Australia SA1.20

Canada $1.50

Denmark Kr. 11.00

Finland Fmk 6.20
Germany Dm 4.50

Greece Dr. 45.00

Holland Dfl. 450

haly L. 300

Malaysia M$3.26

New Zealand $NS1.40
Norway Kr. 10.00 incl, moms
Portugal Esc 40.00

South AfricaR.1.10

Spain Ptas 80.00

Sweden Kr. 6.90 incl. moms
U.S.A $1.50
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Until now

£1995 bought only
half the synthesized

Signal Generator
you wanted.

modulation
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‘ SYNTHESIZED
! ’ SIGNAL GENERATOR
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ST SST——
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RACALINSTRUMENTS 908lI.

@5 to 520 MHz

® Synthesized Performance-Analogue Tuning
® Channelised or continuous operation

@ Stability 3 parts in 10° per day

BEEEE Racal Instruments Limited,

® AM, FM and Phase Modulation

@ Output automatically levelled

@ £1995

@ Write today for a copy of our Technical Brochure

The Electronics Group Duke StreetWindsor Berkshire, SL41SB Telephone: Windsor 69811 Telex: 84/013

WW-—-001 FOR FURTHER DETAILS
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Even if we didnt make it,
well make it work.

Bradley Services have the expertise and
manufacturing capability necessary to
make the most sophisticated electronic
systems and electro-mechanical devices.
However, equally important are the
facilities we have forrepair and
calibration. We can handle virtually any
type of instrument within the frequency
range DC to 36 GHz — irrespective of
manufacturer.

We also have a Post Design Services
Group which provides every type of

after-sales engineering support, from the
provision of technical literature to the
upgrading of complete systems.

These facilities all approved to MOD
Def. Stan. 05-21, have been developed
over more than 20 years and during that
time we've handled practically every
type of instrument in use. So, if you've
got a problem with some equipment, the
chances are that, even if we didn't make
it, we can still make it work.

WW — 047 FOR FURTHER DETAILS

Bradiey Electronics

G & E Bradley Limited

Electral House, Neasden Lane
London NW10 1RR
Telephone : 01-450 7811
Telex : 25583
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TRANSIPACK

NO BREAK POWER

SUPPLIES

NEW 2000 SERIES — FOURTH
GENERATION

TKVA TO 200KVA

24 HOURS WORLDWIDE SERVICE
2 YEARS' GUARANTEE AVAILABLE

BRITISH MADE

VISIT US AT HASTINGS AND SEE OUR
STATIC INVERTER CENTRE

TYPICAL TRANSIPACK TYPICAL

NO-BREAK POWER SUPPLY TRANSIPACK U.P.S.

AS DELIVERED TO C.E.G.B. FOR COMPUTER
APPLICATIONS

Sates and Laboras

INDUSTRIAL SR:MLLE oad
INSTRUVIENTS o “.:‘4.:’0,“‘5
LIMITED I:'.:i'::z:on HepAcK. sRomLEY

TRANSIPACK e o s TRIAL ESTATE

WW — 026 FOR FURTHER DETAILS
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120 BASIC RANGES

ACV, | & dB . 50uV/500V fsd, 50pA/500mA fsd, -90dB/+50dB mid scale. Acc.t1.5% fsd above 500pV & 500pA.
Response 3Hz/200kHz above 5001V and 500nA. Input R = 100MQ on volts.

DC V, | & NULL . 150pV/500V fsd, 150pA/500mA fsd, polarity reversible. Acc.*1 .5% fsd above 500pV & 500pA.
Input R = T00MQ on volts. 5 Null ranges have centre zero lin/log scole covering +4 decades.

RESISTANCE . 0.20/10GQ in 7 ranges, polarity reversible. Low test voltage for solid state circuits.

LEAKAGE aof 3V . Uses 3V source with current ranges to test capacitors, diodes and resistance up to 100GQ.

VOLT DROP at 10mA - Uses 10mA source with voltage ranges to test diodes, LED's and resistance down to 10mQ.

30 OPTIONAL RANGES

RF VOLTS . 0.5V/500V fsd, 10kHz/1GHz, using RF Probe. Price £20 + VAT.

HIGH VOLTS . 1.5kV/50kV fsd, AC/DC, using HV Probe. Price £14 + VAT,

HIGH CURRENT . 1.5A/50A fsd, AC/DC, using Current Shunt. Price £14 + VAT.
TEMPERATURE . -150°C/+500°C fsd in 7 ranges using Temperature Probe. Price £36 + VAT.

The instrument operates from a 9 volt battery, life 1000 hrs., or, AC mains when optional Power Supply Unit is fitted.
Size is 240mm x 150mm x 80mm. Weight is 1.75 kg. Meter scale length is 140mm. Leather case is available at £12+ VAT.

LEVE L L JEGUTEy

MOXON STREET, BARNET, HERTS.. ENGLAND. EN5 5SD.
TEL:01-449 5028/440 8686

WW — 007 FOR FURTHER DETAILS
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onceis enough!

The snail moves stowly and steadilv. But think!

The wewht of the shell that the snail carries is

lwea to three tives the weight of its own bodv;

this is equivalent (o « 175 pound man walking
steadilv forward with a 400 pound weight

o Jus shoulders.

Such steady performance under hard use conditions

is also characteristic of Otari products. MX-5050-8SD MK- 11
Years of continuous service 1s common, Performance comparable to 1 inch, 8 channel
and the response of professional users shows unit-High S N ratio eliminates need for noise

how much they value this steadv, precise reduction mechanizm-OC direct drive servo

performance under hard use.

We don't have to claim our machines are sturdy
the machines, and their satisfied users,

speak for themselves.

Trust through experience — one encounter
with OTARI equipment and from then on,
You will trust the OTARI name.

0/TARI]

OTARI CORPORATION: 981 Industrial Road, San Carlos, California 94070, U.S.A. Phone: California 415-593-1648 Telex No. 259103764890 OTARICORP SCLS
OTAR! ELECTRIC CO., LTD. 4-29-18, Minami Ogikubo, Sugmami-ku, Tokyo, 167 Japan Phone: (03) 333-9631 Cable. OTARIDENKI TOKYO Telex: j26604 OTRDENKI
WW — 022 FOR FURTHER DETAILS
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|\ Our Dome Tweeters have reached
<— the pinnacle of success..

KK 7 DOME TWEETER

The latest addition to the range. For use in
systems up to 40 watts RMS and available in both
4 and 8 ohm versions.

KK 8 DOME TWEETER KK 10 DOME TWEETER

Similar to the KK 8 but with narrower
sound dispersion angle. Available in both
50 watt and 80 watt versions, with
4 or 8 ohms impedance.

Two models are available, suitable for
use with systems up to 50 watts or
alternatively, 80 watts. 4 or 8 chm models
can be supplied.

For further information on these dome tweeters and

Isophorl have been manufacturing loudspeaker
other loudspeaker drive units manufactured by

drive units for over 50 years and regard their

dome tweeters as one of their biggest success fsophon, complete the coupon and post to A
storics. Loudspeaker manufacturers in countries HAYDEN LABORATORIES LIMITED, 4 B
throughout the world now incorporate one of Hayden House, Churchfield Road, 4 1
the above dome tweeters in their system Chalfont St. Peter, Bucks, SLY 9EW. 4
designs. Tel: Gerrards Cross (02813) 88447 ¢ 1
o I
4
4 ]
Y 4 >
P e ]
’ (j’g l
¢ & 1
HAYDEN ’ & 8
& F°
’ ® 1
K4 o |
O
<% 1
0
N ]
&
q
IS I
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The Experimentor is
not so much a new

No soldering.
No spoilt devices.

Wireless World, December 1976

¢ Experimentor:

From Continental Specialities.

US Patent Design No235554.

breadboard, practically NO fUSS.
ay of life!, . N
Sa;snlg:n:;:iyj(.)?;rteugal NO flddllng-

(President.
Continental Specialities Corporation. |

No wasted time.

Now you can put circuits together as
quickly as you think them up.

Just plug your devices in, pull them out,
plug them in again, as many times as you want.

Two Versions.

Experimentor 300.
This one is designed to be
ideal for 0.3 pitch DILs, any kind,
from 6 pins up. Excellent fan-out. .
(You can also use it for 0.6
devices, though for these the
600 version is recommended.)

Experimentor 600.

The world’s first breadboard
specially designed for 0.6 pitch
devices. It gives you all the
fan-out you need for complex
MSls, Micro-processors,
Memories, Displays etc.,(40 pins
or more) with plenty of room for
other components alongside.

: Easy to Buy.

There’s no problem buying from USA.

Just send name, address (block letters please), quantity of
each required, and a perfectly normal UK bank cheque, made
out in Pounds Sterling, to Continental Specialities Corporation.

Or you can use an International Money Order, from any
Post Office. We also accept your American Express Card or
Access number.

Then we post by return airmail, and you should receive
the goods within 2-3 weeks.

Dealer enquiries invited. Note that any UK taxes or duties
chargeable are salely the responstbility of the buyer.

Apart from ICs, both versions take TO-5 tranststors,
diodes, LEDs, capacitors, resistors; any component with lead
size between .015 and .032 inch diameter. And for inter-
connections you use standard solid hook-up wire.

Unique Construction.

Each version of the Experimentor gives you 94 five-
contact terminals, arranged intwo rows of 47, plus two integral
bus-strips for Ground and Power, with 40 contacts on each. .

That's 550 contacts in all! (See diagram).

All terminal strips are recessed into the bottom of the
plastic body, and covered with a stick-on vinyl backing, so you
have no insulation problems.

The contact rows are numbered 1-5-10 etc. and A-B-C--]
lengthways, so each position is clearly defined. The bus-strips
are labelled X-Y, each end.

The plastic body is rigid, strong and longlasting, with a
recessed screw-hole at each corner, and all four edges have
a special quick-locking lip so that you can build rigid arrays of
two or more boards.

The Domino Theory.

See how the Experimentor boards fix together, side by
side, end to end, or at right-angles, to give unlimited scope for
circuit building, planning, extending, rearranging.

You can mix 0.3 and 0.6 DILs in any arrangement
you like.

And all your displays can face the way you want them.

And look at these prices!
Experimentor 300, £6.85, E’Xperlmentor 600, £7.50.
All made to top CSC professional qué"n&y and every one is fully
checked before dispatch.
Free Catalogue!
Page after page of fascinating CSC products. Just write
and ask.

| WETi®a0apaanaoncananansanaanaoaasanassaoananneannana8anoaanaoaoaneaopa0ooe0aaananas |
| £alEES secnacanaanacansannansaananosaoRocoEo0aaRa0aaaERAoaRRaaRAACERaRCaROORGRARE |
| e |
TP OO OSSP U RO O RO ORUPRRRUON l
| |
| Please sendme.............. (qty). Experimentor 300 @ £6.85 each, |
[and........... (qty). Experimentor 600 @ £7.50. |
| Tenclose cheque/imofor£.................. (total). |

Amex/Access No !
| _

Continental Specialities Corporation. 44 Kendall St.. PO Box 1942, New Haven. Conn. 06509 USA. Telephone: 203-624 3103.
WW—039 FOR FURTHER DETAILS
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Once uponatime
Britain made the
bestindustrial
cathode ray tubes in
the world.

quality. standard with a personalised sales and peigadlaa LA
technical advice service to match. Our range :
extends from 1-inch instrument to 24-inch
data display/monitor tubes and includes
double gun tubes, radar tubes and flying spot scanners.
Our catalogue is over 1 inch thick - ask for it.*

Thorn Radio Valves & Tubes Limited,
BRIMAH Mollison Avenue, Brimsdown, Enfield, Middlesex, EN3 7NS.
Telephone: 01-804 1201.

*Price £2. FREE to bona fide trade enquirers.

i—

WWwW—012 FOR FURTHER DETAILS
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66 where canget a Universal Bridge
that's good enough for the labs,simple
to use and tough enough for the shop
floor and doesn't cost a fortune?,,

"Here= AVO's Universal Bridge B150 Mk. 3 gives you
measurement of resistance, capacitance, inductance
accurate to 1%, can be used anywhere, it's battery powered.
And anyone can use it, connections are simple and readings
easy to take—with no calculations thanks to the mechanical
in-line digital display and interlocking unitsselector,

The B150Mk. 3~for use in production, quality control,
development labs-even at goods inwards. Tough metal
cabinet, and the AVO guarantee of reliability, serviceability
and accuracy, all at a price that's a pleasant surprise. From
good distributors everywhere.

Ring us for the name of your nearest stockist or for
Fuller details of AVO's Universat Bridge B150 Mk. 3.

Avo Limited, Archcliffe Road,
Dover, Kent. CT17 9EN.
Tel: 0304 202620 Telex: 96283.

= Thorn Measurement Control and Automation Division
WW—040 FOR FURTHER DETAILS

A completely flexible personal mobile
which meets todays need for high

Nolton

ao/e

Personal Mobile

COSTEFFECTIVE COMMUNICATION
FOR YOUR USE IN THE FIELD...
ontheshoulder... in the hand...
on themotorway... in the office...
in thecar...

Please send details of the Nolton Sabre Personal Mobile .
Name

®
]

. Address . . .
- Nolton Communications Ltd
[

Radiotelephone Division Fieldings Road Cheshunt Hertfordshire EN89TX .
Telephone Waltham Cross 33555 Telex 28952

WW—011 FOR FURTHER DETAILS
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Box &)
— Owing to
delay in completion of larger
warehouse, catalogue will be
delayed by up to four weeks ~ so there's still

time to order before publication and get your pack of ten

super special offer coupons, giving big discounts on ten different
popular items. YOU COULD SAVE POUNDS! ~ SO DON'T DELAY —
FILL IN AND POST COUPON NOW!

_Projects section
Includec Complete
Constryction details of
a professiona| Qualit
MULTI-CHANNEL !
MIXEF? wth modylar
sec_t:qns or complete
flexibility, Sxtr‘emely lo
noise ang distortion N
AND low cost.

Catalogue includes a very wide range of
components: hundreds of different capacitors;
resistors; transistars; |.C's; diodes; wires and
cables; discotheque equipment; organ components;
musical effects units; microphones; turntables;
cartridges; styli; test equpment; boxes and
instrument cases; knobs, plugs and sockets;

audio leads; switches; loudspeakers; books; tools —
AND MANY MANY MOFE.

Me—————

Our bi-monthly newsletter keeps you up to date with latest
guaranteed prices — our latest special offers (they save you
pounds) — details of new projzcts and new lines. Send 30p
for the next six issues (5p discount voucher with each copy).

NMRPLIN

ELECTRONC SUPPLIES

P.0. BOX 3,RAYLEIGH, ESSEX SS6 8LR

Shop: 284, London Road, Westcliff-on-Sea, Essex
(Closed on Monday) Telephone: Southend (0702} 44101

WW—021 FOR FURTHER DETAILS

| The new Maplin Catalogue |
y gﬁtalo que...
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EE GARR & STROUD HEs

modules 05 and 06 so
extend the capabilities of
the system that it could

, well meet all your
filtering requirements.

Barr & Stroud are pleased

to announce a further

advance in the continued , e
development of their ' { ) ]
acclaimed EF3 Electronic i~
Filter System. The new

=y Now 6 Modules for the EF3

Write for technical literature
giving full specifications.

EF3-04 LowPass

Cut-off frequency variable from 0-1Hz
to 100kHz

EF3-01 High Pass

Cut-off frequency variable from 0-01Hz to 10kHz

LT 172
¥ - ’ 9 ¥,
i ) & g . , L ,
' e
EF3-02 Low Pass EF3-05 High Pass
Cut-off frequency variable from 0-01Hz to 10kHz - Cut-off frequency variable from 1Hz to 1 MHz

London & Glasgow
Barr & Stroud Limited
1 Pall Mall East, London SW1Y 5AU
EF3-03 HighPass Telephone 01-930 1541 Telex 261877. EF3-06 Low Pass

Cut-off frequency varnabie from 0-1Hz to 100kHz Cut-off frequency variable from 1Hz to 1MHz

9T R
woa 17 M ae
*

3 9

WW 053 — FOR FURTHER DETAILS

The AMCRON range of DC-coupled power amplifiers are used by Government, and University Research
Departments as well as by Industry for a variety of applications ranging from Shaker, and Vibrator driving, to
driving both AC and DC Motors, providing variable frequency power supply, or high voltage material testing. All
models are DC-coupled throughout, with Intermodulation, and Harmonic Distortion below 0.05%, damping
factor of at least 400 from DC to 1 kHz, and the ability to operate into load impedances from 1 ohm to infinity even
into highly reactive loads.

M600 DC 300A D150A

RMS power out 750 watts into 8 ohms

1,350 watts into 4 ohms 500 watts rms into 2.5 ohms {1 chan) 200 watts into 2.5 ohms (1 chan)
Power bandwidth DCto 20 kHz + 1 db — O db DC-20kHz + 1 db — O db DC-20 kHz + 1 db, — O db
Phase response + 0" — 15 DC — 20 kHz +0. — 15 DC to 20kHz + 0', — 15’ DC to 20 kHz
Slew rate 16 V/ usecond 8 volts per microsecond 6 volts per microsecond
Hum & noise 120 db below 600 Watts At least 110db below 150 watts At least 115 db below 90 watts
Dimensions 19'" std rack, 8% H, 16%2'' Deep 19" Rackmount, 7' High, 93"’ 19" Rackmount, 5% H, 83" D

Deep

MACINNES LABORATORIES LTD. | MACINNES FRANCE

45 Rue Fessart

Macinngs House, Carlton Park Industrial Estate Paris 75019, F
Saxmundham; Suffolk IP17 2NL. Tél: (0728) 2262 2615 Toi: 2033001

WW — 023 FOR FURTHER DETAILS




How every hi-fi dealer can
iIncrease his sales
and improve his service

The Ferrograph RTS 2 s a
complete. single-unit audio
analyzer Used by leading
manufacturers and dealers
throughout the world. it 1s the only
single eguipment available that can
run exhaustive checks on hi-fi
including amplifiers. tape recorders.
equalisers and mixers-making il
an invaluable aid (o sales and
service
Increase your sales!

By using the RTS 2 in your hi-fi
store. your salesman can quickly
prove to customers that the hi-fi
system he is demonstrating 1s as
good as it sounds. In a matter of
seconds. up to ten different tests
can be carned out. using just one
pair of leads. (The push-button
operalion 1S so simple. even

Ferrograph RTS 2

the complete, single-unit audio test set.

(J Send me more information about the RTS 2 aud

O I would Ike a demonstrat

Name

n Phone me o arrange an appoiniment

Adaress

unskilled staff can make accurate beatabic a o
measuremenis)

Result? The customer s
reassured. confident he i1s getling
value for money So you sell more.
more easily.

Improve your service!

But the RTS 2 1s much more than
a cost-effective sales aid. Used in
your service department. it quickly
identifies faults. making your
after-sales back-up more efficient.
And more profitable You dont
need a variety of Incompatible test
gear-so there are fewer
conneclions. No hum-loops. No
time-consuming frustrations. All of
which means you save money.

The RTS 2

mp:e! And Q. jupMment
€S nothng 1ast

Pt _,‘f:,'g/"?p/' oy C
wng

‘Wilmot Breeden Electronics
Ferrograph Rendar Wavne Kerr

—— T e e e S D . D e e e e D D e e T st D R D AR e e R S S B S e S g Y e e D o o Dt D o &

lest set Wiimot Breeden Electronics Limited
Durban Road. South Bersied
Bognor Regis. West Sussex. PO22 9RL

Telephone Bagnor Regis 25811

Company

5TD Code 02433)

el No

WW

Ask us for a demonstration of the Ferrograph RTS 2 before your customers ask you Send off the coupon today!
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FAST RESPONSE STRIP CHART RECORDERS

Made in USSR
- d * ”
4 ﬁ /;@ Type H3020 -1 Type H3020-3
. e 75 > Single pen Th
]h Pe ree-pen
Specification Recording: Syphon pen directly attached
to moving coil frame,
Basicerror............. 2.5% curvilinear co-ordinates
fs;::;:::,vsl;v gnzlAsEcSD Equipment:  Marker pen, Timerpen, Paper footage
Width of each channel . . . .. 8i)mm ' indicator, 10 rolls of paper, connectors,
Chart speeds, selected by etc.
pUShBULIONS g5z .25 010205~ 1-25~ | pimensions: H320-1: 285x384x16.5mm
- PR g ' H320-3: 475x384x16.5mm
Chartdrive............. 200-250v 50Hz PRICE: H320-1 £108.00
H320-3 £160.00
Available for immediate delivery Exclusive of VAT

Z & | AERO SERVICES LTD.

44A WESTBOURNE GROVE, LONDON W2 5SF
Tel. 01-727 5641 Telex: 261306

WW—050 FOR FURTHER DETAILS

EdicronIb Electronic | (F;Z;ias;arosrznd
For Quality
and Reliability

Edicron Limited

Redan House 1 Redan Place
London W24SA :
Tel:01-7270101

Telex: 265531
Cables:Edicron London W2,

TV Picture Transistors
Tubes

EXPORT— INDUSTRY—VWHOLESALE

WW — 034 FOR FURTHER DETAILS
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i 55

rémpian slot Easily into t'his'

GRAMPIAN REPRODUCERS LTD.

HANWORTH TRADING ESTATE. FELTHAM, MIDDLESEX,

ENGLAND. TEL: 01-894 9141

Grampian introduced the modular plug-in concept for buitding multi facility
sound installations, together with solid state audio switching over three
years ago. Since then many hundreds of complex installations have been
supplied and have set a standard for reliability under the most stringent
conditions. All equipments are built 10 & necessary engineering standard
and not down to a price with its ultimate high cost of ownership.

All amplifying equipments supported by an extensive range of manufac-
tured microphones, loudspeakers and all items required for sound
installations by the firm of forty years standing in the sound business.

X222 WW—065 FOR FURTHEFR. DETAILS

FREQUENCY COUNTERS

1/10 Hz to 1.2GlHz

arrangement.

TYPE 1001M

CRYSTAL OVEN
OPERATING MANUAL
WO TONTE BLUE CASE

£670 1.2 GHz

Sensitivity 10mV. Stability 5 parts 10."

Resolution + 1 Count
30IMm 32MHz 5 Digit £85 | 401
501 32MHz 8 Digit £178 | 701A
801A/M J00MHz 8 Digit £305 | 901M
801B/M 250MHz 8 Digit £265 | 1001M

Start/Stop versions plus £12 .
suffixed M

Type 101 1MHz 100KHz 10 KHz Crystal Standard £85
Type 103 Off/Air Standard £85

Manufacturers and Electronic Laboratories world-wide

High performance instruments measuring frequency, period, tlime,
freq./ratio and calibrated output facility. Fast delivery. Specials by

32MHz 6 Digit £125
80MHz 8 Digit £195
520MHz 8 Digit £375
1.2GHz 8 Digit £670

Memory versions available if not
£25 extra

SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government Depts., Crystal

6 WOLSEY ROAD, ASHFORD
MIDDX. TW15 2RB
Telephone: Ashford (Code 69)
53661/2

R.C.S. ELECTRONICS

WW — 016 FOR FURTHER DETAILS

ANEW DIMENSION
INSOLDERING

Iso-Tip Cordless
Soldering Iron

Ideal for factory, field servicing,
laboratory or home, the Iso-Tip
Cordless offers a great advance in
soldering. It is completely portable,
heats in 5 seconds and recharges
automatically inits own stand.

The Iso-Tip I1s powered by
long-life nickel cadmium batteries
gving tip performance up to 50
watts with a temperature of 370°C.
Tips are available in five different
sizes ranging from Micro to
Heavy Cuty to meet all soldering
reguirements.

Greenwood Electronics
Portman Rd, Reading RG3 INE, England.
Telephone: Reading (0734) 595844,
Telex: 848659,

WW — 033 FOR FURTHER DETAILS
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when 1s a box not a box?

Instrument boxes are often sold in standard sizes— not always the most practical sizes for your needs.
When bought they take up a lot of storage space.

WIDNEY DORLEC Series 3isanew,simple  or fully finished products to your design.
constructional systemfor building cases, boxes, chassis, Custom made cases at prices you pay for standards.
frames, drawers etc. etc. Just 3 basicextrusionsand 3simple  Ideal for Laboratories, Universities, small workshops. Call Cyril
brackets— available as components for DlY kits,  Vaughanon021-359 3044 for more details.

Northern Stockist P.0.Box 133,
Widney Dorlec (Northern) Ltd. w Birmingham B4 7BD.
181a Bramhall Lane. Telephone: 021-359 3044

Stockport.

Telephone: 061-4801333. dnrlet Telex: 338054.

WW—014 FOR FURTHER DETAILS

4 Introduced to meet the demand for a simple, high
quality, FOR for those who do not require full recording
oscilloscope capabilities; the FOR-7 has a rectangular
CRT which provides strip chart, X-Y plot and single
frame recording on low cost paper.

WIDEBAND BRILLIANCE MODULATION
-for video imaging with good grey scale

HIGH FREQUENCY DEFLECTION AMPLIFIERS
' -for trace recording with faithful transient response
VARIABLE SENSITIVITY AND POLARITY REVERSAL
D H -for easy interfacing with displays and systems
BENCH, RACK OR BUILD-IN VERSIONS

-for general purpose laboratory or OEM applications

For further information or a demonstration of the FOR-7
or any other Medelec unit please contact:

MEDELEC LIMITED . Woking . Surrey GU22 9JU
Tel: Woking (048 62) 70331 Telegrams: Medelec Woking

Hom the Leadersin
Hoe QQUC Re@(dmg

WW 048 — FOR FURTHER DETAILS
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ELECTRONIC — BIMBOARD
Stop Ruining Your 1.C.’s And Wasting Time Soldering

IND USTRIAL TH ERM 0 METER Plug Into The Revolutionary New
f 4 BIVIBOARD

The Only Professional Quality Breadboard That
Accepts All DIL Packages With 6 To 40 Pins

Incorporates Bus Strips For Vcc And Ground

Includes A Component Support Bracket
Has Over 500 Individual Sockets

And Allows You To Use And Re-Use
IC’s, Transistors, LED’s, 7 Segment Displays,
Diodes, Resistors, Capacitors

HOKUTO ELECTRIE WORKS LTD

THE MODERN WAY TO MEASURE TEMPERATURE

A Thermometer designed to operate as an Electronic Test Meter. Will
measure temperature of Air. Metals, Liquids, Machinery, etc.. etc.
Just plug-in the Probe, and read the temperature on the large open
scale meter. Supplied with carrying case, Probe and internal 1Y%
volt standard size battery.

Model ““Mini-Z 1" measures from—40° Cto + 70° C Price £25.00
Model “Mini-Z 2" measures from—5° C to + 105° C Price £25.00
Model “Mini-on Hi"’ measures from + 100° C to + 500° C £20.00

‘ UGS R Only £9.72 (cheque with order) Including VAT and P.P.
Write for turther details to Special Quantity Discounts Available For

HARRIS ELECTRONICS (LONDON) Radio Clubs, Retail Outlets, Distributors
138 GRAY'S INN ROAD, LONDON. WC1X 8AX Bass INDUSTRIAL MOULDINGS LTD

(‘Phone 01-837 7937) Higgs Industrial Estate, 2 Herne Hifl, Road, London, SE24 0AU, England
WW — 027 FOR FURTHER DETAILS Telephone 01737 2383 Telex 919633
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4 Hlum. tuning sca
- ik signal meter % B pre-set
rone ittor o1 si tune andscantune.* Mutg
transmitter ang re'g"sals from the ol and PX. Seﬂnsu
Your hii equipment . TS trough | (Ui, of 1uv for 26d8

quieting. % No alignment

| required.

S=8%VAT
H=12%VAT

PLEASE PRINT BLOCK CAPITALS

WW/12/76

NAME

DORAM ELECTRONICS LTD
P.0.Box TRS, ADCRESS —
Leeds LSI2 2UF.

1 enciose 25p Dlease send me Dy return my new Doram kit
brochure Overseds ordery except for N ireland please add
10p for post and packing surface only

°0ST CODE

CUSTOMERS ORDERING KIT BROCHURE

TOGETHER WITH THE DORAM EDITION

CATALOGUE CAN OBTAIN THE PAIR FOR

70p. AND RECEIVE TWO 255 VOUCHERS FREE An Electrocomponents Group Company
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AMBIT international (dept 85)

The Dynamic Twosome: Signalmaster/Audiomaster
After long and thorough deliberation, we are proud to
announce a new unit from Larsholt - the Audiomaster.
As ever, the instructions are designed to lead the unwary-
and the inexperienced- through point-to-point steps that
culminate in a professionally styled and finished amplifier
to complement the ngnalmastcr FM tuner. Price £79.00
g Power: 25+25W RMS

® THD: Less than 0.3%

# Dynamic range: an
exceptional 80dB

(Signalmaster shown on top
of the Audiomaster)

The Signalmaster Mk.8 is equally simple to assemble, and
results reflect the superb Scandinavian styling and careful
electronic engineering. £85.00.

International Mk.2:
A choice of tuners
for the more exper-
inced constructors.

{

8 s F
-
G

. i ﬁ‘!?i’ﬁ‘g ? i @I‘

A chassis, cabmct and front panel designed to be used with
a variety of electronics inside. The standard set, with the
Larsholt 7253 varicap FM tunerset, plus all necessary parts
to complete costs £65.00. Alternative modules for the signal
processing stages are available for the more advanced F.M.
radio enthusiast/constructor. (EF5800/7030/91196)

EF5800

From left to right, the EF5800 6 circuit varicap FM tunerhead. Two
MOS RF stages, both with AGC control, and an ultra stable oscillator.
Next the 7030 Linear Phase 10.7MHz IF. Distortion 0.08%, muting,
AGC, meter, auto stereo switch outputs. Finally the new 91196 mpx
decoder and combined birdy filter. Mono THD 0.05%, stereo sep.
55dB at 1kHz, 42dB at 10kHz - the best decoder module yet.
EF5800.....£14.50 7030.....£10.95 91196.....£12.99 (Built).
Overall performance of the three modules when correctly assembled:-
30dB S/N at 0.85uV input. 60dB at SuV. THD 0.09%. AFC holds
THD below 0.2% over 400kHz if required. AGC effective over a
90dB range. Image rejection -90dB. Noise floor -73dB.

Filters, etc.

Coils and filters:-
AM IFTs TOKO

- Components: Coils, 1Cs

Radio 1Cs: (and modutes)
CA3089E/HA1137W FM 1.94

AUDIO LABORATORY INSTRUMENTS

or the professional

LDO3 Low Distortion Oscillator
A continuously variable-frequency laboratory oscillator with a range
10Hz-1.00kHz, having virtually zero distortion over the audio frequency
band with a fast settling time.

LDO3.B Low Distortion Oscillator, balanced output.

A LDO3 but fitted with an output amplifier and screened balanced
transformer providing a 600 ohm floating / balanced output, and 150
ohms unbalanced output.

DMS3 Distortion Measuring Set (//lustrated)

Measures total harmonic distortion down to 0 001%
accurately. Direct reading from calibrated meter

HSV1 High Sensitivity Voltmeter

An accurate voltmeter with 16 ranges,
responding.

HSV2 High Sensitivity Voltmeter.

As HSV1 but true r.-m s reading.

ANM1 Audio Noisemeter

An accurate voltmeter and noisemeter with 16 ranges, 10u4V-300V f.s.d.
Fitted weighting characteristics: Wide band, DIN Audio Band. IEC/DIN
Curve 'A’, and CCIR. Average responding

ANM2 Audio Noisemeter

As ANM1 but true r.m.s. reading.

ANF1 Audio Noisefilter

An actuve filter to CCIR weighting charactenistic for use with external
voltmeter. (Ref Dolby Laboratories Inc.. Butletin No 43, Mar 76).

speedily and

10uV-300V fs.d. Average

Full descriptive leaflets available from.
hADFO‘RD ELECTRONICS LTD.
Laboratory Instruments Division
Ashton Vale Road, Bristol, Avon BS3 2HZ Tel. 0272 662301

WW 056 — FOR FURTHER DETAILS .

—TURNER —

STEREO POWER AMPLIFIERS
(from 100 watts to 500 watts)

Professional Stereo Power Amplifiers designed and

971197 kit for varicap AM
radio tuner

CA3090AQ mpx 3.75 YRCS/YHCS types(10mm)0.30
MC1310/KB4400 mpx 2.20 7MCS types (7mm) 0.30
HA1196 mpx 4.20 FMIFT

HA1197 AM radio 1.40 KACS/KALS types(lOmm)o 33
TBA120AS FM IF 1.00 94A types (10mm) 0.30
TBA651 AM radio 1.81 AM filters:-

uA720/CA3123E AM rad 1.40 CFT types ceramic (455) 0.55
LM380N 2w Audio 1.00 CFU type ceramic (470) 0.60
TBA810AS 7W_ Audio 1.09 SFD470 types (470) 0.75
TCA940 10W Audio 1.80 FM filters:-

TDA2020 20w Audio 2.99 CFS/SFE ceramic (10.7) 0.50
LM381N sterco preamp 1.81 SFE6MA (TV sound) 0.80
LM3900 Quad amp 0.68 3132 linear phase 2.25
78M12-20-24 vott reg ea:1.20* MPX 19&38kHz notch
NESSOA variable reg 0.80* BLR3107 (4k7 imp) 1.75
TAASS50B varicap reg 32v0.50* BLR2007 (3k3 imp) 1.75
NES60/2B PLL IC ea:2.50 23 or 36mH chokes 0.33
NES61B PLL IC 3.50 Tunerheads: (& tunersets)
NES65A/567V PLL ea:2.50 EFS5600 S gang varicap 12.80
810k kit for TBA810 amp2.75 EC3302 3 gang varicap 5.50
2020k kit for 2020 amp  9.35 8319 (Larsholt) 12.00
92310 kit for mpx decoder5.35 7252 tunerset complete 26.00
7020 kit for 3089 FM IF 6.65 7253 stereo tunerset 26.00

Standard transistors also kept in
stock - see lists for further detail

9.65
7700 built TV sound tuner 27.00 and price information.

Terms: Vat extra, 12.5% unless marked *, which is 8%, all
complete tuners require £3.00 for packing and carriage. The

standard P&P rate remains at 22p per order. Catalogue 40p.
Phone (0277) 216029 (After 3pm please). SAE for free price lists.

Write to:

37a High Street
Brentwood, Essex : CM14 4RH

manufactured to the very highest standard.

TURNER POWER is setting a new standard in the studios
for ultra-clean monitoring, and with bands on the road for
ruggedness and reliability.

Customers include: Air Studios. Wessex Studios,
Gooseberry Studios, Lansdowne Studios, Decibel Studios,
Queen and leading hire companies.

TURNER ELECTRONIC INDUSTRIES LTD.
175 Uxbridge Road, London W7 3TH
Tel. 01-567 8472

WW — 031 FOR FURTHER DETAILS
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INTERNATIONAL
DANAVOX (GT. BRITAIN) LTD.
BROADLANDS" BAGSHOT ROAD

SUNNINGHILL, ASCOT, BERKS.
TEL: 0990 23732/6: TELEX: 84584

Of researCh--- “on components and accessories for dictating

machinses, tele-communications, hearing aids
and electroacoustic equipment etc.”

/ c‘w
|
|

STETOCLIP sYeTQel P NIQR
JUNIOR 60 LIGHYWEIGHT ST LpP
HEADSET HEADSET g HEADSET

ot BOOM STANDARD & PLASTIC

fICROPHONE SUB-MINOR '

25mmand3,5mm
JACK PLUGS &

NASON

DANASOUND 'NDUCnggPAUD'O SUBMINIATURE

HEADSET RECEIVER SWITCHES

WW — 062 FOR FURTHER DATAILS
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F. M. TUNER MODULES BY
These modules are fully assembled, tested and guaranteed 4 y
units, as featured in our tuner. Designed by experts in 6ﬂ% 6 y”

integrated circuit technology and applications, they
represent the finest available modules, ideal for

incorporation into top quality home built systems. The Electronic Design Specialists
M1 MAIN TUNER MODULE £25.30

including ten turh manual tuning pot
M2 STEREO DECODER £6.36

including L.E.D. mdicator
All items (except M5) are available in kit

M3 PUSH BUTTON PRE-SELECT UNIT £14.50  form orasindividual [.Cs, P.C B, etc.

six channe! & provision for manual tune . .
Full metalwork and teak cabinet is also

M4 REGULATED POWER SUPPLY £6.25 o roetiagapiete the finest tuner on

20v, 100mA output, 240v input

CH FOR FURTHER
M5 TOUCH TUNE PRE-SELECT UNIT £17.54 ADVDVG'TOSSFTO OUR RANGE

A touch switched replacement for M3

Fully illustrated leaflets describing the above moduies are

available for the asking.

A booklet is available for 50p (post tree U.K.) Fully Write for fuil lists today
describing the completely updated tuner. Prices subject to

12.5% VAT To: j
» g AT TR 8 T b1 gL 5 X 2 " e A " L oA ._. “ 64 v

33 Restrop View
Purton, WILTS
SN5 9DG

~ EXPO DRILLS

A TITAN DRILL wounted in = MULTI PURPOSE STAND
This drill is a powerful tool running on 12v DC at approx

9000 rpm with a torque of 350 grm gm.  Chuck capacity the indispenSible

3.00 m/m

The multi-purpose stand is robustly constructed of steel and

aluminium. The base and bracket are finished in hammer

biue.

Also available for use in the stand is the RELIANT DRILL

which is a smaller version of the Titan. Approx. speed 9000

rpm, 12v DC, torque 35 grm. cm. Capacity 2.4 m/m l @

TSR
THRULINE®
WATTMETER

£9.61 + 35p p & p inc. VAT

RELIANT DRILL
ONLY Cat. No. 0150

£5.64 + 18p p & p inc. VAT

MULTI-PURPOSE STAND
ONLY Cat. No. 0200

£11.44 + 75p p & p inc. VAT

ADAPTOR COLLAR
FOR RELIANT DRILL
Cat. No. 0201

£0.43 + 11pp&apinc VAT
These are only two examples of the extensive
range of power tools designed to meet the
needs of development engineers, laboratory
workers, model makers and others requiring
small precision production aids

To back up the power tools Expo offer a
comprehensive selection of Drills, Grinding
Points and other tools

SEND S.A.E. (foolscap) for full details to main distributors as en electronics limited
A. D. BAYLISS & SON LTD. p

Pfera Works, Redmarley, Glos GL19 3JU

Read RF Watts Directly.

0.45-2300 MHz, 1-10,000 watts =5%, Low
tnsertion VSWR — 1.05

Unequalled economy and flextbility: Buy
only the element(s) covering your present
frequency and power needs, add extra
ranges later if your requirements expand
QUICK-CHANGE Connectors mate with N,
UHF, C, SC. LC, HN, LT, BNC, TNC, GR-874,
7a" and 1%" EA flange. no adaptors needed!

uk REPRESENTATIVE FOR BIRD ELECTRONIC

Tel: Bromesberrow (STD 053 181) 273 and 364 2 KILDARE CLOSE EASTCOTE MIDDLESEX HA4 9UuwW
e o P st Py P ey Tel 01 868 1188 Telex 881272J

WW — 059 FOR FURTHER DETAILS WW — 036 FOR FURTHER DETAILS
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Forhome

constructor
FREE BLOB BOARD!

BLOB BOARDS

Circuit diagram to circuit board in minutes. Layout circuit plan on .1°" graph paper.
Select Blob Board, lay components out with leads on copper strip. Blob of solder onto
lead and your circuit is complete. Blob Boards normally half price of competitive boards.
Roller tinned to solder components directly. No drilling or mounting. Modifications in
seconds. Blob Board is re-usable.

Blob Boards are circuit boards designed exclusively for the home constructor and proto-
type engineer and are normally half the price of competitive boards. Blob Boards are
roller tinned for ease of soldering, most require no cutting or breaking of contact rails.

HALF PRICE AND RE-USABLE. That is NEW!

Blob Board .1” or .15

1 off 3 off Dip Blob Boards 1 off 3 off

All approx. inch sizes

ZB1V 25 x5
Z2B2V.2.5x3.75
Z2B3V 3.75 x5
2B4V 10 x 6

Discrete Blob Board

Z2B5D 3.6 x 2.4
Z2B6D 2.4.x7.3
2B7D49 x7.3
Z2B8D9 x 7.5

S-DeC

Take an S-DeC, take a small
stock of components. Plug
compgnents into S-DeC, no
soldering, make a radio
receiver, light operated switch,
3 stage amplifier. When circuit
is made unplug components
and use them again to make a
morse practice oscillator, LC

* oscillator, binary counter and

- any other discrete circuitry.
See Practical Wireless for new
series of S-DeC projects.
S-DeC + step by step instruc-
tions to build above projects
and 3 more + which compon-
ents to use + free control
panel for mounting switches,
lamps etc. + free Blob Board.
S-DeC only £1.98 + 37p (VAT
+ post) send only £2.35.

DRILL-SAW
GRIND-BURR
BRUSH-POLISH

PB announce a precision British built drill for the home constructor.
Works better than most bigger drills and can be used for fine detailed
work. Drills through any circuit board, need to break copper strip
simply grind it off.

9000 RPM Drill + 20 Assorted tools £11.20 (+VAT + post)

Send £13.00.

9000 RPM Drill only £5.22 + post + VAT send £6.00.
Multi-purpose Drill stand £10.60 + Post + VAT send £12.00.

PB Electronics Scotfand Ltd.
57 High Street, Saffron Walden, Essex. CB10 1AA.
For leaflets and further information please

send stamped addressed envelope.

£0.36
£0.40

£0.90
£0.96

ZB11€4.56.x3

2B21€4.8.x3.2
Z2B41€ 476 x 7.5 £0.85 £2.13
ZB81€C95x756 £1.70 £4.26

Sample pack: 1 off ZB1V + 1 off ZB8D +

1 off ZB21C normally £2.32 only £2.00 +
free Blcb Board.

Many other sizes and patterns available add
30p post + 8% VAT to all orders.

T-DeC

If you are using IC’s to build
circuits use T-DeC for 1 chip
circuits and U-DeC A for 2
chip circuits. Draw circuit on
graph paper, plug IC into
Adaptor and plug into DeC.
No soldering, no bent leads,
& no wasted IC chip. Lines on
. DeC show contact rails, plug
discrete components in. Cross
overs, connections are made
using different coloured leads.
Circuit completed and working
unplug components and use
for next circuit. No soldering,
no damage to components.
Use your DeC and small
stock of components over and
over again. T-DeC send £4.30.
U-DeC "A” send £4.60.
Adaptor send £2.30.

£0.30
£0.23
£0.46
£1.51

£0.75
£0.67
£1.14
£3.78

1 off

£0.20
£0.42
£0.69
£1.62

3 off

£0.51
£1.05
£1.75
£4.05

POT LUCK

Off cuts of fibre glass

circuit board 5 sq. ft. £1.50. ‘.‘@
Double sided fibre glass p.c.b.5 sq. ft. £2.00. ) e
Ferric chloride 5 litre mix £2.00. \4 20
Negative developer 1 litre ’1«4 Vo“
N &

& O
Add £0.75p. to all above for AP 5%
Post + VAT, 3 & @

SV

Q/\o oo'\.\‘.o\'
A\Q c,Q’o <
]
&S
. & &
& ,{\Qf’ Q
/‘Q\@ °°°\< ¥
$ :
&&b 'b& ~
o &
X
‘ ——
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DEINBRITAIN?

You could be forgiven for being
surprised.

After all, the market is flooded with
Japanese equipment.

But now, for the first time, a tape deck,
with full solenoid transport function is
available from a British manufacturer.

It’s the MK 7S from Brenell.

A sturdy machine of studio quality,
that includes features like front panel bias
accessibility and dual standard
equalisation.

It can be seen and heard at our demo
studio. Pembroke House, Campsbourne
Road, Hornsey, London N8.

Or for more information call Andrew
Stirling 340 3291

Also available — a complete range of
multi-channel recorders, to customers
own specifications.

brenell

(I'|RADFORD)]
HIGH PERFORMANCE AMPLIFIERS

for the enthusiast and professional

ZD22 Stereo Pre-amplifier Control Unit

A stereo pre-amplifier of virtually zero distortion. Inputs for disc, tuner, and
two tape machines. providing comprehensive recording and reproducing
facilities. Sensitivities: Disc 1TmV. and Auxilliaries 50mV_, for 1V output.
Exceptional signal/noise ratio. Output at clip level 18V r.m.s.

ZD50 Power Amplifier
A stereo power amplifier of all aluminium construction Output of 110
watts per channel into 4 ohms and 70 watts into 4 ohms at typically less
than 0.002% distortion.

ZD100 Power Amplifier
A stereo power amplifier of all aluminium construction with high thermatl
mass and designed for continuous operation at high output level. Provides
150 watts per channel into 4 ohms and 90 watts per channel into 8 ohms
at virlually zero distortion

ZD200 Power Amplifier
Characteristics as ZD 100 amplifier but provides an output of 250 watts per
channel into 4 ohms and 150 watts per channel into 8 ohms.

HD250 Stereo Integrated Amplifier

Uses ZD22 pre-amplitier with a power amplifier having a power output in
excess of 50W per channe! into 4-8 ohms. Distortion: less than 0.02% at
rated power, typically less than 0.01%. True complementary symmetry
output. Headphone output. Inputs: Disc, tuner. and two tape machines.
Sensitivities Disc 1TmV. Auxilliaries 50mV for 20W output

Full descriptive leaflets available from
RADFORD ELECTRONICS LTD.
Audio Division
Ashton Vale Road, Bristol, Avon BS3 2HZ. Tel: 0272-662301

WW 057 — FOR FURTHER DETAILS

£ Automatic Modulaton Meser

b O Farnell madnt arive 8

Frequency range 1.5GHz to 2GHz

A.M. and F.M. measurement over full range
Automatic tuning and level setting

Pasitive indication of lock and level

Psophometric ‘A’, 750,:S de-emphasis and standard
audio weightings

Remote control of all functions
Mains/battery version available (AMM-B)

Rackmounting option (AMM—R)

Details from:-
FARNELL INSTRUMENTS LTD.
SANDBECK WAY. WETHERBY
WEST YORKSHIRE LS22 4DH

(w8900 |
@) FHimell
‘@J ume_ | TEL: 0037 3541 TELEX 557284

WW —068 FOR FURTHER DETAILS
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The ARA1 Test Set quickly gives you —— Switched attenuators for output

level and input sensit vity ensure
fast and precise evaluation of all audio devices,
whether having nominally flat response or a
steep-cut characteristic. You can adjust the

accurate traces of audio system frequency
responses. In just a few seconds, this
self-contained instrument clearly displays
response as a gain/frequency plot on a
long-persistence CRT. Outputs are sweep rate, set upper and lower limits
provided for operating an XY plotter. independently, and use one-shot or repetitive
Whether you use the internal sweep oscil ator, sweeps triggered slectrically or manually.

or an external signal, the ARA1

requires no synchronisation and adjusts
automatically to the incoming frequency. 't
covers 20Hz to 200kHz, with resolution down Fast. Accurate. And easy tc use.
to 0.1dB over a very wide dynamic range. Send for full information today

FERROGRAPH PROFESS'ONAL ARA]. V}L W:Imot Breeden Electronics

Fermgraph Rzndar Wayne Kerr

The Ferrograph Professional ARA1.

D »
Please send me information abo e Ferrograp ofessional ARA
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transformers

mains, audio, microphone, ferrite core
and other wound components

22
_

w

c s Y
A wide range of transformers TRANSFORMER bl v
manufactured in production WITH UNIVERSAL E =
quantities to customers END FRAMES AND : g wr *

TURRET LUG CONNECTIONS

individual requirements

Prompt Prototype
Service available

-
.

o

MICROPHONE
TRANSFORMER IN
MUMETAL CAN

Telephone:
\ Billericay 51155

TRANSFORMER WITH
TWO HOLE CLAMP AND
SOLDER TAG CONNECTIONS

Drake Transformers Limited

Kennel Lane,
Billericay, Essex. )

‘WW — 024 FOR FURTHER DETAILS

DATA AND
COMMUNICATIONS
TERMINALS

Teletype 28, 32, 33, 35, 40
TermiNet 30, 300 & 1200 (30 and 120 cps)
Teleterm 1132 and 1200 series (portable / fixed 30 cps)
with integral coupler and RS 232C)
Other page printers (by Siemens, ITT Creed, etc.)

* Spares, repairs, overhauls and maintenance
* Other types and models available
* Refurbished units also available
* Short and long period rentals
* Minicomputer interfaces
* Quantity discounts
* Immediate delivery

TELEPRINTER EQUIPMENT LTD.
70-80 AKEMAN STREET
TRING, HERTS., U.K.

Telephone 0442-82-4011
Cables RAHNO Tring
Telex 82362

A/B Batelcom Tring

e S S
WW — 018 FOR FURTHER DETAILS

single source makes
SIX Way Sense

CONSERVES
YOUR CASH.

SOLVES BUFFER
STOCK PROBLEMS.

€ savesTive. © SRvERiNG.
€) APROTOTYPE (73 NO ORDER T0O
SERVICE. SMALL.

So make United-Carr Supplies
your SINGLE SOURCE for-

m Electronic Components

Some examples: — Barrier terminal strips. Printed circuit board
edge connectors. D Subminiatures. Multi way plugs and sockets.
Audio sockets.

United-Carr Supplies Ltd.,
112 Station Road, llkeston, Derbyshire, DE7 5LF

Tel: Itkeston 328711 (STD 0602 328711) Telex 377117
WW — 017 FOR FURTHER DETAILS
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PHILIPS

PHILIPS

The Generation Gap

Fill your Generation Gap with these 5 generators. You will then ensure that your workshop is the
most efficiently equipped and that your service engineers’ home visits are the fastest and most
effective. Good service means more sales so make yourself the most successful TV businessman
and get these Philips instruments now. You won't find better value for money.

2

Pye Unicam Ltd

Philips Electronic knstruments Dept.
York Street Cambridge England CB1 2PX
Tel: Cambridge (0223) 58866 Telex: 817331

WW—077 FOR FURTHER DETAILS

1 PM5501 PAL TV Pattern
Generator

Extremely lLight portabie instru-
ment for service In customer’s
home. Five different test patterns
for colour-and black/white in-
stallation and service RF output
switchable - VHF Band lIl or UHF
Band IV 1 kHz tone for sound
performance checks.

2 PM5509 PAL TV Pattern
Generator

The ultimate 1n pattern genera-
tors. Full IF coverage . band I, I,
iV and V. Electronic tuning with
preset channels 10 test patterns
(colourandblack/white) Adjust-
able chroma burst and HF-
amplitude Special sync, video
and VCR outputs

3 PM6456 FM Stereo
Generator

Has stereo transmission started in
your area? The PM6456 gives a
complete stereo signal, L&R
signal. Internal L. F. modulation:
1 and 5 kHz. External stereo
modulation possibility X-tal con-
tralled pilot Adjustable multiplex
signal

4 PM5324 HF Generator

Frequency range 100 kHz — 110
MHz. X-tal calibration Special
band spread ranges. High fre-
quency stability Electronically
stabihsed output max 50 mVrms

23

in 750 Facilities for internal and -

external AM and FM modulation.

5 PM5334 TV Sweep
Generator

Ideal for overhauling rental sets.
8 frequency ranges, 3 MHz — 860
MHz Sweep with continuously
adjustable, 8 - 50 Hz. One
variable and 3 fixed markers
Signal frequency 1s accurate and
thermally stable Stabihised output
into 75 load.

6 Write today for a 16 page fully
illustrated brochure and price list
on the whole range of Philips
instruments for radio and TV
service And remember. All the
instruments 1n the Philips range
are endowed with the 'Philips
Plus’, the quahty of design. speci-
fication and appearance — parti-
cularly in terms of human

engineering - of every instrument.

A total test and measuring range
capabilitywhichincludes’scopes,
meters, counters, pulse genera-
tors. power supplies, recorders
and generators. The ability to
supply all your needs from a
single source.
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“ Where can | get an RF Generator
nowadays that's easy to use,reliable,
robust but not too expensive? ,,

"Here=-AvVO's new HF135 -a really useful professional
RFgenerator ideal for repair bench or test lab.

Wide frequency range-eight bands from 100kHz to
240 MHz. Calibration accuracy conservatively rated at +1%
right across the range Output level from 1uV to 100my
{- 6dB). AF Signal source facility (1kHz). Input for external
modulation. All wrapped up In a tough metal cabinet with
ergonomically designed front panel and complete with
connectors, crocodile clips and the AVO guarantee of
reliability, serviceability, and accuracy at a sensible price.

For descriptive leaflet and name of your nearest stockist,
nhone or write:

Avo Limited, Archcliffe Road,
Dover, Kent.CT17 9EN.
Tel: 0304 202620 Telex: 96283.

{ Thorn Measurement Contro! and Automation Division
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Switching 'problems ?

Rely on Zettler.

fProducing 30 basic types
of relay and 15.000 variants
with regard to contact
stacks, terminals, energizing
current and contact
material, Zettler is among
the largest manufacturers
of electro-mechanical
components.

Our product range

comprises:

Low profile {flatform) -
Timing - Miniature - Low
contact capacity - Herme-
tically sealed - Stepping -
Mains switching - Latching -
Contact stacks - Solenoids

Miniature Relays
AZ 420...439

International standard relay.

2, 4, or 6 change-overs.

Plug-in type saves maintenance costs.
Coil voltages 1.2 to 180 voits D.C

6 to 240 volts A.C.

Life expectancy to 100 million
operations.

Balanced spring-held armature allows
operation in any mounting position.
Relay extends only %' from PC becard

when used with right-angle socket. j

We resoive your switching problems rapidly and expertly. Please

contact us for further details.

ZE I I LE LZJTtE;LiS|on

‘Brember Road ~

Harrow, Middx. HA2 BAS. Tel. (01) 422 0061
A member of the worldwide ZETTLER electrical engineering group. est 1877
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American
Beauty

An Ultrasonic Cleaner specially designed to
accommodate long objects.

Cleaning long, narrow items in a bench-top ultrasonic cleaner is simp-
lified with the introduction of American Beauty's Model $-80. This unit
hasa stainless steel tank 19%" x 53" x 6" Laboratory glassware, motor
shafts, long printed circuit boards, machine components and surgical
instruments can be cleaned without the use of secondary containers.

e et T ol - 3 .

E

'

Like all American Beauty units, the S-80 is self-contained and self-
tuning. All circuitry is solid state. Lead zirconate titanate transducer is -
virtually indestructible. No fans or other moving parts. Operates on
240V AC, 60Hz, has 3-wire cord, NEMA plug. Stainless steel cover
included. Trays. timers and other accessories available.

Also available for operation on 120 voits AC.

Full details of complete runge of cleaners available on
request.

SPECIAL PRODUCTS DISTRIBUTORS LTD

81 Piccadilly, London W1V OHL
Tel: 01-629 9556 Cables: Speciprod London W1

WW004 FOR FURTHER DETAILS
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Fully professional Studer quality
at affordable prices

The new generation of professional STUDER
tape recorders is designed for the use in
broadcasting, television and recording studios
as well as theatres and scientific laboratories.
The low-cost STUDER A67 includes a wide
range of modern features:

3 servo controlled AC motors — Crystal con-
trolled capstan servo — Variable tape speed
(210" ... 22") with external frequency —
Tape tension control during all operating
modes — Control logic with memory — [Hlumi-
nated push buttons — Remote control of all
tape transport operating modes — Automatics
for continuous program — Mechanical
counter, indicating Min & Sec — AC-Mains
supply 50 or 60 Hz, 110 . .. 250 Volts —

Opto electronic end of tape sensor — Head
block with aluminium die-cast frame —

Tape lifter, may also be operated manually —
Long life heads — Audio electronics module
with plug-in cards in front of tape deck -
Playback, record and bias amplifier boards
have all necessary adjustments accessible
from the front of the recorder — Switchable
for equalization CCIR or NAB — Optional:
VU-Meter/panel with peak indication (LED) —
Head phone jacks — Available with or without
VU-panel, as portable or console version or
as chassis for 19” rack mounting — "2-inch,

4 track version in preparation.

STUDER

STUDER INTERNATIONAL AG
Professional Audio Equipment
CH-5430 Waettingen, Switzerland

F.W.0.BAUCH LTD. 49 Theobald Street, Boreham Wood, Hertfordshire WD6 4RZ  Telephone: 01953 0091

WW—079 FOR FURTHER DETAILS
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Following the success of our range of Bantam
Components and Jackfields, we have now
introduced on the U.K. market the first-ever
Jack designed specifically for PCB mounting.

Half the size of Bantam Jacks, the new PCB Jacks  sphtting or isolating the signal for test. monitor or Six colours available for coding purposes: red, white,
are only 1:25" long. 0:435" high and 0-365" wide. patch. blue, orange, yellow and black.

Mount directly on PC Boards wherever access is Available 1n single or dual configuration.

] ¢ For further information on the above. and our range
required. Normal through-jack configuration allows

Interfaces with Bantam telephone plugs. ) of Telephone-type Components, Jack Panels and
Prewired Assemblies. contact:

COMMUNICATION ACCESSORIES
AND EQUIPMENT LIMITED

»,
% Am Pﬂ)dllCtS 70-80 Akeman Street, Tring, Herts, HP23 6AJ

Telephone Tring{044282) 4011 Telex 82362
DIVISION OF MAGNE TIC CONTROLS COMPANY .
PATENT PENOING Ans. Back: Batelcom Tring.
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GROOVAC | | fressin pere Lo,

(24-hr. telephone enquiry service)

vacuum record cleaner Nl vl iims

and -
anti-static brush i _ ..: il SNEVVW VMIK.IIDRILLe

10,000 r.p.m., 120
cmg.

B 4 “MORE
POWER —
' MORE

Groovac Ill overcomes the problems associated with TOR UE!!
dust and static, problems which otherwise interfere

with the faithful reproduction of your records.

. 12v. - 14v. DC
Groovac |1l offers complete record and stylus care in
one highly efficient unit. It tracks in like a second DRILL ONLY £8.79
pick-up arm and operates while your record is (p&p 35p)
playing. STAND £4.40
“Highly recommended”™ by John Peel in Hi-Fi (p&p 35p)
Weekly, 18th September. For further details contact: Incl VAT
—_— Kernick Road. Penryn (Together 50p p&p
Cornwall TR10 8DQ. England
BI AUDIO Telephone: Pemyn727g3 SAE for illustrated

WW—042 FOR FURTHER DETAILS leaflet and order form
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SHEET
METAL
PUNCHES

for quick,clean holes

® Easiestand
quickest way of
punching holes in
sheet metal (up to
1.625mm)

Simple operation
100% British

Burr-free holes —
_#___, D no jagged edges
| ,r}'y"JiN I #® 57 Metric
i | o and Linear
== sizes (Lists on
application)

Used by Government services and most industries
Wholesale and Export enquiries to:

Q- MAX"(ELECTRONICS)LTD

44 PENTON STREET-LONDON N19QA Tel:01-278 2500
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STANDARD STABILISED
POWER UNITS

o

e o TTL & LOGIC
MULTIRAIL
SV BA - 15V 1a g  DUALS5- 15V 500mA

£25.00
24V 1A (SMOOTHED)
£65 00 SINGLE 5V 1 AMP

£15.75

¥

% 3

CARD puUAL 9-15V 250mA £15.00
CHASSIS sINGLE 24v 2 AMP £31.80

Also many other specs including laboratory and smoothed only
supplies
VER CONTROLS (ST. ALBANS) LTD.
278 TOWNSEND DRIVE, ST. ALBANS, HERTS
ST. ALBANS 54113

PO TTTOTTTOIT IO
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AUDIO
MODULES

A NEW APPROACH TO QUALITY HI-FI

Clifpaim Lid. introduce a flexible range of high gquality modules to enable a
sophisticated hi-fi system to be built up from simple beginnings

An initial 20W r.ms. + 20W r.m.s. stereo with standard controls can be expanded to
give a 4A0W + 40W system with {in addition to the normal bass. treble and balance
controls) a further range comprising “‘rumble’” and ""hiss’" switchable controls with a
range of frequencies. and a stereo image width control

STEREOC PRE-AMP: CP-P1: PRICE £13.30

+ VAT £1.66
Specification
input Sensitivity  Signal/Noise Impedance
Magnetic 3mV 70dB 47K
Tuner 100mV 70dB 10K
Tape 100mv 70d8 10K
Auxiliary 1-100mvV 60dB-70d8 200K .

Magnetic i/ p overload 33dB

Distortion 0.04% at 1 KHz; Output 1v rm.s. into
10K;

Supply voltage = 18v nominal;

Tone controls, Bass *12dB at 100 Hz Treble
*12dB at 10KHz

Description: This is a general purpose 2-channel pre-amplifier suitable for use with
gramophone, tape microphone or tuner inputs. It requires no external components other
than the potentiometers for the bass, treble. batance and volume controls and the input
selector switch. The unit is internally protected against accidental reversed supply
connection

PRICE:£12.85

+ VAT £1 61

AMPLIFIER: CP2-15-20

40W r.ms. single
20W rms + 20W rm.s. stereo

Specification:

Power output; 40W r.m.s. into 8, 1 channel

or 30W rms. into 15, 1 channel

or 20W rms. + 20Wrms. into 4, 2 channel
or 15Wrms. + 15W rms. into 8, 2 channel

Input Sensitivity 1v r.m.s; Frequency response
20Hz-20KHz. at —3dB: Distortion 0.04% at 15W;
Supply Voitage + 18v nominal; Size 5.1 x 4 x 1.25
inches, 130 x 102 x 32 mm

Description: This module is designed to give either a 20W + 20W stereo amplifier or
alternatively a 40W single channel. it has built-in protection against accidental reversed
supply connection and it incorporates a thermal shut-down facility to prevent
over-dissipation No external components are required

FUNCTION GENERATOR: CP-FG1
PRICE £11.75

+ VAT £1.47

For those requiring a wider range of facilities, this module provides bass and treble filter
controls, comprising switchable cut-oft frequencies for “rumble’” and hiss’' reduction
Also included is a stereo separation control. The unit is complete except for the
potentiometers and switches

PRICE £5.75

+ VAT 72p

POWER SUPPLY: CP-PS 18/2D

This is suitable for one 20W + 20W complete system Fora 40W + 40W system. two
power supplies are required

Full application notes are provided. Post and packing are free on all orders. All units are
guaranteed for two years.

Cliffpaim Lid.

Dept. HF/WW _
13 HAZELBURY CRESCENT
LUTON LU1 1DF, BEDS.
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t wm..  D6ladualtrace
Oscilloscope

D6
—t The 1o MHz scope that makes others scem
3 _ expensive at any price

Lt It took vears of Telequipment experience and
. "}'“ i intensive design efort to arrive at that unique
! i, oy v iy 28 € l ¥oE e combination ot etfortless higher performance
L 4 and remarkable Tow cost which makes the D61a
e —— so outstanding for general purpose duties in

the taboratory, the classroom and the '
service department.
Who clse otfers an oscilloscope with two tomV

‘ p vertical channels with a tull 10MHz band
E ® . bOaE, ‘ width, PLUS automatically switched, chopped
: : R or alternate display modes, PEUS automatically
> 0 ' switched 'I'V line or ficld triggering, PLUS an
, v e , 8 1o em display driven at 3.5kV and the
‘ : choice of single trace, dual trace or X-Y
O presentation :

And who will send vou full details on request ?
Who else but "I'elequipment

L& Tektronix U.K. Limited

P.O. Box 69, Beaverton touse, [ larpenden, Herts.
. Tel: Harpenden 63141 Telex: 25559

TELEQUIPMENT B »g

Versatile~that’s our scope

WW 084 — FOR FURTHER DETAILS
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For every viewpoint.
EEV makes a vidicon.

i alls

If you use closed circuit TV, you
need EEV vidicons.

Our tubes ensure reliabie round-
the-clock operation, and cover all
TV pick-up applications.

In mono or colour. For most
cameras. In electrostatically
focused and magnetically Contact your local EEV agent or
focused types (separate or &/ write for data and price lists to
itegral mesh). With a -y, /J Camera Tube Sales at Chelmsford,
range of photosurfaces. /7 g 4 England.

EEVand M-OV know how

Members of GEC - turnover £1902 million

And special rugged types
are made to withstand shock
or vibration.
EEV makes the dependable,
high quality vidicons you need.
At attractive prices. For quick
delivery now.

ENGLISH ELECTRIC VALVE CO LTD. Chelmstord. Essex. England CM12QU Tel 024561777 Telex 99103 Grams. Enelectico Chelmsford S &€ E
WW—064 FOR FURTHER DETAILS
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WARC TALK

At the Communications 76 conference in Brighton this summer, Professor
James Merriman, senior director of development at the Post Office, emphasized
the responsibility which lay on the British delegates to the 1979 World
Administrative Radio Conference in Geneva: “It seems obvious,” he said, “that
the processes of creating the briefs for that conference . . . should give ample
opportunity for open debate for appeal and for resolution of conflicting claims.”

The need for open debate does not seem obvious to the Home Office, which
will be responsible for presenting our case at that conference, the first in 20
years. Two years ago it entrusted an engineer at the Radio Regulatory division
with the preparation of a series of reports intended as a basis on which to brief
delegates as to the “British view” about the reallocation of radio frequencies.

Two reports, on broadcasting and mobile radio, have been prepared and a third
is being written, but they are secret. A formal request by Wireless World to see
the documents has been refused. So although the Home Office has invited
comments on them from a small coterie of discreet trusties the delegates will'
otherwise go to the conference armed, not with the results of a full public debate
conducted among all those interested enough in radio to put forward a point of
view, but with the politically preordained baggage of a small number of
self-interested bureaucrats.

That those who wish to perpetrate this misuse of their influence are
well-meaning men who believe they act honourably is not in doubt. Neither is it
relevant. There are many others in and out of the communications industry who
are concerned, for example, that BBC is not obliged to relinquish any of the
frequencies its self-avowed poverty prevents it from using efficiently, that it and
the IBA continue to hold on to Band I and III frequencies no longer needed
anywhere but on the edges of the British Isles, and that the Home Office should
prepare a secret report on broadcasting before the Annan Committee has
finished its work. The man in the street wonders whether any serious thought
has been given to growing demands for greater public use of radio. Or will the
functionaries have nothing more in their minds as they fly to Geneva at his
expense than closing the loophole in the 1969 Post Office Act that allows the sun
to communicate to him, by electromagnetic means, the time of day. The man in
the street may have something worthwhile to say on such matters, the readers of
this journal certainly so, yet they continue to be taxed too much and told too
little.

We are determined that, for once, something which affects us will be widely
discussed in advance; lamentations in the face of a fait accompli carry a certain
futility. No discussion which takes place after the British delegation leaves
Heathrow can have any effect. If that discussion does not begin now the sickness
that grips so much of the administration of British life will have overtaken radio
and telecommunications, and our leaders’ recent absurd protestations that the
only alternative to themselves is totalitarianism will be seen, after all, to have
been trailing all too far behind events. :
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Digital event timer — 1

A versatile and compact c.m.o.s. design

by P.A. Birnie

This timer is intended to replace the
expensive mechanical stop watch
counterpart by offering a small size of
around 100 x 70 x 25mm, about 600
hours of continuous operation from a
set of inexpensive mercury cells, and
several facilities including two timing
channels. Discrete i.cs are used,
instead of an l.s.i. device, because
they reduce the cost and increase the
number of facilities.

When the design of this stopwatch
commenced, | expected that an ls.i.
integrated circuit would be used with a
few discrete i.cs added to increase the
number of facilities. Several designs
were constructed using a commercial
stopwatch/counter i.c. driven from a
100kHz crystal oscillator, and an l.e.d.
display. These were functionally satis-
factory but suffered from high power
consumption, the need for two different
supply voltages, small display size and
poor legibility in mild sunlight. The
circuit was also difficult to adjust due
to the critical monostable elements.

Calculation showed that c.m.o.s.
devices, driving a 4'%-digit liquid crystal
display from a 5V supply, would require
only a few hundred microamps and
could give over 600 hours continuous
use. The final design allows timing of
two events with simultaneous start
times, and displays up to 19min 59.9s.
After this time the tens of minutes
stays at 1 and the units cycle through 0
to 9. A split facility enables the display
to be temporarily held while individual
events are timed independently from
the two channels which continue to
count. Cumulative timing of several
consecutive events on one channel is
also possible and remains independent
of the other channel, which can be
timing a continuous event. The design
can be modified to increase or decrease
the number of facilities as required. A
block diagram of the circuit is shown in
Fig. 1.

Accuracy of the stopwatch is
determined by the characteristics of the
crystal oscillator components, and in
the prototype a 100kHz Statek device
was used because of its small size. This
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and divider
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Counter chain
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Fig. 1. Block diagram of the stopwatch. Total power consumption for this circuit is

between 200 and 300pA.

50 Hz

RG display drive
22M
eS8 =5 (10 6 i0) 1 t}gﬁ;
D EN D EN A - source
13 - 1)CK D@4 2)EN DG4
EN RO RO CK CK RO RO CK¥%
2 e O € 1 D O ey~
._l:] o
100 kHz 150k
%2 +5V RESET RESET
p
l IC17 ‘IC16

Fig. 2. Crystal oscillator and dividers. A standard Pierce circuit is used with the
crystal, C,, and input capacitance of the gate acting as the feedback network.

type of crystal is stable and rugged,
with an initial setting accuracy of
+0.02% and a temperature coefficient
of +0.0075 to —0.032% from 0 to 70°C.
If required a trimmer may be used in
the oscillator circuit for more accurate
tuning of the resonant frequency.
Variations in supply voltage are kept
small by using mercury batteries, and
the effect of these variations is
minimized by selection of the feedback
resistor R; in the oscillator circuit of
Fig. 2. The crystal oscillator output is
divided in two dual decade counters to

provide a 50Hz drive waveform for the
display and a 10Hz timing signal. Four
buttons control two 4'%-digit counter
chains which count up to 19m 59.9s, and
a 2:1 data selector is used to route one of
these chains to the decoder drivers. The
button logic and the main circuit
diagram are shown in Figs. 3 and 4.

Circuit operation

The crystal is used in a standard Pierce
oscillator circuit with one gate of ICy,
acting as an inverting amplifier. The
crystal, C, and the input capacitance of
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with the addition of a 3-30pF trimmer
from the gate input to ground, proved to
be entirely satisfactory. The manu-
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facturers of the specified crystal do not
recommend the use of such a trimmer.
A decoupling capacitor, C6, of 0.01uF
should be placed across the supply and
as near to ICj3 as possible to prevent
100kHz appearing across the supply
lines to other devices. If an oscilloscope
is used to check the oscillator a 10:1 or,
better still, 100:1 probe is necessary to
prevent significant loading of the
circuit.

The oscillator output is applied to the
clock input of an up decade counter, ¥; of
IC};, and the D output is fed to the
enable input of the other half of the
device. This produces a 1kHz waveform
on the second D output which is fed to
the enable input of IC16 which also
divides by 100. Use of the enable inputs
rather than the clock ensures that a
negative-going edge is only produced
after 100 x 100 input pulses when the
two devices have been reset. The second
stage of IC,; produces a 50Hz square
wave for driving the display, and a 10Hz
waveform for timekeeping purposes.

When the “run” button in Fig. 4 is
depressed, the bistable NAND gates are
set which makes the enable X and Y
lines go low. A negative-going pulse is
therefore applied to IC,3 via C; which
produces a high reset pulse for a short
period, determined by the time constant
C,R,. Because two parts of the circuit
require a negative-going reset pulse, a
gate of IC,q is used to generate the reset
function. The reset pulses act on all of
the divider and counter stages in the
circuit. When these pulses end, division
and counting begins.

Because both clock mputs of | IC, are
low, the first 10Hz falling edge to arrive
at the enable inputs of IC,; causes one
increment of the X and Y counters. If no
buttons are depressed at this time the
select X line will be high and the select Y
will be low which causes IC; to accept
data from the Y counter. This data is
passed to IC, where it is decoded and
used to drive the display. Subsequent
negative-going 10Hz clock edges cause
further incrementing of the counters in
IC, until negative-going edges at the
two D outputs cause incrementing of

Back plane

L.C.D.

Segment off Segment on

CD4056

s J1T1

Data Strobe

S50Hz drive
voltage

Fig. 5. Generation of the alternating
drive voltage. Voltage doubling and

cancellation causes the segments to
turn on and off respectively.

the X and Y counters in IC,. This
process continues until a further button
depression displays the contents of the
Y counters. The gates in IC,; are used to
modify the count sequence so that IC,
counts from 0 to 5 and then resets. This
circuit uses the reset pulse at the start of
atiming sequence. Gates IC,, forms two
edge-triggered bistable circuits which
are set when the D outputs of IC,
produce a negative-going edge. Because
IC; counts up to 5, IC, only has to select
a 3-bit word. The spare selector is used
to choose the X or Y output from IC,,.
The last-mentioned circuit therefore
stores the state of the % digit used to
indicate tens of minutes.

Depression of the “split” button
disables the data inputs of the decoder
drivers and the internal data latches in
these devices hold the information until
the split button is released. The X
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Fig. 6. Liquid crystal display
connections.
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button has two functions. Firstly, IC,q is
reset which produces a high on the
enable X line to disable the X counter
input in IC,. This prevents further
incrementing of the X counter chain.
Also, while this button is depressed, the
select X line is kept low and the Y line’
high which allows IC; 4 ; g to display
the X counter information. When' the
button is released the Y counter
information is again displayed. The Y
button resets IC;g and produces a high
on the enable Y line. This disables the Y
counter in IC, and stops further incre-
menting of the Y counter chain. Note
that until the Y button is depressed, the
reset pulse is not operated if the run
button is used. This feature allows
cumulative timing using only the run
and X buttons.

Display

Areflective field-effect display was used
in the prototype, which can be powered
from 3 to 10V. An alternating drive
voltage prevents degradation of the
display cell and the circuit arrangement
for producing this is shown in Fig. 5. The
50Hz square wave is a compromise
between a minimum frequency set by
flicker, and a maximum set by increas-
ing display dissipation due to the charge
and discharge of display segments. The
CD4056 display driver produces anti-
phase square waves for segments which
are to be displayed, and in-phase signals
for segments which are turned off.
These waveforms are relative to the
square wave on the backplane so
voltage doubling and cancellation
occurs. Display corrections are shown
in Fig. 6.

Components List

Integrated circuits

1,2,34,16,17 CD4518
56,78 CD4019
9,10,11,12,13 CD4056

18,19 CD4011
Resistors all 1/10 W

- 1MQ
6 22MQ
7 150kQ2
8,9 1MQ

10 1kQ2
Capacitors

1 100pF polystyrene
2 10pF silvered mica
3.4 100pF polystyrene
5 47uF 6.3V tantalum
6,78 10uF ceramic

Display — LXD 7545 (Transworld Scientific,
High Wycombe, Bucks)

Crystal — SX-1V'A’S, 100kHz (Interface
Quartz Devices, Crewkerne, Somerset)

Battery — 4 X RM675H mercury cells

Printed circuit boards

Two double-sided p.c.bs will be availa-
ble for this design. The boards, which
are based on the author’s layouts to be
described next month, are priced at
£6.00 for the set and are available from
M. R. Sagin at 11 Villiers Road, London
N.W.2.
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Re-invention — how often?

Why does engineering history repeat itself with such uncanny

accuracy?

F. G. Canning F.Inst.R.E.E.(Aust) Consulting Electronics Engineer

Anyone like myself, whose personal
experience covers almost the same time
interval, must have found Wireless
World’s feature “Sixty Years Ago’ a
stimulant to long-dormant memories. 1
wonder if such readers may have been
reminded, as I was, of the frequency
with which certain inventions or deve-
lopments, well-known and even com-
mercially exploited in those distant
days, have seemingly sunk into oblivion
only to be re-discovered or even claimed
as new inventions after the passage of
relatively few years.

Musing over such things, one must
wonder how far these duplications may
be due to chance, to national insularity,
to conscious plagiarism, or (more
seriously, perhaps) to inadequate
familiarisation with prior art at the
educational level. Illustrations of all
these causes could probably be cited,
but the last-mentioned seems to me the
most serious and intractable problem,
given the breakneck and accelerating
pace of development in the electronics
and allied fields. How can time be found
in an undergraduate course to trace the
historical development of even a limited
sector — e.g. radio transmission of
intelligence — from, say, the beginning
of this century? How many of today’s
engineers-in-training have ever bean
told, for instance, how an electric’ arc
can be, and was, used commercially for
long-distance radio transmission? Ob-
solete the method may be, but the
principle underlying it is still valid and
further use may yet be found for it,
perhaps in a very different context.
‘Later, I will mention one similar case
within my own knowledge.

Permeability Tuning

One day late in 1939 my managing
director said “what are we going to do
about this?” He handed me a letter from
a gentleman in the USA (no names, no
pack-drill) claiming retrospective
royalties for several years’ use, in
broadcast receivers, of ‘“his patent
covering the tuning of radio-frequency
circuits by movable iron-dust cores.”
The claim was, of course, laughable to
anyone acquainted with European
activities, but memory stirred in its

Whether through ignorance, insu-
larity, chance, plagiarism or some
other cause, inventions and ideas
that once held great hope are
abandoned then resuscitated,
often without any credit being
given to the originator. The author
offers a few case histories and
leaves us to draw our own
conclasions.

sleep and suggested a really resounding
anticipation of this “invention.” Refer-
ence to the local public library produced
the files of Wireless World for the years
1919 and 1920 and in the issue of
February 1920, pages 672/673, we find
some details of the Marconi Amplifier
Type 55B, then in commercial produc-
tion, and also mentioned a year earlier
in the issue of February 1919. This was a
radio-frequency amplifier intended for,
roughly, the 200-600m wave-band,
having six radio-frequency ampiifier
stages and a detector, with ganged
permeability tuning of the r.f. stages
using a single control! The tuning cores
were, admittedly, crude, consisting of
fine iron filings dispersed in cores of
hard wax mounted on a single control
handle and the tuning was broad, but no
one cculd dispute the anticipation of the
principle. This gives some indication of
how far Capt H. J. Round and his
Marconi engineering team were ahead
of their time in certain directions at that
period.

Cone Loud-speakers.

The moving-coil speaker with cone-
shaped diaphragm is nowadays gener-
ally credited to Rice and Kellogg in the
USA and indeed they probably pro-
duced the first commercially-successful
design. But how many people realise
that this design was really little more
than the wedding of two features, both
derived from Europe, which were
already many years old?

The cone diaphragm, in principle very
much as it is used today, first came to
my notice in the remarkably efficient
“Type A” headphones of S. G. Brown in

England. 1 do not know their year of
origin but they were already well-es-
tablished when I first wore a pair in
1918. The original diaphragms in those
headphones were exactly analogous to
today’s cone speaker — a very light
cone, of spun aluminium in this case,
suspended by a ring or “surround” of
very thin and flexible parchment paper
between its edge and a more substantial
cylindrical aluminium support which
carried the whole assembly in proper
relation to the magnetic drive system,
this latter was, not a moving coil, but a
tuned steel reed attached to the apex of
the cone. The paper surround ring was.
later found unduly susceptible to mois-
ture and failure of the glueing and was
replaced by a flexible aluminium sur-
round integral with the cone. I know of
at least one pair of these remarkably
sensitive headphones still perfect and in
regular use.

As for the moving-coil drive, that
certainly goes back at least to a patent®
of Sir Oliver Lodge of much earlier date
and perhaps even further. Once, when
attending a lecture on loudspeakers
where I mentioned this patent, I was
called to order by someone who pointed
out that it was for a moving-coil relay
and had nothing to do with loud-
speakers. Granted; all the same, anyone
who has ever dissected one of the first
commercial moving-coil speakers (a
Magnavox model with metal diaphragm
and gooseneck horn, circa 1916) is likely
to suspect the origin of the idea. The coil
and its attachment to the metal diaph-
ragm might have been made directly
from one of Lodge’s patent sketches.
Coincidence, perhaps?

Compressed air and the loud-
speaker

A fair example of re-invention seems
to have occurred here. Around 1921
there appeared in England what may
have been the world’s first loudspeak-
ing gramophone, the “Stentorphone,”
whose source of sound was compressed
air rather than a vibrating diaphragm. It
was, | believe, a brain-child of Mr.
Gaydon, at that time Chief Engineer of
the Creed Printing Telegraph Co. of
London. It was a large cabinet-type
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instrument whose tone-arm carried, not
the conventional sound-box with
diaphragm but a clever spring-balanced
comb-type valve whose motion, when
displaced laterally by the stylus,
released a proportional amount of
compressed air at around five pounds
per square inch into the tone-arm and
thence to a large horn built into the
cabinet. A small motor-driven com-
pressor in the cabinet base supplied the
air. By the simple action of a by-pass
valve in the air line the volume of sound
could be controlled smoothly from zero
to an overwhelming roar. I fancy that
anyone who ever heard a Stentorphone
in full cry will clap his hands over his
ears at the mere memory. | have a clear
recollection of an occasion when Caru-
so’s top note in “O Paradiso,” from
“L’Africaine,” drove us pell-mell into
the street and brought the neighbour-
hood running to the scene of the
supposed crime. Yet in skilled hands
and with delicate adjustment of the
comb valve the quality of reproduction
was ahead of its time.

Time passed and by 1926 or so the
Stentorphone might never have been,
so completely did it seem to slip from
public ken. However, in the mid-1930’s
the identical principle re-appeared in
the USA with a blare of publicity as an
American invention intended primarily
for the exhortation of mere groundlings
by announcers in slow-cruising aero-
planes. “The Voice from the Sky” was, I
think, ostensibly aimed at traffic control
and military uses, but it was speedily
enlisted in the eternal struggle to sell
more of so-and-so’s soap and like
commodities and in this capacity it soon
became such a day-long public pest that
within a short time it was made illegal in
Australia and other countries and
disappeared from current knowledge.
But it re-appeared, once again as a
nominally new invention, during the
39-45 war, this time as a maritime
loudhailer and no doubt for other good
uses. By that time, presumably, the
air-valve was being operated by a

transducer driven by an amplifier from’

a microphone.

The Quenched Spark Gap

I am not sure in what year the
quenched gap went into service com-
mercially in radio transmitters, chiefly
through the painstaking work of the
Telefunken Company in Germany, but
by the early 1920’s it was well-estab-
lished in many countries, including
America, as possibly the best device for
spark transmission (when properly
maintained) and was in wide-spread use
in ship-to-shore telegraphy. Its operating
principle was by no means as simple as
it looked and was worthy of study. Used
in the primary, high-voltage circuit of a
spark transmitter, it aimed to give a
very rapidly-quenched spark discharge
consisting of only one or two oscillatory
cycles, thus providing, in effect, pulsed
excitation of the tuned secondary and

aerial circuit which was then left to
oscillate at its own frequency. Reflec-
tion of energy back to the primary
circuit was prevented by the open-cir-
cuit at the gap. The result was a
sharply-tuned, highly efficient spark
transmitter with a beautiful note, at the
receiving end, of 800 to 1000 Hz, but this
depended heavily on proper operation
and maintenance. The “gap” consisted
of a number of finned air-cooled spark
gaps in series, of a number just suffi-
cient to be broken down by the availa-
ble primary voltage; one gap too few
could spoil the quenching action some-
what and broaden tuning, while one too
many would sometimes give sparking at
half the proper frequency, i.e. on every
second cycle. The theory of the device
involved the combined quenching
effects of rapid cooling, magnetic
blowout by the radial field surrounding
the discharge, and the difficulty of
maintaining an arc between pure silver
surfaces in an atmosphere of nitrogen.
The effect aimed for was a single spark
per cycle as nearly as possible — not a
continuing arc. If the silvered gaps were
made absolutely air-tight, a period of
operation would burn out all oxygen
and thereafter quenching could be
almost perfect.

However, the early twenties saw the
rapid development of the thermionic
valve in continuous-wave transmission
and by 1925 or so the spark transmitter,
of whatever type, was on its way out
and presumably was no longer men-
tioned in engineering education. So

when, around 1943, a Government-

owned laboratory, manned mostly by
the cream of recently-graduated elec-
tronics engineers, was working on a
specialised radar transmitter and decid-
ed that a spark discharger was the
simplest quickly-available device for
use with a pulse-forming line, effort was
concentrated on a rather simple and
crude version of the Marconi rotary
spark gap, a type never notable for very
good queriching. Enquiry produced the
surprising information that no one
involved had ever heard of the
quenched gap and they were glad to be
told about it, though it was already too
late to be of use for that project.

So it seems that a highly developed
and commercially effective device had
disappeared from engineering training
and knowledge in the space of little
more than fifteen years; it was not even
known as a historical fact.

En passant, Telefunken was respon-
sible for many other design features of
high efficiency, especially in radio
reception. We tend to think of small,
totally-enclosed and robust signal rec-
tifiers as a very modern product of the
semiconductor age, but I have not
forgotten my astonishment when, in
1920, I saw the radio operator of a
German-built ship pull the crystal
detector of his receiver out of its
two-pin socket and nonchalantly drop it
into his pocket prior to going ashore.
And this was not even the relatively
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robust but insensitive carborundum
rectifier of those days — it was a galena
crystal, quite the most delicate and
tricky detector then in use, which
normally responded only to infinitely
careful and breathless searching with
the point of a long wire “cats-whisker”
and could become insensitive at the
lightest jar.

Telefunken’s insistence on air dielec-
tric tuning capacitors when competitors
were mostly committed to solid — and
lossy — dielectrics, their careful use of
céramic insulation in radio-frequency
circuits, their introduction of “Litzen-
draht” (specially stranded) conductors
in tuning coils to reduce r.f. resistance
and their use of the low-capacitance
“bank-winding” in these coils to further
reduce r.f. losses, all testified to their
recognition that in those days the only
signal you heard was one that deve-
loped enough r.f. voltage to operate a
rectifier, unaided by any amplification
whatsoever except that of the “Q” of
tuned circuits. I wonder how many
engineers could bank-wind a coil now,
though the method is still a sound one
for raising coil efficiency at the lower
radio frequencies.

Negative-resistance Oscillators

In the very early 1920’s some interest
arose in amateur radio ranks over what
became known as the “Numans” oscil-
lator. At that time the Dutch Philips
concern had made available what was
possibly the first valve having two
concentric grids. The application of a
modest positive voltage to the extra grid
partially neutralised the space charge
and so enabled the anode voltage to be
reduced to, I think, something under
20V, very low for those days. Mr.
Numans, a Dutch radio amateur, used
one of these valves (by means which

' were probably not then understood by

anyone) to produce what I recall as a
two-terminal oscillator with no obvious
means of feedback + and a good
frequency-stable oscillator too. I no
longer have a record of the actual
circuit, but looking back it does seem
possible that Mr. Numans may have
independently invented, and perhaps
forestalled, the Dynatron negative-
resistance tube of Dr. L. M. Hull, of the
General Electric Co., USA. However, |
cannot be sure of the relative dates and
have not tried to confirm them. Later, of
course, other specialised negative-
resistance valves were designed and, to
a limited extent, produced; for example
the “Negatron” of J. Scott-Taggart
which was, I think, used in certain
marine receivers.

These reminiscences may or may not
be relevant to the initial question of how
far, if at all, historical survey of prior art
should rightly have a place in engineer-
ing education. But few as my examples
are, I rather think that most of them will
be unfamiliar to the present generation
of active engineers. If they stimulate
any thinking on the subject, that might
perhaps be no bad thing.
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Designing battery chargers

Difficult-to-find design curves and an inexpensive
over-charging protection circuit

by Thomas Roddam

Have you ever seen a simple account of
how to design a battery charger? It was
with some surprise that [ realised
recently that I could not recall any
description at all of the design
characteristics of a transformer-recti-
fier system for pumping energy into a
battery. Yet we are all using batteries
nowadays. In my earliest days there was
a gimple procedure: you seized the
leather strap, and headed for the local
bicycle shop. Later there was the great
array of cells in a battery room: two lots
at 13 volts and two at 24 volts. Fred, in
permanent attendance, living in a
permanent sulphuric atmosphere, spent
all his day charging and discharging
‘his’ batteries. Now we have float
~~eration and if we are very rich,
sensors for cell temperature, electrolyte
specific gravity, the F.T. index, and a
small computer to decide just what
current to deliver.

I just want to charge my batteries,
though I may add a cut-off device. How
do I choose the transformer and the
rectifier. The essential conditions really
boil down to the following. If the mains
voltage is high, and the battery voltage
is low we must not overheat the
transformer or overload the rectifiers. |
assume we are not in a mad panic to get
the battery charged again, so that we
are well below the safe charging current
of the battery. If the mains voltage is
low and the battery is not particularly
low we want to go on feeding energy
into the battery.

There is a G.E. application report
which can be used to guide the designer,
although I found, when I tried to use the
equations provided, that I fell rather
quickly into confusion. The alternative
method which | have now adopted
involves some guess and try, but does
provide a very simple approach. The
starting point is a very useful set of
curves for the design of rectifier circuits
with capacitor input filter which are out
of print in the original publication and
which are reproduced in Fig. 1.

To use these curves we consider what
happens.when we charge a battery. The
charging current is, or so the meter
says, a direct current, while the terminal

voltage remains nearly constant. This is
very much the behaviour of a parallel
capacitance and resistance. The only
difference is that instead of thinking of
a load current we must now think of a
charging current. The battery capaci-
tance is very large, so that we can replot
the ratio curves as a single graph for
«CR large, with simply output voltage

Fig. 1. Ey./ Eqpmax % as a function of
wR,C for full-wave circuits. C in farads
and R, in ohms, w= 2xf.

as a function of the ratio of source
resistance to load resistance. This is
what we have in Fig. 2.

Let us assume that we are dealing
with a nominal 24-volt battery, with 12
cells. The float level of this battery will
in practice be 2.25 volts per cell, giving
27 volts. The reason for operating at 2.25
volts per cell is that this is the point at
which we have the maximum energy
storage combined with the longest
possible life. When a battery has been
used it is not uncommon to boost it up
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Fig. 2. Characteristics of full-wave
rectifier for wCR large, as is the case in
battery charging.

to 2.6 to 2.7 volts per cell. I am not sure
why, but it may be to make sure that all
the cells are fully charged. This can
bring us to a terrifying 32.4 volts, when
lamps and transistors start to pop.
Actually, the terminal voltage falls back
once the charging current is cut.

Let us allow a meagre 1.2 volts drop in
the rectifier bridge and our extreme
condition corresponds to a direct
voltage of 33.6. For the purpose of this
analysis I shall assume that on a day
when the mains input is 6% low it will
take forever to reach 2.7V per cell. 1
shall therefore have I,,,=0, so that
Riea—>° and Rg/R; =0. For a peak
voltage E; of 33.6 we must have
E s =23.8V. This, however, is for a low
mains input, and the nominal value
must be 6% higher, or 253V r.m.s. We
have thus defined the turns ratio of the
input transformer.

When the mains are 6% high we shall

get E, =26.8V, and E, =37.3V. Now we
must subtract, say, 1.3V for the recti-
fiers, and we have an effective E; of 36.5
volts.

It must be accepted that if you are
sharing a battery, the other users will
run it down to 1.8 volts per cell. When at
last you can switch on the charger the
terminal voltage will be only 21.6 volts.
Sooner or later this condition coincides
with "the high mains input and we
‘must consider the condition where
Ey./E;r=21.6/36.5, which is pretty close
to 60%.

This max-min-max-min rate gives us
our entry point to Fig. 2. We find that
we must have a value of Rg/R . =27%.
Let us say that to save money, not time,
we have a nominal charge rate of 6
amps. For this current, and 24 volts, the
value of R, is 4 ohms. Immediately we
see that we must make Rg 1 ohm. This
includes the resistance of the trans-
former secondary and the primary
resistance as seen at the secondary.
Usually we can simply take twice the
secondary winding resistance as a
reasonable approximation. The trans-
former is, roughly, a 150W size, and will
certainly not have 36 watts of copper
loss: a physical resistor will be needed.

We do not know if this design is even
roughly right, however. Let us go to
design centre conditions. We shall then
have a nominal 235V r.m.s., giving
Er=33.2, from which we take off 1.2V
(the exact figure is chosen to get round
numbers) to get Er(max)=32V. The
battery voltage is assumed to be at the
2.25 volts per cell level, or 27V so that
E,./Er=85%. Returning to Fig. 2, we
find Rg/R; =4%, to that R, must be
about 25 ohms. At the float level, then,
the charging current is only a little more
than 1 amp. We probably need to
change something. What has happened
is that we have been overcautious with
our boost condition, but I shall stick
with this transformer for a moment
longer.

I do not work with a simple float
system, because it is really too noisy and
although it does not affect the way my

equipment works, it gives a fuzzy trace

on the oscilloscope. Now a battery
which is roughly 20 to 80% fully charged
is operating fairly close to 2 volts per
cell. Under these conditions, when the
battery is being topped up at lunch-
time, for example, E;./E; =24/32=75%.
This means that Rg/R; = 10%. If we take
a desirable charging current as 4 amps,
thlS will ‘make R =6 ohms, and so

=0.6 ohms. My guess for the effective
copper loss resistance of the trans-
former is 0.2 to 0.3 ohms. We then have
the possibility of putting in an external
resistor to give the extra 0.3 to 0.4 ohms,
with an additional 0.4 ohms which is
switched into circuit to limit the current

runder flat battery conditions. We could

Fig. 3. The ratio r.m.s. rectifier
current/average current per rectifier
plotted against nwR, C. C in farads, R,
in ohms. n=1 for half-wave, n=2 for
full-wave and n=0.5 for voltage
doubler.
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have changed the resistance to suit 2.25
volts per cell, but then we should have
needed to check the 2.0V condition.
However, let us see what happens at
2.25 volts per cell with 0.6 ohms. We
have Rg/R; =4%, so that R, must be 15
ohms. The charging current has fallen
from 4 to 1.8 amps. At a rough guess, I
should say this was about the right size
of float unit for a system in which the
load varied from, say, 1 to 3 amps.

It is quite easy to work out the
charging current at various values of
E,., an invented regulation characteris-
tic for the charger. If the current is
found to be excessive, a new value of Rg
must be used, and we can choose to
switch this into circuit. There are
advantages in putting this resistance on
the primary side. In our example the
transformer will be roughly 10:1 for 240
volts working. It is much easier to find a
33-ohm resistor than a 0.33-ohm unit. At
6 amps the dissipation will be about 12
watts. An inductor, in the a.c. part of the
circuit, can be used. A 1mH inductor
will give 0.3 ohms effective impedance
at 50Hz, and will reduce the amount of
heat generated — at a price.

Rectifier circuits

‘A figure for rectifiers in the ordinary
power supply is shown as Fig. 3. Again
we just use the right-hand edge of this
set of curves. We had a condition of 6
amps average with Rg/R =27%, and 4
amps average with Rg/R; = 10%. For use
in Fig. 3 we need to take Rg/2R,,
because the rectifier is full-wave, and so
we have either (2.1 X 6)/2 or (2.5 x 4)/2
as our criterion. It boils down to a
rectifier r.m.s. current of 6 amps as our
design figure. The reverse peak voltage
follows the usual rule of being either E;
or 2E;r but everyone is conservative
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Fig. 4. The ratio repetitive peak
current/average current per rectifier,
plotted against nwR, C. C in farads and
R, in ohms, w=2nf and f is line
frequency. n=1 for half-wave, n=2
for full-wave and n=0.5 for
voltage-doubler.

when it comes to the choice of rectifier
and step-down circuits are notoriously
sensitive to mains spikes.

It is useful to check the rectifier peak
circuit, using Fig. 4. There is no single
inrush problem with a battery, as it is a
charged capacitor when it starts. Under
running conditions we shall get a ratio
of I,/I, of about 6.5 or a current of
about 13A. The rectifier designer has
usually taken this into account, but this
figure enables us to guess an order of
magnitude for the ripple voltage. A
battery will have an internal resistance
in the region of 10 milliohms, though it
is not easy to get more than a rough
number, But 10 milliohms will give 0.13
volts peak-to-peak ripple on the battery.
It is a spiky ripple, as the peak-to-aver-
age current ratio indicates and is
acoustically more of a nuisance than the
numerical value indicates.

The use of half-wave rectification for
battery charging was quite common at
one time. Whether this was simply an
economy measure in the days when
copper was cheap and rectifiers were
expensive, or whether it was the result
of a mildly magical belief that the
battery needed 15 milliseconds rest after
a 5 millisecond current injection it is
hard to know. Half-wave circuits have
been used recently with thyristor
controllers and it is useful to have on
record the essential design curves, even
if only to use them for their original
purpose. Fig. 5 is the half-wave version
of Fig. 1 and, as before, we can construct

Fig. 6 to cover the very-large-capacitor

or battery application. The regulation is
seen to be even worse than the regula-
tion of the full-wave system. The curves
for the rectifier requirements are appli-
cable to both modes of operation, so
that we have a complete basis for the
design of the half-wave system.
Information about the transformer,
and all those odd factors which appear
as utilisation factors, can be found in
any reference book and in a good many
rectifier catalogues. It is hardly neces-
sary to repeat them here. One detail is
worth mentioning, however, because it
does sometimes get designers confused.
If we use a half-wave rectifier we
naturally have current flowing in the
transformer secondary only for, say, the
positive half-cycles. This means that a
meter will show d.c. flowing through
the winding. We all know that if you
have d.c. in an iron-cored coil you will
probably need to provide an air gap in
the core. The unwary designer thinks of
his transformer secondary as an induc-
tor carrying d.c. and arrives at an
unnecessarily large structure. The
conditions in the core are set by the
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Fig. 5. Eqe/ Eqmax% as a function of
wR,C for half-wave circuits. C in
farads, and R, in ohms, w = 2af.

applied voltage: the flux density is the
time integral of the voltage, with turns
and area as factors, and the voltage is
symmetrical. The use of half-wave
rectification does not produce any flux
offset under any normal operating
conditions. The high I /I, ratio makes
the transformer pretty inefficient
anyway, but there is no advantage in
making it even worse.

The full-wave rectifier circuit was

1000

designed as an example to show the use
of the design curves and with the
criterion that it should just haul the
battery up to the ‘boost’ voltage,
combined with a maximum current at
the start of charge, we found that the
charging current fell smartly as charg-
ing progressed. We should call this
‘taper charging’ if we wanted to sell a
cheap charger with this performance,
and would point out the essential safety
of the drooping current characteristic.
Some users, however, do not want to
wait forever, to get a really full charge
into the battery.

Examination of Fig. 2 shows that the
curve is pretty close to
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Let us choose to have 6 amps charg-
ing at 21.6 volts, which makes R, 3.6,
and 4 amps charging at 27 volts, the
normal float level, which makes R, 6.7.
We can then write

Er _ 36+2R;
216~ 36

Er _67+2R,
and 2—7 —

Y

It is a quick step to get E;=37.2 volts
and Rg = 1.3 ohms.

We can, if we wish, construct a full
regulation characteristic, but the resis-
tor is now going to be rated at, in
practical terms, 48 watts. This charger,
left on indefinitely, will try to bring the
battery up to just over 3 volts per cell.

Over-charging protection

It is not expensive to provide some
protection against over-charging. The
cost starts to rise if we write a very tight
specification. At one time the method
was to use a voltage-sensitive trip
circuit, but it is probably cheaper to use
solid-state switching, and we can make
the system fully automatic. This means
that it will be permanently connected to
the battery. The disadvantage is battery
noise, but in many applications the
equipment must be designed to put up
with this, anyway.

The circuit is shown in Fig. 7. Ignore
D, and R,, which are simply there to
provide -50 to 100 mA trickle into a
charged, idle battery, and possibly some
lamps. The main charging path is
through the thyristor Th,. If Th, is not
conducting, Th; will start to conduct as
soon as point P rises enough above the
battery voltage to get triggering current
through R, and D,. For a BTY79, which
‘can be obtained easily, and which will
carry the 6 amps of d.c., we might make
R, 100 ohms, and D, a small half-amp
rectifier diode.

As soon as the voltage at P reaches
about 3 to 4 volts above the battery
voltage the thyristor triggers and
current flows into the battery.

Now let us operate Th,. The cathode
of Th; is at not less than 21.6 volts, while
P will peak up to 37.2 + 6%, say 40 volts
under worst mains conditions. We can
make R, = Ry, and the gate of Th, will
only be 20 volts above the negative line,
so that Th; will not trigger. The current
through R, + R, will be, at its peak,
40/200, or 200 mA, which makes Th, a
small device and R, and R, conveniently
3-watt resistors. A suitable cheap device
(£0.50) for Th, is the BTXI18, which
needs up to 5SmaA to trigger it, and which
may trigger at anything from 0.5 to 2
volts. The trigger current is provided by
the capacitor, C, which is only needed to
be, say, a 5-volt unit and can be 10 to
100pF. Resistor R; is needed to let C leak
away, and 1000 ohms is as good a value
as any.

The choice of P, the resistor in series
with it, and the zener diode are pretty
arbitrary. For a 24-volt battery it seems
reasonable to choose a 10 or 12V zener
diode. Value of P, is conveniently 1000
ohms, and the series resistor should be
worked out so that the slider of the
potentiometer is fairly near the top.
Indeed, it is probably better to use a 500
or 200-ohm potentiometer and put
resistors both above and below it, to
limit the range of adjustment.

There are three phases of the control
operation. If the battery is low, Th, fires
but Th, does not. As the critical region is

|
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approached, after Th, has fired, the
ripple voltage across the battery will be
enough to tip Th, on, although as Th,
has already fired this does not matter.
When the battery voltage is high
enough for the necessary few milliamps
to be flowing through the zener diode,
Th, will fire as soon as its anode volts
permit. This is before Th, has reached
the trigger point, and the firing of Th,
cuts off the trigger supply to the gate of -
Th,. Charging, except through D, and
Ry, stops.

The circuit can be set up fairly quickly -
if a large capacitor and, say, a 6-ohm
resistor are used in place of the battery.
The low current through the zener
diode and the range of values for the
trigger conditions of Th, make it
impossible to calculate the exact set-
ting. In practice a unit of this kind will
have a transition region of about half a
volt, which is good enough for general
applications. The use of an operational
amplifier or comparator, in a control
section of the style shown in Fig. 8, will
give a very high precision, but such
precision is meaningless when the ripple
voltage is greater than the setting
accuracy.

Perhaps the only justifiable improve-
ment is to go the whole hog. The
equipment is supplied from a stabilised
power supply and the battery is merely
a stand-by system. The problem we
have considered is basically different
from, and simpler than, this. The design
curves are the necessary aids to its
construction.

Fig. 7. Automatic charger control.
Circuit can be simply set up by using a
large capacitor and suitable resistor in
place of battery.

Fig. 8. Use of precision control section
is only meaningful if ripple voltage is
less than required setting accuracy.
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Two-phase v.c.o.

The standard method of obtaining an
oscillator that will deliver a two-phase
output (i.e. sin and cos) is to follow a
conventional oscillator by a phase-
locked loop, thus generating the quad-
rature signal. This has the disadvan-
tage that, if a variable frequency is
required, the capture range of the p.Ll.
may be exceeded, or there could be a
large phase error.

This oscillator is based on the above
approach, but is a symmetrical version
which does not have a restricted range
or phase error. The circuit consists of
two v.c.0os, and pin connections are
shown for the 8038 which gives a
sinusoidal output. The i.cs are driven

Voltage divider

+10V
O—e
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When working with i.cs it is often
necessary to have positive and negative
supplies, and it is desirable that each
supply remains steady with changes in
load current. This circuit has been a
useful addition to an adjustable 0 to 15V
stabilized supply. For +5 and -5V,
potentiometer R, is set to the mid
position and the current through the
output transistors is set to 20mA by R,.
Voltage difference between the non
inverting input and the output earth
varies by about ImV when the input
voltage is adjusted between 4 and 15V,
or if the current from one half is
changed from 0 to 100mA.
C. H. Banthorpe,
Northwood,
Middx.

from a standard NE5596 multiplier
circuit via a low pass filter. The two
oscillators are locked together in fre-
quency and 90° apart in phase by taking
their triangular outputs to the multi-
plier inputs. A 90° phase difference
between them causes equal d.c. collec-
tor voltages, and any deviation from 90°
produces a voltage difference across the
collectors which restores the phase.
Frequency of the oscillators is varied
by praducing a common-mode output
voltage in the multiplier. This is

achieved by altering the bias current.
Thus, the oscillator is tuneable over a
wide range, with nominally zero phase
error.

The frequency adjust potentiometer
and resistors are set to give the required
range, but the potentiometer can be
eliminated if v.c.0. operation is required.
If sinusoidal outputs are not needed the
cheaper 566 type of v.c.0. can be used.
J. M. Worley,

Colchester,
Essex.

10k
t -adjust

QO + 10V
ZTX300
lr—@
o out1put .
et
ZTX500
o
PHASE
" aDJusT
]

output

% —O —10V
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Peak reading r.f. probe

This peak-reading r.f. probe has no d.c.
offset adjustments, does not suffer from
temperature instability, and is capable of
measuring r.f. levels from ImV to about
4V. It is designed to be an add-on circuit,
for a multirange meter, and measures
frequencies in excess of 100MHz. A
CA3046 is arranged as two symmetrical
d.c. Darlington pairs, and the maximum
output offset was found to be 700pV.
The temperature coefficient is (accord-
ing to the CA3046 data) 1.1pV/deg C,
and the input impedance is 50k§ in
parallel with 3pF. To maintain this low
capacitance the circuit must be con-
structed in a small screened case with a
short probe tip and no i.c. socket.
Current consumption is under ImaA.

screen of device
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Linear/logarithmic sweep generator

This circuit provides a logarithmic or

linear sweep facility for the Intersil 8038 -

function generator i.c. In the linear
mode Tr; acts as a constant current
generator which charges C,; almost
linearly. Transistors Tr, and Tr, reset
the capacitor as the voltage across it
reached about 1/3V, +0.9V. In the
logarithmic mode, positive feedback

allows exponential charging of the
capacitor. Capacitor C, shunts the
narrow spikes that may occur from the
circuit, and R, sinks a low starting
current without affecting the sweep
characteristic. D, improves the stability
of frequency versus temperature but
can be omitted with R, to extend the
range of the output waveform. Point A

has a short positive pulse which may be
processed to reset the 8038 capacitor,
and to sync an oscilloscope. Voltage at
point B must be set experimentally, and
is dependent on V.. An overall fre-
quency control may be achieved by
making R; variable.

Sergio Villone,

Turin,

Italy.

+ Vee 4
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Waveforms-in-quadrature
generator

Phase locked loop systems used for the
detection of a.m. signals require either a
two-phase signal or a two-phase local
oscillator, the phases being n/2 radians
apart. The Signetics a.m. phase locked
loop i.c. requires the signal to be split
into two phases, which causes the
lagging phase to be attenuated. If the
system is to be tuned over a range of
frequencies, the phase relationship is
only correct at one frequency. However,
sufficient information is present to
extract the other phase from the local
oscillator signal without using any
time-sensitive components. In addition,
it is possible to make a circuit using the
same configuration of transistors that
would use this principle to detect a.m.
The additional element required
is ¥ANE510 and a block diagram is shown
"in Fig. 1. It is not possible to make a
connection to the input of the second

multiplier in the p.ll. because it is

internally connected to the output of
the Schmitt trigger.
external connection is used.

When making a p.ll. from scratch,
t.t.l. can be used to obtain quadrature
signals as shown in Fig. 2. To obtain two
waveforms in quadrature, information
isrequired at twice the repetition rate of
the output. A Schmitt trigger is used to

S I

(a)

square a sinewave oscillator at twice
the required frequency or as a v.c.o. Its
output is inverted by the second

Therefore an’

input

Oa0.0,0,0,0,6,0

NE5SB0B

OOOO®
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a.f. output
@

osciitator zero crossing
capacitor detector
i \> _J
& v
. NES10
Fig. 1
7413
. I's A N
sinewave
osc
@-—— Schmidt Schmidt
CK D QQ
(or connected as oscillator) (used as invertor) l c
output
7474 °
CK D Q@ Q@
J | D
5 output
Fig. 2 oF

divided by two using the 7474 flip-flop.
Output waveforms from the flip-flops
are at half the input frequency and in

speed circuitry such as e.c.l. can also be
used to extend frequency range of the
quadrature signals.

fitted into the microphone case.

Schmitt trigger in the i.c. Waveforms at quadrature. This system has only one John de Rivas,
either side of this inverter are shown time semsitive component which makes Harlow,
in above. These waveforms are tuning over a large range possible. High Essex.
Ry Line-powered
330k Lo +12v microphone pre-amp
Ca xietin In this circuit the usual collector
10 Tr Ro existing . . e
£ BC109 ete. ak7 (1:2 amptifier resistance R, is built into an existing
{ i 'i__ o tnput amplifier. The rest of the circuit can be

_________ _._..(P

-

W. H. Jarvis,
Rannoch School,
Perthshire.
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North Sea communica-
tions mess

Some of those responsible for North Sea
communications have been guilty of
ineptitude if the word of Plessey
subsidiary EAE Group Ltd’s telecom-
munications director, Mr Laurie But-
triss, is to be believed. Speaking at the
World Offshore Oil Conference in
London on October 5 he accused
Government, oil companies and equip-
ment manufacturers of lack of
organisation and foresight. The weak-
nesses, he said, were that essential and
sensible regulations had taken too long
to be compiled and issued, government
departments had been slow to set up
facilities onshore to cope with either
traffic of different kinds or back up
engineering, oil companies had been
slow to invest in equipment, and major
manufacturers had been slow in deli-
very and had taken too long to recog-
nise the oil field as a source of sales,
failing to produce the necessary specia-
lised equipment in time.

Mr Buttriss would not name the
companies or departments involved,
but he told Wireless World that he
could back up everything that he had
said. EAE was formed in 1970 as a
dedicated company to supply a service
for North Sea oil development. In that
capacity they bought in equipment and
built a range of communications equip-
ment for barges and oil rigs. They had
about 30 such h.f. radio stations in the
North Sea, he said, and, excluding
more sophisticated equipment of the
tropospheric scatter type, this repre-
sented about 80% of the market. During
the last few years, Mr Buttriss said, “no
preference was given to the oil field by
manufacturers. The Americans expect
immediate attention and good service,
and it’s only in the last two years that
any attention has been paid to the needs
of the North Sea oil producers. In the
past we have been let down on many
many occasions by poor deliveries.”

He emphasised, however, that his
remarks had not been aimed at the
people supplying sophisticated systems,

such as tropospheric scatter equipment.
As to the government departments
mentioned, the criticisms could also
apply to the Post Office. All, he said,
“were generally slow on the uptake”.

As to the regulations needed, one
difficulty was that vessels which were
not self-propelled could not be classed
as merchant navy vessels, and the
regulations governing oil rigs and other
towed vessels should have been made
clear 10 years ago.

In his paper to the World Oil Confer-
ence Mr Buttriss contended that the use
of satellites for the European oilfields,
while initially expensive, is an attractive
proposition for the future. “Starting
with a survey to be carried out in the not
too distant future by a major British
company, [ believe we can look forward
to European oilfield satellite systems
operational in the early 1980s.”

Here he was referring to a report that
Marconi has been asked by the Euro-
pean Space Agency to conduct a survey
of satellite communications in the
North Sea.

Who's recording
profits?

In their annual report, Decca say they
made increased profit from records and
tapes, although depressed conditions in
the home market meant that television
contributed hardly anything. On the
consumer side, turnover was down by
£1 million to £81,800,000, producing a
profit before tax on the year to March
31, 1976 of £5.8 million compared with
£6.7 million in 1975. According to
Decca’s report, “Sales of consumer
products in the current financial year to
date are lower than last year.” Profits on
capital goods increased, however, with
Navigator and Decca Radar going up by
an unspecified amount and profits in
Decca Survey decreasing. Total tur-
nover in capital goods increased by
£6.7M to £88.2 million, making a profit
of £10.5 million, an increase of nearly
17%.

Usually the entertainment industry
does quite well in a recession but sales
of records and tapes have been
depressed for two years now. According
to a report in The Times record sales are
steady or increasing in the under-25 age
range, but older people find recorded
music easier to go without. The top 20
accounts for something like half the
total record sales, which at retail prices
were worth about £250 million last year
and are expected to reach £273 this, an
increase largely due to price inflation. It
has been suggested that the industry
would have benefited from the slump
but for the illegal copying of records;
last year 23 million blank cassettes were
sold, and they can’t all have been used
to record birdsong.
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Switched liquid crystal
prism

Two scientists at the Royal Radar
Establishment have devised an
electrically switched optical prism
which uses liquid crystals to deflect a
laser beam. Angular deflections up to
+20° have been obtained with a layer of
liquid crystal Imm thick, according to a
statement issued by the National Re-
search and Development Corporation,
who backed the project, but owing to
electromigration effects the device only
works with an alternating field. Until
now the only comparable deflections
have been those obtained using revolv-
ing mirrors. The Kerr cell, a device
which rotates the plane of polarisation
according to an applied potential, gives
deflections of only a fraction of a
degree, and acousto-optic methods also
give less than 1° deflection. It consists
of a cell 1 to 2mm thick and 3 to 4mm
wide containing a positive nematic
crystal. The crystal molecules can be
aligned parallel to the cell walls by
applying a transverse alternating elec-
tric field using four electrodes. In this
state a polarised beam will pass through
undeflected since the device acts as a
uniaxial crystal with its optic axis
parallel to the cell wall. If, however, the
ratio of electrode potentials is altered
the optical axis can be curved, and the
light will follow a curved path through
the cell. The effect is to alter the
refractive index electrically instead of,
as with a conventional device, altering
the thickness of a material with a
constant refractive index. “The angle
through which the beam is deflected
depends on the cell dimensions, the
optical anisotropy of the liquid crystal
and the ratio of the electrode potential.
The absolute values of the electrode
potentials determine the speed of the
deflection only.” The angle of deflection
varies across the cell since the optical

path length is constant.

An obvious application of the device
is in scanning, but the region producing
maximum deflection, say the NRDC, is
that in which switching produces
turbulence in the crystals, so contin-
uous scanning is not possible at maxi-
mum deflection. In this region the
device is still capable of optical switch-
ing. At 1kV the beam can deflect full
scale and return is less than 1ms, though
return is faster than deflection. Losses
due to absorption and scattering are
greater than half.

Possible uses, say the NRDC, include
laser beam deflection in computer
storage, image modulation for pyro-
electric devices; coherent or incoherent
light torches for hazardous environ-
ments; as an artificial horizon for
instrumentation; and as an optical
waveguide switch. The inventors were
Dr D. Jones and Mr A. Fray of RRE, now
RSRE, Malvern.
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Air traffic
advances

control

The United States’ Federal Aviation
Administration has placed a $1.5 million
contract to revise and redesign its
Enroute air traffic control system.
Enroute is the computer based system
which gives control information during
the bulk of an aeroplane’s journey, the
beginning and end of the flight being
handled by Terminal Area computer
systems. It is a real time central
monitoring system used by air traffic
controllers in 20 centres to store and
manipulate information about cross-
country flights.

The contract, placed with Computer
Sciences Corporation, is to add equip-
ment to compare all flight plans for
times and places of ‘“‘potential conflict”
between flights; to compute and display
for air traffic controllers several alter-
natives to predicted conflicting
demands for air space; to speed delivery
of routine messages through tele-
printers or computerised voice termin-
als; and to compute and improve the
timing of aircraft arrivals at busy
airports. The equipment will be inter-
faced with existing automated terminal
systems, and its installation is expected
to take about three years.

The announcement of the contract
comes at a time of great activity in ATC
circles, much of it stimulated by the
recent mid-air collision over Zagreb. In
September pilots, airline representa-
tives and aircraft manufacturers met in
Washington to see if they could agree
on a system that would make mid-air
collisions less likely. There are two main
computer-based alternatives, the Bea-
con-based Collision Avoidance System
(B-CAS), a secondary radar system
which involves putting a computer
aboard each aircraft and allowing the
pilot to make the decisions necessary to
avoid a collision, and the Conflict Alert
system, which is also a secondary radar
system but which allows a computer on
the ground to make the pilot’s decisions
for him. Primary radar systems are
entirely ground based, and provide only
white dot displays on the traffic con-
trollers radar screen, making no dis-
tinction between one plane and
another. Secondary radar labels each
dot with the help of information from a
radar source on each plane.

The B-CAS system is on test in the
United States, but the British Civil
Aviation Authority is thought to favour
the ground based conflict alert system.
It may be significant that Computer
Sciences Corporations statement
announcing the order places emphasis
on the need to make better use of
existing computers and avoid the
expense of new equipment, and on the
requirement to interface with existing
automated terminal equipment.

Although the Zagreb tragedy has
focussed attention on air traffic control

A radio
frequency test on
Marisat 3 in the
anechcic
chamber at the
Hughes Aircraft
Company plant
in California.
Launched on
October 14, it
supplements
Marisats 1 and 2
launched in
February and
June and will be
in stationary
orbit over the
Indian Ocean.

problems a feeling has grown steadily
over the last few years that ATC
secondary radar systems will need to
adapt to the growing volume of traffic.
At the moment beacons at the airport
send out interrogatory pulses on
1030MHz and a transponder replies at
1990MHz, shutting off for 100ms or so.
With the number of radar signals
reaching aeroplanes the transponder
may be unable to shut off, and radar
signals emanating from other aircraft
would complicate the problem. If
B-CAS systems are to be acceptable
they will have to overcome the diffi-
culties caused by information satura:
tion, and the US and the UK each havea
different proposal for such a system.
Work is now under way, however, to
devise a compatible system combining
the merits of the two.

Radio research move

Responsibility for radio propagation
research at the Appleton laboratory
under the auspices of the Science
Research Council has been transferred
from the SRC’s Astronomy, Space and
Radio Board to the Engineering Board,
who will now decide the level of
expenditure and the programme. Ac-
cording to the' SRC’s annual report,
“Measurements have been made in
collaboration with the Royal Signals
and Radar Establishment, Malvern, of
optical scattering by water vapour. At
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relative _humidities above 95% the

scattering is greater than that corre-
sponding to a linear dependence on
water vapour pressure, a result which
provides further evidence of the pre-
sence of molecular complexes at high
values of relative humidity.”

The laboratory has also investigated,
with the Post Office, the effect of
precipitation (rain) on microwave links
in the waveband 8mm to 3cm. Analysis
so far of the investigation, finished -at
the end of 1975, has shown that for links
operating over distances of a few km or
more, the effects of multipath propaga-
tion in areas such as Suffolk, where
conditions favour this type of propaga-
tion, are at least as important as the
effects of precipitation,

The possibility of changing responsi-
bility for such work was first mooted in
mid-June and has since been confirmed
by the council. The decision may have
been the result of a feeling that, while
‘astronomy and space research were
moving closer together, the best exam-
ple of this being Ariel 5, research on
such matters as Post Office links was
much more an engineering matter than
the purer science being conducted by
the ASR Board. Radio research funded
by the SRC in British Universities has
been under the control of the engineer-
ing board for some time, and the change
merely brings all the work under the
same umbrella. Although responsibility
for the work at Appleton will change
once enough time for the takeover to
take effect has elapsed, the work itself
will carry on there.
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Britain ahead in X-ray
astronomy, for how
long?

Ariel 5, the first satellite dedicated to
X-ray astronomy and described by the
director of the Appleton Laboratory, Dr
Saxton, as “the UK’s most successful
scientific satellite”, may continue in full
operation for another year and limited
operation for perhaps another year after
that. When the satellite was launched
two years ago on October 14 it was
expected to produce good results for
only a year. “It has put this country
right in the forefront of this new and
very important branch of astronomy,”
Dr Saxton said. But he added: “It may
also be the last. Funds for space and
astronomy are being eroded, and there
is little possibility of another satellite of

this kind.”
There are many reasons why Ariel 5 is

considered a success. The satellite
carries six experiments all of which, say
the Science Research Council, who
funded the project, have produced
outstanding results, partly because they
were so complementary and so well
co-ordinated. Five of the experiments
are British, Imperial College London’s
experiment is a scintillation telescope,
Leicester University has two, including
a sky survey experiment supported by
another experiment conducted by
NASA’s Goddard Space Centre all-sky
monitor, and Birmingham University
and the Mullard Space Science Labora-
tory of  University College
London collaborated on a rotation
modulation collimator experiment,
Mullard also having a proportional
counter spectrometer aboard. 0

The last four experiments point along
the spin axis and together form an X-ray
observatory pointed by ground com-
mands from Appleton’s Ariel 5 control
centre to various points in the sky. The
commands go via NASA data links to
ground stations at Quito, Ecuador, or
the Ascension Islands, where they are
radioed up to the satellite as it passes
over once every 90 minutes. At the same
time data is taken from memories
aboard the spacecraft giving informa-
tion gathered from the experiments in
the preceding 90 minutes.

The attitude of the craft is altered by
propane jets, and one of the limits of
the life of the craft is set by the amount
of fuel the craft has left. At the moment
70 per cent has been used, and some
problems have been caused by the
corrosion of the reducing valves con-
trolling the gas. Sun sensors used to
determine a position reference have
also failed but a reserve set has been
brought into use.

Ariel 5 has updated the catalogue of
162 X-ray sources produced by its
predecessor, UHURU, launched four
years before it. Ariel has added some-
thing like 60 new sources, and, just as
important, failed to confirm another 30

sources previously catalogued. The
most exciting finds have been the
“burster” and “transient” sources. The
transient sources turn on rapidly and
'then decay, reaching a pitch of bright-
ness in a few days and dying over the
next few hours, days or weeks. Since
they are so difficult to observe, only
four had been detected before Ariel 5,
but the spacecraft has enabled observa-
tion of 14 over the last two years. “They
probably occur at a rate of about 100 a
year,” said Professor Willmore of
Birmingham University, the project
scientist. Two more transients were
found to be modulated with periods of
6.75 and 1.73 minutes. Mullard Labora-
tories, who also have an experiment
aboard the Copernicus satellite,
subsequently found six more such stars,
the modulation being caused by slowly
spinning neutron stars.

Bursts and black holes

Even more important, possibly, are
the burst sources, which emit isolated
bursts of X-rays at intervals, usually of
several hours, though one emitted
bursts every 15 to 20s. A possible
explanation of the phenomenon is that
material, emitted by the companion star
in a binary system in which that star
orbits a neutron star, collects in the
atmosphere of the neutron star. The
neutron star has a gravitational pull 10"
times that of earth, and when the
material cascades down on to the star’s
surface a burst of X-rays is emitted, and
material begins to collect for the next
burst.

The possible significance of the burst
sources provided an interesting illus-
tration of conflict between scientific
schools of thought. Imperial College
suggest that X-ray bursts and cosmic
gamma ray bursts are connected, and
go on from this to say that most of the
evidence for the existence of ‘“black
‘holes” in space, areas so dense that not
even light can escape from them, has
come from X-ray astronomy. The
experiments on Ariel 5, they say, tend to
confirm the existence of black holes.
When B. A. Cooke of Leicester Univer-
sity was asked whether he would agree,
however, he remarked wryly: “It
depends how anxious you are to have a
black hole there.” Those for and those
against the black hole theory tended to
stretch the available evidence in either
direction to suit their case, he said.

Professor Elliot, chairman of the
Astronomy, Space and Radio Board of
the SRC, was asked if the Ariel 5
satellite or the information it was
transmitting would be put to any
military use. He replied that he didn’t
think so. “This is a purely scientific
project which produces knowledge and
information, although like other know-
ledge and information it usually can be
put to some military use.” The SRC’s
statement notes that their agents for
the procurement of the spacecraft were
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the Ministry of Defence, and that the
research and development authority
was the Royal Aircraft Establishment at
Famborough.

Typical of our current obsession with
national housekeeping to the exclusion
of almost anything else, most of the
questions at the press conference, as at
the one launching the SRC’s annual
report a few days later, were concerned
with the cost effectiveness of such
research. Professor Elliot, asked to say
of what benefit the Ariel project would
be, said, “We are not the richest country
in the world, but we are not the poorest.
The future of technology and the wealth
that flows from that is dependent on
work like this and it is incumbent on
those nations that do have the
resources to uncover the basic laws of
nature on which the future of man
depends. In this respect we have been
pulling our weight compared with other
nations. Another benefit is the impor-
tance of these activities in the training
of our people. Universities are always
being accused of training people who
are pure scientists with no knowlege of
the outside world. Projects such as this
help students to know industry and how
it works and the need to produce things
to a time scale and so on, to see how
things work outside.”” Another
advantage was that technology tended
to act as an accelerator to progress, the
best example being the US space
programme. Ariel 5 offered the oppor-
tunity to do basic physics one couldn’t
do in terrestrial conditions. It was no
good trying to decide which science you
could afford and which you couldn’t:
“Science can only advance on a broad
front,” he maintained, “or it doesn’t
advance at all.”

Although the SRC has had to make
extensive cuts in its forthcoming pro-
gramme — the annual report points out
that by 1980 the council’s budget in real
terms will be at least one sixth less than
itwasin 1973 — plans for Ariel 6 are so far
advanced, and the project has such high
priority, that it is unlikely to be
cancelled. In any case it largely replaces
the aborted Skylark mission. Ariel 6,
however, will carry only a limited
number of X-ray experiments, and is not
expected to produce anything like the
information about this branch of
science that Ariel 5 did.

In his opening remarks Dr Saxton
defended expenditure on space research
by pointing out that the money spent on
Ariel 5, between £4 million and £6
million depending on how you work it
out, came to two or three gin and tonics
per family. The total spent on astron-
omy was “one or two per cent of the cost
of feeding the dog population. I find it
personally hard to believe,” he contin-
ued, “that people would wish to see our
scientific pre-eminence thrown away.”
It was no good saying we could leave
such projects and pick them up again
when the nation was in better shape.
“Once the edifice crumbles it is difficult
to re-erect.”




Wireless World, December 1976

Any energy you like —
as long as it’s nuclear

None of the studies of geothermal and
solar alternative energy sources made
so far by the UK Atomic Energy
Authority has indicated that they would
make any significant contribution by
the year 2000. This announcement was
made by Sir John Hill, chairman of the
UKAEA at a press conference on
‘publication of the UKAEA’s annual
report. His rather unsurprising conclu-
sion was that it was therefore essential
to continue with the nuclear pro-
gramme.

“The world energy situation is no
better now than it was in 1973-4: it is
just that we have forgotten about it.”
Pointing out that the world’s largest
user of energy, still mainly derived from
fossil fuels, the United States, was still
increasing its demands, and that what
we could produce from the North Sea
would barely keep up with America’s
annual increase in demand, his deputy,
Dr W. Marshall, said that we would be
in serious difficulty long before the
world’s oil ran out: “It is when the
amount of energy available stops
increasing that the trouble starts — not
when you have used the last drop of
oil.”

@ The method of reviewing alternative
energy sources reveals a serious lack of
intent on the part of the Energy
Department. The studies to which Sir
John referred have been carried out by
the UKAEA'’s Energy Technology Sup-
port Unit, which the Department set up
in April 1974 to liaise with international
organisations, such as the EEC and the
International Energy Agency, on
energy matters and to assist the De-
partment of Energy to review and
develop alternative sources of energy.
Until now the assessment of these
alternative sources of energy has been a
major part of the ETSU’s work but it is
now gradually taking over the manage-
ment of some research projects and will,
for example, be spending £1 million over
the next two years on a feasibility study
of wave power. ‘

So far the ETSU has already submit-
ted to the Department of Energy reports
on geothermal and wave power, both of
which have been published, and a
submission on solar energy is in the
course of publication. A spokesman for
the department of Energy said they did
not intend to commission a full-scale
feasibility study on tidal power as this
would be too expensive, but they would
be examining both barrage closing and
the effect of such closure on tidal
regimes. Studies of wind-power, the last
of the five with which they were
immediately concerned, “are at an early
stage.” Another part of the Study Unit’s
work is to report ways in which
consumption of energy, from whatever
source, can be cut down, and to this end

the unit is about to publish a separate
reportonenergy conservation. Theclash
of interests between ETSU and the
UKAEA is, or should be, intense, yet
ETSU is not only responsible to the
UKAEA, it is even based at Harwell.

Wireless World asked the Authority
how objective its assessments of other
energy sources could be. Dr W. Mar-
shall, Deputy Chairman of the UKAEA,
replied: “A high proportion of the
growth in ETSU is made up of people
who have not been concerned in the
reactor research programme in the
past.” They would be “pretty dispas-
sionate,” he said, and in any case the
studies would be published so that
people could judge for themselves how
objective the studies were. He added
that a considerable amount of work was
being done elsewhere on alternative
energy sources, of which the Energy
Department would be aware. “We will
make our own assessment from our
own study of the facts without being
influenced by the work done by these
other groups.” The way to alternative
energy sources would be “an iterative
process.”

Dr Marshall, as well as being deputy
chairman of the UKAEA, is chief
scientist of the Department of Energy.

SITE successor

The Indian government is constructing
ground transmitters in the six village
“cluster” areas served by the Satellite
Instructional Television Experiment to
resume the educational television pro-
grammes in early 1977.

SITE, now concluded, was described
by Jack Dinsdale in ,q'tl_r September
issue. Because of their limited range the
new transmitters will reach only about
40% of the villages covered previously,
but other villages near the transmitters
will be added to the audience, according
to NASA. The Indian Space Research
Organisation is also defining an opera-
tional satellite system for the whole of
India which could be operating by 1980.
ISRO will have finished evaluating the
results of SITE by the middle of 1977.
Already, however, some beneficial
effects have been noted. The popularity
of children’s programmes, for example,
increased school attendance. A teacher
in Mahya Pradesh village said he
thought moving pictures of distant
places made .a lasting impression in
Geography lessons. Other examples
were the preparation of more nutritious
food as a result of tfie programmes and
the insistence on bette'r'h_ygiene.

“One year of experimental television
is not going to change ‘the face of our
villages,” said the director of ISRO’s
space applications centre in Ahmeda-
bad, Professor Yash Pal, “but it has had
many wholesome effects.”
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According to a report in Forbes
Magazine in September, the Russians
are considering a competitive interna-
tional system to be called Intersputnik.
The system would compete with Intel-
sat, and the Russians are said to have
approached the Indian Government to
see if it is interested in using
Intersputnik for rural educational tv,
the service provided until now by the
American ATS-6.

Traffic information
experiment

A system of traffic-information broad-

‘casting, which has been in use in West

Germany since June 1974, is being
tested in this country for one month.
The system, known as ARI (automotive
road information), was developed by
Blaupunkt Radio, the West German
company, owned by Robert Bosch
Limited. ARI decoding equipment has
been fitted to thirty journalists’, police,
and other public representatives’ vehi-
cles to help them tune to radio LBC on
97.3MHz v.hf./f.m. or 26lm medium
wave whenever traffic information is
broadcast. The system works as follows:
before each traffic-information broad-
cast the radio station transmits a single
almost-inaudible 2.35kHz tone, fre-
quency modulated with a 123Hz
squarewave, from a prerecorded tape.
This tone triggers the decoder and one
second later the message is broadcast.
On manual receivers the tone triggers
an audible note overriding the tuned
station and a pilot light. This indicates
to the listener that their traffic infor-
mation is about to be broadcast and he
can then manually tune to the only
audible station, which will be the LBC
station. On automatic receivers the ARI
station will be tuned in automatically.
At present the decoder does not facili-
tate the automatic return to the initial
station, but this refinement is expected
within a year. If the radio is switched off
the decoder may be arranged to switch
the radio on for the duration of the
traffic information broadcast only. The
decoder, which will cost -£10-£28, may
also be used to switch a cassette player
in and out for reception of the traffic
information broadcast. When the sys-
tem was first developed in Germany it
was used with long and medium wave
receivers, but was modified for
v.h.f./f. m. when it was later introduced
to some European countries. Yugosla-
via also use the system for their tourist
information services. It is hoped that if
the system tests, which are taking place
from October 19 to November 18, are
successful other commercial stations
throughout Britain will follow LBC's
lead to provide the motorist with a more
widespread ARI service. Hitachi, Grun-
dig and Philips already manufacture the
decoders for the European markets.
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Acoustic noise units
A pathway through the decibel jungle

by James Moir, F.I.E.E.

The proliferation in recent years of
Acts and Statutes setting limits to the
level of acoustic noise inside and
outside the home, in public places and
in workshops, has resulted in an
almost equal proliferation of units in
which the noise level may be mea-
sured. It is very difficult indeed to
duplicate by objective measurements
the brain’s analysis of its pleasure or
annoyance. Thus we now have a large
number of units in which the “‘loud-
ness’’ (using the word in its widest
sense) of a noise may be measured, all
of them attempting to achieve agree-
ment between objective measure-
ments and subjective impres-
sions. This article is an attempt to
present a coherent picture of the
problem.

The first sound level meter was merely
a microphone, amplifier and indicating
meter, the whole system having a
repsonse that was substantially inde-
pendent of frequency. The readings
obtained were the mean (average)
value of the input waveform, oxide-
type rectifiers being used to convert the
amplifier output to d.c. to operate the
moving-coil meters. The parameter
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measured was the average value of the
sound pressure at the microphone
diaphragm and, within the limitations
of the microphones available at that
time, the reading was independent of
the acoustic frequency.

To deal with the vast range of sound
pressures met in nature, the system had
to read over a sound pressure range of
roughly 10°%:1 so a logarithmic unit, the
decibel, was adopted from the telephone
industry. Any logarithmic scale
requires an empirically chosen zero
point and this was fixed at a sound
pressure level of 0.0002 dynes/cm? (now
20x newton/m?, 20u pascal.) At the time
this was thought to be the minimum
audible sound level but it is now known
to be about 5dB higher. Using this base,
sound pressure levels in dB are then
expressed as:

s.p.l. (dB) = 20 log,, P/P,

where P, is the reference pressure of
0.0002 dynes/cm? and P is the mea-
sured sound pressure.

Early experience indicated that there
was only moderate agreement between
the objective readings takén with the
meter and a subjective judgement of the
loudness of the noise by a group of
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observers. It was soon appreciated that
the discrepancies were in part due to the
sensitivity/frequency relation of the
hearing system. Experiment indicated
that not only did the sensitivity of the
hearing system vary with frequency but
that it also varied with the absolute
intensity of the noise, particularly at the
low-frequency end of the spectrum.
Thus the hearing system has a substan-
tially uniform frequency response to
sound at high intensity but it is
relatively bass deficient at low sound
intensities. Fletcher and Munson, and
later Robinson and Dadson, found that
the frequency response of the hearing
system to pure tones was as shown in
Fig. 1. The Robinson and Dadson data is
now an international standard.

Decibels A, B, and C
This change in frequency response with
intensity was dealt with by adding a
switch to the metering system to
change the amplifier frequency
response in the three steps shown in Fig.,
2. The response labelled ‘A’ was to be
used when making measurements at
sound levels below about 40dB,
response ‘B’ when the sound level was
between about 40 and 70 dB and the flat
response, labelled ‘C’ used for all levels
above about 70dB. The weighting used
was indicated by adding the appropriate
suffix to give, for example, dBA or
dB(A). In practice the only safe course
was to record the A. B, and C readings
for every noise, for it was rarely clear-
which switch position should be pre-
ferred. A noise with much of its energy
in the low frequency range might well
measure 35dBA or 60dBC and the
correct switch position was then rather
indeterminate.

The use of a three-position switch
was a logical decision in the light of the
data then available, because it matches

Fig. 1. Fletcher and Munson equal
loudness contours . (Note that the
loudness level of a sound is defined as n
phons when it is judged to be equal in
loudness to a pure 1000Hz tone with a
sound pressure level of n dB above the
standard reference pressure.)
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Fig. 2. Weighting curves showing the
significance of dBA, dBB, dBC and
dBD.

the frequency response of the meter to
that of the ear at the sound level being
encountered, but increasing experience
began to suggest that the best agree-
ment between meter readings and a
subjective judgement of the “loudness”
or “noisiness” of a sound was obtained
by using the A weighting, quite irre-
spective of the intensity of the noise.
This has now been substantiated for
many kinds of noise and in consequence
noise level readings relating to
annoyance are now almost always
quoted in dBA. Indeed, many later
versions of the standard sound level
meter only include the A-weighting
network. This apparent contradiction of
the earlier data has been shown to be
due to the assumption that the ear’s
reaction to a wide-band noise would be
indicated by its reaction to pure tones. It
is now known that the hearing system
does not sum the energy in bands of
noise in the way suggested by the
Fletcher-Munson curves for pure tones,
the summation/frequency response
being more accurately indicated by the
A-weighting curve at all intensity
levels.

Decibel ‘D’

Though general experience and many
investigations have shown that noise
levels measured in dBA are in good
agreement with subjective opinion of
the loudness of most intruding noises, it
appears probable that the agreement
could be improved in a specific situation
by the adoption of a special weighting
curve for each type of noise. Krvter has
shown, for example, that the noisiness of
jet aircraft can be more accurately
assessed by the adoption of a weighting
curve that places greater emphasis on
the higher frequencies and the relation
shown in Fig. 2, the D-weighting curve,

also known as the N curve in (ISO)
Draft Recommendation 1761, has been
internationally standardized for this
purpose. However ISO Recommenda-
tion No. 507 requires the noise level in
the vicinity of an airport to be expressed
in still another unit, the Perceived Noise
Level (PNdB). This is to be obtained
from measurements of the sound pres-
sure level in octave bands and the
perceived noise level determined from
these readings by a summation process
detailed in the Recommendation.

In general, use of D weighting results
in readings some 13dB higher than a
measurement of the same noise using’
the A-weighting curve. The increased
accuracy of agreement between objec-
tive measurement and the subjective
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Fig. 3. Noise criteria curves of Beranek
for obtaining better agreement
between measured values and
subjective loudness of a complex noise.
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opinion of the “noisiness” of the noise
from jet aircraft is not thought to justify
the confusion that has resulted from the
introduction of D weighting. The envir-
onmentalists in particular have often
reached alarming conclusions by com-
paring aircraft noise measured using D
weighting, or the deduced level in
PNdB, with road traffic or similar noise
measured using A weighting. Similarly
alarming conclusions can be reached if
the A-weighting noise level of an
existing type of aircraft is compared
with the D-weighted noise produced by
Concorde. It is reasonably certain that
agreement with subjective judgement
could always be improved by adoption
of a weighted curve appropriate to each
type of noise source but the overall
result would be mild chaos, for the noise
levels of different sources could not be
compared.

Noise Criteria system

In an attempt to obtain better agree-
ment between measured values and
subjective opinion of the loudness
(noisiness) of a complex noise, Beranek
introduced the Noise Criteria system,
still widely used in the heating and
ventilation field. Instead of taking one
reading of the weighted average value
of the sound pressure of a wide band
noise (i.e. dBA), he proposed to take
readings with a frequency selective
meter at each of eight octave band
frequencies and to plot these on special
graph paper (see Fig 3). An NC (Noise
Criteria) rating was obtained by quot-
ing the NC reading on the right hand
scale immediately above the highest
octave band sound pressure level. Thus
a noise having the frequency spectrum
shown in Fig. 3 would be given a Noise
Criteria rating of NC65, the curve
immediately above the highest sound
pressure reading in any octave band.
This appears to be good common sense
and the system is widely used.

In Europe a slightly different set of
contours was produced following the
same basic approach but these were
quoted as Noise Rating curves, the
number obtained being quoted as. NR
65. Except for special noise spectra
there is no significant difference
between the NC and NR numbers and in
retrospect there appears to be no good
reason for the existence of two sets of
Noise Rating and Noise Criteria curves.
In practice the situation was further
confused by the appearance of a third
set of Noise Rating curves in the 1967
issue of British Standard 4142. Exper-
ience suggests that they have no real
advantage over either of the earlier NR
or NC curves. Indeed many users
believe that they are not as useful as the
earlier curves and that they have only
served to add further confusion to an
already confused situation.

Though this curve fitting procedure
should take into account the shape of
the frequency spectrum of a complex
noise, experience has shown that there
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is a substantially constant numerical
difference between the NC or NR value
and an instrumental reading in dBA of
the same noise, the NC or NR level
being 5 units lower than the measured
level in dBA. A determination of either
the NC or NR level requires an octave
band analyser to produce separate

readings of the noise level in the eight.

octave bands and plotting of the data on
special graph paper. Thus the technique
can only be justified if experience shows
it to have some considerable advantage
over the single measurement of noise
level in dBA, for this only requires a
relatively simple sound level meter.
Surprisingly, perhaps, experience
appears to show that NR or NC
numbers do not have any real advan-
tage over the use of dBA to express
noise levels, but the curves have
considerable advantage when analysing
noise data to obtain guidance on which
part of the noise spectrum is responsible
for criticism.

The phon

There are obvious advantages in having
a unit that is an indication of the
“loudness” of the noise and for this
purpose the phon was originally
‘proposed. British Standard 661 defines
the phon as:

“The loudness of a noise in phons is
numerically equal to the sound pressure
level of the 1000Hz tone that is judged
to be equally loud.”

This apparently simple definition is
the real reason for the failure of the
phon to achieve widespread use. It
requires a group of people to judge the
level at which a locally-generated 1000
Hz tone is considered to be as loud as.
the unknown noise being assessed. This
is a subjective judgement and it is one
that is extremely difficult to make even

by a skilled observer. Thus as phons.

cannot be measured directly by a meter
the phon has died.

The sone

Though the decibel scale is almost
universally used for the measurement of
sound intensity, its logarithmic struc-
ture makes it difficult for the non-tech-
nical to use or even understand. A unit
so fashioned that a noise level of two
units is twice as loud as a noise of one
unit should have advantages in such
situations. This requires units that
express loudness on a simple arithmetic
scale. Such a unit is the sone, defined by
British Standard 661 as:

“The unit of loudness on a scale
designed to give scale numbers propor-
tional to the loudness.”

The reference loudness of one sone is
that of a 1000Hz note having an
intensity of 40dB, the relation adopted
being shown in Fig. 4. Thus a sound
intensity of 2 sones corresponds to an
intensity of 50dB and 10 sones to 73dB.
Surprisingly perhaps the sone scale is
not widely used, though the reasons for
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Fig. 4. Relation between loudness in
sones and sound pressure levels in
decibels. Scale numbers on the sone
scale are proportional to loudness.
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Fig. 6. Recorded chart of typical
aircraft noise.

its neglect are not very obvious. There
are no simple meters available that read
in sones directly and as it is easy to
remember that an increase in sound
-intensity of 10dB generally corresponds
to a doubling of the subjectively judged
loudness, the sone, if not dead, is not
prospering.

Time-varying noise levels

Except in some industrial situations,
noise is rarely constant, the more usual
situation being one in which the noise
level is varying continuously rather as
shown in Figs. 5 and 6, charts of typical
road traffic and aircraft traffic noise. In
such a situation there is a real problem
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in deciding on the objective level of the
noise that is related to the level of
subjective criticism. This is likely to
depend not only on the noise in dBA but
also on the fraction of the relevant time
that the noise reaches or exceeds this
acoustically effective level.

There have been many attempts to
define a single-number parameter that
includes both the noise level in dBA and
the length of time that the noise reaches
or exceeds this level. The simplest is
merely to specify the noise level that is
exceeded for 10% of the length of time
that is significant in the particular
situation. Thus when dealing with the
noise from road traffic it has been found
from social surveys that the extent of
criticism is related to the level that is
exceeded for 10% of the 18 hours
between 6 a.m. and midnight. In traffic
planners’ parlance, the significance
noise level is the “18-hour L 10",

Other aspects of a time-variable noise
that are significant are the level
exceeded for 90% of the 18 hours,
effectively the minimum level, denoted
by Ly, and the “average” level Ly, the
value exceeded for 50% of the 18 hours.
Note that all these levels are measured
in dBA. A statistical analysis of the
time-varying noise level data is required
to obtain L,g, Lgg, Loy etc., but analysers
are now available that provide a
continuous display of the required
parameter over the period up to the
time of display.

Noise and Number Index

Robinson has shown that the subjective
annoyance aroused by an intruding
noise is a function not only of the noise
level but also of the extent of the
excursions above the mean average
level and the frequency with which
these excursions occur. Much personal
experience in other applications sup-
ports this view: A client’s bedroom
having an ambient noise level of 20dBA
with occasional peaks up to 40dBA was
pronounced as “noisier” than another
room in which the ambient level was
around 38dBA, but with excursions of
only about *2dBA. To evaluate the
noise climate around airports, Robinson
first proposed the use of a “Noise and
Number Index” (NNI) that takes into
account both the average noise level in
dBA, the extent to which the noise level
rises on peaks and the number of times
in twenty four hours that the peaks
appear. This is the unit used in the
Report on Noise by the Wilson Com-
mittee. The Noise and Number Index
can be calculated from:

NNI = Average peak noise level
+ 15log N - 80

where N is the number of aircraft per
day.

On this basis a reasonable Noise and
Number Index for the areas adjacent to
an airport is around 50 during the day,
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but probably around, 35 during the
night.

" Noise pollution level

At a later date, Robinson suggested
another unit, the ‘“Noise Pollution
Level”, that also takes into account the
effect of the variability in level on the
nuisance rating of typical noises. This
parameter can be computed from:

LNP = Leq + 2.560

where o is the standard deviation of the
instantaneous noise level and L, is the
equivalent noise level. There is sound
justification for the use of this unit for it
would appear to be applicable to all
forms of nuisance noise and to allow the
“noisiness” of different forms of noise to
be compared. At present it is really
waiting large scale confirmation of its
value, for though noise experts are
almost unanimous in approval, it has
not been specified in any legislation.

Traffic noise index

The Building Research Station have
also suggested a unit that is directly
applicable to the specification of the
“noisiness” of a noise of variable
intensity, though it is primarily intend-
ed for dealing with traffic noise. It has
been shown by social surveys that there
is a high degree of correlation between
this Traffic Noise Index and the degree
of dissatisfaction expressed by residents
exposed to high levels of road traffic
noise. The Traffic Noise Index is defined
as:

TNI = Ly + 4(Lyy — Loy) — 30

and as this is likely to be used in
legislation both here and in America it
will presumably displace the other units
suggested, although it does not appear
to have such a sound theoretical base as
Lyp. Note that the noise levels used in all
these units that combine level and
variability are expressed in dBA.

Hearing damage and L.,

High levels of noise, 90dBA and above,
are known to result in eventual damage
to the hearing, the damage being
approximately proportional to the pro-
duct of noise level in dBA and duration
of the exposure. In the simplest case
where the noise level is constant, the
damage to the hearing system is directly
proportional to the length of exposure.
However, this is not the usual condition,
for in an industrial situation the noise
level is fairly constant at one value for a
few seconds (or minutes) and then
changes to a higher or lower level which
is only maintained for a short period.

In such a situation an equivalent
noise level can be defined that would, if
held constant for the whole 8-hour
working day, result in the same damage
to the hearing system as would have
resulted from the noise of variable level.
This is known as the eauivalent noise
level, L, and 2 2ain is expressed in dBA.

The Department of the Environment
Code of Practice specifies 90dBA as the
maximum permissible value for L., in
an industrial situation.

Units and their application

It will be seen that there are a bewil-
deringly large number of units that can
be used to indicate the ‘“quantity” of
noise present in a situation. A reasoned
choice requires that we be sure that we
know what we are trying to measure. If
we are trying to measure sound inten-
sity, i.e. power flow/unit area, then the
sound pressure level in dBC is the
appropriate unit. However, sound
intensity is rarely the aspect that is
really significant in a situation involv-
ing human exposure to noise. More
usually we are trying to measure
something that might be described
as the “loudness”, “noisiness”,
“annoyance” or ‘intrusiveness” of
the noise.

Loudness, noisiness or the degree of
intrusion are not always the same thing,
though the noisiness or intrusiveness
usually increases with increase of
loudness, provided there is no change in
the spectrum of the noise. If the noise is
the subject of complaint and we wish to
have a measure of the “noisiness” then
the sound pressure level in dBA is the
best of the current units, but this simple
measurement of noise level in dBA fails
as an indication of “intrusiveness or
annoyance” if the noise being measured
contains pure tones or is characteristi-
cally irregular. At the moment irregu-

larity in occurrence or the presence of
pure tones requires the measured noise

level in dBA to be empirically corrected
by the addition of 5 or 10 dBA to the
measured levels (see British Standard
4142). This corrected level is then
known as the “Corrected Noise Level”
(CNL) and is expressed in dBA (CNL).

However, the degree of annoyance
aroused by a noise is a function not only
of the intensity of the noise, but also of
the duration of the noise and of the
“time on/time off” ratio in the period of
time that is significant, usually the day
of 18 hours. The level of the ambiént
noise is then best indicated by Lg,, the
level exceeded for 90% of the time, while
the level of the intruding noise is
indicated by a statement of L,,, both in
dBA.

NC or NR ratings, though widely used
at the moment, particularly in the
heating and ventilating industry, do not
appear to have any significant advan-
tage over the simple measurement of
sound pressure level in dBA when
attempting to estimate annoyance and
in consequence these units do not
appear to have any future.

Where the noise levels of individual
aircraft are being compared, dBD or
PNdB is the correct unit, but the

semi-empirical addition of 13dBA to the’

level measured in dBA gives a very good
indication of the degree of annoyance or
the intrusiveness of the noise from one
aircraft. If it is required to have an
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indication of the overall level of
annoyance due to aircraft activity at an
airport, then NNI or L. (Noise Pollu-
tion Level) are the proper units to
employ, but Lyp values are not yet in
widespread use in spite of their basic
merits.

Where damage to hearing due to
exposure to high noise levels is under
consideration, there is in this country
only one unit, L, to consider. Other
countries use different rates of ‘trade-
off” between time and noise level
although using dBA units in which to
indicate the noise level, so this may lead
to some further changes in the unit of
noise exposure to obtain a greater
degree of international agreement.

When assessing traffic noise, DBA is
the appropriate indication of noise level,
but it is now rarely that value read from
a sound level meter directly. The quoted
noise level is derived from a statistical
analysis of the meter data, the quoted
value being that exceeded for some
specified percentage of the relevant
time period, usually 18 hours in this
country. Thus we have Ly, Lsy, and Lg,
as the levels exceeded for the quoted
fraction of the total time.

Traffic Noise Index (TNI) or the Noise
& Number Index (NNI) or Lyp are met
more infrequently and then chiefly in
official publications, but this may
change for they have real merit in
indicating the nuisance value of a noise
over an extended period.

This discussion covers the majority of
units now in use in measuring the
loudness of acoustic noise but there are
many others waiting to make their
appearance. Annoyance as subjectively
judged, is a difficult reaction to quantify
and, though many of the present units
achieve this fairly well, there is need for
a unit that will allow widely different
types of noise to be rated on a common
scale of annoyance. '

Further reading

Sound level meters British Standard 4197
Equal loudness con-
tours for pure
tones British Standard 3383
Airport noise meas-
urement 1SO Recommendation
No. 1761
Noise rating curves 1SO Recommendation
1996
Method of rating
industrial noise
Glossary of Acous-

British Standard 4142

tical terms British Standard 661
Housing and road
traffic noise Dept. of Environment

The Noise and
Number Index Wilson Committee
Report on Noise

Noise Pollution

Index NPL Report No.
AC59
The Traffic Noise
Index BRS Report No.
CP38/68
Hearing damage
assessment DOE Code of
Practice
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(Letters to
the Editor

PHASE

I have followed with interest the articles by
Harwood and Moir on aural phase sensitivi-
ty, and have seen very little in the subsequent
correspondence which, 1 feel, importantly
detracts from their viewpoint. I would not
have prolonged the discussions, but it is one
thing to describe Moir’s review of the subject
as “not good enough” (C. F. Coleman, his
letter, September issue) and quite another to
use false or ill-considered arguments in
support of that opinion.

The frequency proportional phases which
Coleman so laboriously describes are, of
course, steady-state quantities and are
applicable when equilibrium has been
reached, not during the transient response
times of the systems (loudspeaker or room)
under consideration. Perhaps it was these
factors which deserved more consideratioin
in the review.

This is not to say that there is no evidence
of the audibility of steady-state phase
differences, introduced into periodic func-
tions. Schroeder used a flat spectrum sint/t
function of 10ms period, whilst I have used a
tone-burst waveform, and varied the phase of
the carrier or tone. It is true that upper
frequency linear distortion from a loud-
speaker can be easily detected, during the
few milliseconds of its transient response to
music spectra, or following each transition of
a periodic transient test function, such as
those described. This is so even when this
response is greatly diluted by phase rando-
mising room reverberation.

Finally, | am not aware that a “linear
phase” loudspeaker does not introduce phase
errors which are not linear functions of
frequency. The steady-stage phase distribu-
tion of any loudspeaker does at least show
that it is a dispersive system, exhibiting not
only group-delay changes but many smaller
deviations from a mathematically “smooth
function” behaviour.

The Quad electrostatic system, to which
others have referred, is not a “linear phase”
loudspeaker, it is a minimum-phase system,
and in this respect may be likened to other
designs, not just the “linear phase” types
with their space-staggered baffles. At low
frequencies, of course, a loudspeaker is
designed to radiate usefully at its bass
resonance frequency, and then (steady-state)
acoustic phase distortion is inevitable.

Roger C. Driscoll,
Polytechnic of North Ldondon.

I am sorry that Mr Coleman feels that I
should have dealt more fully with the

problem of defining phase shift in a circuit
excited by a number of sine waves of
different frequencies. It would require
several issues of Wireless World to cover all
the information we have on phase shift and
its effects, but [ doubt whether many readers
would find it of sufficient interest to justify
reading all that could be written. The
definition of phase shift under conditions
that are of no importance is clearly a subject
of no great interest.

The phase shift arising from a particular
circuit configuration, or the phase shift that
results in a stationary wave system can
certainly be defined by the choice of a
reference time to which all times are referred,
but this is not of value in a circuit where the
amplitudes, frequencies and phases of all the
components including those that are not
integral multiples of the basic wave are
continuously changing as they do in any
programme circuit. It complicates the issue
without adding to our understanding.

I do not invite anyone to believe that it is
unnecessary to maintain wave shape to
maintain the quality of the sound. Rather I
invite everybody to test the suggestion for
themselves, but I would say that after many
years experience we cannot find any such
requirement provided always that the
differential time delays are inside the CCIR
specified limits. The failure to find any effects
are not due to the use of loudspeakers in
lively rooms as Mr Coleman suggests, for the
waveform distortions due to phase are no
more obvious when the best available
headphones are used.

I am very familiar with Whitfield's work on
the brain’s reaction to waveforms, but it’s a
field in which there is a great deal of
contradictory evidence. The work of Galam-
bos, Whitfield and others have shown that
there appears to be a constant phase
difference between the applied acoustic
wave and either the peak or the axis crossing
at which the resultant nerve impulse appears.
However this is an area in which only the
most highly refined experiments will produce
significant data, but it is not of real
significance in considering the acoustic
effects of phase and as I noted earlier it is
impossible to include a discussion of every
aspect of the subject in any one contribution.

Instead of criticising all the experiments
that apparently show that phase effects are
of little significance I would invite the critics
to suggest an experiment that shows it to be
important.

James Moir,
Chipperfield,
Herts.

CITIZENS BAND

There has been a lot of talk recently about
Citizens Band, with articles appearing in
many publications, The UKCBC (United
Kingdom Citizens Band Campaign) was
formed in the summer of 1975 after
discussions with many interested persons
and radio amateurs. Our format is based
upon CB clubs abroad, with emphasis on
27Mhz, although any frequency band
allocated for a CB would be welcome. We
were represented at the last European CB
Convention in Elsbach, West Germany and
we encouraged our membersto take an active
interest in 27Mhz by listening and exchang-
ing “QSL” cards; in this way interest is
extended and not lost after a time. We at
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present have some 80 members, many of

~whom are licensed amateurs.

There are many who say CB is a bad thing.
Introduction in Germany recently (0.5W
12chs. 27 Mhz) has been an enormous
success, the model control fraternity have
their existing channels, and equipment has
to meet government (FTZ) approval to
ensure non-interference. Many CBers go on
to become radio amateurs.

CB means company for the sick and
disabled, for the old and infirm, for the
motorist, for mountain rescuers and national
disasters, and can be operated by citizens of
all ages. Is it not time we had a secondary
means of communication available to all in
the United Kingdom?

R. C. S. Withers, GSKZH, GCB009
Secretary UKCBC

Halesowen

WAS BAIRD FOOLING
THE PUBLIC?

R. W. Burns comments at length in your
issue of October 1976 regarding my letter
(April 1976) arising from the article by Dr.
Waddell, V. W. Smith and J. Sanderson
(January 1976). Other letters appeared in
Wireless World of June and August.

Being well aware of the events, I do not
choose the references to Baird publicity as a
history of his achievement. Headings such as
“Television Perfected (1926)”, “First public
demonstration Selfridges’ (1925), ‘Television,
first successful test of new apparatus’ (1926),
‘Radio motion pictures, now we see by radio’
(1926), etc., etc., belong to fiction rather than
technical reporting. According to Mr Burns,
as many as fifty Baird related articles can be
found in Wireless World over the period or
one each month. These were not, I think,
descriptive articles of Baird’s work, the
absence of such reports being the cause of
much complaint. An assurance that the
Selfridge demonstration would make full
disclosure, that questions would be ans-
wered and photographs permitted proved to
be a disappointment. Instead, the demon-
stration stand was boxed in, maybe for light
exclusion, though it was ascertained that
but a single revolving shaft provided both
scanning and viewing. There was no
synchronizing, no phasing and no photo-
sensitive device, the accepted essentials of
the Baird elementary system. Members of
the public, invited by posters to see
television, came in their numbers. They saw
images of thick black line drawings to the
accompaniment of a machine-generated
flicker. The audience was not impressed yet
misguided into believing that this was
television. Such is the history of one
important event, typical of others of 1925-28.

Broadcasting was bringing new enter-
prises into being. New capital issues to suit
inventors and investors filled much space in
the daily papers. Dr Waddell in his Wireless
World article, tells us that Baird filed no less
than 178 patents. These were made available
for constructor use by licence issued
through Television Press Ltd., a rather
unpalatable idea to experimenters, whatever
their interests.

Obviously, neither the Post Office nor the
B.B.C. would act in a way to support or
condemn. To cite the names of experienced
senior officials is inappropriate to the
1925/28 situation.

Mr Burns mentions photocell use. Selen-
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ium was unsuitable. The practical caesium
cell (GEE.C. and B.T.H.) was in common use
for picture transmission, sound on film,
alarm devices, etc. Baird, however, gave
attention to the soft potassium cell
(Cambridge SI Co) in uncertain combination
with a three-valve ex-service C M. Il
amplifier. As early as 1926 Baird revealed his
visual purple cell, first in confidence and
later mentioned in print through a
contributor. This biological cell shown in the
form of a 2 oz. glass container with a
colourless clear liquid is of no interest. It was
a stupid notion that dispelled belief in
genuine demonstration.

I trust that Mr Burns will see that I have
not consulted primary documents, unpub-
lished and published, as he recommends that
I should. So much was published yet so little
is known of essentials.

F. H. Haynes,
Overleat,
Bovey Tracey,
Devon

FUTURE OF TELEVISION

With the recent increase in TV display
sources, may | voice a plea for standardiza-
tion before we are presented with the
confusion that besets so many other aspects
of electronics today.

The television set is about to become the
main display unit of a variety of new
devices. To date the foremost is still off-air
material, but already available are “games”
of varying complexity; teletext decoders;
v.er. and vitrs and cameras. In the
foreseeable future we will also have the P.O.
Viewdata, microprocessors and display
memories (for short-term messages and
notes?); video synthesizers for use with
stereo hi-fi for sound-to-visual displays; and
gimmicks like 'phone and door-bell indica-
tion on screen, baby-alarms, alpha-rhythm
feedback, etc.

May [ therefore make the following
suggestions:

i) television sets as such be phased out in
favour of tuners and monitors;

ii) manufacturers adopt a standard video
and audio signal level. Video is already fairly
universal at 1V p-p, 7.3 video to sync,
earthed and unbalanced, negative sync.

A modular approach has several advan-
tages: expansion and improvements to an
individual's equipment is simplified; servic-
ing is easier and a faulty device will not
incapacitate the whole system.

May ! further suggest a central video/audio
switcher analogous to the contemporary
hi-fi amplifier. A simple switcher would be
mechanical, while a sophisticated unit may
include a processing amplifier to clean up
noisy signals, a simple colourizer for games
and displays. This unit will route signals
from tuner, v.c.r, memory, camera and
synthesizer to a suitable monitor and hi-fi
amplifer, or v.c.r., memory, etc.

Should this modular approach be adopted.
I would recommend manufacturers do so at
once before further development of the
“half-line” chassis type of power supply for
colour TV sets. Already v.c.rs sport every
conceivable combination of u.h.f. and video
inputs and outputs on a bizarre array of
plugs. Some games incorporate modulators,
others not. The excellent sound broadcast by
the television companies is still forced
through “toy” loudspeakers on even top
price colour sets.

I should just like to register my plea for a
little sane forward planning before the
domestic TV begins to incorporate odd
games or simple teletext and Dad still has to
change leads behind the set when the kids
want to play noughts and crosses with the
home computer or Mum wants to check the
microprocessed accounts.

Mike Feeney,
Morpeth,
Northumberland

In a recent letter by Dr D. A. Bell (October
“Letters”) entitled ‘The future of television’,
questions were asked regarding where and
when 3D. colour television would appear.
Mention was also made of discarded experi-
ments in 3D. colour television colour:
discarded by whom?

The question is not where and when such a
system will appear but rather when will it
re-appear. The first demonstration of such a
system was by John Logie Baird in London
during 19282 Professor Cheshire of
Imperial College, President of the Optical
Society of Britain stated in an article on
Baird’s system?, ‘a man sitting at the
transmitter was very clearly seen in the
receiver in another laboratory in the same
building, in perfect relief’. A colour demon-
stration with a c.r.t. receiver was given to the
Lord Selsdon TV Committee in 1934 and
colour television was given to cinema
audiences in London from late 1937 until the
outbreak of World War II. Baird, now
reduced to two assistants, Mr W. Oxbow and
Mr E. G. Anderson (still alive and well, in
Hythe) and no income, produced and
demonstrated in the garage of his bombed
house at Sydenham no less than six different
variations of 3D. colour television. Systems
included to 1000 line definition, all electronic
scanned, screen sizes to thirty inches by
twenty-four inches and 3D. imaging with and
without viewer glasses.

Wireless World and other magazines
favourably reported his demonstrations®. It
was little wonder that a record attendance of
over 600 attended Baird’s lecture on 3D.
colour television at the I.LR.E. in London,
November 1943. One article® referring to
Baird’s images, stated, ‘the images were in
colour as natural as any colour film . . . and
the effect of distance on the screen was quite
natural’. Baird was using the world’s first
multi-electron gun single c.r. tube receiver,
the “Telechrome”. The bandwidth used by
Baird was stated to be the same as that used
by the BBC in 1939 and Baird’s sets could also
receive the normal black and white BBC
images.

Regarding holographic 3D. colour tele-
vision, even with greatly reduced band-
widths, it may prove to be a sledgehammer to
crack a nut. Interesting military work on 3D.
colour displays, of a non-holographic nature,
is being presently undertaken and there may
be a spin off into civil television.

The Hankey Committee in their 1945 white
paper, referring to 3D. colour television,
clearly stated, ‘vigorous research on such a
system should begin immediately, staff are
available etc., the adopted system should not
embody any patented devices which might
be prejudicial to the general interest of
British manufacturers’. One wonders how
that statement bears comparison with the
existing state of affairs today. Since Baird,
until late 1945, was the only person to
publicly demonstrate such a system, the
Hankey Committee were in fact endorsing
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Baird’s system as the proposed new British
system. Baird’s premature death in 1946
removed all effective competition for 3D.
colour television.

Teletext is a descendant of Baird's 1944
facsimile television. Video recording is
descended from Baird’s video recording on
gramophone records (1926) and magnetic
discs (1927) and Baird also demonstrated the
first public colour television in July 1928.
Eurovision was preceded by Baird in the
Germany - Britain - Denmark - Holland link
(1929-1932), the Telstar satellite was preced-
ed by Baird’s transatlantic television of
February 1928 and for the future with
crowded bandwidths we should have tele-
vision over fibre optics, again pioneered by
Baird, of course, in 1926!

Dr P. Waddell,
East Kilbride,
Glasgow.
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CRYSTAL DETECTION

It says a great deal for the regard in which the
carborundum wireless detector was held
ca.1915, that a ship’s receiver was adequately
equipped with this kind of detector alone,
supposing its spares had not been stolen
(Sixty Years Ago, Wireless World, October
1976, page &1).

I have started to assemble a history of the
early years of the crystal detector, with
particular emphasis on the carborundum
detector because of its commercial impor-
tance. The most curious feature that has
come to my notice (K. Weedon, private
communication) is that patent applications
for crystal detectors (e.g. Dunwoody) and
articles and papers on crystal detectors
(Braun, Brandes, Pickard etc.) for use in
wireless, only begin to appear (1906) after
Fleming had publicly demonstrated the use
of his thermionic diode as a wireless detector
(Feb. 1905).

If readers of Wireless World have pertinent
information of any kind, particularly relating
to the first decade of this century, that would
amuse, instruct, or generally help to resolve
the enigmas of this topic, I should be grateful
if they would write to me.

Dr. D. P. C. Thackeray,
Dept. of Chemical Physics,
University of Surrey,
Guildford

MAGNETIC PICKUP
PREAMPLIFIER

——

It appears that Mr Wolfenden, in his
magnetic pick-up preamplifier design pub-
lished in your September issue, has ignored
the reason why designers have, in the past,
avoided placing a stage with gain before an
R.I.LA.A. equalization stage, namely the
problem of overload capability.
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R.LLA.A. equalization initially boosts sig-
nals at 20kHz by 20dB with respect to signals
at 1kHz; these subsequently receive 20dB less
gain than signals at 1kHz, in the preamplifier.
For this reason, high frequency (20kHz)
signals appear 20dB greater at the input and
output and ICI, than 1kHz signals and
therefore have 20dB less overload margin.
This leaves an overload margin of only 20dB
at 20kHz, which is not compatible with high
fidelity reproduction.

A. N. Barker,
Bradford-on-Avon,
Wilts.

Mr Wolfenden replies

Mr Barker appears to have only presented
part of the story. An examination of the
figures presented by S. Kelly (Wireless
World, Dec. 1969) shows that the maximum
theoretical velocity that a stylus with an
effective tip radius of 0.25 thou can attain is
approximately +18dB with reference to
5cm/sec (the chosen reference in my article),
and this occurs at a frequency of approxima-
tely 2kHz. Even this situation is unlikely to
arise since the maximum velocity accepted
by the recording industry is shown as being
approximately +9dB, occurring at a fre-
quency of about 3kHz. These peak levels are
well within the capabilities of the preampli-
fier and hence no overload problems should

This situation is born out by tradeability
figures published for some pick-ups. For a
Shure V15in a SME3009 arm tracking at 1gm
the figures quoted are 26cm/sec at 400Hz,
38cm/sec at 1kHz, 35cm/sec at 5kHz and
26cm/sec at 10kHz. These figures show the
expected peak at frequencies around 1kHz,
the maximum velocity being approximately
17.5dB above 5cm/sec.

It should be mentioned that this situation
in no way precludes the use of the high
frequency boost used during recording since
the energy content of a musical signal
declines rapidly above 1kHz and hence very
large stylus velocities are most unlikely to
occur. The use of pre-emphasis on recording
and de-emphasis on playback in this way
does, however, result in a reduction in noise
at the frequencies where it tends to be most
audible.

DIGITAL FILTER DESIGN

With reference to the article on digital filter
design which appeared in the October 1976
issue, there are one or two points which I
would like to make.

Firstly, there seems to be some confusion
over the title, which is given in the contents
as “Use your pocket calculator as a digital
filter” and in the article as “Programming a
microprocessor to act as a digital filter”. If a
calculator is to be used, then considerable
dexterity will be needed to operate the filter
program in real time!

Secondly, it is not clear from the article
that the two coefficients “a” and “e"™ are
constant and thus do not have to be
calculated in real time. The algorithm for the
first order low pass filter thus reduces to:

= A=a
y"—Ax""'B)’n—l (B=e_a.,. >

Where x, and y, are the input and output
“values at sample n and y, , is the previous
output value. Indeed, one of the virtues of

this digital filter is that the calculation only
consists of two multiplications and one
addition per sample.

Thirdly, the speed of the microprocessor
must be carefully considered. If we take high
quality speech with a bandwidth of 5kHz as a
typical input waveform, Nyquist’s sampling
theorem requires a minimum sample rate of
10kHz or a sample period of 100 microse-
conds. This means that two multiplications,
an addition and some housekeeping func-
tions (input/output, storing the last output
etc.) must be done in 100ps. The time problem
is exacerbated by the use of double precision
arithmetic to increase the resolution as the
most common microprocessor wordlength is
only eight bits. One particular microproces-
sor takes 46ps to perform a subroutine jump.
To be fair, this is the slowest but the example
serves to illustrate that microprocessors are
(with a few exceptions) really quite slow.

We will not see the combination of
microprocessors and digital filters until
cheap processors and stores which are an
order of magnitude faster are available.

J. Brazier,
Dept. of EE.S.,
Univ. of Essex,
Colchester.

PHASE IN THE EAR

I'should like to comment on Mr Neate’'s letter
in the October issue. He says that each fibre
in the basilar membrane of the ear has its
own natural frequency, responding only to
that frequency. Hence he argues that the ear
is not sensitive to phase. Also, he is seeking
an explanation for how the ear can insert a
missing fundamental when only the 2nd and
3rd harmonics can be heard.

The ear is a complex mechanism, but I will
try to describe both its mechanism and its
preceptiveness. Alternating air pressure is
converted into movement at the eardrum
and this is ‘geared down’' (i.e. amplitude
reduced, force increased) by a system of
small bones called ossicles, which move a
membrane, the oval window in the cochlea.
The cochlea is a helical tube filled with fluid,
and is shaped like a snail, with 3 turns. The
tube is divided along its length partly by a
bony shelf and partly be the basilar mem-
brane, but a small hole, the helicotrema of
area 0.25mm? which is situated at the centre
of the “snail”, connects the two chambers.
The basilar membrane carries the organ of
Costi which has hair cells connected to the
brain by several thousand nerves.

Forces applied through the oval window
set up wave motions in the fluid such that
transverse displacement occurs in the basilar
membrane. The position of maximum dis-
placement of the membrane corresponds to
the sound frequency, the position along the
length of the membrane being logarithmicly
related to frequency, with high frequencies
causing maximum displacement near the
oval window (i.e. at the wide end of the snail,
but the basilar membrane is narrowest at this
point, the remainder of the dividing wall
being formed by the bohy shelf).

From the foregoing description it would be
difficult to argue that the ear is similar to a
large number of very sharply tuned resonant
circuits. Measurements of the ear’s ability to
perceive sounds indicate a response time far
less than that which would be obtained by-
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sharply resonant circuits. The circuits seem
to be about criticially damped. The fine
discrimination of pitch possessed by most
people is achieved by analysis in the brain
itself, but approximately 200ms is needed for
accurate discrimination of pitch. The inten-
sity of a sound is signalled to the brain by the
number of impulses persecond (up to about
300) along the nerves. Also, nerve fibres
ending close to a given point on the basilar
membrane have a range of sensitivities.

Sounds reaching each ear will differ
1) In intensity
2) In time of arrival (transients)

3) In phase (continuous tones)

At a frequency of 700Hz, the spacing
between one’s ears is about %4 a wavelength,
and below this frequency phase differences
can be perceived, but such differences will
decrease with frequency.

Above 700Hz, the difference in intensity is
an important factor in determining the
location of a sound. Also, time differences of
less than 1ms can be perceived. Just how we
locate the direction of a sound is one of the
mysteries of the brain itself, but it is believed
that a process of cross-correlation takes
place between the signals from each ear. It is
interesting to note that frequencies below
100Hz are signalled to the brain by direct
modulation of the periodicity of nerve
impulses. There is no doubt that phase
information can be conveyed by this method
of signalling. However, phase differences
from a point source would be 25° or less at
such low frequencies.

From the above description of the hearing
process the aim should be

1) At frequencies above 700Hz, to
concentrate on balancing the frequency
response between the two (or more)
channels

2) At frequencies below 700Hz, to concen-
trate on balancing the phase response of
the channels

These two aims are far more important
than the overall frequency or phase response
from microphone to loudspeaker. The ear is
very poor at determining changes in the level
of sounds, so an overall frequency response
of +2dB should be undetectable provided the
various channels are balanced.

The ear has a limited ability to perceive
distortion products. For example a tone of
1200Hz at a level of 60 phons raises the
threshold of audibility of its 3rd harmonic by
10dB. Allowing for the lower threshold level
of these higher frequencies, this means that a
sound pressure level of about 6dB of 3rd
harmonic is required to overcome the
masking effect of 60dB sound pressure at
1200Hz. This means that low order harmonic
distortion of 0.2% is only just audible. At
higher sound levels the masking effect is
even greater, and at lower sound levels the
absolute threshold of hearing is the limit.

However, high order harmonic distortion
is more audible due to the decrease in the

“masking effect, and intermodulation differ-
ence frequencies are also audible due to the
rapid decrease in masking effect at fre-

quencies below the masking tone. Hence a

sound of 8dB pressure level at 500Hz could be

heard simultaneously with a sound of 100dB
pressure level at 1200Hz.

Thus intermodulation distortion of only
0.0025% could be heard under these circum-
stances. Although the ear can itself produce
distortion at high sound levels, the “Tartini”
effect described by Mr Neate is probably an
effect of the brain itself and not in the ear.
D. T. Ovens, B.A.(Cantab),

Havant,

Hampshire.
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Mobile radio communication—2

Aerials, equipment and systems used in the UK

by D. A. S. Drybrough, B.Sc., M.1.E.E., Drybrough Communications Ltd.

Allthe mobile radio services use vertical
polarization, basically because it is easy
to obtain an omni-directional polar
diagram with simple aerial configura-
tions. The standard low-band mobile
aerial is a quarter-wave whip, mounted
on the roof of the vehicle or some other
metallic ground plane as high as
possible above ground. In the higher
bands, collinear arrays or end-fed
half-wave aerials are usual. Low-profile
units, encased in tough plastic covers
are available for use when height is
limited.

Aerials for base stations are open or
folded half-wave elements, suitable for
mounting on tubular masts or lattice
towers. In the u.h.f. band, more gain is
usually necessary and arrays of
separate dipoles, mounted in a tapering

Fig. 4. Block diagram of typical
low-power a.m. mobile transceiver.

fibreglass tube or individually, are then
fitted. The last-mentioned may also be
so mounted that gain is obtained in both
horizontal and vertical planes. Direc-
tional aerials, usually of the Yagi type,.
are used for links and some discrimina-
tion against unwanted signals may be
obtained by using cross-polarization.

Portable set aerials are limited in
length by their environment and so
helical types, about 0.1 wavelength
long, are popular, despite their narrow
bandwidth and low efficiency. Body
absorption distorts the radiation pat-
tern of aerials mounted close to the
body and dips of 15 to 20db according to
band, are normal.

Attempts have recently been made to
reduce the amplitude of signal fluctua-
tions which are so evident when a
moving vehicle is involved. Trials have
shown that it is possible to reduce such
fluctuations from peaks of over 27dB to

15dB or less. Such aerials with their
associated circuitry are somewhat
expensive but may well be justified for
important long-range f.m. systems or
where data signalling is in use.

As systems multiply so the better sites
are becoming more and more crowded.
Some relief from the consequent maze
of aerials is sometimes achieved by
using multiplexing devices to combine
several transmitters or receivers from
one aerial.

Typical equipment

A block diagram of a typical low-power
a.m. mobile transceiver is given in Fig.
4. The receiver output signal to noise
ratio is at least 8dB for an input e.m.f.
of 1uV with 30% modulation and the.
unmodulated transmitter output is 6W,
averaged over the v.h.f. bands. All but
the heavier components are mounted
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on a single printed circuit board,
alongside which is fitted the transmitter
strip in a screened box. The whole
assembly is mounted in an aluminium
case with a plastic front bezel, flanged
to protect the controls without consti-
tuting a hazard in the event of an
accident to the vehicle. The loudspeaker
and microphone are connected to the
main unit by multiway leads, the latter
coiled to prevent it dangling round the
feet of the operator. A pair of heavier
leads connects the unit to the battery
supply of the vehicle.

The receiver is a single superhet with
an if. of 10.7MHz, shaped by a multi-
pole - crystal.- A peak-clipping noise
limiter precedes the dual-purpose audio
amplifier which feeds the loudspeaker
on receive or modulates the transmitter
on transmit. Operating controls are
limited to an on/off switch volume
control, channel selector and mute level
adjuster, all on the front panel of the
main unit, plus a press-to-talk switch on
the microphone. Current demand at 12
volts is about 250mA on full receive and
1.5A on transmit.

Public radiotelephone mobile units
are basically commercial high-power
fm. v.h.f. mobile units, modified to
meet the requirements of the UK Post
Office Radiophone service. They oper-
ate in the upper maritime band in one of
ten preset frequencies, one of which is a
control channel to which it returns after
a call. A mobile unit is simplex but the
base station is duplex. The selective
calling system adopted for this service is
similar to the maritime C.C.LR. system
but with different tone frequencies for
each digit of a five-unit code number.

Point-to-point radio links may be
employed by almost any type of service
to interconnect control points to distant
base stations when suitable telephone
lines are not available or would be too
expensive to install. The simplest instal-
lations comprise outward and return
links, using one radio-frequency chan-
nel in each direction, and carrying one
voice channel, possibly with some
superimposed tone or control sig-
nalling. These operate mainly in the
v.hf. and u.h.f. bands. More complex
‘systems, using ‘1 + 1’ multiplexing
circuits to provide two speech channels
or one speech channel plus many
signalling and control tones, usually
operate in the u.h.f. band, whereas
larger-capacity multichannel installa-
tions employ frequencies in the
470MHz, 1500MHz or s.h.f. bands.
Directional aerials confine radiations to
the required direction, and powers are
kept low in accordance with the type
approval specifications for these sys-
tems, which usually cover the perfor-
mance of complete installations as well
as of individual transmitters and
receivers. Link transmitters, at least for
the return path, usually radiate contin-
uously to enable supervisory signals to
be sent at all times to the control point.
When more than one speech channel, or

when speech combined with important’
data or control signals are carried, the
radio units are usually duplicated and
operated from low-voltage d.c. power
supplies, derived from storage batteries
with float-charging facilities to safe-
guard communication for at least the
time needed by a serviceman to reach
the base station and repair a power
fault.

In spaced-carrier systems, the control
point has to feed signals in several
directions simultaneously to its base
stations. The link transmitter in such
cases may have two or more parallel
output stages feeding two or more
directional aerials, arranged in such a
way that failure in one section has little
effect on the remainder. Except in
special cases, the frequency stability of
link transmitters and receivers need not
be higher than for normal base station
units but it is advisable for their audio
fidelity to be as high as possible to
minimise degradation of the signals
carried by them.

Paging systems
Probably the most important services
using the mobile radio bands but not
strictly mobile radio are the paging
services, in which one carries a receiver
which alerts the wearer when called by
a base station. There are many varia-
tions on the basic theme, ranging from
the fireman’s call system, in which
relatively large numbers of receivers are
alerted by each call, to systems in which
a few receivers are fitted to accept not
only individual calls but also several
different coded signals per call. In some
systems a verbal message is permitted
and in some a voice reply can be
transmitted using a very low power v.h.f.
or u.h.f. transmitter. Such systems are
scarcely paging systems as a reply by
radio is excluded in the C.C.L.R. defini-
tion. g

In addition to the many private
paging systems the Post Office is about
to open a service similar to that in the
Thames Valley area covering the Lon-
don area. Up to 100,000 rented pagers
will be catered for and calls will be
possible from anywhere in the UK. The
Home Office operates an extensive
system of paging for firemen, whereby a
selected crew can be called out for duty
at any time if they are within the range
of the high-band v.h.f. base stations
fitted at fire stations.

On-channel repeaters

It sometimes happens that a small but
important area within the nominal
coverage of a base station is not
adequately covered. By the use of
on-channel repeater techniques such
areas can be covered without involving
extra frequencies and without the
complication of the selective switch-
ing-in of transmitters and receivers. The
technique is based on achieving very
good front/back ratios for two aerials,
between which is interposed an ampli-
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fier. So far, such systems have been
confined to the u.h.f. band because of
the problems in achieving sufficiently
good isolation with small aerials in the
lower bands. The aerial looking towards
the main base station has high directi-
vity to exclude unwanted signals and
maximize pickup of the wanted signal.
The other aerial is arranged to cover the
required area’ which must overlap on
the beam of the first. Beamwidths of up
to 150° are practicable. A second set of-
similar aerials provides the return path,
the signals traversing this link in the
opposite direction.

Working gains of up to 90dB are
possible with a margin of stability to
guard against changes in effective
isolation between the aerials due to
aircraft and other movements or
changes to path losses. This gain, and
the auxiliary control functions, are not
readily obtainable by straight amplifi-’
cation and a drift-cancelling fre-
quency-changing system is used with
most gain at an i.f. of about 21.4MHz.
Great care is necessary in the design of
amplifiers for both inward and outward
paths. In the inward case, the input
signal is fairly constant and at a good
level, and the problems are to ensure
that the output to the second aerial does
not exceed the permitted power level
and that it contains the minimum
possible distortion products and noise.
In the return amplifier, the input signal
is variable and probably low in level,
and it is necessary to avoid re-transmit-
ting a very poor signal, or even just
noise, and so the gain of the amplifier
must not be allowed to rise so high that
oscillation takes place. In both cases,
spurious responses and emissions must
be low in the presence of an on-channel
signal. Repeaters may be used in
tandem, and can be extended to cover a
linear area such as a railway or a
motorway when the numbers of vehi-.
cles does not exceed the capacity of one
radio channel.

Selective signalling

The average land-mobile radio system,
consisting of a base station and 10-12
mobiles, is similar in essence to a party
line in telephone practice. It therefore
suffers from the same difficulties of lack
of privacy, of lack of guaranteed
immediate access and, to a rather
smaller extent, of limitation to the
numbers of subscribers who can share
the circuit. One school of thought
claims that the fact that all users in one
channel hear all messages on the
channel leads to very efficient use of
that channel because the users natural-
ly queue up and interject their messages
in breaks in traffic as they occur. This is
true if the users can all pay close and
continuous attention to traffic on the
channel for some time before making a
call, but this is not always possible and
could be time-wasting. A stream of
messages of no direct concern to the
listener can be very tiring to listen to
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and leads to inattention or to irritation,
with consequent action to reduce audio
level to the extent that intended calls
are missed. In such circumstances, and
where the channel is exclusive to one
user such as the power industries,
selective calling can be of great benefit.
The use of selective calling on shared
channels is not encouraged because the
calling tones could cause more irritation
to users not fitting the system than the
usual voice calling.

Alarge number of selective signalling
systems have been developed, and there
has been little standardisation in the
land services except that signals emit-
ted when calling must not exceed the
channel width allowed for speech. The
tones used for the codes may be in the
audio band or may be below it. When
subaudio tones are used, the bandwidth
available is narrow and so the spacing
between tones in a system with suffi-
cient code numbers for normal use has
to be very small. In the American EIA
system known as continuous tone-cod-
ed selective signalling, two groups of
tones are specified between 67 and

250.3Hz, 33 in all, with a ratio of about.

1.15:1 between successive tones in each
group.

Frequency stability of generators and
of detectors must be good, and small
reeds have been widely used to control
their frequencies with minimum
demands on space. This use of high-Q
factor circuits prevents rapid keying of
tones, and it is customary to switch the
calling tone on for the duration of a
transmission, so that it serves as an
unlocking signal rather than a code call.
This is specially useful when a mobile
wishes to call one of a number of control
points or base stations operating on the
same frequency, or when control wishes
to contact only one of several groups of
mobiles. Because of the narrow band-
width, modulation depth for the tone
can be low, and it can readily be filtered
out from the speech path.

Where a large number of alternative
codes are required, one of the many
systems using in-band tones must be
chosen, since there is little, if any, space
above the audio speech band in 12.5 kHz
channel systems. Popular choices are
the multiple, simultaneous-tone sys-
tems and the sequential tone systems.
The signalling time rarely exceeds 2s
and may be shorter than 0.5s and thus
does not use up excessive channel
airtime. In the maritime services, the
sequential tone system specified by the
CCIR is used both for v.h.f. and for m.f.
and h.f. calling.

This system is a sequence of five
digits, each represented by a specific
tone except when a digit is repeated in
the number, in which case an eleventh
tone is used to indicate second (repeat-
ed) digit. Each call is repeated twice,
and there is provision for the insertion
of additional information, such as the
identity of the calling station, between
the repeats. An ‘all station’ call is
possible by the transmission of the

whole series of ten tones in rapid
succession several times. In the inter-
national aeromobile service, the stan-
dard system consists of two pulses, each
of two simultaneous tones (Selcal). The
tones lie in the range 312-1047 Hz and
are modulated on the carrier to a total
depth of at least 60% at peak.

Area coverage systems and voting
When the area to be covered by one
v.hf. or u.h.f. system exceeds that
provided by one base station, special
arrangements can be made to obtain the
required result. One method is to
provide selector switches for several
base stations so that the operator can
choose the station which he thinks will
provide the best communication. As a
refinement on these arrangements, the
base-station receivers can be fitted with
a signal-level assessor which transmits
back to the operator a level-indicating
signal. Next, automatic means can be
provided at the control point for
selecting the best signal from the
outstations and switching it to the
operator (voting system), usually with
control of the associated transmitter.
Time constants are made short enough
to allow change from station to station
when signal levels change but not to
switch for normal fades lasting some
tens of milliseconds. The next step is to
activate all transmitters simultaneous-
ly, especially where there is a need to
reach all mobiles urgently.

The first successful method, proposed
by Brinkley in about 1946, was the a.m.
spaced-carrier method in which all the
transmitters operated in the same
channel but their carrier frequencies
were spaced by several Kkilohertz, a
spacing so chosen that the beat notes
produced in receivers when two or more
signals were received simultaneously
were at frequencies higher than the
unwanted audio band and could be
filtered out. This arrangement was
widely adopted by the police and
aeromobile services and is still in use
today, although the channel widths of
25 kHz now in force allow only three
carriers, spaced 6 or 8 kHz apart and
kept closely to these spacings by highly
stable crystal oscillators at each trans-
mitter.

Alternative f.m. systems were also
developed about the same time, using
synchronous or quasisynchronous car-
riers. Great care was taken to equalize
phase shifts in the links from control to
outstations and to make audio and
modulator responses alike for all trans-
mitters. In the early systems, the link
frequencies were used as reference
frequencies for the main area-coverage
carrier frequency. The outgoing link
carrier frequency was chosen to have
some simple numerical relationship,
such as 3/2, to the area-coverage carrier
frequency and so could easily be
translated to it by simple dividers and
multipliers.

Later systems have used rather less
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Base station assembly (Pye)

exact relationships and a stable offset
frequency has been added to obtain the
required carrier frequency. In other
schemes very stable crystal oscillators
generate the desired carrier frequency
at each outstation, and the oscillators
are set to yield carrier frequencies
within a few hertz of one another and of
the nominal frequency. Good results
have been obtained using such systems
in 25 kHz channels, and satisfactory
operation in 12.5 kHz channels has been
demonstrated.

Difficulties, in the shape of distorted
signals, are met in some areas of overlap
between coverage areas of two or more
base stations, but radiated powers can
sometimes be manipulated and aerial
directivities chosen to position such
poor areas where they cause least upset
to the service. In all cases, the mainten-
ance of equipment, once set up, mu.t be
of a high standard if good results are to
be sustained.

Under the aegis of the Home Office,
the University of Swansea has carried
out field trials of three alternative
area-coverage systems, simultaneously
in South Wales. The systems used were
the am. and f.m. systems based on
stable crystal oscillators and a similar
system using double-sideband dimin-
ished carrier (d.s.b.d.c.) modulation
which was selected by the university as
alikely alternative to the existing police
50kHz systems, usable in 25 kHz or
narrower channels. This system did
show good results but the a.m. system
was also acceptable and has been
developed into commercial installations
with good results. The work is continu-
ing with more emphasis on independent
sideband signals, especially for data
transmission,

Other simpler systems may be adopt-
ed where the area to be covered is
comparatively small. The on-channel
repeater system is one such arrange-
ment, and Fig. 5. shows one large
system which uses several o.c.rs, in one
case two in tandem, to help cover the
Greater London area.
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Where permitted by authority — and
permission is generally restricted to
thinly populated areas with a low
density of radio systems - hill-top
repeaters may be used to extend
coverage for mobile-to-mobile working
or for mobile to a ‘fixed mobile’ used as a
control point. It is highly desirable that
a specific unlocking code be provided
for each repeater, since their high sites
may be subjected to many cochannel
interfering signals from distant instal-
lations. Subaudio tones are often used
for this-purpose.

In future it is possible that satellites
may be used by the more important
services covering very large areas. Such
satellites are already under intensive
study for maritime and aeromobile-
communication services. They will also
provide navigational information and
rescue facilities which will be of great
value in these services. Frequencies in
the L band, around 1500 MHz, have
already been allocated for these satellite
services. Designs for shipboard equip-
ment are available, and operational
systems are in an advanced planning
stage.

Cellular systems
Public radiotelephone services require

better than average coverage over wide’

areas. Once contact has been estab-
lished between a mobile and a base
station connected to the public tele-

phone network it should preferably not
be broken during the conversation,
however far the mobile travels in that
period. On the other hand, the maxi-
mum number of conversations should
be handled by the available channels.
One system of achieving these ends is
the ‘cellular’ system in which groups of
cells, each tailored in area to suit local
conditions, use a small group of fre-
quencies which are repeated for other
groups of cells not far removed geogra-
phically. Base stations are of low power
to reduce cochannel interference and
cell sizes are very small, about 1.5 to 10
km radius, to ensure capture within the
cell by the local transmitter. Cell radii
are chosen to cater for average
journeys within them but a ‘hand-off’
system is provided, by computerized
control of the base stations, so that the
mobile is passed automatically from one
cell to another when signals materially
change in level. No system of this type is
yet installed in the UK but its attractive
frequency economy has made it the
subject of recent study.

Interrogating systems
The power industry operates interro-
gating systems for the collection of data

Fig. 5. Typical use of “on-channel
repeaters” in an area-coverage system
for Greater London.

[ uhf base station
-{> On-channel repeater
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from outstations, some of which may be
fixed and located at fairly inaccessible
points and some, especially in other
applications such as in public transport,
may be mobile, e.g. in buses. A central
base station sends out a selective call to
each outstation in turn and receives
from each the data stored in a memory
at that point and sent, with an identify-
ing code, back to base. A similar system
is under study and experimental inves-
tigation by the Home Office for the
rapid transfer of data to and from police
vehicles.

Because these fleets of vehicles can be
large, and rapid updating of information
is desirable, fairly high data rates are
necessary, and systems working at

‘around 1200 bauds are under test. Such

systems would feed into automatic
displays and recording systems at the
control point and into the police
computer. One of the facilities under
study is the provision of a vehicle-loca-
tion map, kept constantly up to date by
signals from each vehicle according to
data entered by the driver, possibly on a
gridded touch map of the area.

Other systems

Data transmission. Although a mobile
radio system is very far from the ideal
medium over which to transmit data
signals, pressure on the available radio-
spectrum is high and the saving in time
to be achieved through the use of data is
too great to be ignored. Equipment and
systems specifically designed for data
transmission have therefore increased
greatly in numbers in recent years and
are proving their value in all but the
simplest schemes. Problems of flutter
and noise are still not fully solved and
signal levels higher than could be used
for speech signals are often necessary to
guarantee reliable results. Some sys-
tems manage to combine speech with
data signals by inserting the latter in a -
slot filtered out of the speech band, but
data rates are then necessarily slow.
Automation is also being applied in
another area, that of base station
control. The choice of the best signal
and the best transmission path can be
made by computer instead of by an
operator, leading to economies in
systems in which a number of people
may wish to contact mobile stations.

Leaky-cable systems Recently, a partial
answer has been found to the problem
of transmitting radio signals down
tunnels or in severely screened areas. It
has been found that the signals leaking,
from a cable laid along the tunnel can be
received by portable sets of standard
design up to a few metres from that
cable. Transmissions from the portable
sets is also transmitted by the cableto a
receiver coupled to it at a suitable point.
Tunnels many kilometres long can be
covered by using several cables in
series, possibly with a return link by
telephone line above ground.

(To be continued)
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Remote control servo

An alternative design to that proposed in M. F. Bessant's article
on multichannel proportional control

by J. H. Cook

In a time-division multiplex system, the +5V motor
command to an individual servo ampli-
fier has to be expanded so that the
motor current will be sustained in the
interval between commands, which in
this case is approximately 20
milliseconds.

In the original design' this expansion
is realised by charging Cg during the
control pulse and maintenance of this
charge keeps the motor turning. In
practice, the charge leaks away after
about 5 milliseconds. This causes the
motor to turn slowly, since it is not
supplied with current for most of the
cycle time. Another disadvantage is
that, as the servo nears its end point the
puise charging C; becomes narrower;.
hence, there is less charge on Cg and the
servo movement is even slower. In-
creasing the value of Cg to 4.7 uF. causes
the servo to move faster but then the
dead space becomes impractically wide
and renders small, accurate movements
of the servo impossible.

New design

The present circuit completely separ-
ates the mechanisms which set the dead
space and which ensure that the motor
is driven hard even when it is near its
end point. It can be seen from the circuit
in Fig. 1 that it is developed from the
original and 1,, G4 and G, in Fig. 1 are
equivalent to I, G, and G, in the original.
G; and Gg, G; and Gg, G, and G,,, Gy;
and G,, form set-reset latches, while I,
and G;, I, and G; I; and G, give
negative-going pulses on a positive-go-
ing edge?. I, and G, are similar but the
pulse length is longer and variable. This
pair acts as a monostable which is used
to set the dead space time.

It is necessary for G,5 and G4 to be
open-collector gates and one package Iy
can be saved by also making Gy and G,
open-collector gates, providing them 12
with 1k resistors at their outputs. Channel X
These four gates are in an SN740IN

package. The rest of the gates are in
Channel X =1 e ' . % Q

15

10 W S 4,

SN74121N 5

©

10n

Fig 1. Circuit of improved servo design. ;;)
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Fig 2. Waveforms when servo is sta-
tionary.

SN7400N packages and the inverters
are an SN7404N.

Channel X is the channel currently
controlling the servo and channel X-1
is the previous channel. If X is the first
information channel, then X-1 is the
synchronizing pulse.

The functioning of the servo circuit
can best be followed by study of the
waveforms at the points marked in
lower case letters in Fig.l. These
waveforms are shown in Figs. 2, 3 and 4
for different states of the servo; b, g, h,
and i are shown longer than they
actually are for clarity. Pulse b is
derived from a as explained above and
resets all the set-reset latches, while ¢ is
the control pulse for the servo.

Fig. 2 shows the waveforms when the
servo is stationary. For the motor to
turn there must be a negative going
pulse at either m or 1 to set one of the
latches G,;, G;, or G;3, G,,. In the
conditions as in Fig. 2 neither of these
things happen. It is arranged that k
becomes logic 0 before d becomes logic
1. If both these are switched “simultan-
eously,” there is sufficient propagation.
delay through the gates for a momen-
tary pulse to be present at m, enough to
set Gy, G),. It is also arranged that d
reverts to logic 0 before k becomes logic
1, again to ensure no pulse at m. (The
same applies to e, j, i, G;; and G,,.)
Hence both q and r remain at logic 1 and
the motor does not move.

Fig. 3 shows the waveforms when the
input pulse length at ¢ is shorter than

f
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Fig 3. Waveforms when input pulse
length at c is shorter than the output
pulse length from the monostable
SN7412IN.

the output pulse length from the
monostable SN74121N. In this case, j
will revert to logic | before e becomes
logic 0. Therefore a negative-going
pulse will appear at l. This will set the
G,3 G4 latch, which will cause nto go to

. logic I and r to become logic 0. This will

turn on the motor, which will turn until
the conditions in Fig. 3 prevail, when
the motor will stop.

It can be seen that once the set-reset
latch is set it will remain set for nearly
the whole cycle time (20 milliseconds).
It does not matter how short the pulse
at 1 is, which means that the motor
speed is independent of the distance
from the end point.

Fig. 4 shows the waveforms when the
output pulse from the monostable
SN74121N plus LG, is shorter than the
control pulse at ¢. In this case the servo
is driven in the opposite direction, in a
similar manner to that described above.

The dead space is adjusted by setting
the 220 ohm trimmer to as small a value
as possible compatible with the servo
not hunting.
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Repairing semiconductors

On page 52 of the November 1976 issue we
published a letter from a reader who had
found it possible to remove the protective
casings from some defective transistors and
effect repairs. We have since received a
number of letters pointing out that many
semiconductor devices contain poisonous
substances. The danger of beryllium oxide
poisoning particularly concerned readers. It
appears that semiconductor manufacturers
are aware of this and other dangers —
beryllium oxide is only one of many toxic
substances used in semiconductors. At least
one manufacturer, concerned about his
liabilities under the Health and Safety ut
Work Act, wrote to his customers in October
to point out that the dangers from breakage
in use and disposal, though small, did exist
and were worthy of the customer’s attention.
The equipment maker is responsible for any
such danger and would normally be obliged
to label the product accordingly. In the case
of semiconductor components, however,
there is usually no room for a label.

In view of all this we must strongly advise
against any tampering with the packaging of
transistors. We thank those who drew our
attention to the problem.
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New portable DMMs.

Only Fluke make them-
only ITTsell them.

New Fluke DMMs Fluke have
introduced two new digital
multimeters. That is big news in
tself, because when you are already
producing the best selling
instruments on the market, how do
you bring off another success?

The answer has beentotake an
outstanding specification and shrink
it into a truly portable instrument.

True RMS a.c. Tnis is the most
important feature — especially when
you realise that it 1s incorporated
ina battery operated instrument that
measures lessthan 6 x 5 x 2% in. and
weighs only 2'» Ib. It means that you

.cantake lab. gquality measurement
out inthe field, free from the shackles
of size, weight and power points.

Two versions — 8030 & 8040
Both models offer five ranges over

five measurement functions and
inClude autozero. The 80301sa 3'»
digit instrument with a useful diode
test facility. The 8040 has 4. digits
and incorporates autoranging.

The only way to buy Both
these briefcase sized DMMs are |
available fromiTT Instrument
Services; and from nobody else, not |
even from Fluke. Which brings
together the best sellers among |
portable DMMs and the biggest
name in the instrument distribution I
business. That means no-delay |

| Fillin this coupon for your (:opyof_I

the data sheet on the 8030 and |
8040 and send it to:

ITT Instrument Services.
Edinburgh Way, Harlow, Essex.

Company - -

Address .
telephone ordering, streamlined I
internal processing, and delivery
from stock.

Ask for a spec. sheet now. Or
better still, get ITT to arrange a demo.
You will be more amazed by the
performance than the price’

TeiNo . . __

ITT

The only way to buy.
_Harlow (0279) 29522,
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Motorola introduces
POLYVALENT

Development System.

A brand new low-budget, multi-purpose micro-
processor development tool, complete with CRT.

ldeal for serious experimentation and systems
development.

Acts as a terminal for the EXORciser.

Developed in Europe for the markets of
Europe.

Why Polyvalent?
1. It's modular.
Buy only the part you need and add to it.
2. It has many uses:-
a. To evaluate the M6800 family.
b. As a total development system.
c. As the multi-terminal.
3. 8 components available in several combinations,
or separately:-
@ Stand-alone computer on a single board.
@® Display interface module (unique interface with
a TV system).
@ Internal connecting cable sets.
@ 5’ display monitor. Medium speed printer (not
shown) at a separate cost of £6117

T PRI,
e e i mﬁ :

@ Bus system card.

@ Minibug.

@ Input/output supervisor.

Price for this Autonomous Development System (all
components, except medium speed printer) £771.*
For further details, contact us today.

MOTOROLA Semiconductors

Motorola Ltd., Semiconductor Products Division,
York House, Empire Way, Wembley. Tel: 01-902 8836.
UK DISTRIBUTORS

Celdis Limited, Reading. Tel: (0734) 582211.

Cramer Electronics, Ealing. Tel: (O1) 579 3001.

GDS (Sales) Limited, Slough. Tel: (75) 31222.

ITT Components, Harlow. Tel: (0279) 26777.

Jermyn Industries, Sevenoaks. Tel: (0732) 50144.
Lock Distribution, Oldham. Tel: (061) 6520431.
Semicomps Limited, St. Albans. Tel: (61) 24522,

*Recommended resale price. Subject to currency change. VAT extra.

WW — 106 FOR FURTHER DETAILS
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Motorola offers
a complete
Microprocessor |

library for

just £13:-50

Three books for the price of two.

This library comprises:— i
1. M6800 Microprocessor il

Programming Manual
(worth £3.75.)

2. M6800 Microprocessor |
Applications Manual
(worth £9.50.)

3. Understanding
Microprocessors

| 3. (worth £2.75)

as published

in Electronics

With Motorola's compiete MPU library at
your disposal you're equipped to make your
next move into Microprocessors

Please send me- and invoiC2 my company

[J THE COMPLETE LIBRARY £13.50*

O me800 Programming Manuatonly £3.75*

[J me800 Applications Manua only £9.50*

O Understanding Microprocessors only £2.75*
“( p&p extra)

Name

Company

Address

MOTOROLA

g Semiconductors

Motorolaltd.. Semiconductor Products Division,
York House. Empire Way. Wembdiey Tel No: 01-902 8836

WW — 088 FOR FURTHER DETAILS
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How to make
the most of your
free time.

& Heathkit
¢/ make the world's

4V largest range of
7' electronic Kits.

/ Including hi-fi,
4/ amateur radio, test
¢/ equipment and general
" interest Kits.

Every one of which comes to you
absolutely complete—right down to the last
nut and bolt.

You'll also get a very easy to understand
instruction manual that takes you step by
step through the assembly.

So, besides making an attractive, useful
piece of equipment,youll also ~
have the makings of a
satisfying, rewarding hobby. 2

To find out more, post "<
the coupon well send you
our latest catalogue.
Heath (Gloucester) Ltd.,
DeptWW-126,Bristol Rd.,%
Gloucester, GL2 6EE.
Tel: Glos (0452) 29451

HEATHKIT

BETTER BUILT BECAUSE YOU BUILD IT YOURSELF

IT'he new Heathkit catalogue.Out now FREE. |
To: Heath (Gloucester) Ltd., Dept WW-126, Gloucester,
GL2 6EE. Please send me my Heathkit catalogue.

I enclose an 11p stamp for postage.

Schiumberger

Name
Address

I Postcode I

Showrooms at 233 Tottenham Court Road.
London and Bristol Road, Gloucester.
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We have the right contacts

In fact we think one can never do enough ITT Electronic Services Ltd.
to be near customers. That’s why we i Edinburgh Way, Harlow, Essex.
always do our utmost to F: Tel: (0279) 26777
make our distribution /E]HEE 30 Denmark Strect, Bristol
network tighter, more efficient. L Tel: (0272) 290125
Both through our sales e kncoony ) 142 Phibsborough Road, Dublin.
office - for the larger Tel: Dublin 307522
supplies - and through our franchlsed 62 High Street, Johnstone,
distributors. The following is a list of Renfrewshire. Tel: Johnstone 24357
our contacts with you in the U.K. and Eire. 56 Welford Road, Leicester.
Distributors: Distronic Ltd. § Tel: (0533) 548292

50/51 Burnt Mill, Harlow, Essex. 110 Corn Exchange, Manchester.
Tel: (0279) 32947. Tel: (061) 834-7827
Electronic Component Supplies Ltd. Quamndon Electronics (Semiconductors) Ltd.
Thames Avenue, Windsor, Berks. Slack Lane, Derby.
Tel: (07535) 68101 Tel: (0332) 32651

24 Broughton Street, Manchester.
Tel: (061) 831-7428

192 Moulsham Strect, Chelmsford, Essex.
Tol: 0245) 69543 And that’s why

Hawnt Electronics Ltd.
Firswood Road, Birmingham. [ —] = AlTES
Tel: (021) 784-2485 ...!

SGS-ATES (UK) Ltd. Aylesbury, Tel: (0296) 5977

e o v

WW—066 FOR FURTHER DETAILS
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Earthing, shielding and filtering

problems

4 —Magnetic pickup problems

by R. C. Marshall, M.A., M.I.E.E. Xerox Research (UK) Ltd.

Problems resulting from ineffective
or insufficient grounding, shielding or
filtering are not easily anticipated or
understood, yet this is one of the
least-taught aspects of the electronic
engineer's art. Difficulties arise from
components not shown on circuit
diagrams, modes of operation not
contemplated by the designer and,
worst of all, several such modes
operating at the same time. Cure of
one mode may not eliminate the
symptom — only when all spurious
couplings are removed at the same
time will correct operation occur.

Magnetic coupling is a problem in
low frequency, low impedance sys-
tems. The relevant distinctive design
techniques are discussed in this, the
last article of the present series.

Current flow around one circuit
induces a voltage in series with another
circuit in accordance with the laws of
electromagnetism. The effect exceeds
electrostatic couplings only in low
impedance, low frequency circuits.
Power supplies, dynamic microphones
and industrial magnetic transducers
are commonly involved. White'" has
concluded that for frequencies below
100kHz, magnetic coupling will be
dominant if the product of the impe-
dance of culprit and victim circuits is
less than 3000hm?, and electric coupling
will be the major effect if the impedance
product exceeds a value of 10,0000hm?.
The exact breakpoint depends on the
circuit geometry.

Case §

Situation: Two circuits running adja-
cent to one another as in Fig. 8(a).
Symptom: Signal transferred from one
circuit to the other, despite non-ferrous
shielding.

Problem: Inductive coupling (that is,
transformer action) between current
flow in the source circuit loop and the
receiving circuit loop'.

Cures: Reduce the area of either loop,
thus reducing the flux generated or

é
:

(a)

38088
—

linking the receiving loop. This can be
done by careful layout particulariy of
printed circuit boards, by avoiding
ground returns and by twisting
together go and return conductors’®
see Fig. 8(b).

Separate power and signal cables into
distinct bundles.

Re-route cables.

Enclose ground and return conductors
together in one magnetic shield, such as
steel conduit or a lapping of high-per-
meability magnetic tape.

Case9

Situation: Two circuits adjacent to one
another, one involving a transformer,
motor, saturable reactor, relay, or
electromagnetic transducer. These may
be physically separate from each other.
Symptom: Signals, particularly at

supply frequency, are transferred from
one circuit to the other, despite
non-ferrous shielding.

Cures: Reduce loop areas. Separate or
shield cables as in case 8.

Shield transformer with magnetic
material'®. Attenuation of 30 to 60dB
at 50Hz is normal. Copper or alumin-
ium boxes only provide such
attenuation at 10kHz and above, but
will be useful for high-frequency power
transformers and line-scan components
for cathode ray tubes.

To be effective, magnetic shielding
boxes should be made of high permea-
bility material, and be of small physical
size. They are therefore best used
around signal transformers rather than
power transformers. To preserve the
high permeability, these shields should
not be bent, cut or drilled after
annealing. Joins should be overlapped.

Two concentric magnetic shields are
much less prone to poor performance
caused by leakage at joints. One shield
will also protect the other from satura-
tion, allowing the use there of a very
high permeability alloy.

Provide a thick copper shading ring
around the whole transformer, coaxial
with the windings. Unlike a magnetic
material, this cannot be saturated, but
attenuation is limited. However, the
technique is used in American TV
receivers.

Were there are transformers in each
circuit, orient them so that there is
minimum coupling. Likewise, in the
vicinity of cathode ray tubes trans-
formers should be so positioned that
their stray field is along to the electron
beam.

Often the transformers will be in
different pieces of equipment and this
technique cannot be used. (Try stand-
ing an audio pre-amplifier on top of a
large constant voltage transformer!).
Use a uniformly-wound toroidal trans-
former or a balanced construction such
as the double-bobbin transformer of
Fig. 9.

Avoid the use of signal transformers
by using amplifiers with balanced
inputs.

Concluded on page 66
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primary 1
ondary 1

\, sec

I.' primary 2
secondary 2

__Avoid the use of saturating power

devices such as megnetic amplifiers and
constant-voltage transformers.

Conclusion

The four articles are a brief survey
of a wide subject, intended to ease.
design synthesis and problem solving.
Sometimes this seems a black magic
subject, but the magic lies in being
methodical and considering all sources
of interference, abd being careful to
solve one problem without causing
another.

Where a design comes close to the

limits of what is possible, reference
should be made to the bibliography.
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scheme is optional for all circuit
grounding schemes. Balancing a circuit
gives about a fold improvement.
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Sussex.
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A wall-chart of U.S. minicomputer makers
and their equipment available in the UK is
being distributed free. Forty companies are
listed and the tabular information is con-
cerned with c.p.u., 170, main memory,
software, peripherals and prices. The chart
can be obtained from Computer Automation,
Hertford House, Denham Way, Maple Cross,
Rickmansworth, Herts WD3 2XD .. WwW401

Voltage regulators are the subject of a
booklet, sent to us by Lambda. Devices are
available in TO-100, TO-23 or chassis-
mounting package, covering the range
150mA-30A and up to 30V. The address is
Lambda Electronics Ltd, Abbey Barn Road,
High Wycombe, Bucks............ WwW402

A c.m.os. data book, part of Motorola’s
Semiconductor Data Library, is now availa-
ble. In 566 pages, the book gives full
specifications of 13 series components and
includes information on réliability and han-
dling. It is obtainable from Motorola fran-
chised distributors at £2.50.

Measuring instruments, repair and calibra-
tion services offered by Euro Electronic
Instruments are described in a new brochure,
which can be had from Shirley House, 27
Camden Road, London NWIE 1YE . WW403

A a.m. signal generator, the SG2000 from
Advance, is described in a new leaflet.
Frequency range is 160kHz to 230MHz and
leakage radiation is quoted as less than 1
microvolt below and better than 3uV above
35MHz. The leaflet is obtainable from Gould
Advance Ltd, Roebuck Road, Hainault, Essex

................................ WW404

Moving-coil meters and accessories are
shown in a brochure, sent to us by BPL. Four
ranges of instruments are described, includ-

ing the sub-miniature full-scale movement.
BPL, who are approved to Defence Standard
05-24, are at Radlett, Herts, WD7 7HJ.
WWwW405
Paper tape formats for the programming of
p.r.o.ms and field-programmable logic arrays
are specified in a leaflet from Rapid Recall.
ASCII/hexadecimal, ASCIlI/octal, binary
and BPNF formats are described for p.r.o.ms
and binary and ASCII/hexadecimal for
f.p.l.as. Rapid Recall Ltd, 9 Betterton Street,
Drury Lane, London WC2H 9BS ... WW406

The Newport series of electromagnets are
illustrated and specified by Oxford Instru-
ments in a new brochure, NEM10. The
magnets are designed for wide application in
industry and in teaching. Oxford
Instruments, Osney Mead, Oxford, OX2
ODX .. e WWwW407

High-reliability devices is the title of a data
book from RCA, which describes c.m.o.s. and
bipolar integrated circuits, m.o.s.f.e.t.
devices, low and high-frequency power

_transistors, thyristors and triacs for applica-

tions where reliability is essential and appli-
cation note abstracts are included. The book
is available from RCA Ltd, Solid State —
Europe, Sunbury-on-Thames, Middlesex.

Linear transducers of both potentiometric
and differential-transformer types are made
by Penny and Giles, who describe the range
in a new publication. Full mechanical and
electrical information is included. Penny and
Giles Ltd, Mudeford, Christchurch,
Dorset ............. ..o WwW408

BSI has just published BS 5394 - Radio
interference limits and measurements for
lighting equipment: Part 1 Luminaries for
tubular fluorescent lamps. This is another in
the series of specifications dealing with the
abatement of radio interference. It is divided
into three parts, Part 1 dealing with radio
interference from fluorescent lighting equip-
ment. The other two parts are still under
consideration. BS 5394 may be obtained from
BSI Sales Department, 101 Pentonville Road,
London N1 9ND. Price £2.40.
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HF predictions
predictions

As previously reported there were first signs
of a new sunspot cycle in September and
October of 1975 but no further evidence
appeared until March 1976. The new cycle
does now seem to be firmly established.
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Optical fibre communication — 2

Transmission equipment for field demonstration

by M. Ramsay, A. W. Horsley and R. E. Epworth Standard Telecommunication Laboratories Ltd

The introduction of an optical-fibre
communication system into an exist-
ing network is possibly a more
far-reaching step than any that has
been taken since the inception of
these networks. Because of this, a
great deal of engineering confidence
has still to be established. A large-
scale field demonstration could
achieve this, but many sub-systems
must be engineered before this can be
held. With careful design, such a
demonstration will assist in determin-
ing the targets to be set for a field
trial.

This article (part 1 appeared in the
November issue) describes work
being carried out to produce the key
sub-systems which will enable realis-
tic field demonstrations to be mount-
ed, thus paving the way to field trials
of optical fibre communication sys-
tems.
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Fig. 3. CW laser output versus drive
characteristic shows almost linear
relation for an l.e.d. and abrupt
threshold for laser.

Optical transmitter

The drive requirements for l.e.ds and
lasers differ considerably; l.e.ds have a
light versus current characteristic that
is nominally linear, whereas lasers
produce little light until the current
reaches a threshold. Above that current
the light output increases very rapidly
for a small increase in current, full
output being obtained with typically
about 20mA additional current (Fig. 3).
The laser threshold might typically be
150mA; therefore such a laser would
require 160 +10mA direct modulation
current. On the other hand, l.e.ds are
simpler to drive but require a high
modulation current.

When lasers are modulated at high bit
rates, it is very important that the laser
never be allowed to fall below threshold,
e.g. during the zero level in a binary
signal. The reasons are twofold. Firstly,
lasers exhibit a turn-on delay of several
nanoseconds when driven from below
threshold and this would cause consi-
derable intersymbol interference, parti-
cularly for a non-return-to-zero (n.r.z.)
code?’. Secondly, when low dispersion
fibres are used, material dispersion
becomes significant. This is a function
of source spectral width, and Iasers
driven from below threshold with short

Fig. 4. Variation of spectral width of
laser biased just above threshold (a)
and just below (b) (after Selway &
Goodwin, see ref. 28).

e e

(a)

pulses exhibit spectrat widths of 3nm or
so, whereas biasing above threshold en-
sures spectral widths of only 0.5nm®;
and thus minimizes material dispersion
see Fig. 4.

If the laser bias is set too high there is
the possibility of damage due to the high
optical power levels. Also, operation at
high power levels is often associated
with excessive laser noise. The range of
operation of the laser must be tightly
controlled if its advantages are to be
used to full effect. The laser threshold
increases with temperature and life, and
varies from device to device, so it is
essential in any practical system to
provide optical feedback to control the
laser bias. This can be done by moni-
toring a fraction of the light from the
laser with a photodetector, and com-
paring the output with a reference
which sets the demanded light output,
then feeding back to increase or
decrease the bias current accordingly.
Thus the bias current is made to track
any variations in threshold. A current
limit may be incorporated to prevent
excessive current being drawn and to
allow the signalling of incipient laser
failure towards the end of its life.

The same variations that occur in
laser threshold also apply to the laser
slope efficiency. These can also be
corrected by a second feedback loop in
which the modulation depth is mea-
sured, compared with a reference and
the error signal fed back to adjust the
modulation current appropriately” (Fig.

e

<———2nm

(b)
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Fig. 5. Feedback from laser output
ensures correct laser bias despite
variations in threshold due to
temperature effects and ageing.

5). This second loop requires a wide-
band detector and amplifier to the
monitor, whereas the first loop alone
would only require a slow detector. One
detector can provide the monitor signal
for both feedback loops. The end result
is an optical transmitter with a normal-
ized output level, analogous to the
normalized output voltage of the con-
ventional cable driver circuit.

Optical receiver

Avalanche photodetectors have been
chosen for the field demonstration as
they offer higher sensitivities than p-i-n
diodes at high bit rates, for the reasons
outlined in part 1. A further advantage
is that the amplitude of the electrical
signals at the amplifier input will be
larger than with a p-i-n diode, resulting
in increased immunity to electrical
pickup and crosstalk.

Avalanche photodiodes have two
main disadvantages: first, they may
exhibit tailing, i.e. the frequency
response may not be flat, and this will
require  equalization. There are
“reach-through” a.p.ds # in which the
tailing problem has been overcome but
these are more expensive. The second
disadvantage is the need for a high
voltage supply. Typical a.p.ds require a
bias voltage in the range 100 to 500volts
for optimum operation which varies
with temperature.

There is a great reluctance to use high
voltages in PTT systems, but a closer
consideration of the requirements sug-
gests that there should be no problem.
The diode requires only a few
microamperes of current and this can be
provided by a small, low consumption
d.c. converter. This, together with a
temperature-compensated voltage
regulator and the diode itself, could be
mounted in a sealed module (Fig. 6).
Such a module could contain the

l
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following amplifier and the detector
equalization and therefore becomes a
complete optical receiver module.

The avalanche gain characteristic is
such that the bias can be varied to
control the gain thus enabling manual

Fig. 6. Optical receiver could include
d.c. converter and temperature
compensation in sealed module.
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or automatic gain control (Fig. 7). In its
simplest form, the bias supply has a
high source resistance R, (Fig. 8). When
more light falls on the detector, the
current increases, the bias voltage drops
and hence the gain falls, decreasing the
current. Conversely, when the optical
power decreases, the gain increases. If
R, is infinite, the a.p.d. is biased with a
constant-current source. This could be
set to I = I, Ag,, where L is the
pn'mary photocurrent (A = 1) produced
by the minimum optical signal, and Aop,'
is the optimum avalanche gain. Such a
biasing technique will produce a flat
a.g.c. response over the range of the
avalanche gain, the two limits being the
point at which the gain falls to unity on
larger signals (the diode will saturate’
unless clamped with a diode) and when
the optical power falls to zero in which
case all the current will be produced by
microplasmas.

One novel means of providing this
current source is to use a second
photodiode, with no avalanche effects
over the range of voltages considered,
placed between the bias supply and the
a.p.d. and illuminated with an adjust-
able light source (Fig. 9).

Throughout this discussion it has
been assumed that there is no back-
ground illumination. In practice this
ambient illumination can be eliminated

Low volts
Temperature I input
compensated < gic X <
’ I regulator converter I
] |
| ( ‘ |
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Fig. 7. Avalanche photodiode
characteristic allows manual or
automatic gain control by bias
variation.

Low
noise
amplifier

Fig. 8. Gain control of a.p.d. using high
source resistance gives flat a.g.c.
response.
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but there may be some detector leakage
which must be taken into account.

The choice of low noise amplifier
design depends on the information
transmission rate. The photodetector
basically looks like a current source
shunted with junction capacitance. This
capacitance can be made very small as
the detector area required is extremely
small., Trans-impedance bipolar ampli-
fiers offering a low input impedance are
suitable for higher bit rates, whereas
high impedance f.e.t. amplifiers and
variouspre-emphasis/post-amplifica-
tion de-emphasis techniques are suit-
able for lower bit rates.

If required, equalization of detector
tailing can usually be achieved with a
simple RC network but this may have to
be tailored to the individual photodiode.

The performance achieved by several
optical receivers for binary transmis-
sions is already close to the theoretical
limits set by the Poisson distribution of
photon arrival time; therefore it is
unlikely that there will be any dramatic
performance improvements in this area.
It is more likely that the high-sensitivity
laboratory receivers of today will be
refined to make them suitable for use in
real systems.

Device packaging

A stripe geometry laser, such as
would be used in a system operating at
bit rates higher than 50Mbits/s, has a
source size of about 20 by 0.2um and a
corresponding beamwidth of 6 and
30° half-angle. The multimode fibre
core diameter can be anywhere be-
tween 30 and 100 pm, the acceptance
angle of the fibre typically varying
between 10 and 20°, depending on the
system. It is evident that for efficient
launching of light into the fibre, posi-
tioning of the laser-fibre will need to be
accurate to a few microns.

There are two means of laser-fibre
coupling, one a simple butt joint, the
other a lens coupling. The butt joint will
require a small spacing of a few um
between the laser and the fibre to
prevent mechanical damage to the front
face of the laser. The lens coupling
enables us to modify the polar diagram
of the laser to optimize the launch
efficiency, but involves additional
reflection losses and presents consider-
able difficulties in alignment of the
lens elements. Lasers are being deve-
loped which will more closely match the
fibre, i.e., the beam angle in both axes
will match the fibre acceptance angle®.

There is also the requirement for an
optical monitor, as discussed. This can
be provided by using the light from the
rear face of the laser. It is possible to.
build a monitor photodetector into the
same package; but the choice of detec-
tor type predetermines the application
for the resulting package, and electrical
crosstalk can be a problem. It is more
satisfactory to.make use of the available
optical isolator by placing the monitor
photodetector outside the package.

Va,
- VYLED
T SET1
C 0 == AAPD

Fibre end

Low
noise
amplifier

Fig. 9. Novel method of providing
current source for biasing uses second
photodiode, illuminated with
adjustable light source.

This results in a package with one
electrical input and two optical outputs.
One of these can be an optical fibre for
coupling into the system and this fibre
can also provide the hermetically sealed
window. The monitor output can be a
light guide such as a fibre or a simple
glass window.

The electrical connection needs to be
of low inductance to enable the laser to
be used at very high bit rates and this
can be provided either by a stripline or
by some kind of pill package. Environ-
mental conditions necessitate the her-
metic sealing of the package to prevent
laser degradation due to contamination.
The optical fibre butt joint must be
aligned with the front face of the laser

and may be combined with hermetic

sealing. Two such packages are shown
in Fig 10 (a) and (b). These packages are
of course also suitable for l.e.ds.

The photodetector package is much
less of a problem because the sensitive
area is usually many times that of the
fibre core which illuminates it; also it

Fig. 10. Hermetic sealing of laser diodes
prevents degradation due to
contamination. Both stud type (a),
above, and planar type (b), right, can
‘also be used for lLe.ds.
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has a very wide acceptance angle and so
is comparatively insensitive to the
direction of illumination. A package
developed to meet the laster require-
ments would be suitable for a detector
without much modification. On the
other hand, a cheaper simpler solution
might make use of an existing win-
dowed package but with the addition of
an external lens to focus the light onto
the sensitive area.

Detector junction capacitance may
be dominated by the capacitance of the
connections to the package. If the low
capacitance made possible by the small
detector area required is to be used to
most advantage, it may be preferable to
mount the detector in the same package
as the following low-noise amplifier.
This could lead to a hybrid package
containing the a.p.d., a high-voltage
temperature-compensated regulator,
low-noise amplifier and possibly the
detector tail equalizer, the complete
hermetically sealed package having a
fibre input or lens coupling.

Coder/decoder

A suitable code for the field
demonstration should have the follow-
ing properties and capabilities: it should
@ have sufficient timing content to
satisfy the timing extraction circuit

@ remove the d.c. component to enable
the receiver to be d.c. coupled and to
minimize dissipation fluctuation in the
source

@ permit in-traffic error rate monitor-
ing at the terminals and possibly also at
the repeaters so that faulty repeaters
can be located

@ make adaptive equalization possible
@ make efficient use of the information
capacity

@® permit the use of simple repeater
circuitry.

Discrete pulse-position modulation

with its high peak-to-mean ratio is
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attractive for optical systems because of
the square-law sensitivity of the photo-
detector, but is only suitable if the
available channel bandwidth is not fully
used. Redundantbinary coding, in which
a block of bits is coded into a longer
block, is a possibility (e.g. 5B6B), but it is
a compromise between increased trans-
mission bit rate and higher circuit
complexity of coders, decoders and
error detectors. Errors can be detected
by looking for unallowable codes in the
regenerated data. Scrambled binary has
all the required properties except for the
error monitoring and this can be
provided by the insertion of a parity bit.
The extra redundancy can be very
small, but again it is a compromise with
circuit complexity at the repeaters.

For a field demonstration a scram-
bled-binary-plus-parity check seems
most appropriate as it will permit
evaluation of the optical system
without a heavy commitment to a
particular code. A field demonstration
itself would provide much information
from which to choose an ideal code for
a future optical field trial. The particular
code chosen is one in which a parity
check bit is inserted after every 17 bits.
This increases the bit rate by 18/17. The
reasons for this choice are the small
increase in bit rate against the minimum
number of integrated circuits required
to implement the logic at the regenera-
tor. The parity bit improves the timing
content by ensuring the presence of a 1

in a sequence of 17 zeros, and one zero.

in a sequence of 17 ones. Phase-locked
loops would be used at the send and
receive terminals to increase and
decrease the clock rate respectively.

Dispersion equalizer

Equalization is necessary primarily to
correct for distortion introduced by
fibre dispersion, although additional
equalization may be necessary to
correct for photodetector deficiencies.
If the dispersion is small compared with
the bit period, then little or no equali-
zation will be required as may be the
case at low bit rates. If the dispersion is
comparable with the bit period, or
greater, then it must be equalized out
with a resulting power penalty.

The ideal output pulse from the
equalizer should reach a peak at
time t=0 and pass through zero at all
instantst=mT where T is the bit period.
The signal can then be reconstituted
with zero intersymbol interference by
sampling at times t=mT. This will
result in an optimized eye diagram. A
good open eye is necessary to ensure
low error rates.

Equalization can be performed either
by an RLC filter or a transversal filter or
a combination of the two. The trans-
versal equalizer on its own is unsuitable
when the dispersion has a long tail,
since it would require a large number of
delay elements.

The main problem of equalization is
the varying degree of equalization
‘required. It may vary between samples

’

of fibre and will certainly vary with
distance between repeaters. In con-
trast, specifications on electrical cables
are very tight due to the close depen-
dence on skin effect and the many years
of development which have taken place.’
There is also a direct dependence of
dispersion on cable length and this,
together with the knowledge of
launched signal levels, enables equali-
zation to be derived from the attenuta-
tion. This is not possible with present
day fibres as no similar dispersion-
attenuation relationship exists.

It seems therefore that the first
equalizers must be flexible to allow for
these variations. The ideal solution
would be some kind of adaptive equal-
izer. Such a device could follow slow
variations of dispersion with time, such
as might occur due to temperature
effects, and would avoid complex
setting-up procedures. Implementation
of this equalizer would require suitable
coding to enable the dispersion to be
measured by the equalizer.

A possible adaptive equalization
scheme is as follows: using a rando-
mized coding technique such as the
scrambling technique chosen, it is
possible to predict the spectrum of the
received signal for the zero fibre length
case where no dispersion occurs. If we
measure the spectrum of the received
signal at the end of a dispersion length
of fibre and compare the two, we have
an error signal as a function of fre-
quency which can be fed to an adjusta-
ble equalizer to minimize the error, thus
equalizing the dispersion. In practice it
should not be necessary to measure the
entire spectrum but merely compare the
output from a small number of fixed-

frequency filters spaced through the -

band. If the nature of the dispersion
variations is fairly predictable then as
few as two filters may be required, one
as a reference at a comparatively low
frequency and one near the bit rate.
Outputs from the filters would be
envelope detected with a long averag-
ing time to avoid fluctuations due to
data variations and the imperfect
randomisation.

A more elegant method of adaptive
equalization, also possible with a
scrambling technique, makes use of the
fact that a comparatively error-free
replica of the undispersed transmitted
waveform is available at the output of
the regenerator. It is possible to cross-
correlate between the received signal
and the regenerated signal to obtain a
direct measurement of intersymbol
interference at integral numbers of
bit-periods delay. These measurements
are integrated over a sufficient period of
time to remove any sensitivity to data
and fed to the adjustable equalizer to
minimize the intersymbol interference
which is of course the object of
equalization. The transversal equalizer
represents a particularly suitable equal-
1zer as the cross-correlation measure-
ments att = 1,2, 3 ... bit periods are
simply fed to the appropriate tap
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adjustments on the equalizer. This
method similarly can be simplified
considerably if the nature of the disper-
sion variations is known, perhaps to the
extent of only requiring a single inter-
symbol interference measurement at
one bit delay. This cross-correlation
method should allow adaptive equali-
zation at quite high error rates.

Regenerator

The function of the regenerator is to
remove noise and jitter from the
received signal and thus produce a
regenerated replica of the original
signal prior to transmission. Main
components of a regenerator are auto-
matic gain control to compensate for
variations in received signal level;
timing extraction, to generate a coher-
ent clock, and a threshold detector,
which is sampled by this clock, Fig. 2.-

Timing extraction is achieved by
narrow band filtering of the component
of the signal at the clock rate. This
spectral line will always be present if the
coding is chosen appropriately. Filter-
ing can be performed by a high-Q tuned
circuit or a phase-locked loop.

The tuned circuit method is simple
but temperature effects limit the usable
Q to 100 or so and this imposes some
constraints on the coding. Good a.g.c. is
particularly required for this kind of
timing extraction if timing jitter is to be
minimized.

" The phase-locked loop method allows
very much larger effective Q values to
be obtained, relaxing the coding
requirements, but is more costly and
consumes more power.

The sampling gate is the decision
making circuit which decides whether
the received signalis a one or a zero. It is
usually some form of comparator which
is sampled at the clock frequency, thus
retiming the regenerated data.
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Digital angle modulation
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Frequency and phase modulation techniques used in the
transmission of digital data

by R. Thompson, M.I.E.E., and D. R. Clouting, Ph.D., B.Sc.(Eng.)

The term “angle modulation” covers
those systems which convey informa-
tion by altering the instantaneous
phase of a carrier. In normal broadcast
systems conveying analogue informa-
tion, these forms of modulation are
described as f.m. (frequency modula-
tion) or p.m. (phase modulation). The
difference between f.m. and p.m. in
such systems is often minimal, since
one form of modulation can be
converted to the other with the use of
differentiation or integration on the
analogue information. In digital
systems, the same similarities exist,
since frequency is the differential of
phase, but differences in implementa-
tion tend to be more marked.

Although digital signals are a simple
form of analogue information the
modulators and demodulators
employed are normally more complex
than those used in analogue systems.
This occurs because the digital links
are usually employed where high
performance, in terms of spectrum
occupancy and noise performance, is
required. In these situations it is
normally economic to incorporate
comparatively elaborate and expensive
circuits rather than accept the system
penalties involved with simpler ones. It
should also be appreciated that digital
modulation techniques suitable for
data transmission at low frequencies,
say by line, are not always satisfactory
for radio links. This is not necessarily
because of transmission characteristics
such as bandwidth and group delay but
more usually because of equipment
practical limitation such as frequency
stability and spurious responses. The
modems which are discussed in this
paper are presented in terms of their
suitability for radio links.

The description “shift-keyed” is often
used in association with digital modu-
lation and follows from the simpler
form of modulators which simply select
one of a number of possible frequencies
or phases. As a result of this termino-
logy, digital frequency modulation is
normally referred to as f.s.k. and digital
phase modulation as p.s.k. It will be
seen later that with many modulators
“shift-keyed” is slightly misleading

The first part of a two-part article on
the use of angle modulation for the
transmission of digital data over radio
links. In this part, methods of
generating and detecting angle-mo-
dulated signals are described.

"
because of the gradual transition
employed in the modulation. However,
the term remains a convenient way of
indicating digital rather than analogue
modulation.

In conveying digital data it is
possible for a particular change in
frequency or phase to represent any
number of digits. The simplest system
is binary or two-level, where each
change conveys one of two possibi-
lities, a 1 or a 0. In a four-level system
each change conveys one out of a
possible four combinations of two
digits, 00, 01, 11, or 10. The period
allowed by the system for a change of

Fig. 1 Two kinds of frequency
modulator. The variety shown at (a)
simply selects one of two constant
frequencies, while the
voltage-controlled oscillator at (b) is
varied by the data.

Oscillator
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frequency or phase to occur is called a
“symbol” period.

In binary f.s.k. a data 1 may select an
instantaneous frequency of the carrier
frequency plus an increment, f.+f,
while 0 selects f.—f. The selection of f
requires consideration of the available
bandwidth, noise performance and
implementation problems. A case of
particular interest is narrow-band f.s.K.
where 2f, the frequency deviation, is
about 0.7 times the bit rate of the data.
Premodulation shaping of the data is
usually employed in order to restrict the
tails of the spectrum of the transmitted
signal. This, in turn, minimizes the
“cross talk” between channels which
are adjacent in frequency. The adja-
cent-channel rejection of a system is a
factor of considerable importance when
seeking efficient use of available fre-
quency bands.

P.s.k. is the phase-modulation equi-
valent of f.s.k., with the phase of the
modulated signal conveying the digital
information. As in f.s.k. it is desirable
that the width of the transmitted
spectrum is restricted. There are two
different approaches to this problem
and these have been classified as p.s.k.
and p.e.k. (phase exchange keying).

P.s.k. systems employ premodulation
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shaping which enables the constant-
amplitude feature of the modulated
signal to be retained. The disadvantage
of this method is, however, that strict
band limiting of the modulated signal
cannot be achieved and finite energy is
spread over an infinite frequency band.
Some of this energy will therefore fall

v.C.0

into adjacent channels and cause
interference. The p.e.k. approach to
spectrum control is that by using a
linear modulation process direct control
of the spectrum of the modulated signal
can be achieved by passive filtering of
the baseband modulating signal. The
disadvantage of this method is that it

f.s.k.
signal

(a)

s

Cp Ret

Shaping . 8%
Data=——>1  ter =+ ~ I
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4 Carrier
y frequency
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Repeated message correction

-Fig. 2. The v.c.0. of Fig. 1 can be
included in a phase-lock loop as in (a)
to increase the accuracy of control. In
the variation at (b) the variable divider
enables the phase comparison to take
place at the low reference frequency.
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Fig. 3. An )".s.k. modulator using
sideband cancellation.
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causes amplitude modulation to be
introduced into the modulated signal.
This means that when it is passed
through a practical power amplifier
spectrum spreading occurs due to the
amplifier non-linearities. In practice,
therefore, it is not possible to achieve a
strictly band-limited signal.

This paper is concerned with p.s.k.
and p.ek. systems where the informa-
tion is extracted from the modulated
signal by measuring the change in
phase between symbols rather than the
absolute phase of the signal. Such
systems are called differential p.s.k. or
p.ek. and this is abbreviated to d.p.s.k.
or d.p.ek. Four-level forms of d.p.s.k.
and d.p.e.k. have received considerable
attention during the past few years
because of their suitability to radio links
between mobile stations.

Frequency and phase modulators
Two common forms of frequency
modulator are shown in Fig. 1. In (a) the
data simply selects one of several
available frequencies which are each
continuously generated. The arrange-
ment has disadvantages for radio links
at high rf. If the frequencies are
generated directly at r.f., high-stability
crystal oscillators will be required and it
will therefore be difficult to alter the
channel frequency. If the frequencies
are generated at a fixed intermediate
frequency then a frequency translation
process is necessary which can lead to
difficulties if low spurious levels are
required. Another disadvantage of this
arrangement is that the transition in
frequency is abrupt, resulting in a wide
output spectrum.

Arrangement (b) offers a solution to
these problems. A voltage-controlled
oscillator is used to generate the
instantaneous frequency demanded by
bandlimited data. Although bandlimit-
ing the data does not produce an equally
bandlimited f.s.k. signal it does result in
a significant narrowing of the output
spectrum. The oscillator can be
designed to operate directly at the
transmission frequency and this trans-
mission frequency “channel” can readi-
ly be altered over a wide band. How-
ever, there are difficulties since the
oscillator sensitivity, in kHz/volt, will
depend on the part of the band in which
the oscillator is being operated. It is also
a problem to achieve a ‘“‘carrier”
frequency directly at r.f. with sufficient
stability.

In Fig. 2. (a) the voltage-controlied
oscillator of the previous modulator has
been included in a phase-locked fre-
quency-control loop. The output fre-
quency of the v.c.o. is phase compared
against a reference and an “averaged”
correction voltage generated. In this
way the “carrier” frequency can be
accurately controlled. The low-pass
filter prevents the loop responding to
the variation in frequency due to the
modulation. However, if the data pro-
duces long sequences of the same
frequency deviation the loop will even-
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tually cancel this frequency offset. This
can be a problem in some circum-
stances.

The modulator in Fig. 2 (b) shows an
extension of that in (a) in which the
phase comparator is run at a frequency
substantially lower than the “carrier”
frequency. A variable divider is used to
bring the “carrier” down to the refer-
ence frequency. By simply varying the
division ratio the carrier frequency can
be altered. Also, in some situations the
division ratio can be altered by the data
so that repeated message frequency
offsets are not cancelled by the loop
correction action.

Fig. 3. shows an interesting form of
f.s.k. modulator which employs the
sideband cancellation techniques used
in some single-sideband modulators.
The “carrier” is generated indepen-
dently of the modulator and this can be
a useful feature. The required frequency
deviation of xf is generated at low
frequency and hence can be accurately
defined. Two balanced modulators are
used and these are fed with signals
which are identical apart from the
phasing. The data switches the low
frequency signals, f, between the two
mixers. With a data 0 the balanced
modulators produce double-sideband
suppressed-carrier signals and the
phasing of the f signals is such that
simple addition results in a cancellation
of f.—f, leaving a signal f_ +f. Similarly,
with a data 1 and the f signals
exchanged between modulators an
output signal of f_—f is generated.

This form of modulator is very
suitable for generating accurate fre-
quency deviations directly at carrier
frequencies and operating over a wide
bandwidth. The lack of perfect rejec-
tions of the carrier and the “unwanted”
sideband is not as severe a problem as it
is in s.s.b. situations. This is because the
modulator output spectrum is symme-
tric about the carrier, since the data
causes the frequency to hop between +
and — f about the carrier. It is not
necessary to generate a radiation-free
band on one side of the carrier as in
s.s.b.

Fig. 4 shows a more general form of
the previous modulator. The two
balanced modulators are fed as before
with quadrature-phased carrier signals.
Depending on the sign and magnitude
of their “baseband” input signals the
output signal phase can be controlled.

By choice of suitable baseband sig-
nals the resultant output can be a
constant-amplitude signal whose phase
can be altered by altering the baseband
signals. To achieve this the amplitude of
the two baseband signals must be
sine/cosine related. A versatile sine/co-
sine function generator for this type of
modulator is shown in Fig. 5. The
multistage ring counter has the ability
to circulate a logic 0 backward or
forwards round the ring at a rate
determined by the clocking frequency.
Each stage in the ring produces a
weighted output when the logic O isinit.

Carrier _ Q A
jﬁ
90° +
X B
Sine/cos
function

generation

|

Required frequency
deviation

Fig. 4. General form of the modulator
shown in Fig. 3.
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Fig. 5. Sine/cosine generator for the
modulator of Fig. 4.
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The number of stages and the weight-
ings are chosen such that if the ring is
clocked regularly in one direction the
output of the *“sine” weighted circuits
produces a synthesised sinewave of the
form shown. By connecting a similar set
of weighted circuits to the ring but
rotated several stages round the ring a
“cosine” output is achieved. Therefore,
however the ring is clocked the instan-
taneous amplitude of the two outputs
will always be sine/cosine related. To
produce a suitably modulated wave the
data selects the appropriate counter
direction and clocking rate. The two
“baseband” signals produced are fed to
the two balanced modulators of the
previous circuit to generate the appro-
priate frequency deviation of the car-
rier. Shaping of the frequency transi-
tions and multiple level deviation are
readily achieved simply by operating on
the:counter clocking frequency.

This form of modulator provides
accurate control of a ‘“carrier” phase
and this has been used to produce f.s.k.

signals. It is of course also a modulator
very suited to phase modulation. As in
f.s.k. applications, it is possible to
generate “multilevel” signals and spec-
trum control can be achieved by
time-domain shaping of the phase
transitions. However, as in the case of
time-shaped frequency transitions the
output spectrum cannot be strictly
bandlimited by this technique. This
form of modulator therefore produces
p.s.k. type modulation.

Strictly bandlimited phase modulated
signals of the p.e.k. type can be
generated by the methods shown in Fig.
6, in which a binary modulator is shown
at (a). The balanced modulator pro-
duces two possible output phases, 180°
different, depending on the sign of its
baseband input. The balanced modula-
tor provides a linear modulation action
and, if fed with bandlimited baseband
signals, will produce strictly bandlimit-
ed output signals. The binary data is
therefore bandlimited, producing
changes ir amplitude which occur
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Fig. 6. Binary p.e.k. modulator A
producing band-limited output signals
is shown at (a) while (b) shows a
four-level p.e.k. modulator.
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slowly and take about one digit period
to change from 0 to 1 or vice-versa. As a
result of this, the output amplitude of
the balanced modulator will vary as
shown. It can be seen that in this case
bandlimiting the signal results in abrupt
phase transitions occurring when the
signal amplitude is zero.

The combination of amplitude and
phase variations is a characteristic of
very narrow band angle modulation.

A modulator for bandlimited four-level
p.e.k. is shown at (b). The r.f. portion of
the modulator is in the form used in the
f.s.k. modulator shown in Fig. 4. It
provides the ability to vary the phase of
the “carrier”. However, in this case the
baseband signals do not originate in a
sine/cosine function generator. Instead,
the data is first arranged in pairs, each
pair of digits forming a symbol which is
associated with one shift in phase. The
required phase is produced by suitable
amplitude signals at the two baseband
inputs. These are generated in the
encoder as abrupt amplitude changes at
the start of each symbol. The signals are
then passed through bandlimiting filters
before reaching the modulators, to
produce a bandlimited r.f. output signal.
However, since the two baseband signal
amplitudes are not always instantan-
eously sine/cosine related, the output
amplitude will vary depending on the
message content. The illustration
shown is for a form of p.ek. called
symmetric differential p.e.k.

Demodulators

Demodulation in radio equipment is
usually carried out at some convenient
intermediate frequency. Filtering of the
signal may be carried out before or in
the demodulator. The filtering referred
to here is the narrow band filtering
designed to optimise the link noise
performance. Wider filtering of the type
occurring in r.f. stages does not usually
affect link noise performance. In the
following demodulators, where filtering
is not shown it is assumed that optimum
filtering is carried out before the
demodulators.

One form of f.s.k. demodulator is seen
in Fig. 7. The frequency discriminator
generates baseband signals from the
frequency modulated input and may be
any of the types frequently used in
analogue systems such as the Foster-
Seeley or pulse counter circuits.

In order to achieve the lowest error
rate in regenerating the data, it is
essential to sample the baseband signal,
with its noise, at a time in each symbol
when the instantaneous signal-to-noise
ratio has reached a maximum. To
achieve this a timing regeneration
circuit is required. This is normally
some form of very narrow band filter
tuned to the symbol rate. Because of its
narrow bandwidth it is able to regener-
ate fairly steady symbol timing even at
very poor signal to noise ratios. All the
following demodulators use regenerat-
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ed timing to strobe the decision circuits
which produce the data output.

Fig. 8(a) shows an f.s.k. demodulator
which employs quenched resonators for
detection. The resonators are tuned
circuits having very high Q, approach-
ing infinity, and are often LC circuits
employing Q multipliers. One resonator
is provided for each of the frequency
possibilities. These frequencies are
usually chosen such that when the
output from the required resonator is a
maximum, the output from all others is
zero. -

The operation of the demodulator is
illustrated in Fig. 8(b). During the first
symbol the received frequency is f; and
the f, resonator integrates the received
signal during symbol period. The fx
resonator also responds to the signal;
the fact that it has infinite Q and is not
tuned to f; does not prevent this.
However if suitable frequencies are
used its output will be zero at the end of
the symbol period. The resonator out-
puts are envelope detected and sampled
to regenerate the data. The resonators
are then quenched, that is all stored
energy is dumped, and the process
repeated on the second symbol.

Coherent and differential binary
phase demodulators are shown in Fig. 9.

In a coherent demodulator the
unmodulated carrier phase is regener-
ated from the received signal. There are
several ways of doing, this, most of
which employ very narrow band filters
tuned to the carrier (as it appears ati.f.).
The regenerated carrier and the signal
are compared in a phase comparator.
This may be a balanced modulator (or
some other device providing a multipli-
cation operation) with a low pass filter
on the output. The phase difference
between the regenerated carrier and the
signal is then sampled in a decision
circuit to produce the data.

In a differential demodulator the
process is identical except that the
regenerated carrier is replaced by a
delayed version of the modulated signal.
This is usually obtained by a delay line
of delay time equal to one symbol
period. The phase comparator output is
therefore a measure of the phase
difference between two adjacent sym-
bols. As before the data is regenerated
by sampling this phase measurement
every symbol. '

For four level differential phase
modulation, the form of demodulator
shown in Fig. 10 can be used. The circuit
shown is specifically for the *“symme-
trical” type of differential phase modu-
lation. Each symbol will be different
from the preceding one by either +45°
or +135°. The delay and top half of the
circuit form a differential detector
identical to that in Fig. 9(b). The
detection criteria for it can be repre-
sented as [shown in Fig. 10(b). Phase
changes between symbols which fall
between 0 and *90° generate negative
phase detector outputs and are read as
0. Changes of 180° +90° generate posi-

\
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tive outputs and are read as 1. The lower
half of the circuit is similar to the top,
apart from the 90° rotation of the
delayed signal. This causes a 90°
rotation of the decision thresholds of
that channel as indicated in Fig. 10(b).
The combination of these two decisions
in each symbol provides the informa-
tion to produce the single stream of
regenerated data. The delays used in
this demodulator have to provide very
accurate time delay of if. signals. A
small time error here produces a large
phase error at the phase comparator.
Where long symbols are used, that is
greater than about 100us, the accuracy
requires the use of expensive quartz

delay crystals. It may in fact be
impossible to get suitable accuracy.

Fig. 11 shows a very simplified
representation of another form of
demodulator which does not employ an
i.f. delay line. This employs a non-
phase-locked i.f. reference to make the
phase measurement. Two baseband
signals are generated by phase detec-
tors fed with quadrature-related refer-
ences. At the end of symbol 1 the two
baseband signals are sampled to give an
instantaneous measure of the signal
phase with respect to the reference. The
angle is handled in two parts. One is an
entirely digital number defining the
angle quadrant: as shown it is ‘0 0’. The
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Fig. 11. A further type of demodulator not using a delay line.
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other is an analogue signal representing
the arc angle within the quadrant. This
information is stored for one symbol
period, at the end of which the baseband
signals are again sampled. The differ-
ence between the old and new quadrant
number, modified by the change in arc
angle, gives the change in angle and
hence the required output data.

The virtue of this form of demodula-
tor over the type using a delay line is
that it is substantially cheaper. The
detailed processing, which I have not
detailed here, involves mostly digital
circuitry which, when integrated cir-
cuits are used, is extremely cheap.

The second part of this article will
compare performances of various
modulation systems, including aspects
such as noise performance, spectrum
occupancy and sensitivity to equipment
design tolerances.

Surround-sound broadcast

The Radio Clyde experiment in sur-
round-sound reported in our September
issue (page 46) was “‘a little disappoint-
ing”, as far as off-air listening in the
quadraphonic mode was concerned,
according to John Lumsden, chief
engineer of the commercial station.
“But in view of the separation quoted
for QS and other systems, it is not
surprising — something for nothing
being impossible to achieve” he adds.
Off-air stereo monitoring, in the
absence of a direct comparison, was
difficult but “our impressions were that
the compatibility was more than satis-
factory. This was borne out by the
general consensus of opinion from my
colleagues and the listeners them-
selves”. As recorded in our September
note, off-air mono “provided the biggest
surprise in as much as subjective mono
compatibility seemed to be better than
the normally achieved during normal
stereo.” The live performance, as moni-
tored from the four microphone chan-
nels, “was excellent and considerable
realism was noted due to the additional
dimension. The impression of the actual
shape of the Kelvin Hall and the
audience location was also evident.”
The experiment necessitated the use
of Post Office lines to link the signals
from an outside broadcast vehicle to.
.Radio Clyde. “Here lay our first obsta-
cle: although the Post Office supply
good music-quality circuits, they at
present do not supply stereo circuits, i.e.
circuits which are phase equalized.” But
they can sometimes supply co-routed
circuits and usually good phase compa-
tability results. “We obviously required
four circuits and the Post Office were
very helpful indeed and supplied the
circuits co-routed.” In spite of this,
phase non-compatability existed

between the front and rear pairs, and
had to be eliminated with phase-cor-
rector circuits.

During the initial listening, mike
problems were evident. To achieve good
stereo, the mike arrangement (four
AKG414’s) was moved closer to the
orchestra than normal. “This resulted in
poorer quad, since the rear mikes picked
up a larger ration of the direct orchestra
sound than the acoustical reverberant
sound. To hold the front pair ‘tight’ and
achieve a good separation on the rear
pair, a system of baffling was employed
between front and rear, and also
between the two mikes making up the
rear pair. This was built of dense
chipboard and covered with thick
rubber-backed carpet in an effort to
reduce the reflection at mid frequencies.
The arrangement worked well and no
phasing effects of the mid frequencies
were evident.”

“The broadcasts were undoubtedly a
success’’ concludes Mr Lumsden.
“However, in quad, we seemed to suffer
from an impairment of the signal-to-
noise ratio. This was manifest in the
rear speakers when facing forward and
in the front speakers when facing
rearward. It would therefore appear
that the human ear is more sensitive, or
less tolerant, to noise (hiss) from the
rear. Unfortunately, the problem is
aggravated further by the generally
lower signal level
speakers. The problem might not have
been so evident had the “surround”
mode been used rather than the ‘“hall”
mode.

Radio Clyde would like to continue
these experiments and hope that in the
near future, with I.B.A. and Home Office
approval, “we will be able to broadcast
‘surround’ mode pop quadrophonics.”

from the rear

(Ann;umenlents)

The Association of Public Address Engin-
eers has organised four exhibitions for
November, one each in Bristol, Gateshead,
Leeds and Renfrew. The Bristol exhibition
will be held at the Unicorn Hotel on the 23rd,
that at Gateshead at the Five Bridges Hotel
on the 18th, that at Leeds at the Windmill
hotel on the 25th, and the Renfrew exhibition
will be held at the Normandy Hotel on the
16th. The joint title of the exhibitions, which
will be open from 10 a.m. to 6 p.m. on those
days and for which admission will be free, is
“Circuit 76.” The organisers say visitors will
be able to see traffic contro! and crime
detection equipment, closed circuit television
services, electronic timing devices and
scoreboards for sporting events as well as
sound reinforcement, internal communica-
tion and other sound equipment.

The electronics component show will be
held at Olympia from May 17 to 20, 1977. The
organisers note that lower cost bench
displays without stands, on offer at £200 each
for the first time, have not sold well, even
though the innovation was suggested by
exhibitors at the last show.

The 1977 Audio Fair will be held at Olympia
from September 12 to 18.

The inaugural "journey of British Rail's
high speed train at the end of September
should also have been the occasion of the
first live television transmission from a
moving train. Protracted negotiations
between ASLED, the locomen’s union, and
the British Rail Board, however, meant that
the final go-ahead for the service took place
too late for arrangements to be made
between British Rail, the Post Office and the
BBC. The broadcast will now wait. until
another time, possibly when the London to
Edinburgh Route opens in 1978.

In our September issue on page 45 we
showed a photograph of the Miranda mobile
microwave intercept system. We omitted
to say that this was designed at Mullard
Research Laboratories and is now being
developed by MEL Equipment Co Ltd.
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Weather-satellite picture
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facsimile machine
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Hard-copy cloud cover pictures from APT, SR and WEFAX

transmissions

by G. R. Kennedy

In order to [‘)roduce permanent pictures
of weather-satellite-viewed cloud cover
without the aid of a professional
facsimile machine, some form of photo-
graphy must be used. Photographs
taken from an oscilloscope screen have
poor definitions because the spot size is
relatively large compared with the total
screen diameter. Screen persistence,
dispersion and refraction within the
glass face also reduce the definition. If
a large television type c.r.t,, having a
smaller spot size and larger dynamic
range of phosphor than an oscilloscope
tube, is used the definition will be better
but the picture edges will be distorted.

This means that, for example, suc-
cessive ATS-3 Mercator projection
maps cannot be mated together due to
the curved edges of the map grids. A
light-sensitive rotating drum facsimile
machine does not suffer from these
particular drawbacks because there is
no glass layer between the picture and
the photograph, no phosphor problems
and the picture linearity is good. This
electro-photomechanical device is not
ideal: it relquires fine engineering to
build it, needs a dark-room environment
in its simplest form and, if bought
commercially, is very expensive. A
scanning galvanometer facsimile
machine is generally a better device but
beyond the engineering.skills of most
electronic workshops.

The machine described here is a basic
design spe:cifically for producing APT
pictures from ESSA-8, whilst still
transmitting, SR pictures from the
NOAA satellites in the ITOS series and
from the Russian METEOR satellites,
and WEFAX computer-derived weather
maps and' orbital written data from
ATS-3 and the SMS/GOES series. It is
manually controlled, no attempt having

|

The authorl

Gerry Kennedy is a Higher Scientific Officer
with the Science Research Council at the
Appleton Laboratory, Chilbolton Observa-
tory. His private project (ref. 4) was started
in the Falkland Islands with Nimbus 3 ice
cover pictures. This work was continued on
his return to the UK to encompass more
recent satellites. He is a radio amateur with
the call sign‘s VP8LZ and G30GK.

This article describes a prototype
rotating drum facsimile machine for
producing weather satellite automa-

tic picture transmission (APT), scan-

' ning radiometer (SR} and weather

facsimile (WEFAX) transmission pic-
tures. With the dimensions given in
the text, prints approximately 22cm
square, with a line width of 0.25mm,
can be produced, of sufficient quality
for meteorological work. Three mag-

‘nifications are available for SR

pictures by simple switching. All
electronics are solid state with the
exception of the light source, which is
a cold-cathode device. The article
offers a basic design for further
developments and should be read in
conjunction with a previous article
entitled “Weather Satellite’s Ground
Station’’ published in Wireless World
November, December 1974, January
1975.

Fig. 1. Cloud cover picture production.
This principle requires dark-room (red
light) conditions. Traverse, drum
rotation and modulation are
synchronized to weather satellite
transmissions.

Light
source

Light ﬂ
Signal ———= source [

modulator

been made to automate the processes.
Nevertheless, considerable effort was
needed to produce a reliable machine
with a modest budget in mind.

The principle of a rotating drum
facsimile machine is not new: for many
years the world’s press agencies have
used radio and wire drum picture
printers and, more recently, amateur
machines using valve circuitry have
been described % 3. )

The older press ‘‘wire photo”
receivers used heat or pressure sensitive
paper but amateur and general service
machines and the newer press machines
use photographic materials. The ma-
.chine described here uses fast-bromide
enlarging paper which can be handled
and used in a reasonably bright red
safelight. Cut film can be used, but this
adds the problem of working in total
darkness to produce a picture.

The picture is produced as illustrated
in Fig. 1. A sheet of photosensitive paper
is wrapped around a drum which can be
rotated by a motor. A light source is
mounted on a traverse platform
together with a lens arrangement to
focus a light beam onto the paper. The
platform is driven slowly along parallel
to the rotating drum axis so that the
spot of light describes a fine helix on the
paper. The light beam is made brighter
or dimmer by a modulating signal
waveform such that when the paper is
removed from the drum and developed,
it has a picture on it made up of fine

Light sensitive Drum
paper Drum

motor

Traverse
assembly
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lines, dark or light according to the
original scene; the lines being very
slightly off-square relative to the edge
of the picture, but all parallel to each
other. The drum motor, traverse drive
and modulating signal are all synchro-
nised. If the picture is to be produced
in real time, the drum rotation speed
should be identical to the line rate of the
original picture. The light-source
luminous flux, drum rotation speed,
drum diameter and paper sensitivity or
photographic “speed” are all interde-
pendent. Also, the writing speed of the
beam must be sufficient to cause an
effect on the paper at whatever rate it
happensto be travelling along the paper
surface. Further constraints on the
system are that the traverse must move
smoothly without sticking, that the
drum motor responds rapidly without
overshoot to synchronising signal rate
changes, and that the drum mass is
large enough to give some flywheel
effect to prevent bearing chatter show-
ing on the print, yet small enough to
allow the drum motor to change speed
rapidly. In addition the drum must be of
constant diameter to prevent de-focus-
ing of the spot of light. The most
stringent requirement is that the light
source must be capable of being modu-
lated at the input signal rate. Lastly, the
paper must be held firmly on the drum
to avoid focus variations, yet must be
removable without damage for pro-
cessing.

Fig. 3. Detailed block diagram of
machine.

Video
detector

Strobing
»> switch
2-4xHz S

video

— et

Clock-rate
detector

Fig. 2. Basic block diagram of machine.

Block diagrams

Fig. 2 shows the basic block diagram for
the machine. The 2.4kHz video input
signal, which may be taken directly
from the receiver or from a tape
recording, is applied to both a video
detector and a clock-rate detector. The
output signal from the video-detector is
amplified and used to modulate a light
source, while the clock signal is used to
produce a gating or strobe waveform,
which turns the light source on and off
when SR pictures are being produced,
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and to drive the drum and traverse
motors synchronously.

Fig. 3 shows the complete block
diagram for the machine. The input
signal is split after the input potentio-
meter into signals for deriving the clock
rate, for detecting the video, and
optionally for auto-starting ESSA-type
APT pictures. The clock chain
comprises a limiter/filter, a phase-lock
loop and an output buffer. The voltage
controlled oscillator (v.c.0.) signal from
the phase-lock loop is used as the clock
signal and is buffered out by a Schmitt
trigger. This part of the system is not
critical and a zero-crossing detector or
Wien bridge, followed by a gate or an
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S1a

Input

emitter follower, could be used. The
clock signal, which has a square wave-
form phage locked to the satellite
sub-carrier, frequency, is divided to
produce a\sync signal to trigger the
strobe generator This sync signal may
also be used externally. Pulses from the
strobe generator, which can be disabled
and monitored externally, switch an
amplifier in the video chain on or off.

The video chain comprises a contrast
expander,| a logarithmic amplifier,
which is used mainly for SR pictures
and can be bypassed, a sample-and-hold
detector, the strobe pulse controlled
amplifier, which is solely for SR pic-
tures, and a power amplifier which
drives the|light source. The sampling
pulse for the detector is derived by the
pulse generator from the clock-rate
signal, which is also divided and ampli-
fied by a protected power amplifier to
give the drum and traverse motor a.c.
supply ati one of three frequenc1es
determined by the line divider. This is
used in producing SR pictures of
various magnifications corresponding
to 1/3, 1/4 or 1/5th of a complete line
width. The drum can also be run from a
separate oscillator, for picture edge
positioning, and its rotation sensed by a
magnetic transducer and amplified to
give an ex‘temally-available drum posi-
tion pulse.!

Circuit details

Some of |  the circuits used in this
machine were described in a previous
article! and the reader is referred to this
for details of the clock-rate, start sync,
divider and APT/SR switching cir-
cuitry. (Experience has shown that, in
Fig. 23b of this article, Cg; in the clock
phase-lock loop should be switchable in
steps of 0.1, 1.0 and 3.3uF Mylar to

accommodate both live and tape-re-
|

Fig. 4. SR expander.

corded signals). The expander is the
same as the Baylis and Brush contrast
expansion processor described in their
paper®, but the feedback resistor values
have been altered to utilize standard

Meteor 25 picture. Visible
light scanning-radiometer
picture from the Russian
Meteor 25 satellite 08.36Z
on 28th June 1976,
revolution 619 south to
north path. Part of Swe-
den and all of Denmark
can be seen in the north,
with Italy, Sicily and the
North African coast in the
south. Note the sun glint-
ing off the sea near
Greece. Satellite was at a
height of approximately
900 kilometres (560 miles).

values. After SR signals have been
expanded it is advantageous to com-
press the white portion while allowing

* the darker levels to be fully expanded.

This is done by the logarithmic ampli-
fier (see ref. 6 and Fig. 5). Signals from
the expander are full-wave rectified by
the pi-connected bridge rectifier D3, and
applied to the operational amplifier IC;.
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Z it & o
Components list Capacitors (uF unless otherwise stated) g i
Resistors (4W 20% unless otherwise stated).
1 2.2 Mytar 19 0.015+680p
2 0.1 20 0.068
3 10k 3 0.01 21 0.01
4 10k 38 100k 4 680p 22 0.47
5 220 39 1k 1W 5 330p 23 1.0 Mytar
6 22k 40 1k 6 0.15 24 80/26V
7 22k 41 1k 7 0.033 25 100/50V
8 220 42 10k 8 0.001 26 6.8 Mylar
9 10k 43 100 9 0.05 27 See text
10 3.3k 44 820 10 100/12v 28 25/25v
11 3.9k 45 3.9k 1 50/50V 29 2/25V
12 15k 46 220 12 0.1 30 0.01
13 10k 47 1k 13 0.05 31 2/25V
14 15k 48 1k 14 0.001 . 32 4700p
15 1k 49 390 15 100/12v 33 100/25V
16 2.2k 50 220 16 0.068 34 0.22
17 15k 51 12k 17 0.47 35 11 Mylar
18 16k 52 470 18 0.068 36 100/25V iz s nunaias i y 48]
;g ??,: :::Z Z;: ATS-3 picture. Ground computer pro-
21 4 7k 55 47k cess char.t of NOAA-4 scanning-radio-
22 47k 56 47k Inductors meter visible data transmitted from the
23 15k 57 1k 1 V.h.t. choke: 10pH geosynchronous satellite ATS-3 when
24 1k 58 100k 2 Tape head 600 or similar on station at 75 degrees west. Blank
25 8.2k 59 82k . areas are where the computer has not
26 47 60 4.7k SO received data in time for the scheduled
27 100k 61 100k ! 3 pole 9 way wafer broadcast from ATS-3 (black) or poor
28 Tl 62 U g gpo:e ghangeov:r toggle data was received (white). This print
29 8.2k 63 4.7k pole 3 way wafer . d
I B R e o g o s el
e make/break toggle , »
g; :772 gg 1(;3 & 99 miles). Satellite has now drifted to 105
33 : 100 67 5.6k 1W Transformers degrees west, out of sight from Great
34 4.7k 68 1k 1 Mains 3V subminiature, Britain.
35 100 69 15k RS Components Ltd
36 10 70 1k 2 1ILV-857, Mains 2 X 25V
37 10 71 150 1W Gardners Transformers Ltd
Transistors
1 2N2333A 1 BFY51
2 2N3702 12 BFY51
3 2N3704 13 2N3704
Variable resistors (all 10-turn presets unless 4 IN3704 14 BFY51
otherwise stated) 5 2N3819 15 2N3055
6 BFY51 16 2N3055
1 Tk —any preset 7 BFY51 17 2N3704
2 Tk —any preset 8 BF258/BF259 18 2N3704
3 25k 9 BU105 19 2N3704
4 50k 10 2N3704
5 50k
6 50 —10-turn wirewound
7 25k (with turns counting
8 5k dial)
9 Tk Diodes
10 Tk ) 1 1N914 8 O0A91/1N270
11 10k —wirewound 2 1N914 . 9 10V400mwW
12 10k —any preset 3 RS REC70 zener
13 A3 orsimitar 10 0A91/1N270
14 25k 4 0A200 1 1N914
15 25k 5 0A200 12 RS LED 3
6 0A200 or similar
7 0A200 13 0A200
14 5.1v400mW
zener fis =
' ircui NOAA-4 picture. Infra-red scanning
Integrated circuits radiometer picture from the NOAA-4
1 SN72741IN 12 SN7490N . L satellite, 19.25Z 21st November 1975
2 SN72741N 13 SN7492N Expander feedback resistors lution 4647 th of north path
3 SN72741L 14 Switch position Re, Re,  revolution 4647 south of north path.
4 SN72741L 15 1 82k 2 7k Typical ‘milk bottle’ distortion of
5 SN72741L 16 J-K flip-flops 2 82k 2.7k unlinearized SR pictures can be seen
6 SN74121N 17 (See text) 3 56k 4.7k here by the cloud alignment at the
7 SN74121N 18 " 4 47k 8.2k picture edges. Cold is white, warm is
8 NES5628 19 ! 5 33k 15k black. Norway, the Swedish lake, most
9 SN7492N 20 " 6 33k 22k of Great Britain and France can be seen.
10 SN7490N Al SR () y 27k 33k Note the white (cold) Alps and
" ST 22 ShITR IR g g;: 33" Pyrenees. The log detector and an
68k unsteered omni antenna were used in
reception.
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A static bias of +1.0V is derived from
the potential divider R;,y, R,; and
summed with the video signal at the
inverting input of the amplifier. Tran-
sistor Try, is placed in the feedback line
of IC;. For small forward potentials, the
base-emitter voltage characteristic of a
transistor is the logarithm of the
current, within certain constraints. One
of these is temperature, so a second
similar transistor, Try,, feeds the logging
transistor unider similar thermal condi-
tions, and maintains a temperature-
corrected current into the logging
transistor via operational amplifier IC,.
Diode D, prevents excessive drive to the
transistors under transient conditions,
and the pqtential divider R4, Rys
provides bias for Try,. Although a dual
transistor is shown on the circuit
diagram, a pair of almost any n-p-n
transistor type may be used. For the
best temperature stability, the two
transistors should be physically close
and in the same thermal environment.
For example, if two 2N3704 transistors
are used they may conveniently be
cemented together with epoxy. The
accuracy of the logging process, which
should have a dynamic range of 20dB or
so using the circuit given, is set by the
value of the bias voltage fed into IC,.
The small output voltage is amplified by
operational amplifier IC;, and the gain
and zero level adjusted by preset pots
RV, and RV, respectively. For linear
video signal printing, the log amplifier is
bypassed by switch S,.

To be continued.

Fig. 5. Logarithmic amplifier.
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Sixty Year_s Ag:)

Atomic clocks and digital data transmission
were many years in the future in December,
1916. The simple operation of providing a
time signal in the Panama Canal entailed
transmission by cable from Washington to
Key West, from where it was transmitted by
wireless to Darien. The procedure at Darien,
where the signal was transmitted by cable to
port captains was as follows:

“The signal is sent from Key West in a
series of dots. Five minutes before noon the
wireless begins counting off the seconds by
dots. After the twenty-eighth second there is
a pause, the 29th dot being omitted; similarly
there is a pause from the 54th to the 60th
second. The count is resumed exactly on the
minute. This procedure is kept up until 10
seconds before 12 o'clock, when there is a
pause followed by a long dash at exactly 12
o'clock. The aerial transmission is recorded
at Darien by a current too slight to permit
ordinary relaying. Consequently an operator
with a wireless receiver at his ears sends dots
through an ordinary telegraph wire to the
port captains. With practice he can strike the
dots on his sending key in almost perfect
synchronism with the dots received. The
principal difficulty is in sending the final dash
after a wait of 10 seconds. Here the tests
show that the lag is between two-tenths and
three-tenths of a second. By making
allowance for this lag the chronometers in
the Canal Zone can be adjusted to within
about one-tenth of a second of the correct
time.’
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Switch modules

Spectradil is a range of single-throw
laterally-operated dual-in-line module
switches, available from Erg Compon-
ents. The switches have arrow-shaped
sliders, coloured in accordance with the
international colour code, and are
available in 2, 4, 6, 8 or 10-pole modules,
from 5 to 25mm in length. Gold-plated
spring-loaded wiping contacts are used,
enabling the switches to be used for
microvolt and low-power switching.
Specifications claimed include a typical
resistance of 10m{, with a repeatability
of less than 1m® over several hundred
operations, and a life of 10,000 opera-
tions at the full 10VA rating. Erg
Industrial Corporation Limited, Luton
Road, Dunstable, Bedfordshire, LU5
4LJ.

WW301 for further details

Packaged mixer

A low-cost double-balanced mixer,
designed for r.f. signal processing
applications, is packaged in a four-pin
TO-5 can measuring only 0.3in high x
0.4in diameter. The M105 mixer, intro-
duced by Merrimac Industries, is totally
r.f. shielded and complies with
MIL-STD-202, within an operating

wwiol

temperature range of —55 to+ 100°C,
and the environmental specifications
MIL-E-16400F Class 1 and MIL-E-5400L
Class 2. The mean time-before-failure is
rated at 650,000h for ground fixed
equipment and 100,000h for airborne
equipment (to MIL-HDBK-217B). Spe-
cifications include a frequency range
from 1 to 500MHz, typical losses of 6dB
from 1 to 200MHz and 7.5dB from 200 to
500MHz, minimum isolation 30 to 40dB
at 1 to 50HMz and 18 to 25dB at 50 to
500MHz, a noise figure within + 1dB of
the loss, and a maximum input power of
50mW. Merrimac Industries Inc., 41
Fairfield Place, West Caldwell, N.J.
07006, U.S.A.

WW302 for further details

Microwave sweep

oscillator

The Model 554 is a compact sweep
oscillator providing a power output of
greater than 10mW c.w. over the
frequency range 8.0 to 12.4GHz.
Frequency limits of the sweep can be set
to the nearest 10MHz by two digitally-
calibrated and independent thumb-
wheel controls on the front panel. The
sweep oscillator may be operated at
fixed frequencies using the manual
scan, or in slow single or fast automatic
sweep modes, depending on the display
used. An external voltage may be
applied to the oscillator, via an external
connector, to remotely control or phase
lock the output frequency. The oscilla-
tor is YIG-tuned, features low noise
(e.g. in the c.w. mode residual f.m. is
typically 15kHz peak at 10kHz band-
width, with filter) and provides an r.f.
output of spectral purity. An isolator is
fitted to avoid frequency pulling by
output loading, and a low-pass filter is
included to suppress harmonics. Flann
Microwave Instruments Ltd, Dunmere
Road, Bodmin, Cornwall, PL31 2QL.

'WW303 for further details
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Toggle and rocker
switches

Switches in the 7100 series, from
Roxburgh Electronics, are designed for
direct mounting to p.c.bs. The toggle
and rocker switches have contact
ratings of 0.4VA at 20V a.c. or d.c,
maximum contact resistances of 10m¢,
minimum insulation resistances of
1000MQ and dielectric strengths of
1000V r.m.s. Their contacts are made of
gold on nickel-plated brass. Both sin-
gle-pole double-throw and double-pole
double-throw versions are available in
these switches, which are designed to be
vertically supported by means of separ-
ate brackets which extend parallel with
the terminals. The terminals are also
designed for direct soldering to the
p.c.b. Five terminal lengths are availa-
ble giving the switch a height ranging
from 0.46in to 0.95in from the shoulder
of the switch to the p.c.b. Roxburgh
Electronics Limited, 22 Winchelsea
Road, Rye, Sussex.

WW304 for further details

Op-amp power supply

A low-profile power supply module,
designed for energizing operational
amplifiers or other devices requiring a
balanced dual rail supply, comprises a
single printed circuit board assembly,
carrying all the components, with a
metal cover that also serves as the
heatsink. The Weir op-amp power
supply operates from an a.c. mains
input in the voltage range 100 to 130 or
200 to 260V and delivers a balanced d.c.
output which is adjustable over the
range =12 to *15V by means of a
preset control. Maximum load current is
250mA on each rail, with both load and
line regulation better than 0.02%. For
accurate load voltage stabilization,
provision is made for external voltage
sensing with sense-lead lengths up to 1
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metre without the need for compensa-
tion. External control of the d.c. output,
separate control of voltage and current
using external resistors, and remote
programming by external control vol-
tages may also be facilitated. The unit
measures 100 X 160 X 55mm. Weir
Instrumentation Limited, Durban Road,
Bognor Regis, Sussex.

WW 305 for further details

Low-cost oscilloscope

A dual-trace 10MHz oscilloscope, from
Scopex Instruments Ltd, has an accur-
acy of +3% on both time and voltage
measurements and is priced at only
£150. The model 4D10A, as it is called, is
an improved version of the model 4D10
oscilloscope. This improved perfor-
mance has been obtained by using
stabilized power supplies throughout,
enabling mains supply variations of
+10%, and by redesigning the attenua-
tor to allow measurements up to
50V/cm. Other changes include the use
of Glarecheq non-reflective filters with
reverse side graticules, for low parallax
error, and a re-designed trigger to
include a mode allowing triggering from
composite video waveforms at TV field
rate. In addition, the use of aluminium
panels instead of steel has given a
.weight reduction of 25%. Cost savings
were made by bulk-buying precision
components and by replacing many of
the electrolytic capacitors by circuitry.
Scopex Instruments Limited. Pixmore
Industrial Estate, Pixmore Avenue,
Letchworth, Herts. SG6 1JJ.

N

WW306 for further details

Resistance bridge

A precision a.c. resistance bridge, from
J. J. Lloyd Instruments, has a calibra-
tion accuracy of 5 p.p.m. and a discri-
mination better than 0.1 p.p.m. for
resistance Values up to 444Q. The
instrument is especially useful for
calibration and measurement with
resistance thermometers, strain gauges
and other in cases where very precise
observation \Of relatively low resistance
values is required. A multi-dial trans-
former ratio system compares the
unknown resistor with a built-in stan-
dard, giving a stable direct read-out of
resistance value, or deviation. A four-
terminal pair network minimizes errors
due to lead resistance without the need
for a dummy load, and the use of
relatively low frequency (320Hz),
together with automatic feedback of
the quadrature signal from the built-in
detector, eliminates any need for man-
ual balance of the non-resistive ele-
ment, ensuring that precision measure-
ment is achieved easily and quickly.
Low power dissipation, both in the
resistor under test and in the high-sta-
bility low-temperature-coefficient

WW305
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metal-film reference standard, mini-
Mmizes the effect of self-heating. An
off-limit indicator is available as an
optional extra, which gives lamp indi-
cation of deviation in three pre-set
bands above and below the nominal
value, and which also increases the
resolution by a further factor of ten.
Reed relay outputs are provided to
operate sorting systems or data record-
ing equipment. Qutputs are available
both from the decade switches and the
detector of the main instrument to
facilitate external recording, either
digitally or on a chart recorder. J. J.
Lloyd Instruments Limited, Brook
Avenue, Warsash, Southampton, SO3
6HP.

WW307 for further details

Meter calibrators

‘Two meter calibrators, the model 25A
for r.f. milliwattmeters and the model
26A for r.f. millivoltmeters, have been
introduced by Boonton Electronics.
Both instruments provide accurate,
stable IMHz output signals with rotary
switches selecting levels to conform to
full-scale readings, and separate push
buttons for selecting incremental steps
within each range to check meter
linearity. Output ranges of the instru-
ments are —69 to +20dBm in 1dB steps,
accurate to 0.05dB, for the model 25A
and 60pV to 3V in 10% full-scale steps,
accurate to 0.5%, for the model 26A.
Euro Electronic Instruments Ltd, Shir-
ley House, 27 Camden Road, London
NWI1 IYE.

WW308 for further details

Soldering bits

‘Stiron soldering bits are designed to
give long trouble-free life in any iron
taking interchangeable bits in ', ¥s
Y4, %s %in and 14mm diameters. The
design accommodates a variety of tip
forms, and the iron-plating ensures low
deformation throughout the working

life. These bits, which are pre-tinned,
are chromium plated (except where
tinned) to prevent solder creepage.
Screwdriver bits in the three larger
diameters can be supplied tinned on
one side only, to prevent damage to
adjacent solder joints. Stiron bits were
developed to the requirements of the
Swedish Post Office and Ericson Tele-
phones and are now available in the
U.K. for use with many makes of iron.
Tele-production Tools Limited, 28b
Hamlet Court Road, Westcliff-on-Sea,

Essex.
WW 309 for further details

Diagnostic servicing aid

Usijet is a small, light universal signal
injector made in the form of a pen for
clipping into the pocket. The circuit
consists of two signal generators, one
operating.at audio frequency and the
other at radio frequency. The impulse
waveform derived from a blocking
oscillator-type circuit, produces a signal
with a wide range of harmonic fre-
quencies up to 500MHz. This instru-
ment may be used to trace breaks and
component failures by injecting the
signal at various points in circuits and
may be applied to fault finding in a.f., i.f.
and r.f. amplifier stages, L.w., m.w., s.w.
and f.m. wavebands and TV v.h.f. and
u.h.f. channels up to 500MHz. The
fundamental frequencies are 1kHz and
500kHz, with an output voltage of 20V
Pk-pk, and the maximum permissible
direct voltage at the probe tip is 500V.
Usijet costs £7.50 + v.a.t., is powered by
a 1.5V cell and has a current consump-
tion of about 25mA. Precision Instru-
ment Laboratories, Instrument House,
212 llderton Road, London SE15 INT.
WW310 for further details

Receiver protection unit

‘A range of receiver protection units,
designed to protect the inputs of m.f.
and h.f. radio receivers from the effects
of r.f. voltages and currents induced in
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the antenna, has been developed by
Callbuoy Marine Electronics. One of the
principal needs for such a unit is in
marine applications where radio energy
from the vessel’s own transmitter can
induce high voltages and currents in the
receiver antenna. The units, models
RPU250, RPU500, RPU100/75 and
RPU100/50, protect receiver inputs
against 250V, 500V and 100V r.m.s.
respectively. The two 100V models are
low loss units matched to 759 or 509
feeders. All models operate over the
frequency range 0 to 30MHz, with a
minimum of insertion loss at normal
signal levels, measure 200X 55X 50mm
and weigh 1.1kg. Callbuoy Marine
Electronics Limited, 6 Somerset Road,
Cwmbran, Gwent NP4 1QX.

WW311 for further details

Switch seals

Amiseals are one-piece seals for toggle,
push-button and rotary shaft switches.
The seals are moulded to hexagonal
nuts and are claimed to provide com-
plete dust-proof and water-tight pro-
tection for switch actuators, and also
seal the panel holes. The hexagonal nuts
are available in a range of thread sizes
to allow use on switches of various
manufacturers. These seals are manu-
factured in the U.S.A. and meet the
requirements of MIL specifications
B5423. A. F. Bulgin & Co. Ltd, Barking,
Essex.

WW312 for further details

High-brightness l.e.ds

‘A Tl-packaged l.e.d. lamp, the RL-2000,
has a typical luminous intensity in
excess of 3.5mcd. The lamp is designed
for panel mounting with either rear or
front mounting clips and provides
radiation with a wide viewing angle. It
may be driven from existing i.c. cir-
cuitry, requiring no additional power
supply, and offers the user the choice of
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either extremely high intensity opera-
tion or low power consumption at lower
brightness levels. A typical
characteristic of the RL-2000 is a
luminous intensity of 3.5mcd at 100mA
and a peak inverse voltage of 3V.
Litronix, 24 Sun Street, Hitchin, Herts
SG5 1AH.

WW313 for further details

Scanning motors with

mirrors

A range of scanning motors fitted with
mirrors has been produced by Techma-
tion Ltd for electronic, optical and
medical applications such as raster
generation and pattern generation, asin
visual evoked response. These motors,
in the S4 range, are based on the proven
MFE miniature galvanometers and are
tangent-corrected, exhibiting a lineari-
ty of up to 0.5% with 0.05% repeatability.
The motors give mirror deflections of up
to 30° pk-pk and work at frequencies up
to 100Hz or more. Four motor sizes are
available, each with a one-wavelength
flatness mirror. Techmation Limited, 58
Edgware Way, Edgware, Middx HAS8
8JP.

WW314 for further details

Electronic ice-point

An electronic ice-point, available from
Ancom Limited, is built into a thermo-
couple connector and is powered from a
self- contamed battery. The Omega MCJ
(miniature ‘cold junction), which is
companble\ with any thermocouple
quick-disconnect connector, is claimed
to give 2500 hours continuous operation
from one battery. The standard refer-
ence temperature setting is 0°C, with a
compensation accuracy of +0.5°C from
15°C to 30°C, and the output impedance
is less than 200%. Internal balance
adjustment is provided for high accur-
acy requirements. Ancom Limited,
Devonshire Street, Cheltenham GLS50
3LT.

WW315 for further details

Data-cqmmumcatlons
test set

On display at the Virginia Electronics
Exhibition, held in the U.S. Trade
Centre in October, was a test set from
Dynatech Laboratories Incorporated.
The TC-100 is a programmed test set for
locating and defining faults in data
communications systems. It is claimed
to simulate and test all components in
the data network including the com-
munications circuits, modems, termin-
als and computer ports — both the
hardware and software. Tech-lit Ser-
vices Incorporated, 1519 Highwood
Drive, Arlmgton V.A. 22207.

WW316 for further details

Tantalum chip capacitors

A high-reliability range of Tantalum
chip capacitors, available from Waycom
Limited, are manufactured to
MIL-C-55365A standards and are
intended for direct substrate mounting
in high-quality thick and thin film
assemblies. The BNS series covers the
capacitance range 0.1 to 100pF, for
working voltages up to 50V. The solder
mounting terminals are claimed to be
shock and vibration proof and the body
has an insulating coating of inert
polymer to avoid contaminating tran-
sistors or other sensitive components
on the same substrate. Tolerances of
+20%, +10% and *5% are available,
and the capacitors may be worked over
the full military temperature range
—55°C to +125°C. Waycom Limited,
Wokingham Road, Bracknell, Berks.
WW317 for further details

Solid State
Devices

Names of suppliers of devices in this
section are given in abbreviation after
each entry and in full at the end of the
section.

H.f. transistor

The MRF905 n-p-n silicon high-fre-
quency transistor, from Motorola, is
designed for low-cost radiosonde ser-
vice and microwave communications
relay links. It is an oscillator transistor
which is emitter ballasted and has the
coilector connected to its TO-46 metal
can. Typical characteristics include low
current density, a current-gain band-
width product (f,) of 2500MHz, and an
output power, measured at 1.68GHz, of
500mW. The maximum collector-emit-
ter voltage (Vcgo) is 20V, collector
current is 150mA and power dissipation
at 25°C is 2.5W.
Ww318 Motorola

Low-noise f.e.ts

A family of gallium-arsenide Schottky
barrier f.e.ts, designated as the model
HFET-1000 series, is now available from
Hewlett-Packard. The transistors offer
a 14.5dBm linear 25mW power output at
10GHz. At this frequency the transistors
have typical noise figures of 3.6dB with
6.9dB associated gain, and maximum
available gains of 11.0dB. These chips,
which are intended for use in low-noise
amplifiers in the 2 to 12GHz range. have
1 by 500 micrometer gates.

WW319 Hewlett-Packard
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High-valtage rectifiers

A low-cost high voltage rectifier range,
the 1N5181-84 series, has been intro-
duced by Semtech. Peak inverse vol-
tages range from 4 to 10kV, the average
rectified current is 100mA (at 55°C), the
maximum forward voltage drop is 10V,
and the maximum reverse current at
25°C is 1pA. The cylindrical rectifiers
have axial leads and operate over a
temperature range of —65 to +175°C.

Ww320 Bourns

Microwave transistor

A range of low-cost high-power
microwave transistors, from Mi-
crowave Semiconductor Corporation,
operate in the frequency range 1.5 to
2.3GHz. The devices, designated as the
Impac series, are input matched. Output
powers range from 5 to 30W with an
option of 24 or 28V. Applications for
these transistors include satellite up and-
down links and missile telemetry. Prices
range from £15 to £50.

WWw321 Tranchant

Low-resistance switching
transistors

Complementary p-n-p/n-p-n silicon
epitaxial switching transistors with low
inverted dynamic-saturation resis-
tances (typically 4Q) are available from
Crystalonics. Other characteristics
include typical collector/base and
emitter/base leakage currents of 0.5nA,
Ve Of 20V, Vi of 30V, and an offset
voltage of 0.7mV. Collector/base and
emitter/base capacitances are 6pF and
5pF respectively. The transistors,
which operate over a temperature range
of —65 to +200°C, are packaged in a
TO-46 can.

WW322 GEE

Suppliers

Bourns (Trimpot) Ltd, Hodford House,
17/27 High Street, Hounslow Middlesex
TW3 1TE.

G.E. Electronics (London) Ltd, 182/4
Campden Hill Road, Kensington, Lon-
don W8 7A5.

Hewlett-Packard Limited, King Street
Lane, Winnersh, Wokingham, Berk-
shire RG11 5AR.

Motorola Limited, Semiconductor Pro-
ducts Division, York House, Empire
Way, Wembley, Middlesex HA9 OPR.
Tranchant Electronics (UK) Ltd, 100a
High Street. Hampton, Middlesex TW12
2ST.
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BAIRD ON TRIAL

ONE of the many strange phenomena of
our time is the growth of nostalgia.
Victorian bric-a-brac, not so long ago
the object of derision, is now eagerly
sought after. And the stuff needn’t be so
old at that. A nameplate of a steam
locomotive scrapped only a couple of
decades ago can now command
upwards of £5,000 in the market place.
Bits and pieces from axed branch lines
change hands at fantastic prices. Tram
tickets can be worth their weight in
gold, while anyone who has in his loft a
1923 valved radio in mint condition
is probably sleeping under a platinum
mine. L

The ‘twenties phase has also hit the
journal’s correspondence columns with
the John Logie Baird controversy —
not, 'm thankful to note, that hardy
annual as to whether or not he isindeed
the Father of Television, but whether he
was fooling the public. This has stirred
up a rare old ding-dong, with many
revered names cutting and thrusting in
the best traditions of the late Mr Errol
Flynn, including, I see, a former editor
and an assistant editor of WW.

But, with the utmost respect to all
participants in the story so far, it seems
to me that to attempt to solve the

question primarily by studying the

business and technical aspects of
Baird’s 30-line activities is to create a
cart-before-the-horse situation. Surely
the initial approach should be to
examine Baird’s psychological makeup
to see whether he was inherently
capable of chicanery?

Ideally, I suppose, only unbiased
witnesses who knew Baird intimately
would be ih a position to judge his
integrity, but although there are many
living who knew him well, hardly any, I
imagine, could be completely objective.
Failing that, one must turn to the
literature, such as “John Baird,” by
Sydney Moseley, one of Baird’s friends
and business associates.

His account of Baird’s pre-television
days is illuminating. Baird, it seems, had
a horror of poverty, yet no over-riding
ambition towards riches. His early essay
into diamond manufacture when he

mounted terminals at the ends of a
carbon rod, immersed it in a bucket of
concrete and then connected the output
of a power station (where he was an
employee) across the terminals, isn’t
one to engender confidence in his
technical abilities and judgement. Baird
anticipated the sack by getting out of
electrical engineering in a hurry and
plunged into a series of one-man
business ventures. The Baird Under-
sock, “Medicated, Soft, Absorbent.
Keeps the feet warm in winter and cool
in summer” was the first. These were
ordinary socks, sprinkled with borax;
Baird promoted their sale by means of
“carefully prepared home-made testi-
monials” (his own words).

Next there was a disastrous excursion
into jam-making in the West Indies, the
climax of which came when he returned
to England with kerosene tins full of
mosquito-ridden jam which he was
unable to sell until a sausage maker
bought it to mix into his products. Other
abortive ventures followed, including
“Baird’s Speedy Cleaner” a soap which
Baird himself described as rubbish, but
which sold well. Glass razor-blades and
pneumatic soles for shoes were his first
inventions — both abysmal failures.

We now move on to June 1923, by
which time Baird had somehow latched
on to Nipkow’s apparatus and, with the
aid of a selenium cell and valve ampli-
fiers, had made it work to the point
where it would transmit shadows. Still
broke and needing more money for
components, he inserted the advertise-
ment in The Times:

“Seeing by Wireless — Inventor of
apparatus wishes to hear from someone
who will assist (not financially) in
making working models . . .” ’

This, according to Sydney Moseley,
was a “con.” Eventually it brought a
financial backer to the tune of £200.
That soon vanished — not into Baird’s
pocket, but into equipment — and for
some time afterwards he lived hand-
to-mouth until investment by relatives
eased matters a little.

The next incident, in terms of Baird’s
integrity, concerns the morning after
the celebrated demonstration to
members of the Royal Institution in
January 1926, when Baird’s premises in
Frith Street were beseiged by pressmen.
The press (says Moseley) were cour-
teously received and “were told only
what Baird and Hutchinson (another

associate) chose to tell them”.

In 1927 a company was formed;
thereafter Baird’s personal finances
were considerably easier and he had
considerable sums at his disposal for
research. But in one major respect his
problems multiplied. He was no longer a
lone inventor, responsible only to
himself. He had shareholders — specu-
lators who wanted a return on their
investments as early as was possible.
Baird had to whip up public interest to a
point where a television service could
be started. Only then could his company
sell Televisors. Accordingly Baird
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plunged into an orgy of demonstrations
while Moseley, an ex-Fleet Street jour-
nalist and completely non-technical,
whipped up enthusiasm in the
newspapers and banged the big drum.
In record time Baird demonstrated
colour television stereoscopy, and
Noctovision as well as long-distance
30-line transmissions. All held consider-
able experimental interest. None of
them had entertainment value.
~ Which brings us to the question
before the meeting. Did Baird employ
any degree of rigging in staging his
demonstrations? Certainly the
temptation must have been great. He
had been first in the field with a moving
picture containing a degree of light and
shade, but only by a short head. By this
time others were demonstrating; more-
over, he had no master-patent to
protect the overall system, so it was
essential that he should be seen to be in
the lead. At the same time, however, he
must not give away too much technical
detail to rivals. . '
When in 1930, the BBC rather
reluctantly permitted Baird the use of
two Brookman’s Park transmitters —
one for vision and one for sound — for
limited experimental broadcasts, the
Baird Televisor was launched in two
forms; a complete model and a con-
structor’s kit. I have a copy of the
original brochure. It contains no salient
technical information. No mention
(naturally) is made of the “hunting”
problem which still existed. It contains
such phrases as “perfect reception is
guaranteed”, “see the world from your
own fireside” and “The day is not far off
when owners . . . will be able to witness
a whole film performance ...” (Six
years, as it transpired — but not with
the 30-line system!). '
If it transpires that Baird did cons-
ciously fool the public (and he certainly
seems to have had an amoral approach
in his earlier life) it may well have been
with the best of intentions. Most
inventors have a blind spot concerning
the deficiencies of their brain-children;
Baird had a sublime belief in his system;
he was convinced that in the end
mechanical scanning would provide a
100% entertainment medium and so he
might have argued that the
employment of any means was justified
in order to win through. And, before we
dismiss him as an unqualified crank
who stuck obstinately to mechanical
scanning, let’s not forget two things.
One is that his early experiments
triggered several large organizations
into television research and their highly
qualified engineers all followed the
mechanical road for some years. The
other is that in the famous trial against
the Marconi-EMI system, Baird’s
240-line Nipkow disc system was
defeated not so much on picture quality
as on being less flexible in operation.
I've sometimes wondered how Baird
would have fared if he had lived in the
days of NRDC. But that’s another set of
conjectures altogether!
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¢+ Fully modular elec
tronics using plug-
in PCB's through-
out. Separate sync

' give identical
levels. Switchable
VU’'s with slow
decay. Individual
oscillator for each
channel. Dolby A
switching facility.
Comprehensive
facilities include
sync on all chan-
nels, servo con
trolled capstan
modularelectron
ics, variable speed
{optional), relay-
solenoid operation
Compact presenta-
tion for easy porta-
bility

£1 790 + VAT Full console optional extra.
Compatible 8-output Mixer available

£1260 + VAT
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and replay amps
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DUCTS AND SUBJECT TO 8% VAT

Industrial Tape Applications IA e O W1 OAE 870
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stan drive.

Immediate delivery

ITEMS ARE INDUSTRIAL PRO-

WW—094 FOR FURTHER DETAILS

| BULK ERASURE PROBLEMS?
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MAX REEL SIZE 112"

LR70

MAX REEL SIZE8Vs''

If it's personal we can only advise a diet or joining weightwatchers.
If it’s to do with tape, then why not consider the LR70/71 bulk
tape erasers. They are simple to operate and will erase cassettes
cartridges and reels or tape up to a maximum reel size of 11% "’
and tape width of 1", quickly and efficiently within the time it
takes to read this advertisement

The LR70/71 buik erasers are currently used in Broadcast
Companies, Recording Studios vernment Departments,
Educationa!l Establishments and the Computer Industry

Moderately priced and available from

LEEVERS-RICH EQUIPMENT LIMITED
INCORP. BIAS ELECTRONICS

319 Trinity Road, Wandsworth, London SW18 3SL
Telephone 01-874 9054

Cables: Leemag London SW18. Telex 923455 Wembley

WW — 032 FOR FURTHER DETAILS

fauit finding-
no fiddle

With the AVO TT 169 in-circuit transistor tester.
Go/No Go tests almost any transistor, diode or
thyristor without de-soldering, without damage.
Find out how it can save you time, save you
money.

You'll find the price is no fiddie either.

Contact your local wholesaler, or us:

AVO Limited, Dover, Kent CT17 9EN.
Telephone: Dover (0304) 202620

|

=

—

Thorn Measurement Control and Automation Dwision.

WW-—044 FOR FURTHER DETAILS

JE

S AUDIO INSTRUMENTATION

Illustrated the Si452
Distortion Measuring
Unit—low cost distor
tion measurement down

70 0
o 0 0 0

& h B G B o to 01% £48 .00

ol
Si451 £60.00 Si453 £60.00
Comprehensive Millivoltmeter  Low distortion Oscillator
350u Volts 20ranges sine square — RIAA

prices plus VAT
J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 872501
CARR STREET. CLECKHEATON, W. YORKSHIRE B19 5LA

WW—046 FOR FURTHER DETAILS




‘| express service for phone customers

Wireless World, December 1976

‘YES SIR, 1st CLASS POST TONIGHT"
we specnallze in high spec components with

' 1

3 3 fF B R R 0 B B B | -
10% discount orders over £15
High spec components e
FAST sarpo—day turn round ~g f’i"-ﬂ‘a’p’?
Agaents for Vero, Antex. Bib Multicore Solder
SAE for stock st including Pots, presets. | C s 7400 and COMS, Capacitors, plugs sockets.
swiiches, cable, etc

Post free envelope for your next ordev Super Express phone service Shop at keen prices 6 days a
week Late night—Friday, 7-10 pi
TRANSISTORS + 200 OTHER TYPES IN STOCK one
AC125 .20p 8C1478 .10p° BD133 .54p° 0Ca4 .30p DIODES
AC126 .20p BC148 .g:- 8D155 .75p° OC71  .26p SOV 3A  .13p
AC127 .20p BC1488 .10p° BF158 .20p" ORP12 .65p 100V 3A  .15p
AC128 .20p BC1498 .11p° BF184 .26p TIP29a .47p° 200V 3A .18p
AC151 .38p BC149C .11p° BF185 .28p TIP30A .B6p° 400V 3a .21p
AC153 .38p BC154 .18p° BF194 .10p" TIP31A .87p
AC176 .20p BC157B .12p°, BF196 .12p° TIPA1A .67p  BRIDGES
AC187 20p 8C177 17p BF197 .12p" TIP424 .BOp 100V 1A .20p
AC188 .20p BC1788 .18p BF199 .18p" TIS43  .3asp 200V 1A ':‘z»
AD149 .68p BC1798 .19p BF200 .38p ZTX300 .13p° 400V 1A .32p
AD16] .42Zp BC184B .12p' BF338 .34p ZTX302 .18p" | .o ..
ADI62 .42p BCIB4L .11p" BFWI1 88p ZTX500 .18p- L% ve's
MCH/PR1.04p BC187 .28p BFX20 .26p Z1X502 .18p° /81 susou'su
AF116  .24p BC212A .13p° BFX84 .22p IN914 . Sp M Ber
AF117  .24p BC212L .16p° BFX88 .22p  IN40O) . 00 e
AF124  .30p 8C213B .12p° BFY50 .17p  1N4002 . 6p U\Eﬂsss N -89p
AF233  .46p BC214 .15p° BFY51 .18p 1N4005 . 9p g o 80p
AUIT3 1.50p' BC214L .17p' BFYS2 .18p IN40Q6 .10p  SN7EO1IN
BC107 .11p BC262A .15p BY164 .40p 1N4148 . Sp s=7eozg=
BC107A .12p BC287 .20p MEO401 .18p" 2N2219 .20p

d . MEC411 18p° 2N2646
CILTOB . @p BCIO! .34p ME4001 .10p" 2N29260.13p*  IBABIOS
BC10BE .11p BC303 .35 ME4101 .11p° 2N2926G.16p" JBAB20
BC108C .12p BC338 .18p" MPF102 .32p" 2N3053 .;.p N414
BC109 .11p BC557 . @p° OA47 . Bp 2N3055 .80p 2
BC1098 .12p BCY71 .18p OA90 . Bp 2N3702 .11p° g)'(‘g';‘ (400mw)
BC109C .13p B8CY72 .14p OA91 . 4p 2N3703 .10p°
BC117 .18p° BD123 .90p ©OA200 . 8p 2N3704 .13p* 3v. 3v3. V1. 6v6.
BC142 .24p 8D124 .90p 0C28 90p  2N3705 .1°p' 7V5. 9v1, 10V, 12V,
8C143 .24p BD13] .36p 0C29  .58p 2N3I707 .12p° 18V. 22v. 30w
B8C147a . 8p° BD132 .380 0C35 .80p  2N3819E 25,.' Al at 12p° each

558
g
g

1.6
1.7
1.7
1.3
1.4
1.2¢
1.3

ageaaa

LED Ti 209/0125 0 2* RESISTORS 1v:p* TREAC DIL SOCKETS .

Red 20p 20p - each 400V 6A 92p  BPn 13p

G 29p 20p " WATTEI2(5%) 400VBA 1.50p 14 Ppn 15p

Clips for above 1p lohm 10mohm  DIAC BR 100 28p 16 Pin 17p
VERO 0. 1 Matrix .

THYRISTORS VOLTAGE 25" x 12p

60V 1A 20p REGULATORS (TO3) 25" « 3 75" 38p
600V 1A 60p TAG 1 600 Viemp 1amp 375 x 375" a8p .

700v tA 1.20 BT106 sV €135  g£1.78 375 x 5 s1p

400V 4A  68p C106D1 12V £1.35 €198 25 x & asp

500V 614 1.26 BT109 15V £1.36 g1.78 477 x 1797 2.34p

84" x 16" a4p

Post & Packing 25p per order VAT please add o total 12Y:%. rest 8% .

ORCHARD ELECTRONICS

FLINY HOUSE, HIGH STREET, WALLINGFORD, OXOM, OX10 ODE Telephone 0491 35629

L e B B R 0 B3 0 § § BN B § J |
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METER PROBLEMS?

137 Standard Ranges in a variety of
sizes and stylings available for 10-14
days delivery. Other Ranges and
special scales can be made to order.

Full Information from:

HARRIS ELECTRONICS (London)

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

WW — 028 FOR FURTHER DETAILS

Solid State Colour
Tlelevision Circuits

G. R. WILDING

The book contains, firstly, a clear and concise explanation
of how the various semiconductor devices used in solid-
state receivers function, and how they are utilized in the
complicated and often highly ingenious arrangements of
modern designs. Secondly, concentrating on the most
modern c.t.v. designs, explanations are given of how these
circuits operate, providing excellent back-up material to the
manufacturers’ service manuals, which can contain only the
minimum of ‘circuit notes’ to aid fault diagnosis.

The information covering the most up-to-date innovations
in c.t.v. design in major British, European and Japanese
recetvers will be useful to service engineers, technicians and
students and to amateur enthusiasts as a lucid exposition of
the modern design of colour television receiver.

CONTENTS: Devices and Principles. Power Supplies. Time-
base Circuits. Sync Separators. Convergence and Degaussing.
Tuners and 1.F. Amplifiers. Luminance Circuits. Chromi
nance Circuits. Burst Gates and Reference Oscillators.
Demodulator and PAL Switch Circuitry. Signal Amplifying
and Output Stages. Beam Limiters. Index

1976 208 pages 252 x 160mm 0408 00228 X £5.75

: .
Order from your bookseller or, in case of difficulty,
from

NEWNES-BUTTERWORTHS

Borough Green, Sevenoaks, Kent, TN15 8PH
Telephoqe 0732 884567

HOW DO YOU MEASURE up
CAPACITANCE? — We suggest the:

1pF to 1uF in two ranges. 4 volts reverse bias for selection of varicap
diodes. + or — 0.5% + or — 1 digit. LED displays. 120/240 volt mains
or 9 to 12 wvolts DC neg. earth. £108.00 + 8% VAT.

FREQUENCY? — Why not use the.

Friford Comsmnscation

- o A
TC12 Digital Frequency Counter
DC" to 240MHz typical 200MHz min. Choice of tilament or LED dispiays
with leading zero suppression optional. Standard model stability + or —
Sppm O to 60C. £130.00 + 8% VAT.
High stability model + or — 0.5ppm O to 60C. £145.00 + 8% VAT.

Further detals and delivery schedules, quantity prices and export
quotations are available free for the asking, please do—

TELFORD COMMUNICATIONS
78b High Street, Bridgnorth, Salop, WV16 4DS - Tel 074-62 4082

WW—015 FOR FURTHER DETAILS
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write or phone:

Audio versatil

If you require superb quality, top performance, proven
reliability and electronics designed with music in mind,

Specialists in Audio Control Equipment for the Broadcast and Sound Recording Industries

Ty oy TUIEED

The Tweed Twin-100 Monitor Power
Amplifier — designed for a high peak
output capability, this robust amplifier
delivers 100 watts per channel into 8
ohms. Full performance specification on

TWEED RUDIO

RUTEEN

ROSEWOOL INDUSTRIAL
ROXBURGHSHIRE SCOTLAND

ESTATL KELSO

PHONE 2981 STDOSI32

WW-—089 FOR FURTHER DETAILS

PROJECT 80 AUDIO MODULES

PZ5 £4.95. P26 £8.70. 240 £5.75.
Project 805Q £18.95.

BI-PAK AUDIO MODULES

S450 tuner £18.95. AL60 £4.33
PA100 £13.45, MK60 Audio Kit
£27.20. Teak 60 £10.85. Stereo 30
£15.95. SPM80 £3.35. BMT80 £3.50.

! HEH1! E:EEULATERS AND
WATCHES®
Cambridge Scientific £8.95. Oxford 300
£13.30. Mains adaptors £3.20
Programmable Sciennfic with free mains
unit £24.95. Grey watch + bracelet
£16.45.

PS12 £1.60. T538 £2.95. Send sae
for free data

JGA0 AMPLIFIER
New integrated circuit 20W amplifier
chig with pch and data €4.45.

SINGLAIR 1C20

NTl ZN414
radio chip £1.44. Extra parts and pcb
for radio £3.685. Case 80p. Send sae for
free leafiet

BATIERY ELIMINATORS
STABILIZED POWER UNITS
Millenia series. Switched 1 to 30V In
0.1V steps. 1A output. Kit £11.45. Kit +
case £14.40. Built £18.40.
2A output: Kit £13.95. Kn + case
§1s .90. Built £20.95.

SPECIAL
Switched output
of 3, 4%, 6, 7%
9, 12V at 500mA
£5.20

IC20 10W+ 10W stereo amp kit with
printed circuit £4.95. PZ20 Power supply
for above £3.85. VP20 Control and
preamp kit £7.95.
gclz AMPLIFIER - \\\

W IC audio amp
with free data and / //
printed circuit
£2.25%.
DELUXE KIT FOR JC12
Volume and tone controls and extra parts
for the pcb. Mono £2.33. Stereo £4.95,
JC12 POWER KIT
Supplies 25V 1Amp £3.55.
JC12 PREAMP KITS
Type 1 for magnetic pickups, mics and
tuners. Mono £1.50. Stereo £3.00. Type
2 for ceramic or crystal pickups. Mono

ELECTRONORGTECHNICA 3
carbon film ;5 ,570RS

Ys and Yaw 70°C 5% tol. E.12
EX-STOCK

£4.90 PER 1,000 oLUS

OF ONE VALUE  vaAT.

Contact John Gingell

Z AERO SERVICES LTD.
d

44A Westbourne Grove
WW

London W2 5SF
TEL: 01-727 5641 TELEX 261306

2 — FOR FURTHER DETAILS -

FULLY STABILIZED MODEL =
Switched output of 3/6/7%/9V stabi.
lized at 400mA £5.45°.
3-WAY MODELS«
With switched output and 4-way
muiltijack connector Type 1. 3 / 4% /
6V at 100mA £2.94. Type 2- 6 / 7% /
9V at 250mA €£3.10.
RADIO MODELS
50mA with press-stud battery connectors
for radios etc 6V £3.45. 9V £3.25.
4% +4'2V £5.45. 6+ 6V £5.45. 9+ 9V
£5.45. Also 9V 300mA £3.95.
CASSETTE MAINS UNITS
7%V output with 5 pin DIN plug. 50mA
model £3.45. 300mA model £3.95.
CAR CONVERTORS
Input 12V DC. Output 6. 7%z, 9V DC 1A
squlated £5.10+#.
PRINTED CIRCUIT KIT
Make your own printed circuits Contains
etching dish, 100 sq ins of copper clad
board, 1Ib ferric chioride, etch resist pen,

BATTERY ELIMINATOR KITS

88p. Stereo £1.76.

SEND SAE FOR FREE LEAFLET

S-DECS AND T-D;GS*

T DeC uos : 9 R T
u-DeCA £4.45 7 f d
i-DeCB £7.85 | !

g
16 dil IC carriers "~
with sockets £2 05

100mA radio types with press stud
battery terminals 42V £1.95. 6V £1.95.
9V £1.95. 4%V +4%2V £2.60. 6V+6V
£2.60. 9V+9V £2.60.
100mA cassette type: 7'2V din plug
£1.95.
Stabilized 8-way types: transistor
stabihized to give low hum 3 7 4% / 6/
7V2/ 9/ 12 / 15 / 18V 50mA model
£3.15. 1 Amp model £6.50.

eavy duty 13-waytypes: 42 /6 /7 /
8Y%2/11/13/14/17/21/25/28/
34 /42V 1A £4.95. 2A £7.55_
Car convertor kit: Input 12V DC Output

drill bit and laminate cutter £3.95.

6 / 7% / 9V DC 1A regulated £1.95.

SWANLEY ELECTRONICS
DEPT. WW_PO BOX 68, SWANLEY, KENT BRS 8TQ

Post 30p on orders under £2.23 otherwise free. Prices include VAT. (Overseas customers
deduct 7% on items marked#, otherwise 1 1%). Official orders welcome

INSTANT SINAD MEASUREMENTS

with the

Jhadder

The SINADDER is a specialized
distortion meter for Sinad
Measurements. Just connect it
to the audio output and read

i SINAD directly. No adjustments
to make. Automatic circuitry
does the level setting for you

£120 +p. &p. 8 VAT
LYONS INSTRUMENTS

Hoddesdon Herts EN119DX Tel: 67161 Telex 22724

N

R — A Claude Lyons Company ]
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COMPUTER APPRECIATION

86 High Street, Bletchingley, Surrey RH1 4PA. Tel: Godstone (088 384) 3221

DIGITAL COMPUTER CONTROLS D112
MINICOMPUTER SYSTEM comprising 4K Processor.

32K disc unit,

high speed paper tape reader/punch. ASR 33 Teletype & Software
including BASIC, FOCAL & FORTRAN; £1550.

IBM 1130 COMPUTER SYSTEM comprising 4K x 16 Processor, 1/0
‘golfball’ typewriter, high speed paper tape reader/ punch, communications
unit and an additional printer. Software includes diagnostics and an
assembler. A modern compact machine designed for scientific applications;
£695.

PDP 8/S 4K MINICOMPUTER with TTY interface and software; £385.
DF 32 disc unit suitable for interface to PDP 8/8; £295

IBM 1/0 TYPEWRITERS, BRAND NEW; £280.

IBM 1053 RO Golfball printers; £49.

IBM Model 1056 CARD READERS. very compact; £68

IBM Model 1058 (24 Series) printing CARD PUNCH with adapter for
on-line use; £225.

ASR 33 TELETYPE with 20 mA current-loop interface; £325.

Other ASCH coded TELETYPES from£150.

ASR 35 TELETYPE - as ASR 33 but heavy-duty and with extended control
functions; £350.

EKCO 6-digit TTL counter-timers NEW, but untested, £38 Tested, £48.
EKCO FIELD RATEMETER, NEW; £48

BRPE High Speed TAPE PUNCHES; £78

ICL High Speed TAPE READERS; 78

DATEK 40 c.p.s. TAPE READERS, mechanically (not brush) operated,
NEW and boxed; £28 (substantial reductions for quantities).

COSSOR VDU with keyboard; £95.

HONEYWELL printing card punches / verifiers: from £50.

DURA paper tape gotfball typewriter; £225 .

PLESSEY 16K x 13 core memories without electronics; £27 Case
mounted alpha-numeric keyboard with 200 ch. buffer and display: £17.50.

WW-—078 FOR FURTHER DE-TAILS
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The Hi-Fi Year Book is more than just a handy
reference. It is a sensitive instrument enabling you
to pinpoint and track down the finest Hi-Fi items
on the market. There are 500 pages of products,
photos and expert articles to help you in your

choice. Separate illustrated sections cover every Wmﬁm#mﬁ e
Recordens Spaakens CabinetsAudio 5

major category of equipment—telling you what
each item does, what it costs, who makes it and
where to buy it. What's more, there are
authoritative articles on the latest developments
and how to apply them. Order your copy today,
before it sefls out...and you'll be tuned in to the
finest in Hi-Fi all through 1977!

1977

Availa‘ble direct from the publishers @ £3.40
inclusive or from leading booksellers and
newsagents price £3.00

e

Eagle.

Everything from a jack plug
to a receiver,

” ORDER FORM

To IPC Business Press Ltd., Room 11,
Dorset House, Stamford Street.
London SE1 9LU.

Please send me.......... copy/copies of
Hi-Fi Year Book 1977 @ £3.40 a copy
inclusive, remittance enclosed.

Cheque 'P.O. should be made payable
to IPC Business Press Ltd.

Name.
(please print)
Address

‘ Registered in England No. 677128
‘ Regd. Office Dorset House. Stamford
‘ Street, Landon SE1 9LU

AEL CRYSTALS LIMITED

Gatwick House, Horley, Surrey, England RHE 95U

Tolephane: Horley (02934} 5353 Telex: 87116 (Aerocon Horley}
Cabies: Aerocon Telex Horley
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I'TEEEEEERES SRR S S S

P.O. TYPE 3000

"’I/&IIISOI)S RELAYS b soo

BUILT TO YOUR SPECIFICATION HIGHEST
P %= By RETURN HOME AND OVERSEAS
- HIGH SPEED RELAYS. Single and Double
: g
%
*f SELECTOR UNITS available now at
competitive prices.
LEDEX DC OPERA D SOLENOID OPERATED
Way and Off, and 54 Pole On/Off 9 Wafers. both types £ 10 each

QUICK DELIVERY SERVICE QUOTATIONS
P.O. Type 9 and 12, and complete RELAY
LAMP JACK. P O type for tubular wedge bulbs 30
é’ AFER SWITCHES 24 Pole 11
your own specification for £10

QUALITY AT COMPETITIVE PRICES WITH
Pole various resistances. RESISTORS
PLUNGER KE& P.O. No. 308 with 3 C.' O contacts 40p each
MULTI-INDICATORS 0 10 9, or A to K, or L to Z %in Characters. dimensions 1
n wide 3-5/16in deep 15/16in high, lluminated by 28v single contact
midget flanged lamps 08 amps £2 50 each, can be assembled in banks of five to

BATTERY CHARGERS. Input 200/250 v A C . output Bv_ 15 am s with Ammeter
fuses, requiated by a 4-| pcsmon sw.lch and stiding resistance £ 15 ea

GEARE OTO}(R m or 3rpm 4 watls, very powerful, revers:ble 24v AC
£3 each, can be o pera(ed rom 230 v_with our lransfovmer £2 50

L. WILKINSON {(CROYDON) LTD., LONGLEY HOUSE, LONGLEY ROAD,
Phone: (‘)'1 ?:4 0236. Grama: WILCO CROYDGN

X ¥
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Understand electronics.

Step by step, we take you through all the fundamentals
of electronics and show you how easily the subject can be

mastered using our unique Lerna-Kit Course.

€ircuit diagrams.

circuits and see how
they work.

Brochure, without obligation 1o:

BRITISH NATIONAL RADIO &
ELECTRONICS SCHOOL,

P.O. Box 156, Jersey, Channel Islands.

NAME

(1) Build an oscilloscope.
{2) Read, draw and understand

(3) Carry out over 40 experi-
ments on basic electronic

I ADDRESS

WWF12

I
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'HART ELECTRONICS

The Only Firm for Quality Audio Kits

Master Board with one Replay Amp removed

As these circuits in recent issues of ~“Wireless World'' are capable of
such an excellent performance we feel that it is not sensible to sacrifice
this potential by designing a kit down to a price. We have theretore
spent a little more on professional hardware allowing us to design a
very advanced modular system. This enables a more satisfactory
electrical layout to be achieved, particularly around the very critical
input areas of the replay preamps. These are totally stable with this
layout and require no extra stabilising components. Many other
advantages also come from this system which has separate record and
replay amps for each channel plugging in to a master board with gold
plated sockets. The most obvious is the reduction of crosstalk and
interaction which could cause trouble on a single plane board, with our
modular system the layout is compact but there is no component
crowding. Testing is very easy with separate identical modules and
buitding with the aid of our component-by-component instructions is
childishly simple, but the finished result is a unit designed not to
normal domestic standards but to the best professional practice.

J. L. Linsley-Hood High Quality Cassette Recorder

LENCO CRV CASSETTE MECHANISM

High Quality, robust cassette transport for Linsley Hood Recorder Features fast forward,

tast rewind, record. pause and automatic cassette ejection facilities. Fitted with

Record/Play and Erase Heads and supplied complete with Data and extra cassette

ejection spring for above horizontal use. Ex-stock £19.10 + £2 38 VAT

71x Complete set of parts for Master Board, includes Bias oscillator,
Relay, Controls, etc. £9 83 + £1.23 VAT

72x Parts for Motor Speed and Solenoid Controt for Lenco CRV Deck.
£3.52 + 44p VAT

73x Complete set of parts for stereo Replay Amps and VU Meter
Drive. £8.02 + £1 VAT

74x Complete set for Stereo Record Amps. £6.64 + 83p VAT

+75x Complete set of parts for Stabilised Power Supply including
special Low Hum field Mains Transformer. This unit is a separate
3.6 x 5" PCB designed so that the motor control board fits above
itto save space. £8.29 + £1. 03 VAT

700M. VU Meters Individual high quality meters with excellent
ballistics and built-in illumination. £6.48 + 81p VAT PER PAIR

ALL PARTS ARE POST FREE
Please send 9 x 4 SAE for lists giving fuller details and Price breakdowns .
A suitable Metalwork and Front Plate will be available soon

Penylan Mill, Oswestry, Salop

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

I CEAEGN M Instrument cases IRl - Qm

All dimensions are Widih«Heigh x Depth
PRICES 1 otfnc P &P but not VAT
MOD-3 (including chass: C  45x10» 65 s
301 7x3 x5 575 D 9 x 3x 65 b
302 7x4%:x5 617 E 9 x xS .
30 7x6 x5% 7.87 F 9 x10x 6% .
304 11a3 xS% 7.08 13 x 3x 65 d
305  11x4%x5 835 H 13 x 72 65 g
11x6 x6% 9.99 13 x10x 65 g
CONTIL TEXTURED o O :
Otfer instrument manufacturers low-cost cases ex-stock Blue PVC coated  7gg Tx5x6 7.08 E :g :”;: gg ::;: Mod-2 cases over 24 sizes. Front and back panels grey PVC Aluminium
tegl stength and rigidity PVC alumimum grey tront and rear panels ore 867 Bx7x6’ 9.48 M 45x 3x13- 7:02 chassis inciuded. Packed flat Outer casing blue PVC steel o up to size L
removable PCB and PSU mounting sysiem avalable A avaslab ?;:’;7 ;g:?:; ,g-‘;g N 4.5x 7x13 960 also avalable \n wood-grain and L Price for next price higher
biack, 301 price of 302, Bk 302 303, Bk 304 305 1277 unpainted g1 @ ;legx::\ 1:25 Black 15 B pr
16127 16x7x12°  15.08 Po 3 x 7a13 |2'55
191010 19x10210" 2066 3 o ,1gm13 15.43
ELF CASES Grey linc chassis) |§ 13 x 3x13 12.85
Elf 6x4x4 240 T 13 x 7x13 15.43
Bare EMf llesstt ch.pnl) 1.95 (U 13 x10x1 19.06
Grant EIf 8x6/n5 360 V 18 x 3x13 15.43
Long EHf 9x4x3 200 W 18 x 7113 19.06
Jumbo Ell 10%«5%x5% 3 ol 22.39
5.25 Prices correct at 1 Dec ‘76
MOD-2 CASES Nod 7 n Woodar B F :
A range ol eyebrow cases 1n blue textured acrylic Front panels normally  lincluding chassis firush i sizes A-L a, N These tough I to the cost ol a job Front pa
vhit nie r PVC/al o available unpainted up 10 1277 size A 45x 3x 65 6.05 | Prices as for one price up ori h 3t E! 45
) o B 45x 7x 65 7.02. Mod. 2. e g. Mod 2A Woodgramn N ¢
v 2 1D (3N @iy or Black 15 as Mod 28 EED GION P d
All West Hyde are available with substantial d ints for quantities Mast cases have discounts at 5 ot and 25 olf with discounts up to 25 100 0t Pr 'd 3 ollected on first three price breaks on cases

Instr'ument cases

BRIGHTCASE MARK il SAMOS

8C212 13 Full Rack) 18.07| 100x 50x50rmm 1.24

BC222 Hull Hock) 16.59 b? 00+ 100»50mm 142

B (5% Fu k! 19.86 S3  100x150=50mm  1.68

BC322 (5 Hult Rack 18.07 54 125 50x/49mm 1,78

Ruck E v S5 125x100.75mm  2.04

No ustro for Louvres add L [S6 125x160s /omm 239

MINGS S7 126:200x/5mm 2,68 TR A ;

rest noc lack P steel top and botiom which can b aturg (nstrument cases in and white P\ steel  Assembie 1o th

LTS ECE O b VE siee .' ' - § N b M2 65x100x50mm .67 'HEAVY DUTY CASE ot [ e e a = h | 3
ipplie r 't Free d o]l 00 bl M3 100x130x50mm ‘85 Ba Beo 06 t ¢ ng
n rack or halt width & mbled in special polystyrene pack for safe postage M2 Bare 44 10%10x7 . fix PC feet are available 10 hold up to 4 PC boards h: ontully

Smart miniature ABS cases
either ali or PVC stee!. Builtan slots tor PC cards, dividers et
ardds ¢

PC b

THE INSTRUMENT

M3 Bare “s0

in tough ngid high gioss black Front panels
Chasuis or

be supported on P’ clips fromnternal piliar

12x

Ryefield Cres., Northwood Hills, Northwood, Middx., HAS 1NN
Talophons: Northwood 24941/28732/27051
Telox: 523231 West Hyde Nthwd. .

10%7

OVER 250 DIFFERENT
CASES IN STOCK-SIZE RANGE
OVER 5000:1 IN VOLUME

Send for catalogue

WEST HYDE

DEVELOPMENTS LIMITED

sintec steel, welded carne
rew hixings and toam around the door he b
gasknt an WS Provideg

Available 1n 3 sizes Heavily constructed
with heavy hinges 2
glanc wnith

CASE BPE(:I‘ALIB"I‘B

WW-—-067 FOR FURTHER DETAILS
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Jointhe Digital

Revolution

Understand the latest
developments in calculators,
computers, watches, telephones,
television, automotive instrumentation . . .

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

' £6.20

Design of Digita >ystems.
plus 80p packing and

surtace post anywhere in
the world.

Payments may be made in
foreign currencies.

Quantity discounts
available on request

VAT zero rated

Also available -— a more elementary course assuming no prior
knowledge except simple anthmetic
Digital Computer Logic and Electronics.

In 4 volumes £4-20

plus 80p P. & P

1. Basic Computer Logic

2. Logical Circuit Elements

3. Designing Circuits to
Carry Out Logical Func- Offer Order both courses
tions for the bargain price £9.70,

4. Fliptlops and Registers plus 80p P. & P
Designer These courses were written so that you could
teach yourself the theory and application of
Manager digital logic. Learning by self instruction has the

Enthusiast advantages of being quicker and more thorough
than classroom learning. You work at your own

Scientist speed and must respond by answering questions
Engineer on each new piece of information before
Student proceeding to the next.

Guarantee—no risk to you

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

———————— e ——

To Cambridge Learning Enterprises, Dept COM
FREEPOST. St. Ives, Huntingdon. Cambs. PE17 4BR

“Please send me set(s) of Dedign of Digital' Systems at£7.00 each,
p & p included

‘or ... set(s) of Digital Computer Logic and Electronics at £5.00 each,
p & p included

or combined set(s) at £10.50 each, p & p included
Name

Address

delete as apphicable
No need to use @ stamp — just print FREEPOST on the envelope
wwi2

R
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"Ampex and

] g

€
JAMES SCOTT

Alionment Units
for DR.and EM.

Multi- Channel
Tape Recorders.

The F.M. Alignment o

Unit Type FMU/1 illusirated was designed at W

the Royal Radar Establishment, Malvern, to suit

Ampex Recorders working on the [RIG intermediate

band specification (using ES 100 Eiectronics) e.g. Model

Numbers FR 1200, FR 1260, FR 1300. FR 1800L, £8 400, PR 500

If you have a scphisticated Ampex Recorder—
Align it to the Manufacturers specification
using our Alignment Units for D.R. & F.M.
Systems.

Speedy and inexpensive

For Further information and Technical Literature
Write or telephone.

(Electronic Engineering) Ltd

CARNTYNE INDUSTRIAL ESTATE
GLASGOW G32 6AB
Tel:041-778 4206

WW — 025 FOR FURTHER DETAILS
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&<t i

OFFICIAL ORDERS WELCOMED GOVT /EDUCATIONAL DEPTS , ETC

TRIACS

1.6 AMP PLASTIC @ 6 AMP ISOLATED TAB 10 AMP ISOLATED TAB

AS 0161w 100V 3 NAS 0651w 100V .68 NAS 1001w 100V .80
NAS 0161x 100 3 NAS 0651x IOOV .68 NAS 1001x 100V .80
NAS 0162w 200\/ .34 NAS 0652w 200V 72 NAS 1002w 200V .86
NAS 0162x 200V .32 NAS 0652x 200V .72 NAS 1002x 200V .84
NAS 0164w 400V a5 NAS 0654w 400V .80 NAS 1004w 400V  £1.19
NAS 0164x 400V A3 NAS 0654x 400V .78 NAS 1004x 400V £1.14
NAS 0166w 600V .56 NAS 0656w 600V .97 NAS 1006w 600V £1.49
NAS 0166x 600V .83 NAS 0656x 600V .86 NAS t006x 600V £1.47

3.5 AMP CLIPPED TAB 8 AMP ISOLATED TAB 15 AMP {SOLATED TAB

NAS 0351w 100V .58 NAS 0851w 100V .76 NAS 1501w 100V £1.15
NAS 036tx 100V .87 NAS 0851x 100V .75 NAS 1501« 100V  £1.06
NAS 0352w 200V .64 NAS 0852w 200V .86 NAS 1502w 200V £1.14
NAS 0352x 200V .61 NAS 0852x 200V .84 NAS 1502x 200V  £1.12
NAS 0354w 400V .75 NAS 0854w 400V 87 NAS 1504w 400V  £1.66
NAS 0354x 400V .74 NAS 0854x 400V .84 NAS 1504x 400V  £1.63
NAS 0356w 600V 85 NAS 0856w 600V £1.21 NAS 1506w 600V  £2.07
NAS 0356x 600V .92 NAS 0856x 600V £1.16 NAS 1506x 600V £2.02

Devices with internal tngger have "W’ suffix, "X~ Denotes Standard Triac

THYRISTORS

4 AMP ISOLATED TAB

NAS 106p  50pv .29
NAS 106q 100pv .33
NAS 106r 200pw .40
NAS 1065 400pv .63
NAS 1061  600piv .99

1.6 AMP TOS @

NAS 006p  50pw .28
NAS 006q 100piv .31
NAS 006r 200pv .34
NAS 006s 400pwv 44
NAS 006t 600pv .57

& AMP ISOLATED TAB

NAS 206p 50pv .40
NAS 206q 100piv .46
'NAS 206r 200piv .55
NAS 206s  400piv .85

8 AMP {SOLATED TAB 16 AMP TO 48

NAS 306p  SOpiv .45 16A 50V .60
NAS 306q 100pw .52 16A 100V 64
NAS 306r 200piv .65 16A 200V .70
NAS 3065 400piv 93 16A 400V .85

16A 600V £1.17

Quantty Prices on Application. SAE

TRANSISTOR SPEAKERS &

2" 0. 3watt 8 ohms 40p

2% 0.lwatt 75 ohms 40p

707 LED 3! Common Anode Dispta .90

Bus it with \cress 704 LED 3" Common Cathode Display 1.00,
LS 747 LED 6" Common Anade Dispiay 1.65

® Piease add 12%:% VAT Remainder 8% P&P 20p
Phone in your Access or Barclaycard order Catalogue 20p. Callers welcome

ANTENNA DESIGN & PRODUCTION
% N\
We are specialists in the
design, development and

/ production of all types of

) K/ antennas and controls, ‘

\ including those to military
\ specifications.

We invite your enquiries

STRINGER GLARK ANTENNAS LTD.

i CHILD OKEFORD ¢ DORSET ¢ DT 8EH
Telephone : 025886 - 8293

WW — 020 FOR FURTHER DETAILS

_— —

MINIMUM TID POWER AMPLIFIER MODULES

WE BELIEVE OUR MODULES ARE UNEQUALLED IN SOUND
QUALITY, OVERALL PERFORMANCE & VALUE FOR MONEY

#S/N>110dB & 120x80x25 mm. & Fully protected & 250mv/56kn # 12Hz-35kHz -3¢B #14Trs.4D
It has recently been shown that an amplitier with some traditionaily desireable features-(eg hu., feedhach, wide
bandwidth! can actually sound worse than one wilh a poorer spec. This has been attrebuted
to distortion caused bytransients{T.L0.I Carefutiy positioned compensation arise-time of 10ps
settling -time of 10ys (8. 2pF) and slewing-rale ot 6vips ensure minimum 110, whive LHD is

reduced 10 typicatly 0170 08max) at TkHz by ultea-linear outpul triples, not by excessive -
feedbach. This approach has yielded one of the cleanest sounding’

amplifiers availabie, regardless of cost

“E608 60Wrn . £35v. £14-65
CE1004 100Wrms/4n, $35v, £1 >

1 Wi 45y £21
Hisinhs. 50mm.85 uty 100mm. £1-50
Cheque/ P.0. to “RIMSON ELEKTRIK

Qr for full details 74 STATION ROAD

Tel (950533 386211 RATBY, LEICESTER CE1008 + Oomesiic heatsink. (50mm.|

" WW-—043 FOR FURTHER DETAILS
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Distributors for Plessey - Remo

Valves Semi Conductors

Type Price (p)| Type Price (p) | Type Price (p) | Type Price (p)
DY87 43 | PCF802 52 |AC156 28 [ BC138 30
DY802 43 | PCL82 54 LAC176 22[ec139 28
£CC82 44  PCLB4 55 | AC176K BC140 32
EF80 34 PCL85 57 |Ac187 20 | BC141 28
EF183 39 PCL86 92 | ACI87K 30| BC142 20
EF184 39 PFL200 65 |ac1ss 18 BCl4a3 25
EH90 40  PL36 63 | AC188K 30 | BC147 8
PC86 58 | PL84 30 | AC193K 36 | BC147A 11
PC88 58 | PL504 90 [ aC194K 35 [-BC148 9
PCI00 30 | PL508 85 § AD140 65| BC149 10
PCCBY 46 | PL509 €135 |ap1az 62| BCI53 20
PCC189 47 | PYB8 43 AD143 65 | BC154 20
PCF80 41 | PY500A £125 | ap149 65 | BC157 11
PCF86 44 | PYB0O 47 |'aD161 47 | BCI58 10
PCF801 AD161/2PR £1.00 |BCI1S9 11
aD162 38| BCI60 30
AF114 25| BC161 33
AF115 22| BC171 10
Type Price (p)! Type Price (P) | aF116 22 BC172 10
MC1351P 70| TA7072P €153 1 aF117 20/ BCI73 15
{Equv ETTR60B) | TA7074P €134 | af{is 52 |BC178 18
ML 2318 £4.20 TA7124P 73 | afi2a _ 38,BC1788 20
ML 2328 £4.20| TA7141AP €140 | AFi25 27(8Cl79 22
SLal1aA  £168| TA7171P  £1.65|aFize 38 | BC182 11
SL 415A €220 TA7172P  £1.65 | afF127 38 /BCl82L 12
SL1310 €154 TA7173P  £2.20 | aF139 39 | BC183L 12
SL 3046 73| TA7176P  £1.30 |AF178 69 BC184 12
SL 76544 £1.50 | TAAS550 32 |aF180° 69| BC186 25
SN76003N €235 TAAS570  £1.30 | AF181 &9  BC187 25
SN76013N_ £1 43 | TAA 661B 81 | AF239 45 | BC204 14
SN76013ND_£1.25 | TAA700 £3.80 | aAF240 20 | BC212 11
SN76023N  £1.43 | TBA120S  €£1.14 (AL102  £1.40 | BC212L 11
SN76023ND_£1.20 | TBA120AS 60 | AL103 £130 | BC213 11
SN76033N__£2.15| TBA120SQ_£1.00 | AULO7 £1.35 | BC213L 11
SN76110N  €£1.75| TBA480Q  £1.40 | AU110 £1.20 | BC214 13
SN76226N__ £2.20 | TBA520Q _ £1.75 [ AU113 £1.05 | BC214L 15
SN76227N €£1.45| TBA530Q  €£1.75 | BCi07 10 | BC237 11
SN76532N £1.45 TBA540Q _ £1.25| BC1078 15 | BC238 11
SN76533N  £150 | TBA550Q  £2.30 | BC108 10 | BC301 30
SN76544N  £1.70| TBA560CQ  £2.40 | BC109 12 | BC303 30
SN76650N TBA750Q  £1.43 | BC109C 14| BC327 13
SN76660N TBA800 £110|BC113 15 | BC328 13
SN76666N TBA920Q _ £2.90 | BC114 15.Bc337 12
TA7050P  £1.13 | 7Bag90q  £2.50 | BC115 17} | BC338 12
TA7051P £1.45 | Tcaajoq  £2.90 | BC116 17§|BC546 13
TCA 800 £4.60 | BC116A |8c547 12
BC117 BC548 12
Semi Conductors BC118 15 Besis I3
: BC119 27 | BC550 14
Type Price (p) | Type Price (pg BC125 174 | BC557 13
AC107 25 | AC141K 28 | BC1258 18 | BC558 12
AC126 24 | AC142 18 | BC126 15 | BCY72 16
AC127 20 | AC142K 31 | BC132 15 | BD115 39
AC128 15 | AC151 28 | BC135 15 | BD116 59

AC128K 24 | AC154 18 | BC136 16 | BD124

AC141 24 |.AC155 BD131

J8E: *PRICE
*QUALITY
*RELIABILITY
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low cost-~top quality

COMPONENTS

-Siemens - A.EG.Telefunken-Teleng and Toshiba Components

Semi Conductors Semi Conductors New Mono Tubes (110) WEST MIDLANDS
Type Price (p) TBYFP;38 Price (gl Type Price (p) | Type Price (p) f;menTTy:% $&u;va3l1e;|;01 Price eetavision
BD132 39 $2802 £2.99 |TIP32A 62 “ Toshiba .
; 85 Far Gostord Street
80133 45 | BF355 ol = S OmARKIT ST %0 E2117A  A31/250w £17.75 el
80135 29 | BF457 37 £4.90 |TIP42A 75 | 147 Toshiba Tel. Coventry 56476-503598
80136 gg g:::g g; TIP31A 52 |T7s01 77 ME529 FZP TMT 34/101 £173§
80137 %20p or less. Minimum 5 items 20" ASD-140W CME 2013 £15
80138 33 | BFTA2 35 247 a61-140W cme 2613 £17.00 | ERSNYIRL ] W00
¢ elvoi 1]
BD140 39 : BFX29 29 NeW C0|0ul' TUbe ‘90 , Comparnents, ¢
BD144 £1.99 | BFxs4 29 Pel o Price (p) . 66 MMl St., Melton Mowbray,
BD160 €165 | BFX85 30| Type rice (p) | Type (p - jvalent loe Leicextershire LE13 1AZ
BA115 9 |oaa7 g | Screen Type Equ Pric b
EDIET L || dAl 28| e B ltongg e | 197 A29-191X. A49-192 ang LI B
BD182 50 | BFXss 25 gAlAB e |oas = A49-120X  £57.70
80183 80 | BFYS0 S T T 0 = N AR astoaseal CAMBS.BEDS. HFRTS.
80184 £110 | BFYS5I 19 / 04202 8 | 227 Rse/120 £6150
BD222 47 | BFY52 20 %1(%___12 ING0/0A91 g 1 Cambridge Electronic
8D225 47 | BFY90 gr10| 8AX1S 0 6 1IN914 p‘emﬂ ACCBSSOI‘IBS Components
oo s e et
BD233 43 | BRIOI 38 T 4 Type Price Tel. 0954 50292
80234 49 | BRC4443 8o | BY127 [N4003 5| coax Plugs each 10.5p
80235 39 | BRY39 38 | BY199 25 | IN4004 5 | Standard Superverters each £13.50 EAST ANGLIA
BD236 53 | BSY52 30 | BY206 Ty I 3005 > | Superverters with variable
80237 '39 l 8T106 £1.20 | BY238 22 LELD 6 _gam o FMS Nerwich Electronic Components
80238 5 | 87108 £1.50 | BYX10 14 | INa007 _ 6 | Superverters with variable 16 Denbigh Road,
8DX32 £2.40 | BT116 £1.25 IN4148 4| gain and frequency each £17.45 Norwich. NR2 3AA
BDY20 80 | BU105/02 £1.60 % 20p or less. Minimum 5 items Broad Band Amplifier - each £16.50 Tel. 0603 28625
BF115 38 | BU10S. £1.80 EARe @ All Teleng products available @
BF152 20 | BUI26 el EHT MU|tlp|IeI'S through C.P.C. SLONDON&S EAST
BF158 20 | BU204 £1.80 drder .
BF160 35 | BUZ05 167 | yype Code Price Paul Electrical Ltd..
BF167 24 | BU206 £1.95 50/252 Grand Drive,
el gl a2 £33 | Thorn 950 MK 11 1400 b101P cz.o; i L Aapans oo
s 5 BU368702 £2.78 Thorn 1500 3 stick D102y £19 Kirktontield Road, Londor. SW20
BRI 208/1 23 Thorn 1500 5 stick D103G  £2.17 Mellston, Glasgow GT8 3PL Tel. 01 542 6546
BF179 38 | BUY69B €250 | Tr0in 1590 Stick  DI04E  £0.35 Tel. 041-881 5825
BF180 31 | BUY69A  E265| 17 philips Moo D10SC AVON. GLOS. WILTS
BF181 35 | €1222 38| Large Screen : o N.IRELAND VUN. g ;
BRIB2 30 | MIE340 45| Rank Z 718 DI06A ¢ 54 - -~ Cheltenham Electronics Ltd.,
BF183 30 | MJES20 44| Thorn 3000/3500 01077 g5 34 Llectronic Sales 297/299 High Street,
BF184 79 | 2N696 30| e — (Ulster) Limited, Cheitenham,
BFI8S 35 | 2N706 =1 REROINNE000) DI0BH  ¢]1.98 4 Tates Ave., Lisburn Road, Gloucestershire GL50 3HS
SEiEE % | 3N3053 26 Thorn 8500 _DIOSF  £4.14 Belfast BT9 7BY Tel. 0242 30251
Bries 5 | 3N30ss < | Thorn 9000 D110Y  £6.50 Tel. Beifast (0232) 668718 :
BF195 8 | 2N3055 55 g:f::: gg“bs':r'les_ %ég__% LANCASHIRE DORSET HANTS. IO W
BRIYG6 IOHY |2007102 L2 Decca 80 Series DI13C £5:30 D. B. Components,
gii:; ;; i g:g;gi i(z) GEC Hybrid DI14A ¢4 96 ;daoo';slde|:le:trlcal Co., 1 Devenshire Street,
. oorside Avenue,
BF199 25 | 2N3705 jo | GEC. Solid State  DLISI ~ £5.30 Smithiils Greenhank, Plymouth, Devon
BF200 28 | 2N3706 1o | 1T CVC 15 DLI6H  £4.96 Boiton. Tel. 0204 40918 Tel. (0752) 24369
BF218 40 | 2N3819 38 |7 CVC 20 ~ " 0IITF 530
BF224 20 | 2N5296 40 | Philips 68 DLIBD £4.96 SOUTH WEST
BF240 17 | 2N5496 53 | Philips 550 __Dl19B  £496
BF2al 17 | 0C71 29 | Pye 691/693 D120E  £3.66 gn::‘ns:: Aerial Co. Ltd., Doubie D. Distributors.
BF257 28 | 0C72 29 | Pye 731 D121C  £4.92 un“u‘ 16 Highfield Road,
BF258 26 | 20088 £1.90 | Rank A823 DI22A  £4.96 Swansea SA1 2NT e A H RS
8F259 30 |R2010B___ £1.00 | Koiting DI25F  £4.96 Tel. Swansea 50393/54836
BF336 37 | RCA16334 80 | Telpro/Carnival/ D126D
B8F337 35 | RCA16335 80 Hamilton/ Steepletone £5.35

GOMBINED PRECISION
GCOMPONENTS LTD,

C.PC., Dept. WW 194.200 NORTH ROAD, PRESTON, LANCASHIRE ENGLAND
Phone: Preston (STD 0772) 55034. Telex 677122

WORLD WIDE EXPORT SERVICE ask for ROBIN PRATT New prce list 1.11.75

‘Good people to deal with
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Wireless World Dolbynois reucer

Trademark of Dolby Laboratories Inc.

We are proud to announce the latest addition to our range of matching high fidelity units.

Featuring:

) Typical performance
@ switching for both encoding (low-level h.f. compression) and decoding Noise reduction: better than 9dB weight-

@® a switchable f.m. stereo multiplex and bias filter ‘Ed_
Clipping level: 16.5dB above Dolby level
@ provision for decoding Dolby f.m. radio transmissions (as in USA) (Crggf;‘:{)ed at 1% third harmonic

@® no equipment needed for alignment Harmonic distortion 0.1% at Dolby level

typically 0.05% over most of band,

@ suitability for both open-reel and cassette tape machines nsing to a maximum of 0.12%.
. . o . . Signal-to-noise ratio: 75d8 (20Hz to
@ check tape switch for encoded monitoring in three-head machines 20kHz, signal at Dolby level) at Monitor
output.
o Dynamic Range > 90dB
The kit includes:

30mV sensitivity.

—complete set of components for stereo processor

-—regulated power supply components
—board-mounted DIN sockets and push-button switches
—fibreglass board designed for minimum wiring

—solid mahogany cabinet, chassis, twin meters, front panel. knobs, mounting screws and nuts

PRICE: £37.90+ VAT

............................... ... .. Price £52.00+VAT |
Calibration tapes are available tor.open-reel use and for cassette (specify which) ... .. . .. Price £2.00 + VAT ¥

| Also available ready built and tested

Single channel plug-in Dolby@PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are available with all
COMPONENTS 2 s - ¢« « « w28« 0 o 3 o S & < 2 o om 7 Ba ® 5% m e s st onm iRt Price £7.20+ VAT

Single channel board with selected fet. . . . ... ... ... .. .. ... ... ... ... Price £2.20+ VAT

.................................. ............ Price £1.40+VAT*
Selected FET's. 60p each+ VAT, 100p+ VAT for two, £1.90+ VAT for four

Gold plated edge connector

Please add VAT at 12% unless marked thus®, when 8% applies A
We guarantee full after-sales technical and servicing facilities on all our kits, have

Buy it with Access
you checked that these services are available from other suppliers?

Please send SAE tor complete lists and specifications

. Portwood Industrial Estate, Church Gresley,
I N I EG R E X L I D Burton-on-Trent, Staffs DE11 9PT
| ] Burton-on-Trent (0283) 215432 Telex 377106
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S-2020TA STEREO TUNER/AMPLIFIER KIT

SOLID MAHOGANY CABINET

A high-quality push-button
FM Varicap Stereo Tuner combined
with a 24W r.m.s. per channel Stereo
Amplifier. ; £ * -
Brief Spec. Amplifier: Low field Toroidal transformer Mag. input, Tape In/Out facullty (for noise reductlon unit, etc),
THD less than 0.1% at 20W into 8 ohms. Power on/off FET transient protection. All sockets, fuses, etc., are PC”
mounted for ease of assembly. Tuner section: uses 3302 FET module requiring no RF alignment, ceramic IF,|
INTERSTATION MUTE, and phase-locked IC stereo decoder. LED tuning and stereo indicators. Tuning range’
88—104MHz. 30dB mono S/N @ 1.2uV. THD 0.3%. Pre-decoder ‘birdy’ filter.

PRICE: £53.95+ VAT

NELSON-JONES STEREO FM TUNER KIT

A very high performance tuner
with dual gate MOSFET RF and
Mixer front end, triple gang
varicap tuning, and dual ceramic
filter / dual IC IF amp.

Brief Spec. Tuning range 88—104MHz. 20dB mono

quieting @ O0.75uV. Image rejection — 70dB. IF
rejection—85dB. THD typically 0.4% Mono £29.15+VAT

IC stabilized PSU and LED tuning indicators. Push-button With ICPL Decoder £33.42+ VAT
tuning and AFC unit. Choice of either mono or stereo with .

a choice of stereo decoders. With Portus-Haywood Decoder
Compare this spec. with tuners costing twice the price £35.95+ VAT

e w—— STEREO MODULE TUNER KIT

o & A Jow-cost Stereo Tuner based on the 3302 FET RF
) module requiring no alignment. The /F comprises a ceramic
filter and high-performance IC Variable iNTERSTATION MUTE.

PLL stereo decoder IC. Pre-decoder ‘birdy’ filter

%
AR G

Sens. 30dB S/N mono @ 1.2uV
THD typically 0.3% . :
Tuning range 88— 104MH:z PRICE: Mono £26.85+ VAT

LED sig. strength and stereo indicator Stereo £29.95 + VAT

S$-2020A AMPLIFIER KIT

Developed in our laboratories fronr the highly successful
"“TEXAN’ design. PC mounting potentiometers,
switches, sockets and fuses are used for ease of
assembly and to minimize wiring

Power ‘on/off’ FET transient protection.

Typ Spec. 24+ 24W r.m.s. into 8-ohm Ioad at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N
72dB. Headphone output. Tape in/Qut facility (for noise reduction unit, etc.). Toroidal mains transformer.

PRICE: £31.95+VAT

ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES,
NUTS AND BOLTS, KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND
COMPREHENSIVE INSTRUCTIONS

BASIC NELSON-JONES TUNER KIT £14.28+VAT  PHASE-LOCKED IC DECODER KIT . . £4.47+VAT
BASIC MODULE TUNER KIT (stereo) £16.75+va7  PUSH-BUTTONUNIT ... £4.50 + VAT

PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODERKIT. . .. .. . .. .. .. .. £8.00+VAT



I'PAK SEMICONDUCTORS

( TRANSISTORS *74 SERIES T.T.L. 1.C’s ]l [ SUPER UNTESTED PAKS VOLTAGE
BRAND NUW FULLY GUARANTEED Bl PAK STILL LOW PRICE_ FULL SPECIFICATION REGULATORS
TYPE PRICE TYPL PRICE TYPE PRICE TYPL PRICE ORI D)
ACIITK «030 13 170 0.09 - BF27 «0.31 ¢ .21 A Quanuties Type Quantities THE FINEST VALUE IN T 4 Plostic Encapsulation
ACI22  «0.12 BCIT 063 HF272  wDMI *0.1% ")z?m 100 + 125 100 WATHN L 129
ACI25  «0.18 RBCI72 009 BF273 0.36 «0.1s . 0.08 SV (u q\u\ m AMVRAVY
ACI26  «0.14 BCI73 0.09 BF274 0.36 w013 009 008 UNTESTED UA TRIZ L]
ACI2Z7  #001 B(C)74 0.15 +0.61 .15 0.0 o.g 12\'(qu\ to MVRIZVY X
B(175 .22 0.25 EXSEY 010 od uA TN LT
BCI77 <016 :o.|; RUNTN 0Iz  o0ll SEMICONDUCTORS 15V (hqun 1o MVRISV 125
HOITR  +0.16 «0.25 .21 012 ol LA TN
BCLIT9 *0.22 w21 029 0.3 I8V {Foun to MVRINYY
*0.22 w024 024 023 Pak No.
*0.22 *0.24 g:g USD 100 Germ. Gold bonded OA47 diode . *0.60
«0.13 016 . USI 150 Germ. OA70/81 diode ....... ! r l
#0.13 w16 0.0% US52 100 Silicon Diodes 200mA OA200 . D.LL. SOCKETS
*0.13 wl)32 0.21 U53 150 diodes 75mA IN4148 . 1 25 Lm +
*043 046 0.24 US4 50 Sil Rect Top Hat 750 mA | TEPSK % pin 1 pe (ow cost)
*0.16 .35 0.25 USS 20 Sil Rect Stud Type 3 Amp uld 012 ule
«0.16 *0.73 0.26 US6 50 400mW Zeners DO7 Case HPST4 14 it (i cont)
. wl5n 0.26 U57 30 NPN Trans BC107/8 Plastic 00 013 o
35 0.10 U58 30 PNP Trans BC177/178 Plastic . 0.80 | 316 16 pom 1 pre (I comty
0.26 U58 25 NPN TO38 2N897/2N 1711 sl #0.60 ' wis 0li w2
0.26 U60 25 PNP TO59 2N2905 silicon #0.60 | 32 24 prn i pe dow )
0.26 U6l 30 NPN TOIB 2N706 silicon . *0.60 [ 033 0.0
0.26 U62 25NPNBFYS0/51.......... *0.80
g-gg U83 30 NPN ll:':slic 22N3330)54 siticon - :-:
- U84 30 PNP Plastic 2N3905 silicon . Lo l
g;g UB5 30Germ. OC7TIPNP ....... -Og * DIODES
8 US86 15 Plastic Power 2N3055 NPN . *1 o
0.35 U67 10 TO3 Metal ZN3055 NPN . w120 | AALLS O o
0.28 U688 20 Unijunction trans T1S43 . T owxeg0 | AAI20 g.gn BY7-I"4 .36
0-?: U6s 10 1amp SCRTO39 ... D owl2e :::,2;’“ 0-0; e g
g:m U70 8 3amp SCR TO66 case . »120 | M0 B @
‘l’l% Code Nos. mentioned above are given as a guide to the gﬁ}‘r‘: 3‘,? (((22;]] tQ) 046
1’00 type of device in the pak. The devices themselves are BAI26 022 (OAT0-0A79) 0.07
0.85 normally unmarked. BAL4X 0.15 OA5 Short
1.00 BAI5S4 012 Leads 0.21
0.63 3 OAlN wrl
0.76 ():47 S 007
) .. OATO w7
(‘:(’_'IFQ“’F‘ :3132 g:g OATY 007
M 0K oo | *INDICATOR ows
o2 w047 o - A i
0023 *0.49 oL "
C24 #057 L) L.E.D. Displ fives v
0025 «0.38 .20 bLLETIEVES Az ot
(::gj 03 27 3'% DL707 Common anode. 0.3" 85p OA202 o7
« w0, . : .
ez e 2N o DL747 Jumbo comman anode. 06" £1.70 A e
45 2N29 - ) R e 2
::: ::;f 2-\;29230 0.46 DL727 Double digit display. commaon anode. 0.5 INY any
041 «0.20 IN2926R 748l 0.98 £2.00 {:‘m 007
0042 #0258 2\2926H ;j*l‘ 0.79 I ;: :‘. ::3:
] . s 0.84 y i
h R W | LEDs "
(K70 %010 2NH53 T3 115 Available 1n 0.125” and 0.2 dia. lenses 15951 o
i:;; :gllg g:,::;’: Devices mad h( mixed to guadify for quanoy price (TTL 74 Seres Red 10p. Green 17p. Yellow 17 - )
LADI0 w045 o3 g : lblie for the wbove sertes nf 10510 hosklut form e p- ’ P
CADIBI  %0.38 PRom Y016 Mounting clips 2p each
; :3:2? N «0.36 OCTR :g.;: p 3015F Mimitron 7-segment filament £1.11 A:JJDI(;‘:IS”/I\.[‘(::?(S
" ADIRAMP) *0.16 ! [ SPECIAL POWER OFFER
3 COTD o soley NIXI TUBE — ITT 58708
B . .0, ..
PAFH4 w022 0,16 : R.C.A. 2N5295. NPN to 3 O\“ Character height 13.46mm Comprising 5 1.C.s
AFHIS w022 .20 o
o o ::;o PLASTIC POWER ..-rj SPECIAL OFFER 5 for £2,00 76003/76023 series
TAFLT w022 «0.20 vCE  50v VOB 60v c
AFLIx 032 «0.26 P Ww le A B ONLY £1 per PAK
¥ 26 2N 5 i
W I B 0120 te Complete with data
*0.26 +0.26 2
«0.26 029 2 ONLY £1.50* f
or 10
el V.A.T FM STEREO
«0.31 DECODER
»0.31 . .
M *THYRISTORS ] All prices EXCLUDE V.A.T. Comprising 5 1.C.s like
.o.gl 3 N MC1307 and SN76110
*0.3% PIVOKA BSA TV A 3A 0 3A TV I0A TEV 30 :
«0.73 TOICTOBE 103 FORS 10K 1088 10Tx 104K 1040 1035 Please add 8% to all prices ONLY £1.50 per PAK
«0.75 moonlgoo - - - - - - - 5 gl o
gols m == =9 = == ¢ marked * Remainder add 12%% Complete with data
+0.31 i - —
*0.26 )
0.26 Lo
‘o8 oo : [BRIDGE RECTIFIERS
*«0.26 200 [ R R
*0.26 il = = 2A 50vRMS 0.35
b o . 2A 100VRMS 0.40 °
- I 2A ANRMS 0.5
0.26 r ! ¥
AVDEL BOND 28 RN 03;
#0.26 [ 2A 100OVRAMS 0.60
LINEAR
i SOLVE THOSE
*0.08 Quantities Quantities 1
o0 [ STICKY PROBLEMS!
*0.08 A 171 167 157 .
0.10 AT0 026 0.4 022 with
NS AT 0.19 0. 0.7
0.16 unTle 031 02% = -
0.16 UATIZ 031 0.2%
n19 0.5 0.40
0.09 [EIEE
«0.31 L3 130
-O-Plﬂ 0N6 0K
012 RFIA3 <1201 0.96 O.KK
gllg RBF 164 RN HE W 0.43 440 o CYANUACRYLATE 32
A BF 165 * N\ A0 086 0.43
0.1%  BFIRT TH AN L34 LA ADHESIVE
012 BFI7} /NI - -
3 *0.16 BFI76 The wonder bond which works in seconds -
]H((:;; 20 i honds plastic rubber transistors components
3139 3
BC 140 SILICON RECTIFIERS permanently immediatel /!
e W A T30 A R 150 4 ey OUR PRICE ONLY 70px* Postage and packing
BCI43 .10 PIV (DOTY (SOE6 Plastic (N4 (SO (SO0 (T for 2 hial add 25p. Overseas add
R(‘ll-m N W 03 006 INdOnI 003 007 ey or £gm phia extra for airmail. Mini-
BU147 [[=11] oo 003 0.07 R LI 606 0.4 -
ey Lot M 06 068 INoat a7 012 mum order £1
BCI49 LYIXY W7 00 NG R 0t
BC150 .08 WML N (RTE AN Y s b R
BC15) R T T I 3 PO N 11 =] N
BC 152 JLLCSI N K TR Y INdT 0y 3 .4
BC153 2 a2 IN WY 2% .5 d
BC154
BC1S7
* [
1130 TRIACS
BC16) £
BC161 e [ITIY 2 RN H
BC167 Doamp o 1OT Al 00wt e e alies e
BC168 3 q HoAmp Towd 50 n.el nev regomimn nded Tor s
BC169 0.19 mz,n . v n Amp [T SN Tl ([ a2 wirh T~ ' PO BOX 6, WAR E, HERTs




other audio eq

High quality modules for stereo, mono and

uipment.

PUSH-BUTTON

" STERED

OUR PRICE ONLY .

£19.9

The 450 Tuner provides instant program selection at the touch
of a button ensuring accurate tuning of 4 pre-selected stations,
any of which may be altered as often as you choose. by simply
changing the settings of the pre-set controls

Used with your existing audio equipment or with the BI-KITS
STEREO 30 or the MK6O Kit etc. Alternatively the PS12 can
be used if no suitable supply 1s available, together with the

* FET input Stage

* VARI-CAP diode tuning
* Switched AFC

* Multi turn pre-sets

* LED Stereo Indicator

Typical Specification:
Sensiuviry 3y volts

Transformer T538. Stereo separation 30db
The $450 is suppiied fully built, tested and aligned. The unit is Supply required 20-30v at
90 Ma max.

easily installed using the simple instructions supplied.

FM TUNER

5 Fitted with Phase Lock-ioop Decoder

Enjoy the quality of a magnetic cartnidge with
your existing ceramic equipment using the new
M.P.A. 30, a high quality pre-amplifier enabling
magnetic cartridges te be used where facilities
exist for the use of ceramic cartridges only

It s provided with a siandard DIN £2 65

input socket for ease ¢f connection
]

Full instructions supphed

POSTAGE &

STEREO PRE- AMPI.IFIER

OUR PRICE

£13.50 /

~AL-

1dB 20UHz

Frequency Response +
20KHz Sensitivity of tnputs

A top quality stereo pre-amplifier

1 Tape Input 100mV into 100K ohms

and tone control unit. The six 2 Radio Tuner 100mV into
push-button selector swiich pro 100K ohms
vides a choice of inputs together 3 MagreucP U 3mV into
with two really effective filters for 50K ohms

P U Input equalises to RTAA curve with,

high and low frequencies, plus tape
1dB from 20Hz to 20KH:z

cutput Si i 20-35V at 20mA

1
MK. 60 AUDIO KIT: Comprising " 2ijebo
2 x AL6O's. 1 x SPM8Q. 1 x Di!mensions

299mm x 83mm

BTM80. 1 x PA100. 1 front panel 3

and knobs. 1 Kit of pants to include

on/off switch, neon indicator

stereo headphone sockets plus AMPLIFIER MODULES

nstruction booklet. COMPLETE The AL2 AL

PRICE £27.55. plus 62p snr:xlar |notheanr:dappegrozincljenltaida:r? The Stereo 30 comprises a complete stereo
TEAK 60 AUDIO KIT: postage. their general specification. How- pre-amplifier, power amglifiers and power supply This,

Comprising’ Teak veneered cabinet

size 16%"'x11%""x3%"", other paonwer ?eovnt:es‘ hER resu'lrted 'g ta produce a high quality audio unit suitable for use with a
parts include aluminium chassis, e -';O%fatc:s RUN‘I)US powers from ° wide range of tnputs i e. high quahty ceramic pick-up
heatsink and front panel / The versa;(ilify of their design stereo tuner, stereo tape deck etc. Simple to install,
bracket plus back panel / makes them ideal for use in recogd capable of producing really first class results, this unit is
and appropriate sockets players, tape recorders, stereo supplied with full instructions, black front panel knobs,

etc. KIT PRICE £9.20 -
plus b2p 4 SPECIFICATION: - tridge tape players in the home.
postage @® Harmonic Distortion Po=3 watts f=1KHz 02.5%
. Load Impedance 8-16o0hm ® Size: 75mm x 63mm x 25mm
/

. Frequency response +3dB Po=2 watts 50Hz-25Hz
AL20 5w R.M.S. £2.65 AL30 10w R.M.S. £2.95

/

‘ /Auo.o 20 -30

ever, careful selection of the plastic

amplifiers and cassette and car-

@ Sensitivity for Rated O/P — Vs= 25v. RL=8ohm f=1KHz 75mV.RMS

PACKING

Postage & Packing add
25p unless otherwise
shown. Add extra for
airmail. Min. £1.00

srﬁneoso

COMPLETE AUDIO_

7+7 WATTS
R.M.S.

with only the addition of a transformer or overwind will

main switch, fuse and fuse holder and universal
mounting brackets enabling it to be installed in a record
plinth, cabinets of your own construction or the cabinet
available ldeal for the beginner or the advanced
constructor who requires Hi-Fi performance with a
minimum of ;nstallanon difficuity {can be installed in 30

mins)
TRANSFORMER £2.45 plus 62p p &p

TEAK CASE £3.65pius62pp & p
NEW PA12 Stereo

HBU 25 Watts (RMS)

* Max Heat Sink temp 90C. w Frequency response
20Hz to 100KHz « Distortion better than 0.1 at 1KHz »
Supply voltage 15-50v % Thermal Feedback = Latest
Design improvements » Load — 3,4.8, or 16 ohms
Signal to noise ratio 80db » Overall size 63mm. 105mm.

- Pre-Amplifier com-
pletely redesigned
for use with AL
20/30  Ampilifier

Modules. Features inciude on/oft volume.

Balance, Bass and Treble controls. Complete

with tape oulpul

: £6.90

NEW

Frequency Hesponse 20Mz-20KHz
{—3dB). Bass and Treble range
12d8. Input Impedence 1 meg ahm.
Input Sensitivity 300my. Supply
requirements 24V .5mA. Size 15Zmm
x 84mm x 33mm.

E.;pecially dES|gHEd to a strict specification Only the
finest components have been used and the latest
solid-state circuitry incorporated in this powerful littie
¢ amplifier which should sausfy the most critical A.F

enthusiast

Stabilised Power Supply Type SPM80

SPMBO is especially designed to power 2 of the ALBO Amplifiers,
up to 15 watts (R.M.S.) per channel simultaneously. With the
addition of the Mains Transformer BM T80, the unit will provide
outputs of upto 1.5A at 35V. Size- 63mm. 105mm. 30mm

Incorporating short circuit protection £ 3 n u
-

£3.95

Output current 800

Transformer BMT80
£2.60 + 62p postage

SHOP 18

AT

Input voltage 15-20v A.C. Output voltace 22-30v D .C

Transformer T538 £2.30

I-PANK

OPEN 910 5.30 Mon./Sat. Tel. 671593

Power supply for AL20/30,
PA12, SA450 etc.

OUR PRICE

e £1,20

P.0. BOX 6,
WARE,
HERTS.

BALDOCK ST., WARE, HERTS

PS12 -

mA Max. Size 60mm x 4
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MULTlMETER F4313 (Made in USSR)

= B s e st

SENSITIVITY:
1200V DC range: 10,000 Q/V
Other DC ranges: 20,000 Q/V
1200 AC range: 6,000 Q/V
600V AC range: 15,000 Q/V
300V AC range: 15.000 Q/V
Other AC ranges: 20,000 Q/V
AC/DC current ranges: 60-120-6004A-3-12-300mA-1.2-6A
AC/DC vohiage ranges: 60-300mV-1.2-6-30-120-300-600-1200V
Resistance ranges: 3000Q-10-100-1000K
Accuracy: 1.5% DC; 2.5% AC (of full scale deflection)
Mirror scale and knife edge pointer. Taut suspension of movement. Transistor
amplifier is used for all AC ranges thus achieving a common linear scale for both AC
and DC ranges.
Meter is fully protected for a transistorised cut-out relay circuit. Range selection is
achieved by clearly marked piano keys. Power source: 5 1.5V dry celis.
Dimensions: 95 x 225 x 120mm.
PRICE £37.50 plus VAT
Packaging and postage £1.10

OSCILLOSCOPE CI-5
Made in USSR

Extremely simple and easy to use single beam
oscilioscope. Well proved design based on standard
octal valves makes servicing and maintenance
straightforward and inexpensive Because of its
bandwidth of 10 MHz the instrument is suitable for
general electronic applications and educational
purposes where a sophisticated instrument would be
both too expensive and delicate. 3-in. tube giving a 50
x 50mm clear display. Amplitude and time base
calibrations. Sensitivity 30mm/v max. Triggered and
free-running time base. suitable for displaying pulses
from 0.1 u sec. to 3 m sec. A.C. mains operation.
Price £55.00 ex. works
Packing and carriage {U.K. only £2.50)

FULLY GUARANTEED
55 : K166

-
VALVES

BAJ5 065 3045 0.70  ECCB3 0.38 EFB6 040  ‘perap 0.40 TT21 5.90
6AKS 045 3503 0.70 ECC84 035 EF183 035  pgr? 040 TV22 $.90
6ALS 0.30 3545 0.80  ECC8S 045 EF184 0.40  PCr8s 0.65 WABCBO 0.50
6AQ5 . ER200 0.75
6ATE 0.60 3505 0.70  ECC88 060 EL3M 0.70
6AVE 0.50 3505 0.80 ECC8Y 060 EL36 0.60

G6AWBA  0.75 35wWA 060 ECCI89 0.80 ELAI 080  pera02  0.55 uBFBO 050

040 50AS 1.00  ECF80 045 EL8I 060 pcH200 075  UBF8Y 0.50
6BA6 0.38 5085 0.85 ECF82 n45 €82 0.60  pugt 0.55 ycced 0.75
6BE6 045 5005 070 ECRES 0.75 H8d 0.60  PpLs2 0.40 LS 0.50
68H6 075 5763 1.50 ECF801 075 £l84 035  poiBd 0.70 yCFeo0 0.75
6BJ5 0.75 EASCSC 040 ECFB0Z 075 EL 0.50  pCLsd 0.50 ycHe2 0.80
6BNS 0.80 (A9l 0.55 ECH42 0.85 f19 0.70  PCIBS 0.60 yCHB! 0.50
68N8 0.65 EAF42 0.70

ECHB1 0.50 EL500 080  PCLBE 0.60 ycLs? 0.40
6826 055 EAFB01  0.65  ECHE3 0.50 EM8O 055 ¥

BEAS 075 EBFB3 0.50 ECLB? 042 1 045  PL36 0.60  yrgs 0.50
66K5 0.70 EBFE9 0.40 ECLB3 0.75 EY8] 050 P38 0.65 yr8e 0.50
6K6 0.65 €EC86 0.75 ECLB4 0.60 EY88 0.50 P8l 055 yuan 0.70

66T 060 Ecsl 045 E80 035 @281 035 Ples 070 gvez 060
GSU6T 0S5 ECCS2 038 @85 045 624 075  Plsl4 090, uvgs 0.0

HIGH GAIN DARLINGTON PAIRS TRANSISTORS FOR T.V.
Plastic 3-Lead Case Darlington Pairs Typical

current gain 30,000 Ma)?. collector voltage R20088 ?‘95
VCBG 40V Max. collector current 400mA R20108 -65
ICBO-10nA BU126 1.55
BC516 PNP £0.80 BU133 1.55
8C517 NPN £0.80 BU208 2.00

Tel.: 727 5641 Telex: 261306

Z & | AERO SERVICES LTD.

Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF

Retail Branch:
85 Tottenham Court Road
f.ondon W1. Tel: 580 8403

'WW—051 FOR FURTHER DETAILS

58-60 Grove Road, Windsor, Berks, SL4 1HS
Tel: 54525. For industrial. Trade & Export
Telex: 27950. Ref 1617
LOW PRICES, FAST SERVICE
Add 8% 1o prices marked *. Add 12%2% VAT 1o all other prices, or
as current V.A.T. legislation. Send C.W.0O except Government
Dept., etc. Post and packing 20p U.K.
Barclay Card and Access by post or £5 min by telephone. List free.
send s.a.e Money back if not satistied
Al full spec. devices. Normally 24 hour turnround on stock items
Industry Excess Stock purchased (written offers only)
IC's AN price each’  TRANSISTORS m cMOS
AD161 S50p«
555 35p AD162 S0p= 7400 1Sp* 4000 15p»
TOIRF/AF 29 80107 10px 7401 16p» 400172 19p»
709 T099 25p# 801078 13ps 42 16p* 4006 Elw
723 Reg. 49% BC108 9pw 7404 19p» . 4007 19p%
741 DILB 22p« BC1088 13px 410 19p* 4010 50p«
741 T099 33pw 8C109 9p 7413 28p* 4011 18p*
7410014 35pw BC109C 1Spx 420 23p% 4012 19p*
7472x741  G8pw BCITI/8/9  20p% 7430 2p« 4013 50p*
748 DILB 33pw BC182/3/4  10p 7440 16px 415 Mp«
T805etc.  E£1.50% BC212/3/4  12p 441 5p# 4016 50p «
AYS1224  £3.49% BCY70/2 18p* 442 65p* 4017 94p«
CA3045 65p* 80131 39 ™71 79p% 4023 19p*
LM300 £1.50% 80132 39 un 29« 4024 2p«
LM30! 38p» BFYS0H 15p* 1472 25p* 4025 19p»
LM309K £2% Ri2855 95pw 7474 3pw a8 87px
LM380 89p MIE2955 95p« TS 49pw 4040 94p«
LM3900 60p« MUE30S5 65p+ 1476 36p* 042 8px
MC1310 TP29/30C  85px 1430 42p% 0
75p P31/32C Elw 7491 75p= 4050 50p«
NES36 £2% TP41C £1.35%«  14%2 45p% 4528 Elw
NESS5 35pw P42 £1.50% 121 32ps 4583 £
_NESSE 99%pw* TIP2855 *
TBAB0D 80p 03055 69p= 'DIODES OAB1/91 5p
TBABID 95p 843 27px  IN4002 Sp* INA0O4 Bp=
TBAB20 80p D646 49p%  IN4148 & IN914 Silicon 4pw
M4 £1.20 22905 29« BZY88 Zeners 400 mW 10p
LEDS 10p ea ;29766 1p Bridge 1A50V 22p+ 6A 100V 55p«
Red No Clip  10ps 20053 18p« SCR & TRIACS (BR100 25p#)
2008 Cop 12pa 205 45px  C106 4A 400V SCR 55p*
02" Red&Cop 23702/3  10p SC146 10A 400V Triac £1%
Vaps  2WI045 - 10p DIL SOCKETS 8/14/16 all 14p«
Colour LEDs 20hs  2B106/7  12p Soldercon 100 65p# 1000 £4
P ;37089 12p VERO DiL Breadboard £2.25%
DISPLAYS 23819 16p 2%""'x5' 40px 3% 'x5' 45p*
03" 0LT04/7  £1 23%04/6  17p 2¥""'x3%" 36pw 3% 'x17" £2%
06" 0L 747 €125 Bush Sets  Sp» Resistors 2p ea. POTS AB 20p
Dalo Pen 75p Bargain tull sper. Electrolytics 7p. Presets 6p
E:‘l!slriwr price Heat Sinks TO5 & 18 7p» TO3 16p#

RADFORD HD250

High Definition Stereo Amplifier

A new standard

for sound reproduction in

the home! We believe that no other
amplifier in the world can match the overall
specification of the HD250.

Rated power output: 50 watts av. i per ch i into any imp
from 4 to 8 ohms, both channels driven

Maximum power output: 90 watts av. per channel into 5 ohms.

be i ified or

Distortion, preamplifier: Virtually zero (;
below inherent circuit noise.)

Distortion, power amplifier: Typically 0.006 % at 25 watts, less than 0.02% at
rated output (Typically 0.01% at 1 Khz)

Hum and noise: Disc,—83dBV measured flat with noise band width 23 Khz (ref
5mV); —88dBV A’ weighted (ref. 5mv)

Line —85 éBV measured flat (ref 100v)
—88d BV A" weighted (ref 100v)

Hear the HD250 at

SWIFT OF WILMSLOW

Dept. WW, 5 Swan Street, Wilmslow, Cheshire
(Tel: 26213)

Mail Order and Personal Expon onqumo: Wilmslow Audio, “Swan Works. Bank
Square, Wilmslow (Tel. 29599}

Now available ZD 100 power amplifier and ZD22 pre-amplifier

WW—054 FOR FURTHER DETAILS
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6BW7  1.00
PLUMBICON TUBES TYPE X0 1071 Mullard ...... _£150.00 6C4 0.40
PYBO  0.60 | U27 100 | UFB5 050 | IRS 050 | 5v3GT 0.60 , 6AT6 080 | 6C6 g-g
PY/81/800 U19t Q75 | UFBY  0.50 1S4 035 | 523 1.20 | 6aus o040 | 6CBE ieo
0. ugol  0.80 | uL4l 0.70 1S5 0.35 | 524G 0.60 | 6av6  0.50 Sg“g i
PYB2 045 [ yaBcgo 0.45 | uBa 050 | ITa 0.35 | 5Z4GT  0.65 | 6AxaGT 0.75 goé o150
xom aomllcan oo e oo pvgg 050 | Uara2 070 | uval 050 | ix28 075 | 6a87  0.60 | gaxsGT 1.00 | 806 9.50
- . . Py 050 [ UBCAT 0.60 | uvsS 050 | 2021  0.50 | 6AC7  0.80 | 687 0.70 g WITH
ARS8 0.60 | EF40 070 { KT66  3.00 | pysp0 110 | 'UBFBO 0.50 | VR10S/30 2k25 900 | 6an6 070 | 6BA6 040 | BF7 o M%WMEE &
ARP3  0.80 [ EFat 075 | KT88  4.50 | pygoy  0.55 | yprss  0.50 ! 3a4 0.60 | 6AkS 045 | 6BE6 040 | 6F8C - GUAR
ATP4  0.50 | EFB0 035 | MH4 1.00 | qqv03-101.70 | UBL! 1.00 | VvR150/30 306 040 | 6ak8 040 | 68066 100 | SF12 ?-gg 12€1 3.75 | 954 0.50
B12H  3.00 [ EF83 1.25 | ML6 0.75 | qqvo6-40A UBL21  0.75 [ 3629 5.50 | 6ALS 0.30 | 6846 075 | 672 380 | 12xs 1.50 | 955 0.50
OAF96  0.80 | EF85 0.40 | 0A2 0.45 18.00 | UCCBS 0.50 | x61M  1.50 354 050 | 6asw 0.60 | 6BQ7Aa 060 | BF33 340 | 12k76T 0.85 956 0.50
DF96  0.60 | £F86 0.40 | 0B2 €45 | qv03.12 1.70 | UCFBO 0.80 | X66 0.75 3v4 0.85° | 6am5 100 | 68R7 130 | 6H6 043 | 12x8a1 0.75 | 957 0.50
DK9S 075 | EF89  0.35 | PABCBO 0.0 | gc1/400 3.60 | UCH42 0.80 | 2759  4.50  5B/254M 5.00 | 6AM6  0.60 | EBWE  1.10 | 6J4WA 525 [1207GT 00 | 1629 070
0L92  0.50 [ EF9) 0.60 | PCB6 065 | 5Cq1,600 5.50 | UCMB1  0.50 | z800U  3.00 58/255M 5.00 | 6ANS  0.70 645 's: 12SA7GT 0.80 [ 2051 1.00
bLoe 070 | Er92  0.50 | PC8B 065 | Sper 080 | UCLE2 045 | 2801U 3.00 = 5B/258M 5.50 | 6aQ5  0.55 GISGT  0.55 | 15567 o355 5760 170
0v86/87 0.45 [ EF95 0.4s5 | PC9O0 055 | 772y 8.00 | UCLB3 0.70 | 7900T  1.50 5RAGY  1.00 | 6AQ5W 0.70 6J8 -35 | 12597 055 | 5933  3.00
02 = 0.45 [ EF183 040 | PCCB4 045 | )¢ 1.00 | UF41 070 | 1a3 055 504G 0.55 | 6AS6  0.80 647 085 | 1ov4 040 [6057 0.80
iR FEAT A R R AR AR R e e A
F1826C 300 | E5aC o6 | pecas’ oo VIDECON TUBE TYPE P 863 B English Electric . . . ... £20.00 k7 035 | 19805 070 | 0ee 1o
EAsgBD g.:g EL35 0.70 | pCr82 o.«; g:;gT g-:: 19G6 6.50 | 6067 0.30
EAB 40 | E137 220 | PCFBa 08 . 19H5 1500 [ 6080  3.50
earaz 070 [ear  oBo | ecree 0es ( TRANSI STO RS 1272 % rease add VAT 122 % for valves. erc.| aism 130 | 1082 "500 | 6336 338
EB91 0.30 | €181 060 [ PCF200 0.90 Please wiute or phone for current price of any of the transistors 6L7G 0.40 | 50p4 1.10 | 61468 5.00
EBC33  1.00 | £iga 0.35 | PCF201 0.90 6547 0.55 | 751667 0.70 | 6360 1.70
S Gm NS ORI ITMD B lwowvomm s [ mm oo mem |80 ) 0S\ER IS
EBFB3 045 | ¢ 050 | PcrBos 090 | AC113 AF239 BF115 GEX66 0c€36 0C206 2N3730) 657  0.60 | 30617 139 | 300 0.55
§67B9 040 | flos 100 | PCHI00 080 | ACI26 AFZ12 8F167 NKT222 9ca2 ZB 1 203819 6s076T 0.55 | 3orsy 1901903 o3
ok ado | E9Y oS98 | Echz00 088 | aciz7 ASY26 8F173 NKT304 ocaa 7R21 2N2038 SS°T oes [ ot 130 favo 070
ECCo1 045 | fiso4 080 | ey 040 |ACI28 ASY27 BF185 NKT 404 0Ca5 ZR22 2N40S8 eslicr oss [ Jortiz 13810008 s
tccas 098 | & o pClas o070 | AC176 ASY28 BFYS1 0AS 0c70 IN456A " 2N4061 S oss |ous 100 )s006 04
tocas  oas | ook uSe | hete: s lacv7 BC107 B8FYS52 0A47 073 2N525 IN4172 ST Se3 |3ou7 100 | CRoTUBES
ECCBa  0.385 | ema 055 | pCL86  0.60 | ACY1B BC108 BSY27 oP70 | oc7s 2N696 2N5295 oveGT 060 | Sopt2 100 BRID, 1500
fCCes 045 | emsy  a6o Cia0s/85 ACY19 5C109 BSY38 | oan1 0c78 2N708 IN126 bve 89 3oms 100 | DG732 1500
ECCRE  1.28 Ema; 0.40 0.60 | ACY20 BC113 BSY95A 0A73 0C780 2N918 3N128 6%5G Sty (SRS AR A Iae
ECCE8 055 | rma7  1.00 | PFL200 0 70 | ACY39 BC116 BY100 0A79 0c81 2N1305 3N154 6xEGT o055 | J0PL14 110 %5
ECC189  0.30 | £vh 0.45 | PL36 0.60 | ACY40 BC11g BYZ16 0A91 0c82 2N1307 3IN169 oveG  o.gs | J5L6GT 08O VCR139A  8.00
e Al || s oss | AD149 BC136 CRS1/20 0A200 0C820M 2N1309 Sx754 b 995 | 3owa o35 | veR! .
ECFB2 045 | tve6/87 0.4s | P82 o580 | ADI6I 8C137 CRS1/30 0A202 0c83 2N2062 25303 8,30L2 0,80 | 22Z46T 0701 R0
£CFB01  0.7% | evas 050 | L83 050 | AO162 BC148A CRS3/10 0AZ200 ocs3s 2N2411 712082 H o.go | 30c3 085 | 2oy
a2 085 | toc 070 | PLs o650 | ADZI1 BC172 CRS3/20 0c22 0C139 2N2989 40235 ey 0.80 | 50c06G 1.20 | 88
ECH81 040 | £241 075 | pLsoa 085 | ADZ12 BC1724 | crs3/30 oc2s 0140 2N3053 0250 902 o0 | 5o ol 2 e R e oo
ECHB4  0.80 | £280 030 | pLSOS 095 | AF114 BC212A CRS3/40 0C26 0C170 2N3054 40251 %05 oso | 23 0.76 el
ECLBO 060 | £281 035 | pL509  1.35 | AF115 8CY31 CRS25,026 | 0C28 0c172 N3055 IN23A 1162 600 | 19 o VALTES
ECL82 040 [Gric 500 | PLBO2 1.85 ::H‘; BCY33 GET115 oc29 0C200 2N3391 ::gg;\ 1246 0.60 | g 0.75 | Cv2339 45.00
ECLO3 9I5| Gysor 08O | Pv33 060, ' g OTHERS IN STOCK mc wmte- | IN43 12416 045 | msa2 075 | mS03-20aL
€3 065 |G o8 AF124 VALVES AND TRANSISTORS | soied crcurs. CAT & specr | IN70. 1407 035 | gos 1800 | k301 7.0
A o quines for valves. b (e || Pl i Ui G (15 148 12Ax7 03§ [g07 075 [ kRN2A 600
ﬁ::g‘; retanl 749 3934, trade and export 743 D899 ';0372‘355[;";-5"2 e (2 || [ 12846 0.50 | g3 650 | 7254 26.00
A ot of these valves are imported and prices vary * AT C?s)fza/ B LI free 12BE6  0.55 | gogp §.50 [ TY4-500 30.00
for each delivery, so we reserve the rght to AF178 EILIe - 12BH7  0.85 | ggga 1.60°| 24/192140.00
change prices tor new stock when unavoidable 12c8 0.60 | 9314 6.00 | 2J/524 75.00
S g PLEASE SEND STAMP WITH ENQUlRlES. We hold one of the largest stocks of valves in the UK-..
BEST PRICES PAID FOR TEST AND COMMUNICATION
MARCON! EQUIPMENT. Single items or quantities. Private or Industrial.
sv;'s‘tx TE 995A/1 or
] A/2 or A/2ZM or
TF 1041 B VALVE MULTIMETER. General purpose
GENERATOR measuring DC votage from 300mV to 1,000V, AC A5 SIGNAL
e ‘5g::p o vokage from 300mV 10 300V at up to 1 O0OMHz and SENE':‘_A‘;'O“I&

u 3 " ar 1 class
04V ioavat 13 resistance up to 500Mohms Price £59 carriage £'3 00 AMYIFM 9‘ SMHe
osiohmili e, TF 1370 R.C. OSCILLATOR FOR SQU, to 220MHz De-

c. ARE & SINE ]
dance waih termin- WAVE. Freq —31 6V rms, 1DHz-1MHz square wave tailed spec and
auon {supplre ’I 0-73 2pp. 10H2-100KHz Attenuator range —50db to price on applica-
uilt an crysta + 10db. impedance 75, 100 6002 £145 carrage tical
check facility with £6 00
handhook, £138

ncluding carniage TF 885A/1 VIDEO OSCILLATOR. 0-30KHz, SMHz

TF 8010/1/S SIGNAL GENERATOR. Range  pmu37 Gy €85 cariags £4 00

10-485MHz n § ranges RF output 0 1uV-1V
Source CM Dnal cahbrated in volts, decibels and
power relative 1o thermal noise Piston type attenuator
50() output impedance Internal modulation at 1KHz at
up to 90% depth also external sine and puise
modulation Built in SMHz crystal calibrator Separate
RF and mod meters P O A

PLEASE NOTE

Unless offered as "'as seen’

ALL EQUIPMENT

ordered from us 15 completely
overhauled mechamically and elec-
trically in our own laboratories

BOONTON 0
AM/FM SIGNAL GENERATOR.
TYPE 202€ & 202H 54-216MHz =
in 2 ranges £275.00.

SIGNAL GENERATOR TS.

TF 1400S DOUBLE PULSE GENERATOR WITH
TM 8800 SECONDARY PULSE UNIT for testing
radad nucleonics, scopes counters filters, etc

PHILIPS AUDIO GENERATOR TYPE GM 2308.

0-16kc/s Attenuator 0 0001 0 0003 0001 10 1

with output 8sym & sum and matching impedance 5,
Pri A

3?060 C00 B s Gl B GLOCD EIs TF.455E WAVE ANALYSER. Freq range 20 c/s to

16 kc/s, double crystal filter gives 4 c/s pass band

Envelope distoruon test on r f inputs up to 400 Mc/s

TF 1068 SIGNAL GENERATOR. Freq 10-47D0MHz £98.00, packing & carnage £6 00

with attenuator EMF from 504} square. —6dB Price on

RADIOMETER TYPE MS111 SIGNAL GENERA-
TOR. High quahty Danish production 10K#z-110MHz
£200 carriage £5 00

TF 801B/2. Spec as lor 801D but minor circunt
ditferences Few only leh £120 carnage £6 00

RHODE & SCHWARZ.

Zg DIAGRAPH TYPE ZDU 30-420MHz 5§00
Oirectly measures multiterminal net-works,
phrase shift phrase angte with complimentary
POWER SIGNAL GENERATOR TYPE SMLM high
freq resolution, internsl external mod up to 3v

OIVERSITY SWITCH TYPE MA1888. Sold state

GENERAL RADIO TYPE 1910A RECORDING £45.00.

WAVE ANALYSER. 20Hz to $7kHz Prce and tull
specification on request

out REDIFON SS8 TRANSMITTER/RECEIVER TYPE
FREQUENCY SYNTHESIZER TYPE XUA, GRA410. Full particulars and price on request 497/URS  2-5Mz. 13MHz,
30Hz-30MHz with FREQUENCY INDICATOR MUIRHEAD 30MHz. 78MHz, 180MHz.
TYPE FKM 15-30MHz 30-100MHz PAMETRADA WAVE ANALYSER TYPE 0-889-G. 400MHz O.1v-tuv £150 carriage
1 -2t
Freq range 19 c/s-2% Kc/s contnuously varable in B 8 K LEVEL RECORDER TYPE 2305. £3.00

wine ranges 19-90 c/s. 79-160 ¢/s. 139-210 ¢/s (x
1 x10,x 100) Freq. accuraCy x 1 and x 10 ranges +

HEWLETT-PACKARD 0 3% input voltage for full scale deflection of meter,
AUDIO GENERATOR MODEL 206-A. 1 mV minmum to 300V maximum  Maximum
Freq. 20c to 20.000c matching permissible input 1s 300V rm s
impedance 50. 150. 600 ohms Price ANCILLARY EQUIPMENT: D-625-A LOW FREQ.
£85.00 carriage £4 00 NIIODULATOR. Freq rangeﬂ? c/s-29 c/s {down to 1
¢.'s when anafyser s used in "High Q"') Freq accuracy
SPECTRUM ANALYZER. Model 8551 with + 0 c¢/s (providing supply freq 1s first measured)
R F display secton Modet 851 Frequency Specification on request Price £275.00, packing and
coverage! 10MHz-40GHz, soectrum width 2HGz

carnage £4 00
Price and spec on request
FREQUENCY CONVERTER. Model 2590B
Frequency range O 3 to 15GHz Price and spec

Designed for the accurate recording of signal
levels in the frequency range from 2Hz-200kHz
as well as for the recording of DC signals Price on
aoplication

C€7480 SIGNAL GENERATOR. 7 KMC/S to 12
KMC/S mod CW F M Puise £180 carriage £5 00
TRIGGERED VACUUM SPARK GAP YYPE ZR
7512. Capable of switching 15 000 joules at 45KV
£850.00 carnage £2 00

LOW RESISTANCE HEADPHONES TYPE CLR
£1.50. 40p postage, VAT 12% %

B & K NOISE LIMIT INDICATOR TYPE
2212. Price and spec on request

B & K STATISTICAL DISTRIBUTION
ANALYSER TYPE 4420. Price and spec on
request

ARBS D & LF SPARES. We hold the largest stock in
UK write for hist |
RF METERS. O to 8 amps 2% (USA) brand new
€1.50 P&P 25p

TEKTRONIX OSCILLOSCOPES MAIN
FRAME ONLY 53%A. 8andwidth OC to

VACUUM TUBE VOLTMETER. Model 400H
10Hz-4MH2

545A. Bandwith DC to I0MHz (3dB down at
30MHz) % %dB, depending on plug-in unit

dual-trace operation, each channel has 1s own
mput selector, attenuator, gain and polarity Price
£85.00, packing & carnage £1 90

1pH-1H €88, carnage £4 00

ranges, accuracy long term ranges 2-6, %
0.01% of full scate, = 0 02% of recording Price

on request g TELEPHONE TYPE 3" tropicalised
RATIO METER. Model 4168 Full specification ;2,"2.*,‘.;3; Z‘ZS‘ pffé’.f’i'ldlﬂgue"sf Plogn ot 10 UNE MAGNETO SWITCHBOARDS
on request BRIDGE IMPEDANCE No. 5. 0-12-10MQ 1pF-14F . 50 LINE AUTOMATIC PRIVATE TELEPHONE

SWITCHBOARDS

Frequency_range Voltage range 5 CABLE LAYING APPARATUS No 11. Ne
pecification and price on request . w
o O icle 12renges el 551. 27MHz DUAL BEAM OSCILLOSCOPE. T POS
. Accepts i and
E":‘Egc;:a";r“n:zq“:%w:u METER. Model Spectrum analyser plug-in units Specmcanon and SOLARTRON y FOR EXPORT ONLY
12 4GH price on request
S ST p‘::k‘:\g & encyae 15,00 PLUGN UNIT TYPE CA. For single or DIGITAL VOLTMETER LM1426. 5 dign. 6 RCA ET4336, 2 Mc/s-20Mc/s. 350W aiso

modified version of increased output to 700W
Coftine 231D 4/5 XW, 3 MHz-24 MH:z 10

£120.00, packing & carriage £4 00 charnel Auto or manual tuning

€13, 53 Transmitter

38 and 62 Transceivers

Mullard C11 mgh power installanon (1000W}
Ti

AVO NOISE GENERATOR CT 410 £30 carriage
£2 00

LM1420.2BA. DC/AC In addition to the d ¢
measurement facilities offered by the LM1420 2,
this unit 1Ncorporates a true f M s a ¢ converter T
for the measurement of true r m s values of a ¢ GR410, 2. 16 Mc/s.
sgnals AC ranges 10 mv-500 full scale in 15 100Wpcp

+ '
::g:.sm:c?gaﬁ(/ ('Pr::c:) :;’50305 °;a£:|a:g'"°& Tachnical details and prices avallable on request

COLOMOR

H.F. SIGNAL GENERATOR TYPE 201. Constant
output Jevel — within <0 5 dB — over entire frequency
range. Freag 30kHz to 30MHz n 7 bands Stability
better than 0 005%, amphtude modulation
continuously vartable 0-100% Maximum RF high
output 15 approx 9V rm s Pnce £65 PRC £4

MOODULATION METER TYPE 210. AM/FM Frq
range 3MHz-300MHz in 7 ranges Price £75. P&C £4
LEVEL OSCILLATORS made by SIEMENS. 3 types
avallable 1 03 to 1200KHz, 2 10KHzto 17MHz2, 3

RACAL RECEIVERS MODELS. RA17, in fully
working and tuned condivon Prices on
spplicanon RA98A ADAPTOR £85.00.

2007250V 4 channels,

KAHN SSB ADAPTOR TYPE RSSB — 62 — 18
Designed for receivers with 455-500K Hz IF at 100mV
(max) 1nput Features electromc AFC carner freq
diversity to combat fading 20 sce RC memory 1o

LM1420.2. Range 2 5 uV—1000 V in 6 ranges
Accuracy * 005 of range, 1e = 1 digit Input

maintain tuning during severe fading Individual carrier 03 to 1600KHz Prices on request M i .00, ELECTRONICS
meters nuvishers [OW_ distortion productior  TF 934 DEVIATION METER. 250MHz £65 carrage SR s Ao ReD (I (F“iro. %)
demodulator £85 carnage £'5 00 £3 00 b
4980. PROGRAMMABLE ATTENUATOR.
AP P L AL DL 500/250 MEDIUM WAVE BROADCAST 0-1390B {1dB steps). O 1o 1200MHz Orsplay — 170 Goldhawk Rd., London, W.12
3-275MH: VF O at 6 Xtal positions Recepnon o TRANSMITTERS. Export only Prce and details LED Price £350.00, packing & carnags £4 00
independent single or double side band transcervers on application Mtdd Tel. 0‘_743 0899

Full spec on apphication £350 carriage £35 00

DIGITAL VOLTMETER LM.1440.3.

0-2000 OV in 5 ranaes Accuracy 0 0033% of
tull scale + 0005% of reading Long term
stability is 0 006% per year POA

VAT FOR TEST EQUIPMENT
8%  PLEASE ADD 8%

PLEASE SEND STAMP WITH

Monday to Frid
ENQUIRIES Open Monday to Friday

9-12.30, 1.30-5.30 p.m.
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£S5/~ Capacitance measurin

ESP 100 A
1pFto 10 pF

Portable
£49.00 + VAT.

ESP 300 A
1 pfF to 2,000 uF

Autoranging
capacitance bridge
£225.00 + V.AT.

_Electronic Services and Products Limited
Cross Lane, Braunston, Near Daventry,

Northamptonshire NN11 7HH

Telephone: Rugby (0788) 890672

ESP 200 A e i L ;
1pFtob0uF [ = & 3
. i T ;
Wide scale i "
laboratory model i g
£90.00 + VAT. | =7 » i b3
- ESp all =
?!‘- iﬁ; 5&“. i SE

A complete range of British-made
instruments designed to
simplify capacitance measuring

@ Accurate and sensitive

¢ ® Requires no manual batancing

® Takes less than a second to
measure a capacitor

® Updates changes in capacitance
automatically

® Wide range of applications

Send for technical literature and free

booklet: ""Modern methods of capacitance
measuring”’

Suppliers to: Ministry of Defence, Post Office,

B.B.C., Government departments and
’VJ

WW — 008 FOR FURTHER DETAILS

.llj_llIIIIIIIIIIIlllILI.lIIIllIII'III]IIII.LI.[!.I_II.IIII{IIIIIIIIIIIIIIII
“MUIRHEAD D-658 18"

C ""MUFAX CHART TRANSMITTERS (Model GA).

= Further details on request. For 110/250v a.c. operation £325.00

=MEGGER (Record): 500 volts £20.00 £1.00 post

:MEGGER (Evershed Vignoles): 250 volts £17.50 £1.00 post

=R216 Receiver MANUAL (photostat copy): £1.50 inc. post

mRACAL 1.S.B. ADAPTOR RA-95A: £65. Carr. £2.

:MUlR_HEAD ATTENUATORS: 75 ohms 0-8 Mc/s 3V MAK 3 ranges 0-5, 0-25,

=0-50 DB £3.00 + 75p post.

=CREED MODEL 75 TELEPRINTER: Receiver only £30.00. Carr. £3.

=EDDYSTONE TELEPRINTER ADAPTOR TYPE 937: £45. Carr. £1.

=WILD BARFIELD ELECTRIC FURNACE MODEL CCL22X: With ether

=indicating temperature controllers Model 990. 0-1400° C. £250. Carr. £5.

= CAPACITOR: 10mfd 20Kv working. £35.00 each. Carr. £5.00

= POWER UNIT TYPE 234: 200-250va.c. input, 250-0-250v d.c. @ 100mA and 6.3v

= @ 4 amps output. £7.50 each. Carr. €200.

=REDIFON TELEPRINTER RELAY UNIT No. 12: ZA-41196 and power supply

=200-250V a.c. Polarised relay type 3SEITR. 80-0V 25mA. Two stabilised valves

=V 286. Centre Zero Meter 10-0-10*Size 8in. x 8in. x 81, New condition. £10.

= Carr. 75p. .

=2 SOLARTRON PULSE GENERATOR TYPE G1101-2: £75.00 each. Carr. £2.00.

=TELEPRINTER TYPE 7B: Pageprinter 24V d.c. power supply, speed 50 bauds per

=min. second hand cond. (excellent order) no parts broken..£26 each. Carriage £3.

=AUTO TRANSFORMER: 230V 50c/s, 1000 watts. Mounted in strong steel case

=5" x 6%” x 7”. Bitumen impregnated. £12.00. Carr. £1.50.

=CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range
3000-10,000K Hz. Mains 230V 50Hz. Measures crystal current under oscillatory

mconditions and the equivaient resistance. Crystal freq. can be tested in

=conjunction with a treq. meter. £25. Carr. £1.50.

SSOLARTRON VARIABLE POWER UNIT S.R.S. 1535: 0-500 volts at 100 mA and

=6.3 volts C.T. 3 aimps d.c. 110/250 voits a.c. input. £18.50. Carr. £1.50. :

= CATHODE RAY TUBES. 5" screen, type CV-1536. £4.00 + £1.00 post. Type

=95J20 square face 5" x 3” £7.50 + £1.00 post. N

=ADVANCE A.F. SIGNAL GENERATORS HI: Sinesoidal or square wave

= output. 15-50kHz. Adjustable level between 200 uv and 20v. Overall distortion

= less than 1%. Output adjustable 1.4mV-140v. Waveform ratio 50:50 up to 25kHz.

=Standard a.c. mains input Secondhand condition. £25.00. Carr. £2.00.

=POWER UNIT: 110/230v. a.c. input, 28v. d.c. @ 40 amps output. £30.00. Carr.

=£3.00.

= SMOOTHING UNIT: (for the above Power unit) £10.00. Carr. £2.00.

=CLASS ‘D’ WAVEMETER NO. 1: Crystal controlled heterodyne frequency

= meter covering 2-8 MHz. Power supply 6V d.c. Good secondhand condition.

=£8.50. Carr. £1.50.

All U.K. orders subject to Value Added Tax

Electronic Laboratories world-wide.

KWP/ESP2
sansnRsRoEnunuEnuuRERRRRARERRERARRAREARRDRIRARREROADQIDIRAANANIES
PRECISION PHASE DETECTOR TYPE 205: Freq. 0.1-15MHz in 5 ranges. g
Variable time delay microseconds 0-0.1¢c, 115V input. £55 each. Carr. £1.

RING TOROIDAL DUST CORES: Size 2" outside 1% inside 5/16” thick. Box of
two £1.00. Post 30p.

MUIRHEAD PHASEMETER TYPE D729: A.M. £95.00. Carr. £3.00.

CT.420 SIGNAL GENERATOR: 200-8000c/s Variable tuning. Two fixed
frequencies 9000 and 10,000. Internal calibrator 100 & 500 c/s. £75 each carr. £2.
NOISE GENERATOR TF-1106: Frequency 1 to 200 Mc/s Direct noise factor
calibration. Output impedance 70 ohms £65 each. Carr. £1.50.
‘MW-59 UNIVERSAL KLYSTRON POWER SUPPLY: £85. Carr. £3.
TF-1278/1 TRAVELLING TUBE WAVE AMPLIFIER: £125. Carr. £2.

BPL A.C. MILLIVOLTMETER TYPE VM.348-D Mk. 3: 2 millivolts-2 volts, 6
ranges. £30. Carr. £1.
CAWKELL REMSCOPE TYPE 741 : Memory scope, ‘as new' cond. £150.00.
MANSON! SYNTHESISER 0115-URC: 2-30 mc/s. £175.00.
FIREPROOF TELEPHONES: £25.00 each, carr. £1.50.
BACKWARD WAVE OSCILLATOR TYPE SE-125: 6.3 heater, 105V Anuue,
7.9mA. Mnfr. Watkins & Johnson. £85 each. Carr. £1. i
X-BAND MODULATOR CALIBRATOR TYPE MC-4420-X: Mnfr. James Scott.
£125 each.Carr. £1.
ROTARY INVERTERS: TYPE PE.218E — input 24-28V d.c., 80 Amps. 4,800 rpm.
Output 115V a.c. 13 Amp 400 c/s. 1Ph. P.F.9. £20.00 each. Carr. £2.50. .
FREQUENCY METER BC-221: 125-20.000 Kc/s complete with__original
calibration charts. Checked out, working order. £21.00 + £1.50 carr.
RECTIFIER UNIT: 200-250v a.c. input, 24v d.c. @ 26 amps output continuous
rating. £35.00 each. Carr. £5.00. .
EVERSHED SAFETY OHM. METER: Max 10Ma. Test pressure 30v. Complete
in leather case. £25.00 each, post £1.00.

AUTOMATIC VOLTAGE STABILIZERS: Input'207-242v a.c. Output 230v a.c.’
at 2.80 amps. £17.50, carriage £1.50.

AVO TRANSISTOR ANALYSER CT.446: £35.00. Carr. £2.00.

HEWLETT PACKARD PULSE GENERATOR Type 215A; 1kHz-1mHz Pulse
width 0-110 Nsecs. Attenuator 0-12db. £75.00. Carr. £2.00.

ADVANCE TCD.40 FREQUENCY DIVIDER: 0-40mHz. £10.00 each. Post £1.00.
MARCONI FREQUENCY METER 1026/4: 2000-4000mHz ‘as new’ condition.
£30.00, or secondhand £22.50.

1026/2: 0-100 mHz £30.00 ‘as new’, or s/hand £22.50. Carriage for all types £2.00.
ANTENNA MAST 36ft.: Aluminium, diameter at base 3" tapering to 2” at top,
complete with red hazard lights, stays, guys, etc. Normally used with direction
finding equipment. Approx. weight 3cwt. £95.00 each, carriage rates on request.
With rotating Antenna suitable for 200-400 mHz, £15.00 extra.

BURGLAR ALARM BELL: 6-8v. d.c. £3.00, £1.00 post.
Carriage quotes given are for 50-mile radius of Herts.

Visit our new shop in Ware High Street
(old A10) opposite Church. 100s of
individual bargains for callers. If you wish
to collect any of the above items please
telephone prior to calling to avoid
disappointment.

W. MILLS

AjgananeaniiIng

3 & 3a BALDOCK STREET. WARE, HERTS. SG12 9DT

WARE 66312 (STD 0920)
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VALVE MAIL ORDER CO.

Climax House, 159 Fallsbrook Rd., S

London SW16 6ED
Tel: 01-677 2424 Telex: 946 7 )8

VALVES |[Eciso oa|"™>"""% o ass| EICT 0% F ov
Ef . .70 . . ) CVi3l Cv31986 EF54 3
AZ31 100 | ECL82 042 | HN309  1.50 | py 509 ??; 61 075 & INDUSTRIALVALVES 282? Cvi32 Cv3988 EF5sS 0G3
Az4l - DI0IFCLS6 035|KT6l  340| i 0) 1B3GT SB/255M 705A 6062 CVI33 CV3991 EF804 Qz4
CBL3I 140 | 1:CLLBOO KT66 340 T h 185 040 1824 5B:256M 715A 6063 CVI35 CV3998 EFP6O OZ3A
CLis 1% 350 xT81 (7C5) | P Z00} 14 0.40 (B35SA 5B 257M 7158 6064 Cvile CV400] ELY1
CY3l 10| gr37a 150 200 | PY32 063} 354 0.50 1B63IA 5C22 723A/B 6065 Cv137 C V4002 EN30 PTIS
DAF9I 040 | EF39 125\ KT84 400 | PY33 063} 3V4 08 IN2T D21 2254 6067 CVI38 CV1003 EN3I
DAFY6 080§ EF4]  075| KTW61 150 | PY81/800 SR4GY 120 IN21B SRIGY 6072 CV140 CV4004 EN12 A2400
DCCS0 135 | EF55 150 KTW62 150 050| 5UsG  125] TBY 080 IN23B 5U4GB 801 6073 CVIiag C V4005 EN9Y} A2403
DFYl 040 |[EF80  035|N78 750 | PYs2  045|5V4G 085 | 1C5 200 |  TUBES IN23CR 803 6074 CV160 C V1006 ESU74 A2404
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This catalogue — Electrovalue Catalogue No. 8 (Issue 2, up-dated) offers

items from advanced opto-electronic components to humble (but 144 pages
essential) washers. Many things tlisted are very difficult to obtain
elsewhere. The company’'s own computer is programmed to expedite 40

delivery and maintain customer satisfaction. Attractive discounts are Post paid
allowed on many purchases; Access and Barclaycard orders are accepted. inc. refund

voucher worth
+ FREE POSTAGE on all CW.0. mail orders over £2.00 list value 40p

(excluding V.A.T)) in U.K. If under, add 15p handling charge.

Postal communications to Dept Ww1{0, 18 ST. JUDES ROAD ENGLEFIELD
GREEN, EGHAM. SURREY TW20 OHB. Phone Egham 3603 Telex 284475

Shop haurs 9 5 30. 1 pm Sats . both branches

NORTHERN BRANCH: 680 B ge Lane, B ge. M M13 INA,
Phone (061) 432 4945
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POWERTRAN oo
ELEGTRONICS

HI-FI NEWS 75W/CHANNEL AMPLIFIER

Sornty Kot 15
.
By J. L. Linsley Hood

Pack Price
1. Fibroglass printed-ciccuit board for pewer amp £1.15

2 s:dm&mrrmlumunlng
| (e o e R 2%
4. Pair of 2 drilled. finned heat sinks . ...... £1.10

5. Fibrogiass pristed-circait beard for pre-smp  £1.75
6. Sel of low meise resisters. capaciters, pru-u‘:l.ns for
40

for
40

[10C.) 6000000000g0085600000000 X
7. Set of lew seise. high gain semicenduciers
[ 12 T £2.
8. Set of petentiomeiors (including mains swilch) £3.13
9.Sel of 4 pushbuiton switches. relary mede
SWHER ... £4.
10. Torsidal transformer compiste with magnetic
BEraen. primary 0 117-234 V: secondaries:
BOBY.BIEY .. £10.95

Uesigned in response to demand for a tuner to complement the world-wide
acclaimed Linsiey Hood 75W Amphfier. this kit provides the perfect match.
The Wireless Wortd published oniginal circuit has been developed further for
inclusion into this outstanding shmline unit and features a pre-aligned front
end module. excelient a.m. rejection and temperature compensated varnicap
turing, which may be controlled either continuously or by push button
pre-selection. Frequencies are indicated by a frequency meter and sliding LED
indicators, attached to each channel selector pre-set. The PLL stereo decoder
incorporates active hlters for “birdy’’ suppression and power is supplied via a
toroidal transformer and integrated regulator. For long term stability metal

oxide resistors are used throughout

£2.60
. Set of transisters LED, intagrated circult for dacoder
£2.90

for chaasel seleciar switch
module incleding fibreglass printed circuil beard,
push-betton switches. knobs. LEDs. preset adjusiers
B, oo £8.80
9. Fuactien switch, 10 torn tusing peteatiometes. Ixu:sn
1]

10. Fregmancy meter. meter driva componssts. ﬁbrnl'ux
peiated circil board £9.45

Published in Wireless World (May. June. August 1976) by Mr. Linsley-Hood.
this design. although straightforward and relatively low cost nevertheless
provides a very high standard of performance. To permit circuit optimization
separate record and replay amplifiers are used, the latter using a discrete
component front-end designed such that the noise level is below that of the

Pack Prica
11. Fibreglass printed-circull board fer power w"'lsy
............................... £0..

12. 8ol of resislers. capaciiors. sscondary fases.
sami-conduclors for power supply ....... £4.60

13. Set of misceilanosus parts including DiN skis. mains
Input skt fuse helder, intor-connecting cabis. contrel
(-3 600000000000008000000000000 £5.35

14, Set of metalwerk paris including sitk scresn printed
fascla panel and okl brackets. fixing parts. etc. £7.30
....................... £0.30

2 each of packs 1-7 inclusive are required for complota
stores sysiom. Tolal cest of individually purchesed
[~ 000000000000a0600a00000 ... E83.7%

Pack Price
11. Toroigal transformsr with electrostatic screen.
£4.43

Primary: 0—117V—234Y
12. St of capaciters. reclifiers. voltage reguister for
£2.95

power suppl
13. Set of miscellasapus paris. including sockets, fuse
holder. fuses. iater-conmecting wire, slc. .. £1.50
14. Set of metal werk paris icluding silk screen printed
facia panel, scrylic sifk screen printed tuming
indicalor panel insert. internal screen. fixi
{1} coooooapoagooacoaoacacacanan a
1S. Consiructien notes fires with complate kit) . . £0.25
16. Toak cabiset 18.3" x 127" x3.0% ....... 8!
One sach of packs 1-15 inclusive are required for complete
sleree FM 1

s s s | -

articie (Apnil,

tone control

AMBIENTAcuusﬂES

In Hi-F1 News there was published by Mr. Linsley-Hood a series of four-
artcles (November. 1972-February. 1973} and a subsequent toilow-up
1974) on a design for an amphfier of exceptional
performance which has as its principal feature an ability to supply from a
direct coupled fully protected output stage. power in excess of 75 watts
whilst mamntaiming distortion at less than 0 01% even at very low power
levels The power amphfier 1s complemented by a pre-amplifier based on a
discrete component operationat amplifier referred to as the Limac which 1s
employed in the two most critical points of the system. namely the
equalzation stage and
conventional designs run out of gain at the extremes of the frequency
spectrum  Unusual features of the, design are the vanable transition
frequencies of the tone controls and the vanable slope of the scratch filter
There is a choice of four inputs, two equalhized and two linear. each having
independently adjustable signal level. The attractive shmline unit pictured

stage, posiions where most

has been made practical by highly compact PCBs and a specially designed

Toroidal transformer

F R E E TEAK CASE WITH FULL KITS

wencconr £7°3.90

Larstnu #

FREE TEAK CASE WITH FULL KITS

WIRELESS WORLD FM TUNER

e, £600.7 9
NEW KIT!

Siwidy Kot

tape background Push button switches are used 1o provide a choice of
equalization time constants. a choice of bias levels and also an option of using
an additional pre-amplifier for microphone use. The mechanism used is the
Goldring-Lenco CRV, a unit distinguished in its robustness and ease of
operation. Speed control and automatic cassette ejection are both
implemented by electronic circuitry. This unit which is powered by a toroidal
transformer and uses metal oxide resistors throughout offers an excellent
match for the Wiretess World Tuner and the Linsley-Hood 75 Watt Amplifier.

PRICE STABILITY

construction layouts.

International Money Order in sterling.

£2.50 (VAT INC.) per kit.

“ang Portugal Mozambique Belgium Sumatra

EXPORT ORDERS: No VAT charged. Postage charged at actual cost plus 50p
packing and handling. Please make payment by Bank Drafi. Postal Order.

SECURICOR DELIVERY: For this optional service (U.K. Mainland only) add

Order with confidence! irrespective of any price changes we will honour atl’
prices in this advertisement for two months from issue date provided that this
advertisement is quoted‘with your order. E&OE VAT rate changes excluded.

All components are brand new first grade full specification devices. All resistors
(except where stated) are low noise carbon film types. All printed circuit boards
are fibre-glass, drilled, roller tinned and supplied with circuit diagrams and

U.K. ORDERS: Subject to 122 % * surcharge for VAT. Carriage free.
MAIL ORDER ONLY. (%or at current rate if changed)

i o

b
B b}

e by g

Price
. Steres PCB [accommedates 2 rep. amps. 2 rac.

amps. 2 meter amps. bias/arase osc. relayj€3.33
. Sterss sl of capiters. M.0. resisters.
poteatiometars for above. . .......... £!
Sierso sat of semiconducters for abeve. .

A

e

6. Goldring Leaco mechaaism as spacifiad.
7. Fuaction switch. ksebs
8. Dual YU meter with illummating lemp
9. Torsidal traasfermer with E.S.
0117V, 234V, Sec. 15V

£3.20
£19.10
............. £1.60
. £1.20
prim.
.. £4.45

SPECIAL PRICE FOR

COMPLETE SETS

LINSLEY-HOOD CASSETTE DECK

Price
"10. Sel of capacitors. ractifiers. 1.C. voltage regulator
for power supply (Pewert £2
11. Sat of miscallanesus parts. including secl

holder. fuses. inlerconnecting wirs. elc.
12. Sat of metalwerk including sitk 3ci

panel, intornal screen, lixing parts. elc
13. Comstructien mefss
14. Teak cabinet 18.3" x 1277 x 3.1, . ... £9.85
One each of packs 1-14 inclusive ar

Further details of above given in our FREE LIST

quired for P sterso
deck. Total cosi of individually pur-
chased packs ................ £82.55
£78.50
DEPT. WW12

POWERTRAN ELECTRONICS

PORTWAY INDUSTRIAL ESTATE
ANDOVER, HANTS SP10 3NN
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Hong Kong Jersey Australia St. Lucia

AUDIO KIT SUPPLIERS TO THE WORLD

Pack | Pack T20 T30
1. Sef of lew noise resistors 8. Toroidal transformer — 240V prim. 680

2. Set of small itors . X .8, scroon X '
3 Solnlpwsr%clplcitnrs 190 230 9. Fbreglass PCB ... .20 3.60‘ FOR COMPLETE KITS.
4. Sot of miscellansous parts ....... 320 320 10. Set of metalwerk. fixing parts ... ...... 420 4.80

5. Set of siids. mains. PB. switches .. 1.20 1.20 11. Set of gables. mains lead 40 0.40 T20+20

6. Set of pots. selector switch ...... 280 280 12. Handbook (fres with complele it} 025 0.25

7. Set of semiconductors. (08, skis. ... 7.25 7.75 13 Teak cabinet 15.47 x 6.7 x 2.8 ., .. .. 450 4.50 KIT PRICE on |y -

2 NEW TUNERS!
WW SFMT I

Following the success of our Wireless World FM Tuner kit we are now
pleased to introduce our new cost reduced model. designed to
complement the T20 and T30 amplfiers The frequency meter of the
more advanced model has been omitted and the mechanics simphfied..
however the circuitry 1s 1dentical and this new kit ofters most exceptional
value for money Facilities included are switchable afc, adjustable.
switchable muting, channel selection by shder or readily adjustable pre-set
push-button controls and LED tuning indication Indwidual pack prices in
our free list.

POWERTRAN SFMT

This easy to construct tuner using Our own Circult design includes a
pre-aligned front end module, PLL stereo decoder, adjustable. swichable
muting, switchable afc and push-button channel selection. As with all our
full kits, all components down to the last nut and bolt are supphed
together with full constructional details

sSamM1 — 30

Wirsless World Amplifier Designs. Full kits are not available for these projects but
component packs and PCBs are stocked for the highly regarded Bailey and 20W class AB
Linsley Hood designs, together with an etficient regulated power supply of our own
design Sutable for driving these amplifiers ts the Bailey Burrows pre-amplifier and our
arcuit board. for the stereo version of it features B mputs. scratch and rumble filters and
wide range tone controls which may be either rotary or shder operating For those
nending 10 get the best out of thewr speakers, we also offer an active filter system,
described by D. C. Read, which splits the output of each channel from the pre-amplifier
o three channels each of which is fed to the appropriate speaker by its own power
amplifier The Read/Texas 20W., or any of our other kits ara surtable for these For tape
systems a set of three PCBs have been prepared for the integrated circuit based, high
performance stereo Stuart design Details of component packs are in our free list

30W Bailey Amplifier N

BAIL Pk 1 F/Glass PCB £1.00
BAIL Pk 2 i C. set £2.35,
BAIL Pk. 3 Semiconductor set . £4.70
20W Linsiey Hood Class AB

LHAB Pk. 1 F/Glass PCB . . 50 oo £1.05
_LHAB Pk 2 Rasistor, Capacitor. Potentiometer set £3.20
LHAB Pk. 3 Semiconductor set . £3.36
Regulator Power Sypply

B0OVS Pk 1 F/Glass PCB 5 ooao £0.85
B0VS Pk. 2 Resistor, Capacitor set . £2.20
60VS Pk. 3 Semiconductor set . . £3.10
60VS Pk BA Toroudal transformer (for use with Bailey) £8.80
60VS Pk 6B Torowdal transtormer {for use with 20W LH) £7.28
Bailey Burrows Stereo Pre-Amp

BRPA Pk 1 F/Glass PCB a ag £2.80
BBPA Pk. 2 Resistor, capacitor semiconductor set £6.70
3BPA Pk 3R Rotary Potentiometer set . £2.85
BBPA Pk 3S Siider Potentiometer set with knobs £3.10
Active Filter

FILT Pk. 1 F/Glass PCB oa_ o . .. £1.40
FILT Pk 2 Resistor, Capacitor set {metal oxide 2%, pclystyrene 2V: %) £4.20
FILT Pk 3 Semiconductor set £2.25
2 off Pks 1, 2. 3 rqd for stereo sctive tilter system

Read/Texas 20W Amp

READ Pk 1 F/Glass PCB o £1.00
READ Pk 2 Resistor, Capacitor set £1.20
READ Pk. 3 Semiconductor set oo £2.30
6 off pks 1, 2. 3 required for sterec active filter system ... .. .. ... . . £2.30
Stuart Tape Recorder

TRRP Pk 1 Replay Amp F/Glass PCB £1.30
TRRC Pk 1 Record Amp £ /Glass PCB £1.70
TROS Pk 1 Bias/Erase/ Stalihzer F/Glass PCB £1.20

Further details of above and additional packs given in our FREE L_IST

EXPORT NO PROBLEM

Kenya France St. Martin, Java New Zealand Borneo South Africa Denmark Nigeria  Anguilla 3

India Barbados Antigua Jordan Spain Israel Mauritius Sy

KIT PRICE £3 7-

A}
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TZO"'ZO and our new T30+ 30
20w, 30w AMPLIFIERS

Designed by Texas engineers and described in Practical Wireless the Texan was an immediate success.
Now_ developed further in_our laboratories 1o include a Toroidal transformer and additional}
improvements, the shmline T20 + 20 delivers 20W per channel 6f true Hi-Fi'at exceptionally low cost..
The design is based on a single F/Glass PCB and features all the normal facilities found on quabty |
amphfiers, including scratch and rumble hiters, adaptable input selector and head phones socket. In a|
follow up article 1n Practical Wireless further modificatons were suggested and these have been,
incorporated into the T30 + 30 These include RF intarference filters and a tape monitor facihty.
Power output of this new model is 30W per channel

SPECIAL PRICES

T30+ 30
KIT PRICE only

£32.95

KIT PRICE

£45.50

KIT PRICE

£32.60

With 100s of titles now available no longer is there any problem
over suitable software No problems with hardware either Our
new unit the SQM1-30 simply plugs into the tape monitor socket'
of your existing ampltier and drives two additional speakers at
30W per channel. A full complement of controls including
volume, bass, treble and balance are provided as are
comprehensive switching facilities enabling the unit to be used
for either front or rear channels, by-passing the decoder for
stereo-only use and exchanging left and right channels. The SQ
qmatrix decoder 1s based upon a single integrated circuit and was
designed by CBS whiist the power and tone control sections are
dentical to those used in our T30 + 30 amplifier which the
SQM1-30 matches perfectly Kit price includes CBS licence fee.

N9 40 8 treds aare of CBS nc

Speciel offer to Y20 + 20 and Texan
owners!

Owmers of T20 + 20 and Texan amplifiers,
which have no taps monitor
purchasing an SQM 1-30 will be supphed
on request, 8 free conversion kit to fit a tape
monitoring facility 10 the existing amplitier.
This makes simple the connection to the

15

SQ QUADRAPHONIC DECODERS

Feed 2 channels (200-1000mV as obtainable from most pre-ampnners or amplifier
tape monitor outlets) into any one of our 3 decoders and take 4 channeis out with no overall sianal level
reduction. On the logic enhanced decoders Volume, tront-Back, LF-RF balaace. LB-RB balance and Dimension
controis can all be implemented by simplg single gang potentiometers
These state-of-the-art circuits used under licence from CBS are offered in kits of superior quality with close tolerance
capacitors, metal oxide resistors and fibre-glass PCBs designed for edge connector insertion Al kit prices include
CBS licence fee.
M1. Basic matrix decoder with fixed 10-40 blend All components. PCB P . - £5.90
L1 Full logic controlled decoder with ““wave matching” and ““front back logic” fur enhanced channel separatign. All
components PCB 5 oo . . 5 coao oo £17.20
L2A. More advanced full logic decoder with “*variable blend" for increased frort back separation. All components,
. PC £22.60
L3A. Decoder similar to L2A but with discreet component front end with high prec:sion 6-pole phase shift networks for
increased frequency response. All components {carbon film resistors), PCB
Also available with M.O. resistors, cermet pre-set -—— add

SEMICONDUCTORS ‘as used in our range of quality audio equipment..

outlet, ,

105°

2N699 €0.20 40361 £0.40  BD529 £0.55  MJUESZ! £0.60  TIP29C £0.85
2N1613 €0.20 40362 €0.45  BD530 586 MPSAOS £0.25"  TIP30C £0.80
2NI71Y £0.25 BC107 £0.10  BDYS6 £1.60  -Gpga12 £0.35 TIPA1A £0.70
2N2926G £0.10  BC108 £0.10  BF257 €0.40  mpsa1a £0.30  TIPA2A £0.80
2N3055 £0.45 BC109 £0.10  BF259 €0.47.  mpsass £0.25 TIP418 £0.78
2N3442 €1.20  BC109C €0.12  BFR39 £€0.30  ‘MP3AGS £0.35  mP428 £0.90
2N3711 £0.09 8C125 £0.15 BFR79 £0.30 MPSAG6 £0.40 1NS14 £0.07
2N3904 £0.17 BC126 £0.15 BFY51 £0.20 MPSUOS £0.50 1INS16 £0.07
2N3906 £0.20 BC182 £0.10 BFY52 £0.20 MPSUSS £0.50 15920 £0.10
2N4062 £0.11 BC212 €0.12  CA3046 £0.70,  SEA750A £1.90
2N4302 £0.60,  BC182K €0.10  LP1186 £6.50 51301 1.30
2N5087 £0.26  BCZ12K €097  MC1310 £2.20  '5.3045 £1.20' FILTERS
2N5210 £0.25 "  BCi82L £0.10 MC1351 £1.05 SN72741F £0.40 M. £1.00
2N5457 £0.45 BC184L £0.11 MC1741CG £0.85 SN72748F £0.40 SFG10 7MA £1.50
2N5459 £0.45  BC212L £0.12  MFC4010 €0.95  T1209 £0.20 : =
2N5461 €0.50  B8C214L €0.1a  MJA81 £1.20,  1ip294 £0.40 o
2N5830 £0.35 8CY72 €0.13'  ‘MJan £1.45  y1p30a £0.45
Our Export Department will be pleased to advise on postal costs to any country in ke
the world. Some of the countries t0 which we sent kits in 1975 are shown o
surrounding this advertisement. \‘b
O
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SIEMENS PLESSEY. eic
MINIATURE RELAYS

RELAYS

2 1 2 3 4
52 48 Zc o BSD 700 12-24 2c/o 85p
58 5--9  6c/o 9Sp: 700 16-24 4c/o  95p°
185 812 &M 85p- 1250 18-—36 2c/o  BSp’
230 918 2c/oHD 95p* 2500 36—45 6M 85p°
430 9--24 2c/o 85p¢ 2500 31-43 2c/oHD
1) 230 1224 2c/0HD 85p 85p°
430 1h—24 Ac/o 95p+ 15k 85—110 6 M 8S5p
600 10—20 6M 9Sp- 5800 33—72 2c/o0  BSp"
600 10-24 2/0 85p
600 1a—-2a 4c/o 9sp
(1) Coit ohms; (2) Working d.c. volts; (3) Contacts: (4) Price
Hi

0= Heavy Duty All Post Paid. ('Including Base .
OPEN TYPE RELAYS

6 VOLT D.C. 1 make con. 45p. Post 15p
9 VOLT D.C. RELAY

3 ¢/0 5 amp contacts. 70 ohm coil 85p. Post 15p

9/12 VOLT D.C. RELAY
3 ¢/0 5 amp contacts. avadable as single hole fixing or P.C. fixing,
state type required 85p. Post 150

24 VOLT D.C 2 HD c/0 700 ohm coil 85p. Post 15p

4 ¢/0 300 ohm coil 98p. Post 15p

100 VOLT A.C. 2c/075p.3c/685p. Post 15p.
ENCLOSED TYPE RELAYS

6 VOLT A.C. 3c/085p. Post 15p

24V D.C. 3 /o850 Post 20p Base 150

28 VOLT A.C. 7iihop e ispmm
55 VOLT A.C.

3 neavy duty c/o contacts. Price 85p. Post 20p. Base 15p

230 VOLT A.C. RELAY
40V. A.C. heavy duty 3 C/0 contacts
Price 85p. Post 20p Octal base 15p extra
220/240 VOLT A.C. RELAY
3 ¢/0 5 amp cont. Sealed M.1.g ISKRA. £1.35. Post 20p
Base 15p extra.
ARROW 230/240V AC
2 ¢/0 15 amp contacts
Amp connectors £1.10. Post 20p.

CLARE-ELLIOTT Tm RP 7641 G8

Miniature relay 675 ohm coil. 2 2c/080p PP

VARIABLE VOLTAGE TRANSFORMERS
Carringe extra INPUT 230 v. A.C. 50/60
OUTPUT VARIABLE 0/260v. A.C.

BRAND NEW. All types.
200w (1 Amp) fitted A/C
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voltmeter . ........... £11.50
0.5 KVA (Max. 2%z Amp) . .. £11.50
1 KVA {(Max. 5 Amp) . £18.00
2 KVA (Max. 10 Amp) £30.00
3 KVA (Max. 15 Amp) ... .. £38.00
4 KVA (Max. 20 Amp) £60.00
LT TRANSFORMERS

0.10,17. 18 von @ 10 amp
0.6, 12 volt @ 20 amp
0.12, 24 volt @ 10 amp
0.4.6.24. 32 volt @ 12 amp. £12.35 Post £1.00
0.6. 12,1718, 20 volt @ 20 amp €14.15 post£1.00
Other types to order at short notice. Phone your enguines.

€10.45 Post£1 OU
£13.00 Post £1.00
€11.85 Post £1.00

AUTO TRANSFORMERS

Step up step down 0 115 200 220 240 volts.

At 75 watt £3.60 Post 40p. 150 watt £5.15 Post 50p 300
watt £6.20 Post 60p. 500 watt £11.00 Post 75p. 1000 watt
£16.20 Post 90p.

MANY OTHERS FROM STOC! PHONE FOR DETAILS
LATCHING RELAY d«ig

Twin latching relay, flip-flop. 2 c/o each relay. BW

Mains contacts, 115 volts A.C. or 50 volt D.C
operation or 240 volts A.C. with 2 5K resistor 86p.
Post 20p.

PRECISION CENTRIFUGAL
BLOWERS (230/240v AC)

Mtg. by Smiths Industries. Miniature model
SF/200. Size 95mm x B2mm. Aperture 38mm x®=:
31mm. 12 ctm €2.75. Post 50p 3
Other types available. phone for details

BLOWER UNIT

200/240V a.c. precision. German built
Dynamically balanced. quiet, con rated.
reversible. Consumption 60mA Size
120mm dia x 60mm deep. Price £3.50.
Post 50p

Mig. by Sracma 115/230v A C. 2800/3400 r p.m fan type aperture
3" x 2%’ VBL4 25/c. Mig Airlow Control Installationé Ltd Price
£12.00. Post £4.00

MINIATURE Voo
UNISELECTOR E

12v 11 way 4 bank (3 non-bridging 1

homing) £2.50. P.P. 35p

230 VOLT FAN ASSEMBLY P @
blades. ' R \% -

N

UNISELECTOR switches 4 bank, 25 way 75

ohm. coil, 36-48v D.C. operation. Ex. new equipment,

£4.25, p & p. 75p. Total price inc. VAT, £5.40.

MINIATURE ROLLER

M switch OMRON type V16 FL 22-1C. 10 for £2.00

post 50p (Min. order 10)

Sub-mimature Burgess type V 4T.t 10 tor £2.50. 50 for

£10.00, post paid

LEVER OPERATED 20 amp c/0 m/s Mfg by
_ Unimax USA 10 for £4.00 plus 50p p.p. (min_order 10}

Pnce £1.25. Post 509
VAT 12Y2%

RING TRANSFORMERS

Functional Versatile Educational
These multi-purpose Auto Transformers with large
centre aperture, can be used as a Double wound
current Transformer. Auto Transiormer. H.T. or LT
Transformer, by simply hand winding the required
number of tums through the centre opening
E.g. Using the RT 100 V.A. Model the output could be wound to give Ev
@ 12% Amp.. 4V @ 25 Amp. or 2V @ 50 Amp., etc. Price
RT 100VA 3 18 turns per voit. £5.00. Post 75p
RT 2KVA 1 5 turns per volt. £21.00. Post£1.50
RT 3KVA 1 5§ turns per volt £28.00. Past£1.50

HY-LIGHT STROBE Mk. IV
Latest type Xenon white light tube Solid state timing and *
mgganng circuit. 230/ 240 volt A.C. operation. Speed adjustable *

t.p.s. Designed for large rooms, haiis. etc. Light output
greater than many (so called 4 Joule) strobes. Price £16.40. Post 3§

75p Specially designed case and reflector €8.25. Super high light
approx 4 times more output S.a.e. for leaflet *
spec.any designed case and reflector lor Hy-Light £8.25. Post M
2 *
»*

'xeuou FLASH GUN TUBES

Range of Xenon tubes available from
stock. S A E. for full details.

*********

ULTRA VIOLET BLACK LIGHT *
fLUORESCENT TUBES

Hr 50 vkt £6.60 Tlers only) 2fc. 30 wart £4.80. Post 60p *
K (For use i stan bi-pin fittings). MINI 12in. 8 watt £1.75. Post 25p

.’ 9in. 8 watt £1.40. 6in_ 4 watt £1.40. Post 25p. Complete ballast ‘»
unit and holders tor either 9" or 12'' tube £2.50. Post 30p (9" x "
" 12‘ measures approx )

¥ BIG BLACK LIGHT *
* 400W Mercury Vapour Uttra Viotet Lamp. Powerful source of UV

P.F ballast unit 1s essential with this lamp Price ot bulb and *
K matched ballast unit. £28. Post £2. Spare bulb only £10. Post

& 80p

S S SIS e 5 S S 204

SQUAD LIGHT

A new conception in hght
control. Four channels each
capable of handling 750 watts of ~
spolllghls tioodlights or dozens of smalt mains Iamps Sevar\

all speed plus flash madul 4
¢ giving 14 different displays. Makes sound-to- Ivgh( obsolete. 3
Completely electrically and mechanically noise free 4

Price only £80.00
Post 75p. S.A.E. {Foolscap) for further details

TRIAC

Raytheon Tag symmetrical Triac Type TAG 250 500V. 10 amp. 500 p +.v. Glass
passivated plastic triac. Swiss precision product for long term reliability £1.. 25.
Post 10p (incl: of Date and sheet) Suitable Diac 18p.

- i

230-250 VOLT A.C. SOLENOID
Similar sn appearance to dlustration

Agproximately 1%Ib. pull Size of feet 1%’ 1 3/16
Price £1.00. Post 25p

SOLENOID HEAVY DUTY MODEL
230/250v A.C. Apprx. 101b. pull. 4" long x 2%’ wide x 3" high.
£€2.50. Post 50p

COLOUR WHEEL PROJECTOR
TYPE P150 INTACHANGE

200/240V a.c. 50Hz 150W lamp, complete with
oil filled colour wheel and motor plate. Takes
intachange sccessories and full range of lenses.
£29,95. Post1'1 36 (Totat inc VAT & Post £33.70).

— N

Wide range of disco

lighting. graphic
wheels, etc S ae for
detaits

GEARED MOTORS

100 R.P.M. 115 Ibs. ins.1!

110 voit, 50Hz, 2 8 amp. single phase

115 Ib. ins

splhit motor. wer Cont =
rated. Totally enclosed. Fan cooled In-line gearbox
Length 250mm Dia 135mm. Spindte Dia. 15.5mm

Length 145mm. ex-equipment tested £12.00. Post
£1.50. Suntable transformer 230/ 240 volt £8.00. Post
15p

15 R.P.M.
Type S048 15 r.p.m. 80 Ib. ins. Input 100/ 120 volt A.C. Length incl
gearbox 270mm. Height 135mm. Width 150mm. Shaft drive 16mm
Weight 8.5 Kilos. BRAND NEW. Price £10.00, carr £1.00

Suitable transformer for use on 220/240 voit A.C
v 2+
)
: ?I ) b=
— |

€3.85. Post 50p

DRAYTON MOTOR

Type RQR 230/250v 50c¢. Contnuously rated 1
RPM. 90Ib_ in. Reversible motor s fitted with
mit switch tor 160° anguiar reversibie rotatson it
required. Twin spindle size 100mm by 140mm
by 125mm. Shaft 50mm by 8mm. Weight 2
kilos New Price £18.50 p&p £1.00

BODINE TYPE N.C.I.
GEARED MOTOR

{Type 1) 71 r.p.m. torque 10 ib in .

Revorsible 1/70th h.p. cycle 38 amp This U S A motor 1s offered

in as new condition Input voltage of motor 115v A.C. Supplied

complete with transformer for 230/240v A.C. Input.

Price. type €6.25. Post 75p or less transiormer £3.75. Post 65p

(Tvp.:s) 71 r.p.m. 230 Voh A.C.
ly rated. Non

. £8.50 Post 75p

6/9 VOT D.C. GOVERNED 40mm x 40mm Spindle 10mm. O
2mm £1.00. Post Pad Two for £1.65. Post Pad

24 R.P.M. 230 volt A C Conunuously rated. Mtg Mycalex Ex-equip
Fully tested £3.85. Post 75p

1 R.P.M. 230/240 VOLT A.C. SYNCHRONOQUS!! Ex-equipment
Thoroughty tested and guaranteed ONLY £1.50. Post 20p

20 r.p.m. GEARED MOTOR

230/240 volt 20 r.p.m motor £1.00. Post 20p.

REVERSIBLE MOTOR 230V A.C.

General Electric 230v A.C. 1,600 r.p.m. 0.25 amp Complete with
ant-vibration mounting bracket and capacitor Q/A size 110mm x
95mm Spindle 5/16'* dia. 20mm long. Ex-equipment tested £3.00.
Post 50p

METERS NEW

90mm Diameter

Type: 65CS D C. M/C. 2, 5, 10. 20. 50 amp £2.75.
Post 20p. 100 amp £3. 15 Post 20p

Type: 82T2 A.C M/I. 1. 20. 50 amp £2.50 Post 20p, 0-300 Volt
AC. M/ £2.75 and 300 Voit A.C. R/M/C. £3.00 Post 30p

A

WHY PAY MORE?!

MULTI RANGE METER. A.C voits 2.5-500 D.C
volts 2.5-500 {Sensitivity 2000Q/v D.C & A.C)
D.C current 0/1/10/100 mA Ohms range
Sturdy compact moving coil instrument with 21 §
ranges, dimensians 120 x 80 x 44mm. Weight
0 32 kg SERVICE TRADING QO. Price £5.50.
Incl. leads and battery. Past 50p {Total price inc
VAT & Post £5. 984).

ROTARY VA(_:UUM AIR COMPRESSOR
AND PUMP

Carbon vane, oil-less 1007115V AC 1/12 hp
motor 50/60 cycle. 2875/3450 r.p.m 20"
vacuum 1.25 cf.m. 10 p.s.. {approx figures)
New unused surplus stack with elec! connection
data. Fraction of maker's price. £12.00. Post
£1.00. Suitabls transformes £3.50. Post 50p

\J

TIME SVWITCH

Horsimann Type V Mk Il Time Switch. 200/250 volt
A.C Two on/two off every 24 hours, at any manually
pre-set tme 30 amp contacts. 36-hour spring reserve
in case of powes failure Day omitting device. Fitted in
heavy high impact case, with glass observation
window. Built to highest Electricity Board spec
individually tested Price £7.75. Post 50n. {Total inc
VAT£8.91)

24 VOLT 6 C. SOLENOIDS

‘UNIT containing: 1 heavy duty solenoid approx 25 Ib II 8t 1n

travel. 2 solenoids of approx. 1 pulfat 72 in (vavel solenoids ot
approx. 4 oz. pull at V2 . travel. Plus 1 24V D.C. ABSOLUTE
1 heavy duty 1 make relay. Price £3.00. Post£1.00. BARGAIN

240 A.C. SOLENOID OPERATED’
FLUID VALVE

Rated 1 p.s.i. will handle up to 7 p.s.i Forged brass body.
stainless steel core and spring %2 (in. b.s.p. inlet outlet
Precision made. British mfg.

PRICE £€2.75. Post 50p NEW anginal packing

.

600 WATT DIMMER SWITCH
“Easily fitted Fully guaranteed by makers. Wil control up
to 600 watts of all lighting except fluorescent at mains
voltage. Complete with simple instructions. €3.15. Post
26p .

1000 watt model £4.50. Post 25p
2000 watt model » £9.00. Post 40p

ALL MAIL ORDERS, ALSO CALLERS AT

CHISWICK,
ONDON, W4a'588. Phone: 01-995 1560
Closed Saturdays.

7 BRIDGMAN ROAD,

INSULATION TESTERS

‘NE

est to | £ E. Spec Rugged metal construction,
suitable for bench or fleld work, constant speed
clutch. Size L. 8 in.. W. 4in_ H_ 6 in_ weigh1 6 1b
500 VOLYS 500 megohms £40.00
Post 8
1000 VOLYS 1000 megohms
P( N

£48.00

VAT AT 8%
MUST BE ADOED
TO ALL ORDERS
FOR THE TOTAL VALUE OF GOODS INCLUDING
POSTAGE UNLESS DTHHWISE STATED

SERVICE TRADING CO

SHOWROOMS NOW OPEN
AMPLE PARKING :

A.C. MAINS
TIMER UNIT

Based on an electric clock, with 25 amp,
single-poie swilch, which can be preset fo- any
period up to 12 hrs ahead to switch on tor any
length of tme. from 10 mins. to 6 hrs. then
switch off An additional 60 min. audibie timer is
also incorporated. Jdeal for Tape Recorders. Lights. Electric big.inats 8tC
Attractive satin copper finish. Size 135 mm x 130 mm x 60 mm. Price
£€2.25. Post 40p (Total inc. VAT & Post £2.87).

New ceramic construction. vitreous enamel
embedded winding. heavy duty brush assembly
continuously rated

25 WATT 10, 26 100 150. 250, 500. 1k, 1.5k ohm £1.90. Post

20p. 50 WATT 1.5, 10. 25 50, 100. 500. 1k ohm £2.40. Post
25p. 100 ATT /6/10/25/50/100/250/500/ |k
1 5k/2 Sk /5k ohm. £3.70. Posl 35p

Black Siiver Skirted knob Callbra!ed n Nos. 1-9, 1% n dia brass

bush Ideat for above Rheostats, 22p ea.

PROGRAMME TIMERS

230 Voit AC Operation. 15 or 20 r.p.m
Each cam operates a ¢ /0 micro switch. Ideal
for hghting effects. disptays. etc. Ex equip
tested. Simtiar to itlustration

8 CAM mode! £5.00

8 CAM model £6.50
12 CAM model £7.50
Post 60p. Also available for 50 volt A.C.operation. Prices as above.

PERSONAL CALLERS ONLY

9 LITTLE NEWPORT STREET,
LONDON, WC2H 7JJ.
Tel.: 01-437 0576
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LYNX ELECTRONICS (LONDON) LTD SR LIEAAYNAS (3 (LA
N -
DL704 3 Ot728 £1.85 2 RED LED DNLY 13p
DL707 ng DL747 £1.80 GREEN .30
AC126 0.15 BC301 0.32 BT116 1.00 TIP41A 0. DL727 €1.8 DL75D £1.80 111209 210
Ag127 0.18 BC323 0.60 8U105 1.80° TIP42A 0. - B
AC128 0.13 BC327 0.1 BU105/02 1.90° IN2069 O
:g:zex g.zs BC328 0.1 BU126 1.60° IN2070 g. THYRlSTO:RBS A 7 m 7 m amn
41 .18 BC337 017 BY206 0.1§ IN4DO1 X A
AC141K  0.28 BC338 0.17° BY207 0.20° IN4002 Q. 1092 (105) (C106 type}  (TO220) (10220} 10220) 10220}
AC142 0.18 8CY70 0.12 IN4003 O, 50 0.25° 28 38 38 a1 42 &
AC142K  0.28 BCY71 018 [ IN4004  0.07° 100 0.28' 28 80 42
AC176 0.18 BCY72 012 o. IN4OO5 0.0 200 0.30° 35, & 51
AC176K  0.28 BD115 055 o IN4OOG  0.09° 400 0.35° 89, 80 s
AC187 0.18 BD131 0.3¢ IN40O7  0.10° 600 es 70 89 11 )
AC187K  0.25 80132 040 2N696 0.14
AC188 0.18 8D135 0.36 2N697 0.12
:g}gg‘ g::: gg}g? g,:: ;:;gg g-:g TRIACS (PLASTIC TO—220 PKGE ISOLATED TAB)
AD142 0350 80138 048 IN930 0.4 & 6 5A 54 oen R
AD143 0.48 80139 0.58 2N1131 015 @ (M @ ® @) (b (8) (b} (@) (b)
AD149 0.45 BD181 ™ Zeners 0.20 2N1132 0.18 100V 0.60 0.80 0.70 0.70 0.78 0.78 0.83 083 101 1.01
AD161 0.38 B0182 0.92 B2X83 o 2N1304  0.45 200V 0.64 0.64 0.75 0.75 0.87 0.87 0.87 0.87 1197 17
AD162 0.35 80183 0.97 BZX88 Series IN1305  0.40 400V 0.77 0.78 0.80 0.83 0.97 1.01 113 119 170 1.74
AL102 0.98 B8D232 0.60° Zeners 0.11 2N171H1 0.18 600V 0.96 0.99 0.87 1.01 121 1268 1.42 1.50 211 2.7
:H?g g;: Sg;gg g:{ Ezgg: g:: g:;;gg g:: N B Triacs without internal tngger diac are priced under column (a) Triacs with internal tngger diac
AF115 0.20 80238 0.60° 106D 0.50 IN2369A 0.14 are priced under column (b). When ordering please indicate clearly the type required
AF116 0.20 BD184 1.20 C106F 0.36 2N2484  0.16
:'51 i é 0.20 BDY20 0.80 CRS105 028 2N2646  0.50
1 0.50 BDY38 0.60 CRS110 02§ 2N2906  0.18 T ‘
AF139 0.3§ 80Y60 0.60 CRS1 20 035 2N2905A ©0.22 L 74 SERIES PLASTIC
Qggg g-ﬂ BDY61 0.85 ggg‘ gg gﬁ §N§g2gg g-;“’ 7400 0.16 7420 0.16 7447 0.81 7483 142 74119 1.92 74163  1.20
cioreliRotTs BDY62 g-gg s;o o34 2:2956 o 9 7401 0.16 7422 0.38 7448 0.81 7484 0.85 74121 0.34 74164 0.93
Sei08 o3 8DY93 CR 150 5 GV 2 7402 0.16 7423 0.40 7450 0.85 ‘7485 1.25 47122 0.47 74165 0.93
aei08 el BDY94 2:: CR532 g-:: 2N2926G 7403 016 7425 030 745) 0.16 7496  0.32 74123 0.40 74167 3.70
ceroscllon 2 80'35 f gnsa 0 g 2N3053 7404 0.18 7427 0.48 7453 0.18 7489 2.92 74125 079 74174 1.0
A 0‘1.‘ gg;; 3:3 RS3 40 0.80 2N305 7405 0.18 7428 0.53 7454 0.18 7430 0.45 74141 0.75 74175 0.94
Sy e Eon Sioe CRS%GO 0.83 ;NgOSS 7406 0.51 7430 0.16 7460 0.18 749 0.68 74145 0.74 74176 0.86
eCi58 o0, orae & MJ480 0.80 2:3::2 7407 0.18 7432 0.37 7470 0.32 7492 0.57 74150 120 74180 1.23
e iz S ol MJ49(‘) ;-05 e 7408 0.18 7433 0.49 7472 0.26 7493 0.45 74151  0.77 74181 3.20
e o3 riaa Rﬁjim ‘-:g 2:3570 7409 0.18 7437 0.35 7473 0.30 7494 0.85 74153  1.09 74190 1.33
v ey S el o e 7410 016 7438  0.35 7474 032 7495  0.67 74154 1.62 74191 133
i %0 BElge = st 2:3703 7412 025 7440 0.6 7475  0.47 7496  0.78 74155 132 74192 139
B o8 BF197 mj“;(‘) oas N30 7413 0.25 7441 0.76 7476 0.38 7497 432 74157 0.78 74193  1.39
e o Dl e o WL 7414 072 7442  0.65 7480  0.55 74100 1.5 74160 1.20 74193  1.39
230 o8] i 2)4:5 21 R, §N3302 7416 0.43 7445 150 7484  1.26 74107 0.35 74161 120 74196 1.64
B oiZ8. BEo5 o e NS 7717 0.43 7446 2,56 7482 0.75 74118 116 74162 1.20 ;::g; g_g;,‘
BC153 0.18" BF258 0A91 0.08 2N3714 74199 274
8C157 0.09° 8F337 oca1 0.15 2N3715 )
gcrga g.g:- g’fwzsgo 0ca2 0.18 2N3716 10371 fing kit
C159 .09 X 0C44 E 2N3771 -3 Transistor mounting kits Fuly ~ Tested  but
8C160  0.32 BFX30 0c45 2N3772 LINEAR ICs [ e 9 unmarked T0-3 NPN
BC161 0.38 BFX84 0c70 2N3773 3 el 0P Power T Simi-
BC1688  0.09° BFX85 oc71 2N3819 i LM307 709 MC1307P 147 lar to 2N3055 type
8C182 0.11 BFx88 oc72 2N3904 b LM380 741 MC1352p 0.91°  except.
BC182L  0.11 B8FY50 0oc84 2N3906 H NE555 748 TAAS50 045" BVCEO >50V
8C183 0.10° BFY51 SC40A 2N4124 : NES65 3900 TAA300 1.61 HFE>20 @ 3Amps
8C183L  0.10° BFY52 SC408 2N4290  0.12 NES66 CA3045 TAA310 1.38 5pcs for £1 00
8C184 0.11 BFY64 5C40D 2N4348 2 NES67 CA3046 TAAB11812 1.28° 10 pes for €1 80
BC184L  0.11° B8FY90 SCA40F 2N4B70 711 TBA530 1.85° 50 pes for £3.40
8C2078  0.92" BR100 SC41A 2N4B71 ° a 100 pes for £13 00
sczlg 0.11° BFY39 sc418 2N4919 4
BC212L  0.1° BSX19 SC41D 2N4920
86213 oaz 85x20 SCatF IN4922 HIGHAM MEED, CHESHAM, BUCKS. Tel. (02405} 75154
8C213L  0.92° 85x21 sT2 2N4923 - = - - - = =
Be2riy oA esyaed 29 2N5080 VAT — Please add 8% except items marked * which are 1272 %
sea3r  oae 81107 TIP31A 2N5062 P&P 20p. Overseas 80p
238 .16° BT108 TIP32A 2N5064 0 ACCEDTER '
BC300 0.34 87109 TIP34 IN5496 ACCESS & BARCLAYCARD ORDERS ACCEPTED

Components from
laading manufacturers only

FAS I s E R v I c E We guarantee that telephone orders. for goods in stock receved by 4 30 p m (Mon -Fri ) will be despatched the same day First Class Post
{Books by parcel post) - — ——

CMOS from Top Manutaclurers — mamly RCA & Motorota K'Ts
Mos CAT2E 1,79 CD40S1 0.97 CD4085 0.74 CLOCK CHIPS 50Hz CRYSTAL TIMEBASE KIT: provides an extremely stable output
= CD4a052 0.97 CD4086 0.74 AY51202 2.89 of one pulse every 20msec Uses @ May be added to all types of digital
i 016 CDa053 0.97 CD408S  1.61 AY51224 3.50 clocks to Improve accuracy. to within a few seconds @ month @ If used
018 CD4054 1.20 CD4093 0.89 MK50250 5.00 with battery back up also makas clocks powar-out Or switch-off proof @
016 CD4055  1.37 CD4b93 194 MK50253 5.60 Replacing 50 Hz signal on battery-powered equipment @ Providing film
1.22 CDa0s6  1.37 ¢D4095 1.09 synchronisation @ Monitoring or improving turntable speed Order as
017 C04057 27.95 CD4096 1.09 KK I £6.28
0.95 CD4053 4.98 CD4097 3.87 FLAT CABLE DIGITAL CLOCK KITS WITH CRYSTAL CONTROL & BATTERY BACK-UP
0.56 CD4060 1.16 CD4093 1.90 20-w 1m 1.00 A - ES
056 CD4062 9.07 CDaso2 129 10m for  8.00 B ) R e
017 CD4063 1.14 CD4510 141 . 4 F ACK GCK
017 CD4066 0.84 C04511  1.62 IS
058 CD4067 3.87 CD4514 285 VEROCASES
105 CD4068 0.22 CD4516 325 751410J 2.64 o
1.05 CD4069 0.22 CDas516 141 7514110 3.04 -
0.55 CD4AG70 0.60 CD4a518 1.30 2612370 1.72 These two kits incarporate oUr Crystal Timebase Kit (XTK). together with components for
0.99 CD4071 0.22 €04520 1.30 751238D 2'15 battery back-up All components, plus a PP3-type battery fit neatly in the clock cases
0.99 CD4072 0.22 Cp4527 1.84 B Accurate to within a few seconds a month |f mains power 1s disconnected {through a power
0.56 CD4073 0.22 CD4532 150 cut accidental switching off or moving clock) the clocks will stll keep perfect ume While on
1.16 CD4075 0.22 CD4555 094 SUNDRY back-up. the displays are off to conserve battery life
1.05 CD4076 1.81 CD4556 094 ca3130 114 ATTRACTIVE 6-DIGIT ALARM CLOCK: Uses Red 0 5" displays Features bleep alarm
1.00 CD4a077 0.80 MC14528 1.18 VA741 0.35 Touch switch snooze control and automatic intensity control  Alarm remans fully
0.7 CDa078 0.22 MC14552 8.05 (RCA B DI} operational while clock 1s on back-up Complete kit including case
0.81 CDp4081 0.22 MC14563 5.24 78L12WC 0 Order as ACK + XTK + BBK £33.58
= 0.17 CD4082 0.22 IM6508  8.05 .77 Kit also available less crystal control and back up Order as “"ACK £26.80
ROOKS and Datasheets (do not add any VAT SLIM GREEN CLOCK. Attractive 4-digit Mantelpiece Clock with bright O 5* Geeen display
New 1976 RCA CMOS and Linear |C Combined Databook £4.9% Complete kit including case Order as GCK + XTK + GBBK £19.65
New 1976 RCA Power and Microwave Databook £4.95 Kit also available less crystal control and back-up Order as * GCK £12.90
1976 Nauonal Semiconductor 7400 sertes TTL Databook ¢ 200 pages £3.45
TTL Pin-Out Card index Set of cards with pin outs {top and botiom wiews) of T1 TTL range and = -
many other T1 IC s £2.95
Inte) Mamory Design Handbook c 280 pages ta7 microprocesso
tntel BOBO Microcompuler Systems Users Manual ¢ 220 pages €4.85
Moatorota McMOS Databook (Vol 5 Sernes A} ¢ 500 pages [ Please Microprocessors should only be bought by experienced constructors Sorry we cannol
Motorola MEB0O0 Microprocessor Apphcatons Manual ¢ 650 pages E12 45 answer techn:cal quenes or supply data other than from our selection below
Motorola MEB0O Programme Manual c 200 pages E8.B%
Motorola Booklet introducing Microprocessors €1.50 IM6 1DOCCLL £53.00 £17.67
2650 Microprocessor Library £24 .58 8080A (245) £43.65 £17.67
DATA SHEETS on Microprocessors 6800 £€33.87 £9.76
Intersil 6100 12-bit CMOS £0.76  RCA 1802 B-bit CMOS £0.35 ISPA/100 (SC/MP) £18.75 £1208,
National SCAMP 8-bit £0.75  Zilog Z80 (enhanced BDBD) €0.75 2650 €27.00 hzen
These Jumbo LED displays take no more current than 03  types All
DlSPLAYS our Common Cathode (C C ) degits can be used in place of any othec C C_display MICROPROCESSOR MANUFACTURERS  DEVELOPMENT KITS
{DL704. DL750. MAN3640., etc) as they are ail electrically identcal (but may have different pin-outs) Similarly These include mam ICs PCB Manuals and Data
our Commaon Anode digits may be used n place of any othec CA types (DL707, DL747, RS/Doram MEK6800Dt — with the 6800 MPU £137.00
586/699. etc) : ISPBK /200E — SC/MP Intro Kit £93.55
Many Display PCB s also avasdable MCS-80 Kit C — with 8080A (no PCB) £178.65

Red 0 5" LED s Green 0 6 LED s SOLDERCON IC SOCKET PINS MEMORY 1C's —

FND50O 3
Red 0554, cﬁ coz Q TIL321 C A £1.30 XANB52 C A £1.75 Excellent contact 1ow-cost sockets used by :E(elT2T1L03::rr?p(:::;eve'ss:gn|:' 2+1 Ogvﬂs:‘?m(:m
: TIL322CC €1.20 XANBS54 CC £1.75 R8D depts of Univs Hospials Computer  gGonsec” 1024 » 1 i State NMOS

ers and of

32.768kHz Min. Watch Quaruz Crystal

ADD VAT at 8%. 25p p&p on all orders @ Price List sent with orders or free on request board and snap off the connecting carrier NMOS RAM 76
@ Access and Barclaycard orders very we come, written or phoned (by phone min £5) Send s ae for free sample Strip of 10D pins @interssl IM6508 CMOS 1024 « 1 bit Stat
® Export orders very welcome No VAT but add 10% (Europel. 15% (Overseas) for A Mail pbip_(For export _ for 50p. 1 000 for €4. 3 000 for £10.50 RAM * ™ ca0s

postage rates on books contact us first )

SINTEL

PO Box 75C OXFORD
Tel. 0865 49791

Bur fwith e

£4.50

k

Simply cut off lengths you need soider into

others RAM
®lntel P2112-2 650nsec 256 = 4 bit Statc
£4.

£3.35

Depts . Nat

Industries. Umivs

Official Orders Waicomed. Torms 3D days for writen or phoned
orders from Compames. Govt
st delivery for R&D .

Polys . etc Fa
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CIt's the cat's whiskers!

A fascinating excursion into the past. The author has

~unearthed some 400 trade names from the crystal set
days, along with nearly 200 manufacturers—giving
the name of the set, technical description and original
price. He also reviews the first days of broadcasting
and looks at the difficulties experienced by crystal set
users. Concise information and over 40 illustrations
make this book a valuable work of reference as well
as a rare piece of nostalgia for collectors.

£2.50 from bookshops

T2 .80 inclusive direct from Wireless World, Room 11, General Sales
Dept., IPC Business Press Ltd, Dorset House, Stamford Street,
kondon SE1 9LU.

Name . .
Address o

VvCcSs

N |

INSTANT CIRCUIT DESIGN
WITH THE BUG SYSTEM

THE PROFESSIONAL BREADBOARDS FOR STUDENTS & HOBBYISTS!
NO SOLDERING! USE ICs AGAIN & AGAIN!

SK10. Takes up to eight 14 pinj®
DILs. All components insert i
directly. Insertion life of
10,000 cycles. Contact
resistance 5 milliohm average. L
Housing is acetal copolymer. £13.38

SK50. Half size version of SK10 for tight places

Why be without when and student use. Takes 4 DILs. £7.80.
you can fit one so easily ‘
and for so little? SN LABEL THOSE ICs.

Self adhesive ‘Bug
Backs' for many 7400 series TTL ICs.
Identify pins and device. Saves time and
temper' Pack of 500 £6.40.

Weil over 10,000 "Super Spark™” Units have been scld\\
in four years and no wonder! You know the advantages of
capacitor discharge ignition — more mpg. less
mechanical wear, easier starting from cold. "'Super
Spark”” Mk. § gives you these and more — simple rev
limiting adjustment, pos. and neg. earthing. switch for
instant revert to normal ignition, on-off switch to

immobilise against car thieves, neon indicator, improved
circuitry, rugged construction and totally enclosed
strong metal case size 6% x 4% x 4% in. (170 x 118 x = ———
§5mm) "Super Spark’” Mk. § comes to you direct from
our Southend factory. i1s guaranteed and offers l
UNBEATABLE VALUE. Ready built for easy installation

.| LEARN DIGITAL ELECTRONICS
— Bug Books Part | & Il 750 page learning system

including 90 experiments on 50 different 7400

series TTL ICs. £13.50 each.

=

Easy Build Kit £8.99

===

l T st

or in kit of parts flightweight solder-iron needed). Inc !
transformer in both versions Ready Built and
. LR25. A useful control
esea £10.95 | l :
For delivery by return from the L tmetBS ) ] package for digital
makers circuits on SK10/SK50 sockets Generates
Parts lor;he kit or the complete unit are guaranteed f;v ;“"’Vi‘;"."’;f’&’;:'g; 7fﬂ pulses. Monitors outputs. 8 LED indicators. 4 logic switches. 2
ft 7 1, 3 or
12 months subject to being used as instructed by the (Bt 1 veady bullt umit. pulsers. Variable frequency clock. £41.75.

All prices include VAT and P. & P

Send for the Bug System leaflet and order form or cheque with order
ound | HEPWORTH ELECTRONICS

Hepworth House. Worcester Road, Kidderminster DY10 1BG
Telephore: Kidderminster 2212/3

'A member of the Bi-Pre-Pak Group of Companies

220-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX $SSO 9DF
Phone- Southend (0702) 46344 PERSONAL CALLERS WELCOME

WW — 036 FOR FURTHER DETAILS
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20x20 Watt STEREQ AMPLIFIER

Superb Viscount IV unit in teak-finished cabinel. Black fascia with aluminium
rolary controls and pushbuttons, red mains indicator and stereo jack socket.
Function switch for mic, magnetic and crystal pick-ups, tage, tuner, and
auxiliary. Rear panel features two mains outlets, DIN speaker and input sockets,
plus fuse. 20+ 20 watts rms, 40+ 40 watts peak.
£2990,
+p&p £210

HOW YOU CAN SAVE
Comprising our 20+ 20 watt Viscéunt IV

SYSTEM 1B SYSTEM 2
amplifier; a pair of our large Duo Type Il

SPEAKERS Twcmodeis— Duo Iib,
teak veneer, 12 watts rms, 24 watts peak,
18%"'x13%"'x 7%''approx

+p&p.£650
234 PER PAIR
Duo Ili, 20 watts
rms, 40 watts peak,

TURNTABLE PODUlar BSR MP

60 type, complete
with magnetic cartridge, diamond
stylus, and de fuxe plinth and cover.

£2400 <

For only £80, you get the 20+20 watt
Viscount IV amplifier; a pair of our 12-watt-

rms Duo Type IIb matched speakers; a BSR | matching speakers which handie 20 watts : R
MP 60 type deck comolele o gymgq | ms each: and a BSR MP 60 tye deck with 2 "ALERO"X‘ Ve +08&p £350 RN
with magnetic cartridge, 80 magnetic cartridge, £9200 p&p -
de luxe plinth and cover. +p&pg6s0 | de luxe plinth and cover. 248 £750 m
Carri . +p&p £760 .
arriage surcharge to Scotland: Systemtb £2.50,System 2 £5 PER PAIR

S

"DELUXE ACCESSORY KIT

Comprises of a matched pair of dynamic mics.
and two replacement slider lavel controis.

£3.95 +080 £1.00

STEREQ CASSETTE DECK KIT
Again, this kit Is specally designed
for the experienced constructor — for
mounting into his own cabinet.
Features include solenoid-assisted pap rmee when
AUTO-STOP, 3-digit counter, PUBCHASED
record/replay PC board, mains

transtarmer and input and output 53250
controls. AC BIAS AND ERASE. 4 p&peiso

x30 AMPLIFIER KIT

Specially designed by RT-VC for the
'experience constructor, this kit comes
complete in every detail. Same facilities
as Viscount IV amplifier. Chassis is
ready punched, drilied and formed.
Cabinet is finished in teak veneer.
Black fascia and easy-to-handle
aluminium knobs.

Output 30+ 30 watts £2900
rms, 60+60 peak. + P& p.£210

‘H]I

o

DIY STERED &= Sincl=ie BUTTON CAR RADI
""""" 1.0 20;2OWA nm:':nm:"' batfls  The medern styla facla has baee
SYSTEM STEREQ AMPLIFIER KIT Shafelmat oaiche.b

COMPLETE WITH SPEAKERS
Here's real value in DIY! Comprises ready-built
amplifier module, 3-speed Garrard auto-return
deck, and teak-veneer simulate

cabinets with clear plastic top. £2695
Easily built by hobbyists. P& p.£4.05

for the experienced constructor
only. standard car radio aperters. Sks:
apprex. T X 2" x 4%".

Power Supply: Neminal 12 volts pesitive
or segative earth [altersd imterwaily).
Powsr owtput: 4 watls into 4 shms.

£10.50 +pepiis0

WITH PZ20POWER UNIT

FANTASTIC SAVING. A build-it-yourself stereo
power amplitier with latest integrated circuitry,
10W RMS per channel output, full short-circuit
and overheat protection

LisT£1450 ouR PRIcE £4.99 o0 o1

The Tourtst IV has fiva push-battoas. fear
modivm band and ome for long wavn
band.

The tuming scale is illuminated ami
atiractive spun slumintem coatrol kmob::
ara used for manual twning and velume
contref.

EASY-TO-BUILD, WITH ENCLOSURE

Specially designed by RT-VC for cost-conscious
hi-fi enthusiasts, these kits incorporate two

teak- simulate enclosures, two EMI 13" x 8"
(approx.) woofers, two 3'/4” (approx.) tweeters and

[tavn DB 6k s e
L] -
oy

25-WATT DISCO AMP

Here's the mono unit you need to

PORTABLE DISCO CONSOLE
with huilt-in pre-amplifiers

start off with. Gives you a good
solid 35 watts rms, 70 watts peak
output. Big features include two
disc inputs, both for ceramic
cartridges, tape input and
microphone input. Level mixing
controls fitted:with integral
push-pull switches. independent
bass and treble controls and

master volume. £2750 %; p

70 and 100 WATT DISCO AMPLIFIERS

Brilliantly styled tor easy disco performance! Sloping fascia
or bother Brushed aluminium fascia and rotary controls Five sm uh-arnng, vertically mounted shide controls

master volume. tape level, mic lwvel deck leve!
PLUS INTER-DECK FADER for perfect

graruated change from record

deck No 110 No 2, orvice

versa Pre-fade level control £4900
(PFL) lets YOU hear next disc 4 g n £3.00
before fading it in VU meter el
monitors output leve! ;

watts rms, 140 watis peak

output All the big feanures as

on the 70 - watt disco

amplifier. but with a masswve £6500
100 watts rms, 200 watts p&p.£4.00
peak outpu! power

ELECTROLYTIC CAPACITORS AT
BARGAIN PRICES

4.7 mtd to 47 mid. Miaimum 16 voit working.

40 volt working.
T5p + 200 pép

Here's the big-vaiue portable disco
console from RT-VC! It features a pair
of BSR MP 60 type auto-return,
single-play professional series record
decks. Plus all the-controls and features you
need to give fabulous disco

performances. Simply 55500
connects into your existing + p& p. ¢6.50
slave or external amplifier

Al brasd new from reputable Intarnational marutacturers
PACK 1. Containing 30 mixed Electrobylic vaives from

55p + 20p pép.
PACK 2. Containing 17 mixed Electrotytic valves from
00 mid to 2200 mid. Minimum 16 volt working. Majerity

that you can use the controls without fuss

ALL PRIGES INC.VA

AT CURRENT RATES

All items subject to availability.
Price correct at 1st October 1976 and
subject to change without notice.

so please send S.AE. for our fully
descriptive catalogue and any further
information.

GOODS NOT DESPATCHED QUTSIDE UK

We are unable to show all our products,

a pair of matching crossovers. Easily constructed,

using a few basic tools. Supplied cemplete with
an easy-to-follow circuit diagram, and crossover
components. Input 15 watts rms, 30 watts peak,

each unit. Cabinet size +p&p
207 x 11" x 9'/2" (approx). ﬁ;&? 0 £5 50

15-WATT KIT
IN CHASSIS FORM \®

When you are looking for a good speaker,
why not build your own from this kit. It's
the unit which we supply with the above
enclosures. Size 13 x 8” (approx.) EMI
woofer, 3'/4" (approx.) tweeter, and
matching crossover. £7

Power handling capacity

15 watts rms, 30 watts peak. PER SET

+p&pv
£1.50

DECCA 20 WATTS STEREO SPEAKER

N1
Be2aonly £5750 — just what you

‘COMPACT’
FOR TOP VALUE

How about this for incredible
bookshelf value from RT-VC! A
pair of high efficiency units for

need for low-power amplifiers.
These infinite baffle enclosures
come to you ready mitred and
professionally finished. Each
cabinet measures 127 x 9" x 5"
(approx.) deep, and is finished in
simulated teak. Complete with two
8" (approx.) speakers

for max. power £ 50
handling of 7 walts. g5 e1.70

per pair

21E HIGH STREET, ACTON,
3 EDGWARE ROAD, LONDON w2

Personal Shoppers EDGWARE ROAD: 9 am.—5.30p.m.

Half day Thurs.
ACTON: 9.30a.m.—5p.m. Closed all day Wed.

LONDON V#3

Minimum order o~n\
Access and
Barclaycards £15

DD NOT SEND CARD
Just wrile your order giving
your credit card pumber




110

Wireless World, December 1976

COMPONENTS
10 NELMES WAY
HORNCHURCH
ESSEX RM11 202
HORNCHURCH 45167

CIRCUIT BOARD

P.CB.1/16 1 oz, COPPER.
FORMICA

Dim. 84x7.7in3 pcs. 80p.

Dim. 9.4x8.1in 3 pcs. 90p.
Dim.10.1x 7.9 in 3 pcs. £1.00.

Dim. 13.1x 9.4 in 3 pcs. £1.20.

Dim. 17.0x8.0in 2 pcs. £1.20.

P.P. 35p on each pack.

BARGAIN PACK

10 pcs. 10.1 x 7.9 in. (Formica) plus
free “zlb etching Xtals, £3.30.
FIBRE GLASS P.C.B.

Dim. 6x 6 in, 55p each.
Dim. 12 x 6 in, 85p each

Dim. 12x 12 in, £1.40 each.

FIBRE GLASS P.C.B.
DOUBLE SIDED

Dim. 6x 6in, 45p each.
Dim. 12 x 6 in, 70p each.
Dim. 12 x 12 in, £1.30 each.
ETCH RESIST PENS (55p, P.P 5p).
RESIST COATED P.C.B.

10.1x 7.9 in, 70p ea. (Formica).

6 x 6in, 75p ea. (Fibre glass).

BLUE P.C.B. INK

Etch resist use with any pen. Much
cheaper than ready loaded pens
50c.c., 55p, p.p. 10p.

FERRIC CHLORIDE ETCHING
XTALS

1lb—1 litre pack, 70p, p.p. 35p.
5Ib—5 litre pack, £2.20, p.p. 65p.
PRINTED CIRCUIT KIT

The no-frifls-ali-value kit containing 4
pcs 8 x 7 Formica laminate. 1 pce 6 x 6
Fibre glass laminate, 1 Ib Etching
Crystals, 50 c.c. Resist ink with
instructions. £2.40, p.p. 65p.
BARGAIN PACK FIBRE GLASS
P.C.B.

200 sq in all usable pieces, £1.40,
EDGE CONNECTORS, 54 WAY.
1 Spacing

Vero size. etc. Can be cut to any length.
65p, p.p. 10p. Side guides to suit
above, 15p each

PP 15p

P.P.15p

TELEPHONE
DIALS
(new), £1.25, pp
25p

EXTENSION
TELEPHONES
(Type 7086). Various colours. £5.25,
p.p. 75p.

MINIATURE UNISELECTOR

12 volt 11-way, 4 bank (3 non-bridg-
ing, 1 homing), £2.50, p.p. 35p.

24 volt 11-way, 6 bank (5 non-bridg-
ing, 1 bridging), £2.00, p.p. 35p.
UNISELECTORS

(new), 25-way half wipe 12 bank
(non-bridging). 68ohms, £6.50, p.p.
50p.

 (Type BLY 38).

F.M. FRONT END
Geared tuning. AFC,
88/108 MHz. AM.
GANGS FITTED. Full {5
circuit diagram and
conn. details supplied
£3.50, p.p. 25p. +
OUTPUT METER 3
500ua 1%2 x 1% clear plastc panel
type. £1.30.

AM/FM TUNING METER

125-0-125ua Edgewise, 1% x Y2
£1.10.

SIGNAL STRENGTH METER

250¢a illuminated edgewise 1% x %,
£1.10.

MINIATURE METERS

500 micro-amp (level-stereo beacon.
etc.), scaled haif black/haif red. Size 1
x 1in, 65p, p.p. 15p.

3 GANG TUNING CAPACITOR
8.5pf 10 320pf, 80p, p.p. 20p

S.T.C. CRYSTAL FILTERS
(10.7MHz) 445-LQU-901A
spacing), £3, p.p. 20p.
445-LQU-901B (25KHz spacing).
£4.00, p.p. 20p

(50KHz

V.H.F./U.H.F. POWER TRANSIS-
TORS

3 watt output at
100-500 Mhz, £2.25, p.p. 10p.

HIGH CAPACITY ELECTROLYTICS

250mtd/63 volt 20p p.p. 8p
1.000mfd/ 100 volt  70p p.p. 25p
2.200mfd/ 100 volt  90p p.p. 25p
4,700mfd/ 25 volt 65p p.p. 20p
6.800mfd/ 16 voit 50p p.p. 15p
10.000mfd/25 volt  75p p.p. 25p
25,000mfd/40 volt £1.25 p.p. 30p
47,000mfd/ 40 volt £2.00 p.p. 50p
100,000mfd/ 10 voit £1.50 p.p. 50p
160,000mfd/ 10 voit £2.00 p.p. 50p

BULK COMPONENTS OFFER

Resistors/Capacitors 600 new com
ponents, £2.75, p.p. 36p.

Trial order 100 pcs, 75p, p p. 20p.

SMITHS GEARED MOTORS
240V AC

3 rev. per min £€1.50 pp. 25p
4 rev. per min £1.50 pp 25p
6 rev. per min £1.50 pp 25p
2'trev. per hr £1.50 pp 25p
6 rev. per hr £1.50 p.p. 25p

PANEL METERS L ———;
A

RELAYS

SIEMANS MINIATURE RELAYS
6v. 4c/0, 65p. 24v. 2c/0, 50p. 24v
4c/o, 65p.pp 5p

MINIATURE RELAYS

(1 x 1% x Y2), 24v. 4 c/0, 35p, p.p.
5p

MAINS RELAY 240V A.C.

3 c¢/o 10 amp. contacts, 80p with
base, p.p. 20p.

MINIATURE REED RELAY
(1x%).12v. 1 c/0, 50p, p.p. 10p.

2% inx 1% S8 500mA
S1 50uA S9 1 Amp =

S2 100uA S1050va.c.

S3 500«A S11 300v

a.c

S4 1TmA S12 50/0/50uA

S5 10mA S13 100/0/100uA
S6 50mA S14 500/0/500uA
S7 100mA All at £3.75, pp. 15p

PANEL METERS

42 in x 3% L3 200uA
L1 50uA L4 500uA
L2 100uA — All at £5, p.p. 15p

¢

HIGH SPEED
MAGNETIC
COUNTERS

4 digit (non reset) 24v of
ord8v, 4 x 1 x 1in, £1, &
p.p. 20p.

5 digit {(non reset), 24v,
£1.50, p.p. 20p.

3 digit 12v (Rotary Reset), 2% x 1% x
1%, £1.40,pp. 15p.

8 digit (Reset), 240v, mains, £5.00,

RESET COUNTER (BRAND NEW)
5 digit 24v 25 1.P.S.. £4, p.p. 25p.

S-DECS AND

T-DECS ‘
S-DEC £1.90 ' /w0
U-DEC A, SRR IS Y
£4.20 Qs
T.DEC, £3.60 ——
U-DEC B,
£6.90

e

S.C.R. - THYRISTORS

1 amp 400 P.1.V., 35p
5 amp 400 P.1.V_, 40p

TRANSFORMERS
H.T. TRANSFORMERS. Prim.
110/240v. Sac. 400v. 100 M/ A
£3, p.p. 65p.

L.T. TRANSFORMER. Prim. 240v.
Sec 27-0-27 at 800 M/A.

£2.35, p.p. 50p.
LT TRANSFORMER Prim
110/240v. Sec. 50v at 10 amp.

£10, p.p. £1.50.
L.T. TRANSFORMER. Prim. 240v.
Sec. 18vat 1.5ampand 12vat 1 amp.

£2.25, p.p. 65p.
L.T. TRANSFORMER. Prim. 240v.
Sec 18v 1 amp. £1.10, pp. 35p.

LT TRANSFORMER Prim.
110/240v. Sec. 23/24/25v at 10
amps £7,p.p £1
LT, TRANSFORMER. Frim.
110/240v. Sec. 20/21/22c. at 8
amp £6, p.p. £1
LT TRANSFORMER Prim.

110/240v. Sec. 0/24/40v. at 1%
amp. (Shrouded). £1.95, p.p. 50p.
L. T TRANSFORMER Prim.
200/250c. Sec. 20/40/60v.
amp. (Shrouded). £3, p.p. 70p.
LT TRANSFORMER (H.D.). Prim
200/250v Sec. 18v. at 27 amp. 40v.
at 3.8 amp. 40v. at 3.6 amp. 52v. at 1
amp. 25v. at 3.7 amp.

£17.50, p.p. £2 50.

L.T. TRANSFORMER. Prim. 240v.
Sec. 20v. at 2.5 amp. £2, p.p. 65p.
L.T. TRANSFORMER ("'C" CORE).

200/240v. Secs. 1-3-8-9c. All at 1.5
amp. 50v. at 1 amp. £2.50, p.p. 50p.
L.T. TRANSFORMER ("C" CORE)
Prim. 120v/120v. SECS. 1-3-9-20v.
10 amps. £7.50, p.p. £1.25.
LT. TRANSFORMER ('C" CORE).
200’ 240v. Secs. 1-3-9-27v._Allat 10
amp. £7.50, p.p. £1.50
L.T. TRANSFORMER {('C"" CORE).
200/240v. Secs. 1-3-9-20v. All at 4
amp. £5.50, pp. 75p.
L.T. TRANSFORMER ("'C" CORE).
120/120v. Sec. 1-3-9-9v. All at 10
amp. £6.50, p.p. £1.50
L. T. TRANSFORMER ('C" CORE)
110/240v. Secs. 1-3-9v 10 amp.
35v. 1 amp. 50v. 750M/A.

£6.50, p.p. £1.50.

POWER UNIT 20V D.C.

500 MA rectified and smoothed by
1250 Mfd. cap and 0OC25 Trans.
circuit, £2.50, p.p. 55p.

POWER UNIT OUTPUT 17'%:V
RECTIFIED. UNSMOOTHED,
£2.00, p.p. 50p.

OVERLOAD CUT OUTS

Panel mounting 800 M/A 1 8 amp. 10
amp. 55p ea.

MAINS MOTOR
Type used In quality
record decks and tape
recorders suitable for
extractor fans, heaters.‘
etc.

7' stack, 85p. 1"
stack. £1.25. p.p. on
both 30p

MAINS MCTOR (EX-EQUIP.)
24 pole as used in quality

tape
equipment 1380 r.p.m., size 3% x 3%
x 32, £2.25, p.p. 50p.

H.D. ALARM BELLS

6in. Dome 6/8v. d.c. H8avy cast
housing for exterior/interior use
£3.75,pp £1

BULK COMPONENTS OFFER
Resistors/Capacitors 600 new com-
ponents, £2.75, p.p. 40p.

Tnal order 100 pcs. 75p, p.p. 20p.

1,000 TYPE KEY SWITCHES

Single 2 x 6 make locking centre off,
60p, p.p. 10p

BANK of 4-2 x 4 c/0 ea. switch (one
bias

£1.30, pp. 25p.

MULTICORE CABLE
6-core (6 colours) 14/0076 Screened
PV C 30p per yard 100 yds. at
£16.50, pp. 2p a yard 7-core (7
colours), 7/22 mm. Screened P.V.C.
30p per yard, 100 yards £16.50. P.P
4p per yard

MAIL ORDER ONLY : CALLERS BY
APPOINTMENT

WW—073 FOR FURTHER DETAILS

8 DECADE RESISTANGE BOX
[ o e |

M —
— .
R

* 1Q-100MQ

* O.T%Accur‘acy
* Colour coded digits, QQ yellow, KQ white, M(Q) red
TIME ELECTRONICS LTD.

Botanv industrial Estate Tonbridge, Kent
Tel. Tonbridge (07322) 5993 (3 hnes)

“WW—045 FOR FURTHER DETAILS

er—

AC/DC MULTIMETER
TYPE U4324°

With taut band suspension
movement
High sensitivity movement
and tull coverage of AC
and DC current and
voitage ranges
0 06-0 6 6-60-600mA-3 Amps NC
0 3-3-30-30UMA-3 Amps AL
061 2 3-12-30-60-12( -600-1200
Volts DC
3 6 15-60-150-300 600-300
Volts AC
45 10 20,000 Hz Freq Range
500142, 5-50-500k¢!
261-0. 5 50k!?
5M Res Range

~ Price £12.45
+ 8% VAT

= STAR OFFER
BC 207 -

50 for £2.50 + 25% VAT
Plastic BC 107 L

* STAR OFFER

2N 3055A
8 for £2.50 + 8% VAT

* STAR OFFER
IN 4002

100 for £2.50 + 8% VAT
Silicon rectifier
1 amp 100 volt

Please add VAT
and 20p P.&P.

Send Stamped Addressed Envelope for FREE Catalogue of over:
2,000 ltems

\ l - K
ORCHARD WORKS, CHURCH LANE, WALLINGTON. SURREY SM6 7NF

g Ir"
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The world’s most famous company in communication, the Nippon ALL EX-STOCK — SAME-DAY DESPATCH
Eleg:trnc Company Ltd., Tokyq, has developedAthe fampus NED CQ MAINS ISOLATING VAT 8% 12 and 24
radio amateur gears, being with regard to design. quality, reliability PRI 120/240V SEC 120/ 240V and/or 24-VOLT
and price real pace-setters for today’s communicators. Centre Tapped and Screened Primary 220-240 Vohs
Firstin history of amateur radio, such a big and famous company with Ref 1szmp'24v g
more than 80 years of experience in construction of communication 07" 20 . . 05 025 17
facilities, made its experience avaitable to radio amateurs around the 149 ; ;-0 052
world. 150 :
. ) o ) 4 3.4
The NEC which has declared microwave space communication to its ‘212 6 5.0
speciality, knows perfectly which attributes equipments must have for 153 o : g Sy
becoming bestsellers. 1oe : : e ol
Today we present: 156 1000 16 .
- 157 1600 20 10
168 . 30 1§
159 60 30
NEC *115 or 240 sec only
CQ 110 E DIGITAL 30 VOLT RANGE
50 VOLT RANGE Primary 240V
Primary 240V SEC TAPS 0-12-15-20-25-30V
” SEC. TAPS 0-19-25.33.40-50V ) Amps [3
gws Ref. Amps £ 5 2.27
% 102 0.5 3.12 2.90
103 4.08 4.34
) 104 5.69 5.41
) 105 7.02 6.39

106 9.18
107 14.62 8.65
118 15.56 11.73

119 0 20.41 10.0 11.91

60 VOLT RANGE AUTC TRANSFORMERS
Primary i

SEC TAPS 0-24-30-40-48-60V . va Primary 240V £

.80 20 0-115.210-240V 2.01

it ol (e, Watts AUTO TAPS

2.85 )

423 80 76 0-115.210-240V 3.51

6.13 95 150 0-115.210-220-240v 4.98
909 110 300 7.03
1057 153 500 10.76
1178 1.37 1000 16.51
13.88  1.53 1500 21.87

18.11 BRS 2000 29.22
22.31 BRS 3000 42.37 BRS

220225 SCREENED MINIATURES primary 240v

7.74

cocoooo
ocooooo0o

“f

ocbooooooonm

NOODOM L WA =

S — - R T o
238 1.86 .
~allband, HF, 300 watts transceiver, 160 / 80/ 40/ 20/ 15 / 11 Pri 200/220 or 400/440 212 ] . 2.22
/ 10A 7 10B / 10C / 10D / WWV, modes FSK, USB, LSB, CW, S ot S W I o a
AM, with separate'B pole X-tal lattice filters for each mode fitted. . 243 5.03 1.10| 207 . 0-8-9 232
Qurther features: Side tone at CW, VOX (automatic transmit-receive . 247 12.57 ‘-5g 208 . 0-8-9 3.53
Dy talking into microphone), 11 meter CB band, all channels easily %gg 23:52 g:s %?2 g-;g ;;g
selectable through digital counter, excellent receiver sensitivity at : 221 012 2.74
extreme crossmodulation security by application for the 7360 low oMy e, & 208 0.0- 417
noise beam, deflection mixer tube. FLOORNMOUNTING §8i o i'?ﬁ
This feature alone makes of the NEC CQ 110 E a toprider. Fixed w D H $112 500 : ;12%- 2.27
channel communication on 22 channels is possible. A 60 page 5" X 4% " x 7" £5.5;
manual_and a high quality dynamic microphone are supplied with the 73,~xx67~ xx 89“ £5:7 CASED AJTO. TRANSFORMERS
transceiver. Spgaker, AC 100-235 voits and DC 13.5 volts power 10" x 7" x 10" . 240v mains lead input USA 2-pin outlets
supplies are built in of course. 117 X 9% x 13" b 20VA  €3.78. P&P 80p Ref.
12 % 12" x17" d 160VA  €7.33. P&P 95p. Ref.
P&P 90p VAT 8% 500VA £12.62. P&PE1.37.  Ref.
1000VA €21.15 BRS Ref.
FREE FITTING 2000vA £33.02 BRS. Ref. 95W’
NEC cQ 301 If case and transformer orgfre_d
together — fused, with cable in HIG 4 QUALITY MODULES
—.a — ; » e CElols O 3 watt RMS Amplitier £€2.30

(1
LR R RN IS

5 watt RMS Amplifier £2.65
BRlDGEZAR ECT'F'E'}S?' 10 watt RMS amplifier £2.95

A 58p 25 watt RMS amplifier £3.95
aA 85 Pre-Amp for 3-3-10w (new) £6.50
& 3'; Pre-Amp for 25w o £13.87
- Power Supplie: for 3-5-10w £1.20
P&P 15p. VAT 12%:% Power Supplies for 25w £3.00
: Transformer fo 3w £1.90
METERS Transformer fo 5-10w £2.30
AVO8 £61.09} Transtormer fo 25w £2.60
AVO72 £24.07f PpgP Amps/Pre-Amps/Power Supplies 18p
AVOMM5 £20.94| pgp Transformers 58p
AVO TT169 £24.52 VAT 12%%
u4315 £12.00
{USSR) inc. steel carry case NEW STEREO 30
Avo Cases and Accessories Complete chassis, inc. 7+7w r.m.s. amps,
P&P £1.25 VAT 8% pre-amp, power supply. front panel, knobs (needs
mains trans.), £15.75. Mains trans. £2.45. Teak
STEREO F.M. TUNER veneered cab. £3.65. P&P 88p VAT 12%2%
4 Pre-selected stations
Sentoned AFC POWER UNITS
Supply 20-35v 90Ma Max. CC12-05. Output switched
£19.95. P&P 25p. VAT 12%%| 3. 4.5v. 6v 75y, 9v, 12v at 500mA.

S— £4.08. P&P 4Bp. VAT 12% %
MAGNETIC TO CERAMIC
CARTRIDGE CONVERTER ANTEX SOLDERING IRONS

Operating Voltage 20/45v S\Wie2: BORIBWIER:7 542 5V[EZLS

. Seldering iron kit £3.90
SRIBAZACS O Ik Stand for above €1.13. P&P 25p. VAT 8%

allband HF, 3KW, linear amplifier, 160/80/40/20/15/11/ VAT 12%% T :

10 meter, for modern amateur communication. Two EIMAC 3-500 Z BSR MINI-DECK PLEASE ADD VAT AFTER P&P
triodes, in zero bias grounded grid application guarantee long troubile Sapecdieutocang £C.00] ELECTRCSIL AND SEMICONDUCTOR

free communication. The NEC CQ 301 can be driven by our CQ 110E a;ear:aSSi:)Z ' £19.23 ELE(S:K'S(:&SL'L;JS[)'?,VQEES%;()R(',&?)&_?RAr)GAC'.:
or other exciters capable of about 50-100 watts of drive. AC power P&P 80p. VAT 12%2% ‘ SEND STAMP FOR LISTS

supply 100-235 volts is built in of course.

S’Ii’gé\ltl)_ggiglﬂc:s?ot hesitate to accept our offer. Join us in selling Ba rrie Electronics Ltd.

?eﬁ?isc":uwr i: EL\’/"’I:e: 1 3,THE MINORIES,LONDON EC3N 1BJ
orp., Via Valdani 1—CH 683 —

Phone: (091] 44 26 51, Telex: 29965% (C:)HCHIASSO i TELEPHONE: 01-488 3316/8

NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST.

WW 055 — FOR FURTHER DETAILS

WW — 037 FOR FURTHER DETAILS
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Manufacturers of Station Road, Wenden
sound systems Saffron Walden
and electronics Essex CB114LG

Saffron Walden
(0799) 40888

.

/ Y IS IS // k.u" //// \w\//// f////\

3 / Measurindg Accuracy '//n- ;

/]
/ Stabilised Power Supplies N
] 10 MH Dual Trace ’?

\/ 10 MV Sensmwty

W
7
gc

Scoue Inc.tnumems mepd Pixmore Industnal Estate. Pixmore Avenue ?‘/
/\Lelchworlh Herts. SG6 1JJ Letchworth 72771 (STD 046 26) &
SN 47// W \;-,; 7
/////féum\\&%m N WY ZUSS S

WW—070 FOR FURTHER DETAILS




Wireless World, December 1976 115

[ ¥ PROFESSIONAL DEMa ELECTRONICS
POWER AMPLIFIER INTERNATIONAL

ELECTRONIC COMPONENTS DISTRIBUTOR
#2'MODULES -s=s

FOR INDUSTRY AND HOBBYIiST

5 _,u FEATURES : T EORES
it SHORT & OPEN CIRCUIT, IMPEDANCE MAIK 99013715 ﬂsg 5: ‘530 “vg‘; |£2;, u;ﬁ‘;i:‘n”:m
OVERLOAD, MISMATCH AND THERMAL (M3 1y wm 8a0 @ |10 e srem
PROTECTION. ONLY 5 EXTERNAL B MJ900 79013 80 | 5203 2048 BuU/Violer PHOMS
TR T ST s o s | BRTEH TR0 s omon
FULL 2 YEAR GUARANTEE. [ o1 ; 69 150 5312 24 Pun @CD 4 Dig MUX

11500 3500 4 Digt 12 28 He 24 Pun
406 Digit Alann

F M |
1001 120 0r 3/3 20
o ® SCHOTTKY
] 3 14500 18 » i/ SO 74522 75013 65
2 &

14503 20 > 3/ 50 532 350r 3 K
74508 7B :» 3/ 80 745/9  2?50r 3/ 65
JPS price JPSa’ price JPS price
NEW LOW PRICES
80 {£18.75) 100 é(£23.50) 160 {£29.85) T ‘ R0 7485 £085 74185 £ 069
7404 ! 7441 7488 0.25 74156 069
Power QOutput 7O0watts BlMssohms 110 wnﬂ; gMoshms 170 wan; gho‘t?ms T 1082 ) 2489 ng ;::57 g_gg
- : - | 7403 7443 7490 o. 58 !
Frequ. Response § 10-30 kHz - 0.5d8 10-30 kHz -0,5dB] 10-30 kHz -0.6dB: 7204 7444 ¥ 7491 055 74160 0.89
Siewing Rate 7.3V per microsec. | 8V per microsec. | 8.4V per microsec 7405 7442 7492 035 ;::gg g‘gg
744 7493 0.35
T.H.D. 0.06% @ 1kHz 0.05% @ 1kHz 0.05% @ 1kHz e v rE = B e
Damping Factor } 200 400 400 7448 X 7495 045 74165 1.05
Hum & Noise 116dB below 70 116dB below 110 ] 116 dB below 170 7450 : 7496 055 LSISOR. oo
watts watts watts_ | ’ 7450 74100 089 ;’::;g 1.65
Input Sensitivity | 0d8(0.776V) 70 0dB(0.776V} 110 | 0dB (0.775V) 170 b Jer oz g0 080
watts watts watls - [ ) L0 023 Y
Y 7460 74122 037 74181 2.00
Input Impedance } 47k 47k 47k 7470 . 74123 045 74182 0.80
Power Requirement £, 36Volts + a6Yolts +56 Volts ' a2 : b o | B
Overall Dimens. | 6.8'' Long x 3°° 6.8°° Long x 3’ 4.8 Lono x 3 ;j;: ;2"2? g';g 74194 085
Wide x 1°° High. Wide x 1°° High [ Wide x 1° l'!.loh K 17475 74153 0s9 174198 078
;iea( Sink 8 ey 7476 74154 | |7a198 120
o 17483 74199 1.70
For Industrial usage the frequency response of the amplifiers can be ! SCHOTTKY T o
extended down to DC 4 0dB~0.2dB Input Impedance & Sensitivity can be 74500 24 74504 74520 74574 29
modified to suit particutlar requirements. 14502 29 74508 74522
74503 24 74510 {74532
POWER SUPPLIES PS60 powers 1 JPS60 price £12.30 LOW POWER SCHOTTKY
PS100 powers 1 JPS 100 price £14.10  PS100/2 powers 2 JPS100 price £18.65 s B Tas29 [ty ney e
PS150 powers 1 JPS 150 price £17.48 PS150/2 powtzrs2JPS150 price £23.43 7atso4 741540 741595 :
All Prices Are Subject To 8% VAT 74LS08 141842 7415107
~ 74LS10 74L574 74L5164
BELMONT HOUSE - STEELE ROAD % e = e
PARK ROYAL - LONDON NW10 7AR L | e 4023

4000A £ 014 4011 3 4024
014 4012 b 4025
014 oLS) b 4027

4014

=

0.14 4016 k4 |

065 4020 I 4035
4021 4042

4009 0.36 4022 4049

LINEARS

TELEPHONE 01-961 1274
WW—104 FOR FURTHER DETAILS
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FOR MONITORING MONO OR STEREQ LEVELS
there is nothing to quite match the easy ¥ STABI LlZER
OR HOWL REDUCTION, BALANCED AND

perceptibility of pointer instruments. One of the UNBALANCED VERSIONS BOXED
principal reasons for this is that the meter display OR RACK MOUNTING
moves in an arc while most other things in the
operator’s field of view are straight lines. Combine PuBUc ADDRESS : QOUND EE_".‘.FU".CE",EU.
this with fast but defined attack, siow fall-back, y : 5
uncluttered logarithmic scaling and a white
pormter on a matt black background and tt's a peak
programme meter.
We produce a standard performance PPM drive
circuit which meets BS4297, the proposed revision
of BS4297 and the proposed new [EC Type 2 meter
specifications and fulfils the requirements of the
BBC, IBA, EBU and BPO. Reviewed Studio Sound
Sept. 1976.
£mest Turner PPM movements 842, 643 and TWIN
available from stock
PEAK DEVIATION METER. For monitonng mono
or stereo FM stations either off air ar at the

i This is a rack unit, calib: n
KHz, percent and decibels, including a 75KHz
deviation standard and a high impedance probe head
for use with a monitor recewver A 20dB increased

TO99 £ 045 £1.25 739 A DIP
vV DIP 025 0.89 741 v DIP
TQ99 0.40 0.90 747 ADIP
TO00 050 0.55 748 Vv ot
TO9%9 04s 0.35 5656 (1456} Vv DIP
v owp 0.38 075 5558 {1458] v DIP
TO99 0.45 245 LM3900 A DIP
A DIP 059 2.45 75450 Vv Dw
7099 0.65 1.40 78451 V DIP
TO3 1.10 1.40 75452 V DiP
3no T pkg 059 1.5 75453 Vv 0P
3n Vv DIP 075 0.20 75491 A pkg.
320K TQ 3NEG 028 75492 pkg.
52.12.15 1.00 0.18 1ICLB038 Funchan
324 ADIP 107 038 Volt Conir Qscillztor, Sine, Sq
339 A DP 1.15 8864 22 Pin pkg 1.45
340K 703 150
12V 1 AMP

V. MmDip A= 14L Dip B - t6L DIP TO99 B-Pin Header TQ100 10 Pin Header

INO0TVLVYD 3344 HO4 AN3S
SEND FOR FREE CATALOGUE

5
July 1973 article.

sensiiivity switch allows Checking of pilot and Small enough to be bwit inside the cabiners of Data sheets suppiied on request. Add .20 ea. excepPted as noted

signailing tone levels. Observation here shows that many amplifiers. = T CALCULATORS & CLOCKS w/DATA
many UK and continental stations overdeviate a1 Complete kit and board £24 ","s"l'l":""’ DESIGNER MEMORIES w/DATA [ o AT
umes and this explans some Of the 'sibilant  heurg pult and aiigaed £31 & mains APPROVED 1101 256 But Ram Mos £ 1.30 e ore
splashing’ complaints familiar to HI-FI retailers transformer 1103 1024 Bit Ram Mos 125 55005725 Cﬂ‘ A i
Monitoring the true peak muitiplex deviation with a SURREY ELECTRONICS 7489 (8225) 64 Bt Ram TTL  1.45 2k clﬂ;Ck (‘:Dm oo
pegesiistiack toelmeterfoivesImuchimorelieaioht The Forge, Lucks Green, Cranleigh 82523 Progammabie ROM 2.15 2u e T oo
nto modulation levels and limiter overshoots than Surrey GUG 7BG (STD 04866) 5997 §260 1024 Bit Ram Low Power 1.45 oc! S ip !
Siacdardioroarsmmelmeotess[dspisyinolieldsceded CASH WITH ORDER less 5% 5261 1024 Bit Ram L Power 156 5314 Ciock Chip 345
) CampHTH] e egilh UK POST FREE ADD VAT ai 8 17024 2048 Bit Ram 1.3 5316  Ciock Chip 395

2102 1024 Bit Status Ram 275§ €T7001 Ciock Chip 385
LEDS Data anly tor sny of above @50

MV 5020 Jumbo Red ar Clear £ 0.15 Aetunasble Aghinst Purchase

MAN | Red 7 Seg. 270" 1.20 [TRANSISTORS

MAN 3A Red Seg. 127 0.20 2N 22194 TO5 £042|2N 4124 TO92 0.11

MAN 5 Green 7 Seg 270 1.85 i2N 2222 TO18 0.17{2N 4126 TO92 011

MAN 6 6 Sohd Seg 2.60 {2N 2369 TO18 0.11| 2N 4401 TO92 0.1

9 Digit Array Fairchiid 37 2N 2905A  TOS 0.43| 2N 5225 TO92 017
with clear magnifying lens 2.80 2N 3227 TO18 0.371 2N 5226 TO92 0.17

It’s good to see the

SOUNDEX

Mixers back

DISCOUNTS: i At 1o N Brandos
10 DER tems New Bran:
:g;: o 253!2 & f; F3 £ 2.00 Guarantesd By DEMA ELECTRONICS

TERMS: PRICES LISTED ARE BRITISH POUNDS & PENCE.
SEND CHEQUE WITH ORDER. ACCESS CARD,

Floating  Each RSA PPM All- BANKAMERICARD, BARCLAY CARD ACCEPTED.
transformer  with & to metal PEEXN (Card # and expiration date requested). TERMS
inputs 5 modes  pan-pot. BS 4297  case __ OFFERED TO SCHOOLS & INSTITUTIONS.
Plus: Pre-fade listen, break jacks on four channels, POSTAL AND HANDLING CHARGES
. . 5 e . ~ 1 SHIPMENT VIA AIR MAIL
A-B tape monitoring, Built-in TKHz Img up osc,, ander 4.99 add 45 £ 10 and over
XLR-type connectors, 24-volt power input. 5.00-9.99 add .35 No Charge

For broadcasting and recording. less than £400plus VAT DEMA ELECTRONICS INTERNATIONAL
SOUNDEX LIM[TED P.O. Box 407 San Ramon, Ca. 94583 USA
728 High Road, Leytonstone, London.  539-4347 Cable DEMAELINTL
WW — 019 FOR FURTHER DETAILS
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YC-500 SERIES OF FREQUENCY
GOUNTERS

Models: YC-500-J — =0 Z
YC-500-S T —
YC-500-E " ' ;

The YC-500 utilizes advanced IC techniques and a dual range
system to provide accurate 8 digit readout to cover 500 MHz
Both MHz and KHz indications can be selected with ease over soweh

this range with a flip of a switch on the front panel. A built-in AC g et

and DC supplier enables complete portability and a double-sided ' 27 ve-5007,
epoxy circuit board ensures stable and accurate operation with i s
reliability for many years. The YC-500 series consists of 3
models and the top model (YC-500-E) provides a professional
accuracy of 0.02 PPM

L.

...—‘“4—

SPECIFICATIONS
Frequency Range Input 1 -10 Hz to 50 MHz Input Impedance Input 1 — HIGH 1 Meg. LOW 50 ohms

Input 2—50 MHz to 500 MHz tnput 2—50 ohms
Accuracy YC-500-J model—10 PPM Input Capacitance Input 1—Less than 20 PF

YC-500-S model—-1 PPM Input 2—Less than 25 PF

YC-500-E model--0.02 PPM Operating Temperature Ot 40 C
Display Digit 6 digits Power Requirement AC—100/110/117/200/220 or 234 Vv
Display Time - 0.1 or 2 seconds 50/60 Hz

0.001 or 1 second
‘Input 1-25 mV to 20 V RMS Size
Input 2—100 mV to 2V RMS Weight

Counting Time
Input Voltage

DC—12 to 14 5 volts
220W x89Hx235Dm/m
Approximately 3.2 kg

WESTERN ELECTRONICS (UK) LTD

FAIRFIELD ESTATE, LOUTH, LINCOLNSHIRE, LN11 OJH, ENGLAND
MANUFACTURERS OF ANTENNAS, COMMUNICATIONS EQUIPMENT
RADIO AND LIGHTING TOWERS, INJECTION MOULDINGS

Registered No. 998496 England Telephone LOUTH (0507) 4955 Telegrams. WESTRONICS, LOUTH

PR

WW —076 FOR FURTHER DETAILS

The SECOND-USER
Compuler
Specialists

Mini~-Computer
Exchange
SAVE UP TO 60% ON LIST PRICES NEW

SOON AVAILABLE STOC K s

FABULOUS BRAND NEW - S 3 o F

CANCELLED ORDER CLARE-

PENDAR
KEYBOARDS JUST
RECEIVED . ..

Systems,Peripheral
Equipment &
Components for
Data Processing

PDPB1 8K Processor with TTY control

PDP9 24K Prpcessor complete with KEOQ9 Extended Arithmetic
TCO2 DECtape controller + 2 TUSS drives, PCO9Y Paper Tape Reader
and Punch, AFO1B A/D Converter {8channel}. DAOSB 1/0 Bus
LT19B Multi-telety pe station

ALPHA LSI-2/20G 8K processor with 6 meg. Disk and many
features — BRAND NEW!

NOVA 840 24K system, rack-mounted complete with 128K

Novadisc. VOU. Real-time clock

ANALOGIC AN5800-8 AD-DA Converter Chassis Accommodates
1 A/D Converter and up to 8 D’'A Converters Complete with
interface. connecting cabies and diagnostics for Data General Nova
Prcet1 250

RPO2 30 Meg Free-standing moving-head disck drve and control
TU10 Magnetic Tape Unis. 9-track 800 bpi, rack-mounted

TU20 Magnetic Tape Umit. J-track, 45 ips TUSS DECtape drives
DF 32 Disk Drive and Controt

CENTRONICS 101 Line Printer and Controt

RX11/RKO05 Disk Drive and Control

TUB0 Dua! Cassette Drive and Control

RT 02 Aiphanumeric Data Entry Display and Control

DEC Interface and Feature Boards DC11-AC. DC11-DA. DLIC
DL11E KD8E KLBE KE1I1F KWY1 KCBE. MCBEJ MMIIF
MRSE

DEC Power Supphes H724. 72BA_ etc

5ft. RACK CABINETS with cooling fans. mounted on castors
CIPHER X100 Magnetic Tape Units. 9-track BOO bpi Control Unit
availabie for PDPBE senes

ICL 2802 8 Meg Disk Drives Ideal for enhancing 1CL1900 systems
Contro! Units available for multiple orders

TERMINALS — LARGE STOCKS AVAILABLE
ASR33 Teletype from £445,00
KSR33 Teletype from £250.00
ASR35 Teletype from £750.00
1BM731/0 Goifball Typewriter from £275.00
SPECIAL OFFER

Cossor DIDS 401 2 Visual Display Umits 13 iires x 40 characters

4x4'4"" screen) 64 character repertoire with detachable ASCH
keyboard (Control device raquired

Bargain Price: £145.00

MINJIATURE MATRIX PROGRAMME BOARDS: Brand new X-Y
Mainx boards with 3mm graung 12x10 positions (2% x
8 00. 3x10 positions {1%''x17) 4 00 P&P 40p

MAGNETIC TAPES. Manutacturers surplus stocks brand rew in
onginal sealed packing 2''x2400' £t4 Q0 per reel 'a''x2400't4 50
per reel P&P extra

ASCl-Coded TTL-compatible 4-bank alphanumenc reed-switch
keyboards with ROM encoder chip. strobed output two-key roltover
and debounce Standard 7-bit ASCI! code {no parity) Supphed
complete with circuit diagrams and code chari

SPECIFICATIDNS ~
Power Supply +5VDC + 5 150mA 12vDC +
10mA Qutput logic Levels Data Bits 1 through 7 Ov
2.6v 1 525V Fan OQut One standard TTL load Strobe
525V. Ov O 46V Fan Qur 10 standard TTL loads Strobe signa!
delay 10 milliseconds nomnal 1o allow data to stabilise

KB6: 56-station standard Teletype layout, AS RECOMMENDED FOR
"RACTICAL WIRELESS VIDEO-WRITER PROJECT Price £35.00.
plus: 1 00 P&P + 8% VAT

ALSO AVAILABLE — SPECIAL LOW-COST KEYBOARD
KB5: 3.bank alphanumerc Baudotcoded 36-stauon kevboard
TTLcompatble strobed output Price £20.00, plus t) P&P - 8
vaT

Céllers’ weicome

Memaom. " | —m — ELECTRONIC BROKERS LIMITED (Computer Sales&Services Division) ="

cmbpntr;
: detalis ON requEst, =

WW—101 FOR FURTHER DETAILS

==_ 49-53 Pancras Road,London NW1 2QB. Tel:01-837 7781
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Speywood has the Television
Projectors you require

Whether you are educating, training company for a different audience size and the range caters
personnel, organising conferences, or entertain-  for 10 to 10,000 people. The Eidophor projectors
ing in clubs, bars and hotels, Speywood's pro- are for hire; the others are for sale or for hire.

iectors will work for ycu. Each projector is suitable Leasing and hire purchase terms can be arranged.

For further information and demonstrations write to or telephone:
Speywood Communications Ltd, 26 Northfield Industrial Estate,
Beresford Avenue, Wembley, Middlesex. Telephone 01-903 3381.
Telex 377138.

WW—105 FOR FURTHER DETAILS
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-
TTLs by TEXAS C-MOS I.Cs oP. AMPS TRANSISTORS DIODES
7400  16p 7494 90p CDAOOOAE  18p 1458 Dual Op. Amp. Int. Comp 8 pin DIL 70p AC125 20p | BFY52 16p | *2N3704  12p | gianALw
74H00 28p 7495  70p CDA001AE 18p 301A  Ext. Comp - 8 pin DIL 36p AC126 18p | #8U105 140p | #*2N3706  12p 0A47 70
74500 45p 7496 84p CD4002AE 18p 3130 COSMOS/Bi-Polar MosFet 8 pin DIl 100p 2‘2!% 1% BL08 2508 :g:g;gg i2e 0470 9
741500 30p 7497 340p CD400B6AE  95p 3900  Quad. Op. Amp 14 pin DIL 70p el bl T oaeg ug: onar08 fee 0481 15p
7401 18p 74100 120p CD4A007AE 18p 536T FET Op. Amp. 10-99 275p AC142 18p MJE2955 120p [ #2N3709  12p gAgg 15p
7402  18p 74104 55p CD4009AE 61p 709 Ext. Comp 8/14pn DL 30p AC176 18p | MJE3055 65p | 2N3773  250p oAad e
7403 18p 74105 55p CD4011AE 18p 741 Int, Comp 8/14pnDIL  22p AC187 18p | *MPS6534 25p 2N3866 90p OASS ,:
7404  23p 74107 36p CDA012AE 18p 747 Duai 741 14 pin DIL 70 AC187K  25p | #MPSAO6  30p | #2N3903  48p 0A200 8
P il AC188 18 PS IN3904 16 |
74H04 36p 74109 89p CD4013AE  55p 748 Ext. Comp 8/14pinOIL  36p AG188K 235 xpsﬁéé g‘z"; N300 200 04202 10p
7405  25p 74110 55p CDAO15AE  90p 776 Programmable Op Amp.  TO-§ 140p AD149 43 | «MP3UOG  62p | 2N3B0B  16p ::g:g e
7406 43p 74111 90p CDAD16AE 50p AD161 36p | «MPSUS6  78p | *2N40SB  15p A -
7407  36p 74112 96p CD4017AE 100p LINEAR1.C.s AD162 36p | OC28 75p | *2N4059  10p
7408 22p | 74116 200p CD4018AE 110p $AY.10212  Tone Generator t6onoil oo | AFIIE 2| 0C35  7se | waNOS)  13p
7409 22p 74118 84p CD4019AE 52p #CA3028A D, Cascade Amp 105 9sp e B|ZE= | TR D
7410 18p 74120 120p CD4020AE 120p 1CA3046 5 Transistor Array T4 pnDiL  70p AF117 20p | #TIP29A «;...? *2N4125 zz:
74H10 28p 74121 32p CD4022AE 100p rgoae el feromian,  IOPWEL HED AF127 25p | «TIP29C  55p | #2Na126 22p | RECTIFER
7411 24p 74122 S4p CDA023AE 21p 8 A P AF139 a3p | aTIP30A  a8p | %2N4289  20p | *BY100 25p
CA3080E Op. Transcond Amp. B pin DIL 90p 3 48 *8BY126 12p
7412 25p 74123 76p CD4024AE  80p ACAIDBOE FM IF Systom 16 P DI 225p Ar239 p | #TIP30C  60p | 2N4347 130p | o0 00 10p
7413 36p 74125 73p CD4025AE  21p #CA3090 FM stereo Multi. Dec 16 pn DL 400p BC:O;g :: W =P ,5';2;}3? Br IN40OY 5p
7414 75p 74126 70p CD4026AE 170p ICLBO3BBC  VCO Fun. Gen 14 pin DiL §50p BC100/8 10 | TP32a  Sen | 2Na403 270 IN4002 5p
7416 33p 74128 75p CD4027AE  65p ICLBO3BCC  VCO Fun Gen 14 pin OIL 340p 8C109C  12p | TIP3C  82p | NS0BO 27 | IN40O4  6p
7417 36p 74132 70p CDA028AE  98p o W sdoling I B o ,3:: *BC117 22p | TIP33A  90p | 2N5296  S5p pHA00 &
7420 18 74136 75p CD4029AE 120p p *BC147 9p TIPA3C  115p | #*2N5401 50p P
P 252 Rhythm Generator 16 pin DIl 80Op +8C148 % | TP3aa 115 2N603a 180, IN5401 13p
7421 40p 74141 75p CD4030AE 55p *MC1310P FM Stereo Dec 14 pin DIL  175p «BC149C 10p TIP34C |60: 2N6107 55p IN5404 18p
7422 22p 74142 320p CDAD42AE  90p #MC1351P  Lim/Det Aud Preamp 14 pinOIL 970 | 4o€157  11p | Tip3sa 228 IN6247 190p | NS0T  23p
7423 37p 74145 90p CDA043AE 100p MC1495 Multlpller‘ 14 pin DIL 300p +BC158 10p TIPI5C 290: (Comp to 2N3055)
7425  30p 74147 190p CD4046AE 140p SoSE By jipnDil 1008 | wCise  11p | TIP38A  270p | 2N6254 130p
7427  37p 74148 160p CD4047AE 100p EMFCA000B  1/4W Audio Amp pce 70 -egu;gc ﬁv TIP36C  340p | 2N6292  85p
7428 36p | 74150 140p CD4049AE  63p *NESA0L Audio Pwr driver 7099 ra0p | WBCI7Z 1k | TRala 8o | 20380 aen | zEwem
7430 18p 74161 72p CDA0SOAE 57p NES55 Timer 8pinDIL  40p BC178  17p | Tpaic  78p | 40362  asp | 2]vie3ve
7432 30p 74153 85p CDA054AE 120p NESS6 Duat 555 14 pin DL 100p ac179 18p | Tia2a  70p | 40364 1205 | *400mw 9
7437 30p | 74154 150p | CD4OS5AE 140p NEoos PLLwin AM Demod  18nOIL 4285 | ugCigy  10p | TiPas  7ep | 40409 esp | W 18
7438  30p 74155 90p CD40S6AE 135p NES65 T i gm oI zoo: ggvag :?p TIP42C  82p | 40410 65p.
7440  19p 74166 90p CD4060AE 130p NES66 PLL Fuo. Gen 8 pin OIL  200p e . SR8 Ien :g‘;‘g; 3009
7441 75p 74157 90p CD4D6YAE 27p NESE7 PLL Tone Dec 8 pin DIL  200p 8212 11p | azrx108 1o: 20595 o2y | MOISE
7442 70p 74158 140p CD4071AE 27p 2567 Dual 567 16 pin DIL 370p «8C213 10p «ZTX300 13 #25J 110p
7443 140p | 74159 190p CDA072AE 27p S [ ST japmON Sop | waC21a 1ap | mis00 15
"
7444 140p 74160 104p CD4081AE 19p #SNTB003N  Pwr Aud Amp with int HS 16 pin DIL  245p 2 8| B B
7445 140p 74161 104p CDAO8B2AE 27p *SN76008 10W Amp in 8 ohms S pin Plastic 250p 8Cy71 226 5N697 |
7446 140p 74162 104p CD4510AE 130p *SN76013N Pwr Aud Amp with int HS 16 pin DIL  140p 80124 90p 2N698 30: .-BF;“ -
7447 85p 74163 104p CDA511AE 160p *SN76018 10W Amp in 4 ohms 5 pin Plastic 250p BD131 36p IN706 20p | *MPF102 40:;
7448  80p 74164 120p CDA516AE 112 #SN76023N  Pwr Aud Amp with int HS 16 pin DIL - 140p 80132  40p | oN708  20p | «vpri03  4op | BRIDGE
P #SN76033N  Pwr Aud Amp with mt HS 16 pin DIl 230p | 48135 43, B
7450 18p 74166 126p CD4518AE 130p STAA621A  Aud Amp for TV ai 225 | 10135 4% | 2N913  40p | «MPFIOL  40p | REGTIFIERS
7451 20p 74167 340p CDA528AE 120p ATAABBIB  FM IF Amp-Limiter/Det.  QIL 120p | ag0130 520 g:ﬁ’?g‘ 1% | werios 4o
7453  20p 74170 250p MC14553 525p *TBAG4 18 Audio Amp Qi 250p “80140 s8p | 3N1132  18p | *2N3820 Gap | *ASOV  22p
7454 18p 74173 160p *TBAGS51 Tuner & IF Amp 16 pin DIL  200p BDY20 100p IN1304 ‘sp IN3823 57" ~1A 100V 24p
74 1204 *TBABOO 5W Audio Amp Qi 90p BOYS6 160, P O *1A 200V 268p
7460 18p ) P +TBAS10 7W Audho Amp ai 100p P | 2N1305  45p | wINS4S7  AOp | L4 400v  27p
7470  36p 74175 85p | yrypac 75 SERIES | *T8A820 2W Audio Amp ai 80p e §§'; INIZ06 4 | 42NS45E  a0P | wiasoOv  30p
7472 30p | 74176 120p 4TDA2020  20W Audio Amp aron 325 | groh 23 | anios  den | Y P | w2as0v  30p
7473  34p 74177 100p 75107 160p XR2240 Prog Timer/Counter 16 pin OIL  370p BF173 25p 281309 40p #*2A 100V 3Sp
7474 34p 74180 110p 75450 120p *ZN414 TRF Radio Receiver 1018 110p BF177 26p N1613  25p #2A 200V 40p
7475  45p 74181 298p 75451 72p Basic data sheets on above at 10p each +S A E BF178 28p INT711 25p :3: “sggx ::p
7476 36p | 74182 82p 75452 72p BF178 33 | owiesa  30p | MOSFETs AoV 70p
7480 50p | 74185 150p 75453 72p OPTO-ELECTRONICS BRSO g3p| ams o 20 ST se | GAloOv  7ep
7481  95p 74186 920p 75454 72p Phototransistors L.0.Ro *BF194 10p | 5n2369 ,‘: IN141 85p 64 200V 84p
7482 90p 74190 165p 0CP70 30p ORP12 60p | +8F195 9p | 2N2a84  30p 3N187  180p 64 400V 90p
7483  90p 74191 165p ocP71 120p ORP60 75p| 1% :;: 22004/ 25p | IN202 1209
7484 110 74192 120 2N5777 48 ORP61 75 F197 2N2905/A 25p a P
rags 120p | 7erc3eop | TEXASDTLs | gp ’ 02 Sy | Aman e w0 B
930 36 : P
7486 34p 74194 120p o6 L TIL209 Red 14p Red 18p BF258 36p | #2N29268 Tp TRIACS
7489 320p | 74195 95p 40p «8FR39  30p | «2N29260  9p R
7490 40 74196 120p 946 40p TIL211 Green 30p Green 28p | .peRa0  30p | #2N2926Y  Sp Amp Volts
e 85: 74197 120p 955 60p TIL32 Intrared 75p Yellow 30p | warr79 30p | 2n2026G  sp | WITe ” 3" 400 1200
» P
7492 ®5p 74198 210p 962 36p worR80 J0p i 2n3053 18 | ToN2160 95 | 6 500 180p
7493 aop | 74199 210p | 963 a0p SEVEN SEGMENT DISPLAYS e 3| oSt Bl awnasas  ase | 10 a0 18
- - - 2NA87Y 34 10 500 195
MEMORIES 3015F 0 3" Red 160p  Exciton: R BB = s By e faool 2105
26028 1024 bit RAM £2.50 DL704 0 3" Red 140p  0.3" Green  160p BFXB6  30p | BSX20  20p 15 500 250p
2513(UC) Character Generator £8'50 DL707.0.3"" Red 140p 0 3" Green 160p BFXS; 3"; 2Ng439 o :gggg 52
—— : DL747 0.3 Red 225p 0.6 Green 225 BFX8 2N3442  140p
[OW PROFILE DIL SOCKETS BY TEXAS s ZEA 0 - 06 B0 16 | wnaroz 3z | P, L | Bmico  30p
8pin13p, 14pin14p, 16pin15p, 24pin50p. | : P P BEYS) 15p | #2N3703  12p ;
40 pin 75p,__ 28 pin 600. aT106 '
VOLTAGE REGULATORS — FixED — PLASTIC SCR-THYRISTORS  1a/700v sSiwd 110p | GSataq, " OF AMF
1 Amp Positive 1 Amp Negative C106D Y g ADVANCED PREAM
sV 7a08 " 1408 T %05 Toon | 1asov 705 ap CAwMOOv psic 63 | Lo 08 A e | A e
t2v 7812 140p 12v 7912 200p 1A100v TOS 42p «MCR101 ‘ h A Co n h 1
FET 1/P, Bipolar O/P, High mplete semiconductor kit avai-
15v 7816 140p 15V 7915 200p 1A400V TOS 45p  05A/16V TO-92 25 | Gpeed. Wide Voltage. TTL Com- | lable.
t8v 7818 140p 18v 7918 200p 1AB00V TOS 70p 2N3525 mtibla’ replaces 741 n most Includes all Trs.. diodes. Leds
24v 7824 140p 24v 7924 200p 3A100v Stud 65p 5A/400v  T0O-66 99p i . licati ICs., and regulators ’
LM309K 1 Amp 5V T03 140p 3A400V Stud  75p  2N44aa industrial_ applications. same | 0628.90 nc. VAT & PP
LM309H 100mA 5V TOS 75p. 7A100v TO5+HS 84p  BA/600V  Plastic185p | broor ¢ 8 pin DIL : i
DUAL VOLTAGE REGULATOR 7A400vV TO5+HS 90p %2N§060 Data + Circuits:  40p + s.a.e
1468 15V 100mA 16 pin DIL 300p. 8A 50V Plastc 130p 0.8A/30v 70-92 3ap ) -
{Adjustable by resistors from * 8V to = 20V) 12A400V Plastic 160p «2N5062
VARIABLE VOLTAGE REGULATOR 16A100v Plastc 160p  0.8A/100v 7092 37p . .
723 2V to 37v 150mA 14 pin DIL 45p 16A400V Plastic  180p  #2N5064 VAT RATES; All items at 8% EXCEPT where
LM30SH 4.5V t0 30V 20mA TO5 120p 16AB00V Plastic  220p  0.8A/200v TO-92 40p marked® which are at 12%2%.
L |
i Ord oil Order CHNOMA )
y P&P 20p o . orders accented 4 SANDHURST ROAD, LONDO
otoro 0 Please add VA o tota N 0 0 8 922800

TELERADIO SPECIALISTS IN DESIGNS by John Linsley Hood

AUdio connectors Example’ VERY LOW DISTORTION AUDIO

. OSCILLATOR
Broadcast patiern jackfields, jackcords, plugs An ideal instrument for checking Hi-Fi Amps
and jacks. . »
B N\
Quick disconnect microphone connectors N

Amphenoi (Tuchel) miniature connectors with
coupling nut.

Hirschmann Banana plugs and test probes
XLR compatible in-line attenuators and

a reversers
e
) Low cost shider faders by Ruf Kit Price, £16 Made, £20 Tax 8%
. Also available, THD Analyser, FM Sig. Gen. AC Millivoitmeter, P.S U
Future Film Developmems Ltd. Frequency Meter, etc In addition we have amplifier designs by Blomley,
90 w s Linsliey Hood, Bailey, Mullard. etc
ardour Street Send S A E. (Fscap) for comprehensive lists
° London W1V 3LE TELERADIO ELECTRONICS
- 0‘ -437 1892/3 325 Fore Street, Edmonton, London, N9 OPE
Telephone: 01-807 3719 Closed Thursdays

e
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Plug into world-wide
coverage with the new T1000

solid-state 2-30MH:z Linear Amplifier

This compact desk-top package incorporates
the following features

® New generation high power transistors
giving 1000W PEP, 600WCW output.

® Broadband requires no operator tuning
& Full VSWR protection

# Drive requirements 70-120W

Full technical information is available on request
from the sole distributors in the UK

Aero Electronics (AEL) Ltd.,

Gatwick House, Horley,

Surrey, England RH6 9SU

Cables Aerocon Telex Horley; Telex 87 116 (Aerocon Horley)

WW — 098 FOR FURTHER DETAILS

A. Marshall (London) Ltd Dept: WW
Wd’ WMW 40-42 Cricklewood Broadway, Loncon NW2 3ET
Tel: 01-452 0161/2 Telex: 21492
& 85 West Regent St Glasgow G2 2QD Tel: 041-332 4133

& 1 Straits Parade Fishponds Bristol BS16 2LX Tel: 0272

, 654201 /2
Call in and see us 9-5.30 Mon-Fri 8-5.00 Sat
Trade and export enquiries welcome.
Please enquire for types not listed

New 160 page Catalogue price 4C0p {(30p to callers)

POPULAR SEMICONDUCTORS.[A very small selection from
OUR RANGE GOVERS OVER 7,000 ITEMS. THE LARGEST our stocks, please enguire about devices not listed.)

SELECTION IN BRITAIN. TOP 200 IC’S, TTL, CMOS & LINEARS 2N696 0.25 | 2N3304 0.21 | AF124 0.65 BCS517 0.12 BFXB4 0.38 | 2TX300

0.15

2N697  0.16 | 2N3906 0.22 | AF139  0.69 | BC518 0.10 [ BFX85 0.1 [ZTX301 0.15
CA3020A 1.45 { CO4511 1.70 | 5t610C 2.36 | SN7472 ©0.29 | SN74176 0.98 { TBA920 1.79 2N699  0.55 [ 2N40S8 0.20 { AF239  0.74 | BCS49  0.13 | BFX88  0.32 |ZTX500 0.15
CA3028A 0.85 | CD4516 1.54 | 5(611C 2.35 | SN7473 ©0.33 | SN74180 2.96 | TBA99OQ 3.00 2N706 012 [ 2N4062 0.18 | AF279  0.80 | BCS49B 0.14 | BFY50  0.30 1 ZTX501 0.15
CA3035 1.35 | CD4518 1.38 2.35 | SN7474 0.33 | SN74181 2.85 | TCA160C 1.85 2N708  0.21 | 2N4921 0.60 | AF280  0.85 [ BCS49C 0.14 | BFYS1  0.38 | 2TX502 0.18
CA3046 0.73 | CD4520 1.38 3.50 | SN7475 0.46 | SN74190 1.48 | TCA420A 1.90 IN916  0.43 | 2N4923 "0.70 | ALIO2  1.50 | BC537 0.13 | BFY52  0.36 |IN916  0.07
CA3048 2.15 | LM301AH 0.47 3.50 | SN7476 0.39 | SN74191 1.27 | TCA720 3.40 2N918  0.34 | 2N5245 0.29 [ BC107  ©0.14 | BCS58  0.12 | BRY39  0.50 | IN4OO7 0.18
CA3052 1.62 [ tM308N 1.7 SN7480 0.55 | SN74192 1.27 | TCA750 2.45 2N1302 0.37 | 2N5294 0.35 | BC109 0.5 | 8C553  0.14 | MEO402 0.20 |IN4148  0.07
CA30B9E 2.00 | (M309K 1.80 SN7481 1.25 | SN74193 1.27 | Tcagoo 3.25 2N1306 045 | 2N5296 0.36 | BC147 0.10 [ BCY70  0.25 | MEG412 0.20 [iN4504 0.8
CA3090Q'4.25 | LM380 098 SN7482 0.77 | SN74196 1.27 | UAA170 1.50 2N1308 0.60 | 2N5458 0.26 | 8C149  ©0.13 | BCY71  0.26 | ME4102 0.J0 | IN5408  0.40
CD4000  0.20 | LM3B1AN 2.07 SN7483  1.04 | SN74197 0.90 | uAA1IBD 1.50 2N1711 027 | 2N5459 0.29 | BC157 0.2 | BCY72  0.24 | MJ4BO  1.35 | AATI9 0.14
€04001 0.20 | 1m702C 0.75 5N7484 1.00 | SN74198 0.90 | 8DILSKT 0.14 2N2102 0.60 | 2NBO27 0.45 | BC158  ©0.11 | BO115  1.20 | MJ4B1 155 [ BA102  0.15
CD4002 0.20 | (M709 5N7485 1.48 | SN74199 2.28 | 14DILSKT 0.1§ 2N2148 1.65 [ 3N128  ©0.80 | BC167  0.12 | BD121  2.00 | MJ490 1.35 j BA145  0.19
CD4006  1.16 7099 0.38 SN7486  0.32 | SN76003N2.28 | 16DILSKT 0.16 2N2218A 0.47 [ 3N140  1.00 | BCI68  0.12 | BD123  2.00 | MJ491  1.80 [ BA154  0.10
CD4007  0.20 8DIL  0.40 IN7490  0.49 | SN76013N1.80 | gy pLuGs 18p 2N2219A 0.52 | 3N141  0.85 | 8C169 0.12 | BD124 2,00 | MJ2955 1.25 | BAISS  0.12
CD4008 0.97 14DIL 0.40 N7491 0.77 | SN76023N1.91 | g oleldocie 2N2220 0.35 | 3N200 2.60 | BC182 0.11 | BD13)  0.81 | MJE340 0.58 | BB103B 0.20
€D4009 057 | (M7'0 045 IN7492 0.9 | SN76033N2.50 | goCKETS 10p 2N222  0.22 | 40361 0.5 | BC182L 0.14 | BD132 0.54 | MJE370 0.92 | BB104B 0.34
CD4010 0.57 | LM723C 0.60 IN7493  0.49 | TAA263 1.25 [ 3 -0 0 2N2222 0.25 | 40362 048 | BC133  0.11 [ BD135 042 | MJE371 1.00 | BY126  0.27
CD4011  0.20 | LM741C N7494 0.85 | TAA30C 267 | g wa; e 2N2369 0.25 | 40406 ©0.48 | BC183L 0.14 | BD136 0.42 | MJES20 080 | BY127  0.29
CDA012 0.20 T099 0.38 N7495 0.61 | TAA310A 1.50 | ¢ o0 240 2N2646 0.5 | 40407 0.38 | BC184 0.12 | 80137  0.45 | MJE521 1.00 | BYZ1]  0.70
C0a013 0.59 80IL  0.38 N7496 0.88 | TAA320A 1.15 | 2"V and 2N2G05 0.37 | 40408  0.50 | BCig4L ©0.14 | BD138  0.48 | MJE2955 1.40 | BYZ12  0.70
€D4014  1.01 14DIL 0.40 SN74100 1.23 | TAA3504 2.48 | SV 2N2906 0.28 | 40409 0.55 | BC212 0.14 | BD139  0.50 | MJE3055 0.85 | OA47 0.10
CD1015 1.01 | (M717  0.78 SN74107 0.33 | TAAS50 0.60 pea 2N2907 0.21 | 40410 0.55 | BC212L 0.17 | BD159 0.50 | MP8113 0.45 | 0A90  0.06
CD4016 0.56 [ LM748 N74118 0.99 AAS60  1.60 | MINIATURE 2N2926G 0.13 | 40411 2.30 | BC213L 0.16 | BD131  1.10 | MPF102 0.30 | 0A91 0.06
CD4017 1.40 8D 0.44 N74119 2.02 | 7aa570 230 | HIGH QUALI- 2N3053 0.26 | 40594  0.75 | BC214L  0.17 | BD236  0.40 | MPSAO5 0.20 | 0A200  0.08
CD1018 1.0t 14piIL 0.41 N74121 0.39 | TAA611C 2.25 TY &in 2N3054 0.50 | 40595 0.85 | BC237 0.14 | BD438 0.75 | MPSAO6 0.20 | BY164 0.57
CD4019  1.81 | (M3900N 0.55 SN74122 0.54 | TAAG21 215 | BOXJOINT 2N3055 0.66 | 40636 1.15 | BC239 0.16 | BF1i5  0.36 | MPSA55 0.20, | ST2 diac 0.20
CD4020 1.56 | LM7805p 1.39 N74123 0.46 | TAABB1A 1.32 | INSULATED 2N3391 0.29 | 40673 ©0.73 | BC257 0.17 | BF1i7  0.70 | MPSAS56 0.20 | 40669  1.00
CD4021 1.01 | tM7812P 1.39 N74141 0.80 | TAAB61B 1.85 | TOOLS ’N3392 0.4 [ AC126 0.37 { BC259  0.18 | BF154  0.25 | 0C28 2.00 | Tic47  0.38
CD4n22 1.63 | IM7815P 1.39 N74145 0.83 | TAA661C 1.32 | Side cutters 2N3393 0.15 | AC127 044 [ BC301 045 | BF150  0.36 | 0C42 0.50 | C106D  0.65
CD4023 0.20 | |M7824P 1.39 N74150 1.66 | TAA700 3.91 £2 80 2N3440 0.57 | AC128  0.37 | BC307 0.20 | BF18t  0.36 | OC45 0.75 | OPR1Z  0.70
CD4024 079 | MC1303L 1.44 3 . N74151 0.85 | TAA930A 1.00 | Flat plersi2 40 2N3442 1.20 | ACI51  0.35 [ BC308  0.18 [ BF1B4  0.35 [ TiP29A  0.50 | 400MW Zeners
CD4025 ©0.20 | MC1310P 1.97 | SN7440 0.21 | SN74153 0.85 | 7AA9308 1.05 | Round  pliers 2N3638 0.16 | AC152  0.50 | BC309  0.25 | BF1G4  @.12 | TIP29C  0.76 | 2y/ - 47v0.11
CD4027 0.56 | MC1330P 0.92 | SN7441 0.80 | SN74154 1,48 | TADIOO 1.95 £2 50 2N3702 0.17 | AC153 040 | BC327 0.20 | BF1S6  ©.13 | TIP31A  0.62 | Siemens LEDS
C0D4028 0.91 | MC136iP 0.97 | SN7442 0631 | 5N/4157 0.78 | TBA120 1.65 | Smpe  plers 2N3703 018 | AC176 040 | BC328  0.19 | BF1G7  0.14 | T(P32A  0.75 | Smal red
CD4029 1.17 | MC1466L 4.59 N7446 .96 N74160 1.20 | TBA510Q 2.30 £2 40 2N3704 0.15 | AC1B7K 0.46 | BC407 0.25 | BF198 0.15 | TIP33A  1.00 | green.  yellow
CD4030 0.57 | MC1469P 2.90 | SN7447 0.89 | SN73161 1.20 | TBA520Q 2.30 | SOLDER IN3706 0.14 | AC188K 0.45 | BC408  0.25 | BF224  0.35 | TIP34A 1.20 | 24p
CD4031 2.28 | MC14553 530 | SN7448 0.89 | SN74162 1.20 | TBA530Q 2.07 | SUCKER g5, 2N3708 ©0.14 | AO161  0.75 | BC409  0.25 | BF2E8 .40 | TIP35A  2.50 | Large red
CD4037 0.97 | NE555V 0.48 |s~ 450 0.21 N74163 1.20 | TBA540Q 2.30 | SUB-MINIATURE 2N3714 245 | AD162 ©0.75 | BCaaD  0.45 | BF280 049 | TIP36A  3.55 | green.  yellow
CD4041 ©.83 | NE556  1.30 | SN7451 0.21 | SN74164 0.98 | TBAG41B 2.50 | TOGGLES. 2N3716 2.60 | AF106  0.45 | BC341  0.45 | BFSSE  0.27 | TIP41A  0.70 | 24p
€D4042 0.83 | NE560 4.48 | SN7453 0.21 | SN74165 0.98 | TBA651 1.80 | 1pon-oft 45p 2N3771 1.60 { AF109  0.45 | BC460 0.55 | BFRI9  0.24 | TtP42A  0.90 [ Extra Brght
CD4049 0.56 | NES61  4.48 | SN7454 0.21 | SN74167 4.20 | TBABOO 1.19 | 1p 2 way 55p 2N3773 2.65 | AF115  0.66 | BCA61  0.65 | BFRZ9  0.24 | TIP2955 1.00 | Lime 4bp
CD4050 0.56 | NESE5 1.30 | SN7460 0.2% iN74174 0.98 TBAS10 1.28 | 2p 2-way 60p 2N3789 260 | AF116 0.65 | BCA77 0.35 | BFXa9 0.36 | TIP3055 0.50 | Opto-coupler
CD4510 1.54 | SLa14A  2.35 | SN7470 0.35 | SN74175 .0.98 | TRAB20 102 | 2p 2weycoff 70p 2N3819 0.36 | AF117  0.65 S(c;n; 0.35 | BFX3C 038 | TIS43  0.30 | 4N25(110

AF11 7 . 3. N . n:

ONLY GENUINE BRANDED FULL SPEC. DEVICES STOCKED 2N3B20 029 TATIIE 088 035 T B4 0.60 T TS 028 © iyt dode

— e.g. NATIONAL, MULLARD, SIGNETICS, SIEMENS, TEX-
AS, R.C.A., MOTOROLA, ETC.

Prices comect at 15t November 1976, but please add V.A.T. Post & Packing 30p
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RETURN OF POST MAIL ORDER SERVICE

"BSR HI-FI AUTOCHANGER
STEREO AND MONO

Plays 12, 10" or 7' records, Auto or
Manual. A high quality unit backed by
BSR reliability with 12  months’
guarantee. A.C. 200/250V.
Size 13%2-11%in. 3 speeds.
Above motor board 3%in.
Below motor board 2 %in.
with STEREO and MONO
CARTRIDGE £11.95 rost 750
B.S.R. SINGLE PLAYER similar to above with stereo
cartridge and cueing device, large turntable. £15.50.

PORTABLE PLAYER CABINET

Modern design. Rexine covered.

Vynair front grille. Chrome fittings
Size 17 x 15 x Bin. approx £4.50 rost §0p
Motor board cut for BSR or Garrard deck
REAVY METAL PLINTHS £5.95

With P.V.C. Cover. Cut out for most B.S.R. Post 75p.
or Garrard decks. Silver grey finish.

£3.45

{ ELAC 9 x 5in HI-FI

SPEAKER
TYPE 59RM A=k
1 This famous unit now available, 10 watts, 8 ohm.

POV oY NP

Wy

RCS LOW VOLTAGE STABILISED
POWER PACK KITS

‘Al parts and instructions with Zener diode. printed £2 95
circuit  rectifiers and double wound  mains '45
transformer.  Input  200/240V a.c. Output Post 45p
voltages available, 6 or 7.5 or 9 or 12V d.c. up to 100mA or
less. Size 3 x 2%z x 1'%in. Please state voltaije required

RCS POWER PACK KIT

12VOLT, 750mA. Complete with printed £3 35

circuit board and assembly instrucnons. Post 30p

12 VOLT 300mA KIT 9 Vi 1 AMP KIT B

R.C.S. GENERAL PURPOSE TRANSISTOR
PRE-AMPLIFIER — BRITISH MADE.

Ideal for Mike, Tape, P.U., Guitar, elc Can be used with Battery

Model A" Size 12% x 14% x 7%in. 9-12V or H.T. line 200- 300V d.c. operation Size. 1% x 1% x
Model "8 Size 16 x 13% x 7in. £6.95. . %in. Response 25 ¢/s to 25 kc/s. 26 dB gain £1 45
Extra large plinth & cover, wood base. Size For use with valve or transistor equipment "

20X 17%" x 9" £19.50. Callers only .Full instructions supplied. Details S.A.E. . Post30p

COMPLETE STEREO SYSTEM
Two full size loudspeakers 13% x 10 x 3%in. Player unit
d:ps to loudspeakers making it extremely compact, overall
size only 13% x 10 x 8%in , 3 watts per channel, plays all
records 33 r.p.m., 45 r.p.m Separate volume and tone
controls. Attractive teak finish.
240V a.c. mains. £‘2250
£1 carriage

FEW ONLY

SPECIAL OFFER!

SMITH'S CLOCKWORK 15 AMP
TIME SWITCH

0—60 MINUTES £2.95 pos: 350
Single pole two-way. Surface mounting
with fixing screws. Will replace existing
wall switch to give light for return home,
garage, automatic anti-burglar lights, etc
Variable knob. Turmn on or off at full or
intermediate settings. Brand new and
tully guaranteed.

TEAKWOOD LOUDSPEAKER GRILLES ‘will easily fit to

batfle board. Size 10%2 x 7%in—45p.

R.C.S. "MINOR"” 10 watt AMPLIFIER KIT
This kit is sutable for record players, guitars, tape playback,
electronic instruments or small P.A systems. Two versions
available Mono, £11.25; Stereo. £18. Post 45p. Specification
10W per channel; input 100mV: size 9% x 3 x 2in. approx.
S.AE. details. Full instructions supplied AC mains powered.

VOLUME | 800hmCoax8pyd.
CONTROLS | Poriowioss

5kQ 10 2MQ LOG or LIN
L/S 25p. DP 40p. STEREO
L/S65p. O P 85p. Edge 5K LINE SOCKETS 18p.

S P Transistor 30p. OUTLET BOXES 50p.

ELAC HI-FI SPEAKER
8in. TWIN CONE

Dual cone piasticised roll surround Large
ceramic magnet. 50-16,000 c¢/s Bass
resonance 55 c/s. 8 ohm impedance

10 watts. music power £3 Q5 pyg 35,

E.M.I. 13% x 8in. SPEAKER SALE!

Ideal 625 and colour
PLUGS 10p. SOCKETS 10p

With tweeter and Ditto
crossover. 10 watt 15 watts,
State 3 or 8 ohm. 8 or 15 ohm. i
As illustrated.
£5.25  £7.95 ;
Post 35p Post 45p .
With tweeter and -
cross-over 20 watt £8 95
Bass res 25¢cD.s.
Post 45p te

Flux = 11,000 gauss.
8or 15 ohm. 20 t0 20,000 ¢.p.s

Bookshelf Cabinet
Teak finish, for EMI 13 x 8 speakers

£7.50

Post 75p

THE “INSTANT BULK TAPE ERASER
AND HEAD DEMAGNETISER. Suitable for
cassettes, and all sizes of tape reels AC
mains 200/250V Leaflet S A E

Will also demagnetise small £3-95
100ls Post 30p
BLANK ALUMINIUM CHASSIS. 6 x 4—70p; 8 x 6—90p;
10 x 7—€1.1 12 x 8-£€1.35; 14 x 9-£1.50; 16 x

6—-£1.45; 16 x 10—£1,70. ANGLE ALI, 6 x % x % in—15p.
ALUMINIUM PANELS. 6 x 4—17p; 8 x 6-24p; 14 x
3_25p; 10 x 7-35p; 12 x 8-43p; 12 x 5—30p; 16 x
6—43p; 14 x 9—52p; 12 x 12—68p; 16 x 10—75p.

MANY ALI BOXES IN STOCK

RADIO COMPONENT SPEGIALIST

. Radio Books and Components Lists 10p. (Minimum posting charge 30p.) All prices include VAT, (We

ELECTRO MAGNETIC
PENDULUM MECHANISM

1.5V d.c. operation over 300 hours continuous on SP2
battery, fully adjustable swing and speed. Ideal displays,

teaching electro magnetism or for 95 Post
metronome. strobe etc. p 30p

ALL POST

MAINS TRANSFORMERS 50
0-250V 70mA, 6.5V, 2A .. .. ... ... .. . £3.45
2500250 80mA, 6. 3v 3 SA 6.3V 1A or 5V 2A  £4.60
350-0-350 BOmA, 6.3V 3.5A. 6.3V 1A or 5V 2A . £5.80
300-0-300V 120mA, 6.3V4AC.T 6.3V2A .. £7.00
MIDGET 220V 45mA, 6.3V2A . ... .. .. £1.75
HEATED TRANS. 6.3V Y2 amp £1; 3 amp £1.40

GENERAL PURPOSE LOW VOLTAGE Tapped outpu(s at 2
amp. 3.4,5,6.8,9,10. 12, 15, 18, 25 and 30V £4.60.
1amp. 6, 8,10, 12. 16, 18, 20, 24, 30. 36, 40, 48, 60
£4.60. 2 amp. 6, 8, 10, 12. 16, 18, 20, 24, 30, 36, 40,
48, 60 £7.00. 3 amp. 6, 8, 10, 12, 16, 18, 20. 24, 30,
36. 40, 48. 60 £8.70. 5 amp. 6, 8, 10, 12, 16, 18, 20,
24, 30. 36. 40. 48, 60 £11.25. 6.06V 500mA £1, 9V 1
amp. £1, 12V 300mA, £1, 12V 500mA. £1, 12V 750mA,
£1, 10V. 30V, 40V, 2 amp., £2.75, 20V. 3 am, £2.45,
40V. 2 amp.. £2.95, 30V 5A and 34V 2ACT £3.45, 16V,
Y2 amp, £1, 16V. 2 amp.. £2.20, 0. 5, 8, 10, 16V, %2
amp . £1.95, 20V Y2 amp.. £1.75, 20V. 1 amp . £2.20,
20V 3 amp . £2.50, 20-0-20V 1 amp.. £2.95, 30V 1%
amp. £2.75. 20v, 40v, 60v or 20-0-20v. 1A, £3.50.
AUTO TRANSFORMERS, 115V to 230V or 230V to 115V
150W £5; 250W £6; 400W £7; 500W £8.

FULL WAVE BRIDGE CHARGER RECTIFIERS:

6 or 12V outputs, 1%2 amp 40p; 2 amp 55p; 4 amp 85p.
CHARGER TRANSFORMERS: 1Y2 amp £2.75; 4 amp. £4.60.
12V. 1%2A HALF WAVE Selenium Rectifier. 25p.

R.C.S. 3 ; |
ROSEWOOD
SPEAKERS

Size 12%in. x 9%in. x
5%1in. Response 50 to

14,000 cps 8 watts rms,
3. 0r 8, or 16 ochms.

£12 pail' Post 75p. -
KUBA - KOPENHAGEN _
STEREO

T T e T,
TUNER-AMPLIFIER CHASSIS AM-FM 5+5 WATT

This Continental 4-band radiogram chassis uses first class quality
components throughout. Features: Large facia panel with 7 push
buttons for medium, long, short, VHF-FM, AFC. phono, mains
on-off. 4-rotary controls, tuning, volume, tone, balance. Facia
size 17 X 4Y%: inches. Chassis size 17 X 4% x 5% inches.
DIN-connector sockets for tape record / playback, loudspeakers,
phono pick-up, external FM-AM aerials. Automatic stereo
beacon light. Built-in ferrite rod aerial for medium /
longwave. A.C. 240V. mains. Circuit supplied. £38 50

Post£1 50

LOW VOLTAGE ELECTROLYTICS

1,2, 4,5, 8, 16, 25, 30, 50, 100, 200mF 15V 10p.
500mF 12V 15p; 25V 20p: 50V 30p.

1000mF 12V 17p; 25V 35p; 50V 47p; 100V 70p.
2000mF 6V 25p; 25V 42p; 50V 57p.

2500mF 50V 62p; 3000mF 25V 47p; S0V 65p.

5000mF 6V 25p; 12V 42p; 25V 75p; 35V 85p; 50V 95p.

SHORT WAVE 100pF air spaced gangable tuner. 95p.
TRIMMERS 10pF. 30pF, 50pF, 5p. 100pF, 150pF, 15p.
CERAMIC, 1pF to 0.01mF, 5p. Silver Mica 2 to 5000pF. 5p.
PAPER 350V-0 1 7p; 0 5 13p; 1mF 150V 15p; 2mF 150V
15p; 500V-0.001 10 0 05 5p; 0.1 10p; 0.25 13p; 0 47 25p.
MICRO SWITCH SINGLE POLE CHANGEOVER 20p.
SUB-MIN MICRO SWITCH. 250. Single pole chanae over
TWIN GANG, 385 + 385pF 50p; 500pt standard 75p;
365 + 365 + 25 + 25pF Slow motion drive 85p.
120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p.
NEON PANEL INDICATORS 250V. Amber or red 30p.
RESISTORS. YuW. V:W, 1W. 20% 2p; 2W, 10p; 100 to 10M
HIGH STABILITY. %2W 2% 10 ohms 10 6 meg.. 12p.
Ditto 5%. Preferred values 10 ohms to 10 meg.. 5p.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15watt,
10 ohms to 100K 12p each.
TAPE OSCILLATOR COIL. Valve type, 35p.
BRIDGE RECTIFIER 200V PIV ' amp 50p.
TOGGLE SWITCHES S.P 20p. D.P S.T 25p. D P.D T. 30p.
MANY OTHER TOGGLES IN STOCK.
PICK Up CARTRIDGES ACOS GP91 £1.50.

ONOTONE stereo £2

- BAKER MAJOR 12" £10.35

30-14,500 c/s 12in. double cone.
woofer and tweeter cone together
with a BAKER ceramic magnet
assembly having a flux density of
14,000 gauss and a total flux of
145,000 Maxwells. Bass resonance
40c/s. Rated 25W. NOTE. 3 or 8 or
15 ohms must be stated.

Module kit. 30-17.000 c¢/s with
tweeler, crossover, baffle £1 3

and instructions.
Post 60p each

AR Please state 3 or 8 or 15 ohms.
BAKER “"BIG-SOUND"* SPEAKERS. Post 50p each.
‘Group 25’ Group 35° ‘Groun50/15’

12in 15in

Jow £8.95 dow £10.50 ;sw £19.50

3 or 8 or 15 chm 3 or 8 or 150hm 8 or 15 ohm

BAKER LOUDSPEAKER, 12 INCH. 60 WATT.
GROUP 50/12, 8 OR 15 OHM HIGH POWER
FULL RANGE PROFESSIONAL QUALITY

30-16.000 CPS

MASSIVE CERAMIC MAGNET £1 4.50
WITH ALUMINIUM PRESENCE Post 80p
CENTRE DOME

TEAK VENEERED HI-FI SPEAKERS AND CABINETS
For 12in. or 10in_speaker 20x13x12in. £12.50 Post 95p
For 13 x 8in. or 8in. speaker . . . . £6.95 Post 75p
For Bx5in speaker 12x8x6in £4.95 Post 50p

R.C.S. 100 watt

VALVE G0

AMPLIFIER ;

CHASSIS

Four inputs. Four way mixing, master volume treble and bass

controls. Suits all speakers This professional quality amphfier

chassis is suitable for all groups. disco. P.A.. where high quality
power 1s required. 5 speaker outputs A/C mains operated. Slave
output socket. Produced by demand for a quality valve
amplifier 100V line output to order Send for leaflet.

Suitable cartying cab £14. Price £85 carr £2 50

SPEAKER COVERING MATERIALS. Samples Large S AE

LOUDSPEAKER CABINET WADDING 18in wide . 2

Horn Tweeters 2-16ke/s, 10W 8 ohm or 15 ohm £3. 60

De Luxe Horn Tweeters 3-18kc/s, 30W, 8 ohm. £7.50.

CROSSOVERS. TWO-WAY 3000 c/s 3 or 8 or 15 ohm

£1.90. 3-way 950 cps/3000 cps. £2.20.

LOUDSPEAKERS P.M. 3 OHMS. 7x4in £1.50; 6%in ,

£1.80; 8x5in., £1.90; 8in., £1.95.

SPECIAL OFFER: 80 ohm 2% . 2%min., 35 ohm, 3in . 25
ohm. 2%2in dia . 3in da . 5x3in. 8 ohm, 2%in . 3in . 3%in..
Sin, 15 ohm. 3%in dia. 6x4in. 7x4in.. 5x3in,

3ohm., 2¥2in, 2%in . 3%in., 5in dia £1.25 each.
PHILIPS LOUDSPEAKER, 8in . 4 ochms, 4 watts, £1.95
RICHARD ALLAN TWIN CONE LOUDSPEAKERS

8in diameter 4W £2.50. 10in diameter 5W £2.95;

12in diameter 6W £3.50. 3/8/15 ohms, please state
VALVE OUTPUT TRANS. 40p; MIKE TRANS. 50.1, 40p.
Mike trans. mu metal 100 1 £1.25.

Tweeter Volume Control 15 ohms 10W with one inch long
threaded bush for wood panel mounting Y%in. spindle. 65p.
BAKER 150 WATT
PROFESSIONAL
MIXER AMPLIFIER

All purpose transistortsed
Ideal for Groups. Disco

oD

and PA 4 inputs speech and music 4 way mixing
Output 4 8/15 ohms ac Mains. Separate treble and
bass controls Master volume control

Guaranteed Details S A.E £68 £1 50 carr
NEW MODEL MAJOR—50 watt. 4 input,

2 vol Treble and bass Ideal disco

amplifier £49 Carr £1

100 WATT DISCO AMPLIFIER CHASSIS

volume, treble, bass controls. 500 M.V. or 1 volt input.
Four loudspeaker outputs 4 to 16 ohm. All transistor. £579
——————

BARGAIN 4 CHANNEL TRANSISTOR MONO MIXER
Add musical highlights and sound effects to recordings

Will mix Microphone. records, tape and tuner

with separate controls into single output. 9V £5.20
TWO STEREO CHANNEL VERSION £6.85
BARGAIN 3 WATT AMPLIFIER. 4 Transistor

Push-Pull Ready Built. with volume. Treble £3.95

ana bass controls 18 volt d.c. Mains Power Pack £3.45

BALANCED TWIN RIBBON FEEDER 300 ohms. 5p yd.
JACK SOCKET Std. open-circuit 20p, closed circuit 25p;
Chrome Lead-Socket 45p. Mono or Stereo.

Phono Plugs 8p. Phono gocket 8p.

JACK PLUGS Std. Chrome 30p; Plax%c 25p; 3.5mm 15p.
STEREO JACK PLUG 30p. SOCKET 2

DIN SOCKETS Chassis 3-pin 10p. 5-pin 10p.

DIN SOCKETS FREE 3-pin 25p; 5-pin 25p. DIN PLUGS
3-pin 25p; 5-pin 25p VALVE HOLDERS, 10p; CANS 10p.

R.C.S. SOUND TO LIGHT KIT

Kit of parts to build a 3 channel sound to ight umit

1.000 watts per channel £12.50. Post 35p
Easy to build Full instructions supplied. Cabinet £3.

E.M.I. TAPE MOTORS. 240V ac 1,200
rpm 4 pole Spindle 0 187x0 7510 Size
3% x 22 x 2%in £2. Post 50p

Collaro gram motor 120V 75p.

EM I gram motor 240V £1.25.

337 WHITEHORSE ROAD, CROYDON

Open 9-6. Wed. 9-1. Sat. 9-5 (Closed for lunch 1.15.2.30)

Tel. 01-684 1665

or Bar

yecard. Phone your order.)
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DID YOU KNOW ?

That the British rifle team won 5 gold, 5 silver and 16 bronze medals at this
year’'s International Matches. Probably not! The media has a habit of
overlooking our achievements. Therefore, it is unlikely you will know that a
member of the team, Mr. D. A. Hodson, a keen amateur sound recordist,
loaned his Coles 4119 twin ribbon microphone to a member of the
Canadian Broadcasting Corporation who was televising the events. He was
very pleased with its performance.

We at Coles are pleased with performances and would like you to try the
4119 for yourself.

DETAILS AVAILABLE FROM:

PINDAR ROAD
HODDESDON, HERTS.

- TEL. HODDESDON 66685

* %e;% AND
HAMPSTEAD HI-F!
' héﬁ HIGH STREET, HAMPSTEAD
Y LONDON, NW3
TEL. 01-435 6377
THE
4119 FOR
THE KEENER
) SOUND

Our thanks to the Adjutant,
C. S. O'Brien, and Mr. D. A. Hodson

i ¥ RECORDIST
y for the use of the above information

WW — 091 FOR FURTHER DETAILS
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DVANCE

Square wave
KHz-100MHz Max. 0/p 2V _ £385
H1B AUDIO SIGNAL GENERATOR 15Mz-50KH:.
Sine and Square Wave £45.00
H1 Audio Signal Generator, earlier version ot H1B|
above £35.
E2 R.F Signal Generator 10KHz-100MHz £76.
AIRMEC
Signat Generator
only)

ENERAL RADIO
Unit Oscillatar 1209C. Freq. 250-920MHz Accuracy
1% Drift 0.2% 0/pin to 500hms = 150mW supphed

th Power Supply Type 1201 --CQ €145
Unit Osciliator 1218A. 900-2000MHz Power output
fot 200mW across band £140
HEWLETT PACKARD
10515A Frequency Doubler. Extends the useable
frequency range of signal generators Operating on
input frequencies 0.5MHz to S00MHz it provides a
doubled output in the range of 1MHz 1o 1GHz. The
frequency response of this 50obm device is very flat
(<< > 208 typically} over the entire frequency range and
undesired harmonics are well suppressed. Brand new

£75.00

2094 Audio Generator, 4Hz to 2MHz (6 ranges), 0 1%
distortion, Sine wave and Square wave. 600 ohm
impedance £175.00
211A Square Wave Generator 1Hz-1MHz £75.00
F.M./A M Signal Generator 202H. F M. AM C.W &
pulse coverage 54 10 216 MMz R.F 0/p 0 1p V-0.2v
500hms Impedance £45.
Audio Signal Generator 206A 20Hz-20KHz
accuracy Distonion £ 1%
LEVELL
TG1500 R.C Oscillator 1.5Hz to t50KHz, Sine and|
Sauare Wave £30.00
MARCQNI INSTS.
TF937 FM/AM. Signal Generator 85KHz-30MHz

£200.00
TF1060 U H F. Signal Generator 450-1250MHz, Sine.
wave and pulse a.m
TF144H/S A.M Signal Generator

Generator $G21 10
£35

00
Type 701 30 KHz-30 MHz {2
£75.00

£295.00
TF2005R Two Tone Source. The instrument comprises
two identical low-distortion at oscillators and a
monitored attenuator unit. to form a compact test set
for the ent of int dulat distartion
using the methods recommended by S M.P T E. and
CCIF Frequency range 20Hz to 20KHz in six bands
(each oscillator can be adjusted and used independent
ty) Harmonic distortion

g unbalanced output
under other conditions
Intermodulation Below -80dB with respect to the
wanted signal Ampltude Reference Level Up to
+10dBm from each oscihator Output attenuator
117dB in 0 1dB steps. Qutput impedance 600
unbalanced. or 6001) 1501} or 75{) balanced and
centre-tapped £485.00
AM/FM SIGNAL GENERATDR TF1066 10-470MHz
=50 Ghms  £200.00
Sgnal Generator 618C. 2.8-7 6GHz = 1%
50ohms €550
FM /AM Signal Generator TF 995A/3S. Minsiry
type No CT402 1 5MHz-220MHz. RF o/p
2uV-200mV Internal & External Mod Facilives. V
good condition
FM./A.M. Signal Generator TF 995A/5 1 5-220MHz
in 5 bands. 0.7uV-200mV F.M. up to * 120KHz from|
S50Hz-15KHz. AM. up 10 50% from 100Hz-10KHz,
o (1) 2uV-200mV (2) with terminanng  unit|
14V-100mV Int mod fregs. 400Hz, 1KHz & 1 5KHz.
Distortion (1} on nternal F.M
AM 6% at 30% mod
AM Signal Generator TFB01D/1 Freq range
10-470MHz. R F. output 0.1u-1V Piston atienuator
500hms Impedance Modulation Imt A.M 1KHz Ext
AM  30Hz-20KHz Low spurious FM & dntt
VSWR 1.2o0rless £400-£800
A.M Signal Generator TFBO1D/1S Military Version
10 485MHz £450-£800
R.C Oscillator TF1370A 10Hz-10MHz. Square Wave
up 10 1T00KHz High Gutputs up 10 31 6V £285
Phase/A M Signal Generator TF 2003 0 4-12MH;

AM Sgnal Generator

0 1uv-1Vv

R ¢ Oscillator TF1101 Frequency range

20HZ-200KHz Quiput  Direct into 600Q0-20V

varable Attenuatos 0-6dB in 10dB sieps. !mpedance

600(} Distoruon Via 1KHz Filter less than O 1%

Direct or via Attenuator Less than 0.5%. 50Hz-20KH2

Less than 1% 20Hz-200KHz

FM/AM Signai Generator TF937 /1

35KHz-18 3MH2 As seen condition

Signal Generator TF144H/4 Late models

condilion

UH.F FM Signat Generator TF 2012 100-520MHz

Low Noise & treq daft For narrow band f.m receiver

measurements Price new ca £1.300 OUR PRICE
£6880

MUIRHEAD L F Decade Oscillator DBS0A 2 phase

O O0IHZ- 11 2KHz

Decade Oscitiator DBIOD THz-11 2KHz

NEUWIRTH (WEST GERMANY)

VHF Signal Generator MS4/U Freq Range 9. 6MHz to!

230MHz Turret Osc. for each band Accuracy 1-29

0o/p 30mV-1uV Frea Dev 1KHz-100KHz. Amp

£150
TF BO1B/3S 12.485MHz
£195

CT478 Microwave Signal Generator 1 5GHz-4 5GHz
£285.00
RADIOMETER
Stereo signal generator SMG1C Full spe:
Superb condition
RHODE & SCHWARTZ
SHF generator SMCB-BN 41042 1700-5000MHz
O.A.

on request
£350

WAYNE KERR
Video Osciliator 0 222 7KH:-8MHz in 6 canges €75
WANDEL & GOLTERMAN

UHF Power Oscillator LMS-68 c/w plug 10

Electronic Brokers Ltd. are one of the
leading electronic instrumentation companies in
the UK, providing a full range of services to
Universities, Industry, Colleges and
Govermnments both at home and overseas.

We have the largest stocks of secondhand
test equipment in Europe as well as a selected
range of new products. These are on display at
owr London showrooms where customers can
examine the equipment of their choice and see

it working.

Electronic Brokers Ltd. have fully equipped
workshops on the premises to test and report
on the majority of equipment we sel

for a FREE copy
of our latest Test

Equipment

Catalogue. Please
apply on headed

paper.

Type LO-4 4 41MHz
Type LO-40  40-108MHz
Type LO-170 170-330MH;
Type LO-610 610 960MHz

RECORD

Single Channel 1 & 6'* per hour

500uA Movement

1 mA Movement

... MULTIMETERS
Avormeter Model 8X {same spec as Model 8}
Avometer Model 7

All above refurbished. calibrated and guaranteed test
leads. NEW, for above Models £4

Ever-Ready cases £6.50
Multminor Mk 4 ¢/w carrying case & leads £13.50

OSCILLOSCOPES

COSSOR /5 MH:z Scope lype 4100 bmv/diy
Delayed Timebase Solid State Portable £4385
CDU110 Transisionsed Oscilloscope c/w Dual Trace
Plug-in CAM 111, DC-20MHz, SmV-20V cam. AC/0C
coupled. 5 Rectangular Tube, Sweep Delay £185.00
CDU1S0 = CT531/3 Ruggedised 35MH:
Oscilloscope, DC-35MHz, 5mV/cm £495.00
35MHz Plug-In Scope Type 3100 5mV/cm
sensiivity  Calibrated sweep delay Gated Trigger 8 x
10cm display BRAND NEW CONOITION £345.00
SOMHz Scope Type 4000 Smv/em Sensitvity
10nS/cm 1o 2s/cm tmebase Calibrated Sweep Gated
Trigger. BRAND NEW CONDITION £375.00

P.O.A,

£65.00
£60.00
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HEWLETT m

175A 50MHz Oscilloscape. c/w Plug-ins, } 7508 Dual
Trace Vert Amp, 50mV/cm, 1780A Auxiliary Plug-in

£225.00
1858 1000 MH: Oscilloscope Sampling c/w Plug-in
1884, or Plug-n 187C £395.00

MARCONI 1.V Scope TF 2200A/ 1 c/w TV Dift pluy
n TM 6457A DC-30MHz £190
SOLARTRON

Portable Scope DC-6MHz Doubie Beam CT436 €98
CD 1014 3 DC-5MH; £90
Partable Scope CO 1400c-15MHz Plug ins avalable
CX 1441 1443 1448 1571 £180
DC-40MHz Scope CT484 Dual Trace Displays
Sensiivity 50mV/cm  Collection trom our premises
only 90 day Warranty £150.00

TEKTRONIX

Sampling Scope 661 ¢/w plug ins £450
545c/wC A Plug-ns £275
TV Wavetorm Monitor 525 Freq response Flat
within 1% between 60Hz & 5MHz {ow Pass - - Passes
stair steps, elimmnates H F High Pass Passes H.F
eliminates stair steps IRE meets |RE standards for
level measurements Sensitivity Detlection factor of
the vertical amplifier 1s 0 015V /cm Vert Atten 1-x
2-x, 5-x. Keyed Clamp-type DC Restorer Gain stability
within 1% £125
Diffecenual Unit 10A1 Used on 647 Series £300

49-53 Pancras Road
London NW1 2QB

Tel: 01-837 7781

(585 ¢ w Type 82 Plug.

g Dual Trace BOMHz
B/width Sweep Delay £675. Other plug ins avalable
80 and 86
475 Oscilloscope 200MHz D/irace Transistonsed
2mv/DIV 8 x 10cm Display. SUPERB CONDITION
£1,800
Transistor Curve Tracer 575 Displays curves of NPN &
PNP transistors & dynamic characienstics of a wide
range of semiconductor devices POA.
Dual Beam Scope 55! 2 vertcal detlection sysiems
Accepts Amp Spect analyser Samphbng and special
purpose Plug-ins. DC-27MH: Price dependent on
plug-ins required P.O.A.
561A 15MHz Oscilioscope c/w 3876 and 3177
Plug-ins (Sampling} £285.00
664 Storage Oscilloscope c/w 3A72 and 3B3 Plug-ins
£495.00
531A DC-15MHz Oscilloscope ¢/ w K Plug-in. Single
Trace, 50mV/cm £195.00
531A 16MH:z Oscilloscope c/w CA Plug-in
Trace, 50mV/em £210.00
544 DC-50MH: Oscilloscope c/w 1A4 Plugin (4
trace} £600.00
544 DC-50MH; Oscitioscope ¢
Trace, 24MHz S50mV/cm
TELEQUIPMENT
DM 53A Stornge Oscilioscope

w CA Piug-in Dual
£375.00

X Type A
£295.00

w Power Supply
£325.00

BLS 218 Storage Oscilloscope

PROBES (Now)
X1 Part No 90
X10 Part No 91
X1 & X1D {swiichable) Part No 95

MISCELLANEOUS

ADVANCE

Recorder Calibrator HC20 £15

AIRMEC/RACAL

Wave Analyser 248A 5-300MHz £195-£300

Wave Analyser 853 30KHz-30MHz Sit \

10 1V up 10 20 MHz. 4uV 1o 4V up to 30MHz
Analyser 248 Freq  Range

€140
SMt .
€110

Moduiation Meter 210 £75 to £100
Time Interval Meter 369 Mains operated transisiorisads
unit Time Intervals 100nsecs to 30msecs
condition

BECKMAN

Translee Oscillator 7580H DC-15GHz with er
7 BMH2-15GH7 without counter Sensitivily 100mV
{ SPECIAL OFFER £250

perb
£95.00

Gaussmeter Type 120 complete with Probes  P.0.A.

B&K

Deviauon Bridge 1505 1504 1503 P.O.A.

B.P.L.

Component Comparator C2457 &

BRUEL & KJAER

Automatc Vibration Exciter Control 101
u

P.O.A.
£395.00

Standard Mod 321 § ade Vol
V. 100V 1000V P.O.A.

v for Noise Source MW 61 P.O.A

Wireless World, December 1976

EDDYSTONE

Recewver Type 770S Freq 500-1000MHz

ELDORADO

10nS Time Meter 764

GENERAL RADIO

Immitance Bridge 1607A Immaculate Condr

Vooden Transit Case

Unit Null Detector 12124 20Hz-5MHz Log Response

with 120dB scale P.OA.

GRUNDIG

Stereo Coder SC5

HEWLETT PACKARD
) R er A £110

£125

ider 5618
HEWLETT PACKARD
Dwecuonat detector 7870 1 9-4 1Ghz
Directional detector 788C 3.7-8 3Gi
UHF Attenuator 355C
418 AC-D Differential  Voltmeter / OC
MARCON!1 INSTS
Atenvator TF 10734728
Quantizanon Distortion Tester TF2343
Probe kit TM8120/1 X1 for use with valve voitmeter
TF2600 Brand new £20
Q" Meter TF 329G £200
Out Limits Indicator TF 2404/2M1 Checks
readings from slectronic counters and other digital insts
d remote wisual and plectrical indication |
persohn w E
PO A
& Mix £90
PYE i
mocouple test set 7556 £95

RADIOMETER

ADD 8/ VAT TOALL PRICES

WW-—099 FOR FURTHER DETAILS
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RHODE & SCHWARTZ

Polyscop Swob i1

Anenuator type DPR Z= 60 ohms BN 18842
Frequency indicator FKM-BN 47051
TEKTRONIX

Programmer 262

Sa. Wave Gen 105 Risetrme
range 25Hz-1MHz conunuously va‘iable Freq
Meter — Direct reading. O/P Amphitude C-100V max

£1250
P.O.A.
P.O.A.

P.O.A.

£90
Consiant amplitude generator 190A 350k Hz- 500MHz
0Q/P 40mV- 10V pk-pk £80
TELONIC

Band Pass Fidter TBA 140-60-5CCt 6 Sestion TNC 10

INC connegctors %' tubuiar 60MHz dandwidth
140MHz centre freq Brand new £20
Sweep Generator Sm2000 ¢/w plug-ins E-3
5.6 and 5AMM

WAYNE KERR

Current Ratio Transtormer T102C

BRIDGES

MARCON! INST
TF936 Impedance Bridge
TF1245 CCT Magn Meter

M and
PO.A.

P.O.A.

£125.00
c/w Oscilletor TF1246
£685,00
WAYNE KERR
Radio Freq Bridge B601
H.F Admsttance Bridge B701
Componen: Bridge B521 £100

POWER SUPPLIES

APT ELECTRONICS
{Ex ICL Computers) 240V I /P

Type 10459 10V 7 5A €18.00

13 secs Freq §

On these pages you will find just the
briefest selection from the vastrange which we
hold in stock at any one time.

If you are seeking a specific item and it
not listed, it will pay you to ring us first — we
believe we offer the best prices and the best

service.
WORLD WIDE EXPORY
Enquiries and tenders welcome from any

part of the world.

HOW YO REACH US . ..

We are easy to reach, no matter where you
live. Minutes away from Kings Cross or St.
Pancras main-line stations, and a bus ride feom
Euston; only just over half an hour from
Heathrow Airport. Parking is easy too.

49-53

Pancras Rd

London
NW1 2QB
Telephone

+20V 5A°
+24V 5A
tov 3A

Tyoe 10459/8
Type 10459/13
Type 10459/12
1.LB.M.
Ex Computer. Load regulation of 1% or beiter. Low
npple. tast response ume 2207240V /P
aa £12.0C
£15.00
£20.00
6A £15.00
112/118V 1/P
BV — 124
20V - 15A i £20.
Aiso slabilised but uniregulated 48V — 2 /A, / 25V
4.84 £8.50
ICL Power Supphies (ex-computer)
6V-25A (variable from 4 5V 10 8V)
28V-20A {vanable from 25-30V)

TELEPHONE
TEST EQUIPMENT

SIEMENS

Level Meter 30 332 O 3-1200KHz

Level Meter 3D 335 10KHz-17MHz

Level Oscuitator 3W29 0 3-1200KHz

Level Osciltator 3W$18

WANDEL & GOLTERMAN

Level Transmitter TFPS 42 10KHz-14MH,

Level Meter TFPM 43 10KHz-14MHz

Wandel & Golterman VZM 2 Distortion measurng set
for phase and ampiitude mod For multichannel FM
Radio Systems up to 12MHz base bands £350

SWEEP GENERATORS

HEWLETY PACKARD
Sweep Oscillator 692D 2-4GHz Sweeps trom ‘start

stop  fre: SPECIAL OFFER £300
Sweuep Oscitlator 6938 4-8GHz

SPECIAL OFFER £326§

Sweep Oscitlatar 693D 4-8GH: £325
Generator/Sweeper  8601A Freq Range Low
0 1-11MHz High 1-11MH;z Z=50 Ohms. €900.00
JERROLD
>weep Signal Generator 900B Central Fregs
500KHz-1200MHz Sweep widths narrow as 10KHz to
400MHz wide 50ohms o/p impedance €400
M.ES.L.
Swept Signai Source MHBB3 7-12 5GHz

€15.00
o0

£480

R —
York Way

aovunce VOLTMETERS

AC Mithvoltmeter 77B £4C
GENERAL RADIO
Electronic Voltrmeter 1806A. AC OC & OHMS ~ 2%
Accuracy Wide tre3 range up 1o 1500MHz €200.CC
HEWLETT PACKARD
DC Vacuum Tube Voltmeter 4124 1MV- OCOV tx
Accuracy Can also be used as O meter &
Ammeter £3¢
VTVM. 400D 1mV to 300V FSD 12 ranges 10Hz «©
4MHz 2% accuracy Input Impedence 10Mot ms €88
VTVM 400L. Loga-ithmic version of 400D 3eads RV £
value ol sine wave Log voltage scale 0.31c 1 40 B «c
3. Linear dB scale Input Impedance 10Moms  £€(
Vacuum Tube Voltmeter 410B  Frexy. Range
20H2-700MHz. AC1-600V (6 ranges). [C 1V-1k\
ohmmeter 0 2 ohms to 500Mohms (7 range:)
Accuracy * 3% (113
Vacuum Tube Voltmeter 400H Freg. Range
10Hz-4MH:. volts 1.0mV-300V F.5 {12 range:}
Accuracy. * 1% (60Hz-500KHz} *29% (2JH:-1MFz
P.O.A
AV Voltmeter 400E Solid state AC volts 1rrV-300\
FS (12 ranges) Freq. 10Hz-1mz. Accsrazy 1%
P.O.A
AC Vohimeter 400F £15¢
MARCONI!
Sensitive Valve Votmeter TF 1100 100u7-320V £€
Freq coverage 10H:-10MHz Meter har cB scae
taciay
Valve Voitmerer TF 10418 General Spec
0 1KV DC Resistance up 10 500Mohms
Electronic Volimeter TF2604 5
Volimeter No 3 CT 208 TF 958 AC 100m/. 150/
multiphier extends AC range to ! SkV LCC
50mV-100V. Fieq Range 20Hz-100MHz ££5
Vaive Voitmeter TF2600
PHILIPS
HF  Millwoltmete: GM 6014 Measurimg Rangs:
1mV-300mV in 6 ranges Accuracy at 30Kz at 3% 3
FSD = Amptitude Char 1 KHz-30KHz flat withn * 53

(1
0-3)0V Ac

BC Microvolimeter GMB020  10uV-1FV  curren
10pA-10uA . Accuracy 5% (FSD) 0-100uV 3% (FSD
AU other ranges. Recorder o/p faciity (133

DIGITAL VOLTMETERS
AND MULTIMETERS

ADVANCE

VM77D AC Mitlivolimeter

J. FLUKE

Digrtal Multimeter B100A Measures: AC anc DC ¢

1200 wolts. Resistance o 12Mohm. 10 0CO hose

M.T B.F 4 digit plus average Compactand ighweigh
£170.00

£50.00

Digital Muhtimeter 8120A Measures. AC and DC voks
t© 1200 volts AC and DC current to 1 2A Resistante
10 12Mohm_ & digi- plus 20% overange Ccmpact arc
hghtweight £235.0C
DYNAMCO

DV M DM 20225 10uV-2KV Max reading 39993
Accuracy 002%. Resolution 1 in 40.(0C
impedance 26KMoms 4
Ovgital Voitmeter DM 2023 C/w DC Rangiag snit ¢
Scale 99989 (0 001% FSD DC Accuracy
10uV—1Kv DC £350.0C

BROKERSLTD

Please note: All instruments offered are
secondhand and tested and guaranteed 12
months unless otherwise stated

Carriage and packing
charge extra on all items
unless otherwise stated

WW—100 FOR FURTHER DETAILS

OV.M DM 2004 P.O.A.
DVM DM 2006. Scate 9999 0.0t1% FSD
10uV— 1KV Parallet. B.C.D. (solated) €275.00
HEWLETY PACKARD

DVM type 3430A. 3 digit. 5 ranges 100mV to 100V
F.S. Input mmsistance 10Mohms. Qverload protection

SOLARTRON
A C Converter LM1219. 30mV—300V mean reading
Freq. range 10Hz —10KHz P.O.A.
D.C. Digital Vottmeter LM1420.2. 2 Suv—1Kv in 6
ranges. 0.05% OC accuracy £235.00
D.V.M. Type LM1420.28a. DC. true R.M.S. and mean
A.C sensing. Accurate measurement irrespective of
harmonic distortion accuracy
40Hz7—20KHz
DVM Type LM 1440 2 10pV—2Kv DC in 5 ranges
Oven controlled zenerdiode. Accuracy *0.033% FSD
+0.005% reading P.0.A.
DV.M. LM 14B0.3. Autoranging version of (M
14403 Moax reading 39999, S5uv—-2KV DC. Full
spec on recuast P.O.A.
DV.M. LM 1604 OC only 1 uV sensitivity. 0.01%
accuracy Max reading 19998 1uV—1KV. Remote
and Autoranging. 110d8 seres mode reject on. No
common Mode error P.O.A.
Digital Muitimeter 4440 3'% digit display. DC volts §
ranges 200mV to 1KV. Ac volts § ranges 200mV to
1KV Resistance 5 ranges 2000hm te 2Mohm. Current
DC and AC 200 uA nominal £110.00
Digitat muitimieter 7040. Autoranging digital multimeter
7040. Auto-anging digital multimeter. AC and OC volts
5 ranges Rasistance S ranges DC current 3 ranges. A
really first-class specification ideal for lobaratory use
£185.00
VIDAR
Integrauing D.V.M. 520. 6 ranges 10mV—1KV
Guarded can be tloated to =500V High measurement
speed with Litimate C.M.R No filters. Up to X6 faster
than most integrating D.V.M's Builtin calibrator
Manual, autamatc and remote operation Wideband
freq. and period measurements are standard. 10mV
F.S. range built-in, eliminates ext. pre-amp., no loss of
CMR freq range 10Hz —2MHz £525.00

TRANSMISSION
TEST EQUIPMENT

A.F. TRANSMISSION MEASURING SET
Type TF 2332. 20 Hz—20 KHz. for use with telephone
and programme circuits. CCIT. Contains Oscillator,
Attenuator and Voltmeter. Full spec on request
£400.00
AIRMEC /RACAL
Wave Analyser 248A. 5—-300MHz £250 to £300
Wave Analyser 853 30KHz—30MHz Sensitivity: 1uV
t© 1V up to 20Mhz, 4uV to 4V up to J0MHz £105.00
Wave Analyser 248 Freq. range 5MHz—300MHz
£145.00
Modulation Meter 409 P.O.A.
HEWLETT PACKARD
Wave Analvser 310A Freq range 1KHz—1 5MMz
Separates en input signal so that the fundamental,
harmonics  or  intermodulation  products can  be
analysed. High senstivity of 10uV full scale, combined
with the nide dynamic range of 75dB allows
rmeasuremerts of both weak harmonic components
down to TuV and strong signals up to 100V
Selectivity 3 1 F Bandwidths 200Hz, 1000Hz and
3000H:z £980.00
Sweeping Local Oscillator 3595A. Plug-in for use with
3580A Wavz Analyser. Freq. range 20Hz to 620KHz
£850.00
Distortion Analyser 334A £445.00
MARCON! INSTS
Distortion Factor Meter TF 142F Fundamental Freq
Range 100Hz—8KHz. Dist measuring ranges 0-5%
050%. Measures all sputicus components up to
30KHz £80.00-£80.00
H.F Spectr.m Analyser OA 1094 A/3 Carrer range

§ 3-30MHz Sweep width up to 30KHz 60dB Amglitude

difterences measurable. Also L.F. Extension unit for
above TM €448 (100Hz—3MHz) £325.00
RADIOMETER

Wave Analyser FRA 2 T3, Spectal version of FRA 2
with facilities for intermodulation measurements and
selective of freq y Freq
range. 30Mz to 16KHz iIncremental freq: OMz to
=60Hz S i curves with g 1d8 ponts
. =12 5Hz, *63Hz and 60dB points =40Hz,

. 130 350
= 15p H2 50 M2

Voltage range: 100uVv 1KV Auxiliary Osciflator
Range OHz © 1.6KHz and 1 5 10 1.6KHz. 0/p — 10V
(EMF) y variable. Impedsnce | Kohms
16uF £375.00
WARNDEL & GOLTERMAN

Level Transmitter TFPS 42, 10 KHz-14MHz. Generator
O/plevel 0 ZmV—2 5V FSD Lowaest adjustabte 50 =V
Synchronous tuning of generator and level meter
possible Oumput impedence 150, 76, 70, 60. 50 and
QOohms +25KH:z. Fine Tuning range £250.00
Level Meter TFPM — 43 10KHz—-14MHz 3d8
Bandwidth '800Hz and 4KHz) Selective measuring
range 8V 10 40uV (lowest readable 2uV0Q Switchable
bandwidth  16KHz fine tuning High sansitivity Full
specification for the above on request €250.00
Distortion Meter VZM 83 52/304/556 kHz. This unit
comprises a generator and receive portion and operates
according 3 the intermodulation method. This
distortion measuring set is mainty used to measure
tansmssior  distortions occurring on FM rado link
systems £190.00
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is a multi-channel Keyboard to Magnetic Tape System recording Keyboard entered data on
¥2'" tape in 80 or 120 character records in a form easily usable as a computer input/output

and verifier. 240 Volt operation.

e / / .

For the simple to understand electro mechanical / vacuum system to the +15 —15 +5
Power Supply and hinged wire wrapped card frame, the flexibility and reliability are
outstanding, this coupled with the ease of interfacing to a VDU, Mini/Micro computer, etc .,

make all the Honeywell Keytapes on offer very fine value

ALWAYS SOME PUNCHES, READERS, PRINTERS, SYSTEMS. ETC.

Honeywell
picture. Checked, tested with
Manual, £215 ea.

As above but less data boards.
Tested forward / backward
tape movement and control,
etc. Data entry / exit via read /
write boards. £105 ea.

Exactly as above but less key-
board and table. £80 ea.

All units carriage paid. KEY-
BOARDS as pictured also
available at £20 each. Carr.
£2.50.
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FURZEHILL VALVE
VOLTMETER V200A
Audio to 10 MHZ with
probe tmV FSD. Fine con-

dition

MARCONI TF1106

NOISE GENERATOR
4 fanges 0.5, 0-10, 0-15,
0.

THE LATE MODEL

MARCONI
_ OSCILLATOR COMPRESSOR/
Keytape Unit as TF885A/1 VACUUM PUMP

Twin Cylinder opposed with
integral 2H.P. 220/110v
S50HZ Single Phase Motor
Tested and guaranteed

in superb condition cover.
ing 26HZ to 12MHZ sine
wave in 3 ranges and
S0HZ to0 1S50KHZ square
wave. High output 31 6v
Meter scaled in volts and
dbs

MARCONI TF675F |,
WIDE RANGE
PULSE GENERATOR

+ /— variable outputs up to
50v. Optional delay. Small
compact unrt

ALL ITEMS £22.50 ea.
SPECIAL OFFER — pick 3
different items of the § for
£60
Carriage £2.50 each or £5
for 3

R.F. WATTMETER TS118A
BIRD ELECTRONIC
CORPORATION

FREQ. RANGE 20MHZ to 1400MHZ. POWER 2
WATTS TO 300 WATTS. 4 RANGES IMPE-
DANCE 50 OHMS. Designed also to be used as a
Dummy Load. Small portable instrument.
Supplied in transit case with MANUAL AND
SPARES. £75 each.

HEWLETT PACKARD Spectrum Analyser Type 851B £700.

RHODE & SCHWARZ
POLYSCOPE SWOB 1 £500.
GENERATOR BN41022 300-1000MHZ £195.
DIAGRAPH AND GENERATOR 3MHZ to 300MHZ Very nice condition £500.
ADMITTANCE METER BN3511 As new £65.
POLARAD Reciver Model FIM-B2. Complete 1-10GHZ £500.
12-CHANNEL CHART RECORDER isd 5V 20MA per channel £17.50.
TELONIC SWEEPER 2000-1 with LA-1M 20HZ-20KHZ £120.
MARCONI! OSCILLATOR TF1101 20HZ-20KHZ Nice condition Special price £50.
MARCONI! Wide Range Oscillator TF1370 Freq range 10HZ to 10MHZ Sine Wave
10HZ 1o 100KHZ. Square Wave. High outputs up to 31 6V Fantastic value at £90 ea
MARCONI Generator TF867 15KHZ 10 30MHZ £60 ea
MARCONI ADAPTOR TM6113 for TF2700; TF1313; TF868B £25.
AIRMEC 4 trace scope Type 279 Large screen £120.
FLANN SIGNAL GENERATOR. Type 501 800MHZ to 3GHZ Superb condition £140.
COLLINS RECEIVER UNITS with built-in Tube and Power Unit 90MHZ to 10GHZ No
information — ex-Ministry Type IP1OULR. Limited quantity £65 ea
MARCONI! TF142F DISTORTION FACTOR METER giving percentage distortion on a
directly calibrated diat and includes all spurious components up to 30KHZ £37.50 ea
AVO TRANSISTOR ANALYSER CT446 £30 ea
MARCONI PORTABLE FREQUENCY METER TF1026/11
condition. Sorry, now £27.50 ea
DECCA NAVIGATOR DISPLAY UNIT. Very impressive £12.50 ea
PRECISION SIGNAL GENERATOR. Type 62 Ex-Ministry. 110-150MHZ. £15 ea
COURTENAY MAJOR Mk. 2. 250 joules. § outputs. Can be combined — 1250 joules
No heads. £65 ea
MARCON! SIGNAL GENERATORS. TF801B from £140; TF801D from £190. Usually
available
MARCONI! DEVIATION METER. TF791D £65 ea
RHODE & SCHWARZ POWER METER. BNRD-BN2412/50 £50.
MARCONI RF POWER METER. TF1020A/1 50 ohm £65.
HEWLETT PACKARD 11 Channel Numerical Printer £30.
MARCONI 20MHZ SWEEP GENERATOR. TF1099 £45.
MARCON! DOUBLE PULSE GENERATOR. TF1400S with TM6600/S € 20.
MARCONI TRAVELLING WAVE TUBE AMPLIFIER. TF1278/1 £15.

100 to 160MHZ. Very fine

TRANSFORMERS — All 240V S50HZ inputs

Type A 170-17V 2560 MA, 7 5-0-7 5V 250MA: 0-20V 5 Amps, 0-4V 5 Amps; 0-1-1 5V §
Amps. £2 each P&P £1 25
Type B 17-0-17V 250MA, B-0-BV 250MA; 0-125-13 5V 5 Amps 0-1 5-:2V 5 Amps
£1.50 ea P&P £1
Type C 19-0-19V 250MA, B-0-BV 250MA; 0-7 5V 5 Amps; 0-1 4V 5 Amps £1.25 ca P&P
£1.25
Type D 34V 4 Amps; 19V 4 Amps.; 17V 4 Amps €3 ea P&P £1 25
Type E 3V 1 Amp. 25p ea P&P 50p
Type G 20-0-20V 200MA. 0-6V 100MA. 75p ea P&P 75p. Attantic series
All Brand New (APT surplus types A, B. C & D. Honeywell surplus type E. Parmeko Attantic
Series type G)

OUR PRICES TOO HIGH? — THEN MAKE US AN OFFER WE CAN CONSIDER

CUSTOMERS — WE ARE INCREASING THE AREA GIVEN OVER TO INDIVIDUALLY
PRICED ITEMS AND HAVE IMPROVED THE ACCESSIBILITY Every week hundreds of fresh
items are added 10 our shelves and tists We are sure you will find a visit to us worthwhile

ROYAL INVERTORS manufactured USA. 28V DC Input Output 115V AC 400HZ up
to 2KVA. Brand new Crated £12.50 each

SOLARTRON CD1212 SB 40 meg £85. DB24meg twice £120. Many other types
available

Ex-Ministry OQSCILLOSCOPE. CT436 Double beam DC-6MHZ £985 each

ONLY £10 EACH STABILISED POWER SUPPLY. 240V 50HZ input. Outputs — 15V @
T0A: +16V/4A — 45V @ 12A — 21 5V @ 1 5A Size 16 x 20 x 9''. Auto overload trips
on each voltage rail with push button resets. Many OTHER POWER SUPPLIES — call and

see
*TELEPHONES. Post Office style 746 Black or two-tone grey £6.50 ea. Modern style
706. Black or two-tone grey £4.50 ea. P&P 75p ea Old biack style £1.50 ea. P&P 75p
TELEPHONE EXCHANGES. eg 15-way automatic (exchange only) from £95.

MUFFIN FANS. Size 5 x 5 x 1'2'' Superbly quiet and raliable. Ex-eq but tested 230V @
£2.50 ea. P&P 75p

PHOTOMULTIPLIER Type 931A €4 ea P&P 75p Other types available, also suitable
Power Supplies

+*POTENTIOMETERS — All 5p ea. P&P extra. Metal bodied AB Linear. PCB Mount Brand
New. 10K. 100K ganged: 250K ganged: 100K ganged. concentric shafts

*BEEHIVE TRIMMERS 3/30pf Brand New. 10 off 40p P&P 15p: 100 off £3.50 P&P
75p; 500 oft £15 P&P £1.25. 1,000 ofi £25 P&P £1 50

LARGE RANGE ELECTROSTATIC VOLTMETERS. From 0-300V 2' £3, to 20KV Max
General guide 5KV 3%;'' £5 Thereatter £1 per KV. P&P 75p

VARIACS 240V input 0-240V output 8A £18 ea.. 20A £30 ea Carr £2 50

E.H.T. TRANSFORMERS 20KV 2KVA £85 ea 26KV AC 10MA 240V 50HZ Single
phase input £50 ea Many other EHT transformers and EHT Capacitors available
DON'T FORGET YOUR MANUALS. S A E with requirements.

TUBES. All Brand New Boxed. Electrostatic deflection Type 408A 1% dia
Blue Trace £2.50 ea. P&P 75p Type CV1526 (REG1) 3 dia. £3 ea P&P £1
TYPE DB7/36 (Replacement for Telequipment S31) £12 ea P&P £1 50

7% long

FOR THE VDU BUILDER. New stock of Large Rectangular Screen 30 x 20c¢m tube
Type M28 at the ridiculous price of £4 ea. And also still available the CME 1 220 24 x
15¢m at €9 ea

SEMICONDUCTORS — All at 8p ea . P&P extra Guaranteed afl full spec devices
Manufacturer’'s markings:

BC147: BC158, 2N3707. BC107 BF197 BC327: 2N4403, BC1728. BC2618 BC2518
BC34BB. BC171A/B; 2N3055RCA 50p ea P&P Bp

2N5B879 with 2N5BB1 Motorola 150 Watt Comp pair €2 pr P&P 15p

*Linear Amp 709 25p ea P&P Bp

*SPECIAL OFFER
Guaranteed tull spec devices. Manufacturers markings BC204 & BC207A 4p ea P&P
extra

MICROCOMPUTER — GOT TO BE ON THE CHEAP
SORRY, 35R0’s ALL GONE BUT NOW OFFERING

CREED 5 LEVEL COMBINED PRINTER AND PERFORATOR'
NEW CRATED £35 each

CREED 5 LEVEL
PAPER TAPE READER £25 each

"CREED 7B
TELEPRINTER CRATED £40 each

£5 discount on any pair plus FREE carriage. Otherwise £2.50 carriage each item

Minimum Mail Order + 2. Excess postage refunded Unless stated — please add £2.50 carriage to all units
VALUE ADDED TAX not included in prices — Goods marked with * 12 V2% VAT, otherwise 8 %
Official Orders Welcomed. Gov./Educational Depts., Authorities, etc., otherwise Cash with Order

SHILT

Open9am to530pm

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, King’s Road). Tel. Reading 582605

Mon. to Sat.

A 1D
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NEW FROM AMERICA

LIQUID CRYSTAL
DISPLAY WATCHES
FROM FAIRCHILD TIMEBAND

5 + 4 functions. Continuous readout of Hrs, Mins and
pulsating Secs. Single command button, push once for
Month/Date — auto reset; twice for Secs — manual
reset.

* PLUS Programmed 4-Yr. calendar, backlight for night
viewing, optional continuously alternating Time/ Date
display, AM/PM setting indicator

..-.1..

High contrast L.C.D. display visible in bright sunlight
Supplied in Presentation Boxes, these are superb
watches selling in jewellers’ shops for up to £80

TC 411 White £29.50

TC 410 Gold £32.50
On Leather Strap

TC 413

TC 412
Matching adjustable bracelet

White £34.50
Gold £37.50

OUR SPECIAL L.EE.D. OFFER—
GALA 6 + 3 functions

At the touch of a button — Hrs, Mins, Secs, Alpha Day,
Month and Date. * PLUS Programmed 4-Yr calendar,
Auto Hold and Fadeout, AM/PM setting indicator
Available in S/S or Gold Plated with S/S back and
matching adj. bracelet. Sold elsewhere at £22.90
OUR PRICE £18.95.

No moving parts to wear out, clean or oil. Accuracy to a few
secs/month. We believe our prices are the lowest anywhere and
include V.AT at 8% and P. & P. Free battery/s. No quibble 1-year
guarantee.

Send Cheque / Money Order to
TEMPUS Dept. WW, 5-7 Norfolk Street
CAMBRIDGE, CB1 2LD. Tel: 55094

| A LOT OF TIME FOR THE MONEY

WW—090 FOR FURTHER DETAILS
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MAIL ORDER PROTECTION
SCHEME
(Limited Liability)

I you order goods from mail order advertisers in this magazine. except for classiied advertisements.

and pay by post in advance of delivery. Wireless World will consider you for compensalion tf the

advertiser should become insolvent or bankrupt. provided

|. You have nol received the goods or had your money relurned: and

2. You write to the publisher ot Wirelsss World explaining the position a0t eartier \han 28 days from
the day you seat your order and nol later than 2 months from that day.

Please do not wait until the 1ast momant to inform us. Whan you write. we will tell you how fo make your

claim and what evidence of payment is required.

We guaranies to meet claims from readers made in accordance with Ihe above procedurs as soon as

possible afrer the advertiser has been. declared bankrupt or insolvent up 1o a limit of

£3.550 per annum for any one advertiser so affected and up to £10.000 per annum in raspect of all

nsolvent adverlisers. Claims may be paid for higher amounis. or when Ihe above procedure has not

been complied with, at the discretion of Wireless World; but we do nol guarantee to do so in view of the

need to set Some limit to this commitment and to learn quickly of readers’ ditficulties.

This guarantee covers only advance payments sent in direct response lo an advertisement in this

magazine [not. for example. payments made in response to catalogues. etc.. received as a result of

answering such adverti: ). Personal adverti are d.

gUSENEEssEsEEEERNGNESVENSEENSEESESENARENESS

Become a radio
——~_—_ amateur.

. ; .

- % t—\ ' e ,>» ” Learn how to become
. Tiss .

~ &; /" aradio amateur in coniact

\\//Wllh the whole world. We give

AN skilled preparation for the
‘§ G.P.O. licence.

AW
\...»—f/~\

_—_—_— _—_—_——_ﬂ

I Brochure without obligation to:

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL,
[ P.O. Box 156, Jersey, Channel! Islands.
I NAME
ADDRESS

. §F __F 0 R N N R 8 N _J N R

WW J12
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for cost-conscious constructors

A NEW 100 WATT r.m.s.

POWER
AMP

$S5.1100 '\‘
£9.45° \

g

e 2

PR
F 4

with heatsink-type
bracket. Large heatsink
—£1" extra

Most recent addition to Stirling Sound's wide range-of power amplifiers. the SS 1100 s
a solidly constructed heavy duty module, 1o delivea 100 watts c.m.s. into 4Q using 70
volts. 1deal for discos, P.A. and similar applications With buiit-in output capacitor and
heatsink mountng bracket. Size approx. 140 x 76 x 32mm. A guaranteed Stirling
Sound QV module Compatible with other Stirling Sound modules. Supreme value

Designed and butlt for long unbroken spells of work

POWER AMPLIFIERS FROM 5 TO 40 WATTS

§S5.105

5 watts RM.S into 4 ohms using 12V
supply. Ideat for use in in-Car entertain-
ment Size —89x 51 x 19mm

£2.25

$.110

Similar in size and design to SS. 105, this
QV module delivers 10 watts R.M S. into
4 ohms using a 24V supply. e.g SS.324
Of great use In domestic applications

£2.75

$S5.130°

Mk 3 version. complete with output
capacitor and heatsink-type bracket
Detivers 40 watts R-M.S. into 4 ohms
from a 45 volt supply such as the SS.345
Designed speciaily for tong and heavy
work £3.95°

FOR POWER SUPPLY UNITS SEE BELOW

$S5.120

Using a 34 volt supply. such as $5.334
this ampldier will detiver 20 watts into a 4
ohm ioad Same dimensions as above

£3.25

* STIRLING SOUND PRE-AMP/TONE CONTROL UNITS !

UNIT ONE

Combined pre-amp with active tone-Control
arcuts 200mv output for 50 mV in Runs
on 10 1o 16V supply Treble *15 dB at
JOKHz, Bass *15 dB at 30Hz Stereo
Balance vol treble and bass controls

£7.80 ‘
$5.100
Acuve tone control bass and treble  £1.60 4
$s5.101

Pre-amp for ceramic cartndges, erc  passive
tone control circuit shown 1n data supplied
£1.60

UNIT ONE

Pre-amp with active
tone control circuits.

5$5.102 STEREQ PRE-AMP
RLAA corrected lor mag

ptus 1ape
radio. etc £2.65

POWER SUPPLY UNITS

COMPLETE WITH TRANSFORMERS and 13-16V take-off points Add 50p p/p for any
mode]

ALLAT 8% V.A.T

SS 312 12V/ 1A £3.75; SS 318 18V/1A £4.15; SS 324 24V/1A £4.60; SS 334
34V/2A £5.20; SS 345 45V/2A £6.25; SS 350 50V, 2A £6.75; SS 300 — Power
stabilising unit 10-50V, adjustable {no transformar, p/p 35p) £3.25: $SS.310/50
Stabilised power supply variable from 10 to 50V /24 £11.95.

THE BUILT-IN QV FACTOR is the symbol of Stirling Sound’s guarantes of Quaiity and Value
which gives you today’s best buys all round. It is YOUR guarantee of satisfaction

TO ORDER add 35p for p/p unless shown Otherwise V.A.T.add 1 2% % to total of order unless shown*
when the rate 15 B%

Every effort 1s made 1o ensure
change without notice

Stirling Sound

A member of the Bi-PRE-PAK GROUP
220-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX SSO 9DF
Phone: Southend (0702) 46344. PERSONAL CALLERS WELCOME

orrectness of information at tme of going 1o press Prices subject to
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UNSOI'S

(ELECTRONICS) LTD.

9 & 10 CHAPEL ST., LONDON, N.W.1
01-723 7851 01-262 5125
ADJACENT TO EDGWARE ROAD MET. LINE STATION

PLEASE ADD 8% TO ALL ORDERS INC. CARR.

T 5

AUTO TRANSFORMERS FOR
AMERICAN EQUIPMENT
240/110v. 80-3000 waus. fitted with 2-3
pin sockets and 3 core mains lead. Send sae
for pnce list We have England’s largest
selection ol American electrical accessores.
2-3 pin plugs. recessed and suriace type, 2-3
sockels. multi-way adaptors. 2-3 pin
grounding adaptors. Cable type snckets
Extension cords. 240v. Edison screw type light
bulbs. Industrial piugs and sockets. Let us
know your requirements.

HT TRANS BY FAMOUS MAKER
ALL PRIMARIES 240v. OPEN TYPE TAG
CONNECTIONS

CURRENT RANGE OF NEW L.T. TRANSFORMERS
OPEN TYPE TAG CONNECTIONS
ALL PRIMARIES 220-240v.

Type Sec Taps Amps Price Carr
1 24-30-40-48-60v 12 £23.20 £2.00
2 24-30-40-48-60v. 10 £22.31 £€2.00
3 24-30-40-48-60v. 8 £18.11 £1.50
4 24.30-40-48-60v 5 £11.78 £€1.00
] 24-30-40-48-60v 3 £9.09 75p
[} 24-30-40-48-60v £6.13 75p
6-8-10-12-16-18- 20 24-36-40 48-60v
CAN BE OBTAINED FROM THE ABOVE RANGE
7 19-25-33-40-50v. 10 £20.21 £2.00
8 19-25-33-40-50v £14.62 £1.25
9 19-25-33-40 50v 3 £7 02 75p
10 19-25-33-40-50v 5.69 75p
5-7-8-10-13 15172025304050V
OR 25.0-25v OR 20-0-20v CAN BE
OBTAINED FROM THE ABOVE RANGE
11 12-15-20-26-30v 10 £11.91 £125
12 12-15-20-25-30v 5 £7.74 £1.00
13 12-15-20-25-30v £4.34 75p
3-4-5-6-8-9-10-12-15-18-20-24-30v
or 12-0-12v. or 15-0-15v CAN BE
OBTAINEO FROM THE ABOVE RANGE
14 12-24v 12v 80A 24v. 30A £20.32 £2 00
15 12-24v 12v.30A 24v 15A £16.33 £1.50
16 12-24v. 12v 20A.24v 10A £12.55 €126
17 12-24v.  12v.10A.24v. 5A £6.33 75p
18 12:24v. 12v 4A 24v. 2A €342 60p
FULLY SHROUDED TYPE TERM'NAL CONNECTIONS
19 4-16-24-32v 75p
20 4-16-24-32v 2 £5 so 65p
21 12-20-24v 10 £12.50 £1.00
22 12-20-24v 5 £7.50 75p
23 24-30-36v 10 £13.00 €125
24 24.30-36v. 5 £10.00 £1 00
25 24.30-36v 2 £5.50 65p

CENTRE TAPPED L.T. TRANSFORMERS
Fully shrouded terminai block connections. Screen Pri 220-240v
sec tapped 36-25-0-25-36v 5 Amps. £12.00, pp £1
30-25-0-25-30v._2 Amps. £5.95, pp 75p. 18-0-18v 2 Amps
£4.75, pp 75p. Open frame type pri 220-240v. sec 50-0-50v. 1
Amp. £86.80, pp 75p. 50-0-50v 2Amps. £8.75, pp £1

HEAVY DUTY TYPES
Pri 220-240v sec 12v 30A twice will give 12v 60A or 24v
30A. €20.30, carr £2. Sec 6-12v. 20A. £10.75, carc £1 75 Sec
20v. 20A. £12.00, carr £1.75

Sec 350-0-350v. 120M/A. 6 3v CT 4A. 5v
2A £3.95, pp 75p. 300-0-300v. 150M /A
63v. CT 4A 56.3v. 2A. £3.95, pp 75p
300-0-300v _1OOM/A 6.3v. 3.5A. S5v 2A
£3. SO, pp 75p. 250-0-250v 8OM/A 6.3v
3.5, 6.3v. 1A, 5v. 2A Fully shrouded
5000500v 200M/A £4.80, carr £7. 'C
core types 2500 250v. 50M/A 6.3v 1A
63v 0.6A Iv. 0.7a £2.75. pp 75p
125-0-125v ‘OOM/A £€2.00, pp 75p
Single ended type 250v. 20M/A. 6.3v. 1A
shrouded £1.25, pp 50p. 220v. 20M/A
6.3v. 1A shrouded. £1.28, pp 50p

3 PHASE ISOLATION TRANSFORMERS
BY FAMOUS MAKER
tnput tapped 380-400-415-430 voits AMS
NOM Line to ine 3 phase 4 wire S0Hz output
415 voits. NOM 3 phase 4 wire at 2, 15kvA
Regulation 2% secondary fully screened open
type construction. Terminal board connections
size 16%2x7x6Y21ns. Weight 90ibs. Brand new.
Fraction of makers price. £27.50 plus VAT.

AMOUS MAK
No 1 Pn HO 220-240v Scr sec tapped
408-200-0-200 408v. High taps 165M/A
Low taps 500M /A £5.50, carr £1 No. 2 Pri
116-220-240A Scr sec 400-0-400v
400M/A £5.75, carr £1 No 3 Pn
115-220-240v  Scr sec 350-0-350v
200M/A 63v BA 5v JA £4.50, carr £1
No. 4 Pri 116.220-240v Ser sec 330-0-330v
200M/A, 63v BA Sv 3A £4.00, carr £
No 6 Pri 220-240v. Size 250v 80M/A 15v
2A 63v 45A €3.00, pp. 75p No 6 Pri
110-220-240v Scr sec 1876v 60M/A and
500v. 31M/A £5.00. carr £1
110-220-240v.  Ser sec 230v
63v 7A £3.00, carr 75p. No. 8 Prni
220-240v. Scr sec 250-0-250v 75M/A.
6 3v 2A, 6.3v. 1A £3.00, carr 75p. No 10

OUTPUT TRANSFORMERS

Multi tapped type MRT3 7 Watts max OC
60M/A single 13-1 10 100-1 P.P. 20-1 1o
100-1. €1.95, pp 50p Type MRT2 4 Watis
max DC SOM/A. Single 7.7-1 10 80-1, P.P
15.5-1 to 80-1. £1.285, pp 50p Elstane OT2
pn load 5000 ohms sec 15 and 3.75 ohms,
£3.00, pp 50p Type OT28EL tully shrouded
pri 1 75K ohms (EL34x4} sec to suit
3.75-7.5-15 ohms 100 Waus, £7.80, pp
£1.50. All types with data sheet

100 VOLT LINE TRANSFORMERS
Pri tapped 10-5-2-1 Watt sec tapped 3-15
ohms. £1.00, pp 30p

Pri 220-240v Scr sec 250-0-250v 100M/ A
6 3v_3A 5v 2A £3.00, carr 75

A.E.R.E. HIGH VOLTAGE INSULATION
“C" CORE TRANSFORMERS. EX EQUIP.
P 200-220-240v sec 2.5v 45 Amps 30kv
DC wkg. €7.50. carr £1.50 Sec Sv. 5 Amps
30kv. OC wkg. €3.00, carr £1 Potted types
Pri 230-240-250v sec 100v 6OM/A. and
35v. SA 10kv DC wkg, £8.50, carr £2. Pn
200-220-240v_sec 8 0-8v 20 Amp 5kv OC
wkg. £10, carr£2 50 Pri 220-240v. sec 5v. 8
Amps 40kv OC wkg. £5.00, carr £2. Parmeko
oil-filed potted types pri 110-220-240v sec
Sv. CT 30 Amps twice. €10, carr £2 Pri
110-220-240-250v Sec 2.5v CT 30 Amps
6 4v 6 2 Amps twice 6 4v 0.3A, £4.50, carr

REPANCO INVERTOR TRANSFORMERS
Type TT51 12v. DC 10 240v. AC 15 wats
£3.00, pp 50p. Type TT24 10 Watt amp for
PA or car radw. £3.00, pp 50p

£1

IGH VOLTAGE TRANSFORMERS
Gresham Pri 240v sec 2300v 10M/A 6.3y
t.5A Open type Table top connections.
£3.50, pp S0p Woden pri 230v  sec

MINIATURE LT TRANSFORMERS
Pri 240v Sec 24-0-24v 100M/A. Size 45 x
35 x 30 mm £1.00, pp 30p. Pri 240v. Sec
tapped 40 60-100v 50M/A Size 50 x 45 x
45 mm. £1.00, pp 30p

ISOLATION TRANSFORMERS

BY FAMOUS MAKERS
Pri 200-220 240v Scr sec. 240v. 13 Amps
conservativety rated Open type. terminal biock
connections. £35.00, carr £4 Pr,
200-220-240v. Scr sec 240v 700 Wats
Open type Cable lead cannections £9.50,
carr. £2 Pri 115-200-220-240v. Ser sec
116v 13.6 Amps Shrouded type table top
connections, conservatively rated, €32.50,
carr " £3. Pri 200-220-240v. Sec tapped
90 100-110-120v. 7.5 amps Conservatively
rated Shrouded type. Table top connections
£19.50, carr £2

890-710-0-710-890v  120M/A. Open type

TT connections, £3.75, pp 75p Parmeko

potted type, pri 110-220-240v sec 1875v
M /A v _BA 5v_3A £5.50, carrtl

H.T. SMOOTHING CHOKES
Parmeko potted types 10H 180M /A, £2.00,
pp 50p 10H 75M/A €1.00, pp 35p 50H
25M/A, €1.00, pp 35p 15H 75M/A
£1.00, pp 35p Swinging type 5H 0.04A -4H
0254 £1.75, pp 50p. Gardners 100H
20M/A  €1.25, pp 35p. 20H 120M/A
€1.25, pp 35p 20H 80M/A €1.00, pp 35p
C core type 10H 350M/A €3.50, pp£1.00
4.6H 28M/A. £2.00, pp 75p
LT chokes 4.8 M/H t0 Amps, £4.00, carri?
140 M/H & Amps C core type, €4.50, carrt?
100M/H 2 Amps potted type. £4.00, carr £ 1
150 M/H 3 Amps open type, £3.00, carr£1
10M/H 3.5 Amps open type, £3.00, carr £1
13M/H 1 t8A potted type. £1.50, pp 50p

OiL FILL BLOCK CAPACITORS .
T.C.C. 10mfd 3kv discharge rating A 55 deg C
£4.00, carr £1.25. 1mfd 2000v OC wkg 60p.
P.P 26p. Dubilier 8mfd 2500v OC wkg. 70
deg C £3.75, carr £1.25_ 4mifd 1250v OC wkg
£1.00, P.P 30p. 4mfd 350v OC wkg 40p,
P.P. 25p. 2mid 500v OC wkg 30p, PP 16p
1mid 600v DC wkg 25p, P P 15p

camage charge at cost
POTTED H.T. TRANSFONMEN

AC WKG BLOCK CAPACITORS
Oubilier 15mtd 330v AC Wkg £1.25, PP
25p. 10mfd 350v AC Wkg €1.00, P.P 25p
Smfd 300v AC Wkg 75p. PP 25p 4mid
650v AC Wkg £1.00, P P 25p 4mfd 500v
AC Wkg 75p. P.P. 26p T.C.C 4mftd 250v AC
Wkg 50p, PP 20p. 2.5mfd 300v AC Wkg
50p, PP 20p. 1.5mfd 400v AC Wkg 75p,
PP 20p. 0.4mfd 440v AC Wkg 50p, PP
20p Bosch 1mid 800v AC £1.00, P.P 20p

MINIATURE RELAYS PLESSEY VARLEY
52Q 4 CO 75p. 52{} 2 CO 60p. 280Q 4 CO
60p. 4300 40 CO 60p. 4300 2 CO 50p.
125012 4 CO 60p. Postage 10p ea. Cpen type
size 1% X 1% ins 6v0C 1CO 35p. PP 10p

ITT LEVER SWITCHES
Type 601 AAOQ 7242 4CO contacts overall
sze 1% X 2 X % ins. White lever, gold flash

contacts. 60p. Three for £1.50, P P 20p

BENSON SOLENQIDS
AC 240v 25% duty. Approx 2 ms. % in pull
Swe 2 X 1% X 1ins Res 3500 76p, P.P
25p

COIN QOPERATION TV METERS
An 1deal component umit, comprising of 1'%v
battery motor, coin mechanism, 240v 5A
mero switch, gear wheets, etc Housed in
bakelite case, 75p, P P 25p

SPECIAL OFFER OF L.T.
TRANSFORMERS
By famous makers. Fraction of list price
Alt primanes 220-240v

Open types sec 24v. 10A. and 12v. 0.1A
£5.50, pp £ Sec tapped 5t-6165.67-69v
10A. £70, carr £1 50 Sec tapped
58-63-69-74v 3A £8.75, carr £1 Sec 33v
6A and 18-0-18v 1A. €3.50, carr £1. Sec
14v 5A 14v. 25A.12v 10A 8v. 10A 24y
750M/A 200v 500M/A. Separate winding
€10, carr £2 Sec 37v. 5.5A and 37v. 2A. and
21v. 11A €B.50, carr £1 50. Sec 26v. S5A
| 16v 4A 25v 2A. separate windings. £8.50,
carr £2. 'C’" core types sec 18-0-18v. 21A
£10, carr £2 Sec 6.3v 224 enclosed, €4.95,
carr£1 Potted types sec Bv. 1A. iwice £2.00,
pp 75p Sec 24-30-32v 2A £3.00, pp 75p
Sec 30v 5A 23v. 500M/A 180v. 100M/A
78v. 60M/A. £6.50, carr £1.50 Sec tapped
4-5-6-10-11-12.21-22-23-24-25-26v TA
and 55v 1A €4.50, carr £1 Sec 43v KA
43v 760M/A and 6 3v 1A £3.00, pp 75p
Sec. 62v 1A and 6v 6A £4.50, carr 11
22v 3.5A. and 46v 45M /A £3.80, carr 75p
24v 1A and 24v. 750M/A £2.50, pp S0p
Tapped 20-40-60v. 2A €3, pp 75p 30v
5 5A and 12v 2.2A. open type, €5.50, carr
£1 12v. 2.2A and 12v 1A £2.50, pp 75p
Tapped 16-18-48-50v 3A £3.50, ppt)

E.B. import and distribute
high-grade products from
World-renowned British
Overseas Manu-
acturers.

NEW FUNCTION
GENERATORS

Model 30 — Low cost EB71 High performance 1 Hzto
100 kHz Sine, Triangle and Square wave output. 10V
ifrom 600() Variable symmetry and

Model 3U1 Seres Highly versatle, Twgh quahty
wave-torm generator. 0.002 Hz w0 2 MHz Sine
Triangie and Square wave outputs 20 V pk to pk from
500 Varable symmetry and dc. offset. Higher
stabihity, prermium version, 3014 £265
Standard Version, 301E £235
Simpler, Low-cost Version £195
PROGRAMMABLE VERSIONS
AVAILABLE TO ORDER

Wide Band, versatile 1Hzto 1MHz Sine and
10V rms or 20V pk 1o pk trom 600Q

G430 —
Square-wave

PENRECORDERS

PEN RECORDER H-3020 SERIES

1.3 and 5 channel instruments * 2mA fs.d SHz
speeds
0 1-25mm/second Supplied complete with transit

natural frequency 8 chart

MULTIMETERS

See inside back
cover for details
of ICE Super
range of multi-
meters!

AC CLAMP VOLT-AMMETER U.91

AC Clamp Volt-ammater U 81
Current

Spec

Brand New
10-25-100-250-500 Amps

£14.60
Voltage

300 60OV Accuracy 4% Used for measurements of
AC Voitages and currents without breaking the circuits
Ranges are selected by means of a Rotary Seiector

Switch

MEGOHMMETER TYPE M4100/3

Megohmmeter. Type M4100/3
o/p Volage

Nominal

£38.50

(open cct) 500V High

measurements Range (at S00V) 500M{) (Mid Scaie
5M(}) Low measurements Range 1000K{). Portable
(71bs.) and Hand operated ¢/ w carrying case

MULTIMETER U4324

MORE RANGES

FOR LESS
MONEY!
AC/DC Muiumeter
U4324 A-DC 0 06-3A
6 Ranges A-ACD3A - 5
C-DC 0.6-1200V
9 Ranges V-AC 3.900V
— 8 Ranges Freq i the
range of 45
Resistance 500 ohm 10 5
5 Ranges Deci-
10 o +
Accuracy * 2 59
DC=x 4% AC
Oimensions

Ranges

Mohm
oel

from 63mm

Only £10.85

type

to 20kHz

12 o8

167 x 98 x

£95 case and accessones
Prices

Single Channel H3020-1
Three Channel H3020-3
Five Channel H3020-%
Pilus Carrage & VAT

POST & PACKING 60p

SPECIAL PURCHASE

Above U4324 instruments factory rebuith a1
unrepeatable price of £8.75. Limred quanhty only

NEW! MULTIMETER UM 11

{as illustrated i circle} 100k:}/V on de 150mV 1c
1500 VFS 2% accuracy 31 6 ki)/V on ac 1} 6V i«
1500V F S 3% accuracy Also features 10-A 10 154
dc current 15A ac current. dB scale. Resistance ranges
{10k 10 100 mQ F St £39.50

G432 — High performance 1H:z to 1 1 MH:z Sine
Triangie and Square-wave. Variable d.c. offset 5V to pk
from 501}, variable. plus simultaneous outputs at 10V
pk 1o pk from 6002 £115

£108.00
£160.00

£240.00 the

Calters welcome
Monday 1o Friday 9 a.rme
wS5pm

pioessmown | == = ELECTRONIC BROKERS LIMITED (New Products Division)
Carriage

= _ 49-53 Pancras Road,London NW1 2QB. Tel:01-837 7781

WW — 103 FOR FURTHER DETAILS
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Transistors AF139 76| GD8 .23 &70 [37]

ELS6 & PY8D)
ELSO o.:/ %S; :’: nml :.;.o 82;‘. :'57-: andDiodes | AFI78 079{ GDI1 23 | OCTt &13
EL95 667 | PCCss 081 |Qp21 110 | U3S 175 | IN1124A 081 [ AF180 0.56) GDl2 023 | OC72 &I3
EL360 180 | pCCa 049 | QQV03/10 | Us7 200 | INA744ARIE | AFIs6 064 GDI4 058 | OCT4 626
N I 'I'D EL506 120 | pCCI89 852 200Uty 120 |ING%2 038|AP® 04| GDIs 847 | OCT3 &L
. EMS0 855 | pCCB05 .75 | 575/20 1.00 | Ua7 o7l %Nd)l :::: ASY27 030| GDI6 823 | OC e
fa i (cchs 4% (Cenim B am A, i) R AR G AR | 85 4
7A GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX. Tel. 6743 %ﬁ :3 PCFa0 840 | Qsion/is 1ae [Uso  oss [ 2NI7S6 458 Qﬂ{oz OF) el B b 55
ALL PRICES SHOWN INCLUDE V.AT. AT 12%2% vz %x :472 8}/’3%2)1;.5 875‘2; :-: INZZT 028 |RallS 618) GETST3 644 %,7;9 :1;
0B2 040 | 6BA6 040 |6L12 039 12AY7 160 30PL13 1.00 [B719 039} EBL21 200 |EM87 110 | PCF88 057 | R11 100 | U7 ot %:2?3 ::; gﬁ:g :.fl gl-_'mn m ocs:D i
0z4 055 |6BCS 090 |6LI8 @60} 12BA6 050( 30PLI4 129 (B29  079| EC52  1.00 | EMMAIG 250 | PCF&7 677 |RI6 200 | USI @80 |2 A |eArs o Gmm e G
1A3 060 | 6BE6 040 |6L19  200| I2BE6 55| 30PLI5 1.00 |BL63  2.00( EC53 1.6 |[EYSl 045 | PCF200 120 [R17 160 | UI53 040 szmm s & GE"m e oc N
1ASGT 055 |6BG6G 100 [6UD12 040 12BH7 055 35A3 @75 [CL33  175| EC54 100 EYBl 45 | PCF201 100 | RIS . 120 |UIS1 &S0 {202 o8| BAIE G0 ET882 1 ocs2n o
IA7GT 080 |6BHE 070 [6LD20 080 12BY7 085| 35C5 0.8 (CV6  0.60| EC85 054 |[EYES 080 | pCFBO0 077 |RI9 75 |Ulsz 040 | 30700 (o | B0 00 GET887 e oaa: S
IBIGT 055 |6RI6 065 [6N7GT 0.70| 12E1  350| 35D5 090 [Cves 100| ECe8 QB4 |EYS4 120 | PCFe0l @49 |R20 060 | UIS3  adef20S00 Do) DC VA2 050 gEEr'maso a1 | o1
c2 1.00 6BK7A 0.85 |[6PLIZ 040 0.80 0.25 PCFa02 .54 | R52 48 | U251 1.08 2Nm8s 058 |BCYmM 0.28] GETS6 8.26 | OC139 050
ID5 075 |6BQS 034 |6P15  0M 055 PCF805 108 | RK34 108 | U281 075 | )33 g5 |pCyas €26 | GETssy 626 | OCI40 111
1G6 100 | 6BQ7A 0.80 |6Q7G 050 050 PCF806 053 [ SP4 150 (uzsz a7 [0 OO BCYE O | CETohe a2s | OCi®s
JH5GT 0.80 | 6BR7  1.00 | 6Q7GT 050 PCF808 spac a7s|uml  ose|Afd SRIBCIT 14| CETHE 8% | ocim et
14 025 | 6BR8 125 0.65 PCH200 TH/4B L00 | U1 655 1

AC128
Y o el v b oevop S| Ua 35| Vi, SBIACI axm|bim o3 | MaTioaa | ORP a8
2D21 055 [6C9 200 | 6UAGT 0.80 PEN25 1.00| UBFB9 Ve Lso|ACIs BEITY 44| OAD 414 STz
2GKs 075 |6CI0 071 |6LTG  0.35 PEN4S 1.08| UBL21 VPIIC 6.60

AC167 BFYS| ex|oasi all I

36 040 | 6CGBA 0.90 |6X4 045 200 | UCFR0 vIsIA o5 [ ACIET
BFYs2 023|0AsS 11 | Y53 em
a8 {6CL6 075 [6X5GT 045 PENA4 1.00] UCH21 Voul vl acie BTX34/400 | OASs 828 [ Y728 am

1.20| ACY21 .lﬁ BYI27 621| OCZ &M ALL
ACYZ 018[BYvz: 118] OCZ3Z o4
.00 02 PRICES

0.3
XHI5 o6e|ADMO 0.42|BYZIl e38( 0C> o4 | INCLUDE

523 1.00 (6F6G 080 |7Y4 080 98| UL46

i s |eF1z 050|724 ese PL504/500 | ULs4 XSGls 1.20| 2D149 038 [ BYZ12 S8 VAT

524GT 055 |6FI3 090 |sD2 050 0.99| UMso Xar o Lof A0 053 | Bvars 189| OCe  ese THIN

6/302 079 |6FI4 090 813 045 PL5G 155 | URIC X1 Leof 422 MO BYZIS A O o5 | NOTHING
140 | 6FI5 085 099 PL508 188 UUS X 10| GENE e | Coaan ocet ess | EXTRA

6AC7T 055 |6FI8 060(9D7 o7 PL3G L% UUS X6 Leb 2000 03 | Eoviia 036 | Oce2 a7

6AGS 035 |6F23 065 [10C2 78 PLBOL 0.4 [ UUI2 X LOLrus e3s|Fsvaia a2l ocs 1y TO0

6AG7 060 | 6F24 10D1 .85 EMSARRQ.75 ([ JUVAI X®M - 8TS|LF117 023{GD4 038 o2

ehlie o0 |6F25  1es|10DET ase PY3l  0.50| UY42 x719 a5 ATUT AB)GD4 A OcH o2 PAY

SAMS T |eF  useliwR a6 pY;a/2 050 Uyss zi4s o7 AF1ZL M1 GDs 03| Ock  en

6AJ8 035 |6F28 074 | KFY 085 pyao 8| Ul Lw|Zisz ezsiAFIZ D381GDE %) OC4s  als

6AKS 045 |6F32 070 | 10FI8 065 - 1512329 070 =

00| 2719 .29 MATCHED TRANSISTOR SETS
0012729 045| LPIS(ACI13, AC154, AC157, AA120), 61p per pack.
80 2749 085| 1,0C81D and 2/0C81, 50p.

400| Z759  3853| 1/0C44 and 2/0C45, 50p.

6AMSBA 070 [ 6H6GT 030 )0PI4 250 PY500 1.09) U2 485 1/0C82D and 2/0C82, 58p. Set of 3/0C83, 78p.
6ANS 070 | 6J5GT 050 | 10PI8 043 PY500A 120| U25 @71 | watt Zenners, 2.4v, 2.7v, 3v, 3.6v, 43v, 4.7v, 5.1v, 13v,
6AQ5 047 | 6J6 035 { 12A6 065 PY300 0.40| 1195 0.80 15v. 16v. 18v, 20v, 24v, 30v, 12p each.

All goods are unused and subject to the manufacl urers' guarantee. .

Terms of business. Cash or cheque with order. Despatch charges: — Orders below £10 in value, add
25p for post and packing. Orders over £10 post and packing free of charge. All orders cleared s&_!meday.
Any parce! insured against damage in traasit for 5p extra per parcel. Conditions of sale available on
request. Many others in stock 100 numerous to list. Please enclose S.A.E. for reply to any enquiries.

6B8G 0.35 SL7(M) 0.60 | 12AX7 0.34 | Special offer of EF50 valves, soiled but new and tested. £1 each.
L ———— e

MARCONI AOVANCE RF SIGNAL GENERATORS

TEST EQU'PMENT P- F- RALFE ELEGTRONIGS E2. 100kHz-100mHz . ... .... ..... £35

Q1 7.5-230mHz

TF329G circuit magnification meter. 10 CHAPEL STREET, LONDON, NW1 62 188:»11.2(2)8"‘;1; L €40
TFA455E Wave analyser. TEL: 01-723 8753 SG63A 7 5.230miteem L £7
TF801D RF signal generator. . :
TF868 Universal bridge. NOTICE. All the pre-owned equipment shown has been carefully tested in BRIDGF REcn"FE'l‘ls . T
T¥995A/2 AM/FM generator. our workshop and reconditioned where necessary. It is sold in first class g'(')coa\‘/’s;l‘ E;';"Azz:' oflowing available: 2150
operational condition and most items carry our three months’ guarantee. | 4.V & 1< AMPS .. o .
TF1064B/5 AM/FM generator. Calibration and certificates can be arranged at cost. Overseas enquiries 400V at 4 Amps ... .. e e - E1.28
TF1065A Output test set. welcome. Prices quoted are subject 1o an additional 8% VAT. AVO MULTI-METERS
TF1100 Sensitive v/ voltmeter. o - Type Multi-minor Mk4. Light, small size

TF1152A/1 RF power meter.
TF1245 Q-meter.

TF1417 200mHz frequency counter.
TF1342 Low capacitance bridge.
TF1370 Wide-range RC oscillator.
TF2163 UHF attenuator DC-1GHz.
TF2500 Af power meter.

TF2600 Sensitive v/ voltmeter.
TF2604 Electronic voltmeter.
TF2606 Differential DC voltmeter.
TF2660 Digital voltmeter.

instrument (14x9x3% cms). Measures volts
AC/DC to 1KV. DC | from 0.1mA-1A. Resistance
ranges 10K(}/Vv.DC.1K(}/V.AC. Tested, and in
excellent condition Qo ga0oe ooaon £8.50

‘EDDYSTONE’ TUNING DIALS
Type B98 Drive unit. All complete with unmarked scale
plate, flywheel, knob, pointer, etc. This is a horizontal
slide-rule type. Brand new, boxed. with panel cutting
template. List price is over £15. OUR PRICE ONLY

BECKMAN TURNS COUNTER DIALS

Miniature type {22mm diam.) Counting up to 15 turn

‘Helipots’. Brand new with mounting instructions. Only
o £2.60 each

ADVANCE TCD500 Frequency dividers to 500mHz £100
AIRMEC 210A Modulation meter 3-300mHz.

APT 504 Power supply. 0-500V at 250mA .. . £35 ICL type 2640 Paper tape readers 250cps.
TF1101 RC OSCILLATORS. Marconi BPL Capacitance decade (5) CD133. 100pf-tuf . £45 New .. .. . . . .£95
20Hz-200kHz BRANDENBURG High voltage generator type $.0530/10 Westrex 8-hole paper-tape punches .. . . £9§

N . c 3 0-20KV and MR50 type 0-50KV. Sound-proof case available .. ... .. .. £1§°
Distortion .5% (via filter 0.1%). 60db BRUEL & KJDER Microphone amplifier type 2603 3 -~ :
step attenuator, continuously variable CAMBRIDGE 44228 Portabie potentiometer . . . £85 MUFFIN "‘STRUME"T COOLING FANS X
output to 20V. Limited . EVERSHED & VIGNOLES Megger series 2 500V £45 Made by Rotron. Holland These are very high quality,

p up to 5 imite: quantity FLUKE 891A DC Differential voltmeter. quiet running fans, specially designed for the cooling of
available for only £75 ea. GERTSCH Frequency meter and deviation meter all types of electronic equipment. Measures
20-1000mHz . .. .. ..... g250 4.5x4.5x1 5 115V AC. 11 Watts. The list price of
GR Standard sweep frequency generator 400kHz-230mHz these is over £10 each We have a quantity available
ROHDE & SGHWARZ - i . X . . . £485 brand new for only . £4.50 sach
HEWLETT PACKARD type 185A sampling ‘scope 0
DC-3GHz With 187B and 188A OB amps '+delay line LOW-VOLTAGE POWER SUPP.LIES
EQUIPMENT AC16 + Trolley ... ... o ) . £200 Manufactured by Harmer & Simmons. England.
HEWLETT PACKARD 6930 sweep oscillator £350 Variablelﬂrom 12 to 20v. at 1 A. Stabilised output.
. MEDISTDR type A-75A Potentiometric microvoltmeter Housed in grey finish ventilated case . £12.50 each
Midget crystal clock type XSZ. BN15221. . o . ... . E115 500V TRANSISTORISED INSULATION
Selective UHF v/ meter, bands 4&5. USVF. PVEEHT Sgalamp voltmeter 0-4g'<0\/ is SAB3E £125 TESTER
Selectomat. RF Voltmeter. USWV. LA fopdiilabs GRIICT (i, (O S Ga3d ) 5 0 (10 Lightweight, small size (13x7x4cms). Reads insulation’
BN15221. RADIOMETER Wave analyser type FRA2B. 0-1661k:¢; from 0.2-100M(} at 500V pressure. Runs from
Standard attenuator .0-100db .0-300mHz. SCHNEIDER type cf252 100mHz frequency counter S AR ERENET aooooaaane glese
DPR. 3 0 €235 FRACMO Geared motors. 24V.AC.0.5RPM. 68A.
. SCHOMANDL Frequency meter type FD 1. d S R g ! -
UHF Receiver type ESM300. SOLARTRON Puise generator type GO1101.2 €65 V) E I (A0 TENELE GIniy) C Ly
UHF Signal generator type SCR TEKTRONIX type 575 Transistor curve tracer. CENTRIFUGAL TYPE Blowers. 12V.DC. Outlet diam
UHF Test receiver type USVD. TEKTRONIX 585A oscilloscope with ‘82° P.1.DC-80mHz.

7 cms. Overall diam 15 cms and 17 cms deep. Very

TEKTRONIX C27 Polaroid oscilloscope camera £250 powertul fans . . . £9.50
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QUADRAPHONIC KIT MODULES

The following modules. currently being described in Wireless World, are oftered
Each kit comprises of glass fibre PCBs and Compaonents. Each module functions
independently, but a universal system may be constructed by means of a master switch

into which the boards may be plugged.
DEMODULATOR  £35 + VAT (£4.38)

. CD-4 is a registered trade mark of the VICTOR COMPANY OF JAPAN LTD

VARIOMATRIX DECODER
BSYNTHESIZER £31 + VAT [£3.88)

Qs. QS Variomatrix and QS Synthesizer are registered trade marks of
SAN JI ELECTRIC COMPANY LIMITED OF JAPAN

DEGODER 7y0c 134)

(Varable Blend + Wave Matching Logic)
SQ is the registered trade mark of CBS INC

MASTER SWITCH KIT cs50 + var (£1.06)

Addi1 postage packing and insurance per parcel. Overseas customers neglect VAT, but,
add £3.20 per kit to cover airmail postage -
For enquiries please send S.A E. to 4
COMPCOR ELECTRONICS LIMITED |

9 DELL WAY, LONDON W13 8JH :

or telephone 01-998 8221 on weekdays between 7.30 p.m. and 10 p.m. only

WW-—097 FOR FURTHER DETAILS

£25.50 + VAT (£3.19)

OVER Q,E)OO ELECTRONIC COMPONENTS INA

Please send me
the 100 page
Tandy catalogue

' Address

I = i —— i ww/s
I Tandy Corporation (Branch UK). Bilston Road, 9

B o Wednesbury, W Midlands WSI0 7]N
Nationwide supermarket of sound! L i !

OQCX CAPITALS PLEASE

Wireless World, December 1976

QUALITY ELECTRONICS LTD.
FOR SANUIA@ MULTITESTERS

CATALOGUE ON REQUEST OR READERS SERVICE NO.

MULLARD DIGITAL DISPLAYS.

LABORATORY
ZM1500/12, 12 off. 7.6mm high digits
Overall size 86 x 26mm €4.30 nc. VAT & TYPE SABSE
P&P. Reduction in price for qties > 10 oft TYPE TAD
WOBBULATOR. Sannel & Hution CT501 o 9 @ 0O M K
::\Ze{l/ex‘rco"dmop £325 inc. carr. UK £l 2 5 70 106 110
500 £3.73 £391 £4.10 £5.00 £5.55
500u A £3.44 £361 (382 6472 6542
B [T B0ty (TR s, (PP Tmk €337 £354 1374 £453 £5.33
- 15%0C £3.40 €359 £3.17 £457 £5.36
AC 257 £3.76 B304 £4.83 £5.40
VU METERS AVAILABLE

Swinless steel case with screw back. 1umiNous hands and markings One-fiilh sec sweep hand

wly of mamn t by press to swart and stop and return to zero

. e button 15 ewel movement. Many of these watches are as new but all have been completely

- overhauied and checked for accuracy. Fitted strap. White face. £18.80. Black face £19.75
inc P&P

ANALYTICAL EQUIPMENT
GAS CHROMATOGRAPHY RESEARCH OVEN
PV4051/4056 {other GC items in stock)
A large capacity oven of low thermal mass for use between 35 and
400 C Provides a forced ar circulating system yeelding 1000
changes of air per min The oven has forced air cooled outer surfaces
when the internal temperature s high 210-240V. 50Hz, 2.6KW
£31.50 (C Pd England and Wales)
IONISATION AMPLIFIER PV4075

f =% LEMANIA AJIRCREW CHRONOGRAPHS

STAINLESS STEEL VACUUM
CONTAINERS FOR LIQUIDS
Capacity 2US GALLS FITTED WITH
DELIVERY TAPS Brand new In
canons €25 (C Pd UK )

TAPE STORAGE CANS. Brand new
tinished steel cans orginally intended

A modern high grade low noise sohd state amplfier 1o feed 2 o, 16mm fim but ideal tor storing
potentiometer recorder 18 input ranges from 10-12 106 < 10-7 8 7in ceels of tape Our tast supply of
with § outputs of 1mV to 100mV Lineanty 0 1'%, f s Noise less thar these itemns was guickly exhausted at

05% ts at max senswvity Back off tacdity Dimensions 28 x 10 30p each but as a result of a massive
X 43 cm deep With operating informanion £28.80 (C Pd U K new purchase we can now offer a case
Details of these three and other gas chromatography items, price 26p  of 55 at £6.80 nc P &P and VAT
(CW O only} Handbooks [complete) avaitable

For details on these and many other products including analyticai equipment actuatars synchros servo
motors reed s es It Plessey VHF tantalum capacitors. relays metal
oxide resistors automobile test equipment. power supplies. see our Sept WW advert or advise requirements

ENVIRONMENTAL TEST EQUIPMENT

‘n‘ P
-

U 5
A standard Range offering the following facilities: ikh %y
High temperatures {o 500°C Pressure Cyching

T
LJRE
Low temperatures to —75°C Sand and dust exposure o

Humidity cycling Corroswve gas exposure 'R;_Fa 1
Thermal shock Explosion test %
Vibration For tull information write or phone section W3

Serve & Slectronic Sales Lid.

Bays’, 24 High Street, Lydd. Kent VAT No. 201-1296-23
Telephone: Lydd 20252, Tetex: 965265 (AB Servolyap)
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Newgwes Colour Television
Servicing Manual o«

VOLUME 3: This volume deals with the servicing of important solid-state chassis and models launched in 1974

and 1975 and reflects several trends; one being towards the all solid-state design and another the introduction of
thyristor power supplies as exemplified in the Thorn 9000 chassis.

CONTENTS: RBM Z179 Chassis. Hitachi CSP-680 Receiver. ITT CVC8 Chassis. B & O Beovision 4000 and 5000
Receiver. Decca Solid State 40 Series Receiver. Thorn 9000 Series Chassis. Philips G9 Chassis. Appendix | inline
Picture Tubes. Appendix 2 Picture Tube Faults. Appendix 3 Component Symbols and Fuse Ratings. Appendix 4
Quick Vision Picture Tubes. Appendix 5 UHF Aerial Evaluation. General Index. Index to Models.

November 1976 240 pages

(" ALSO AVAILABLE

VOLUME 1: Covers models containing the following chassis:
B & O 3000, BRC 2000 and 3000, Decca Bradford and
CTV25, GEC dual standard, ITT CVC5 and CVC7, Pye 691
and RBH A823 and A823A.

1973 240 pages 252 x 192mm 0408 000899 £6.40

252 x 192mm

0 408 00240 9 £7.80

VOLUME 2: Contains details of models using these chassis:
ASA 5003 and 5004, BRC 8000, 8000A, and 8500, GEC
2040 and 2047, Grundig 717GB, Philips G8, Pye 713, Saba
2700 and Telecommander G, Sobell 1040, 1060 and 1010
and Telefunken 710,
1975 240 pages

252 x 192mm 0408 001348 £6.40

/

DROP

Order now direct from your bookseller or from:
NEWNES-BUTTERWORTHS, Borough Green, Sevenoaks, Kent TN 15 8PH
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RELAYS—UNISELECTORS—
SWITCHES

MINIATURE PLUG-IN RELAYS (Siemans/ Varley)
with perspex dust cover and base

6-12-24-48v D.C. In Stock

2c/0 50p: 6 make 60p

Ac/o75p: P & P 10p

S.T.C. MINIATURE {P.C. Mounting)
with dust cover

2¢/0(18/24v)45p P P 10p
4c/o(24/36v)50p P.P 10p
6c/0{36/48v)75p P P 10p

CLARE-ELLIOTT MINIATURE RELAYS
{Hermatically sealed) 2c¢/0 675 ohm
24y D.C. Coils (22 x 22 x 10 mm) 75p

1.T.T. 240v A.C. Plug-in RELAYS
{with perspex cover) 10 amp contacts
2c/065p3c/075p P P 10p

mains (230v A.C.) RELAYS OPEN TYPE
Chassis mounting {60 x 60 x 35 mm)
2c/05 amp contacts 60p P P 10p

REED RELAY.3 MAKE (50 x 20 x 20 mm)
3500 ohm coil 24v D C. 50p

REED SWITCHES (1 MAKE)
Type 1 (18 x 3mm) 12 for £1
Type 2 (48 x 5 mm) 8 for £1

G.E.C. RATCHET RELAYS
310 ohm Red or Blue Cam. £1 P.P. 20p

UNISELECTORS 25 WAY

5 Bank Full Wipe 75 ohm £5.50 P.P 50p

6 Bank Full Wipe 75 ohm £6.25 P P 50p

12 Bank Half Wipe 68 ohm £6.50 P.P. 80p
CLARE TYPE 11 UNISELECTOR (Ex Equipment)
6 Bank 10 way 100 ohm €2.50 P.P 25p

D.C. SOLENOIDS 24v (Cont Rated)

10lb Pull 20 mm Stroke Size 50 x 48 x 42 mm
75p P.P 15p

FOOT SWITCH “"SQUARE-D” H.D.
20 A Make/ 10A Break at 240v A C
600vAC /D.C Max £4P P 75p

BURGESS MICRO SWITCHES (VCSP)

Single Pole c/0 8 for €1 P P 10p

DECADE (THUMBWHEEL) SWITCHES

6mm Digits 50p each Bank of 8 with mounting brackets £3
PP 20p

DECADE INDICATOR SWITCHES with plus & minus
Push Buttons. 6 mm digits 75p each P.P 10p
AlsoinBCD

KEY SWITCHES "1000° TYPE

4 c/o each way locking 60p P.P 10p

6 make each way locking 60p P P. 10p

Bank of 4. 4 c/o each way 1 biased £1.25 P.P 15p

MULTICORE CABLES

8 CORE RIBBON (RAINBOW) CABLE

B8x 14/76 Forming Y2in wide strip

10m —£1.50: 50m—£6.50: 100m—-£12.00 PP 1p per
metre

5 CORE H.D.CABLE 5x70/76 PV C

Black Outer PV C. 0.D. ¥2.in

10m-—£2.50: 50m—£12: 100m—£22.50 PP. 2p per
metre

6 CORE ARMOURED 6 x40/76 P.V C INS

Quter Sheath-Flexible Galvanised Tubing O D. %in.
10m—£3: 50m—£14: 100m —£25. P P 2p per metre

6 CORE SCREENED6x7/76 0D 6 m m.

10m—£1.50: 50m—£€6.50: 100m—-£12.00 PP 2p per
metre

36 CORE SCREENED 36 x 7/76 (36 colours) O D.

11m.m
10m—£3: 50m-—£14: 100m—£25 P P. 2p per metre

VARIOUS

E.H.T. MODULES. Input 190-260v 50 HZ Output 13 7Kv
PK@0.50m/a. {150 x 95 x 7T0mm)£12. P.P. £1.

AIR PRESSURE SWITCH 0-10 ib Vanable

Switch Contacts 15 amp Change-Over £1.50 P.P. 25p

10.7 MHZ CRYSTAL FILTERS (1.T.T. 901B) 25 Khz
B/W £4.00

H.D. THYRISTORS 65 amp 100 P.1.V.

On deep finned heat sink. £2.50 P P 50p

“BLEEPTONE'* AUDIO ALARMS

12vD C 50p P.P 10p

GEARED MOTORS 230v A.C. {Int Rating)

110rpm €2.25P.P 75p

MAGNETIC COUNTERS

6 dqit 48v D C (Non-Reset} 92 x 32 x 22 m m

New/Boxed £1ea P P 15p

NUMICATORS 0-9 (L.H/R H Decimal Pont)

ight conducted from individual 12v bulbs onto display
Character size 20 x 10 mm overall size 25 x 60 x 68 mm
£1.50 PP 25p

D.C. POWER SUPPLIES Input 240v A C

TYPE 1 20v D.C. at 1 amp. Fully regulated 155 x 155 x 75
mm totally enclosed £5 P.P. 75p

TYPE 2 20v D C at 500 m/a stabilised on open chassis 170
x 100 mm €2.50 P P 75p

PHILIPS MOBILE RADIO P.S.U.

Input 240V AC Output 32V att 5 AmpDC £5.25P P
75p

TELEPHONE HANDSET with “"Press to Speak’ switch
£1.50P P 25p

PLEASE ADDB% VAT

J. B. PATTRIGK

191/193 LONDON ROAD
ROMFORD, ESSEX
RM7 9DJ
ROMFORD 44473

GIRD MO. 331 7058, Access ano
Barclaycartl scceptad. C.W.0. saly
Turmas of businsss ae in our catalogus
Enport Ordor anguiriss welcoms [E5 min.
Oifficial Drdera sccapied from
Educstionst & Gowvermment DapertrmenT-
ALL PRICES INCLUDE VAT & P P
E. & 0. E ghop hours: 8:12.30, 1.30-5 p.m. 5 days

19771SSUE 66 PAGES — 3000 ITEMS
z FULLY ILLUSTRATED
==« 20p CREDIT VOUCHERS
= ALL NEW STOCK
+ SATISFACTION
GUARANTEE

TRANSFORMERS
SEMICONDUCTORS

MODULES — AUDIO

HEATSINKS — S-DEC

AUDIO ACCESSORIES

TOOLS — TEST METERS
CALCULATORS — AUDIO

LEADS .BATTERIES—KITS
RESISTORS — CAPACITORS
CASES — COILS — BOOKS
CONNECTORS — VEROBOARD
PC MATERIALS — HARDWARE
BOXES — SCREWS — KNOBS
POTS —STORAGE UNITS., ETC., ETC

SPECIAL RESISTOR KITS (CARBON FILM 54}
(Prices include post & packing)

10E12 YeW or %W KIT 10 of each E12 value
220hms - 1M, a total or 570 £5.29 net

25E12 YeW or %W KIT 25 of each E12 value. 22
ohms -1M a total of 1425 £12.64 net

SPECIAL CAPACITOR KITS

$280 Kit—PC Mounting poiyester 250V 5 al each value 0.01. 0.022.
0.047.0.5. 220F. 2 o 0.47. i F £1.98 nel

296 Kii—Tubular polyester 400V 5 of each vaive 0.01.0.022. 0.047. 0.1
0.22uF. 2 of 0.47),F £2.67 net

Ceramic Kil—square plague 50V 5 of each value 22, 33. 47. 10, 220, 330.
470. 1000uF, 2200. 4700F. 0.01,uF £1.66 nal.

250y Paper Kit—Tubular metal case. 3 of each value 0.05. 01. 0.25
0.5 1uF £5.41 net

500v Paper Kit—Tubular metal case. 3 of each value 0.025. 0.05. 0.1
0625. 0.5:F £1.41 net

1000V Paper Kil—Tubular metal case. 3 of each value 0.01. 0.025, 0.05,
B 1uFELE3 nel

" B.H. COMPONENT FACTORS LTD.

MULTIMETER U4341
<7 Ranges pius Transistor Tester
16 700¢ VoIt
vac -0 3--900V n 8 ranges
vac 15 -750vin 6 ranges
idc -0 06--600mA in 5 ranges
lac -0 3--300mA in 4 ranges
Resistance--2K {2--2M £ 1n 4 ranges
Accuracy -dc -2'2Y%
ac 4 off§
hfe 10 ~3501n 2 ranges
Size =115 x 215 x 90mm
Complete with steel carrying case. test
leads and battery PRICE £16.66 net

MULTIMETER U4313
ranges Knife edge with nurror scale
21000t Voit High accuracy, mvdc--25m,
ic -1 5.-600V in 9 ranges
wac -1 5 -600V in 9 ranges
1dc 60 - 120 microamps in 2
ide 0 6 -1500mA in 6 ranges
lac—0 6—1500mA in 6 ranges
Resistance 1K 1Mt in 4 ranges
ab scale--10 10 + t2db
Accuracy -dc 172, ac 2'>y
Size 1156 x 215 x 90mm
Complete with steel carrying case test
ieads and battery
PRICE £19.90 net

o
MULTIMETER U4323
R nges plus AF IF Oscillator

20 000Y volt
vdc -0 5 -1000V in 7 ranges
Vac--2 5—1000V in 6 ranges
ldc—0 05—-500mA in &
ranges
Resistance-512—1M 2 in 4 ranges
Accuracy—5% of F S D
USCILLATOR--1 KHz and 465 KHz (A M } at approx 1

it Size 160 % 97 x 40mm
Sapphed complete with carrying case test leads and
L ttery
PRICE £13.96 net U4323

.
= U4313

MULTIMETER U3324
54 Ranges High sensivity
2000001 volt
Vdc--0 6--1200V in Y ranges
Va3 900V n 8ranges
06 ~-3A n 6 ranges
03 3An 5ranges
hesst 25" 5Mn 5 ranges
Accuracy—dcand R—2%% of F S D
acanddb4% of FS D
Size 167 x 98 x 63mm
St bt Ty stiragee g oshe fust
I ads spare d ode  3d battery

PRICE £16.66 net

("WWv; LEIGHTON ELECTRONICS CENTRE, 59
WOKTH S —ct, LEIGHTON BUZZARD, LU7 7EG

Je Ly ghtn Buzzard 2316 (Std code 05253)

Wilmslow

Audio
THE firm

for
speakers!

Baker Group 25, 3, 8, or 15 ohm
Baker Group 35, 3. 8 or 15 ohm
Baker Deluxe, Bor 15 ohm . ... ... . ..
Baker Major, 3, 8 or 15 ohm . . . .. L
Baker Regent, 8or 150ohm ... .. ... ...

Baker Superb, 8 or 150hm . . .. ... ...
Celestion HF1300 8 or 15 0hm . .. . . . .. .
Celestion MH 1000 horn, 8 or 15 ohm . . £13.50

Coles 400 1 G super tweeter . . . .. .... £5.90
Coles 400 1 K super tweeter . . . . ... ... £5.90
Decca London and X over . .. ... ... . £36.90
Decca DK30 and Xover. .. .. ... ..... £24.70
EMI 5" Midrange . ............... £3.15
EMI 6%" d/cone roll surr. 8 ohm .. . . .. £3.93
EMI 8 x 5, 10 watt, d/c, roll/s 8 ohm .. £3.75
EMI 14" x 9’ Bass 8 ohm ... ... .. .. £11.92
Elac 59RM 1G9 15 ohm, 59RM 1148 ohm£3.38
Elac 6%’ d/croll/s B ohm .. . ... .. £3.95
Fane Pop 15 wart 12" . ... ... ... .. .. £5.50
Fane Pop 33T 33 watt 12/ . . .. .. ... .. £9.75
Fane Pop 50 watt, 12’/ .. ... ... ... £12.50
Fane Pop 55, 12 60 watt . ... .... .. £16.75
Fane Pop 60 watt, 15" . . ... ... ... .. £19.95
Fane Pop 70 watt 15" . ... .. Lo £21.75
Fane Pop 100 watt, 18" . . .. ... .. ... £33.95
Fane Crescendp 12A or B, Bor 15 ohm . £42.95
Fane Crescendp 15, 8 or 15 ohm . . . .. £54.95
Fane Crescendo 18, 8 or 15 ohm . . . . .. £75.95
Fane 807T 8’ d/c, rolls/s, 8 or 15 ohm . £5.18
Fane 801T 8’ d/croll/s 8 ohm. . . .. . .. £8.96
Goodmans 8P Bor 15 ohm . . ... .. .. .. £6.50
Goodmans 10°P 8 or 150hm . . . .. .. ... £6.95
Goodmans 12P 8or 150hm . ... .. . £16.50
Goodmans 12P-D 8 or 15 ohm .. .. . .. £18.75
Goodmans 12P-G 8 or 150hm .. ... .. £17.75
Goodmans Audiom 200 8 ohm . .. . .. £14.95
Goodmans Axent 100 8 ohm . .. . ... ... £8.50
Goodmans Axiom 402 8 or 15 ohm . . . . £22.00

Goodmans Twinaxiom 8’ 8 or 15 ohm . . £10.60
Goodmans Twinaxiom 10’ 8 or 15 ohm . £10.95

Kef T27 .. .. .. .. ... ... ... ... ... £5.18
Kef TAS. ... .. ... ..... ... ..... £10.75
KefB110. .. . . ... ... .. . £6.75
Kef B200. ... ... ... ........ .. .. £7.85
Kef B139. . ... .. ... ... .. .. ..... £16.50
Kef DN8 . ... ... .. £2.08
Kef DN12 . ... ... .. ........... £5.39
Kef DN13 . . .. ... .. .. ... .. ....... £4.05
Richard Allan HP8B 8’ 45 watt . . .. .. £12.50
Richard Allan CG8T 8/ d/croll/s . ... .. £7.95
Baker Major Module, each . .. ... ... . £13.28
Goodmans Mezzo Twinkit, pair. . . . . . £51.95
Goodmans DIN 20, 4 ohm, each .. . . .. £15.75
Helme XLK35, pair . .. ....... ..... £26.75
Helme XLK40, pair . .. . .... ... .. .. £38.50
Helme XLK30. pair . . . ... ... ... .. .. £21.95
Kefkit 1, pair ... .. ... ... .... £51.00
Kefkit lll, each .. .. ... ... ...... . £46.00
Richard Allan Twinkit, each . . .. .. .. . £13.95
Richard Allan Triple 8, each . . . . .. .. . £20.75
Richard Allan Triple 12, each. . . . ... .. £25.95
Richard Allan Super Triple, each. . . .. .. £29.50
Richard Allan RAS8 kit, pair. . . .. ... .. £37.80
Richard Allan RA82 kit, pair. . . ... . ... £59.40
Wharfedale Linton 2 kit {pair). .. ... ... £21.50
Wharfedale Glendale 3 XP kit, pair . . . .. £47.70
Wharfedale Dovedale 3 kit, pair . . ... .. £59.40

All Radford, Gauss, Castle, Jordan Watts, Eagle,
Lowther, Peerless Tannoy units in stock
Prices correct at 1/11/76

ALL PRICES INCLUDE VAT
Cabinets wadding, Vynair, Crossovers etc.
Send stamp for free 38 page booklet
""Choosing a Speaker’’

FREE with all orders over £10 —

Hi-Fi Loudspeaker Enclosures Book
All units are guaranteed new and perfect
Prompt despatch
Carriage Speakers up 10 12’ 60p: 12" £1; 15
£1 75; 18 £2.50. Kits £1 each (£2 per pair).
Tweeters & Crossovers 33p each

Dept. WW

Loudspeakers & Export Dept: Swan Works,
Bank Square, Wilmslow, Cheshire SK9 1HF.
Discount Hi-Fi, PA etc: 10 Swan Street,
Wilmslow. Radio, Hi-Fi, TV: Swift of Wilms-
low, 5 Swan Street, Wilmslow. Tel.
(Loudspeakers) Wilmslow 29599, (Hi-Fi, etc.)
Wilmslow 26213.

Access and Barclaycard orders accepted by

phone.

WW—029 FOR FURTHER DETAILS
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DISPLAYED APPOINTMENTS VACANT: £6.50 per single col. centimetre (min. 3cm),
LINE advertisements (run on): £1 per line, minimum three lines.

BOX NUMBERS: 45p extra. (Replies should be addressed to the Box Number in the
advertisement. c/o0 Wireless World, Dorset House, Stamford Street, London SE1 9LU.)§

available.

PHONE: Owen Bailey on 01-261 8508
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T.

/

Radio Officers-now you can

25y et e

enjoy the comforts of home.

Working for the Post Office Maritime Services really
makes sense. You still do the work that interests you,
but with all the advantages of a shore-based job: more
time to enjoy home life, job security and good money.
To qualify, you need a United Kingdom Maritime
Radiocommunication Operator’s General Certificate
or First Class Certificate of competence in
Radiotelegraphy, or an equivalent certificate issued
by a Commonwealth Administration or the Irish
Republic.

Starting salaries, at 25 or over, are £2905 rising
to £3704 after three years service. Between 19 and
24, the starting salary varies from £2254 to £2627
according to age. In addition, a supplement of £312

p.a. is payable. You'll also receive an allowance for
shift duties which at the maximum of the scale
averages £900 a year and there are opportunities to
earn overtime. There’s a good pension scheme, sick
pay benefits and prospects of promotion to senior
management.

Right now we have a few vacancies at some of
our coastal radio stations, so if you'’re 19 or over,
preferably with sea-going experience, write to:

ETE Maritime Radio Services Division ( L690),
ET17.11.2., Room 643, Union House,
St. Martins-le-Grand, London ECIA 1AR.

Post Office Telecommunications

DESIGN-
ENGINEER

Enfield.

Thorn Consumer Electronics Limited, the leading
manufacturer of television, radio and audio equipment
inthe U.K. wish to appoint an experienced Design
Engineer fortheir research and engineering centre at

UNIVERSITY COLLEGE
OF NORTH WALES
BANGOR
SCHOOL OF PHYSICAL
AND
MOLECULAR SCIENCES

ELECTRONICS
TECHNICIAN
GRADE 5

Applications are invited for the post of
| Electronics Technician Grade § in the above
mentioned School

The Personnel Manager (DE/WW)

Thorn Consumer Electronics Ltd.
THORN

He/she will be of degree or equivalent standard, preferably under 35 years of age with at least 2
years background of television design and some digital design capability

He/she will join a team investigating new ideas and systems and be required to work on his/her own
initiative hiaising with internal development departments and outside suppliers.

Applications in writing giving details of age, experience and qualifications to:

Great Cambridge Road, Enfield, Middlesex EN1 1UL

The successful applicant would be con-
cerned with the development, construction
and mamntenance of specialised electronic
| equipment for a wide range of research
work and teaching in the School.
Applicants should have had several years’
relevant practical experience coupled with
theoretical knowledge preferably to H.N.C
standard or equivalent.

Salary at an appropriate point on scale

! £2.88943,367 per annum.

1 Pension Scheme

Applications (two copies), giving details of
| age, education and experience, together
| with the names and addresses of two
referees. should be submitted to the
Assistant Registrar. (Personnel), University
College of North Wales, Bangor, Gwynedd
LL57 2DG, to reach him not later than 3 1st
December, 1976. (6572)
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REDIFFUSION INDUSTRIAL SERVIGES LTD.

As a result of planned expansion, a number of vacancies have arisen in the U K. based Division of this Muli-national Group
whose market areas include closed circuit television, public address, television distribution and many other forms of
industrial telecommunication systems. Qur customers on a worldwide basis include Government and Local Authorities,
Airlines, Hotel Chains, Entertainment Complexes and Industrial Plants of all types

Applications are therefore invited for the following positions and unless stated otherwise, salaries are negotiable.

1. PROJECT MANAGERS (C.C.T.V.)

MALE OR FEMALE

LOCATION: SURBITON
To take control of all aspects of C.C.T.V. projects from initial systems design and costing tc final installations and
commissioning. Applicants must have a wide experience in this field and should preferably have high
educational / professional qualifications. A company car will be provided.

2. SYSTEMS ENGINEERS

MALE OR FEMALE

LOCATION: SURBITON
To provide engineering backup to our sales force and control all engineering aspects of implementation of successful
tenders. Applicants must have a wide background extending over at least 5 years in the electronics industry coupled with a
formal qualification to HNC or equivalent standard. A company car will be provided.

3. SENIOR TEST ENGINEER

MALE OR FEMALE
LOCATION: SURBITON

The successful applicant will be responsible for the pre-despatch commissioning of equipment and systems. A minimum of

5 years’ experience in a similar field is essential, preferably supplemented by a qualification to HNC standard

4. INTERMEDIATE TECHNICAL AUTHOR

MALE OR FEMALE
LOCATION: SURBITON

A background in similar work in an electronics environment and the ability to convert basic information into finalised
technical documentation is essential, together with a good command of the English language.

5. MAINTENANCE ENGINEERS

MALE OR FEMALE
LOCATION: FULHAM

We are seeking to recruit qualified maintenance engineers with specific experience in closed circuit television. The
salary /wage will depend on experience and qualifications and in addition a company estate car will be provided.

6. TECHNICIAN SUPERVISOR

MALE OR FEMALE
LOCATION: SURBITON

Who will, under the _direction of the Systems Manager, supervise the workshop technicians and assemblers. Several years
practical experience in one or more of our market areas together with an aptitude in controlling staf- and delegating work is
essential. The position is salaried

Fringe benefits include a self-contributory pension and insurance scheme, discounts on a wide range of goods including
television rental, pleasant working conditions and in the case of Surbiton, a subsidised canteen

Applications, in the first instance, should be made, stating which position is being applied for, to:

B. L. Hall, C.Eng., M.1.LE.R.E., Chief Engineer
REDIFFUSION INDUSTRIAL SERVICES LTD.

Rediffusion House, 214 Red Lion Road, Surbiton, Surrey KT6 7RP
Telephone: 01-397 5133

(6575)
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Pye TVT Ltd. is a highly successful company in the
international field of broadcast engineering.

We are urgently seeking Electronic Development
Engineers to join a team in our studio engineering
laboratory working on the development and design
of equipment and systems in the video and audio
engineering areas.

cases.

Successful candidates will be offered
an attractive salary and excellent
security. Company benefits
good catering facilities,
pension fund and an active sports and
social club. Generous assistance with
relocation expenses to this pleasant
part of East Anglia is given in approved

Apply to: Mr. David Barnicoat,

Development Engineers
Video and Audio—Cambridge

We would like to meet ambitious men and women,
aged 25-35 who are capable of handling
responsibility and hold an appropriate degree or
equivalent qualification. Several years’ experience in
the design of video, digital or switching-type
equipment, or the design of professional audio
equipment, is highly desirable.

include
staff shop,

O

Pye TVT Limited

4511 x 811

A vrstr of e Pye of Cortvioge Group

Operational
Engineer for

CCTV Studio

The CCTYV studid of a major advertising agency requires
an engineer experienced in the operation and main-
tenance of colour cameras, video recorders, monitors and
associated control equipment. The studio, which has
been in monochrome operation for seven years, is in the
process of changing over to colour operation and the
person appointed will be required to liaise between the
studio manager and suppliers in the selection of
equipment and will supervise its installation.

In normal operation, the post involves taking charge of
the CCTYV control room and ensuring the uninterrupted
and-efficient use of its equipment.

Applicants should be familiar with non-uroadcast colour
equipment of the type widely installed in advertising
agencies and industrial staff training units.

Salary is open to negotiation and will be dependent on
experience and qualification.

The company operates profit sharing and pension schemes.

Applicants should write, giving details
of age, cducation, qualifications,
&M

relevant expericnce and present post to
Mr. P. Sowerby

Ogilvy Benson & Mather Ltd.,
CCTV Studio,

7 Exchange Court, London WC2

6502)

RADIO
TEGHNICIANS

Government Communications Headquarters has vacancies for Radio
Technicians. Applicants should be 19 or over

Standards required call for a sound knowledge of the principles of
electricity and radio, together with 2 years experience of using and
maintaining radio and electronic test gear

Duties cover highly skilled Telecommunications/electronic work,
indiuding the construction, installation, maintenance and testing of
radio and radar telecommunications equipment and advanced
computer an analytic machinery

Qualifications: Candidates must hold either the City and Guilds
Telecommunications Part | (intermediate) Certificate or equivalent
HM Forces qualification.

Salary scale from £2,230 at 19 to £2.905 at 25 (highest pay on
entry), rising to £3,385 with opportunity for advancement to higher
grades up to £3,780 with a few posts carrying still higher salaries.
Pay supplement of £313.20 per annum

Annual Leave allowance is 4 weeks rising to 6 weeks after 27 years’
service

Opportunities for service overseas

Candidates must be UK residents.

Further particulars and Application forms availabte from

Recruitment Officer
Government Communications Headquarters
Oakley, Priors Road
CHELTENHAM, Glos GL52 5AJ
Tel. Cheltenham 21491 Ext. 2270
(STD 0242-21401)

(6507)
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Together with most other countries, Zambia has recently been
affected by the worldwide economic recession. Now our economy
is surging forward strongly again, revitalised partly by significant
advances in the country’s agricultural industry and rising copper
prices on world markets. Come here on a 3-year contract and
your skills will be welcomed - and broadened. You'll enjoy the
warm, pleasant climate in this totally land-locked country, larger

Chief Engineers

K&6756-K7200 (c.£5067-£5400).
Supplement £4902 (married), £2784 (single)

Requirements:

Electrical or Telecommunications Degree plus senior manage-
ment experience.

Responsibilities:

Either: planning switching and external plant networks; or
planhing budgets and methods including long-term income/
expenditure forecasts, staffing and training requirements and
long/medium/short-term national planning; some training is
involved and you will report to the Assistant Director, Planning.

Principal Engineers

K6324-K6756 (c.£4755-£5067).
Supplement £4704 (married), £2586 (single)

Requirements:

Electrical, Electronic or Telecommunications Engineering degree:
senior management experience.

Responsibilities:
Either: (a) controlling switching planning groups, including major
projects management, requiring crossbar/electronic switching
systems experience; or (b) controlling, advising on planning,
budgets methods, staff; co-ordinating long/medium/short-term

plans and preparing capital estimates; some staff training. You
will report to the Chief Engineer.

Senior Engineer

K5700-K6108 (c.£4275-£5281).
Supplement £4524 (married), £2406 (single)
Requirements:

C & G Final or equivalent; initiative and responsible managerial
experience of at least 3 years.

Responsibilities:
(a) For external plant - preparing deveiopment scheme and
contract specifications; familiarity with latest overhead and
underground system methods is essential.
(b) For switching ~ implementing plans, preparing for and
evaluating tenders; crossbar systems experience is essential.
(c) For planning, budgets, methods - preparing plans and
engineering instructions, studying/reporting on new techniques,
recommending new methods in radio/transmission, switching
and external plant.
(d) Planning, budgets and methods - preparing/maintaining an
annual works programme, preparing time/resource diagrams,
monitoring project progress.

As well as the salary quoted, you will enjoy TAX-FREE supple-
ments, a TAX-FREE terminal gratuity, low-cost accommodation,
low taxation and free passages. Together, these add up to excep-
tional real earnings. Starting salaries relate to qualifications/
experience, while gratuities total 259, of basic salary. Salary-
related supplements are reviewed annually and paid by the
British Government to designated British nationals (annual maxi-
mum is shown), while appointment grants, education allowances,

O (|
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Revitalised economy — superb location!

Post & Telecommunications Corporation

Strong financial attractions

than France, Belgium, the Netherlands and Switzerland com-
bined. You'll enjoy the scenery too; although mainly a broad
plateau, Zambia also features spectacuilar mountains, a certain
amount of dense forest, imposing rivers, vast lakes and extensive
game reserves. lts many large cities and towns contain all the
normal modern facilities and are linked by excellent roads and
rail services.

Engineers

K5316-K5700 (c.£3987-£4275).
Supplement £4296 (married), £2232(single)

Requirements:
C & G Final or equivalent plus initiative.
Responsibilities:

Either for: (a) telegraph and subscribers’ apparatus including
specifications/tender evaluation/type approval;

(b) power and accommodation - liaising with field staff/contrac:
tors in such areas as power plant maintenance;

(c) Liaison with engineering, sales, traffic sections, special
investigations, co-ordination of such staff as aerial riggers and
diesel mechanics. In all cases staff training is probably involved.

Technician | posts

K4416-K5136 (c.£3312-£3852).
Supplement £4134 (married), £2070 (single)
Requirements:
C & G Intermediate or equivalent plus appropriate experience.
Responsibilities:
Either: (a) External (underground/overhead) plant; (b} switching;
{c) radio and transmission: (d) power and air-conditioning:
(e) stores liaison; (f) powerjaccommodation maintenance;
(g) diesel maintenance; (h) shift leader - earth station (non-
automatic satellite ground station and its links); (i) day-to-day
maintenance of a small rural area; (j) switching construction

supervision; (k) transmission construction supervision. In all
cases staff training may be necessary.

Technician Il posts

K3756-K4416 (c.£2817-£3312).
Supplement £3846 (married), £1830 (single)
Requirements:
C & G Intermediate or equivalent plus appropriate experience.
Responsibilities:
Either: (a) external plant - including line surveys, and estimate
preparation: (b) external works supervision cable/duct
installation by contractors, underground/overhead work by

Government staff. In both cases staff training will be included in
duties

Technician Ill posts

K2388-K4410 (£1791-£3308).
Supplement £3804 (married), £1788 (single)
Requirements:
C & G Intermediate, initiative, 4 years’ experience after training.
Responsibilities:
Either: (a) Microwave maintenance; (b} strowger maintenance;
(c) Pentaconta maintenance (BXB 1121): (d) LM Ericsson main-

tenance (ARK, ARF, and/or ARM); (e) Multiplex maintenance;
(f) PABX maintenance.

car loans, medical aid assistance and free holiday visits for children
educated in Britain are also provided for those receiving supple-
ments. N.B. Sterling equivalents given are approximations only
due to constant exchange rate fluctuations.

For further information please send full personal/professional
details (without obiigation and in total confidence), indicating
which position interests you, to: Recruiting Officer (Room 33),

Zambia High Commission, 7-11 Cavendish Place, London W1
(6538)
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ELECTRONIC DESIGN/ i
DEVELOPMENT ENGINEERS

FERRANTI OFFERS YOU FREEDOM

..... freedom to create. Over the years leading design and development engineers have been
attracted to Ferranti by our reputation for truly innovative engineering and together they have
formed specialised teams involved on a variety of sophisticated projects related to the
Tornado, Sea Harrier, Jaguar, Nimrod 2 and other front line aircraft.

We now require additional engineers to join these teams engaged on the creative
work of designing and developing airborne radar, laser and inertial navigation systems and their
associated test equipment.

Engineers are required in the following technical fields:-

Microwave and laser technigues.

pension and life assurance scheme.

Digital and analogue electronic circuitry design.
Design and application of small digital computers.

Advanced instrument design including gyroscopes of inertial quality.

Design of small mechanical structures and analysis of stress.

In addition to the above we have vacancies for production engineers with either
electrical or mechanical backgrounds in these fields.

Applicants should have some design/development experience to offer in avionics
and a desire to expand their experience to project ieader ievel.

Edinburgh, with its outstanding facilities for education, housing, sport and
entertainment, is one of the ideal cities in Europe in which to live, work and bring
up a family. And to make moving here easier, we pay realistic relocation ,
expenses. Salaries are negotiableand the Company operates a contributory "

Apply in writing, with full details of experience and
qualifications, to Staff Appointments Officer, Ferranti Limited,

\L Ferry Road, EDINBURGH EH5 2XS.

DATEK SYSTEMS LTD.

A leading Company in the Phototypesetting Industry
requires a:

SENIOR TEST ENGINEER

The position requires a man with several years’ experience of
digital systems with the ability to fauitfind 74 series T.T.L. to
chip level. A background in the data prep. or V.D U. market
would be most appropriate and an academic level of at least
H.N.C. would be expected.

The job involves some field service support and a driving
licence is essential. Salary £4,000 p .a.

JUNIOR TEST ENGINEER

This position requires a young engineer with a degre_e or
Dip.Tech. in Electrical Engineering with an electronics bias

Some experience in T.T.L. logic or microprocessors would be
useful. Salary about£2,750 p.a

The company offers 4 weeks' holiday and a sickness and
pension scheme

Phone or write for application form to

Miss L. Bux
DATEK SYSTEMS LTD.
849 Harrow Road, Wembley, Middx.

Tel. 01-904 0061

(6533)

WE ARE MARKET LEADERS IN THE FIELD OF MULTIVISION,
AUDIO AND LIGHTING CONTROL SYSTEMS. DUE TO CONTINUED
EXPANSION WE REQUIRE THREE POSITIVE THINKING SALES
EXECUTIVES TO JOIN THE U.K. TEAM BASED AT OUR MODERN
OFFICE IN S.E. LONDON.

A.V. SYSTEMS
SALES ENGINEER

With a Commercial, Technical and Operational Understanding of
Slide-Sound Audio Visual Systems and their Markets

AUDIO SYSTEMS
SALES ENGINEER

With a wide knowledge of Professional Audio Products. Experience in
Contract Negotiations, Technical Spacifications and Operational
Requirements for Theaters, Conference and P/A Audio Systems.

LIGHTING SYSTEMS
SALES ENGINEER

Experienced in Contract Negotiations, Technical Specifications and
Operational Requirements for Industrial, Commercial and
Entertainment Lighting Control Systems.

Applicants should be 25 to 40 years old with strong technical
background and at ieast five years’ commercial experience in systems
engineering. Capable of negotiating major contracts with architects,
consultants and government. Basic salaries negotiable up to £5,000
p.a. Company car, applications with career and salary details to: S. F.
GIDDINGS, SYSTEMS MARKETING MANAGER, ELECTRO-
SONIC LIMITED, 815 WOOLWICH ROAD, LONDON SE7 8LT.
(6547) '
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Careersin
Professional Electronics
"l

Your experience could open the door to a range of intefesting and rawarding opportunities in
the Design, Production or Service departments of a Company whose products zomplement the
most advanced modern electronic techniques.

For more information apply in confidence to;— John Prodger,

MARCONI INSTRUMENTS LIMITED

Longacres, St. Albans, Herts. Tel : St. Albans 59292 t
A GEC-Marconi Electronics Company "
| ELECTRGSONIC
ELECTRONIC o
Electrosonic Ltd., a leading company in the rapidly expanding
fields of audio, audiq visual and lighting control systems
EN INEERS require a printed Circuit Designer and Test Engineers
(Lighting Control Systems) PRINTED CIRCUIT
The Theatre Lighting Division of Thorn Lighting Limited Salary @ c £3,800
design, manufacture and install one of the \\ox'ld’§ ﬁnest An experienced and creative engineer is required to design
ranges of control systems for TV and lohcatre lighting. and lay out printed circuit bcards from logic and circut
lnSILl”‘.ll»lOnS cover every continent, with 80°%, of our equip- diagrams. The wark will entail the preparation of artwork
ment bc'”gexf‘orlcfj- . component reference masters and other essential P.C B
Systems currently in production employ core store, *floppy documentation. The ability to produce fast and accurate
disc’ and MOS memories, and microprocessor based results is essential This will be a new appointment.
peripherals: modern techniques are also employed in our
extensive range of power dimmers.
There are vacancies at several levels for experienced elec- TE ST EN G I N E E R S 1
tronic engineers in our DESIGN, SALES, PROJECTS and Starti 1 £2 900 4
TEST departments. Applicants having an interest in TV or arting salary ¢ v
=t i ol 3 Gelpas el RS, Vacancies exist for Electronic Engineers having a minimum ot
Our approach is very flexible - if the above interests you two vears' experience of contral and/or audio systems. An |
please write to or lclf:phpne Peter Balchin, Envineering academic training to ONC/HNC level or equivalent :
Manager, for an application form and further ‘ctails at qualification is desirable. On the job training will be given and
Thorn Lighting Limited, Theatre Lighting Division, Angel opportunities for advancement are available
Road Works, 402 Angel Road. Edmonton, London NI8 ) ) )
3AJ. Telephone: 01-807901 1. The company _offers an attractive working environment and
' excellent conditions of employment.
E
IHURN Applications to Mr. R. D. Naisbitt, Personnel Director,
: : Electrosonic Ltd.. 815 Woolwich Road, London, SE7
8LT. Telephone: 81-855 1101.
. LIGHT'NG WM A member of the Thorn Grodp- & & &
2 (6597)
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SERVICE AND TEST
... ENGINEERS ...

are involved in complex

the provision of spares and the electronic equipment, including
repair, maintenance and overhaul fault diagnosis using sophisticated
of awide range of British and test gear. Arecognised qualification
American airborne electronics would also be desirable

equipment. but sound practical
FOR AIRBORNE

It's skilled work experience is more

calling for the important.
highest standards ELECTRON'CS A good salary will
of craftsmanship and be offered together

with an attractive
range of benefits.
Working conditions are excellent
and the establishmentis
conveniently situated in pleasant
surroundings within easy reach of
the A1 and M1.

Write with details of experience
to Mrs. E. Wagg, Marconi-
Elliott Avionic Systems
Limited, 22-26 Dalston
Gardens, Stanmore,
Middlesex HA7 1BZ.
Tel: 01-204 3322.

with the continuing EQU'PMENT
growth of our
servicing programme we are now
looking for additional personnel to
join our teams of Service and Test
Engineers working both in the
aircraft and in our extensively
equipped workshops.
Youshouldhaveagoodknowledge
of radio and electronics theory,
ranging from audio to

microwave, and at least MARCONI

' ; .

nservengand  ELLIOTT
AVIONICS

A GEC-Marconi Electronics Company

~

THE UNIVERSITY OF LIVERPOOL

Institute of Child Health
Alder Hey Children’s Hospital

TECHNICIAN

To assist with research. Work
will include assistance with the
design and development of
medical electronic instruments
and operation of the Institute’s
digital computer. Applicants
must possess ONC or equivalent
as a minimum qualification and
be experienced in fault diagnosis
and use of digital and analogue
integrated circuits. Knowledge of
programming an advantage.
Salary within range up to
£2,940 per annum (under
review) according to qualifica-
tions and experience.

Application forms may be
obtained from the Registrar,
The University, P.O. Box 147,
Liverpool L69 3BX. Quote
Ref: RV/905/WW.

(6536)

_/

CAPITAL

APPOINTMENTS LTD.

JOB HUNTING?
We have more vacancies for

DESIGN, DEV., TEST AND
FIELD SERVICE ENG. than
ever before. All areas and
applications. Salaries to

£5,000 - 6566

34 Percy Strest, London, W1
01-636 9659 (day) or
66D D836 {avyg.)

Home Office, London
RADIO PROPAGATION

RESEARCH
up to £6700

This post, in the Propagation Section of the Directorate of
Radio Technology, is concerned with the study of the latest
worldwide researches in the field of radio propagation and the
quantification of the effects so that they can be applied in
practice. The work includes: liaising with research
establishments; stimulating propagation research activities in
areas of interest to the Directorate; and participating in the
work of the International Radio Consultative Committee’'s
study groups relating to the propagation of radio valves in
ionized and non-ionized media.

Candidates must have a degree, or equivalent qualification, in
Electrical Engineering or Physics, and should be Chartered
Engineers. They should have specialised in radio wave
propagation for about five years, and preferably have some
research experience.

Starting salary betwen £5490 and £6700 depending on
qualifications and experience. Prospects of promotion,
Non-contributory pension scheme.

For further details and an application form (to be returned by
13th December, 1976) write to Civil Service Commission,
Alencon Link, Basingstoke, Hants RG21 1JB, or telephone
Basingstoke (0256) 68551 (answering service operates
outside office hours). Please quote T(21)85.

(6540)

ALADDIN INDUSTRIES LTD.

require an

ASSISTANT
DEVELOPMENT
ENGINEER

to assist in the development and preparation of sample
chokes and transformers. As such, he or she will be
involved in the development of test equipment, testing
ferrite components and providing an advisory service to
production and inspection departments. Candidates, aged
20 to 24 years, should ideally have progressed to the final
year of City and Guilds in Radio and TV Electronics
Technicians Course or be studying for an HNC in Electrical
Engineering, 2-3 years’ experience of working in the
electrical / electronic industry is essential

Salary will be commensurate with age and experience up
to £2,200 per annum and benefits include four weeks
annual holiday and contributory pension scheme

For further details, telephone or write to

Mrs. L. Cooper, Personnel Department
Aladdin Industries Ltd
Aladdin Building
Western Avenue
Greenford, Middlesex
Telephone: 578 2300

(6535)
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you think relevant.

ELECTRONICS — TELEVISION

Increasing orders for our sophisticated equipment, from both the home and export markets, give us the
opportunity to recruit additional electronic engineers. Our products cover a complete range of monochrome and
colour cameras as well as a whole variety of studio broadcast equipment.

Experience of working with broadcast TV equipment is more important than the academic level of degree/HNC.
In any case, you must have had some years working with modern communications equipment and experience
soley of domestic television is not sufficient. Knowledge of the latest circuit techniques is essential as you will be
expected to have the ability to rapidly come to terms with our designs.

You would be working with our R & D team on design and development of anything from amplifiers and coders
to broadcast colour cameras. Some knowledge of television would be a great advantage as experience could
have been gained in your present job or at university. We have a modern factory in a very pleasant part of
Hampshire, within easy reach of several major towns. London, the South Coast and the Midlands are all easily
accessible. Our terms of employment are excellent and include free life and health insurance, pension scheme,
generous holidays, staff restaurant and relocation expenses where necessary.

Please write or phone (reverse charge) Mic Comber, Personnel Manager, Andover (0264) 61345, Brief details
only at this stage as we will ask you to complete an application form on which you can give as much detail as

TEST ENGINEERS

DEVELOPMENT ENGINEERS

(6531)
SOUTH COAST VACANCIES. If you o
STROBE EQUIPMENT LTD. - would like to get out of the rat
P race and enjoy the pleasures of
GAPITAL living on the Soutn cozst we can | | DESIGN _ TEST
] certainly help. We have hundreds
which ts r:_used all :ver the world by APPOINTMENTS LTD. of jobs in E;gctmmcs at all le;els. FlELD SEF‘]\/'GE
top photographic companies, along the South Coast. Just drop Immediate vacancies exist in most
require FIELD SERVICE us a line or phone with your name areas for engineers qualified to
| ENGINEERS e e | Mepriay. | | BSS/HNC/CRG win anaiogus
SERVICE/CONSTRUCTION it you ELECTRONICS) | | menis 524 old Cnrisichurch Ra, | | gt or RF. experience
MECHANICS ¥ 9 Bournemouth. Tel. 292155 or after Phane or write
| | £3.500 p.a. plus a car — then 7 pm and weekends, Wimbourne APEX PERSONNEL
) you had better contact us! 4891. (6600)
To be generally involved in maintain 6532 800 FUDLHAM ROAD
ing and building power units. acces- _m_ LONDON S W.6
sories and allied devices. Basic 34 P;;'_:;a‘;";:;’;&".‘;?'xrw"
electronic knowledge is sufficient but 550 0836 (evening) RADIO and Radar M.PT. and CJ’I = 78’] 4358
applicants should be capable of C.G.L.I. Courses. Write: Principal, 6549
handling bench tocls and light Naut.cal College, Fleetwood, FY7
machinery and hold a current driving a7

licence

Phone or write (preferably)
Mr. Cecil, Strobe Equipment Ltd
56 Turnmill Street, London, EC1

M5QR

01-2530791/3
(6508)

Opportunities in the

ELECTRONICS
FIELD

We have selected from many
vacancies those which offer ex
ceptional career prospects and
Jjob interest. If you have experi
ence in design, test, sales or
service and wish to progres:
your career, piease lelephone
Mike Gernat B Sc. who is advis
ing on these opportunities

E.M.A. Management Personnel Ltd.
Burne House, 88/83 High Holborn
London WC1V 6LR

012427773

(25

TELEVISION BROADCAST
ENGINEERS

STV have vacancies for Engineers and Senior Engineers in the
V.T.R. and Telecine Departments.

Applicants should be qualified to H.N.C. standard or equivalent
and preference will be given to those with experience in television
broadcasting equipment.

Please apply in writing to: (6590)

The Personnel Department
SCOTTISH TELEVISION LIMITED
Cowcaddens

GLASGOW G2 3PR
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Senior Test
& Commissioning
Engineers for
Television Broadcast
Equipment c. £5,000

Our new range of Telecine products are seiling in
ever-increasing numbers to customers worldwide. If
you have experience of testing or servicing similar
products and would like fo join a growing Company
exporting 90% of its equipment we would like to hear
from you.
We have vacancies for
U.K. based (Ware) Service and Installation
Engineers to instalt and service equipment in
the UK, USA, Europe and Asia.
Factory Final Test Engineers responsible for
ensuring that our equipment meets the
extremely high specifications we have set, and
to conduct Customer Acceptance Trials.

For the right applicants we will pay a salary of up to
£5,000, in addition some vacancies include a
Company car. Relocation expenses will be paid by the
Company for the more senior positions.

Please telephone or write to i

The Personnel Department %"
Rank Cintel
Watton Road
5 WARE, Herts SG12 OAE
Telephone: Ware 3939 =Ko A
AWARD TO
INDUSTRY
RANK CINTEL
Brighton Polytechnic
Learning Resources
MAINTENANCE
ENGINEER
CCTVand A/V
£3.678 tot4,407
to work in an expanding TV and AV service. High

maintenance skills required with a wide range of A/V
equipment from 16mm projectors to advanced Colour TV
studio. This challenging job will need organising skills, and
will be part of a technical team working in a newly built centre
In a pleasant area.

VTR ENGINEER
£3,678 to£4,407

Qualified in electronics, with a background in broadcasting,
large CC TV studio or other connections with television,
preferably colour, to work in educational establishments
breaking new ground in CC TV. Will have proven ability to
maintain studio Helical VTR's but the interest and willingness
to maintain a quantity of open reel portable and editing VTR's
and VCR's.

Details and application forms from Personnel Officer,
Brighton Polytechnic, Moulsecoomb, Brighton BN2 4GJ. Tel:
0273 67304.

Closing date 15th December (6591)
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Radio Engineers

K2388-K3756 (c. £1791-£2817)
Supplement £4122 (married), £2058 (single)

Together with most other countries, Zambia has recently been
affected by the worldwide economic recession. Now our
economy is surging forward strongly again, revitalised partly
by significant advances in the country's agricultural industry
and rising copper prices on world markets. Come here on a
3-year contract and your skills will be welcomed - and
broadened. You'll enjoy the warm, pleasant climate in this
totally land-locked country, larger than France, Belgium, the
Netherlands and Switzerland combined. You'll enjoy: the
scenery too; although mainly a broad plateau, Zambia also
features spectacular mountains, a certain amount of dense
forest,imposing rivers, vast lakes and extensive game reserves.
Its many large cities and towns contain all the normal modern
facilities and are linked by excellent roads and rail services.

Requirements:

Either 5-year apprenticeship, service trade certificate, ICAO
certificate or equivalent; knowledge of medium-powered
HF transmitters, frequency key shifting, SSB and equipment,
medium-frequency non-directional radio beacons plus low
and high-powered VHF AM equipment; and knowledge of
either (a) VHF, omni-range, automatic VHF, direction finders,
distance measuring equipment, (b) instrument landing
systems, (c) radar X-band terminal and PP! talkdown equip-
ment, (d) audio and remote control equipment, public
address equipment, airport magnetic tape equipment, inter-
office communications, underground control cables, impulse
and DC switching systems or (e) teleprinter telegraphy
(torn tape) and associate page printers, tape recorders (auto
heads), printing reperforators, semi-automatic message
switching systems.

Responsibilities:

Installation/maintenance/overhaul of ground terminal radio
communication equipment and navigational aids.

Strong financial attractions

As well as the salary quoted, you will enjoy TAX-FREE sup-
plements, a TAX-FREE terminal gratuity, low-cost accommo-
dation, low taxation and free passages. Together, these add up
to exceptional real earnings. Starting salaries relate to
qualifications/experience, while gratuities total 25% of basic
salary. Salary-related supplements are reviewed annually and
paid- by the British Government to designated British
nationals (annual maximum is shown), while appointment
grants, education alloWadces, car loans, medical aid assistance
and free holiday visits for children educated in Britain are also
provided for those receiving supplements. N.B. Sterling
equivalents given are approximations only due to constant
exchange rate fluctuationsl!

For further information please send full personal/professional
details (without obligation and in total confidence), to
Recruiting Officer (Room 33), Zambia High Commission, 7-11
Cavendish Place, London, W1

(6539

B _

S : D ENTS WANTED

FREELANCE CONTRIBUTORS re-
quired for user orientated video
magazine to be launched early
'77. Applications enclosing samples
of recently published wrok should all

SUBSTANTIAL JAPANESE instru-
ment company requires sub-agents
to franchised U.K. distributors in
European countriegs with OEM

be sent t0 the Publisher, Creauve | and/or direct marketing experi

Video (WW) PO Box 152, Barnet, | €nce Pfefggablye [Sovering Pf"e'

‘ T meters. instruments and amateur

Herts. EN5 4HU. (6325) radio equipment. Box No. W/W
6565

AGENCY WANTED

AGENCY  WANTED.  successtul | BEIVRILTEY Mo e LR (VIV} (18
salesman seeks agency marketing .

electronic equipiment/components =

and wishes to meet manufacturer EXPORTER REQUIRES CONTRAC-
with suitable new/established pro- | TOR able to produce 30/100 belt
ducts of particular interest: elec- drive turntables weekly. Box No
tronic industrial aids, data collec- W/W 6541.

tion terminals. Modest investment
available. Box No. W/W 5557.
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UNIVERSITY OF KENT
AT CANTERBURY

PHYSICS LABORATORY

ELECTRONICS
TECHNICIAN

The Physics Laboratory requires
two TECHN{CIANS for the Elec-
tronics Workshop. Candidates
should have experience In the
construction, modification and
repair of Electronic Equipment
and for one of the appointments
some expertise in Digital Elec-
tronics will be required. Salary
scales Grade 3
£2,455£2,788;, Grade 5
£2,88943,367. The Grade and
placing will depend on qualifica-
tions and experience. Application
forms and particulars may be
obtained from the Assistant
Registrar, Faculty of Natural
Sciences, The University, Can-
terbury, Kent.

Closing date 26 November,
1976 Please quote Ret T76/9

(6598)

Appointments

Engineers &

As one of the world’s leading suppliers of radio and

navigational equipment to the marine industry we have a

continuing programme of development.

We require engineers and draughtsmen at all levels (and of

either sex) to assist with our programme.

If you are interested in these vacancies and require further

information please write or telephone:

Jonathan Smith,

Draughtsmen

International Marine Radio Co. Ltd.,
Peall Road, CROYDON, CRI3AX.

ITT

Telephone: 01-6849771.
Evenings. 01-361 97144.

WANTED

EXPERIENCED
RADIO-TELEPHONE
ENGINEERS

to join London's fastest expanding
radio-telephone company

Experience of V.HF and UHF
required, with knowledge of Pye and
G.EC equipment for maintenance
service engineering and freld work

The successful applicants will be part of a
young and enthusiastic team. Good
salary according to experience and
aptitude Five day week Free lunches

Write or call now with detals of past
experience to Mike Rawiings or Bill
Clarke.

30 Boundary Road, London NW8
Telephone 01-328 5344

NEWCASTLE AREA HEALTH AUTHORITY (TEACHING)
ENGINEERING DIVISION
FREEMAN HOSPITAL

CHIEF ELECTRONICS TECHNICIAN, GRADE |

Required to be responsible to the Area Engineer for all technical aspects of the
Medical Electronics Department. This department is chiefty involved in
maintaining and repairing all forms of electronic equipment.

Extensive experience in the field of medical equipment is required, together with
a minimum qualification of HNC Electronic Engineering and preferably
Corporate Membership of the Institution of Etectronic and Radio Engineers

Salary scale: £4,419£5,136 plus £6 per week supplement. Whitley Council
conditions of service apply. (Closing date November 30th, 1976)

Apptication form, job description and further details available from: Senior

Personnel Assistant, Freeman Hospital, Cheviot Court, Freeman Hospital Staff

Residences, Melville Grove, Newcastle upon Tyne NE7 7DF Tel. 815926
(6523)

London

Communications
(Equipment) Ltd

LAB-CRAFT LIMITED

require an

ELECTRONICS

DEVELOPMENT
ENGINEER

for the design of new projects and
deveiopment of existing products in
the light electro-mechanical field
involving solid state techniques
Preterence will be given to an
experienced engineer of HNC stan-
dard who can be relied upon 1o work
unsupervised on own projects
Some experience in the design of
Emergency Lighting, Low Voltage
Fluorescent Lighting; or Inverters
wouid be an advantage but is not
essential
Applications giving full details of
experience and salary expectations
should be submitted by letter in the
first instance to

The Technical Director

LAB-CRAFT LIMITED

Church Road, Harold Wood
Romford, Essex RM3 OHT
(6528)

FIELD SALES
ENGINEER

is required by Aladdin Components, a division of Aladdin
Industries Ltd., to sell electronic components in the Wast and
South of England and to provide technical support to customers

Applicants, male or female, who are resident in the Bristol area

should be aged 22 to 40 years, possess a sound technical
education and have had working experience in an engineering or
sales biased company. Salary will be £3,000 to £3,500 per
annum, plus car, plus bonus and other benefits will include four
weeks annual holiday and contributory pension scheme.

For further details, telephone or write to:

Mr. P. Crosby
Aladdin Industries Ltd.
Aladdin Building
Western Avenue
Greenford, Middlesex

Tel. 01-578 2300

{6534)

Industrial Development
{Bangor)
The Commercial Unit of the University
College of North Wales

RADIO
ENGINEER

A qualified engineer with radio and
digital circuit experience is required to
join an active group working on the
development of novel remote position
monitoring systems employing exist-
ing radio navigation transmissions.
The engineer appointed will be
concerned with the deveiopment and
control of final test procedures on
production equipment and will be
required to accept overall respons:oi-
lity for field trials.of both standard and
special systems.

Starting point on the salary scale of
£3174 10 £4602 will be commensur-
ate with experience

Applications should be sent to Pro-
fessor P. E. Secker, 1.D.(B),
U.C.N.W., Dean Street, Bangor,
Gwynedd LL57 1UT, not later than
30th November, 1976 (6558)

SUTTON
(LONDON BOROUGH OF)

CARSHALTON COLLEGE OF
FURTHER EDUCATION
Nightingale Road
Carshaiton, Surrey

Principal:
LAWRENCE,
C.Chem., F.R.I.C.
Telephone: 01-647 0021

DEPARTMENT OF
ELECTRICAL ENGINEERING
For 1st January, 1977, or as soon as

possible thereafter,

LECTURER |
for general Electrical subjects espe-
cially in the Radio, T.V. and
Electronics Sections. Candidates
should have had industrial experience
and be capable of teaching both the
theoretical and practical aspects to
technician and craft students
Salary: £2781 to £4689 per annum
plus £298 per annum London
Aliowance.
A stamped addressed envelope
should accompany a request to the
Principal for further particulars and
an application form. 6562)

L. P. M.Sc.,
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Appointments

SHIFT
MAINTENANCE
ENGINEERS

We need conscientious and skilled maintenance
engineers for our expanding cassette tape
production department at our Uxbridge Road,
Hayes site.

We are seeking engineers who have practical
experience up to City and Guilds final level in
electronic and mechanical maintenance. We are
parucularly interested in individuals who can show
practical and theoretical expertise of professional
tape recording machines and associated
electronic equipment.

The Department works a double-day shift
system, 40 hour week. The very nature of the
production system means that adaptability will be.
a prime characteristic of the successful applicants.

As befits a well known international company,
agood salary and excellent conditions of
employment are offered,

To apply for these interesting positions please
telephone or write for an application form to;

David }. Lunt, Personnel Officer, EMI Records Ltd,,
1/3 Uxbridge Road, Hayes, Middlesex.
Tel: 01-561 8722 ext. 210.

*Applicants of either sex considered.

EMI RECORDS

The international music, electronics and leisure Group,

G IWESTIWARI | |

WESTWARD
TELEVISION

have a vacancy for an

ELECTRONICS
MAINTENANCE

TEST
TECHNICIAN

To carry out all aspects of testing on a
wide range of electrical-electron
apparatus and components used in
the manufacture of modern Xray
equipment. General testing exper-
ience is essential, although not
necessarily in this particular field.

Write in the first instance to: The

Personnel Officer, G.E.C. Medical
Equipment Limited, 14 Progress
ENGINEER Way. Waddon, Croydon, Surrey.

Telephone 01-688 7495.

to work on studio (6509)
Broadcast Equipment
including cameras and
video and audio
equipment. Shift working
may be involved. Salary
up to£4750. Excellent
conditions of service and
relocation assistance may
be available. Written

applications giving full \ -
details should be \‘b\
forwarded to the I

Personnel Manager
Westward TV

Derry’s Cross
Plymouth PL1 2SP

ARTICLES FOR SALE

& ”////// iy

Prwvate enquiries. smi l 3p in stamps for brochure

THE QUARTZ CRYSTAL CO.LTD.

QC.C WORKS. WELLINGTON CRESCENT
NEW MALDEN. SURREY. 0' 942 03348 2988

(6564)

required for maintenance and

Chelsea/Westminster District,

Measurement, Westminster Hospital.

Applications in writing

ELECTRONICS
TECHNICIAN

{Medical Physics Technician 111)

repair
based at St. Stephens Hospital,
Opportunities exist for development of equipment in the department of Clinical

Salary Scale: —£3243£4146 plus £312 London Weighting.

to-—The Secretary,
Measurement, Westminster Hospital, London SW1,

Wireless World, December 1976

of electromedical equipment in

Futham.

Department of Clinical
naming two referees.
(6530)

S
|

SERVOTEST
1

TEST AND
COMMISSIONING
ENGINEER

Servotest Limited, leading manu-
facturers of electro-hydraulic servo
equipment, have vacancies for com-
petent engineers to work in testing,
commissioning and servicing.

Some travel is involved, both in the
UK. and abroad. The successful
candidates will have a sound practical
and theoretical electronics back-
ground with a knowledge of several of
the following:

Analogue circuits using integrated
and discrete components; operational
amplifiers, simple digital circuits,
servo systems, hydraulics.
Appropriate qualifications would be
HNC, C & G Radio and Television, etc.
The ability to work without super-
vision and to deal with customers at all
levels is essential. Applicants must
hold a current driving licence. Salary
from£3,750 p.a. __

Telephone: Mr. Crabtree on 01-998
1552 for interview.
SERVOTEST LIMITED
Sarsfield Road, Perivale
Greenford, Middx. UB6 7AA

(6562)

INNER LONDON
EDUCATION AUTHORITY

London College of Printing
Elephant & Castle, SE1

FACULTY OF
VISUAL COMMUNICATIONS

TELEVISION
TEGHNICIAN/
ENGINEER

Applications are invited for the above post
in the expanding Department of Photo-
graphy, Film and Television.

Candidates should be conversant with
modern 2", %’ and 1" black and white
and colour equipment and be capable of
electronic maintenance. Experience in
professional broadcasting would be an
advantage. as well as an interest in
experimental video work. The successful
pplicant will be p! d to assisl in
running studio productions and video tape
editing.

Salary scale: £3,190-£4,702 (ST1/2).

Application forms, returnable within 14
days, from the Senior Administrative
Officer

659 2)

ARTICLES FOR SALE

VACUUM is our speciality, new
ang secondhand rotary pumps, dit-
fusion outfits, accessories, coaters,
etc. Silicone rubber or varnish out-
gassing equipment from £40. V. N.
Barrett (Sales) Ltd., 1 Mayo Road.
Croydon. 01-684 9917. (24

60KHz MSF Rugby Receiver. BCD
TIME OF DAY OUTPUT. High per-
formance, phase locked loop radio
receiver. 5V operation with 1
second LED indication. Kit com-
plete with tuned ferrite rod aerial
£14.08 (including postage and
VAT). Assembled circuit and cased-
up version also available. Send
for details Toolex, Sherborne
(4359), Dorset. 21

REED RELAYS, ex-equipment, 12V
coil, 2 n.d. or 2 n.c. contacts, 5 for
£1 inclusive. Other multiway reed
relays available. — s.a.e. details.
Baker, 12 Hampton Gardens, Black-
field, Southampton, S04 1WP. (6512)

1017 mHz 15 kHz Filties min x-tal
filter £3.50 each. Polar Electronics

N3191 Horten, Norway. (6513)
RADIO TELEPHONE sales, service,
new and used Pye, G.E.C., Xtals
fast delivery. aerials always in
stock, quantity discount, systems
supplied home oftice approved. Hal-
ton Comm Services, Runcorn
68695 (6514)

RHODE AND SCHWARZ u.h.f. sig-

nal generator slsd £200, wu.h.f.

power signal generator slird £300,

Marconi wave analyser TF455E £85.

g\sllsgood condition. Box No. W/W
16.

COSSOR 4100 oscilloscope upgraded
to 100MHZ by Cossor. owned pri-
vately, little used. £385. Maiden-
head 34362. (8517)

WORLD "’
28-311

COPIES ‘‘ WIRELESS
1928-1955. Believed complete.
bound. Offers. —

(6527)

SPOTWELDERS new from  £83.
Sameside from £220. — Ring 01-
540 7337/8. Rentweld's, 14 Claren-
don Road London S.W.19. (6318)

LOW COST QUARTZ CRYSTAL
OSCILLATORS, TTL compatible.
Two plastic encapsulated styles
give high accuracy and stability.
A D.I.L. package 12.5 x 20 x 10mm
(QC1313) 5 to 25mHz priced from
£7 and a 2 x D.I.L. spacing. 20
x 26 x 12.7mm (QC1453) for 1 to
4mHz from £8 or for 5 to 10mHz
from £6. Prices apply for produc-
tion quantities. For full specifica-
tion write or phone Ann Open-
shaw or Alan Pearson on Hey-
wood 69911. (6559)
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ARTICLES FOR SALE_

CMOS WITH DISCOUNTS! Any mux: 10% for 25+, 25% for. 100+ . 33 %.1or 1000+

14566
14568
14569

4059
4060
4061
4062
4063

4033
4034
4035
4036
4037

4028 1.20 4066

4039 3.08 4067

4040 1.19 40868

4047 0.93 4069

4042 0.93 4070

4043 112 4071

4044 1.04 4072

4045 1.56 4073

4046 1.48 4075
1.07 4047 1.01 4076
0.20 4048 0.860 4077
0.87 4049 0.60 4078 X
0.20 4050 0.60 4081 14160
1.82 4051 1.04 4082 0.24 141861
0680 4052 1.04 4085 0.80 14162

TERMS: Add

PRECISION
POLYCARBONATE CAPACITORS
All High Stability — extremely Low Leakage

440V A.C. RANGE 63V D.C. RANGE

Value Oimen- Price  Value {2F) Tol. .
[uF)  swons (mm}  each 1% =2% ~5%
L 0 0012

01 27 127 esp 01 L2875 50
015 27 127 sop 022 £1.32 77p 5lp
022 33 16 86p 033 £132 T7p 5ip
025 33 16 92p 047 €132 TIp 5lp
033 33 16 99p 068 €144 B4p 56p
047 33 19 £1.16 10 £1.56 91p 60p
05 33 19 £1.16 15 £1.74 £1.16  67p
060 508 19 £1.25 22 £1.98 €132 75
10 508 19 £1.37 33 £2.40 £1.60 99
15 508 254 £1.64 47 £2.82 £1.88 £1.23
20 508 254 £1.95 68  £3.48 £3.32 £1.47

10 £4.98 £3.32 £2.01

15 £7.14 £4.76 £2.88

22 £9.66 £6.44 £3.90

TANTALUM BEAD CAPACITORS—Value available 0.1. 0.22. 0.33. 0.47
0.68.1.0,2.2.3.3. 4.7, 6.8 uF al 15¥/25V or 35V: 10.0uF at 16Y/20V or
26V: 22.0F ot 6¥/ 10V or 16V: 33.0uF ar 6Y or 10V: 42.0.:¥ a1 3¥ or 6V:
100.0 F ot 3V, All a 12p* each. 10 dor £1.90*. 50 for £5*. 100 for
£9*

TRANSISTORS 1.C.'s

BCH07/8/9 Sp CBL212/2120  12p N3OS 50p
*BCI14 2p “BC2I3213  1p 0CNIA2 12p
80147/ /9 Op °*BC214/214L  11p °NESSS Timer 61p
8153 16p *BF194/5 12p 741 Bpin L 32p
BCI54/7/8/9 2p BFYS0/1/2 20p IM4l4 £1.15
*BC182/182L 1p AHITB 40p SNTBOI3NG  £1.50
*8C183/183L  )1p AFZ39 38p SN76023M0 £1.50°
BLISA/IBAL  12p °2M3702/4  Vip TBABIDAS  €1.42°

POPULAR OIDDES - IN914 6p. 8 for 45p. 18 lor 30p: INO16 Bp. 6 lor
45p. 14 for 90p. 1544 5p. 11 lor SOp. 24 for £1.00. IN4148 5p. 6 tar
27p. 12 for 4Bp: 144001 5'%p: 002 6p: D03 6ep: 004 Tp: 005 T4p:
006 Bp: 007 8%p.

LOW PRICE ZENER DIODES —400mW, Tol - 5% a1 5mA. 3V: 3v3: 3v6:
AVT: 5V1; 5v6: 6Y2: 6B, TV5: BYZ: V1. 1OV, 14V: 12V; 13V, 13.5V: 15V
16Y: 18Y; 20v; 22V: 24V; 27V. 30V: 33, Alt at 7p each. 5 tor 33p, 10 tor
B5p, 50 for £3.92. SPECIAL OFFER: 100 Zsners (may be mixed) for
£6.00.

RESISTORS - High stability. low noise carbon film 5°¢ ':W at 40° C. oW
at 70 C.E12 series enly—trom 2.2() to 22M12. AL at 19* each, Bp* for
10 of any one value. 70p™ tor (00 of any one value. SPECIAL PALK: 10 of
each valve 2.2 1o 2.24) {730 raslstors) £5*

SILICON PLASTIC RECTIFIERS— 1.5 amp. wire ended 0027. 100
PLY. Tp [ for 26p}. 400 P.L.V. Bp {4 for 309}

BRIDGE RECTIFIERS - 2'; amp: 200V 40p: 350V 45p: 630V 55p.

SUBMINIATURE YERTICAL PRESETS—0.1W only: All 2t Sp* each:
50 100: 220. 470: 680 ohm: 1K: 2K2: 4K7: 6K8: 10K: 15K; 22K: 47K. 47K:
100K: 220K: BBOK: IM: ZM5: 5M.

PLEASE ADD 20p POST AND PACKING ON ALL ORDERS. EXPORT—ADD COST
OF SEA/AIRMAL. Add 8'4 VAT to all items excep! those marked with
which are 12'7%¢

Send S.AE. tor additional stock hsts
Wholesale price iists available to bona fide Companies.

MARCO TRADING DePt P5)
The 0id School. Edstaston. Wem. Shropshire
Tel: Whixall 464/465 (STD D94 872)
[Proprs. Mimicost Trading Lid.|

MODERN LANGUAGE teaching
equipment little used. at one
tenth of todav's cost this offer can-
not be repeated. Ring Mr Wright
061-764 2931 68515)

C.R.T. REGUNNING PLANT. New
and secondhand reconditioned
training. demonstration  colour or
R/W. Barretts. Mayo Road Croy-
don. Surey. CRO 2QP. 01-684 9917

“"MOTIVATOR" Curtain Cord Con
troliers. Mains battery models and
kits for use with corded domestic
curtains. From £18-£30. Aid-Us
Products. Dept WWI14, § Hillview
Road, Pinner HA5 4PA Middlesex.

(65461

VAT to all prices at 8% Pos{age etc. UK 25p (+2p=27p) per order.
export £2.00 /no VAT). Orders processed same da

GREENBANK ELECTRONICS (Dept W11W)

34 Mew Chester Road, New Ferry, Wirral, Merseyside L62 SAG. England,

2.08 14529 1. 14572 O.

1.18 14419 2.67 14530 . 14580 .

1.18 14490 6.51 14531 . 14581 4.30
4.13 14501 0.20 14532 1. 14582 1.64
1.22 14502 1.38 14534 8. 14583 0.84
203 14503 0.75 14536 4. 14585 1.10
176 14505 4.38 14537 13. 74C00 0.25
216 14506 0.57 14539 1. 74C02 0.25
216 14507 0.60 14541 1. 74C04 0.25
226 14508 3.08 14543 1. 74C08 0.2%
0.66 14510 1.51 14549 . 74C10 0.25
8.18 14511 1.74 14552 10. 74C20 0.25
221 14512 1.03 14553 4. 74C30 0.25
4.30 14514 3.47 14554 1. 74C32 0.2
1.73 14515 347 14555 1. 74C42 1.84
z.gs 14516 1.51 14556 1. 74C48  2.26
2.28 14517 4.02 14557 A, 74C73  0.67
1.75 14518 1.39 14558 1.28 74C74 0.80
425 14519 0.57 14559 4.10  74C90 0.B&
118 14520 1.39 14560 2.17  74C93 0.86
1.18 14521 2,77 14561 0.70 74C95 1.25
118 14522 2.15 14562 5.59  74C926 7.89

Tel: 051-545 3391

IBM GOLFBALL 7351/0

TYPEWRITERS

Coding similar 1o EBCDIC. Will accepl normal or
sprockeled paper. Supplied wilh photo copy of I1BM
interface manual. Each machine serviced and lested.
£100 and 8% VAT.

As above bul modified to take office range of goltbalis
(10 pitch) £125 + 8% VAT finc. new goilball).
Overseas air Ireight or surface ai cost.

Typewriter orders only to:—
Keytronics
Saul Lodge
Saul. Gioucestershire
Tel: Saul (045-274) 612

+ ELECTROLYTICS
4700, 40V 50p (15p) 4000, 70V 80p (25p)
5000, 60V 75p (25p) 10.000,. 16V 50p (15p)
2200 63V 38p (14p} 2500 + 2.500 30V 40p
(15p}
40 275V AMS motor start 50p (20p)

+ SMALL ELECTROLYTICS
2.2, 10V, 10, 35V, 50, 40V, 100, 40V. 100, 6V.
150y, 10V. 64y, 10V, 300, 10V. 200, 10V
12 tor 45p [12p)

+ PIHER PRESETS 100 mW
220. 470. 1k. 4k7. 10k. 100k. 220k
12 tor 60p [12p]

TRANSFORMERS

31V 330 mA G0p (30p). 12v 2A £1.60 [50p). 17V SA
EX-EQPT £2.25 (65p]. TORDIO 20v 1A £2.25 {60p|. ¥
3A £1.60 {60p). 12V 10A £3.50 [90p). 0-3-14-17 1.54
ex eqpt £1 (35p).

VARIOUS

Humidity switch (adjustable] 80p (13p]
6A mains latching relay 80p (13p]
3m plastic magnetic strip 3” wide 30p/foot (20p)
+ 250 mixed capacitors 60p {8p)
Light aclivated SCA 50V 1.6A 35p (10p)
+ Ge diodes GEX100 £15/1000 £2.50p/100
MPU 131 PROG UNIJ 20p (10p) qty available

2N3702K 13 tor €1 £50.00/1000
PAPST FANS (or similar| recondilioned

4V x 4% x 2in. 100 c.l.m. 50/60 c/s  £3.60 (65p]

+ reed inserts 70 mm h/d contacts 10 lor £1 (12p]
+ reed inserts 45mm 20 for £1 [12p}
VAT add 12'4% to itexs marked +. athers 8%

KEYTRONICS
Shop open Man-Sal 9.30 a.m.-2 p.m.
332 Ley St., Iord, Essex
01-553 1863

CRYSTALS
Fast delivery of prototype and production guamiites fo your
specificalion. EG

100 KHz 0.005° HC13/0 £2.50 each £1.900 per 1.000..
1 MHz DUOS'. HCB/U  €£2.50 each £1.600 per 1.000
2.097152 MHz 00025« HCB/U  £3.05 each £1.550 per ).000
32768 MMz 0.0025's HCBAJ £2.70 sach €£1.500 per | 000
10 MH: 0.002. HCISA £2.00 each £1.100 per 1.000
Also  Statek LF crystats »n TO b package many

stock frequencies in the range 10-240 KHz e g
10 128 16 384 32 768 & 100 KHz prices from
12 65 each ¢1 400 per 1.000

Please send for further details

INTERFACE QUARTZ DEVICES LTOD., 29
Market Street, Crewkerns, Somerset. Tele-

phone: (046031) 2678 Telex: 46283
B i

—
1 i
Bestchoice forused TV
Worldwide exporters of colour and
mono TV. Unlimited supplies.

Midland TV Trade & Retail Services.
Worcester Road. Kidderminster, England.
Tel: Kidderminster 51907 or 67390.

Graphic

Exclusive to

Altec, {YC, BSR, MXR, Technics.

Tel 01-240 3066/7

Classified

Equalizer

REW

REW are proud to present the Soundcraftsmen Graphic Equalizer-—undéubtedly
the fin st unit of its kind for both Hi-Fi and professional use. Each of the stereo
channels is divided into 10 frequency bands, from 20 Hz to 20.480 Hz. Boost
and cut of {2 dB is provided on each band and a gain control adjusts the output
to match any amplifier. The unit has a champagne gold anodised front panel,
enclosed in an attractive wood-grained cabinet. The Soundcraftsmen can be
used as a sophisticated tone control enabling you to highlight individual instru-
ments. Alternatively it can be used to produce a near-perfect flat frequency
response in any domestic conditions by compensating for either poor room
acoustics or various deficiencies in Loudspeakers. Also perfect for equalizing
tape recordings. Send for full literature.

Full range of Equalizers by other leading manufacturers alfsa in stock

® REW Centrepoint. 20-21 St Giles High Street, London WC2

@ 146 Charing Cross Road, London WC2 Tel
® Mail orders to REW House (dept. WW), 10-12 High Street
Colliers Wood, London SW19 Tel

including

01-240 3064/5
01-540 9684/5/6

SOWTER
TRANSFORMERS

FOR SOUNO RECORDING ANO REPRODUCING
EQUIPMENT

We are Suppliars 1o many well knows Companies. 3tudios and
Woadcasiing auihorilies and were established in 1941 Eariy
deiivenes Compelitive prices. Large of small quantilies Lot us
uote

SOWTER TYPE 3670
MULTITAP MICROPHONE
TRANSFORMER
Primary wdings for 600 obm. 200 ohm amd 60 ohm wilh
Secondary foadings Irom 2% ohm lo 10 K ohm. Frequeacy
response plus/mnus ‘A8 20 Kz 1o 25 KMz, Cottained in walt
frushed Mumetal bex. J3mm diameter by 2Zmm migh wilh colewr
cofeg end ieads. low Oistortion. DEUVEAY [small quantities)
EX-STOCK  HIGHLY COMPEMTIVE PRICE. FULL OETARS ON

REQUEST
E. A. SOWTER LTD.
Translormer Manutacturess and Designers
7 Dedhem Place, Fore Street
Ipswich IPA 1JP, Tal. 0473 52794 §042

Arecent relea

QUARTZ CRYSTAL l
UNITS from
|
® 10-500 MHZ //(;v |
® FAST DELIVERY ]
® HIGH sTABILTY (.
® Y0 DEF mu/// i
|
I

/

WRITE FOR
LEAFLET AT

MCKNIGHT
CRYSTAL Co. Ltd.
HARDLEY INOUSTRIAL

ESTATE. MYTHE l
SOUTHAMPTON S04 82Y

(6044)J

EL. HYTHE 848961
STD CODE 0703

CAPACITORS, mixed bags of elec-
trolytics, approximately 500 un
tested for £1. Mullard metallised
polyester. mixed hags of 50 1uxF
and 2.2xF (250V d.c). cosmetic
imperfections so £1. Add 40p P&P
to all orders. R. Wardle. 3 Erp-
ingham Road. SW15 1BE (6170

MUST CLEAR Colour T.V's work
ing/non working. 3-PYE — CTTO
"CT104. 2-GG. 1-Decca CTV 25. 2
GEC 2023 1-Bush 25in. All compiete.

others for spares. various prices
Mr West. Falkirk (0324) 27055 after
7 p.m. 16595)
FAX. — Quantity of spares avail
able. Phone Mr Grout, Worthing
34897.

VALVES RADIO TV TRANSMIT-
TING INDUSTRIAL 1936 to 1975,

many obsolete types, list 20p s.a.e.
for quotation. Postal export ser-
vice. We wish to buy alt types of
valves new and boxed. Whole-
salers, Dealers, etc. stocks pur-
chased. Cox Radio (Sussex) Lid.
The Parade East Wittering, Sussex.

West Witlering 2023. (5392)

FOR THE PERSON
WHO WANTS THAT
BETTER QUALITY

SOUND AT A
REASONABLE COST

A complete range of sub
assemblies for producing almost any
type of Audio Mixer from a simple
unit for the Disco Operator to a mult
channel studio mixer with full faci-
lities. ‘All sub units are avaitable in kit
form or fully assembled and tested
Complete mixer kits from £ 16 98 plus
VAT or fully assemblied and tested
from£25 48 plus VAT
We are suppliers of equipment to
Government Departments. education
authonities, military establishments
commercial and hospital radio sta-
nons; etc

For full details large SAE to

PARTRIDGE
ELECTRONICS

21/25 Hart Road, Benfleet
Essex SS7 3PB. Ref. WW11
(6561)




Classified

EXCLUSIVE OFFER

WORLD-WIDE RANGE
NEVER BEFORE OFFERED

PHILCO HC-15¢ POINT-TO-POINT STRIP
RADIO HF RECEIVERS 2/30 m/cs. Ten fully
tuneable channels to 0.5 kes with synthesisers.
Single and diversity receptior on 1SB, DSB. SSB
with 4 sub-bands to each channel. Full details and
prices on application

HIGHEST QUALITY 19
RACK MOUNTING CABINETS
& RACKS

ENQUIRIES INVITED
FOR NEW STOCK
NOW AVAILABLE

AUDIO AND INSTRUMENTATION-
TAPE RECORDER-REPRODUCERS

# Plessey 1D32 Digital Units. 7 track 4"

* Pleasey M5500 Digital Unit, 7 tracks 4"

* Ampex FR-1100, § speeds, stereo %"

* Ampex FRE00, 4 speeds, 7 tracks '4”

« D.R.I. RM], 4 speeds. 4 tracks 4"

* EMITRID 2 speeds, 1 track 4"

* EMI BTR!, | speed, 1 track '4”

4 EMIR301G, 2 speeds, 2 tracks '%"

* EMIRE321 %", 74" I track

* Ficord 1A %", 1%", 74", | track

« Mincom CMP-100, 6 speeds, 7 tracks %, '4, 17
« Leevers Rich DA-2P, 2 speeds, 2 tracks A"
« Leevers Rich Console 2 track %"

+ Office Machines, various

Prices of above £70 to £400
Also Transport Decks only available

We have a large gquantity of "bits and pieces™ we
cannot tist -~ please send us your requircments, we
« 10 probably hetp — all enguirtes answered.

All our aerial equpment 1s professional MOD quality
# T i D52 d/b Osci S £85.00

Racal SA-20 Counter Timers...... ........ £25.00
100 amp Belling Lee Interference Filters .... £75.00

Solartron CD1014 Oscilloscopes .. ..... ...
Marcont TF2331 Distortion Meters o

AVO VT Voltmeters CT471A . ...
Sotartron Digital Voltmeters LM 14

Racal MA197 Pre-Selectors .. . . . £85,
Marconi TF -888 Receiver Testers........... .
Coluns 500 watt 2718 mcs. Transmutters .. £1000.00
Collins KWT6 SSB 500w Transceivers . ... £1250.00
£750.00

Collins KWT6 200 m/w AM Transceivers ..
STC Rx5 2725 mes Receivers Diversity .
Rack Mounting Operator Tables . .. ..
Gaumont Kalee 564 Flutter Meters oo
Hewlett Packard 618B Sig, Gen. 3.8/7.2 GHz

Rahn 95ft masts lattice 127 sides .
30ft Lattice Masts, 14" sides
15ft Lattice Mast sections, 12 sides .

120t Lattice Masts, 15 sides . ..
75/90ft Sky Towers, self-supporti
Heavy Aerial Rotators . o

Racal SA 504 Voltage converters ... £25.00
Elliot Recording M/A Meters ... ... . £75.00
Hallicrafter 152/174 M/cs Receivers ........ £65.00
756t Aluminium Lattice Masts, 20ft sides £400.00
Plessey peak distortion meters .. ... . £35.00
Polarad Microwave power meters . £85.00
Rhode & Schwarz SBR sig gen, | . £70.00
Airmec 702 sig gen 30 cyc 30 kes . £26.00
S.E. 4000 System Units ........ . P.UR.
Large Aenial Turning Units ... .... . P.UR.
45 feet Uniradio 4 Co-ax 50 ohms . . . . £2.00
Stelma RTT Y Scopes . ............... £20.00
Baluns Professional Exterior 600/75 oh . £6.00
25ft Telescopic Aerial Masts . . .. £24.00
Addo 5/8 Track Tape Punches . £48.

Digital Cassette Recorders %4 1000 bps . £250.00
Quality Weather Vanes 8 contacts (unused) . £15.00

B.N.C. Connectors 200for .................
Racal RA17 Front Panels (new)
Racal MA-175 1.S.B. Modulators
Imslide Cabinet Shelf Sliders ..
DG-7/320r DG7/5CRT's ...
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COLOUR,

UHF AND TV SPARES.
NEW colour bar generator kit Mk 3

aerial input type, R-Y, B-Y etc.
(adds on to Manor Supplies cross
hatch units) £25* pp 85p. Also
Mk 4 combined colour bar genera-
tor and cross hatch kit £35%,
pp 85p '‘Wireless World’' TV Tuner
and FM Tuner Projects by D. C.
Read. Kits of parts available.
Cross Hatlch kit, Aerial Input
type. No other connections.
Battery operated, portable. Incl.
Sync & UHF Modulator units
£11*. Add-on Grey Scale Kit,
£2.90* p/p 45p. CRT Reactivator
kit for colour and mono, £17.48*
p/p H0p. Signal Strength Meter kit
£18*. p/p 70p. 625 TV IF Unit, for
Hi-Fi amps or tape recording £6.80
p/p 65p. Decca ‘Colour TV Thyris-
tor Power Supply Unit, incl. H.T.,
L.T., etc. Incl. circuits £3.80 p/p
95p. Bush CTV 25 Power Supply
Unit, inct. H.T., L.T., etc. £3.20
p/p £1.20. Bush CTV 25 Conver-
gence panel plus yoke, blue lateral
£3.60 p/p 80p. Philips single stand
convergence units complete, incl 16

controls, £3.75 p/p 75p. Colour
Scan Coils, Mullard or Plessey £6
p/p 80p, Mullard AT1023/05 or

Plessey Converg. Yoke £2.50 p/p
55p, Mullard or Plessey Blue Lat-
erals 75p p/p 30p. BRC 3000 type
scan coils £2 p/p 80p. Bush CTV
25 Scan Coils £2.50 p/p 80p. Delay
Lines: DL20 £3.50 DL40 £1.50 DLI1E,

DL1 85p p/p 40p. Lum. delay
lines 50p p/p 30p. Bush/Murphy
CTV 25 3/174 EHT quadrupler

£8.50 p/p 75p. Special offer colour
triplers, ITT TH25 1TH £2 GEC 2040
£1.75 p/p 50p. Philips G8 Panels,
part complete, surplus/salvaged:
Decoder £2.50, IF incl. 5 modules
£2.25, T. Base f1 p/p 70p. CRT
Base 75p p/p 30p. GEC 2040 De-
coder panel for spares £3.50 p/p
70p. VARICAP TUNERS. UHF:
ELC 1043 £4.00, ELC 1043/05 £4.50,
VHF: ELC 1042 £4.40, Philips VHF
£3.50. Salvaged UHF & VHF Vari-
caps £1.50 p/p 35p. SPECIAL
OFFER: RBM 6 psn. Varicap con-
trol unit £1 p/p 35p. UHF Tuners
transd. incl. slow motion drive
£3.80. 4 Psn. and 6 Psn. push but-
ton transd. £4.20 p/p 70p. Philips,
Bush, Decca integrated UHF/VHF
transd. tuners £4.50 p/p 80p. Thorn
850 dual stand, time base panels
50p. Philips 625 IF panel incl. cct.
50p. p/p 65p. VHF Turret tuners
AT 7650 for KB Featherlight,
Philips 19TG170, GEC 2010, etc.
£2.50. Pye miniature incremental
tuners £1. Fireball tuners, Fergu-
son, HMV, Marconi 80p p/p all tun-
ers 70p. Mullard Mono scan coils
for Philips, Stella, Pye, Ekco,
Ferranti, Invicta £2 p/p 70p. Large
selection LOPTs, FOPTs available
for most popular makes MANOR
SUPPLIES, 172 West End Lane,
London, N.W.6. Shop premises. Cal-
lers welcome. (Nos. 28, 159 buses
or West Hampstead-Bakerloo Line
and British Rail). Mail Order: 64
Golders Manor Drive, London.
N.W.11. Tel: 01-794 8751. V.A.T.
Please ADD 12i4% TO ALL PRICES
(EXCEPT WHERE MARKED * VAT
8%). (60)

Advance H1 Signal Generators, 15/50Kcs
Tally 5/8 Track Tape Readers 60cps........ £48.00
Tally 5/8 Track Tape Readers Track ling £65.00

Cawkell FU 4 Band Pass Filter Testers . ..... £60.00
Avo Geiger Counters (new)................

P T T A R R R R R R SRR S

We have a quantity of Power Transformers 250
watts to 15KVA at voltages up to 40KV Best
qualtty at low prices Lists available

* Racal RA-63 SSB Adaptors, new

% Racal RA-237 L.-W Converters, new ..
* 19" Blank Rack Panels 8%n high, new . . £1.00
+ Apeco Diala Copy Photo Copier Electrostatic £35.00

* Portable Mains Battery Hospital Lights . £24.00
* 100 Channel Pulse Height Spectrum
Analysers R .. £600.00

We have a varied assortment of industrial and
professional Cathode Ray Tubes avaitable. List on
request

PLEASE ADD CARRIAGE AND
AT

P. HARRIS

ORGANFORD-—-DORSET
BH16 6BR
BOURNEMOUTH (0202) 765051

TELEPHONE ANSWERING machines
for sale. New £120, answers and
records. Plus 2-way conversations
and dictation. Free accessories_and
Guaranteed 1 year. C.R.V.E. Ltd.,
30 Goodge Street, W1. 01-249 0416
01-580 1800. (6210

COMPARASCOPE. Gives alternate
enlarged images of both master
and sample automatically. Example
of use comparing components on
circuit boards etc. Makes identifica-
tion and comparison a simple task
without  eyestrain. Costs  over
£1,800, good condition, £400 ono.
Tel: 01-689 5295 days 01-684 3765
eves. (6573)

e etk Tt G Rty
ENAMELLED COPPER WIRE

sw.g. 116 reef Yib reel
101019 €2.95 £1.60
2010 29 £3.15 £1.80
3010 34 £3.45 £1.90
351040 £3.65 £2.10

‘All the above prces are inclusive of postage
and packing 1in UK

COPPER SUPPLIES
102 Parr d Road. Withing
Manchester 20 1
Tolephone 061445 8763  (100)

i

FOR SALE
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POWER SUPPLY UNITS —
GX15/108, GX15/10/14.
SCOPE P.S.U. Type 22.
RESOLVERS — 11RS 146.

PCF80, PCF84.

300243-003, 100299-003,
300301001.

PEGASUS Servo Valve 130A.
P.C.B. Various.

SALE — ELECTRONIC SPARES
NUMERICAL CONTROL
The following items are offered for sale:

TAPE READER — Creed Type 92.
Gresham Type GX15/10/11,

ROTAPULSE — 191/A Type 1000 and 2000.
VALVES — Type 13D3, PCC84, CV345, 6D2EBY1, EA76, ECCS1,

VALVES — Dowty Type: 300538001, 4553-145-91, 101278-001,
100299-004,

If you are interested please telephone POOLE 6311 or write to:
PLESSEY NUMERICAL CONTROL DiIVISION, CUSTOMER
ENGINEER SERVICE, SOPERS LANE, POOLE, DORSET

300243003 and

(6524)
CLOSED CIRCUIT TV BKRGA!N.S. RECHARG-EABLE NICAD BAT-
GRUNDIG FA 30 Camera Wwith Voit- TERIES. ' AA°' (HP7) £1.05, ‘Sub
lander zoom lens, new, bargain, C’' £1.29 (HP11) £2.02. ‘D’ (HP2)

£240. 4 Grundig FA 30 and control
units all as seen for £130. Various
other FA 30 spares. Grundig heavy
duty pan and tilt unit, new £150.
9 MARINE/INDUSTRIAL CAMERA
HOUSINGS with wipers, heaters and
weathershield all new but soiled,
only £150 each. 1 Dennard heavy
duty pan & tilt unit, new £140. 1
A.E.1. heavy duty pan & tilt unit,
s/hand £65. 4 Grundig BG 360 14in.
monitors all for £60.00, 14 A.E.L
cameras, 6 14in, monitors, 2 con-
trol units, new but very soiled, all
for £300. 12 Dallmeyer B (turret
gear) lens £1.90, 8in. £2 each,
DITTO £1.9 22 MM £2 each, 500
YDS. BICC MULTICORE screened
PVC covered cable 22 ways includ-
ing 2 COAX fraction of new cost,
£750. VIDEO LINE TRANSMISSION
EQUIP 3 complete sets of Grundig
GPO approved line transmission
equip, consisting transmitter,
booster & receiver allows video to
be sent over 1800 metres without
loss, fraction of new cost £450 per
set. 1 only booster to extend above
to 2700 metres £150. Brand new
EMI VIDICONS 9677M £10 each
type 9677C £12 each, 1 Som Berthiot
lens £4.5, 145MM tele-cinor £68, 1
Som Berthiot £1.4 25MM £22, 1
Som Berthiot £1.8 25MM £20. 2
Schnider Xenon £1.4 25MM, £25.

Pair of GRUNDIG LIGHT BEAM
TELEPHONES very rare, line of
sight electronic telephones, ideal

for experimental work a mere frac.
tion of cost £200. Telephone en-
quiries 01-435 1811 or 01-959 4625.

(6574)

FOR SALE. Miscellaneous elec-
tronic equipment. Obsolete due to
introduction of new instruments.
N. Brooker, Foxboro-Yoxall Ltd.,
Redhill, Surrey, England RH1 2HL,
Redhill 65000. (6156

16mm BELL HOWELL 631 750/100
W lamp, separate sSpeaker and
transformer. £150 + VAT. Hilton's
9 West Hill, Dartford, Kent. Tel:
20009. (WW15)

COMPONENTS: integrated circuits,

digital analogue panel meters
units, valves, etc. New and ex-
equip. Lists 12p. stamps please.
Box No. WW/6560.

MULLARD 1.5uf C281 capacitors,

10,000 in stock. Price £4.00 per 100.
price includes VAT, p&p 20p. Elec-
wronic  Mail Order Limited, 62
Bridge Street, Ramsbottom, Bury.
Lancs. Tel. Rams (070 682) 3936.

£2.92, PP ‘C’ £4.89. Matching char-
gers respectively £4.48, £4.48 £5.24,
£5.24, £3.98, all prices include VAT.
Add 10% post & package. SAE for

full list, plus if wanted 35p. for
‘Nickel Cadmium Power’ bookllet.
Sandwell Plant Ltd.,, 1 Denholm

Road, Sutton Coldfield, West Mid-
lands, B73 6PP. Tel. No. 021-354
9764. (6554)

LINSLEY-HOOD 75 watt amplifier
spares, BDY36 £1.85, DB529 53p.
BD530 55p, 2N5457 35p, 2N5459 45p.
BF258 35p MPSA12 45p, BFR39
25p, BFR79 25p, BCl182L 10p.
BC184L 11p, BC212L 12:, BC214L
ipp, LS920 5p, power amp update
kit £9.20, interference suppression
kit (also reduces pre-amp noise)
with instructions £1.35 inclusive
prices, P&P 15p. All components
brand new, guaranteed and des-
patched by return. SAE for list.
. G. Bowman (Dept WW), 59
Fowey Avenue., Torquay, S. Devon.

(6564)

SEMICONDUCTOR
DEVICES

by N. M. Morris
Price: £4.25

PROBLEMS & SOLUTIONS IN
LOGIC DESIGN by D. Zissos. Price:
£2.25.

TESTING METHODS & RELIABI-
LITY ELECTRONICS by A. Simp-
son. Price: £4.25.

SCR APPLICATIONS HAND-
BOOK by SCR. Price: £2.25

PRINCIPLES OF DIGITAL DATA
TRANSMISSION by A. P. Clark.
Price. £4.75

PRACTICAL SOLID STATE D.C.
SUPPLIES by T. D. Towers. Price:
£6.00

ANALOGUE SWITCHES & THEIR
APPLICATIONS by Siliconix. Price:
£3.00

FREQUENCY SYNTHESIZERS
THEORY & DESIGN by V.
Manassewitsch. Price: £20.00

M6800 MICROPROCESSOR

APPLICATIONS MANUAL by
Motorola. Price: £8.00.

AUSER'S HANDBOOK OF D/A &
A/D CONVERTERS by E. R. Hna-
tek. Price: £18.50

* PRICES INCLUDE POSTAGE *

(6556)
FERROGRAPH TAPERECORDERS
FOR SALE. Series Six, new 1968,

Up to 20 in very good condition.
£40 o.n.0. Also five needing some
repair, £20 o.n.o. Make known for
durabulity. Available South London.
Offers and inquirves to Box W/W
6543

THE MODERN BOOK CO
SPECIALISTS IN SCIENTIFIC
& TECHNICAL BOOKS

19-21 PRAED STREET
LONDON W2 INP

Phone 723 4185
Closed Sat..1 p.m.
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ARTICLES FOR SALE

RIVERSIDE
ELECTRONICS

Wholesalers and other large
users of consumer electronic
components are mnvited to send
for our monthly hist of special
offers. We stock semi-conduc-
tors, 1.C.S, capacitors, resistors,
etc. Export enguiries welcome

P.0. BOX 4, WISBECH,

INVERTERS '

To operate mains squipment from 12v
t0 24v DC on sutomatic stand-by

NS C——— =l

".‘

Sine wave. Square wave. Self driven or
Frequency controlled. Suitable for main-
taining mains supply during power failure,
running equipment where the mains 1s not
available. or insulation from the mains.
Controlled battery charging incorporat
ed.  MAINS-STORE

Send for information to
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ARTICLES WANTED i

"WANTED IN
LARGE
QUANTITIES

Electronic components: resistors,
capacitors, potentiometers, chassis’
loudspeakers, semi-conductors,
diodes. TV tubes, especially colours.
etc.. etc., etc. First or second grades.
Finished or incomplete products
record players. amplifiers, radios.
tuners, tape recorders, enclosures
etc., etc., etc.
We will buy complete factories and
pay cash

TEL. 01-491 4636

BURGLAR ALARMS
Supplies and Equipment

* SPECIAL DFFER — LARGE SIZE
PRESSURE MATS £1.20 +

MAGNETIC CONTACTS with magnet
Only 75p

Bells, Sirens, ‘ Alarm Units. Bell covers
Window Foil. Cable, Vibration contacts
S.AE. FqR FREE CATALOGUE

Complete kit. fantastic value. everything
you need, only £40.00
Add VAT at 12%2% 1o all orders
A.D. ELECTRONICS, Warbreck Moor
Aintree, Liverpool, L9 OHU

051-525 3440 (6043)

BEST
Comps
2N3055 37p.

BUYS. MOTOROLA. 106A
2N3713/3789 £3.85 pair.
4N25 OPTO/15 22p.
MONSANTO. MAN 74 Alpha-
Numerics £1.35. MICRO-E. BSY85
11p. UNION CARBIDE TANTS. 100/
25v 11p. PAINTON. 10K Multiturn
11p. Many bargains in Test Gear.
Transistors. I1-Cs. Motors. Heat-
sinks. Capacitors. S.AE. for list.
All prices inc. VAT. Under £6.00
add 30p, p&p over free. BEST
BUYS, P.0O. Box 148 WELWYN
GARDEN CITY. HERTS (6599)

SERVICE AND REPAIRS
Wt -y

PIPCO
(S & W SERVICES)

For Electronic Engineers. Technicians
& TV Service Engineers
26a High Street
Hounslow, Middx.
Tel:|01-572 7363

Telex Pipco Hounslow 935413
(6552)

METER REPAIRS,
meters, multi-meters,
Meter Repairs, 21 Mount Road, Ben:

ammeters., volt-
ete. Contact

|CAMBS. Interport Mains- Store Ltd,
. LS EC.E. AVON HOUSE
Telephpna: 0945 4188 T T oas ey 0575 310916 360/366 OXFORD STREET
@103} (6522) LONDON, W.1 6563
NON-TRADING COMPANY IN HI-

Fl field with unique name and
registered trade mark assomated
wivh  loudspeakers for sale for
moduerate sumn. Interested parties
pleasc write o:— Managing
Director, Omal Group Limated,
Omal House, North Circular Road,

London, NW10 7UF, England, (6551)
PROFESSIONAL TV TUBE RE.
BUILDING PLANT designed and

manufactured with 20 years’ exper-
ience of tube rebuilding. Also all
assodiated supplies including
Electron guns. Regular training

* MINICOMPUTERS
* PERIPHERALS
* INSTRUMENTATION

For fastest. best CASH offer. phone

COMPUTER APPRECIATION
Godstone (088 384) 3221

’'s

WANTED, all types of communica-
tions receivers and test equipment.
Details to R. T. & I. Electronics

courses. Western-Whybrow Engin- : )

eering, WEQO Works, Penzance, | Ltd., Ashville Old Hall, Ashville
TR20 9QT (073676) 2265.  (6542) | Rd., London, E.11. Ley 4986. (63
WE INVITE ENQUIRIES from any- SURPLUS COMPONENTS Equip-

where in the world. We have in
stock several million carbon resis-
tors ith 1, 4, and 1 watt. 4 million
wire wound resistors 5 and 10 watt
— 1 million capacitors — 1 million
electrolytic condensers — % million
transistors and diodes, thousands
of potentiometers, and hosts of
other components. Write phone or
call at our warehouse. — Broad-
fields and -Mayco Disposals Ltd.,
21 Lodge Lane, North Finchley,
London, N.12. 01-445 0749, 445 2713.

(5907)

EQUIPMENT WANTED

BROADFIELDS AND
MAYCO DISPOSALS

21 Lodge Lane, N, Finchiey
London, NI12 8JG
Telephone:

01-445 2713

01445 0749 01-958 7624

WE ARE INTERESTED IN
PURCHASING ALL KINDS OF
RADIO, T.V. AND ELEC-
TRONIC COMPONENTS AND
EQUIPMENT IN BULK
QUANTITIES.

WE PAY PROMPT CASH AND

fleet, Essex. §S7 1HA CLEAR MATERIAL BY
LABELS, NAMEPLATES, FASCIAS RETURN. (46)
gnl aluminium or péastiﬁ. SpeAedy
TE RIS ety LBl £ CEIVERS AND AMPLIFIERS
borough (02873 4443). Yorks, U.K. ;
(5305) HRO Rx5s, etc., AR88, CRI100,
i BRT400, G209, S640, etc. ete., in
R. F. INDUCTION HEATER about | stock. R. T. & 1. Electromcs Ltd
1.5KW. — Barrett, 1 Mayo Road, | Ashville Old Hall, Ashville Rd.,
Croydon, CRO 2QP. (6038) | London, El11. Ley 4936. (65
SIGNAL Generators, Oscilloscopes,
EI?UCAT")NAL Output Meters, Wave Voltmeters,
) Frequency Meters, Multi-range
Meters, etc., etc.  in stock. R. T.
INTERTEXT GROUP & 1. Electronics_ Ltd., Ashville Oid
Hall, Ashville Rd., London, E.11.
Ley 4986. (64

* INTERNATIONAL
CORRESPONDENCE
SCHOOLS (ICS)

* SCHOOL OF ACCOUN-
TANCY (SOA)

* [INSTITUTE OF DOMES-
TIC ARTS (IDA)

lan Ramsden
ICS B8O07N
Intartext House
Stewarts Road, London S.W.8

01-622 9911 16610)

YOUR TAPES TO DISC. Mono or
Stereo Cutting. Vinylite Pressings.

8leeves/labels. Top professional
quality. S.A.E. for photo leaflet.
DEROY Records, ** Eastwood,’
Cove

Dunbartonshire, Scotlan?.
8

ALTERNATIVE Research Company
announce new brochure. Biofeed-
back Kirlian Photography equip-

ment and publications. Send Sae
1 Vineyards. Bath, BAl 5Ni(&.2
6211

¥

ment and Computer panels wanted
for cash. Ring Southampton 77225061.
16)

WE BUY new valves transistors
and clean new components, large
or Small Qquantities, all details.
quotations by return. — Walton’s,
55 Worcester St.. Wolverhamptog
{

B-D ELECTRONICS offer prompt
settlement for your surplus com-
ponents, OQur main field of interest
is consumer electronics. Please
telephone our Miss Hughes, Sandy
(0767) 81616. (22

WANTED!

all types of scrap and
REDUNDANT
ELEBTRONIC &
COMPUTER
MATERIALS

with precious metal content

J [
TRANSISTORS
& PRINTED
CIRCUIT BOARDS
TO COMPLETE

COMPUTERS
The COMMERGIAL
ELTING

SM &
REFINING Co. Ltd.
171 FARRINGDON ROAD
LONDON ECIR 3AL
Tel. 01-837 1475.
Cables: COMSMELT. £C1
Works: FLECKNEY. nr. LEICESTER (6050)

APOLLO SCRIBEMASTER, Wayne
Kerr Bridge. H.P. Spectrum
Analyser. Branson, 111 Park Road,
Feterborough. (6206)

SURPLUS COMPONENTS, Equip-
ment and Computer panels wanted
far cash. Ring Southampton 772501,

(16)

WANTED, surplus or slightly used
P.O. type 2 or equivalent heavy
duty unislectors, 22-50v 4 to 12
banks. Tel: 0481 57554 (6097)

ALL SURPLUS or used equipment
wanted. Radio telephones — com-
plete systems purchased. Ships
equipment and small boat radio’s
— components, partly assembled
chassis etec, etc. Established 20
years. For prompt attention contact
Mr Grout at Worthing 34897. GWM
Radio Limited 40/42 Portland Road,
Worthing, Sussex. (6594>

CAPACITY. AVAILABLE

AIRTRONICS LTD., for Coil Wind-
ing — large or small production

runs. Also PC Boards Assemblies.
Suppliers to P.O., M.0.D. etc. Ex-
port enquiries welcomed, 3a

Walerand Road, London SE13 7PE
Tel: 01-852 1706. (61

WIRING AND ASSEMBLY capacity
available. Prototype or batch, cir-
cuit boards, cableforimis. Full
sheet-metalwork facilities for manu-
facture of complete units. Com-
petitive priices and quality service.
— C.M.N. (London) Ltd, Unit 1,
Numefield Works, Pump Lane,
Hayes, Middlesex. Tel: 01-573 7360/
1985. (6512)

PRINTED CIRCUIT BOARDS —
Quick deliveries competitive prices,
quotations on request, roller tin-
nings, drilling, etc., speciality small
batches, larger quantities available
Jamiesons Automatics Ltd, 1-5
Westgate, Bridlington. N. Humber-
side, for the attention of Mr J.
Harrison. Tel: (0262) 4738/77877.
(13

PROFESSIONAL WIRING AND
ASSEMBLY of electronic equipment

to sample or drawings, any quan-
tity. — Tuo Yaw Projects, The
Street, Kirby-le-Soken Essex. Tel:

Frinton-on-Sea 71428. (6244)

ENAMELLED COPPER WIRE

swg b 40z 202
14-19 2.40 .69 .50
20-29 2.45 .82 .59
30-34 260 .89 .64
35-40 2.85 1.0a .75

inclusive ot p&p and VAI
SAE brings Catalogue of copper and’
resistance wires in alf coverings
THE SCIENTIFIC WIRE COMPANY
PO Box 30, London E4 9BW (5243)

SMALL BATCH PRODUCTION
wiring, assembly to sample or
drawings. Specialists in printed

vircuit assembly. Rock Electronics,
41 Silver Street, Stansted, Essex.

Tel. Stansted (0279) 33018/814006.

{19
PRECISION TUNED PARTS — spa-
cers, pillars, shafts etc. Large
small batches. Quotaiions by re-

turn. Send for plant/service_ cap-
acity specials, no problem. Drury

Bros., Unit 6, Hedley Road, St
Albans, Herts. Phone: 65094.
(6548)

P.C.B. ARTWORK DESIGN SERVICE
Prompt, high quality, competitive
and accurate work. 01-850 6516 for
quote from Hartley 45 Southwood
Road, New Eltham SEY. (6537)

SERVICE AND REPAIRS _

SPEECH-PLUS
RECOBDINGS LTD

Specialists in Recording for Education
Commerce, Industry. A/V Programmes

Pulsing for Training and Sales. Cassette
and Open-reel Duplicating

32 PAGES WALK, LONDON SE?
Telephone: 01-231 0961/2 (6250)

EURD CIRCUITS

Prinied (ircuit Boards
layouts — Photography
prnung Roller tinning
plating — Flexible films — Convention
al fibre glass — No order too lurge or too
small — Fast turnround on prototvpes
All or part senvice available NOW

EURO CIRCUITS TD.

Hightield House

West Kingsdown

Nr. Sevenoaks. Kent.

Master

WK2344
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MICROTEST 80 — I.C.E.

20,000 OHMS/VOLT 30 RANGES

0.
20 000 ohms/Volt 4 000 ohms VoIt (AC) 2% accuracy

Vv DC 100mV to 1KV {6 Ranges}
v AC 1 5V 10 1KV (5 Ranges)

1 DC 50..A 10 5A {6 Ranges)
| AC 250.A 10 2 5A (5 Ranges}

QOhms Low ohms ohms x 1 ohms x 10 ohms x» 100
Power Output Measurements 1 5V 1o 1000V (5 Ranges)

+ 6dB 10 62dB (5 Ranges)

Capacitance 25-F to 25 000 .F (4 Ranyes)
10N0 tmes overioad protection {on OHM ranges)
Meter movement diode protection

Size (without case) 90 x 70

1B mm

Electronic zero non-parallax nurror scale Unbreakable carrying case and probes sphed
Full Atter Sales Service avaiable

prce £14.50

« Post & Packing 60p VAT @ B% £1 21 SEND TOTAL£16 31

‘

$
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SUPERTESTER 680R — I.C.E.

20,000 OHMS/VOLT 80 RANGES

20000 0hms Vot 1 DC 2 AC v DC 100mV 1o 2KV (13 Ranges) Vv AC
2t 2KV (11 Ranges) 1 DC 50.4A to 10A {12 Rangesi | AC 250 A 10 5A (10
Ranges) R x1 x300 21000 xt0 0Q0 and Lgw vhms Detector Reaclance
010 M ohbms Freq Measurement 05000 He (2 Ranges) Power Quiput
10 2000V (9 Ranyes) Decibels 24 70 ¢B (10 Ranges) Capacinance
0 500 000 pF (2 Ranges using mains supply) 0 20 000 -F (4 Ranges using
internal 3 Volt battery) 1000 times overload protection on chms ranges and
meter movement diode protection 10 Fieids of Measurement and 80 ranges
Size 128 x 895 x 32 mm Non parallax murror scale Unbreakable carrymg
case supphed whith contains probes mains lead crocodite cl ps and shorting
ink

The ideal Christmas Gift. Available from

all good Electronics Dealers or direct.

woe ELECTRONIC BROKERS LTD.

e

WW—i0Z FOR FURTHER DETAILS

43-53 Pancras Road, London NW1 208 -
Tel: 01-837 7781

Prce £22.50

Post & Packing 85p

VAT @ 8%+£187
WSEND TOTAL £25.22
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Critics were most generous in their praise when the 1 am at present using

Shure V-15 Type Ili pickup cartridge was introduced. :

The ultimate test, however, has been time. The original

engineering innovations, the uniquely uniform quality ¢ ~ i A
]
)
[l

and consistent performance reliability of the V-15 Type e
11l have made it THE classic choice as the source of
sound for the finest music systems, both here and
abroad.

) Cartridge

Consider making the relatively modest investment of a Amplifier

]
1
I
new cartridge to upgrade the performance of your : -
entire hi-fi system. Why not ask Shure Electronics | Name

]

t

i

1

I

1

1

Limited for their recommendation?

Shure Electronics Limited Address

Eccleston Road, Maidstone ME15 6AU
Telephone: Maidstone (0622) 59881

Please reccmmend the best Shure cartridge to
up3drade my system

The original manuscript by J. S. Bach shown is repro- ' I I R
duced by kind permission of the Trustees of The British ‘ S U E

Museum.
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““Chere’s alot more to Multicore...

Multicore Fluxes, Chemicals, Pre-
servatives, Cleaners and Con-
formal Coatings. For
highest cuality
soldering.

Multicore Oxide-free Solder Creams.

...than For microcircuits and P.C.’s. Also

meets ’ a wide variety of pre-forms for
I ° . repetitive solder-

the lrﬂno’ e ing operations.

Multicore Solid Solders. In Bars,
Ingots, Sticks, Wire or Pellets.
Foralldipand wave-soldering.

e

Multicore now solders the ‘impossible’.
ALU-SOL 45D solders most types of
aluminium and has a good corrosion
resistance. Arax 96S for diffi-
cultstainlesssteels, being
non-toxic and
bright.

Multicore Solderability Testers.
MK Ill - Tests components semi-
automatically. New PTH - tests
plated-through-holes in
P.C. boards auto-
matically.

‘The name that stands for quality and quantity.’

Wé’ z Please write on your Company'’s letterhead for further details on your particular application.
Imaleicaid ) -
V Multicore Solders Limited,

Maylands Avenue, Hemel Hempstead, Herts HP2 7EP. Te) : Hemel Hempstead 3636. Telex: 82363.




