rapidly at high frequencies, eventually
doubling for every major third increase
in pitch.

There comes a point when, to musical
‘ears, the distortion is increasing faster
than the musical quality. The QUAD
filter system is designed to enable
those with ears to hear to obtain more
of the music and less of the distortion.

QUAD

for the closest approach to
the original sound

Send postcard for illustrated leaflet to Dept. Ww .
Acoustical Manufacturing Co. Ltd., Huntingdon. Tel:(0480) 52561 QUAD s a Registered Trade Mark

WW-—035 FOR FURTHER DETAILS
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Metal

cabinets

Suppliedin kit form
for power supply units

voltage stabilizers and'

electronic apparatus

Hard All other

Plastic components
Moulding IS

CODE NO: 300900 Height 120mm Length 284mm Depth 138mm
300910 Height 120mm Length 224mm Depth 138mm
300920 Height 120mm Length 284mm Depth 188mm

PRICES:

300900 £3.84
300910 £3.29
300920 £4.18

QllTROD

L O § > N

Wireless World, April 1973

There are
good reasons

AMTRON
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Apart from the five items
19 5 ther Indicated on the left, there are
0 another 195 Kkits to choose from

in the vast AMTRON range of

f b o electronic kits.
Or uyln A few examples of

equipment you can construct

- : from AMTRON Kits are:
eleCtronlc klts o Pow':r supplil(:ss, ;;)Iriamplificrs,

amplifiers, L.F.instruments,
accessories for musical
instruments, amateur and radio
control transmitters and

receivers, battery chargers,
electronic car accessories,
psychedelic lighting equipment,
measuring instruments, tuners,
receivers and I.C.digital equipment.

Only 1st class fully
guaranteed components are used—
solder being included with
every kit.

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

A unique feature of
AMTRON Kkits is their ease of
construction which appeals to
both dabbler and expert alike.

#5 e S
Please send for brochure.

Should you experience any
difficulty in obtaining AMTRON
kits, please contact us direct.
Trade & Educational enquiries
welcome.

afMiRDe
WTES

AMTRON U.K. 4 & 7 Castle Street,
Hastings, Sussex, England. TN34 3DY,
Telephone: Hastings 2875.

roe TN cossososses ;
s !
i

E LEVEL = outge
max 0.} ma ’

IYRAMIC CONPRESSOR @@ @O0 809
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Purpose-built servo and actuator
systems using standard components

The illustration shows a selection of
modules from the Mclennan standard
range which are available as individual
items or can be supplied engineered to
custom-built systems.
Such a system couid be complete in itself or
form part of your own design.
Typical examples include :

Camera positioning: Plotting Devices:
Self-steering Systems: Sig-
nai-seeking Aerial Drives:
Professional Tape Drives:
Automated Production
Lines
Stimulation of output
position or velocity may

be by optical, radio,
electrical, mechanical,
pneumatic or hydraulic
signals.

Control Amplifier

’ Typical precision gears

Inertia DC motor

N e

McLennan have considerable
experience in the solution

of actuator and servo
problems using synchronous,
stepping and D.C. motor
techniques as well as solonoid

powered types. An important } G
facet of our skill lies in integral feed-back Potentiometer

purpose-designing around standard ,/Power B Mcl.ennan Engineering Ltd

components for speed and economy feed ub 10 3 Servos
of building. Control Systems and Components
Kings Road, Crowthorne, Berkshire. Tel: Crowthorne 5757/8.

] ¥
Gearhead with (
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SIX-DECADE 0.01 CLASS RESISTANCE BOX TYPE P327*

6 decades of 0.1-1-10-100-
1000-10.000 2 steps. Decades
and their respective wipers are
brought out to separate ter-
Bench mountedfullyshrouded. minals.

Input: 120, 220 and 250V. ' E All-metal  construction,  fully

Output: 0-260V. screened.
Max. load 2 Amps. . Capacity: 0.3A for 0.1 and 10

decades: 0.1A for 1042 decade.
0.03A for 100 decade; 0.01A
for 1000 decadeand0.003Afor
10.000 decade.

£6.55

£65.00

SIXDECADE 0.02CLASS ACCURACY”
RESISTANCE BOXTYPE P327

SUB-STANDARD MULTI-RANGE
AC/DC VOLTMETER

Mi le 175 o 6 decades 0.1-1-10-100
irror scale mm long. 1000-10.000 9
Knife edge pointer.

48 ranges from 75mV to 750V and Four terminals enable the box
from 300 1A to 7.5A. to be used also as a potential

Accuracy 0.5% DC; 1% AC. divider.
Transistorized refay protects move Rated power 0.25W per step
ment and circuits. with full accuracy or 1.00W

Push button range selection. per step with reduced

£49 accuracy. £45.00

PLEASE WRITE FOR FULL TEST EQUIPMENT CATALOGUE wiwinussa

Z & | AERO SERVICES LTD.

44A WESTBOURNE GROVE, LONDON W.2

Tel: 727-5641 Telex 261306

i
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This bridge was designed for use in
Standards Laboratories. butease of
operation combined with anin-line
readout giving up to 6 figure
discrimination has enabled many other

SiX flgureS in SiX Seconds applications to be covered

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

resistance to be measured at the end of
long cables

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

A preC|S|On brldge chip. and a low impedance range directly
calibrated in resistance and inductance
; ermits four terminal measurements to
that balances itself e

the Wa ne Kerr Up to four significant figures can be set on
y each measurement term with
B 3 31 push buttons
The bridge automatically balances itself,

the meters indicating the remainder of the

measurement value on linear scales. As
\ each pair of decades 1s introduced with
< these buttons, the meter sensitivity IS
increased by a factorof 10 giving an
indication of the next figures required in
the digital setting sequence Analog
output of both terms permit recording of
changing values

WAYSE KERAR

Precision standards are incorporated in
the B331 A nitrogen filled capacitor with
atemperature coefficient of less than

5p p.m formsthereactive standard and
loose wire wound resistors with
temperature coefficientsof 5 p.p.m. are
connected to each set of conductance
decades.

Caktrate

SPECIFICATION

Range (for0-01% accuracy) 1pFto 10uF
For more information, either call Bognor 1007 to 100m Y
(02433) 4501 or write to the address below: derived reciprocal values  1mH to 10kH
108, 10 100M 8,
Low tmpedance Range 100uf2, 101082,
WAYNE KERR
derived reciprocal values  10uFto1F
Durban Road, Bognor Regis, Sussex PO22 9RL Frequency (internal) 1591-55 Hz + 0°5 Hz
(1000 00 Hz to special order)

A memberofthe Wilmot Breeden group {external) 200Hz to 20kHz.

WW—039 FOR FURTHER DETAILS
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What makes you think
that we think

you are thinking
ahout edge connectors?

WE AREN'T Actually, we were

thinking that you might

YOU KNOWI be thinking of Sub Mini-

" atures orother Multi-way

Connectors, or even Rocker Switches, Metal Pressings

or Plastic Components. And we were thinking that,

even if you only wanted a few of any or each of these.
it would bea pleasureto do business withyou.

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

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

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

UNITED-CARR SUPPLIES
The single source
that simplifies.
We have a remarkably comprehensive catalogue and if you

can make good use of it, we shall be glad to send you one, but
please state possible requirements.

United-Carr Supplies Ltd.

Clifton Works, Frederick Road. ' N Can '

Stapleford. Nottingham.

Sandiacre 2828 STD 0602 39 2828. Telex No. 377117 ura,
WW—040 FOR FURTHER DETAILS
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The CCS2gives you
acool 250 watts.

Our CCS2 beam tetrode
is especially easy
to design into
co-axial circuits.

That’s
because we’ve |
designed a
special beryllia
ceramic flange
which separates the
heatsink from any active
part of the envelope.

The alternative version,
the CCSI1, has an anode block,
the face of which is bolted directly to
the heatsink.

So, if you find air blowers an embarrass-
ment to your design, get the facts on these conduction
cooled beam tetrodes.

Sg The M-OValve Co.Ltd

Hammersmith, London Wé 7PE Tel: 01-603 3431
Telex:%}?s Cables: Thermionic London
A member cf_'Ifhe GEC Electronic Tube Co. Ltd., a management company which
unites the activities of The M-O Valve Co. Ltd., and English Electric Valve Co. L.td.

WW—041 FOR FURTHER DETAILS

Accurate and direct
measurement of speed without
coupling to moving parts

O JT @

FRAHM

resonant reed TACHOMETERS

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

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

ANDERS ELECTRONICS LIMITED

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

WW—U042 FOR FURTHER DETAILS
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HEATHKIT oo o

The Heathkit Electronic Instrumentation range
includes a new Digital Multimeter, Frequency
Counter and a low cost 12 speed Chart Recorder.
Portable Testers and Decade Boxes, Signal Gen-
erators, Oscilloscopes and Power Supplies are also
available.

Many models are featured here for the first time
in Europe and are all obtainable either as easy to
build kits or in assembled and ready to use form.
To see the complete range, stimply send off the
coupon today for your FREE copy of the com-
prehensive Heathkit Catalogue.

Ask about
our credit
and no-deposit
terms

Please send me the FREE Heathkit catalogue

VISIT THE FACTORY SHOWROOM which Name :
is within convenient distance of the M.5 Motor- ;

way south of Gloucester. Open normal office g Address — l
hours and Sat. mornings. E.g _ -

HEATH (GLOUCESTER) LTD. : .'/f“x' | Feam (Gloucester) Limted |

Bristol Road, Gloucester GL2 6EE. % & I Department Ww/L/73 HEATH I
LONDON HEATHKIT CENTRE i Géogcﬁgfé &%% 6254]:5 1 Schiumberger
233 Tottenham Court Road, London W.1. I_ p
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JES AUDIO INSTRUMENTATION PARKER FUI.DING MABHINES
5"‘;‘ O o Hustrated the Si452 o Forms channels and angles
Distortion Measuring Unit down to 45 degrees which
. _ distortion can be flattened to give safe
0 - O O o . low cost dis edge. Depth of fold accord-
—_— g . measurement down 10 ing to height of bench.
B ANl X K ) 01% £30.00 )
e BENCH MODEL N One year's guarantee.
36" x 18 gauge capacity . . .. £35-00 Money back if not satisfied.
Sia51 £35.00 1453 £40.00 24" X 16 gauge 2“9“?“7 " e €32°00 | oo for details:
Comprehensive Millivoltmeter ~ Low distortion Oscillator e kno::”“ge 'edel ' A. B. PARKER
350u Volts 20 range sine Square RIAA x 18 = vice models © £17.00 BOPkED;NGG gQGCHls%gE\gTORKS'
24” x 18 gauge capacity......... .. £12:00 E E b
J. E. SUGDEN & CD., LTD. Tel. Cleckheaton (09762) 2501 18 X 16 gauge capacity.............. £12:0 | HECKMONDWIKE, YORKS.
CARR STREET, CLECKHEATON, YORKSHIRE. FEainge RS Telephone 3957
WW—044 FOR FURTHER DETAILS WW—045 FOR FURTHER DETAILS.

WERE i
n BlE 0rrEn The full range of Scotch tapes (helical
neic ape ot 3 dscountand sne scan video, audio and cassettes) is on
magnetic tape at a discount and giving I ccon veo,audo and cassetes) s
money vouchers, too - £1, £3 and £10. ofer Bt o'y o
it rom e discounts And e Contact: John Hall or lan Robb,
benefit from the discounts. And the more nEF“SE Zoom Television, Pinewood Studios,

valuable are the vouchers. There’s no limit Iver Heath, Bucks.
either to the number you can claim. Telephone: Slough 35888.

mte eVISlon puts you completely in the picture.
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TERMS Retail maii order subject to £1:00 minimum order.

Cash with order only. Trade and educationai establishments

M/AC on application {(minimum £5-00). .
Postage 10p iniand, 25p, Europe.

GUARANTEE: Ali goods carry full manufacturer's

warranty. Get in touch today for a complete SCS COMPONENTS, P.O. Box 26,
run-down of devices available from SCS (include SAE). Wembley, Middlesex HAO 1YY
! The 'Professional’ Amateur Supplier

device of the month ZN414 compot|ble device
[*——7—560:025¢ The Ferranti ZN414 is a complete a.m. ; M Fc 4000

|r‘—-’r, 4750158 radio circuit which operates The Motorola

. L-Watt Audi
sg3 from1.11t0 1.8 volts and requires el

‘ 4 1’051 only battery, earphones and antenna designed for the
|

. . output stage of
plus a tuning capacitor and two battery powered

decoupling capacitors. The ZN414 portable radios.

i q % 250 mW of Audio Output Power
features: medium and long waveband, # Low Standby Current— 3-5 mA typical

good stability on assembly, no * Low Harmonic Distortion

! . * Reduces Component Count in
settlng up of IF coils, plus Portable Radios by Two Transformers

much more. and Two Transistors
* Eliminates Costly Component
Matching Requirements

motorola 1/4 watt
audio amplifier
MFC4000

WW-—047 FOR FURTHER DEAILS

ALL SOLID-STATE

- TIMING MODULES
rampla” DT.08 Single-shot delay 24 V. D.C., 100mA. 0-150 sec. del. on
@: and del. off standard (1-10) ........ ... ... . ... £3.85

RT.05 Recycling, 24 V. D.C. 100mA. 0.25s-100s off stand.

. 25ms-100s on stand (1-10) ...... ... ..ot £4.95
Serles7 MS.10 Mains—20 V. D.C. supply amplified A.C. switch, 3A.
for use with D.T., R.T., or separately as ““relay”’ (1-10) £7.65
MOdUIor Sound Systems le modules totally encapsulated in plastics case 77mm x 40mm x
" mm. -

For further details and quantity prices, contact:—

SHENNANTON ELECTRONICS LTD.,

KIRKCOWAN, WIGTOWNSHIRE, SCOTLAND
DG8 OHB Tel. Kirkcowan 353

Ww-—048 FOR FURTHER DETAILS

judged the best
all over the world

HEGTROLUBE

contact lubricants

Contact lubricants in the form of oils
and greases, also Contact Cleaning
Strips, Preclene, Silicone Grease,
Freezer, Printed Circuit Lacquer. Ask
for technical data — call Technical
Advisory Department if you have a
problem.

GRAMPIAN REPRODUCERS LTD
HANWORTH TRADING:ESTATE,
FELTHAM MIDDLESEX.
TELEPHONE : 01-894 9141,

BRAMS: REAMP FELTHAM

TACW/X /170

Electrolube Ltd. Slough, Bucks, England. Tel : Slough.(STD 0753) 25574
WW—050 FOR FURTHER DETAILS
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Getting valvesis getting fricky.

Ever spent hours trying to get a valve, only to
find that putting it in circuit makes no difference ?

Everybody has.

With VCM 163 you can check exactly which
valves are OK and which aren’t. And spend time
getting only the valves that .
really need replacing.

As valve testers go -
and let’s face it, most of them
have - Avo VCM 163 is a very
sophisticated instrument. It
even has a NATO stock
number,

And what’s more
there’s a new Avo Valve Data
Manual (19th edition) free
with each VCM 163. It

includes obsolete types and 84 pages of equivalents,
and could save a fortune in wasted time. The
manual is also available separately at just £5.25
(U.K. Trade).
So write or telephone for more details of VCM 163
now. Send us a cheque for £5.25,
and we’ll send you a 19th
edition Valve Data Manual too.
Trust Avo to look after you.
Avo Ltd., Dover, Kent.
Telephone: Dover 2626.

Sobe sureyou get the right valve.Withan

AvoVCM 163 valve tester.

WW—051 FOR FURTHER DETAILS

1

Thorn Measurement Control and Automation Division. THORN

e " MODEL 35
~ STABILISED POWER SUPPLY
Price £21.50

From April 1 please add 10% anto price for VAT,

* Voltage variable 1-30 Volts.

% Current variable 0-1 amp.

* Output ripple and noise less than 10 mV.
* Short Circuit Protection.

Other Models in our range - —

Model 29-X R.F. Generator: 150 KHz-220 MHz.

Integral 1 MHz Crystal Calibrator.
Model 30 Audio Generator: 10 Hz-100 KHz.
Model 31 R.F. Generator: 150 KHz-350 MHz.
Model 32 Capacity/Resistance Bridge: 12-10 MQ. 1pF-100 F
Model 33 inductance Bridge: 1x#H-100 H, Q from 0.1-1000.
Trade and Export enquiries welcome. Send for full technical leaflets. Post and
Packing 35p extra.

NOMBREX (1969) LTD., EXMOUTH, DEVON

Tel: 03-952 3515

WW—054 FOR FURTHER DETAILS

NISIST
4,
VERSATOWVER

Acclaimed as the World's leading
telescopic tiltover tower In the
field of radio communication
Models from 25’ to 120’

£

Look for the name
STRUVIECH

Strumech Engineering Co Ltd .
Coppice Stde, Brownhiils, Walsall, Staffs

WW—055 FOR FURTHER DETAILS
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90 Years
Progress—
19211971

-AND NOW THE

"900Series’

STYLED TO GIVE

AN ELEGANT
APPEARANCE ON
ALL PANELS

AN ALL BRITISH PRODUCTION

ELECTRICAL INSTRUMENTS LTD

CHILTERN WORKS
HIGH WYCOMBE

BUCKS

Phone 30931

WW—053 FOR FURTHER DETAILS
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KELVIN
BRIDGE
OHMETER

Type KB1

FOR LOW RESISTANCE

MEASUREMENTS
6 RANGES
0.00005 to 0.0015 ohms
0.0005 ., 0.015
0.005 . 0.15
0.05 . 1.5
0.5 . 10.5
5 . 105

QUICK READING ACCURACY at
full Scale + 0.2%.

Complete with test leads.
DELIVERY — EX-STOCK.

Request full details from:
CROYDON PRECISION INSTRUMENT CO.

HAMPTON ROAD, CROYDON CR9-2RU
Tel: 01-684 4025 & 4094

WW—052 FOR FURTHER DETAILS
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The B.ILE.T. guide to success
should be read by every ambitious engineer.
Do you want promotion, a better job, higher
pay ? “New Opportunities” shows you how to
get them through a low-cost B.I.ET home study
course . There are no books to buy and you can
pay-as-you-learn.
Send for this helpful 76 page FREE book now.
No obtigation and nobody will call on you. It
could be the best thing you ever did.

Soft
magnetic

ENEEERCUT OUT THIS COUPONEE I W

CHOOSEA NEW FUTURENOW!

Tick or state subject of interest. Post to address below.

and chokes where operating flux density is higher than s
possible with Mumetal and where a higher permeability
than silicon iron is required. The six grades have applications
including: relay circuits, pulse and radar transformers,
transductor and convertor cores, magnetic amplifiers and

Refrigeration
Rubber Technology
Sales Engineers
University Ent.

Inst. Cost & Man. Aero Eng.
Accountants [] A.M.I.M.L
Inst. Marketing [ | A.E.C. Cert.

AT
L

1L

Ma?ag{;mgntM Au:ogngineering :
otor Trade Man. [ | Auto Repair .
Network Planning _| C & G AutoEng. (] |6.C.E. 580" & ‘ A’

Personnel Man. [ | Garage [

saturable reactors. Production Eng. Management [ LEVEL SUBJECTS
Quality Control MAA/IMI Diploma [ | Over 10,000
Salesmangship Motor Vehicle Group Passes

Storekeeping Mechanics [ =
Coaching for many maror erams, including ONC, C & G, etc.

Permendur alloys

Permendur has the highest saturation ferric induction of all
known alloys commercially available. It also has high
incremental permeability at high inductions. It is used far
stator laminations, telephone diaphragms, magnetic circuits
of toudspeakers and equipment operating at high
temperatures. Its excellent magnetostrictive properties are
used in echo sounders and ultrasonic devices. Special grades,
known at ‘Rotelloys’, which have superior mechanical
properties have also been developed for high speed
rotating equipment such as aircraft generators.

IELGON

Telcon Metals Ltd

Manor Royal, Crawley, Sussex
Crawley: 28800
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MECHANICAL Work Study ] CONSTRUCTIONAL
A.M.S.E. (Mech) Works _ AM.S.E.(Civil) a
l ggggng. Cratts.[] Management [ érchitecture E: ﬁ
& ' abrication (| nRAUGHTSMAN- uilding . 0
a biesiche, . ) sh eyt lonery 1 @
Inst. Motor Ind. | A-M.I.E.D. U Constructional Eng. [] ﬁ
l Mai?‘tenanf%Eng.[{ﬁ Etl)e,?u'gr?:lsmanshipl‘ gonstructilon ‘
| echanical Eng. - rveyors Institute [
Mumetal alloys » I SheeﬁMetalwgrk . GS"- "~ CouncilEng. ﬂ
This is the best known and widest used Telcon group of high Welding [ Draughtsmanship[ ] yeajth Eng. 0 i
h ELECTRICAL & lig & Tool Design [} Heat. & Vent 0
permeability alloys. They possess low hysteresis and total M ELECTRICAL Technical Drawing [ eatashe J g
josses and are available in strip, rod, bar, wire and core form. l AM.S.E(Elec) [] RADIO & TELE- :nst.nguilders m| -
Applications include: many types of transformers, bridge ratio | gggg:ec. 'EngA a g%&en&u:lc?uous I:g.wlgrrtsoIEkas O
. H H N . Inst. adjo, 1
arms, inductors, h.f. chokes, blocking oscillators, filter ciscuits, . c&cmiﬁ. Tescth_ 5 Eléc(ronics . Pain}::ﬁhgayswe,s_ O l
magnetic amplifiers, saturable reactors, modulators, flux gate . (EZ:)mtputgrEIec. O C&GTTe'e%""".T“ = g Decorating (] [
N B ectronic tng. echnicians = g
magnometers, storage circuits, shift reg;\stirjs, transformers, Electrical Eng. @ Prac. Radio & Elec Siuctwraléne.  H
i i its and magnetic shielding. ' Install. & Wiring with kit) [
logic switching circuits and mag g ntall &Wiing 0 padio AmateEurs © GenenaL ﬂ
. I PRODUCTION ) _Exam. [ AgriculturalEng. [
Radiometal alloys . | Conpuerros. 00 Foseserpntl - undiitaaton )
These high permeability alloys, with their high saturation l E'eﬂ“;;}'gcgg;iang r Transistor Course [] Pract. SlideRule [ E
induction and low electrical losses, are used for transformers Estimating = TVMain&Serv. [ Pure & Applied
Foremanship [ AUTO & AERO Maths. [] I

SEND FOR
YOUR FREE
BOOK NOW!
BRITISH INSTITUTE
OF ENGINEERING

NAME
BLOCK CAPITALS PLEASE
ADDRESS ... ..

OTHER SUBJECTS .. . AGE I
I Accredited by the Council for the Accreditation of Correspondence Colleges.

D (0 S T ) (2 (D T N D ) 35 VG N A AN R

wWwWWeamericanradiohistorv. com


www.americanradiohistory.com

Wireless World, April 1973

Voice power
you plug in anywhere.

Toa solid state amplifiers for public address systems work on either
240V AC or 12/24V DC supplies. They're ideal for permanent
installations in factories, schools, parks, railways. They're equally
effective for sports meetings and all outdoor events, wherever
mobility is essential. The units are compact and versatile with 100V
line output, 30 ohm | e i -
inputs and from 30W S
to 100W power output. &
Tomake sureyour B +9) s 6P 6P €3 B €8 - 4
message reaches  E—— ’
its destination whereve
it's delivered, talk Toa.

For amplification GOldring @

write now.

e

Goldring Limited, 10 Bayford Street, Hackney,
London E8 3SE. Tel: 01-985 1152.
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i.c. breadboards TheTTZ21.

low cost, high Cost perwhat?
performance units S

All our i.c. breadboarding units are now even better value for money.

Our second-generation CK2 0020 1.C. Patchboard unit. still selling for only £50, has been
completely redesigned and now has many additional features. Light-emitting diodes are

used as logic indicators and a manual pulse generator and busbars have been added to ease
your patching a little.

A cheaper “"extension” unit, selling at only £36, will accommodate a further eighteen
integrated circuits or can be used on its own for linear work. Before you

For further information on these and other breadboarding units from Limrose, please listen to us,
telephone 061-928 8063 or contact listen toa fCW

p communication
LIMROSE ELECTRONICS LIMITED, g \ transmitters.
“M:E"f:";?:”’“ l / j Because the chances
Chshie WA RS~ \ are they’ll have our
i TT2I already fitted.
Because it’s the best beam
tetrode you can buy. Best in its
class. Best for the money.
So, if you require a communication
transmitter tube at the lowest possible cost per what,
sorry, watt, here’s the address to find out more.

Sg The M-O Valve Co.Ltd

Y Hammersmith, London W6 7PE Tel: 01-603 3431
Telex: 23435 Cables: Thermionic London

4 A member of The GEC Electronic Tube Co. Ltd., a management company which
WW—058 FOR FURTHER DETAILS unites the activities of The M-0O Valve Co. Ltd., and English Electric Valve Co. Ltd.
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N . ROHDE & SCHWARZ
‘ DC Microvoltmeter (UIG)
asa Calibrated
catrna ey d“rﬂ"‘“h”b? Amplifier for DC Voltages

capacity ;. re ) no maintenar

combuning lead acid high efficiency and dry
cell advantages :: fully operational irrespective
of position :: available in a variety of sizes and
ratings

Find a portable. compact battery suitable for

i DC voltage measurement
SONNENSCHEIN Dryfit PC QH@ 0.2 uVto 320 V
and ST Batteries b/ \d (with probe up to 30 kV)

n":? “ﬁ S(}nnenSCheiﬂ B Direct-current measurement

, = The perfect solution o all power 1 pAto 320 mA
problems can be reached by sending
SR now for your catalogue to: o 100 dB
s gy DC output —50to +
~° | F.W.0.BAUCH LIMITED P
49 Theobald Street,
i Boreham Wood, Herts WD6 4RZ
Tel: 01-953 0091
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STOCKISTS

In presenting an input resistance of 50 M in the range of 1 mV
to 320V. the UIG is particularly suitable for measuring DC
voltage in electronic circuits. Its high sensitivity. off-earth
MULTIMINOR &K, IV operation and current ranges are also of advantage in special

measurements such as

Measurement of low resistance
Insulation resistance measurement
Bridge measurements

Measurement of rectified diode voltages
Semiconductor measurements.

Use as preamplifier

REPAIR SERVICE
7-14 DAYS

We specialise in repair,
calibration and conversion

of all types of instruments, _

industrial and precision When using the VUIG as a preamplifier for d}gltal voltmeters with
integrating techniques. a resolution of 1 4V in the voltage ranges

grade to BSS.89. and of 10 pA in the current ranges is possible. The 1 —V range

. must be selected on the digital voltmeter whereupon the range

Release notes and certifi- seiectors of the UIG directly indicate the correct voltage or

cates of accuracy on request. current range

LR 2% 28

MODEL 8 MK. III

In conjunction with a digital voltmeter with a display covering
1000 (digital multimeter UGWD). the voltage ranges 1 mV/10 mV/
100 mV and the current ranges from 10 nA to 100 mA are
available.

LEDON ENSTRUMENTS LTB For data on the UIG. UGD 51 and UGWD please apply to:

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

Tel.: 01-692 2689 AVELEY ELECTRIC LTD.

Suppliers of Elliott, Cambridge and Pye instruments

Roebuck Road Tel.01-397 8771
G.P.0. APPROVED CONTRACTOR TO H.M. GOVT. Chessington. Surrey Telex: Avel London 928479
Ww—61 FOR FURTHER DETAILS WW-—062 FOR FURTHER DETAILS
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What is TELEFI?

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

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

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

Telefi a remiarkable innovation exclusive to Celestion for use in

Celestiorﬁl

Wireless World, April 1973

conjunction with Hi-Fi and Asdo systems for providing high quality
television sound reproductior. No direct connection to the T.V. is
required, the coupling being eff =ted by an inductive pick-up.

Telefi is complete in a hands—m2 natural teak veneered case 75" X
53" x 2" approx.

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

Also send for details of the complete ~amge of Celestion Loudspeakers

ROLA CELESTION LTD.

DITTON WORKS, FOXHALL ROAL, IPSWICH, SUFFOLK IP3 8JP
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Hatfield’s

continued resistance

et

H.EAE)

) i T G P T e

to keep prices down has resulted in a
New 4 decade resistance Box 2925 with + 1%
tolerance for as little as £10.50 ex works.
Decade Box 2901 (below) has 0.1% tolerance.

AT T

2000000

o 0
1‘ .r
i i v et e e Nl a1 o s

Decade Capacitance Boxes with tolerances of +
5% and = 1% also available in this new 2900 series.

Send for full details of Hatfield Resistor Decade Boxes

HATFIELD

forward thinking

in electronics

HATFIELD INSTRUMENTS LIMITED

Burrington Way, Plymouth PL5 3LZ, Devon.

Tel. Plymouth (0752) 72773/4 Grams: Sigjen, Plymouth. Telex: 45692
South-East Asia: for prompt service and deliveries, contact:

Hatfield Instruments (NZ) Ltd., P.O. Box 561, Napier, New Zealand.
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4 Transducer and Recorder

amplifiers and systems
.

X

reliable high perfc -mance & practical controls
individually powered modules—mains or dc
option single cz 3es and up to 17 modules
in standard 19" crates small size—low weight

—=alistic prices.

ELECTRONIC

>_ [=/I_|D) = LABORATORIES

LIMITED
16 Oakham Court Preston PRT 3XP
Telephone 0772 57560 J
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Vortexion

a4l

50/70 WATT ALL SILICON AMPLIFIER
WITH BUILT-IN 5-WAY MIXER USING F.E.T.s.

e

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

A voltage stabilised supply is used for the pre-amplifiers

5 WaY~50£20m.
VORTENON

making it independent of mains supply fluctuations and
another stabilised supply for the driver stages is arranged
to cut off when the output is overloaded or over temperature.
The output is 75% efficient and 100V balanced line or 8-16
ohms output are selected by means of a rear panel switch
which has a locking plate indicating the output impedance
selected. The mixer section has an additional emitter follower
output for driving a slave amplifier, phones or tape recorder,
output .3V out on 600 ohms upwards.

50/70 WATT ALL SILICON AMPLIFIER WITH
BUILT-IN4-WAY MIXER

(0.3% intermodulation distortion) using the circuit of our 100% reliable 100
Watt Amplifier with its elaborate protection against short and overlcad,
etc. To this is allied our latest development of F.E.T. Mixer Amplifier, again
fully protected against overload and completely free from radio break-
through. The mixer is arranged for 2-30/602 balanced line microphones,
1-HiZ gram input and l-auxiliary input followed by bass and treble
controls. 100 volt balanced line output or 5/15£ and100 voli line.

100 WATT ALL SILICON AMPLIFIER

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

THE 100 WATT MIXER AMPLIFIER

With specification as above 1s here combined with a 4 channel F.ET.
Mixer, 2-30/60§2 balanced microphone inputs, 1-HiZ gram input and
l-auxiliary input with tone controls and mounted in a standard robust
stove enamelled steel case. A stabilised voltage supply feeds the tone
controls and pre amps, compensating for a mains voltage drop of over
25% and the output transistor biasing compensates for a wide range of
voltage and temperature. Also available in rack panel form.

CP50 AMPLIFIER

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

20/30 WATT MIXER AMPLIFIER

High fidelity all silicon model with F.E.T. input stages to reduce
intermodulation distortion to a fraction of normal transistor input circuits.
The response is level 20 to 20,000 cps within 2dB and over 30 times
damping factor. At 20 watts output there is less than 0:2% intermodulation
even over the microphone stage at full gain with the treble and bass controls
set level. Standard model 1-low mic. balanced onput and HiZ gram. Out-
puts available 8/15 ohms OR 100 volt line.

200 WATT AMPLIFIER

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

F.E.T. MIXERS and PPMs

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

VORTEXION LIMITED,

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

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

Telegrams: “Vortexion, London S.W.19"
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Whylashout £25
ontheall-newAvoEM2727?

1. Because it is an ELECTRONIC multimeter with
a performance which could cost you £50

from other manufacturers with less know-how,
less experience.

2. Because it gives 316 kay/V input impedance at
an accuracy you won't find elsewhere

at the price-+2.5% f.s.d. on most voltage ranges.
3. Because it has 39 ranges- 20 voltage, 14
current and 5 resistance.

4.Because its circuitry achieves maximum
reliability by combining printed circuit shunts
with thick film modules, and the proven AVO
printed switch.

5. Because it has a robust centre-pole movement
that takes knocks you'd hate to give it.

6. Because you need the best, /f

most accurate pocket ..
multimeter you can get.
Big Avo performancein a
small Avo case.

Now you canafford
an electronic multimeter.

*UK trade price.

AVOo©
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In the bad old days you could only find high It reveals capacitance of 68-220,000 uF;
capacitance electrolytic capacitors which would tolerances of —10°, + 50, voltage from
tolerate 85°C. 6.3 to 500, temperature ranging from -55" to

Meet the good new days . . . and the great new
Prosec 100 from Advance Filmcap.

1t’s designed for the discriminating with a life
of 100,000 hours under average operating
conditions.

The ripple current ratings go up to 28 amps.

100°C; and many other
¢ innovative parameters.
Ask about Prosec 100. [t’s
the start of something big.

It operates in any position. ADYVANCE
There’s an overload protection vent; screw FILMCAP
terminals embedded in glass-filled nylon to LIMITED

minimise E.S.R.; an etched and stabilised
cathode foil; and it’s non inductively wound.
As options: AMP terminals, non preferred
values and intermediate voltages.
So, for line smoothing, storage and general
filtering — where you seek high capacitance and

reliability — you must ask for Prosec 100 data. Advance: Ourjﬂb IS mak“lg yours easier.
Distributed by: Blueline 01-366-6371; Farnell, Leeds 636311; Nortronics, Nantwich 65578; P.B.R.A., Redhill 67411, Spenco, East Kilbride 36311,

Rhosymedre, Wrexham,
Denbighshire, Wales.
Telephone: 097-881 2471
Telex: 61424 804
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quipment make an oscﬂloscope
You can guaranee its ope of the bes;
Make j; du trace gt o MH, and
YOu haye Ore—the p 7- An instrument
hose perf TMmanc /Price areg
Xclusive ¢, its hose, for | Oratory,
co -
tl o ey "8 and T apPIICatlons
roy, hoy; e Worlq the D67 at /529
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ektronix U. , P.O. O{)I_ Telex: 25 ol
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Telephone:
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Electronics, Television, Radio, Audio

Sixty-third year of publication

This month’s cover illustration 15 of a

Ferranti thin-film hybrid microcircuit
(Type FER 118) which contains six ampli-
fiers to interface between t.tl and f.e.ts
with fast switching times.

(photographer Paul Brierley)

In our next issue
(publication date April 16)

Colour telephoto system for sending colour
pictures over the normal telephone networks,
developed by IPC Technical & Information
Services, is described.

Meterless transistor tester. Design for a portable.
compact, reliable instrument capable of resolving
current gain and leakage.

ibpa

Inteingtional Busnesy
Prese Assnciargs

L.P.C. Electrical-Electronic Press Lid
Managing Director: George Fowkes
Administration Director: George H. Mansell
Publisher: Gordon Henderson

© L.P.C. Business Press Ltd, 1973

Briet extracts or comments arc allowed provided
acknowledgement to the journal is given.
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Areyoua
potentiometer
man?

Then your interest is bound to be roused by Wherever your interests lie . . .
the new Electrosil rectilinear range, Cermet (1) Resistors (2) Pick-A-Backs (3) Switches
Type T162P, Wirewound Types T62P and (4) Electro-Chemical Elapsed Time Meters
T72P. all 10“; e ity eeaieal Lo (5) Capacitors (6) Cordips (7) Potentiometers.
> all low no1se, nu Y, d” Use the Reader Reply Service in this publication
cost reliability is combined with adVanFCd for full derails, indicating the product range(s) .
design concept. Parts are kept to a minimum, in your field.
the three basic models are all produced on Electrosil Limited, P.O. Box 37,

one line and many of the parts are common  Pallion, Sunderland, Co. Durham

to all three. This gives flexible SR4 6SU
manufacturing capability to meet all ijﬁ/ p
service requirements for these 3" fepe

and 1” trimming potentiometers.

In addition to the new rectilinear
range there is a wide range of single
turn and multi-turn trimmers
available for industrial and military
applications.

Electrosil

LIMITED

have the experience

www.americanradiohistorvy com
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ireless World

The Engineer in Industry

The role cf the engineer or technologist in business and the importance of
engineers acquiring management techniques were stressed in recent corres-
pondence in The Financial Times. Mr. B. B. Hundy, of the School of Automative
Studies at the Cranfield Institute of Technology, declared that engineers and tech-
nologists play a much more important role in the direction of industrial companies in
the United States. Germany and France than they do in the UK. and that “this
is reflected in the way in which they are regarded by society”. Whether or not thisis
so may be cpen to discussion, but one thing is certain, as was pointed out by Sir Eric
Eastwood (president) at the recent LE.E. annual dinner, engineering and science
graduates are finding it more difficult than in previous years to find employment and
“there is a widespread feeling among such students of dismay and frustration . ..
that they have been let down by engineering and industry”.

A consequence of this is apparently a reluctance on the part of students to
enter courses devoted to science and technology. At one university in S.E.
England 10% of the places in the science courses are currently unfilled whereas
there is increasing pressure for places in the social studies. On this particular
point Sir Eric commented: “Can the nation afford to indulge the new generation of
students in a wholly liberal education in which job training has no part?” He
also suggested that it ought to be possible now for Britain to improve its industrial
productivity “by injecting more graduate manpower, not into research and development
but into the production areas of our industries”. We are tempted to ask, however,
is the graduate really fitted for the shop floor? In too many or our universities
original research is the order of the day for engineering and science students with
less and less emphasis on tutorial lectures in which the hard facts of technology
applied to industrial life can be presented. Incidentally, this deification of research,
as opposed to tutorial learning, is epitomized in the attitude of some professors
to papers written by members of their staffs for publication. They rule that those dealing
with original research must be presented to learned societies if they are to be
counted as “credits” in academic life, whereas those published in public journals for
sordid gain, and especially those concerned with the practical application of some
technique, are apparently beyond the pale.

To get back to the question of engineers in industry and particularly their role in
management. All too often the elevation of an engineer to management means that
the company loses a first class engineer and appoints a bad manager. Management
is now a profession for which training is needed. The answer, surely, is that there should
be greater opportunities for senior engineers to take management study courses which
would equip them for managerial posts. In the U.S. engineering graduates have for
many years gone back to their colleges for management study courses and it is
gratifying to see that this is now being encouraged in some quarters in this country.

We are not advocating a technocracy, but in this increasingly technological world
we need men at the head of industry who are basically technologists.
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Electronics at the Open University

““Post experience’’ course in electromagnetics and electronics

by K. L. Smith*, ph.p.

The Open University is a degree awarding
body, so how does electronics fit into the
picture? Virtually all the Open University
courses lead to the B.A. degree (there are
no ‘“B.Sc.” degrees) via the same
hierarchical structure of two foundation
courses (1 credit each), second level
courses (some [ credit, others 1 credit),
third level and so on. A student gaining 6
credits is awarded a degree. If he or she
gains 8 credits, at least two at third or
fourth level. the award becomes an
honours degree. The study programme for
each course is based on comprehensive
written material backed up by television
and radio broadcasts, together with
regular tutorial meetings at local centres.
As if to cap the course a full-time summer
school is held. Students go into residence
at one of the “ordinary” universities for a
week, taken over for the purpose during
the vacation period. By all accounts the
intensity of study is remarkable.

Second level courses (and possibly
others) are used for non-degree purposes

" University of Kent

and are then known as “post experience”
courses. They would function as refresher
studies and/or enable specialists in one
field to gain knowledge of the techniques
and so forth current in another. The
Electromagnetics and Electronics course,
code number TS282, falls into this
category. A preliminary glance through
the study materials for the course shows it
to be very suited to the role of post
experience study. I would think this is the
area in which it might be very useful,
especially for teachers who obtained their
science degrees before the days of
electronics and for the keener technician
who would like to go somewhat further
into the bases of his subject. But having
said that, I remember a point that was put
to me at the O.U. about the supply of
home experiment kits and summer school
residential weeks — both being limited in
practice. Thus it is unlikely that the course
could become a mass post experience
development at the moment because of
practical limitations. However, of all the
students taking the course so far some
10% have been admitted as post

Fig. 1. The Generatorscope, combining
an oscilloscope with audio signal

generator and power supplies.

www americanradiohistorv com

experience members. The Electromagnet-
ics and Electronics course is the first to
have students of this status.

The course forms only one-twelfth of
the work for a degree, but nevertheless it
may be the first time even the mature
students of the O.U. have seriously come
into contact with the subject. The attitudes
engendered are therefore important. As
seen from the full title, more than just
electronics is attempted. Traditional
electromagnetism gets a say too. Perhaps
this may be attempting too much in such a
short course, but there is not sufficient
background material in the foundation
courses to allow the material to be
dropped. Certainly it may also strengthen
any weak props on this subject in the
repertoire of an experienced technician.
Inevitably it means some selection of the
electronics content has to be made and
one could debate the pros and cons for a
long time.

Engineering bias

Looking through the first four
correspondence “units” is reminiscent of
A-level electromagnetism. The course
jumps straight into Coulomb’s inverse
square law, proceeds through electrostatic
potential and later into magnetism. The
discussion of  and B fields and magnetic
circuits is quite detailed but the
corresponding D field is not discussed in
the electrostatic case. An engineering bias
is quickly discernible. There is
considerable discussion of motors and
generators, . transformers and the Hall
effect. The mathematical content certainly
requires some knowledge of elementary
calculus. although it was a little quaint to
see Poisson’s equation in total differentials
instead of partials. The required
techniques are summarized in a booklet
“Mathematics for Electronics”, but some
practice would be required before enough
familiarity is achieved with the subject.
Second level students are equipped with
mathematical “tools”; other students (post
experience) without some mathematical
background could find the study a little
heavy. 1 have often found this difficulty
with full-time students on the usual science
courses at university.

A rapid shift into the elementary theory
of semiconductors at correspondence unit
5 carries the O.U. student into electronics.
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At the end of this unit, a person studying
the course should know something about
bipolar and various types of ficld effect
transistors, zener and rectifier diodes and
solar cells. The remainder of the course
units (17 in all) cover such topics as pulse
circuits (transient response), Sine wave
response. large and small signal circuit
analysis, measurements, and three design
studies, one on a linear circuit (a power
amplifier which includes an i.c. operational
amplifier in the first stage), a switching
circuit (an example of a time base
generator), and studies of a servo system
including an operational amplifier.

There is-a very heavy emphasis on
circuit techniques and design. Very little of
the rest of electronics appears in the
course. For example, thermionic emission
is given a miss. This would need to be
covered at some stage, considering the
important applications of c.r.ts that occur
and the ion generators and electron beam
systems that are employed in mass
spectroscopy and electron microscopy.
(Both fields require electronic engineers
and technicians to be very conversant with
beams in high vacua and with electron
“optics”.) The student is supplied with an
oscilloscope, so that by adding a coil for
magnetic defiection, a home experiment on
the measurement of e/m for an electron
could have been included, as well as an
investigation of electrostatic and
electromagnetic deflection of charged
particles. Another omission concerns
radiation, aerials, transmission lines and
so on. At this point. remembering what
Dr. Smol of the O.U. had said to me about
the selectivity required because of study
time limitations, I feel it is important to
say how thorough and attractively
presented the selected material is. It is the
policy of the Electromagnetics and
Electronics course team to introduce
further courses to cover topics left out of
TS282. A more advanced course on
electromagnetics and one concerned with
electronic devices is envisaged, but they
are not yet finalized. This means that a
studerit would find it necessary to take up
morc than one course to cover a broader
spectrum of the subject.

Compare with full-time course

Coming now to the actual course —
unique in the sense that many of the
experiments arc conducted at home —
how does it compare with, say. a tvpical
laboratory course at about the same level
in a university or college running full-time
studies? Typical first year experiments in
electronics from a university course are
the following sets. The first group is: the
study of thermionic emission and the
thermionic diode; a series of experiments
on valve circuit design for amplification,
feedback and oscillation: experiments on
transient and sine wave response of linear
(L, C, R,)) circuits; semiconductor diode
characteristics and design of a simple
stabilized power supply; transistor
characteristics; transmission lines with
transient and sinusoidal signals; delay
lines.” Experiments in the second term
include: the generation and radiation of
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Fig. 2. Layout of the front panel of the Generatorscope.

microwaves and investigation of
diffraction, reflection and other wave
properties: the construction and investiga-
tion of an alloy junction diode;
experiments with a transducer; the design
and investigation of the performance of
RC and transformer coupled transistor
amplifiers.

Turning now to how the Open
University copes with practical experience
for its students, a similar range of work,
different in detail of course, is found. The
early work involves designing and building
the d.c. ranges of a multimeter. This is
used to measure currents and voltages for
investigating characteristics of semicon-
ductor diodes and photo cells. Then
follows work on transient response of RC
and RCL circuits and d.c. restoration
experiments, leading on to sine wave
response of RC circuits. An experiment on
half-wave rectification is included in unit 9
of the course. An instrument called a
Generatorscope is used to investigate the
response and waveforms in these
experiments (see later). Unit 9 also
contains work on adding ranges to the
meter. The practical work in unit 10
involves the design and construction of a
series pass transistor stabilized power
supply. The full design of the amplifier in
units 12 and 13 and timebase circuits in
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units 14 and 15 is realized by practical
construction and testing. An operational
amplifier and servo system are
investigated in unit 16.

Further experimental work is carried
out at the summer school. Four
experiments are undertaken, occupying
about one and a half days each. The first
is an accurate check and calibration of the
multimeter and Generatorscope (which
students take with them to the school) and
measurement of harmonic distortion of the
amplifier designed and built in units 12
and 13. An experiment involving
properties of magnetic materials is
conducted (to be changed slightly in
1974). Another piece of work involves
logic design, 7-segment readout and so
forth. The final experiment consists of
some team work on a colour organ. It
involves active filter design for four bands
of frequencies and unijunction oscillator
s.c.r. drivers to the coloured lamps.
Altogether the practical course is a
challenging and interesting collection of
work which is anything but boring. Thus
the O.U. is able to run a series of practical
projects well up to the standard of the
“orthodox™ course.

The one piece of equipment which
contains some novel ideas, especially as a
teaching aid, is the Generatorscope
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Fig.3. Block diagram of the Generatorscope, showing facilities available.
referred to above and illustrated in Fig. 1. useful for experiments on magnetic

It consists of a fairly basic oscilloscope
combined with an audio sine /square wave
signal generator, all in the same cabinet.
Stabilized d.c. supplies are available from
terminals on the panel and also unrectified
low voltage a.c. is provided as an output
for external rectifier /power supply
experiments. Dr. Chapman of the O.U.
conceived the idea of combining the
instruments and the design and
construction was undertaken by specialist
firms in the industrv to the O.U’s
specification. The controls, inputs and
outputs are conveniently arranged on the
front panel. as can be seen in Fig. 2. The
circuit is a hybrid, in that double triodes
are used as long tailed pairs to drive the
c.r.t. deflector plates. With anode loads of
100k€2 this means the frequency response
is limited, being IMHz in fact. A Mark II
version of the instrument is being designed
now and will have a much improved Y
amplifier performance. In addition a Mark
III version seems to be already on the
stocks and will have all solid state
circuitry. The block diagram Fig. 3 shows
the design of the whole instrument. The
signal generator has four ranges by
switching the capacitors in a Wien bridge
oscillator circuit. The sine wave output is
taken from an emitter follower fed by the
output of the oscillator to an SN7413 t.t.L
Schmitt trigger i.c.

The +9 volts d.c. from the power unit
is stabilized by scries transistors
referenced to zenor diodes and it has short-
circuit protection. It might increase the
versatility of the power source to have a
variable output facility, considering that
both polarities are available. The
availability of 11.5-0-11.5 volts a.c. is very

induction and on phase shifts in reactive
circuits and, with the internal sine wave
generator, for Lissajous figure studies. All
round, the Generatorscope is a very
compact, useful bench instrument likely to
be of value to manv users outside the
Open University course. Schools, colleges
and even radio amateurs might find the
instrument very convenient. especially if
the Y-amplifier performance is improved.
Mr. Bellis, Electronics Officer in the
Faculty of Technology. informs me that
the instrument should be available through
the Open University marketing division
this vear.

Wider impact

It would appear that the Open Univer-
sity- will have an impact on the general
appreciation of electronics as well as
boosting the standards of technical pcople
already working at it. If the 1,251 stu-
dents who ecnrolled for the course last
year (over 60% eventually passed. 90
with distinction) is a typical enrolment,
likely to expand in future sessions. then
some tens of thousands of people will
have a good grounding in electronics
within a decade. The first television
programme went out on 28th January for
the 1973 session. so if vou wish to
“look In” to see the kind of present-
ation made, switch to BBC2 at the
appropriate times. The TS282 Electro-
magnetics and Electionics TV  pro-
grammes are broadcast fortnightly on
Sundays at 9.30 a.m. and Fridays at
6.40 p.m. The Open University most
probably will establish more advanced
courses in electronics science, as already
mentioned, so that it will be a force
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worth watching in the future.

Thanks are due to the Open University
for the help given to me during the work
on this article. Acknowledgements are
given for the illustrations used here, the
copyright of which resides with the O.U.
Opinions expressed in the text are strictly
the author’s of course.

Post-experience course details

Course material: 17 correspondence units: 17
television and 5 radio programmes: home experiment
kit; one week residential summer school: a number of
evening or Saturday tutorials; & computer-marked
assignments and 4 tutor-marked assignments.

Course fee. including summer school: £80 (returnable
deposit for home experiment kit £10).

Course begins: 2nd February 1974. Ends: 14th
November 1974.

Application period: 7th May to 28th September
1973.

Note: The Electromagnetics and Electronics course
may also be taken as part of an Open University
B.A. degree course. but a prerequisite is that the
student must first have taken one O.U. foundation
course.

Further information: Post Experience Student Office.
The Open University, P.O. Box 76. Bletchley. Bucks.
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Design, operation and construction of an instrument with a
solid-state display and based on an m.o.s. L.s.i. chip

by P. Bartlam™, B.Sc.

Digital panel meters provide high accuracy and reliability of measurement
compared with conventional analogue instruments. This meter is based on the
technologies of large scale integration and solid-state light-emitting diode displays
which provide the benefits of digital operation and miniature instrument size.
Resulting from co-operation between Wireless World and Integrated Photo-
matrix Ltd, who designed the d.p.m., the meter is available as a complete kit
of components. The kit costs £36.75 with an extra power supply or d.c.-d.c.
converter if required (see p.165). Instructions for the construction of the kit are

given in the last section of this article.

Until recently it had been impossible to
desigr: a digital panel meter comparable in
size with an equivalent analogue
instrument, owing largely to the fact that
it was necessary to use neon tubes for the
display. This, together with the large
number of t.tl. packages necessary to
implement the logic, imposed a limitation
on the degree of miniaturization which
could be achieved. Neon tubes consume
considerable power and are prone to
damage due to shock and vibration. As a
result of rapid developments in the fields
of large scale integration and solid-state
displays, this d.p.m. has been designed
to overcome the basic limitations of circuit
complexity, large size and high power
consumption. The small dimensions of the
d.p.m. are achieved using a design centred
around a single m.o.s. lLs.i. logic chip
type MC902 produced by Integrated

*Integrated Photomatrix Ltd

Photomatrix. The d.p.m. is a single-range
instrument. It occupies only 72 X 36mm
of panel area, with a base area of ap-
proximately 72 X 105mm. A full list
of the instrument’s specifications is shown
overleaf.

Panel meter i.c.

The MCY02 integrated circuit is the heart
of the d.p.m. and is a single silicon chip
measuring 3.5 X 3mm and containing over
1000 m.o.s. transistors. The chip is
encapsulated in a 28-lead d.il. package.

A block diagram of the chip is shown in
Fig.1. It incorporates all the logic required
for a four-decade-plus-one, i.e. full scale
count of 19999, dual-ramp analogue to
digital conversion system. The logic
includes five decade counters, four binary
counter stages, 20 shift register stages
acting as buffer storage, 13 further
shift register stages, 12 set/reset bi-
stables and about 70 other logic gates

Complete instrument mounted in its chassis. Four l.e.ds provide the numerical display,
with a further l.e.d. (on the left) used as an over-range indicator.
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of varying complexities. Apart from the
counting logic and buffer storage the
chip also incorporates automatic over-
range and under-range indications, display
multiplexing and all the logic for gating
the analogue functions. In addition to the
MC902 chip the circuitry consists essen-
tially of an integrator, a comparator, a
clock oscillator, input switches, voltage
reference and the display.

Operation of the d.p.m.

A schematic diagram of the instrument
is shown in Fig.2. The full scale digital
reading is 1999 and thus does not use
the full capability of the MC902 chip. Only
the most demanding applications of
extremely high accuracy would require
a full scale reading of 19999 and would
call for a degree of sophistication and
stability in the analogue circuitry far
greater than achieved by the design used
here. Thus in this design the least significant
decade information is not displayed.

The operation may be understood by
reference to Fig. 3 which shows the wave-
forms for normal mode operation of the
chip in a basic dual-ramp system. Normal
mode in this case is for input voltages
in the range 0 to + 1.999V. The meter input
switching circuitry is controlled by four
control signals from the MC902: (1) the
input ramp control, (2) dead period
control, (3) reference ramp control and
(4) under-range ramp control. The input
ramp period A (Fig.3) is initiated when
the number contained in the main counter
(one binary and four decade counters)
equals zero. A logic 1 appears at the input
ramp control output of the MC902 and
closes the input switch for V. After
integration of V;, for a period of 40,000
clock-timing signal pulses (i.e. a count
of 20,000 in the main counter, as the main
clock generator divides the clock-timing
signal frequency by two), the main
counter again reaches zero. The input
ramp output goes to logic 0 and the refer-
ence ramp control from the MCS02
becomes | thus disconnecting the input
voltage and connecting V,, to the
integrator. The main counter continues
to count until the comparator output
becomes a 1, ie. when the integrator
output is zero. The contents of the
main counter are transferred to the buffer


www.americanradiohistory.com

164

display control

——Ar—
di%plqy Y 4 decade counters g
muitiplexer
§ ' A ¥ ¥ o
} 2.0
0 ‘] Ya
——0 2 %6
Pried b.c.d. butter store 02! | <8
-, ., -c.d. butter <
[} e:leorcc;or shitt register L 022 (g6
- —-02° | 57
J e~
20
2
inhibit
control logic h-———0 Over-range output
o 0
comp
‘ L———Cunput ramp 1o input
switches
O reference ramp
main
clock —————eee O deqd. Deridd
generator
-O under-range ramp
T
i clock timing

signal

Fig. 1. Basic logic diagram of the MC902 m.o.s. L.s.i. integrated circuit

which forms the heart of the design.
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store. The contents of the buffer store are
now directly proportional to the signal
being measured, in this case V. The
reference ramp control goes to O and the
dead period control of the MC902 goes to
I thus connecting OV to the input of
the integrator. The main counter continues
counting until it reaches zero (at the end of
the 40,000 clock pulses cycle) when the in-
put ramp begins again.

The input switching is achieved using

another Integrated Photomatrix m.o.s.
integrated circuit the IMS501 which
contains four series/shunt multiplexing

switches with low leakage currents. The
detailed circuitry of the input switches
ana the integrator is shown in Fig.4. The
LM308 operational amplifier used as the
basis of the integrator has characteristics
of low input current and temperature
drift. The potentiometer is necessary for
zero calibration of the instrument. The
comparator uses another integrated circuit,
type LM710C. A stable reference voltage
is generated from a precision temperature-
compensated zener diode D, and stable
potentiometer chain as shown in Fig. 8.
The potentiometer adjustment of the
reference voltage is necessary for full-
scale calibration of the instrument. The
main printed circuit board and display

L le.d. display digits panel assembly of the d.p.m. are shown in
Vi N a photograph and the relatively low num-
i b.c.d— - 1 ber of discrete components can be clearly
+Vrer OAAAA < ' , ' , ' , : .
—v IMS501 7 segment e ! | Ve | Ve seen. The l.e.d. displays together with an
ref W decoder/driver I I ' ., ST .
oV OMAA integrator o over-tange indicator l.e.d. and the display
decoder driver are on a printed circuit
board which mates with the main board
71 T in a mother/daughter arrangement.
interface circuits
il clock 0 Light-emitting diode display
inat . . .
el 20 02 {23 The solid-state display comprises four
gallium  arsenide phosphide (GaAsP
> ok ! phosp
light-emitting diode (l.e.d.) seven-segment
N display digits giving a bright, legible read-
mos. Lsi. % ing with 7mm high characters. The use of
< % chip these le.d. digits has been a major
! \ contribution to the considerable reduct-
L _ S ion in size of this dp.m. The con-
el Sipes i figuration and electrical connections of the
Fig.2. Block diagram of the digital panel meter.
) +12V
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dead ;7
period 33n
Vin
OVINlin  ~Vrer "C ™\ !Integrator ™
b - i output Vin 0=AAAA
{ i ' OVO-AAAA :
o! i ! ' = - ™ IMS501 LM308 —0
1 |L—"‘_"‘J| \ —_—L— input ramp | % Vret O=AAA~ to
\ Il i [+% v, ™ comp.
Or ! ref. ramp ~s ref
11 ,L-—I =2 8 (U.R)
o] I——T—_i ‘—- dead period| U o |
) ! | ] = » 150,
[o o a—— comparator 5 g 12K P
11 : ] F v s input ramp.
| -
i I | %% dead period O=e——— L
19999 : 19999 <3 l
transfer count 2 refirampg 100n
to buffer store &% under-rqnge: T
Fig. 3. Waveforms for normal mode S8 Aamp )
operation, in this instance described for 2 =2y

input voltages in the range 0 to
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Fig.4. Circuit of the input switches and integrator.
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Fig. 7. Waveforms for over-range and
under-range operation.

segments of an lLe.d. digit are shown in Fig.
5. The introduction of l.e.ds resulted from
the discovery that some semiconductor
compounds had properties which enabled
them to emit light from a biased p-n junct-
ion. Their construction is such that
they are able to withstand severe environ-
mental conditions and in addition are
not subject to sudden failure, while they
have extremely fast response and
rise-times. The use of these solid-state
digits for the display function has resulted
in an extremely compact, rugged unit,
which may be used in many applications
as a replacement for analogue panel meters
particularly where size, weight, accuracy,

How to obtain the kit

From litegrated Photomatrix Ltd., The
Grove Trading Estate, Dorchester, Dorset.
Price D.P.M. kit — £33.00 + £3.75 v.a.t.,
p. & p.
Optional power supply kit — £7.50

£1.23 vaat, p. & p.
Optional d.c.-d.c. converter (5V input) -
£10.00 + £1.00vat,p. & p.
Value added tax calculated for 10%
Delivery time — 7 to 10 days

reliability and low power consumption
are important.

The binary-coded decimal (b.c.d.)
information from the MC902 chip is
serially clocked out of the buffer store
onto four output lines representing the four
bits of b.c.d. data for each character, i.e.
parallel b.c.d. data, serial by character.
The data is clocked out at a 20kHz rate,
ie. 50us per character, and it is
necessary to multiplex the displays such
that the correct lLe.d. digit is turned on
synchronously with the corresponding
b.c.d. data. The multiplexing is carried out
so quickly that all the displays appear
to be continuously illuminated. As only onc
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Specifications
Full scale range  + 1.999V, single polarity,
programmable  decimal
point
Accuracy +0.1% reading + 1 digit
Operating temper-
ature range
Storage tempera
ture range
Temperature o
efficient (0° to
40°C) +0.1mV/°C
Input impedance 1M£
Input bias

0° to 60°C

25° to +80°C

current < 10nA
Reading rate 5 per sec.
Overload protect-
ton + 100V
Inhibit/hold a facility is provided to

hold a reading by earth-
ing one input connection
Power supply +5V,+12V

Power dissipation 3W

Supply and input  8-way edge connector

facility

connector 0.15in pitch
Display 7-segment le.d.. 0.25in
character height. Over
range indicated by
00007 and flashing

panel indicator. Reverse
polarity is indicated by
“0000” flashing repeti-
tively at a low rate

led. digit is on at a particular
time. only one b.c.d.-to-seven-segment
decoder driver is necessary. However, as
each digit is only illuminated for 1/5 of
a complete readout cycle it is necessary
to drive the segments with a higher
current when multiplexed than when
operated statically, in order to achieve
equivalent brightness; this imposes a
stringent requirement on the output
stages of the decoder driver and the
Signetics type 8TO6NB device is used for
its high current sink capability. The display
multiplexing circuitry is shown in Fig.6.
The 150 2 resistors define the l.e.d. cur-
rent and the location of the decimal point
is selected by programming links. The
multiplexing of the digits is achieved
by switching n-p-n transistors in the com-
mon cathode of the l.e.d. Interface circuits
consisting of r.tl. integrated circuits are
used to drive the decoder driver and the
multiplexing transistors, as the MC902
integrated circuit cannot supply enough
current to drive them directly.

The le.d. digits and a panel indicator
le.d. which is used to indicate over-
range (not as power supply indicator
incidentally) are mounted on one side of the
board such that when assembled in the
case they locate through apertures in the
front panel. Other components, including
the decoder driver and eight resistors,
are. mounted on the opposite side of the
board. A wire link may be soldered in any
of four positions to select the desired
decimal point.

Over-range and under-range operation

Normal operation of the d.p.m. has been
described for input voltages within the
range 0 1o +1.999V. The MC902 inte-
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Component layout on the main printed circuit and the rear of the display panel p.c. board.
The two boards are constructed separately and then slotied together by means of metal

tacts.

grated circuit automatically gives an in-
dication of under-range, i.e. negative
voltages, and over-range, i.e. greater than
1.999V. In both conditions a reading
of “0000” is displayed; the reading is
flashed on and off at a low rate to indicate
under-range whereas over-range is indi-
cated by a static display of “0000”. Ad-
ditionally, the over-range output signal
from the MC902 goes to a logic | in the
over-range condition and is used to illumin-
ate a panel mounted indicator l.ed.

The ramp waveforms for under-range
and over-range operation are shown in
Fig. 7. In the under-range condition, i.e.
when the input voltage is negative, the
ramp generated by integration of the input
voltage is of opposite polarity to the
normal ramp and when the counter
reaches the full count of 19999 the com-
parator output is at a logic 1; the under-
range ramp output becomes a 1 and closes
the input switch for ¥, (ur.) which is a
reference voltage of opposite polarity to
the normal V. The reference voltage is
derived by a resistor chain from the
positive voltage rail, the actual voltage
being non-critical as the function is merely
to ensure that the ramp integrates back
to OV. At the start of the reference ramp
period the number “00000” is transferred
to the buffer store and the display control
outputs are flashed by pulsing at about
10Hz giving a bold visual flashing on the
displays. When the comparator output
becomes O the dead period begins as in
the normal mode operation.

In the over-range condition of an input
voltage greater than +1.999 volts the
counter in the MC902 reaches a full
scale count of “19999” during the refer-

ence ramp period before the ramp has
returned to zero and thus before the com
parator output becomes 1. This condition
causes “00000” to be transferred to the
buffer store and the over-range control
output to become a 1. This output is used
to flash an led. panel indicator
which, combined with the “0000™ reading
on the display, will show that the input
voltage is too great.

Inhibit/hold facility

An additional feature incorporated on the
MC902 1s.i. chip is an inhibit function.
The operation of this is such that when 2
logic 1 is applied 1o the

input then the d.p.m. operat

in the next dead period. The last reading
of the counter is thus retained in the
buffer store and the effect is to hold a
reading for as long as the inhibit input
is at a logic 1. Normal operation is
resumed the next time the main counter
reaches zero after the inhibit input returns
to a 0. On the instrument the inhibit/
hold facility is achieved by connecting
a pin on the edge connector to OV.

Construction

Read this section completely before con
structing the d.p.m. All that is necessary
i1s to solder the components in place on
the two p.c. boards. These boards — the
main circuit board and the display panel
— can then be slotted together and the
complete circuitry mounted in its chassis
by means of two screws.

Use an earthed soldering iron. For
the narrowly spaced tracks and solder
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Components list

Resistors
1,2, 3,4-1M 1% 21-10k
5-4.7k 22-3.3k
6-2.2k 23-8.2k
7-680 24-390
8-2.2k 1% 25,26-680
9-1k 1% 27-100k
10-12k 28-680
11, 12-3.3k 29-33
13, 14-5.6k 1% 30,31-150
15-2M 1% 32, 33, 34, 35-680
16,17-2.2k 36, 37, 38, 39-150
18-560 40, 41,42-150
19-2.2k 43, 44-500
20-3.3k
Capacitors
1-0.033u 4-68p
2-150p 5,6-0.1u
3-680p
Diodes
1-1N823 8-BZY88C6V?2
210 7-1N4148 9-BZY88C3V3
Transistors
1,2-BC107 410 9-BC107
3-BCY70
Integrated circuits
1-IMS501 5-MC827G
2-LM308H 6-MC824P
3-LM710C 7-N8T06B
4-MC902
Light emitting diodes
1to 4-FND70 5-MV5023

points on the display panel, a bit diameter
of 1 to 2mm will be necessary. Other tools
should include a pair of sharp wire strip-
pers or clippers to trim the component
leads to their correct length, a pair of
narrow nose pliers and a straight edge,
e.g. a metal ruler, to align the connection
pins of the dual-in-line packages for
easy insertion. Multicore solder is suitable
and should preferably be 22 s.w.g.

The order in which components are
soldered is not critical but the following
is a guideline to avoid any possible prob-
lems. Referring to Fig. 10, solder the 11
Varicon connector contacts along the
front edge of the board — soldering the
staked side of the contacts to the under-
side of the board.

Solder the resistors and capacitors
to the main p.c. board, except the two
potentiometers R,, and R,, and
capacitors C; and C, which protrude
and may hinder the insertion of Tr, and
IC,. Component leads should be trimmed
SO that the ends are just through to the
reverse side of the p.c. board. If they are
the correct length they will be fixed by a
touch of the iron. Solder the diodes in
place. The nine transistors should be
fitted using the mounting pads provided
with the flat side of each pad flush with
a transistor. Integrated circuits IC,, IC,
and IC, can be mounted — using a
mounting pad again for /C,. Capacitors
C;, C, and resistors R, and R,, should
now be fitted. Finally, the dual-in-line
packages IC,, IC, and IC, (in that order)
can be soldered in place using the straight
edge to align the pins. These three i.cs
could be soldered to the board first, to make
fitting easier but damage may occur during
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subsequent handling of the board. Two
holes i the p.c. board are redundant
when IC, is positioned (there are 28 pins
and 30 holes). The unused holes are posi-
tioned towards the rear end of the board.
All the other “vacant” holes on the board
are plated through to make connections
between tracks on opposite sides of the
printed circuit. To mount the transistors
the correct way round, tag marks cor-

+12v +12V

responding with those on the transistor
cases have bszen marked on the board.
Similarly for the integrated circuits, an
identifying mark on the board cor-
responds with a pin mark on the i.c.

The next step is to solder components
to the display panel. The 11 Varicon
connector contacts should be soldered
in place on the “staked” side of the con-
tacts. Solder eight 1500 resistors in
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place on the back of the panel and also
IC,, referring to Fig. 11. The indicator
le.d. and four display l.e.ds can be sol-
dered to the front of the panel as shown
in Fig. 12. Care should be taken to ensure
that the display le.ds are assembled in
line and square to the board. This can be
achieved by soldering two diagonally
opposite connections of each l.e.d. Make
sure they are all correctly aligned and then

inhibit { hold +5V
Rog
Ros
I Do
110 4A{>G__r\_o'x,|
= 1Jl> Mo X;
ICs

- LDL_/\_O)(B
27 2 {>LJ\—O X4
5
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gl l A op

—12v

Fig. 8. Circuit diagram of the “processing’ section of the d.p.m. This provides the b.c.d. and multiplexing signals for the display
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Fig. 9. Circuit of the display l.e.ds and their drivers. Also shown is the circuit for the over-range indicator (inset).
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Fig. 10. Component layout on the main p.c. board.

solder the remaining pins when this is
found to be so. Note that the orien-
tation grooves must be towards the top
of the p.c.b., ie. away from the edge
contacts.

The decimal point position can be
programmed as required by tinned copper-
wire links soldered in any of four positions
shown in Fig. 11.

Link position  Full scale
1 1.999
2 19.99
3 199.9
4 1999

Check all joints carefully, using a
magnifying glass if possible, in case bridg-
ing shorts have occurred between adja-
cent tracks. The two boards can now be
slotted together and the power supplies
connected.

Identifying letters are marked on the
connector for external power supplies
and input. Pin connections are as foliows:
A-Viy
B-inhibit/hold
C-+5Vv
D-—12V
E-OV
F-keyway
H-no connection
J-4+12V

If, after construction, it is necessary to
desolder any components, a special de-
soldering instrument of the suction type
should be used.

Two steps are required in setting up.
Adjust R,,, so that the display reading is
“0000” for zero input (input terminals
shorted). The reference voltage is then
adjusted by R,, for full scale calibration
using a standard cell source to provide a
known reference reading on the display.

00000000000
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Fig. 12. Component layout and connecting tracks on the front of the display p.c. board.
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4: Large scale intentions. Coneclusion of a series of articles
commemorating the 25th anniversary of the transistor

by K. J. Dean*, m.Sc., Ph.D., and G. WhiteT, m.phil.. B.Se.

Since 1945 the industrial society in which
we live has been one where technological
change has been the normal state of
affairs. It is not easy to plan such changes;
indeed there has been very little
worthwhile market and technological
forecasting. Our national research
establishments have been involved in
bringing changes about, but it does not
seem to have been a part of their role or
that of industry to formulate clear
research and development goals based on
market assessment. To a surprising extent
the semiconductor industry has been a
victim of circumstances rather than their
master. Its fortunes were founded on the
arms race and further encouraged by the
U.S. space programme. Again we have
seen that military confrontation seems
necessary to bring about major scientific
developments. (There must surely be some
other way.) Defence contracts helped
establish large production plants when
yield efficiencies were small, so that
increasing skill and consequent falling
production costs brought overproduction
and ‘“‘dumping”. Fierce competition
resulted in casualties despite the larger
market which became available. A
situation was arising which, though so
clearly visible in retrospect, no one
appeared to notice then.

Larger chips

As the move to put more electronics on a
single chip got under way even greater
attention was paid to the problems of
increasing yield. There are, perhaps, three
golden rules if high yields are to be
achieved but, like all such rules, they are
easier to state than to implement.

First, the processing should be simple
The main difficulty here is with gold
doping which is a particularly critical
process necessary because charge-storage
takes place in the lowest concentration
area of doping, which is usually in the
collector region of the transistor. Gold
doping decreases life-time and so reduces
charge-storage. However, this effect can
also be mitigated by a diode between
collector and base, so that the overdrive
current goes through this anti-bottoming
diode rather than the collector region.

*South East London Technical College.
+ Twickenham College of Technology.

Unfortunately, if a silicon junction diode is
used it has the same forward
characteristics as the silicon junction
transistor which it is trying to speed up.
This difficulty was overcome by using the
Shottky barrier diode formed by
aluminium on the silicon, which has a
knee voltage of 0.3V instead of 0.5V for a
silicon junction diode. The use of Shottky
diodes to clamp a transistor was originally
developed by Texas in 1964. In some
devices the storage is in the base region. In
this case, a second emitter is provided for
the transistor on the chip and connected to
a Shottky diode to remove the charge.
Devices where speed is obtained from
Shottky diodes are compatible on the
same chip with linear circuits whereas gold
doped circuits are not. They are also
compatible in the same system, but not the
same chip, with similar designs for gates,
but which use gold doping. An example of
this is the Texas 74 series which has been
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second-sourced by a number of other
manufacturers.

Secondly, the number of stages in the
process must be kept small. But as the
circuits which industry require become
more sophisticated, such as gates with
good speed-power ratio and high fan-in
and fan-out and capability for wired-OR
connections, so the number of stages tends
to rise. There are for example typically
three masks needed for a single transistor,
eight for a t.t.l. gate and ten for some
linear amplifiers. Only five masks are
needed for m.o.s. gates but here speed
problems exist, particularly where m.o.s,
gates are interfaced to external connection.
The yield of a single diffusion is inversely
proportional to the area of the chip. That
of a transistor or integrated circuit with n
diffusions is proportional to the yield for a
single diffusion raised to the power of n.
Thus the yield for planar transistors with
three diffusions must be extremely high

Dual 64-bit shift register first available commercially in the UK. in 1967 and typical
of the state-of-the-art at that time. (photo: Texas Instruments)
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before worthwhile yields can be expected
from five- or eight-mask integrated circuits
often 100 or more times the surface area
of single devices. If a large enough system
can be put on a chip the interfacing
problems are less but even then an m.o.s.
system is usually slower than a
comparable bipolar one, and in some
circumstances this is important. Further,
such a solution infringes Law 3.

The third law is to keep the chip area
small; but this discussion is all about
increasing chip size. Scoring heavily here
is m.o.s., since the devices are
self-isolating. In any case, one should take
care ‘to see that isolation diffusion
sometimes known as “lands”, is
minimized. One process which leads to
smaller devices is ion implantation. Here
dopant impurities are implanted by ion
bomba‘rdment rather than by diffusion.
The process is compatible with planar
technology and gives good control of
junction profile but it is more expensive
than diffusion since it depends on vacuum
technology and the use of high energy
accelerators.

Thus we have seen that with these three
“laws” there are ways by which they can
at least be bent, if not broken. The extent
to which they can be bent and there still be
a profitable yield is a measure of a
company’s success with the technical
problems. Thus typical chip sizes for m.s.1.
(medium scale integration) is 2mm square
for bipolar t.t.i. with about 40 gates on a
chip of this size. Somewhat larger m.s.i.
chips can be made if m.o.s. gates are
involved, perhaps 4mm X 3mm with
about 500 gates irregularly connected or,
say, 1024 bits of random access memory.
the latter being, of course, regularly
connected.

New planar processes

Now it can be seen that m.o.s. circuits are
simpler and hence cheaper to produce:

also they represent higher circuit packing
densities than bipolar gates but in terms of
performance m.o.s. is often at a
disadvantage. Therefore, in 1970
manufacturers began to investigate bipolar
processes which seemed to offer prospect
of being competitive with m.o.s. For
example there was the c.d.i. process
(collector diffusion isolation) developed
first at Bell Labs and then by Ferranti, the
Isoplanar process of Fairchild, the Process
IV which was suggested at Plessey’s
research centre at Caswell, and the Dutch
Locos process developed by Philips. All of
these were compatible with circuits which
could operate in excess of 1.5GHz and all
of them had the advantage of using less
surface area than earlier processes. The
c.d.i. system, for example, started with a
slice of 10 to 20 Q.cm p-type silicon into
which n*-layers were diffused. These were
later to be the collectors of transistors
formed in a 1 £.cm p-type epitaxial layer
put down on top of them. Then n*
diffusions were made through the epitaxial
layer to make contact with the now buried
n* layers laid down at first. These not only
acted as collector contacts but isolated the
area within as in the photograph of the
Ferranu c.d.. chip. In this base area
the n* emitter diffusion is made, as
well as any second emitter for a Shottky
diode. After the oxide has been de-
posited and holes cut in it to gain access
to the electrodes, silicon is grown in the
holes to the same level as the oxide, thus
giving a flat surface.

Other developments

If any semiconductor manufacturer is
asked about possible developments he will
immediately reply that computer
memories, read only and random access
types are obvious areas of development.
To-day a r.o.m. (read only memory) of
about 4 kilobits can be made and this will
probably be extended to 32 kilobits in the

Complete serial arithmetic unit on one chip, for use with eight-bit numbers. The chip
consists of 200 m.o.s. gates and was designed in the U.S.A. by Fairchild and marketed
in the UK. in 1968. (photo: S.G.S. (United Kingdomy))
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near future. Random access memories will
also be of similar size. Complete
processors are being made for the hand
calculator market. These are m.o.s. chips
since their slow speed is no disadvantage
for manual operation. This is a growth
area at the moment and prices of hand
calculators are falling rapidly. This
industry in which the Swiss once had a
sizeable share is now dominated by Japan
but often with U.S.-designed m.o.s. chips.
It is whispered that the Swiss have made
careful surveys before joining the
competition and have decided that it is
now too late to compete. Certainly they
have had no indigenous computer industry
to help develop their small semiconductor
facilities.

What is needed now is to find markets
other than in computing. Some possible
ones are in communications and in various
domestic industries — entertainment, cars
and white goods. In telecommunications
the first electronic telephone exchange to
use integrated circuits was the London
empress (01-603) exchange which has
10,000 ics. The telephone network will
become increasingly digital. It is expected
that by 1990 all additions to the net-
work will be digital ones, but 17 years
is a long time to wait when you are
selling silicon chips. Not only will solid
state crossovers be used in electronic
exchanges but there is clearly a market
potential, maybe for our ailing computer
industry, in data processors for telephone
exchanges. How often is the engaged tone
heard when the number is not engaged; it
is the route which is fully committed.
Exchange processors are needed to effect
re-routing depending on the traffic being
carried at that time by a number of
exchanges. Visual solid state elements are
another area where a start has been made.
Plessey had a much publicized chip in
1966 which carried a matrix of 10 X 10
photodiodes. Perhaps we shall see a larger
and more closely packed matrix with their
Process IV before long, and so bring us a
step nearer to replacing vidicons, or at
least for document reading.

Bell Labs have been working on picture
’phones for some time using m.s.i. chips
which supply data to update a store only
where picture content is changing, but this
is no short-term research project. We are
more likely to see low speed facsimile,
perhaps augmenting or replacing the
national telex network, before this.

British Rail have a large financial
commitment in the development of high
speed trains. As speeds become higher,
say 200 m.p.h., one can no longer rely on
the driver to make appropriate decisions in
the much smaller time he has available to
him, so that here again integrated circuits
will find markets in a central processor
and its associated control systems.

The white goods market offers
prospects for circuits to control washing
machines and similar equipment. The
automobile market in which four million
cars are made in Europe each year has a
potential of perhaps £30 per car for
electronics, to control ignition and petrol
injection and to sample various
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transducers so as to indicate a fault or
warn of any dangerous condition, even of
speeding. This renresents an enormous
market which is virtually untapped to-day.
When cars are wdvertised as “solid state
controlled” and the price of hand
calculators makes slide rules obsolete,
the semiconductor industry will be freed
from the tyranny of computing,.

What of L.s.i?

In 1968 manufacturers like Texas were
proposing to make 2in slices, diffused to
comprise the gates of a single system, that
is, using a slice as a single integrated
circuit. It was then suggested that these
slices would be probe-tested and a
discretionary wiring applied so as to avoid
or short out faulty devices. But individual
probe testing on this scale is expensive: in
fact the size of chips may ultimately be
limited, not by the technological skill with
which they can be manufactured but by
the time taken to carry out testing, to
interpret the tests, and the cost of testing.
This is especially true when the chip logic
is of a non-repetitive nature.

There is however a problem which is
more fundamental, even than this. What is
there that is sufficiently complex or so
large in terms of circuitry that it warrants
the use of a single chip of this size and
which at the same time is of such a general
nature that it will sell in such quantity,
perhaps to a variety of users, to make it an
economic proposition? Unless this can be
satisfactorily answered ls.i. cannot be
really viable. There are of course some
“answers” which might be considered.
Random access and associative memories
for computers, use so many interconnec-
tions between cell locations, for addressing
and so forth, that it is desirable to avoid
the inter-chip connections which would
occur using m.s.i. chips as sub-sections of
the memory and joining the sections by
printed circuit boards. Also, when
processors need to be of small physical
size and speed is not an important
parameter, as with hand calculators, a
single chip has advantages such as
minimal wiring and servicing costs.
Nevertheless there are but few cases where
a convincing argument can be put up, to
show that it is not good enough to use
beam lead i.cs interconnected as a hybrid
system on a thick film substrate. Genuine
arguments are in short supply: it is not
enough to have large scale intentions.

Manpower

Now let us look at some of the significant
trends regarding people, prices and pros-
pects. In 1966 the Manpower Research
Unit of the Department of Employment
(then the Ministry of Labour) carried out a
study of the electronics industry, published
by HM.S5.0. in 1967, to forecast labour
requirements in detail to 1970 and more
generally beyond that. It claimed to pin-
point the major growth areas of employ-
ment. It forecast for the period 1965—1970
over 50% increase in the jobs available for
wiremen and production workers, 41%
increase for testers, 35% for scientists and
technologists and 32% for technicians. So

proge
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This chip carries a non-volatile m.n.o.s. 64-bit memory (left-centre) with p-channel
m.o.s. decoding circuits which require a 40V signal to drive the memory cells. The
storage time for which the memory can be retained in the event of power supply failure
and which can be measured in days, months or even years, is a function of the

thickness of the oxide and nitride layers. (photo: The Plessey Company)

far as longer term trends were concerned it
called for more technicians and for them
to have higher qualifications. It did how-
ever observe that semiconductor manu-
facture “would become still more capital-
intensive”. The predictions were not
believed, for negligible support was given
by industry to our technical colleges to
increase the number of trained technicians
by the large figure of one third. There
were even cases in 1971 of withdrawal of
industrial support for some block release
and sandwich students. As for the scien-
tists, it was recently stated that in 1971
only tae chemical industry had more
unemployed Ph.Ds than electronics. The
period 1969-1971 has seen a massive cut-
back in the computer manufacturing and
electronics industries — takeovers, clo-
sures, redundancy — and very few in the
semiconductor sector making a profit. Per-
haps manpower prediction, like weather
forecasting, is an area in which we still
have much to learn.

Price erosion

One of the recurrent themes of this series
of articles has been the constantly falling
price of semiconductors in a society where
practically every other commodity was
continually costing more. In part this is
the result of learning about the processes
involved so that production yields have
increased. But commercial pressures have
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also had an important part in forcing
prices down. It has been suggested that the
combined effect of learning and competi-
tion on the price of a device is linearly
related to the total quantity which has
been manufactured. By examining, for
example, the U.S. price of an integrated
circuit first produced in 1963 for $30, it
can be seen that there has been aprice fall
of 30% each time the total quantity from
the start of production is doubled. Neither
does this apply solely to integrated cir-
cuits. Germanium diodes, for ‘instance,
which were amongst the earliest of semi-
conductor devices, were originally sold for
£1 each. Today their quantity price is 2p
and still falling. Although these figures are
typical there have been cases where the
rate of fall is much greater thar this. In
early 1969 t.t.l. gates cost 75p, 28p at the
end of 1969 and 8p a year later. This was
the resuit of dumping, giving prick falls in
excess of the learning process, so that
prices were so low that U.K. manufactur-
ers could not make and sell devices at
these prices either then or in the foresce
able future. Even taking the whole i.c. and
transistor scene into account it seems
unlikely that more than one or two com-
panies can do much more thah break
even. Why then continue to compete?
Some have not continued, but the ave-
rage growth of the electronics industry
since World War II has been about 12%
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Silicon slice with over 60 chips each about 5Smm square. The circuit was commercially
available from Ferranti in late 1972 and contairs the components of a 200-gate
uncommiited logic array and is an example of the use of c.d.i.

Left shows one chip of the 60-chip 200-gate uncommitted logic array produced by

the c.d.i. process. Right shows a detail of this chip. The function which the chip
performs. analogue or digital or both, is selected by the metalization pattern employed,
5o that only one mask is involved in changes of function. Supply-line connections within
the chip are made, not by the aluminium pattern, but through the silicon.
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so that it has doubled in size every six
years, whereas the target for national
growth has been only 3%. This is one
incentive to continue. Whether one
believes that there is a national need to
retain an independent manufacturing
capability depends on the way in which
one views the British trading role abroad
and at home. However it should be
remembered that in 1964, 90% of the U.S.
semiconductor industry’s output was for
military applications, in 1968 the figure
was 53% and even in 1970 it was as high
as 37%. If our relations with the U.S.A.
should ever be strained this source of “raw
circuit material” for sophisticated electron-
ics equipment might run more thinly.

It has been said that since the U.K.
computer industry is effectively a second-
sourcing industry (IBM has over 80% of
the world’s computer market) the UK. i.c.
market can never be more than a second-
sourcing industry. This may well be, but at
least it provides an alternative for
emergencies, which is what second-
sourcing is all about. Further, the develop-
ments already described may go some
way to loosening the ties between semicon-
ductor and computer manufacture by pro-
viding other major outlets for the industry.

Market potential

The accompanying table gives some indi-
cation of the areas in which the active
device side of the electronics industry has
grown. The bare statement, sometimes
heard, that the sales of thermionic valves
still outstrip those of semiconductors can
be seen to fall into that class of lies we call
statistics when it is noticed that major
valve sales today are of colour television
tubes and professional valves such as
transmitting valves. Thus the sales of
i.cs and transistors are about four times
those of receiving valves and are bound
to continue to increase as the main-
tenance market for valve equipment dec-
reases. The apparent setback revealed by
the 1971 figures seems rather larger in the
table than the true result because ITT,
who have approximately 15% of the semi-
conductor market, have amongst others
now withdrawn from V.AS.C.A. In
future, ' the figures from the Electronic
Components Board will include imports
from companies such as Motorola and
R.C.A. who do not manufacture in the
UK. and General Instrument Microelec-
tronics who are now manufacturing at
Glenrothes. Thus the figures for 1972 and
subsequent years will not be strictly rep-
resentative of either British-owned com-
panies or British-made semiconductors.
The annual statistical survey of the
electronics industry, published by the U.K.
Electronics Economic Development Com-
mittee (H.M.S.O., September 1972) dealt
more generally with the whole electronics
industry employing 446,600 people, a
slight drop on 1970’s figures. The report
which is for the year 1971 said that over
50% of them were employed in S.E.
England, the area, understandably, with
the greatest unemployment figures for
electronics. The survey claimed an 80%
growth for the industry in 1971 compared
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with 21% in 1970. Whilst these figures do
not appear to take into account the ero-
sion of the value of the pound, they point
out that the reduced rate of growth was
most apparent in the capital equipment
sector, which includes computer produc-
tion. The decline of the home demand for
computers resulted in a fall of 8% in sales
of this type of equipment, thus giving
further support for seeking new outlets for
microelectronics, such as the colour televi-
sion market where the growth rate was
72%. That particular level of development
obviously cannot continue for long, but it
shows what can be achieved in some sec-
tors of the market.

It may well be asked if these sales
figures are of interest to readers. Surely
whether we are manufacturers of devices

of the difficulties the industry has been
facing, puts the U.K. integrated circuit
market at £100 million by 1980 that is an
increase of six times over the 1970
figure of £16.5 million quoted in the
table, and the m.o.s. share of this at
£20 million. Quantum Science Corpora-
tion of New York recently forecast a
growth rate of 14% per annum for the
U.S. marke:, but both sets of consultants
comment that there is not likely to be any
diminution of the competitive market
forces in the foreseeable future, or to put it
more crudely, no one is content to let
anyone else have a slice when there is the
remotest chance of grabbing it all for
himself. And this at a time when it is so
difficult to keep unemployment levels
down. We must turn a capital-intensive
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H.F. Predictions —
April

The mean sunspot number for March was around 38
and this should decrease by two during each month
following.

With reducing solar activity propagation disturb-
ances will become less frequent and less intense
but tend to last for longer periods. Advance
forecasting of these periods, based on a solar
rotation, as seen from the earth, of 27 to 29
days, should now become more reliable. There was
an unusually prolonged period of nine disturbed
days at the end of February which indicates a
recurrence over April 17 to 24 and possibly
on the first and last few days of the month. The

or electronic instrumentation, or are indus- industry, likely to become more so, into least likely disturbed period is from April
trial or domestic users, or educators, or one which is certainly intensive of those 9to 14.
Jjust have the interest of the success of our recently lacking human values.
country at heart — because our own So there it is: more rough water ahead, M2
interests are linked with it — the fortunes more risks for both employer and 5
of the semiconductor industry matter to employee, but high prizes for the far- | | B n HPF
us. When we feel the full impact of going sighted. It happens, though, that to a great ISSS==—: ==
into Europe this will be even more vital. extent we are all in the same boat: let us 15 A [ FOT
The exports from West Germany, for hope we do not get sea-sick on the way. — '.ﬁi-; X
example, are some 70% greater than Bri- 10 2% —— LUF S —\
tain’s and their imports are one third of ~ Acknowledgement B =
the total E.E.C. imports. What are our The authors would like to thank their s With auroral correction
prospects then? many friends in the semiconductor indus- 5 T —]
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News of the Month

Cable highway into the home

More than 6,000 new houses will be
equipped by the Post Office during the
next 12 months with twin-cable systems
carrying telephone service and “piped”
radio and TV programmes. The twin
cables will also form a highway into the
home for telecommunication systems of
the future.

Five housing developments at
Washington, County Durham: Irvine,
Ayrshire; Craigavon. Northern Ireland;
Milton . Keynes, Buckinghamshire; and
Brackla, South Wales are being
equipped with underground cable systems
which enable householders simply to plug
in for television or radio programmes.
Although the cable systems, which are
installed while houses are being built. can
be used immediately for telephone,
television or radio services they will play a
key role in bringing other services into the
home. For example, viewphone conversa-
tions. access to computer data and
possibly remote meter-reading could ali
travel easily on these new communication
“highways”.

Over the next 20 years the Post Office
expects to extend the service to more than
200,000 new homes nationally. By far the
biggest single development is Milton
Keynes, where nearly 3,000 homes will be
connected to the system by March 1974.
Eventually the Post Office will provide the
service to 100,000 homes there. No longer
handling just telephone calls, local
telephone exchanges will operate as a local
communications centre handling other

services, such as television and radio. Key
exchanges at Milton Keynes, Craigavon,
Irvine, Washington and Brackla will have
masts to receive television and radio
programmes and equipment for boosting
incoming signals and distributing
programmes by cable to houses
throughout the areas they serve.

Laser-computer system

measures air pollution

A rapid method of identifying poltutant
gases in the air has been devised by a Bell
Laboratories scientist. A laser and an
electronic computer have been combined
in a system for detecting and measuring
concentrations of pollutant gases.
Identification and analysis of pollutants is
a first step toward their control.

Capable of identifying concentrations of
gases as low as | part in 10'% the
laser-computer system has a far greater
sensitivity than most of the present
regulatory standards in the U.S.A. require.

An established laboratory technique —
gas spectroscopy is based on the
phenomenon of different gases absorbing
light at different wavelengths. Thus,
specific gases leave their “fingerprints” on
laser light at specific wavelengths. The
amount of light absorbed shows the
amount of pollutant in the air. The
computer, which is about the size of a
small home stereo receiver and uses the
kind of electronic components common in

Redifon Omega Navigator, installed on board M.V. Orbita of the Pacific Steam
Navigation Co., will provide position fixes accurate to within approximately one
mile throughout ocean passages and coastal waters.
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hand-held calculators, controls the laser,
tuning it through the absorbing
wavelengths of various pollutant gases.
Samples of air being analysed are held in a
chamber called an opto-acoustic
absorption cell.

The laser beam is directed into the
absorption cell. Light energy absorbed by
a gas increases the temperature and
pressure of air in the cell in direct
proportion to the quantity of gas. A
sensitive microphone in the cell detects the
increase in pressure and converts it to an
electrical signal which is fed to the
computer. The computer matches the
signal with “fingerprint” data stored in its
memory and identifies the pollutant.

For a feasibility demonstration in the
laboratory, the system has been used to
identify five different gases simultaneously.
However, it can be programmed to handle
up to about twenty.

Holographic computer

memory

A holographic optical computer memory
able to perform the data processing
operations of write, store, read, and erase
has been developed and demonstrated by
RCA at its Princeton laboratories in the
U.S.A. The experimental optical system
employs a laser, liquid crystals,
electro-acoustic deflectors, and holograms
stored on thermoplastics. It could be the
forerunner of a new generation of
memories equal in capacity to, but 1,000
times faster than, present large disc
systems. In addition to their capacity and
speed, future holographic memories could
be more reliable and perhaps less
expensive per data bit than mechanical
systems at present used to store and
process large quantities of information.

The memory utilizes the ability of
holograms to store large quantities of data
in a small space, and upon the speed at
which light from a laser can be deflected
and modulated. The memory stores data
in holograms formed by a laser beam on a
thermoplastic storage medium. En route to
the storage medium, the beam strikes
liquid crystal cells, which can be
controlled electronically to scatter light or
to be transparent. The cells introduce
digital information into the laser beam in
the form of tiny areas that are dark (where
the cells are scattering) and light (where
they are transparent). This pattern of
darkness and light, recorded in the
hologram, corresponds to the “zeros” and
“ones” of the binary code.

Once the data is stored in the hologram,
it can be retrieved by passing the laser
beam through the hologram. The beam
projects the holographic information on to
a light sensitive array which “reads” the
optical data and converts it into electronic
signals, The laser beam, in both writing
and reading the data, is directed by
electro-acoustic deflectors. In the
experimental holographic memory, the
array is connected to a panel of lights to
determine if the data has been stored and
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read out correctly. To erase the data in a
holgram, heat is applied to the
thermoplastic storage medium. A new
hologram with new information can then
be written in its place.

Electronic traffic control

A vehicle detection system has been
designed in Morgantown, West Virginia,
U,S.A. using proximity switches for
sensing purposes. These proximity
switches, from the British firm Elliott
Relays, have sensing distances that can be
adjusted up to 12 inches and can sense the
presence of vehicles as they travel along a
given track. The information obtained is
then processed by a central computer to
prevent collisions between the vehicles by
retaining a specified distance between
them. The scheme functions by installing
proximity sensors along the route at
strategic points, from where they can
monitor vehicle presence on adjoining
track sections or blocks. When a
minimum predetermined spacing between
vehicles is reached, the central computer
initiates either car braking or system
shutdown. Failure of a channel in the
system will indicate a ‘‘vehicle present”
condition to the computer for that
channel, thus initiating system shutdown
and fault location.

The system comprises three basic
components: the sensor assemblies located
at various intervals along the guideway,
the electronic assembly that provides the
information for the central computer, and
a magnet assembly that is mounted on the

Transmitting aerial system for one of
Britain’s first commercial radio stations
is pictured here during its check-out
programme at the EM/ aerial test site
at Hayes, Middlesex. Two v.h.f. aerials
have been specified for London and
Birmingham utilizing circular
polarization techniques.
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Pictured on the right is an early Cossor oscilloscope, believed to be only the second
portable model made, which has been donated to the Science Museum by O. S.
Puckle. Designated the Cossor Portable Mains Oscillograph Type No. 3247, it was
manufactured in 1933, selling price was £20. Alongside is one of the latest Cossor

'scopes.

moving vehicle. No adjustment is required
after the initial installation unless
replacement of an electronic assembly or
sensor becomes necessary.

It is possible to avoid using the magnet
assembly by using the vehicle structure for
the target. But, in this particular
application the magnet assembly is used
because of the existence of high ambient
magnetic interference that could actuate
existing vehicle detection systems. The
magnet assembly is attached to the vehicle
and provides a magnetic field to actuate
the sensor in the road bed. It is oriented on
the vehicle with its longitudinal axis
parallel to the direction of travel and is
perpeadicular to the fields generated by
the power rails which can interfere with
the detector operation. The sensors are
located typically every 300 feet in the
roadbed so that the longitudinal axis is
also parallel to the direction of vehicle
travel.

High-speed mobile
message-switching

Said to be the first mobile, computerized
message-switching system in Europe is
to be produced by Marconi Space and
Defence Systems Ltd for the Ministry of
Defence. The contract follows successful
British Army tactical field trials with an
experimental system which was designed
by the Signals Research and Develop-
ment Establishment in collaboration with
the Company.

Code-named TARIF (Telegraph Auto-
matic Routeing In the Field), the
computer-based system will speed-up
distribution of telegraph messages and will
permit substantial manpower savings in
operation. It will be capable of handling
5,000 messages a day on up to 48 lines
simultaneously, with a typical “cross-
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office™ handling time of one se¢ond per
message. It is designed to replace the
existing “torn tape’” manual system which
is slow. laborious and unreliable under
heavy traffic conditions. TARIF is based
on the GEC 920B military digital
computer, backed with high-speed
magnetic drum storage. Incoming
messages arc automatically forwarded in
response to a coded message heading. or
are stored for onward transmission when
the recipient’s line is clear.

Viewphone for

surgical operations

An experimental viewphone being
developed by Post Office scientists has
been used to assist in the care of patients
during surgery. Engineers from the Post
Office’s Research Department at Dollis
Hill. helped by staff from London
Telecommunications Region, provided a
viewphone link between the operating
theatre in St Peter’s Hospital, Covent
Garden, and the Research Department of
Anaesthetics of the Roval College of
Surgeons half a mile away at Lincoln’s Inn
Fields.

Patients undergoing operations at St
Peter’s are alreadv linked over a telephone
line to the R.C.S. where a computer has
been used to monitor the patients’
responses to anaesthetics and their general
condition.

In a new experiment the viewphone was
used on two full days of surgery to enable
specialists at the R.C.S. to fallow the
progress of operations, to see the actual
administration of anaesthetics, and to
relate the patient’s response to them with
information such as heartbeat, brain
waves and blood-flow, fed into the
computer over the telephone data link.

Professor J. P. Payne, Head of the
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Research Department of Anaesthetics,
also carried out successful experiments
with the examination of X-ray
photographs by viewphone. He displayed
a number of plates to a colleague who,
over the viewphone, correctly diagnosed
the conditions shown on the X-rays.
Picture definition was good enough to pick
out lesions in an X-ray. Viewphones are
still at an early stage of development and
unlikely to become available to the public
for some time.

Industrial Security

Computer security, low-light television, the
detection of eavesdropping devices and
perimeter protection techniques were
among the topics of a recent seminar
programme in London arranged by
Buckmaster and Page Ltd, Industrial
Security Consultants, under the title “The
total planning concept of industrial
security”. The two-day seminar was
designed to provoke discussion and ideas
from a team of people whose main
preoccupation is with security and the
senior members of their organizations who
are exposed to security risk. The pro-
gramme was essentially practical and
used case studies to provide examples of
situations where security protection was
found to be necessary. A variety of
electronic and other devices were
demonstrated and explained including
microwave and ultrasonic equipment.

Telecom awards

For the sixteenth successive year the
Telecommunication Engineering & Manu-
facturing Association has made awards to
employees of member companies of the
association who were successful in the
annual competition for technologists and
technicians. In the technologist class the
first prize (£50) went to Kevin M. Kelly
(S.T. Labs) for his paper “The Doppler
microwave landing system” and the
seconcl (£25 each) to Derek N. Glanville
(S.T. Labs) for “The spectrum of
round-off noise in a digital filter” and
Philip F. Robinson (Marconi) for
“Development and manufacture of a
mains, transient recorder’”. In the
technician class the first prize (£50) winner
was Roger Faulks (S.T.C.) for “Model
automatic location store”. The second
prize (£20) went to David J. Mackay
(Marconi) for “Selective calling in mobile
radio”. The awards were presented at the
annual T.E.M.A. dinner on March 7th.

Inspecting aerial systems

The National Federation of Aerial
Contractors is currently making plans
whereby members’ installations will be
regularly inspected at random. and any
new company applying for membership
will also have its work inspected. Faulty
workmanship will be reported to a
standards committee. In this way. the

federation hopes to assist in narrowing the
field of viewer complaints.

Briefly

Record anniversary

This year marks the 75th anniversary of
EMI’s international recording activities
which started in 1898 with the
Gramophone Company, EMI’s oldest
subsidiary.

Sony colour TV

Sony is to start production of colour TV
sets in the U.K. within the next year.

Japan Electronics Show

The Electronic Engineering Association is
to sponsor the British participation at the
Japan Electronics Show in Osaka from 1st
to 7th October.

Finale

From the Chiltern Carrier — a newsletter
of the Chiltern amateur radio club:
famous last words — “just feel this
transformer™!

Sixty Years Ago

Our advertisement for April, 1913, as it
appeared in the publication Work. The
reproduction was sent to us by a reader,
Mr S. W. Saunders, of Exeter.
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which will appear on the 1st of Aprit,
and will contain the first of a series
of articies which have been specially

. prepared with a view of . . .
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VALUABLE PRIZES

in money and apparatus will be awarded, and

CERTIFICATES OF PROFICIENCY

will bs granted by
MARCONI'S WIRELESS TELEGRAPH Co.,Ltd.
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Announcements

A series of lectures on r.f. electrical measurement
practice is to be delivered at a residential vacation

school at the University of Surrey organized by the
Science Education and Management Division of
the Institution of Electrical Engineers, Savoy
Place, London WC2R OBL.

“Minicomputers in Instrumentation and Control —
73" is the title of a short course and exhibition
to be held from 30th May to Ist June at the
Polytechnic of Central London, 115 New Cavendish
Street, London WIM 8JS. The course is aimed at
scientists, engineers and managers.

The University of Essex has announced the receipt
of £51,655 of research grants. £33,000 is from the
Woifson Foundation to support the electronics
centre for introducing electronics to non-electronic
industries, and £913 from Standard Telephones and
Cables Ltd is an extension of the existing grant
for theoretical work on a filter synthesis topic.

The Technical Help to Exporters service of British
Standards Institution, Maylands Avenue, Hemel
Hempstead, Herts, has produced a digest detailing
the technical regulations applicable to the radio
interference suppression of electrical equipment
and installations imported into Denmark. The
publication is entitled “TD.1013 Denmark radio
interference suppression”.

A new plug-in unit, the 3121 single timebase, has
been developed by Cossor Electronics Ltd., The
Pinnacles, Elizabeth Way, Harlow, Essex, for
use in the company’s model 3100 plug-in
oscilloscope system.

The United Africa Co. has changed its name to
UAC International. As a result, the subsidiary
company Unamec Ltd, P.O. Box 1, United Africa
House, Blackfriars Road, London SEl 9UG has
become the Unamec Division of UAC International.

The Vero Electronics Group, Industrial Estate,
Chandlers Ford, Hants SO5 3ZR, have expanded
their activities by the opening of an Equipment
Division formed to market a range of wire-wrap
tools, bits and sleeves manufactured by the American
0O.K. Machine and Tool Corporation.

Banbury Electronics, Swansea and Fenwick Elec-
tronics Glasgow, are marketing the range of counter/
timers and other instruments from Radio Control
Specialists Ltd, National Works, Bath Road,
Hounslow, TW4 7EE.

Datac Ltd, The Polygon, Bowden, Altrincham,
Cheshire, have been appointed agents for the
Mullard Mosaic Printer.

Trahsworld Scientific Ltd have become the UK.
distributor for the power transistor range manu-
factured by Kertron Inc., Florida, US.A.

The Oxford Instrument Co. and the Supercon-
ducting Magnet Systems Activity of B.O.C. Ltd,
have announced an agreement to merge their cryo-
genic and cryomagnetic systems operations. B.O.C.
will purchase a minority share interest in Oxford
Instruments and all activities will be consolidated
at Oxford Instruments, Osney Mead, Oxford.

An order for seismographic recording equipment
has been placed with Racal-Thermionic Ltd, Shore
Road, Hythe, Southampton, Hants SO4 6ZH,
by the Italian’ Government. The order, worth over
£30,000, is for equipment which will form part of
a chain of earth tremor detection stations sited
along the length of the Italian peninsula.
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Digital Multimeter

2. Circuit operation

by D. E. O’N. Waddington, M.1.E.R.E.

In Part 1 of this article I showed that the
instrument falls naturally into seven blocks
{(see Fig. 1) with the power supply forming
an eighth. In practice it is convenient to re-
arrange some of these blocks so that they fit
onto six circuit boards as shown in Fig. 2.
Boards 1, 2 and 3 form the basic digital dis-
play section while boards 4, 5 and 6 provide
the various functions.

Power supply

The power requirements for this instrument
are fairly modest. Firstly the supply voltage
for the counter, logic and display is 5 volts,
accurate to within + 5%, which means that
some form of voltage stabilization must be
used, as the mains voltage is not sufficiently
stable. The current requirement is of the
order of S00mA so that one of the integrated
voltage regulators such as the National
semiconductors type LM309K can be used.
The advantage of using an integrated power
regulator here is that it comes in a TO3
package with three connections only—in-
put, output and common-and it requires
no setting up. A large-value reservoir capa-
citor is necessary across the output of the
bridge rectifier to ensure that the voltage
drop across the regulator is sufficient to
prevent the circuit from going out of regu-
lation. This regulator also supplies the
power necessary for Block 4 so that, if the
only functions required are counter and
timer, this is the only section of the power
supply which need be built.

Blocks 5 and 6, voltmeter and resistance/
capacitance meter respectively, need higher
voltages for adequate operation, and, as
operational amplifiers are used, it was also
necessary to provide a negative rail. There-
fore, the supplies for these sections are plus
and minus 12 volts, which must be stabilized
as they provide current feeds for the various
voltage reference diodes used in the voltage
and component measurements. The current
requirement here is fairly low, about 50mA.
It did not seem worth while to use integrated
voltage regulators for these rails as, gener-
ally speaking, these devices have a common
negative rail which would necessitate an
extra winding on the mains transformer. An
additional factor against their use was the
fact that no suitable preset voltage regu-
lators were available at a reasonable price
at the time when I did the design.

The circuit which I used is very conven-
tional, and is shown in Fig. 3. The centre tap

input wave
shaper

timer
control

master
clock

control
logic

A 4

Oe—q voltmeter

resistance A

resistance _/k
Ol and

capacitance

177
counter/displuy
timing for
voitmeter resistance
and

capacitance

Fig. 1. Block diagram.
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e shaper

|

voitage

a— s

1
‘ resistance
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Fig. 2. Block diagram rearranged to show
the paris of the circuit which are grouped
together for construction.
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of the mains transformer secondary is used
as the comnmon or earth rail and two full-
wave rectifiers using D,, D,, D; and D,
provide the necessary unregulated positive
and negative rails. The positive rail is
stabilized using a conventional “emitter-
follower™ type stabilizer. The reference
voltage is derived from the zener diode, D,
which was chosen to have a temperature
coefficient complementary to that of the
emitter/base junction of the transistor Tr,.
While this does not necessarily give perfect
cancellation of temperature effects, the tem-
perature coefficient of this sort of combi-
nation can be very good!. Additional
smoothing has been included in the feed to
the collector of Tr, to reduce ripple at the
output. The negative rail stabilizer is also
fairly conventional, and uses the stabilized
positive rail as a reference and a long-tailed
pair as the comparator to reduce tempera-
ture effects. No over-load protection cir-
cuits have been included as, except for acci-
dents during testing and setting up, it is
unlikely that either of these rails will be
short-circuited.

Decoder/display

The design of this section depended largely
upon the type of display device chosen.
Traditionally, gas discharge numerical indi-
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cator tubes have been used. These have the
disadvantage that they require a power
supply of the order of 150 volts, which is
inconvenient with transistor circuits, and [
therefore decided to use a low voltage indi-
cator. Light emitting diode and liquid
crystal displays are still too expensive for

general use so that | chose the seven-segment
incandescent filament displays made by
Fuji. These are very convenient to use as
their leads are on the same 0.1in matrix as
the integrated circuits and, as they require
only SmA per segment to give an adequately
bright display, they are very suitable for use

IN4001
.I - s
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.
IN40OY
]
Dy

1N4001

1
15V
200mA Dy
D4

1IN40OOY

[- w{

4 x IN4OO1

Cy
1,000
25v

15V
200mA

] ks

240V =

1,000
25v

+J.C:«
5,000p
12v

Fig. 3. Power supply and stahilizer circuit.

* matched 1% of each other
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with the t.t.l, b.c.d.-to-seven-segment de-
coder SN7447. The display consists of four
of these indicators. Three of them are driven
by the decoders but the fourth is driven by
a transistor, as it only needs to indicate *“1”
or *“0”. In practice it is most economical to
keep the 1 permanently lit and to use a
single transistor to feed the 4 segments
needed to convert it to *“0” as required. The
input circuit to this transistor, Tryg, is
arranged so that it looks like a d.t.1. gate,
making it compatible with the t.t.l. gate
which drives it. Decimal points, albeit a
little oddly positioned, are included in these
display devices.

The diagram of this board is given in
Fig. 4. I do not call it a circuit diagram as
the true circuit diagrams of the integrated
circuits are so vast that they would take up
too much space. At the same time they
would add little of value to the user so we
must put up with diagrams which are a
cross between block diagrams and circuit
diagrams. The layout of this circuit is not
critical and it can be mounted to display the -
numerals conveniently.

Counter store, control logic and time
control

Counter store. In order to give the 1999 dis-
play capability needed for the instrument,
the counter must divide by 2000. However,
a further divide by two is necessary to drive
the voltmeter and capacitance meter so that
the total division required is 4000. Fig. 5(b)
shows that this division is achieved by using
three decade dividers type SN7490 followed
by a dual JK flip-flop type 8N7473. The
b.c.d. outputs from the decade dividers are
fed to three four-bit latches type SN7475,
which act as the memory for the three least
significant digits of the counter. The memory
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for the most significant digit is a one-bit
latch made from a quad two-input gate
SN7400. This latch consists of two switches
1Cy4, and ICy,, feeding IC,,, and IC,,,
which are cross-coupled to form an RS (set-
reset) flip-flop. When the command