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Radio Frequency Bridge with its
Low Impedance Adaptor reads a wide
range of L, Cand R values at frequencies
from 1B6kHz to 5MHz, generally to 1%.
Special Adaptors, Q601 series, for
measuring transistor parameters. Two
or three-terminal connections, balanced
or unbalanced.

B 601

VHF Admittance Bridge covering
TMHz — 100MHz measures conduc-
tance from 0 — 100 millimhos and
susceptance from —230pF to +230pF,
with an accuracy of 2%. Two or three-
terminal connections, balanced or
unbatanced. Adaptor Q801A for tran-
sistor parameters.

B 801 B

Universal RF Bridge measures real
and quadrature terms of any immittance
to 1%. without frequency dependence,
from 100kHz to 10MHz. Includes
standards of R, C and L. Unique mag-
netic potentiometers give exceptional
linearity and stability.

B 602

Source & Detector has single-knob
tuning from 100kHz to T00MHz, with
push-button attenuators for output
level and input sensitivity. Ideal for
B602, B601, B8O1B and B201. Avail
able as SR268L, covering 46.5kHz to
46.5MHz.

SR 268

Precision RF Bridge measures capa-
citance to 0.1% accuracy, conductance
to 0.2%. Operation centred on 1MHz
but high performance is maintained
from 100kHz to 5MHz. Plug-in source/
detector units. AC or battery operation.

B 201

Adaptors are available to convert the
block terminals or coaxial sockets of the
B201 to the 14mm International
Standard connectors, GR900. These
permit the B201 calibration to be
referred to internationally recognised
standards.

AB 201

High-frequency

Bridges

The RF and VHF Bridges produced by Wayne
Kerr are designed on the transformer ratio-arm principle.
This gives stable performance and makes
available a third measurement terminal, thus
overcoming most of the problems associated with
the connection of an Unknown to a bridge at

high frequency. All models read the

real and quadrature terms simultaneously.

WAYNE KERR

THE WAYNE KERR COMPANY LIMITED,

Roebuck Road, Chessington, Surrey. Tel: 01-397 1131. Cables: Waynkerr, Chessington. Telex 262333

WW-—001 FOR FURTHER DETAILS
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Designers specify them for their reliability and modern styling.
Buyers choose them fcr their competitive prices and delivery.

Taylor
panel meters

are selected by equipment manufacturers everywhere.

ol
s
MEILLIAMPERES

) . ] 6 -8
Ll by o dadalods

Vista Series Edgewise Series Fyneline Series

Popular, reliable panel Here's the latest in Adaptable versatile series
meters with robust phenolic the range of three Edgewise with scale lengths from
mouldings and scale lengths from panel meters, the Model 330 13in to 4% in. Contemporary
12into 42in.This range combines witn a 2% in scale length. - styling and clear shadow-free
compact functional styling Ideal for today's crowded readings ensure maximum
with easy readability and inssrument panels, readability. This modern range
excellent performance. other scale lengths are maintains the Taylor
Mechanically interchangeable 17%in (Model11) and reputation for reliability

with the Fyneline range. 13in (Model 220). and sensitivity.

Taylor offers a comprehensive range of moving- and high torgue/weight ratio. They are
coil and moving-iron panel meters. The moving- sensitive, accurate instruments that conform

coil meters feature the proven Taylor centre-pole _ generally to BS 89/54 with contemporary
movement with practically friction-free g or conventional styling. Ask for the
operation, inherent magnetic shielding Panel Meter Shortform Catalogue.

Taylor makes test equipment too!
Two typical models are Taylor

Model 88B, a robust, wide-range
multimeter with automatic cut-out and
polarity reversal facility, and the '

popular Taylor Type 127A,

| a pocket-sized multimeter for

J the service engineer and hobbyist.
' Ask for the Instrument

¥ Shortform Catalogue.

Taylor Electrical Instruments Limited

-remember we're now at Dover!-
Archcliffe Road, Dover, Kent. Tel: Dover 2634 Telex: 96283

THORN T40
A Member af
the Thorn Group

WW-—066 FOR FURTHER DETAILS
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UNIT PRICE . UNIT PRICE UNIT PRICE |
TUBE TYPE DM US 1 UBE TYPE DM Us ¢ TUBE TYPE DM uss |
1 J.o 5 L! L {
GY 802 | PY 81 (1723) 1.24 .31 !

GZ 32 (cv - 1.32 = A3 ; 3.40 —385 |
GZ 34 (5AR4) 1.24 £= 1) 1.40 —35 ¢
Z 1.72 —.43 1 2.— —.50
Z 41 560 1.40 DiN'T 2 —.50
A S 5.44 1.36 1% 3 GT 1.40 —.35

1.72 —43 1H5GT 1.20 —.30
UABC 80 (28AK8) 168 —.42 14 3 1.80 —.45
BC 9 UAF 42 (1287) 256 — 64 1 K3 1.80 — .45
UBC 41 (14L7 . - ge —.23
F 93 UBC 81 (15BD3 ! _ LY
F 94 = UBF 80 (17C8) ! ' —75
< 90 UBF 89 (19DC8 ol - : g —.44
UBL : . $ —32
UBL 3 —.45
uBL 21 —.62
HY 90 UC 92 (9AB4) —.35
Y 8 UCC 85 (26AQ8) |
o:|
¢ —40
(14K7)
(19D8) 588
— 50
: ) —30 |
C UCL 82 (50BMS8) — 65
| UEL 51 —53 |
UEL 71 —33 |
UF 5 -—33
UF 9 150 |
UF 41 (12AC5) —.52
— UF 80 (19BX5) 2 —60 |
2.68 67 | UF 85 (19BY7) 2 —56
: -—.73 UF 89 (12DAS) : 2 —. 84
57 UL 41 (45A5) 2.48 — 62 2 A4S 2 3.58 —84 |
UL 64 (45B5) 160 —40 ¢ —2 |
97 { 2.- —50 —.40 - |
1 34 35 3.12 —78 X —.51
i 80 (19BRS5) 176 — 44 p —0 |
[ UY 1 (N) 120 —30 2 —52 |
—58 | Uy n 2.40 —.60 2 ~— 56
')C ~—.90 Uy 41 1.60 2 —.44 ‘
189 (7ES8 —-.58 Uy 42 1.60 42
( et | UY 82 (55N3) 1.64 —56 |
! UY 85 (38A3) 1.24 —.50 |
1G8j UY 89 1.24 1.16
s ULTRON) % o
, ] U 52 = 5U4GB —53 |
2.20 58 U 70 = 6X50 —.28
BO2 (9JW8) 54 XC 900 (2HAS) 168 -—42. —b0 l
5 (7GVT) 2 XCC 82 (74U7) 1.84 — 6 —28
20 9 & XCF 80 (4B18) 2.72 — 68 —25 |
81 164  —a4 —56 |
B2 2.24 —.56 —36 !
2.56 —.64 — 12
1.76 —.44 —50 |
4 - .N 176 —44 —65 &
2.08 .52 XL 84 (8BQ5) 1.68 —.42 —.3C }
64 9 86 (BCW5) 1.92 —.48
3 68 (16A03 2.40 —.80 —.33
- | -62
Whatever your language is, we understand that 6 -85
you ask for quality. Our SQ-Series of Television  © U L E R 0 N 1y
‘ tubes gives you safety at no extra cost. :? . “4’
% Since 1955 we offer a complete line of European Electronic GmbH ‘34
%  and American type receiving & industrial tubes for 4 L g
worldwide export with off-the-shelf-service. A Schillerstr. 40 o
PL .. 10 -f -.44
- Name us the. sam.ple tube you \{vant together with i 8 Munchen 1 5 jor s
our new price list WER 14 just off the press. -25 i
L Write to us please, it's worth it! Phone 555321 « Telex 0522456 ~*°
i 5
1 5.68 142 | 1AD2 2.16 5 | 3106 236  —59
3 1.84 46 1 AH5 = DAF 96 . . [ 3ms 0 138 —3"]

WW—007 FOR FURTHER DETAILS



Wireless World, March 1971

a3

From Lto X-band for marine,
airborne and ground radar

The standard range of EEV duplexer components
covers applications from L to X-band marine, airborne
and ground radar systems. TR cells, TB cells, pre-TR
cells, solid state limiters, monitor diodes...whatever
your requirement, in narrowband, broadband or tunable
types, EEV have it. Or, if it's a ‘special’ you need, we
can almost certainly make it.

The precision manufacture of duplexers forms
only part of EEV’s massive experience in the whole field

of radar. And we have delivery and service to match
our capability.

If you would like a copy of the EEV guide ‘Duplexer
Devices'—or if you are interested in a particular com-
ponent-then please post the coupon.

English Electric Valve Co. Ltd. Chelmsford. Essex g
England. Telephone: 0245 61777. Telex: 99103
Grams: Enelectico Chelmsford

see EEV's duplexer devices.

Peak
Frequency power
Product Type No. Band range(MHz) (kw)
Pre TR cells BS834 e 2000-12000 2500
BS870 L 1240-1370 2500
TR cells BS456 S 2850-3050 1250
BS824 S 2700-3100 250
BS856 C 5300-5700 250
BS156 X 9000-9600 200
BS452 X 9310-9510 100
BS810 X 9250-9550 75
TB cell BS310 X 9375 5-200
TR Limiter cell BS814 X 9000-9700 200
Solid state
microwave switches BS392 2925-3075 0.5
BS460 X any 100 MHz 0.5

I
I
|
I
|
I
|
|
I
|
I
|
|
I
|
|
|
|
-

To: English Electric Vaive Co. Ltd., Cheimsford, Essex, England.

Please send a copy of ‘Duplexer Devices'.
! am interested in a device with the following parameters:

___Power Type

| Frequency

l Name & Position
| Company

| Address

I Tel. exchange or code

| Number Ext.

LENGLISH ELECTRIC VALVE CO LTD

S e L T

I
|
|
|
|

WW-—008 FOR FURTHER DETAILS CRC2
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FOUR NEW COMPONENTS el

To: Associated Automation Limited, l
FROM ASSOCIATED AUTOMATION | tlectromagnetics
70 Dudden Hill Lane, London, N.W.10. |
}C 1 ngugtrial R_"’“’PTV”I" MR Three relays and a switch, designed by E Please send me your fully illustrated '
.C.or D.C. operaticn. Pane ; : literature on (tick box applicable
meounting or plug-in tooctal type Associated Automation to cut your [ ( 144 ) |
sacket. Will last for up to 5 milion switching costs. Built to the highest i
aperations with 1, Zof 3 poles 9 ) : 9 I l :} 2 D 3 D 4 D I
switching up to 10amps. standards of engineering, these | l
Compact, lightweight and cheap. componentsjointhealready NAME '
F2 Dﬂ'vf Rerd{”gdn'vape ERTN comprehensive range of switches and l COMPANY I
range ot up to < . A S =
Switching Eapabm‘;:f,pm relays for all communication and control ; Dot l
‘B0 VA ~breakdown veliages up to urposes. All ecanomically priced and
1500 \.A.C. Life expectancy a: ey (A ¥ REFCERH ; I
contact rating 7.5 VA, 100 x 108 backed by Britain's most outstanding I -
cperatons. Cheap "5 by, cepable . 5 " -1
¢t fast action wi't @w power ShginE eTNCEEIVOR, ] !
consumption anft sweble Send in the coupon and we'll letyou i :

cperaton. S W3

o=

have all the information you require.

3 N iniature Joy Reed T 7 -

Puasa 3utton Swite Series 500 P

€ witcHing capabi i:/ 1o 4 pweles, -
Lptec @6 amp, 1)wal Wide
range of contact erargements
#ad meunting sty-es. *ngle >ases
fa¢ terrace keybe er=s, panel
nountng for eit13 sigle o
relEp e fixing. Walldast for at
‘izmst Smillion operztians. Ezsgto
epply, “eadily ave:l ke,
-ecoromically prced.

It

4 Hermetica & Saalec
Commercial Rely Type T#C

A T.D.3 transistoscar: xnvelops

g vimghigh isolst e =witch ng.
Resits shock arc ~brations,

@ etatss on poOw=23 € IWN 1) £0MW
Swi ching capa>d®% 1| amp at
23wC.C.tolown e Tsingke and _
dousle pole). Ecomdrical price—
thot g4 comparablew thany
wilimry equivatert +<%

WW—009. FOR FURTHER DETAILS
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UHF klystron efficiency?
You can rely on it with EEV.

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

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

Broadcasting authorities
around the world are using

EEV klystrons for UHF television

— proving their operational flexi-

bility, reliability and efficiency in

climatic conditions as varied as those

of Australia and Finland.

To get the full facts about the tube you

need, please post the coupon.

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

Telex:99103.Grams:Enelectico Chelmsford %

To: English Electric Valve Co Ltd, Chelmsford, Essex, Engiand

Please send EEV data on UHF television amplifier klystrons.
| am interested in a klystron with the following parameters:

Frequency Bandwidth ___ Power

Name & position

Company

Address

Tel. exchange or code

Number Extension

ENGLISH ELECTRIC VALVE COLTD

WW—010 FOR FURTHER DETAILS
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The Type 114 is a general-purpose pulse and squarewave
generator designed for laboratory and production test facilities.
The broad operating range of the Type 114 makes it well suited
for applications such as studying network response to changes
in pulse period and/or width, or determining the step response
of systems. Price: £164 plus £19 duty

The Type 115 is a 10-MHz, 10-volt, general-purpose pulse
generator with separately variable risetime, falltime, width,
delay, period, amplitude and baseline offset. It is intended for
use in applications where a variety of pulse amplitudes,
polarities, shapes and other characteristics are required.

Price: £412 plus £47 duty

The Type 2101 is a compact, 25-MHz, 10-volt, general purpose
generator with SIMULTANEOUS positive and negative going
pulse outputs. Switch positions are provided for selection of a
specific pulse period, duration and delay, within the
calibrated range of the respective control. Weighs e
only 82 Ib. Price £334 plus £38 duty »

Please *ill in Reader Reply Card or write, telephone or telex:
% Tektronix U.K. Ltd.
Beaverton House, P.O. Box 69,
4 Harpenden, Herts.
TEKTRDN'X Tel: Harpenden 61251 Telex: 25559
Northern Region Office:
- Beaverton House, 181A Mauldeth Road,
committed to progress in waveform measurement Manchester 19.
Telephone: 061 224 0446 Telex: 668409

WW-—011 FOR FURTHER DETAILS
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Experience:

Since the beginning of industrial r.f. heating, EEV
have been the pace-setters. With this experience,
backed by our equal know-how in the transmitter
valve field, is it any wonder that we are so well
known for power triodes ?

EEV make power triodes for industrial heating
applications from 1kW up to 250kW. They are all
conservatively rated and realistically designed to
give good length of life. Whatever your application
—for drying paper, baking biscuits, welding plastic,

treating metal—r.f. heating the EEV way is econom-
ical and dependable.

Our sales engineers are at your service to dis-
cuss designs and to recommend the best tube or
combination of tubes for your particular application.

For full details just post the coupon or telephone
Mr.M. J. Pitt.

English Electric Valve Co Ltd. Chelmsford o
Essex. England. Telephone: 0245 61777. Telex@
99103. Grams: Enelectico Chelmsford

the vital factor of
EEV's industrial r.f. heating
power triode range

Output power (kW)
Name & Position
Company

Address

Telephone exchange or STD code

Number

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

Please send full data on power triodes for industrial heating.
Please recommend triodes for an equipment with these ratings.

Anode voltage max. (kV)

Extension

Frequency (MHz)

WW—012 FOR FURTHER DETAILS
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““ASTRONIG” LTD.

FIRST IN THE FIELD WITH A COMPLETE
RANGE OF MODULAR AMPLIFIERS

THE RESULT OF THIRTY YEARS
EXPERIENCE IN SOUND
AMPLIFICATION,

NOW ANNOUNCE THEIR

RESPONSE SElECTOII TYPE A 1888

LY
ASTRONIC
el

P
P e

LYy ——

ot

A MUST IN ACOUSTICALLY
DIFFICULT SITUATIONS SUCH AS
CHURCHES, HALLS, THEATRES etc.

This unit, the result of three years
research, can be built into a new, or added
into an existing sound system and provides
a simple but effective means of adjusting
the overall response to suit the particular
location.

Eight calibrated thumb wheel controls
enable each section of the audio band to be
adjusted to reduce troublesome building
resonances etc., thereby allowing micro-
phone levels to be increased before ** howl
back "’ occurs.

The unit is available in two forms: Type
A 1888 is a portable instrument and Type
A 1781 is a module to be used in conjunc-
tion with our Series 1700 units.

Further information from :

DALSTON GARDENS, STANMORE, MIDDLESEX, HAY 1BL

01-204 2125

WW—013 FOR FURTHER DETAILS

Wireless World, March 1971

ADGOLA Soldering

Instruments add to
your efficiency

ADCOLA 64

for Factory Bench
Line Assembly

A precision instrument—supplied
with standard 3/16” (4.75 mm)
diameter, detachable copper
chisel-face bit*.

Standard temp. 360°c at 23
watts.

Special temps. from 250°%—
410°%.

*Additional Stock Bits

(illustrated} available

COPPER

f =
B3 i — 3.2mm CHISEL FACE

Y/ — L
B 14 & — 2.4 mm CHISEL FACE

{ — &

B24 A7 — 475 mm cngwonvin

[ —— »

— 4.75 mm  EYELET BIT
e
BS58 4+ — 6.3% mm CHISEL FaCE
LONG LIFE
—— —

B42 LL &  — 475mm  CHISEL FACE

CHISEL FACE

CHISEL FACE

SCREWDRIVER
FACE

Don’t take chances. We don't.
All our ADCOLA Soldering
Instruments are of impeccable
quality. You can depend on
ADCOLA day after day. That's
why they’re so popular. You get
consistent good service. .. relia-
bility . . . from our famous therm-

ally controlled ADCOLA Element
and the tough steel construction
of this ideal production tool.

*
Wiite for
é D C O L B price'list
IRegd Troae Mark) and
catalogue

ADCOLA PRODUCTS LTD.,
(Dept. H ), ADCOLA HOUSE, GAUDEN RD., LONDON, S.W.4.
Telephone: 01-622 0281/3 - Telegrams: Soljoint London Telex o Telex: Adcola London 21851

WW-—014 FOR FURTHER DETAILY
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Why do so many
industries rely on EEV tubes?

Becausetheyre soreliable.

You can specify each and every EEV tube
with confidence. Whatever your industry, when
it involves electronics you can be sure that
EEV's expertise will provide the performance,
the length of life and, above all, the reliability
you want.

For industrial heating: EEV r.f. power tri-
odes range from 1kW up to 250kW, and mer-
cury vapour rectifiers are available with capa-
bilities up to 30 amps at 21kV. Allare
conservatively rated, realistically designed
and economical.

For TV monitoring: EEV vidicons are ideal
for any closed-circuit TV application. They
can be used in any position and are available
with a choice of photosurfaces,

For power supplies: EEV make voltage
stabilisers and voltage reference tubes to fit
more than 80 different sockets.

ENGLISH ELECTRIC VALVE CO LTD

For high-speed switching: EEV glass and
ceramic hydrogen thyratrons provide greater
accuracy and precision.

For motor control: EEV industrial thyra-
trons provide the degree of precision needed
for motor speed control and similar applica-
tions. Both mercury vapour and xenon thyra-
trons are available,

Forindustrial welding: EEV ignitrons have
long-life ignitors, and robustly constructed
envelopes and water jackets of unique design
giving supreme reliability.

English Electric Valve Co. Ltd. &
Chelmsford - Essex
England

Telephone: 0245 61777

Telex: 99103. Grams:
Enelectico Chelmsford.

WW—015 FOR FURTHER DETAILS
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stop searching fora signal

Find it easily with Avo's inexpensive, easy-to-operate

HF133 Signal Generator, which covers the complete

r.f. spectrum from the long-wave

M broadcasting to the VHF

television band.

The six separate ranges

were carefully chosen

to make range switching

unnecessary when

operating in most

transmission bands.

RF Get full det_e:ils of It?is

versatile tool for

S|GNA¥YPS;E!\1,3§RATOR the service engineer from
Avo Ltd, Avocet
House, Dover, Kent;

telephone 2626,
telex 96283.
RF Frequency range: 135kHz-

ot | 230MHz * R.F. Calibration
| Accuracy: +1% % Amplitude
Modulation: 17% at 1kHz
(35% highest range)

| * R.F. Output: 1pV-100mV
- . (continuously variable) into 750 —
w o, wider variation on highest range.

TRANSIPACK
i INDUSTRIAL RANGE

ll (:—100 Kilowatts)

REGULATED AC-DC
Wl powER unITS

DC-AC STATIC
Ml \nVERTERS

1l —H IREEEA e

** AC-AC FREQUENCY

M cHAaNGERS II LIMITED

Ill SALES & LABORATORIES: SYANLEY ROAD, BROMLEY, KENT. TEL: g; :Zgg gg;%/a lll
.. STATIC E M ER G E N CY TELEGRAPHIC ADDRESS: TRANSIPACK BROMLEY ap
Ml powWER sYSTEMS FAGTONY, FONSNOD0 NOUSTRAL ESTATE. HASTINGS, 4SS 1]

WW—017 FOR FURTHER DETAILS
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—the Power Amplifier Module people

High quality — compact — fabour saving. Modular amplifiers
capable of loading 20 watts into an 8 ohm load.

Use them singly, or in pairs for stereo. There are no setting-up
adjustmenits. Toshiba’s inspired design eliminates all the variables,
all'your problems. And simple. Because Toshiba made them that
way to give you swift production and consistent performance.

Minimise your assembly time. Produce a 20 watt high quality
amplifier —first time, and every time, regardless of quantity.

We can even supply a stereo pre-amplifier in modular form.
These new hybrid integrated circuit modules are fully available ama
from Erie now. We'll send you the technical information. Just tell

us your requirements. Or your problems. Erie Electronics Ltd.,

ERIE FOR TOSHIBA SEMICONDUCTORS || IEAE T

Gt. Yarmouth, Norfolk.
Tel: 0493 4911 Telex: 97421
WW—-018 FOR FURTHER DETAILS
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Micro Motors

Level Meters

Magnetic Heads

Sankyo’s
GLEESOME THREESOME
SALE TO MAKERS
OF TAPE RECORDERS,
OTHER PRODUCTS.

e Micro Motor ZF-900

A transistorized motor for portable
dictating machines and tape re-
corders.

o Level Meter Model-08

For cassette tape recorders and
recard players,

e Magnetic Head 07-03
Playback and recording head for
cassette tape recorders.

® Micro Motor BF207R

A transistorized governor motor
for cassette tape recorders and
record players.

o Level Meter Model-15

Dual level meter for stereo tape
recorders and record players,

e Magnetic Head 32-03

Erasing head for cassette tape re-
corders.

A double 3-in-1 value from Sankyo. Micro motors, level
meters, and magnetic heads. Now is the time to rely on
one manufacturer for these important product integrals,
instead of purchasing one here, another there. You will
save time and money— and get quality and reliability on top
of economy! Many other models available.

For further details contact:

S Sankyo

SANKYO (EUROPE) EXPORT UND IMPORT G.m.b.H.:

4 Diisseldorf, Kéinerstr, 65a, West Germany

Tel: 3502815 Telex: 8587097 Cables: SANKYORGEL DUSSELDORF
SANKYO SEIKI MFG. CO.,LTD.

17-2, Shinbashi 1-chome, Minamvku. Tokyo 105, Japan.

Tel: Tokyo 591-8371 Cables: SANKYORGEL TOKYO

AMERICAN SANKYO CORP.:

95 Madison, Ave., New York, N.Y. 10016, U.S.A.

Tel: LE-2-8020 Telex: 223060 Cables: AMESANKYO NEW YORK

VISUAL SLARCH
WICROF UM FILE

wWW-—019 FOR FURTHER DETAILS
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And howtostopit

First, measure it — on the Rank Studio Flutter Metar.
The Type 1740 measures accurately the degree
of Wow and Flutter on sound recorders
and reproducers.
For more information write to:

& RANK
X~ hm

EQUIPMENT
Rank Audia
Visual Limited
P.O.Box 70
Great Wes- Road
Brentford, Piddx.
Tel 01-568 9222

WW-—020 FOR FURTHER DETAILS
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Mechanical
AM.S.E. (Mech.)
Inst. of Engincers
Mechanical Eng.
Maintenance Eng.
Welding

General Dicsel Eng.
Sheet Metal Work
Eng. Inspection
Eng. Mctallurgy

C. & G. Eng. Crafts
C. & G. IFabrication

Draughtsmanship
AMILED.

Gen. Draughtsmanship
Dic & Press Tools

Elcc. Draughtsmanship
Jig & Tool Design
Design of Elec. Machines
Technical Drawing
Building

Electrical & Electronic
AM.S.E. (Elcc.)

C. & G. Elec. Eng.
General Elec. Eng.
Installations & Wiring
Elcctrical Maths.
Electrical Science
Computer Electronics
Electronic Eng.

Radio & Telecomms.

C. & G. Telecomms.

C. & G. Radio Servicing

Radio Amateurs’ Exam.

Radio Opcrators’ Cert.

Radio & TV Engingering

Radio Servicing

Practical Television

TV Scrvicing

Colour TV

Practical Radio &
Electronics (with kit)

Auto & Aero
AMILMI
MAA/IMI Diploma
C. & G. Auto Eng.
General Auto Eng.
Motor Mcchanics
A.R.B. Certs.

Gen. Acro Eng.

Management &
Production
Computer Programming
Inst. of Marketing
A.CW.A,
Works Management
Work Study
Production Eng.
Storckeeping
Estimating
Personnel Management
Quality Control
Electronic Data
Processing
Numerical Control
Planning Engincering
Materials Handling
Opcrational Rescarch
Metrication

Constructional
AMSLE (Civ.
C. & G. Structural
Road Enginccring
Civil Engincering
Building
Air Conditioning
Heating & Ventilating
Carpentry & Joinery
Clerk of Works
Building Drawing
Surveying
Painting and
Decorating.
Architecture
Builders’ Quantities

( Write if you prefer not to cut this page)

General
C.LEL
Petroleum Tech.
Practical Maths.
Refrigerator
Servicing.
Rubber Technology
Sales Engincer
Timber Trade
Farm Science
Agricultural Eng,
General Plastics

General Certificate
of Edugat'ion

Choose from 42

‘0" and ‘A’ Level

subjects including:

English

Chenmistry

General Science

Geologv

Physics

Mathematics

Technical Drawing

French

German

Russian

Spanish

Biologv

B.LE.T. and 1ts

associated schools

have recorded well

over 10,000 G.C.E.

successes at ‘O’ and

‘A level.

WE COVER A WIDE

RANGE OF TECHNICAL

AND PROFESSIONAL
EXAMINATIONS.

lother exam successes.

Over 3,000 of our Students
liave obrained City & Guild.
Certificates. Thousands of

In just 2 minutes, find out how
you can qualify for promotion
or abetter job in Engineering...

That’s how long it will take you to fill in the coupon below. Mail it to
B.I.E.T. and we’ll send you full details and a free book. B.LLE.T. has
successfully trained thousands of men at home — equipped them for
higher pay and better, more interesting jobs. We can do as much for
YOU. A low-cost B.1.LE.T. Home Study Course gets results fast —
makes learning easier and something you lcok forward to. There are
no books to buy and you can pay-as-you-learn on ‘SATISFACTION
— OR REFUND OF FEE’ terms. If you’d like to know how just a
few hours a week of your spare time, doing something constructive
and enjoyable, could put you out in front, post the coupon today.
No obligation.

WHICH SUBJECT WOULD INTEREST YOU?

THEY DID IT—S0 COULD YOU

“My income has almost trebled . . . my life is
fuller and happier.” — Case History G/321.

“In addition to having my salary doubled,
my future is assured.”” — Case History H/493.

““A turning point in my career — you have
almost doubled my standard of living.” -
Case History K/662.

“Completing your Course meant going irom
a job I detested to a job I love.” — Case
History B/461.

FIND OUT FOR YOURSELF

These letters — and there are many more on
file at Aldermaston Court — speak of the
rewards that come to the man who has
given himself the specialised know-how
employers seek. There’s no surer way of
getting ahead or of opening up new oppor-
tunities for yourself. It will cost you a stamp
to find out how we can help you.

Free/

Why not do the thing that really interests you?
Without losing a day’s pay, you could guietly
turn yourself into something of an expert.
Complete the coupon (or write if you prefer
not to cut the page). We’ll send you full
details and a FREE illustrated book. No
obligation and nobody will call on you . . . but
it could be the best thing you ever did.

BRITISH INSTITUTE OF
ENGINEERING TEGHNOLOGY

Dept 446A, Aldermaston
Court, Reading RG7 4PF.

POST THIS COUPON TODAY

B.LET-IN ASSOCIATION WITH THE SCHOOL OF CAREERS-ALDERMASTON COURT, BERKSHIRE

WW—021 FOR FURTHER DETAILS
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(ive the stars their freedom!

That's our motto, this is our method ; with the

Reslo-Audac Radio Microphone, stars such as

Des O'Connor and Peter Gordeno are freed from

trailing cables. Movement is comp/ete/y unhampered
Ideal for clubs, cabaret, theatres and
many other applications, Reslo-Audac
Radio Microphone has to be heard to
be believed. Ask for a demonstration.

kigggﬁg_” I;Sf)ngéoAQ&R ! Transmitting, receiving or

fully transport- | Has five 8" amplifying, Reslo sounds superb . .
ﬁ,bl}g'sg:a-";gj"e" LI G CIE. with ribbon microphones, boom

p.a. system Power handling arms, floor stands, amplifiers,

and radio mike capacity :

loudspeakers, p.a. systems, many
accessories. lllustrated catalogue freely
available.

receiver. 10 watts max.

Peter Gordeno Des O’Connor

p TYPE UD1 TYPE 530
P Modern-style high- TRANSISTORISED
output microphone. AMPLIFIER

3 low impedance mike
inputs, 1 music input.

RESLO MIKES LTD
24 UPPER BROOK
ST., LONDON, W.1

WW—022 FOR FURTHER DETAILS

GOLDRING SERIES 800 and 850
TEREO MAGNETIC CARTRIDGES

Our famous ‘8oo Series’ True Transduction cartridges,
developed on the ‘Free Field’ principle, allow the most
delicate groove-stored signals to be accurately relayed
and re-created with uncompromising precision. And the

Su_;:r [ 3

800 Super E For those
aiming at perfection—
extra low mechanical
impedance for ultimate
tracking is achieved by a
duo-pivoting arrangement
membrane-controlled to
avoid longitudina! or
torsional modes
blemishing performance.
Each cartridge supplied
with individua! curve and
calibration certificate.

800/E Designed for
transcription arms, a
micro-elliptical diamond
is fitted to a fine
cantilever, end-damped
against natural tube
resonances, accurately
terminated in a special
conical hinge to give

pin-point pivoting 2} grams.

Goldring

G.850 Free Field stereo magnetic cartridge, intended
primarily for ‘budget’ hi-fi systems, offers all the
advantages of a good quality magnetic cartridge at a
very attractive price.

= p— —
- ¥ !
800 The 800 is designed
for standard larms and
changers where the
requirements for high
fidelity and robustness
usually conflict. Output
is bmV at 5 cm/sec.

R.M.S. Recommended
tracking weight 13 to

800/H This Free Field
Cartridge is designed for
inexpensive changers to
track between 24 to 3}
grams and has a high
output of at least 8mV.

G850 This relatively
inexpensive Free Field
stereo magnetic cartridge
is capable of bringing out
the very best performance
that ‘budget’ hi-fi systems
can provide.

Goldring Manufacturing Company (Great Britain) Limited,

10 Bayford Street, Hackney, London ES 3SE.

Phone: 01-985 1152.

WW—023 FOR FURTHER DETAILS
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INPUT OUTPUT

A.C. MICROVOLTMETERS

VOLTAGE & db RANGES: 15uV,
50uV, 150uV ... 500V f.s.d. Acc.
+1% + 1% fsd. £ 1uV at TkHz.
— 100, — 90 ... + 50dB. scale

— 20dB/+ 6dB rel. to TmW/600 Q.
RESPONSE: + 3dB from 1 Hzto
3MHz, + 0:3dB from 4Hz to 1MHz
above 500uV.Type TM3B can be
set to a restricted B.W. of 10Hz to
10kHz or 100kHz.

INPUT IMPEDANCE: Above
50mV: > 4-3M Q < 20pf.

On 50uV to 50mV: >5M Q < 50pf.
AMPLIFIER OUTPUT: 150mV at f.s.d.

. £4955:, £63
TM3A TM3B

LEVELL]

PORTABLE INSTRUMENTS

D.C. MULTIMETERS

VOLTAGE RANGES: 3uV, 101V, 30uV. .. 1kV.
Acc. £ 1% + 1% fs.d. + 0-1uV. LZ & CZ scales.

CURRENT RANGES: 3pA, 10pA, 30pA ... 1mA (1A for TMSBP)
Acc. + 2% + 1% f.s.d. + 0-3pA. LZ & CZ scales.

RESISTANCE RANGES:3Q,10Q,30Q ... 1kM Q linear.
Acc. + 1%, + 1% f.s.d. up to 100M Q.

RECORDER OUTPUT: 1V atf.s.d. into > 1k Q on LZ ranges.

2 £75 . £89 1., £93
TM9A TM9B TMSBP

BROADBAND VOLTMETERS

H.F. VOLTAGE & dB RANGES: 1mV, 3mV, 10mV ... 3V fsd.
Acc. + 4% + 1% of f.s.d. at 30MHz. — 50dB, — 40dB, — 30dB
to + 20dB. Scale — 10dB/+3dB rel. to 1mW/50 Q. + 0-7dB
from 1 MHz to 50MHz. + 3dB from 300kHz to 400MHz.

L.F. RANGES: As TM3 except for the omission of 15uV and 150uV.

AMPLIFIER OUTPUT: Square wave at 20Hz on H.F. with
amplitude proportional to square of input. As TM3 on L.F.

. £85 :.£99
TM6A TMéB

Long battery life and large overload ratings are leading features

of these solid state instruments. Mains units and PO RTA B LE

leather carrying cases are optianal extras.

Al A type instruments have 31 scale meters and case sizes O S
57 x 77 x 57, B type instruments have 5” mirror scale V LTM ETE R
meters and case sizes 7”7 x 10¢ x 6",

LEVELL Electronics itd Park Road High Barnet Tel : 01-449 5028
Hire terms and leaflets covering our range of portable,instruments are available.
WW—024 FOR FURTHER DETAILS
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Once upon a time Gerry Adler
worked a 25 hour day making and selling
valve filament testers. And very eflicient
they were too.

But at that time the Japanese could
make them for about half the price, and
sent Gerry one to prove it. It was as good
as the ones he was making, so he sold it.
And every other one he could get into
the country.

After a time Gerry decided to go
one step further. He designed some
electronic equipment and had it built to
his specification in JapanThen he sold it
here under the brand name ‘Eagle’.
Nothing particularly remarkable about
that. But Gerry couldn’t stand the idea
of a barrier between him and his
manufacturers. So he went to Japan. He
poked his nose into all the electronics
factories to find out how the Japanese
worked.And when he got back he started
to learn Japanese, and to study their
history,culture and way of life. That way
he had fewer communication problems
and could get what he wanted.

That’s what matters to Gerry.He’s
very fussy about what goes out under the
Eagle banner.Because Eagle aren’t in the
filament testing business any more. They
make just about everything electronic:
amplifiers, test equipment, PA systems,
intercoms, old uncle substation and all.
Eagle is now twelve years old, and has
opened offices in New York, Tokyo and
Brussels.

This isn’t just so much chest
expansion on Gerry’s part. He puts his
money where his mouth is. If you think
one of his products is not as good as a
rival’s, or it’s faulty, or it’s not all it
should be, Gerry wants to know.

So write to him personally. He’ll
do something about it. He wants to make
sure the Gerry Adler story has a happy
ending.

Eagle International

we don’t stand still.

Coptic Street, London WC1A 1NR.
Telephone 01-636 0961

WW—025 FOR FURTHER DETAILS
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SOLDERING
IRONS?

We are specialists. Whatever
your particular application, we

are most likely to have just the
tool for the job.

Choose from:

Thesix-model range of

rugged, lightweight, general pur-
pose, soldering irons, from 10 watts
to 60 watts, for all kinds of elec-
tronic work. Specially developed
over many years to provide excep-
tionally ‘good thermal stability, re-
liability and ease of maintenance.

The models—absolute
gems of truly miniature soldering
instruments, with interchangeable
slip-on bits and precise performance.
Unapproachable for sustained ac-
curacy on small work.

The Litestat thermostatic ¢

models, with " fully adjustable
control, available for all voltages.
Two extremely versatile instru-
ments, 55 and 70 watts, giving
really generous soldering capa-
city on demand, with closely
controlled idling temperature.
Very attractively priced from
£3.84(£3-16-10).

All backed up by an excellent
spares and repair service, and a
wide range of ancillary tools and
accessories. We would like you to
have the whole story—please ask
for our NEW CATALOGUE.
5/1001/156

LIGHT SOLDERING
DEVELOPMENTS LTD.,

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

B e
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AN\ \NWT
POWER UNITS

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

PRODUCTION TESTING

g

‘ =

DEVELOPMENT SERVICING

— JWW

Type VRU/30/20*—£144-35 (£144.7.0)
*OUTPUT 1, 0-30V 20A DC.
Will provide accumulator performance from AC
mains for production testing and servicing of
battery operated equipment. Output continuously
variable O-30V at up to 20A.
*OUTPUT 2, 0-70V 10A AC.
For the testing and development of low voltage AC
equipment,
*OUTPUT 3, 0-250V 4A.
Continuously variable AC mains supply voltage for
testing equipment at various voltages.
Send for publication WPU9

VALRADIO LTD.

Dept. WPU9, BROWELL'S LANE, FELTHAM, MIDDLESEX, ENGLAND
Telephone : 01-890 4242

—— W\, AVAVAVA VIR VAVAVAY
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logarithmic amplifiers

BRITISH MADE

Y¢ High gain operational amplifier and log function in
a single encapsulation.

% Output voltage range 4 10 v.
Y¢ Output current 4 2 mA.

% Accuracy + 0.25 db.

Y Scale factor | volt/decade
Y Operating range In A—ImA

Y ISLN-I Negative input
Y¢ {SLP-1 Positive input §

‘“Anti-log” module available

ancom limited

Telephone 53861

DEVONSHIRE STREET CHELTENHAM

WW-——026 FOR FURTHER DETAILS
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HEATHKIT
INSTRUMENTS

The finest value
offered in

instruments
in the
world.

G

s @

V,

A) Wide Band Gen. Purpose Oscilloscope, 10-18U Kit £42.80 Carr 80np
B) Gen. Purpose Service Oscilloscope, 0S-2 Kit £32.00 Carr 60np

C) Universal ‘'VVM’, IM-25 Kit £44.00 Carr 40np

D) Portable Solid State 'VVM’, IM-17 Kit £17.30 Carr 30np

E) Portable Multimeter, MM-1U Kit £16.00 Carr 30np

F) RF Signal Generator, RF-1U Kit £17.50 Carr 30np

G) Regulated High Voltage Supply, I1P-17 Kit £39.90 Carr 60np

H) Regulated Low Voltage Supply, IP-27 Kit £41.40 Carr 50np

These modals are also available factory assembled and tested.

For the full range of Heathkit models why not send for the free Catalogue. Yours for only the price of a postage stamp.

B I SR R NN T NS0 MRS ENGR GACH WIS WS B S bk W PN EI EATHEIT | k]
HEATIIT Please I HEATH (Gloucester) LTD,  ShiTangs Cornery |
I GLOUCESTER, GL2-6EE |

. send me I 1

g@ I NAME "o 0006 &5 0 0o oL o W AT 29/3/71 |

» the FREE I ADDRESS oo |

¥ |

mere TR, Catalngue I ........................................................................ I

I ............... POST CODE oo o e e P, (T oy VAL ETE Y Tl Y I

l Prices and specifications subject to change without notice. I

lmmmmmmm-m———mm—mﬁm—————ﬂ
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It has been suggested that a perfect
amplifier would be equivalent to a
piece of wire with gain.

Wlfeless A piece of wire ? First of all it would
hum, so we’d have to screen it. This
would increase the input capacity

so we’d have to make the screening
large or the conductor small. Then
we would have output resistance
and, if of appreciable length, wed
have inductance and termination
problems as well. Allin all a 303 power
amplifier would be much easier.

The funny thing is; even if we had
our perfect piece of wire with gain
QUAD 303 '_ = ! ) and compared it with a 303, the

o Gy pitfier L4 B ‘ _ two would sound exact/y the same
' ; no matter how carefully we
listened.

Mode in Huntngdon England
by the Acourtical Mg Co lto

QUAD

for the closest approach to
the original sound

Send postcard for illustrated leaflet to Dept. W W
Acoustical Manufacturing Co. Ltd., Huntingdon, Tel: (0480) 2561. QUAD is a Registered Trade Mark.

WW—030 FOR FURTHER DETAILS
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POLYMITES

The stripped for action capacitors
that scorn conventional housing.

Polymite capacitors scorn conventional housings. You buy them
stripped for action. Because Polymites use a thin polyester metallised
film, they offer high capacitance values, small physical size, much less
weight ; plus the high mechanical strength of Erie’s special way

of applying terminal connections. All without a ‘can’. And all with the
properties of recovery from humidity that Erie Polymites

alone can offer.

Scan the specification: Type M370 Type M312
Capacitance range 100pF —-47,000pF .022uF — 2.2pF
Working Voltages up to 750V 250V and 400V

Sizes as small as 8mm x 4mm 16mmx7mmx 2.5mm

Erie Electronics Limited,

Send for the data. Or tell us when one of our engineers may call. Great Yarmouth, Norfolk.
Telephone: 0493 4911. Telex: 97421

[ S T e S e S e S e — ]
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Jack Plugs, 201, 310, 316, 309, 404

Jack Strips 310, 320, 510, 520, 810

Line Transformers

Resistor Lamps and Holders

Jack sockets 300, 500, 800

Resistor Bobbins, coils and spools

Bells and Bell Transformers 6V or 12V

Low Pass Filters

U Links and Sockets

Fuse mountings 4028 and Mounting H.15B.
Mountings Protector Strip H.40

Patching and switchboard Cords

Patch Panels

Terminal Blocks and Strips

Uniselectors and Miniature Uniselectors \
Ringing Generators TR

=

ECEMECECRr e c e
rEErCceCcerer e ¢

e e e e e e B
T rRecnineLT oot o
T CeCreT e er ree ¢

Large stock of GPO Type Components available for prompt delivery

COMMUNICATION ACCESSORIES and EQUIPMENT LIMITED

77, AKEMAN STREET, TRING, HERTS.
TELEPHONE: TRING 3476. TELEX: 82362.

WW—032 FOR FURTHER DETAILS

Accurate and direct
measurement of speed without
coupling to moving parts

for Aerials §

All over the five continents and the seven seas Bantex
aerials help to maintain reliable communications. Day in
and day out.

Bantex aerials are selected because of their established
reputation for good design and reliability. A reputation

' t d IAB"" M[I[ns e
Fesnnan rae Bantex manufacture all types of communications aerials,

on land and on sea: for land communications we make

for hand use or permanent mountin R . . i
i g aerials for man pack, mobile and fixed station use.

Ranges and combinations of ranges from 900 to 100,000 r.p.m.

Descriptive Literature on Frahm Resonant Reed Tachometers and .
Frequency Meters available from the sole U.K. Distributors. Manufacture For your enquiries please contact Ernest Gutman.
and Distribution of Electrical Measuring Instruments and Electronic
Equipment. The largest stocks in the U.K. for off-the-shelf delivery.

ANDERS ELECTRONICS LIMITED Bantex Ltd. aBBev RD., PARK ROYAL LONDON N.W.10

48/56 Bayham Place, Bayham Street, Telephone 01-965 0941 Telex 82310
London NW1. Tel: 01-387 9092

WW—033 FOR FURTHER DETAILS WW—034 FOR FURTHER DETAILS
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DESIGNED FOR MAXIMUM FLEXIBILITY,

WILL PERFORM AT 70 WATTS RMS
IN AMBIENT TEMPERA-
IS FULLY OUTPUT/INPUT

CONTINUOUSLY
TURES TO 70°C,

average bandwidth

extremely compact,

THE MOD 70
70 WATT R.M.S. PLUG-IN POWER AMPLIFIER

well

Wherever reliable audio reproduction
power is required at better
specification,
at lower than average cost, and in an
finished
package, the Mod-70 is exceptional.

PROTECTED, YET OCCUPIES LITTLE MORE RELEASE.
THAN 70 CUBIC INCHES.

FOR FULL PERFORMANCE

AND COMPLETE TECHNICAL SPECIFICATIONS,

VOLFIELD LIMITED,
2A LANSDOWNE GARDENS,
LONDON,S.W.8.01-622 7187

ALL /P, O/P, AND SUPPLY CONNECTIONS ARE
THE MOD-70 POWER AMPLIFIER MODULE THROUGH AN INTERNATIONALLY STANDARD
8-PIN HEADER WHICH PROVIDES EASE OF
INSTALLATION, WHILE FOUR CONVENIENT TIE-
DOWN POINTS SECURE FIXING AND QUICK

than

WW—035 FOR FURTHER DETAILS

TRANSRADIO LTD

183, PARK AVENUE, LONDON, N.W.10.

TEL: (01) 965 6281. TELEX: 923004

Subsidiary of Felten & Guilleaume Kabelwerke AG KOLN-MULHEIM

STANDARD

¥

184

L

:]L-V

“BNC”

R.F. CONNECTORS
A wide range of N, C, BNC, 83UHF, VMP, SM
and MINI types. Crimp types in N, BNC & 83 UHF

produced in addition to standard cable clamps.
Other types for special applications.

R.F. CABLES

Miniature, R.G. and multi coaxial types.

IN-LINE UNITS

These are screened containers for attenuators
etc. fitted with coaxial connectors.

CABLE-CONNECTOR ASSEMBLY

Annual call-off orders quoted.
WW-—036 FOR FURTHER DETAILS
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ELFORD RANGE

Modular type A designed
to suit every application.

Viewing systems

include parallax-

free viewing

during

exposure.

Lenses 1.3,

1.5, f1.9,

2.8 and £3.5. &
Adaptors for all

popular scopes.

Wide range of

fully interchangeable
accessories.

Film backs: Polaroid 10
second prints with roll, pack or cut film, conventional photo
materials including 35mm.

\

Inexpensive Type P

LIGHTWEIGHT

SIMPLE OPERATION

ATTRACTIVE

APPEARANCE

LOWER PURCHASE

PRICE

ECONOMY SIZE

POLAROID FILM

TYPE 20

PRE-EXPOSURE VIEWING

LENS 4.6 2.4” (6 1mm) lens provides reproduction of trace and
graticule with good linearity. The object/image ratio is 1:07 (nom).
SHUTTER SPEEDS include fixed exposure 1/25th sec. {(nom)
time and brief.

ADAPTORS Camera models available for most popular
oscilloscopes.

TELFORD PRODUCTS LTD.

4 WAOSWORTH ROAD GREENFORD MIDDLESEX ENGLAND TEL:01-998-1011

THE EZIZIT PHOTO-OPTICAL COMPANY OF THE BENTIMA GROUP

WW—037 FOR FURTHER DETAILS
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When YOU need

HIGH QUALITY
AIR SPACED TRIMMERS

... take your choice from the wide range
by TINSLEY. They are readily available
in guantity ; up to 30 pf; fitted with
mechanical lock if required ; all parts

of high grade silver plating. Split stator
trimmers are also available.

Send now for

LIST 300

H. TINSLEY & CO LTD - WERNDEE HALL
SOUTH NORWOOD - LONDON SE25 - 01-654 6046

WW—038 FOR FURTHER DETAILS
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Vortexion

This is a high fidelity amplifier (0.3% THE VORTEXION 50/70 WATT ALL SILICON AMPLIFIER
intermodulation distortion) using the WITH BUILT-IN 4-WAY MIXER USING F.E.T.s.
circuit of our 100% reliable—100 Watt
Amplifier (no failures to date) with its
elaborate protection against short and
overload, etc. To this is allied our
latest development of F.E.T. Mixer
amplifier, again fully protected against
overload and completely free from radio
breakthrough. The mixer is arranged for
2-30/60€Q balanced line microphones,
1-HiZ gram input and l-auxiliary input
followed by bass and treble controls. : ’ e
100 volt balanced line output or 5/15€

and 100 volt line.

VORTEXION {° S5O/70/FET

100 WATT ALL SILICON AMPLIFIER.'A high quality amplifier with 8 ohms—15 ohms or 100 volt line output

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

THE 100 WATT MIXER AMPLI-

FIER with specification as above is here
combined with a 4 channel F.E.T. mixer.
2-30/60Q balanced microphone inputs, 1-HiZ
gram input and l-auxiliary input with tone
controls and mounted in a standard robust
stove enamelled steel case. A stabilised voltage
supply feeds the tone controls and pre amps,
compensating for a mains voltage drop of over
25% and the output transistor biasing compen-
sates for a wide range of voltage and tempera-
ture. Also available in rack panel form.

VORTEXION (' WiMBLEDON AL./F ET/00W

L —— S

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

battery and automatically going to battery if mains fail. Protected inputs, and overload and short circuit protected outputs
for 8 ohms—15 ohms and 100 volt line. Bass and treble controls fitted.

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

200 WATT AMPLIFIER. Can deliver its full audio power at any frequency in the range of 30 ¢/s—20 Kc/s + 1 dB.
Less than 0.2% distortion at 1 Kc/s. Can be used to drive mechanical devices for which power is over 120 watt on continuous

sine wave. Input 1 mW 600 ohms. Output 100-120 V or 200240 V. Additional matching transformers for other impedances
are available.

20/30 WATT MIXER AMPLIFIER. High fidelity all silicon model with F.E.T. input stages to reduce intermodulation
distortion to a fraction of normal transistor input circuits. The response is level 20 to 20,000 cps within 2 dB and over 30 times
damping factor. At 20 watts output there is less than 0.2% intermodulation even over the microphone stage at full gain with
the treble and bass controls set level. Standard model 1-low mic. balanced and Hi Z gram.

ELECTRONIC MIXERS. Various types of mixers available. 3-channel with accuracy within 1 dB Peak Programme
Meter. 4-6-8-10 and 12-way mixers. Twin 2, 3, 4 and 5 channel stereo. Built-in screened supplies. Balanced line mic. input.
Outputs: 0.5 V at 20K or alternative 1 mW at 600 ohms, balanced, unbalanced or floating.

SOUND 71 INTERNATIONAL EXHIBITION STAND C 1.
16th-19th MARCH. TOWN HALL, CAMDEN.

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

Telephone: 01-542 2814 and 01-542 6242/3/4 Telegrams: ““Vortexion, London S.W.19"

WW—039 FOR FURTHER DETAILS
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CS-1554

130mm Dual Trace Oscilloscope

TRIO’s CS-1554 Passes
The Most Rigid
Testing Requirements

Waveform analysis and other electrical equipment and electronic installation
testing is performed at the highest possible peak of efficiency with TRIO’s C5-1554.
This wide-band dual trace triggering oscilloscope operates at ultra-high sensitivity
while also offering an over-all expansive range of test capabilities. Lightweight
because of its all-solid state construction, this completely dependable instrument
is remarkably versatile. For example, dual trace waveform analysis with very wide
synchronization capabilities is possible from DC-10 MHz. It has no equal for
speedy analysis efficiency.

:o¢al|3

-

| CS-1553

130mm Oscilloscope

An essential device lor signal wave-
1 form analyses and TV alignment and

servicing. Complete solid state cir
cuitry. Trigger sweep and automatic
sweep potential. Very high sensitivi-
ty with wide frequency response
from DC to 10 MHz extremely ver-
satile.

VT-106

High sensitivity Electronic
Voltmeter

This is a solid state electronic
voltmeter employing IC and
FET for high sensitivity and
siability, capable of measuring
voltages from 0 02mV to 300V

the sound approach to quality

TRIO

TRIO ELECTRONICS, INC.

1l

-

AG-201

ALL SOLID STATE CR type
low-frequency Oscillator

An all-transistor, compact CR
type wide-band low-frequency
oscillator, the AG-201 produces
sine waves with a minimum
of distortion and rectangular
waves with a quick rise lime

at a low output impedance _J

TRIO KENWOOD ELECTRONICS S.A.

160 Ave.. Brugman, 1060 Bruxelles Belgium

Sole Agent for the U.K.
B.H. MORRIS & CO., (RADIO) LTD.
84/88. Nelson Street. Tower Hamlets, London E.1

Phone: 01-790 4824

WW—040 FOR FURTHER DETAILS
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Magnetic
shielding

problems?

TELCON OFFER THREE SIMPLE ANSWERS
SRR P « T e R

/

Standard shields

Telcon Metals offer an extensive standard
range of high efficiency Mumetal shields,
which fit most cathode ray, photo multi-
plier and radar tubes, together with a
selection of boxes and cans for microphones
pick-ups, transistors and transformers.
These are normally supplied stove
enamelled in hammer grey externally and
matt black internatly. Other finishes can be
supplied by arrangement.

Fabricated shields

Telcon Metals offer complete facilities for
fabricating special shields in Mumetal and
composite shields in Mumetal/Radiometal
to customers’ individual requirements. All
Telcon shields are made to close tolerances
and have excellent finish and appearance.
For the highest efficiency and extra close
fitting tolerances, the ‘Telform’ technique is
recommended. These shields can be pro-
duced in complex shapes with a minimum
of welded seams and very close uniformity
throughout batches. A comprehensive
design/advice service is available to assist
all customers.

‘Telshield’ wrap-around foil
Telshield’ is an easy to use, feromagnetic
shielding foif, which can be cut with
scissors, wound into cylinders, cones, etc.,
and fixed with adhesive tape, clips or spot
welds, to provide a permanent efficient
shield. It is economical to use, especially for
research, development and short-run
applications which do not merit the tooling
involved in the production of fully fabricated
shields. ‘Telshield’ is supplied in a standard
thickness of 0-:05 mm,in widths of 150, 50
and 25 mm in convenient packs costing
approximately £5. Other thicknesses and
widths are available by arrangement.

Please send for further information to

GO

Telcon Metals Ltd.,
Manor Royal, Crawley, Sussex.
{Crawley 28800)

WW—041 FOR FURTHER DETAILS
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and
SAMPLE

instant
printed circuits

From engineering sketches to printed
circuit board the same day.

CIRCUIT-STiK conductive shapes are pre

plated ready for soldering. Pressure sensitive
adhesive backing to substrate makes assembly
simple. gives gcod adhesion, easily withstands
soldering temperatures, yet is simply removed
for circuit modification.

As durable and reliable as boards produced
by conventional methods. A wide variety of
circuit element patterns.

The sensible way to design, develop and
prove printed circuit designs.

clroull-stik

Marketed in the U.K. by

Bourns (Trimpot) Ltd.,

Hodford House. 17/27 High Street.
Hounslow, Middlesex,

Telephone: 01-572-0111 Telex: 264485,

KWP/B3€

WW—042 FOR FURTHER DETAILS
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DUAL-CHANNEL POWER AMPLIFIER
% DC-Coupled throughout!
. % Short Circuit proof!
LEVEL ) K LEVEL 2

% 500 Watts RMS Mono.
% 70 Voit Balanced line out!

Frequency Response  +0.1dbZero-20K Hzat | wattinto 8 ohms, + 0.6db Zero- 100K Hz.

Phase Response Less than 5° 0-10KHz. * UNEO_UALLED O_UAI_ITY!

Power Response + 1db Zero-20KHz-at 150 watts RMS into 8 ohms.

Power at Clip Point  Typically 190 watts RMS into 8 ohms, 340 watts RMS into 4 ohms per channel.

Total Output (IHF) Typically 420 watts RMS into 8 ohms, 800 watts RMS into 4 ohms. * 3 YEAR PARTS WAR RANTY !

T.H.D. Better than 0.03% at 1KHz at 190 watts level.

I.M. Distortion Less than 0.1% from 0.01 watt to 150 watts RMS into 8 ohms. typically below 0.05% (max

(60-7KHz 4:1) 0.05%.
Damping Factor Greater than 200 (Zero to IKHZ into 8 ohms at 150 watts RMS). * 0 N I-Y £3 2 0 inc. D UTY !
Hum and Noise 100db below 150 watts RMS output (unweighted, typical 110db).
(20-20KHz)

Slewing Rate 8 volts per micro-second. S-R is the maximum value of the first derivative of the output signal. CA RSTO N E LECT RO N l cs LTD.

Dimensions 19in. standard rack mount (W.E. hole spacing), 7in. height, 93i1. deep (from mounting surface). SHIRLEY HOUSE

Weight 40 pounds net weight. 27 CAMDEN ROAD

Finish Bright-anodized brushed-aluminium front-panel with black-anodized front extrusion, access LONDON, N.W.1 9LN

door, and chassis. 01-267 2748

WW—043 FOR FURTHER DETAILS

Brought to you for your
listening enjoyment from the

onnoissenr’

COLLECTION

S.A.U.2PICK-UP ARM

Recognised as one of to-day’s most advanced-pick-up arms it features:—

% Auto-bias compensator.

% Hydraulic lowering device

.. % Precision balance.

% New adjustable head
shell.

Rec. retail price £1 4.82

S.C.U. 1 STEREO CARTRIDGE

A quality cartridge designed specifically
for the person who appreciates his equipment.

Price list and illustrated literature on request to

A. R. SUGDEN & CO. (Engineers) Ltd.

Market Street, Brighouse HD6 1DX, Yorkshire. Telephone: 2142

WW—044 FOR FURTHER DETAILS
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SOLID STATE A.C. MAINS AMPLIFIERS

employing only high grade components and transistors

LTA15 15 WATT

AMPLIFIER

High Fidelity Output switched inputs
for Gram, ‘Mike’, Tape and Radio.
Frequancy Response 10-40,000cps—3dB.
Bass Control + |7dB to — i6dB at 40 cps.
Treble Control + |7dB to — |4dB at 14 Kcs.
Hum and Noise — 80dB.'

Harmomc Distortion 0.2% at rated out-

mw

S5 S

Recommended

Retail price £19

Output for 3-8-15 ochm Loudspeakers,
Size 91x331x5} in. approx.

PTA30 HI-FI
PUBLIC ADDRESS AMPLIFIER

A successor to our popular
Conchord 30 watt unit.

If required an attractive wood cabinet
with veneer finish can be supplied for
any model. Prices from £3-50

Input Sensitivity 2 mv (max.)

Output 30 watts.

Output Sockets for Loudspeaker or com-
bination of Speakers with total impedance
between 3 ohms and 30 ohms.

Three individually controlled inputs for
mixing purposes,

Housed in fully enclosed stove enamelled
steel case.

Controls Vol (1) Vol (2) Vol (3) with mains
switch, Treble ‘lift’ and ‘cut.' Bass ‘lift’
and ‘cut.”

AN IDEAL UNIT FOR YVOCAL AND
INSTRUMENTAL GROUPS SUIT-
ABLE FOR ANY KIND OF ‘MIKE’
AND INSTRUMENT PICK-UP, ALSO
FOR RADIO, TAPE, OR GR AM.

Recommended

Retail price £24

Size 12x31x6 in. approx.

Available from your
Local Hi-Fi Dealer

Please send a stamped addressed envelope for full descriptive details
of above units, also TUNER/AMPLIFIERS and MONO.
Wholesale and

e 0. LINEAR PRODUCTS LTD

ELECTRON WORKS, ARMLEY, LEEDS

WW—045 FOR FURTHER DETAILS
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electronic valves, semi-conductors, neons & o — export

Wonders of the modern world

Teonex products, of course! Over 3,000 of
them, electronic valves, semi-conductors, and
now—neons and indicators too...all performing
superbly in many climates . .. all at prices that
are very competitive,

How do Teonex do it? Specialisation in one
field. Concentration on export only. Very strict
quality control.

Sold in sixty countries, on Government or
private contract, Teonex offers you a com-
prehensive range, with most items immediately
available.

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

7 TEDNER

WW—046 FOR FURTHER DETAILS
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STOCKISTS

MULTIMINOR MK, IV

REPAIR SERVICE
7-14 DAYS
We specialise in repair,
calibration and conversion
of all types of instruments,
industrial and precision
grade to BSS.89.

Release notes and certifi-
cates of accuracy on request.

MODEL 8 MK. III

Suppliers of Elliott, Cambridge and Pye instruments

LEDON INSTRUMENTS LTD

76-78 DEPTFORD HIGH STREET, LONDON, S.E.8
Tel.: 01-692 2689

G.P.0. APPROVED CONTRACTOR TO H.M. GOVT.

WW—048 FOR FURTHER DETAILS

TYPE CK2S &
TYPE CK2E

DETAILS FROM

Iymm cheshire Tel: 092 575 3019
WW—049 FOR FURTHER DETAILS

ENCAPSULATION -

low tool cost method for cylindrical
coils and potting. Enquiries

also for—
ELECTRICAL INSTRUMENTS LTD QSEE"N“OE.%,’;YS N
CHILTERN WORKS COIL WINDING
HIGH WYCOMEE TRANSFORMERS Sl
Phone 30831 to 8 K.V.A. = =

A.C. SOLENOID TYPE SAM

R. 4. WEBBER LIT'D,

Knapps Lane, Bristol 5. 0272 657228

WW—047 FOR FURTHER DETAILS
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To be sure of good listening
’ use your eyes ~

Comrbimed Dynamically
record siz2 and speed balanced Garrard 4 pole
contrel. induction motor.
> Rotating LSl g
f iy Sfer record spindle e
@ &7 eliminates wear.
. * - § v

-

111 inch
non-magnetic turntable.

Tas controls Jrcvide
light, easy ope-at on >f
auso, manual and cu2
and pause.

Precise, genzle cue
and pause system gperated
by viscous danygred cam.
Automatic ra2turn.

Integral stylus force adjustment,
calibrated from 0 to 5
grams at1 gram intervals.

Gimballec, needle-pivotad
pickud arm mount.

Hexagonal, low-resonance
pickup arm.

Slide-in cartridge carrier
—fast, easy stylus inspection
and interchange.

x H ! : Precision, resiliently
Sliding weight pickup . . .' PR P

l_aias con;pensz:‘tm:, ) Fm 3 - ¢ balance weight
callbratet_i oY SpACT e with fine adjustment.
and elliptical styli.

"y

The AP786 transcription quality dack
hes the facility for automatic play of single
records. Complying with DIN 45-500 standards,
the AP76 incorporates the features of a player
costing twice the price.
It is just one of the large range of

Garrard turntables that are products of Garrard’s

unsparing attitude tc fine engineering and modern

design. Which is why you’ll find Garrard decks
in te‘evision, 1acio and recording studios, where
precision and reliability are vital. without obligation, free
For more about Garrard decks, use your pen. Fill copies of the Garrard range brochure and other literature
in coupon for tne ‘ree Garrard range brochure.

Please send me,

NAME
ADDRESS

quality "turntables for all types Carard, Depts YNgpliovcoste Swest, Swindon. Withies

WwW—051 FOR FURTHER DETAILS
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MAINS

2VA to 2kVA

TRANSFORMERS

OLYMPIC TRANSFORMERS LTD
224 HORNSEY ROAD, LONDON, N.7
Tel. 01-607 2914

AUTO

10W to S000W

TELEPRINTERS " PERFORATORS
REPERFORATORS - TAPEREADERS
DATA PROCESSING EQUIPMENT

h_, 3&\ SALE OR HIRE o

\ 2-5-6-7-8 TRACK AND
= MULTIWIRE EQUIPMENT

Special Codes Prepared

TELEGRAPH AUTOMATION AND COMPUTER PERIPHERALACCESSORLES
DATELMODEM TERMINALS, TELEPRINTER SWITCHBOARDS

Picture Telegraph, Desk-Fax, Morse Equipment: Converters '

and Stabilised Rectifiers; Line Transformers and Noise Suppres-
sors; Tape Holders, Pullers and Fast Winders; Governed, L \Q
Synchronous and Phonic Motors; Teleprinter Tables and i
Cabinets; Silence Covers; Distortion and Relay Testers;
Send/Receive Low and High Pass Filters; Teleprinter, Morse, —
Teledeltos  Paper, Tape and
Ribbons; Polarised and special-
ised Relays and  Bases; ’ J : "i .
Terminals V.F. and F.M. i1 ==
Equipment; Telephone Carriers e :
and Repeaters; Diversity; Fre- &‘-fw"
quency Shift, Keying Equipment; —E
Racks and Consoles; Plugs, Sockets, Key, Push, Miniature and
other Switches; Cords, Connectors, Wires, Cables, Jack and rﬁ

Lamp strips, and Switchboard Accessories; Teleprinter Tools;
Stroboscopes and Electronic Forks; Cold Cathode Matrics;
Test Equipment; Miscellaneous Accessories, Teleprinter and
Teletype Spares.

W. BATEY & COMPANY

Gaiety Works, Akeman Street, Tring, Herts
Tel: Tring 3476 (STD 0442 82) Cables: RAHNO TRING
.
Telex: 82362, A/B BATEY TRING

WW—052 FOR FURTHER DETAILS

RECORDER AMPLIFIERS

AND INSTRUMENTATION SYSTEMS

750 series DIFFERENTIAL

DC AMPLIFIERS
Wide dynamic range—
high common mode rejection
Low noise, low drift performance
Modular or cased presentation

also

MINI-AMP ¢ 251 6.

differential dc pre-amplifier

Compatible modules and cards ensure
ease of application and great flexibility.

FYI-D ELECTRONIC LABORATORIES LIMITED

16 0AKHAM COURT, PRESTON (0772) 57560

WW—053 FOR FURTHER DETAILS
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VARIA
TRANSFORMERS

OUTPUT 0-265V s INPUT 240V 50/60 CPS
SHROUDED FOR BENCH OR PANEL MOUNTING

: CONSTANT VOLTAGE
20 AMP LT S
* Input 240V. Output 2? :nleavt lel\/Na!ldTlZV TRANSFORMER
fully adjustable. % Size 16" x 12" x 20" high  Maintain spot-on test gear

VARIABLE TRANSFORMERS SOLID STATE VARIABLE w7 RLNED "';_.42 50 readings with Automatic Mains

2.5amp £6.75p 10 amp £18.50p VOLTAGE CONTROL £2.00p C & P g.a.) sstabiliz.(a\f(. .
E ) p ecification:
Samp £1450n 20 smn favogy X Output 25-240V 50 AMP 0-24V DC * Output 240V
* input 240V 50 CPS P
1 amp £5.50p * 5amp & 10 amp model LT. SUPPLY UNIT * Accuracy + 1%
* C * Continuously Rated. % Llarge Ammeter and Voit- g Input 190-260V
’ ompletely sezled mewr k ldea for Paimg Units & Ry o oo i B0 watts
tected. % Infiitel bl to 24V OC. S,
(S3e) oot shows latest pateem 5 amp models £8.38p 0wt 16 x 12 x 27 Righ10 Renr % Corrected wave

P9 Brush h
Y oo ey 10amp models £13.76p vz e £12.50p care100p

LM.O.(ELECTRONICS) LTD.
(Dept WWX) 313 EDGWARE ROAD,LONDON W.2.Tel 01-723 2232

WW—054 FOR FURTHER DETAILS

We'llfill the air
ith sound

New ‘Toa’ P.A. systems Goldring now offer
modern ‘“Toa’ P.A. equipment for in-place installations
—to go-in anywhere, and make sound go everywhere!
And it’s a high quality/top value equipment range that
carries a crystal-clear message for you. It means business.

Solid state amplifiers. Dynamic microphones.
Box, Column, Horn and Panel-cone speakers. Equipm.ent to
cover all sound requirements . . . For service in offices, schools,
airports, rail terminals, sports arenas, concert halls. Wherever
people gather—indoors and out of doors.

Goldring

Goldring Manufacturing Company
(Great Britain) Limited, 10 Bayford Street,
Hackney, London E8 3SE. Phone 01-985 1152

WW-—055 FOR FURTHER DETAILS
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200 1000V
V k{1 2000k01

200u A

Multimeter
motivation!

There are seven good reasons for choosing an Advance DMM2 Multimeter—

1 Price—only £99 for one off—less for bulk orders.

2  Clear non-ambiguous digital reading of AC and DC voltage
(100pV resolution), resistance and current—with optional
shunts, type SP2.

3 L.S.I. reliability from a purpose designed package which
performs the counting and storage functions.

4  Push button range selection. Maximum reading 1999 with
decimal point.

5 Overrange and reverse polarity indication.

6 Lightweight (3} Ibs.) portability in an attractive
ergonomically designed high impact plastic case.

7 Operation from AC supply, external 12V DC or optional
rechargeable battery pack, BP2.

Werite for data—or call Bishop's Stortford (0279) 5155 for up to date delivery
information—availability may be an eighth reason for choosing the DMM2!

DMM2 DIGITAL MULTIMETER

from ADVANCE

R h Road
.A.D U ANCE Bi:yhnopég‘Stgratford. Herts.
ELECTRONICS Tglephgne: .
I.ITMITED Tolon 2oareg e
May, Winfield INSTRUMENTDIVISION SALES OFFICE

WW—056 FOR FURTHER DETAILS
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__PERIOD  [DELAY/WIDTHIDELAY/WIDTH] OUTPUT [ .

——Ampht

®
| ® GVI Power
On

y . The two modules on-the left form a
rO I l l ra e y. complete square wave generator
giving outputs up to 6V into 50ohms,
aovar the range 1 Hz to 50 MHz
A IVI O d u I a r Tke four on the right form a
soohisticated pulse generator giving
full variable pulse width and delay

P u | S e G n e ra‘to r tacilities, with double pulse output
e over the same range of p.r.f.
It all this can be done with a blank
. space in the main frame, think what

you can do when you add the other
five missing modules . . . The
Bradley 175 provides an almost
limitless variety of complex pulse
patterns.

Ali Bradley instruments can be supplied with a
British Calibration Service Certificate. Ask for details.

G & E BRADLEY LTD
Electral House, Neasden Lane
Lonrdon NW10

Tel: 01-450 7811 Telex: 25583

A Lucas Company

BRADLEY

 electronics

Expect more from us

WW—057 FOR FURTHER DETAILS
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SINGLE
SOURCE
SENSE

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

If your parts requirements are small, and your
call-off irregular, you have a problem. If, asoften
happens, you want parts quickly, you have
another problem.

We are in business to help you solve both,
quickly.

As stockholders of an enormous range of

Radio, Electronic and Electrical Components,
Metal Pressings, Clips, Fasteners and
Assemblies by Cinch Dotand FT, we are the
“single source” for pretty well everything of this
kind you want in whatever quantity you want
and at short notice.

Two illustrated catalogues. Thousands

of stock items are detailed in our two fully
illustrated catalogues—Fasteners and
Electronics—either of which will be sent,
post-free, to firms and organisations.

Send for yours now,

stating which catalogue you require.

Make United-Carr Supplies
your

SINGLE
SOURCE

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

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

@ STOCKISTS
' UNITED-CARR .
SUPPLIES

WW—058 FOR FURTHER DETAILS
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. - : - |
_ DIGITAL VOLTMETER 1738 |
L—-FJ 1000V |

Bradle='s compact 173B Digital

F rO m B ra d I ey. i\:\c;lr:r;ﬁt.%willcost you only £360

And atthat price you mightn't

expect ary extras.
The 175B gives you six.
Forins-ance, there's a scale length
. of 101V te 1000 Vd.c. and with 50%,
overrange, maximum reading’is 1500
n OW WI p Vd.c. with an accuracy of 0.01%.
There's guarded input giving high
common mode rejection > 140 dB at

[ ] .
re S O I u 'tl O n line frequ=ncy.
M There's display storage. o
And 1-2-4-8 BCD data output.
There is & standard unsaturated cell as
an internel calibration reference. And
the 173B cives you automatic indication
of polarity.
In one small package, the 173B gives
you a lot cf DVM for your money.

ilTAL VOLTMETER 173B G. & E. BRADLEY LTD.

Electral House, Neasden Lane,

2192 ] London MW10.
= Telephome: 01-450 7811 Telex: 25583

A Lucas Company

BRADLEY

" . electronics

N—— 100mV

All Bradley instruments can be
supplied with a British Calibration

FURTHER y Service Certificate from our own
- = B.C.S. approved standards laboratory.
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Electronics
most widely trusted
connectors

Cover with top or end cable entry

Screw latch Dowel polarised

great facility for service

Member of the Louis Newmark Group,
with access to the combined facilities
of all other member companies.

Write for catalogue and quotation to:
McMurdo Instrument Co. Ltd., Rodney Road,
Portsmouth, Hants. Tel: 35361. Telex: 86112.

Authorised Stockists:— Lugton & Co. Ltd., 209/210 Tottenham Court Road, London W.1. Tel: Museum 3261 Sasco, P.O. Box No.20, Gatwick Road, Crawley
Sussex. Tel: Crawley 28700 (also Chipping Sodbury 2641, Cumbernauld 25601 and Hitchin 2242) and agents in principal overseas countries.

WW—060 FOR FURTHER DETAILS
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Eight good reasons

Range Magnetic and electro-
static, 26 mm and 13 mm tubes,
standard and short length, includ-
ing those with specialised target
layers and faceplates.

for choosin

EMI Vidicons

Versatility Designed for use ina
wide range of colour and mono-
chrome broadcast and closed-
circuit cameras, both live and film
pick-up.

Performance EMI separate
mesh vidicons are noted for their
high sensitivity, short lag and
good resolution.

Uniform Quality Every EMI
vidicon tube is produced to uni-
form standards for complete re-
liability.

LONDON

Edmundsons Electronics Ltd.

60-74, Market Parade, Rye Lane,
Peckham, London, S.E.15.

Tel: (01)-639 9731

BIRMINGHAM

Hawnt & Co. Ltd.

112-114, Pritchett Street, Birmingham, 6.
Tel: (021)-359 4301

CARDIFF

South Wales Wireless Installation Co. Ltd.
121, City Road, Cardiff. Tel: (0222)-23636

ELECTRON TUBE DIVISION

Economy EMI technology,
quality control and production
techniques provide tubes at realis-
tic prices.

Guarantee Every EMI vidicon
is guaranteed for 500 hours or
12 months’ operation.

Professional Advice Our
engineers are ready to discuss
your particular application.

WO N O W

Fast Service Just telephone EMI
or your nearest EMI distributor
for fast replacement service. (U.K.
distributors are listed below.)

- EMI ELECTRONICS LTD. - HAYES

Telephone: 01-573 3888, Ext. 2078 -

Telex 22417

WW—061 FOR FURTHER DETAILS

- MIDDLESEX

LIVERPOOL

Smith & Cookson Ltd.

49.57, Bridgewater Street, Liverpool 1.
Tel: (051)-709 3154

SHEFFIELD

The Needham Engineering Co. Ltd.
*P.0O.B. 23, Townhead Street,
Sheffield S1 1YB Tel: (0742)-27161
NEWCASTLE UPON TYNE

J. Gledson & Co. Ltd.

Newbiggin Lane, Westerhope,
Newcastle Upon Tyne, NES 1PM
Tel: (0632)-860955

- ENGLAND
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AUDIO MEASURING INSTRUMENTS

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

LOW DISTORTION OSCILLATOR

An instrument of high stability providing very pure sine waves,
and square waves, in the range of 5 Hz to 500 kHz. Hybrid
design using valves and semiconductors.

Specification

Frequency Range: 5 Hz- 500 kHz (5 ranges).

Output Impedance : 600 Oh

Output Voltage: 10 Volts r m.s. max.

Output Attenuation : 0-110 dB continuously variable.

Sine Wave Distortion: 0.005% from 200 Hz to 20 kHz increasing to
0.015% at 10 Hz and 100 kHz.

Square Wave Rise Time: Less than 0.1 microseconds.

Monitor Output Meter: Scaled 0-3, 0-10, and dBm.

Mains Input: 100 V.-250 V. 50/60 Hz.

Size: 174 x 11 x 8in.
Waeight: 25 b,
Price: £150.

DISTORTION MEASURING SET

A sensitive instrument for the measurement of total harmonic
distortion, designed for speedy and accurate use. Capable of
measuring distortion products as low as 0.002%. Direct reading
from calibrated meter scale,

Specification

Frequency Range: 20 Hz-20 kHz (6 ranges).

Distortion Range: 0.01%-100% f.s.d. (9 ranges).

Sensitivity : 100 mV.-100 V. (3 ranges).

Meter: Square law r.m.s. reading.

Input Resistance: 100 kOhms.

High Pass Filter: 3 dB down at 350 Hz.

30 dB down at 45 Hz.

+1 dB from second harmonic of rejection
frequency to 250 kHz.

Included battery.

Frequency Response:

Powet Requirements :

Size: 174 x 11 x 8in.
Weight: 15 Ib.
Price: £120.

Descriptive technical leafiets are available on request.

RADFORD LABORATORY INSTRUMENTS LTD.

BRISTOL BS3 2HZ
Telephone: 0272, 662301

WW—062 FOR FURTHER DETAILS
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Doty

Your choice in Linstead
low cost twin _
stabilised power supplies

NSNS\

\\

\\

\\

MMMNMNINIImmLaNNha

\\

2 X 0to 20V, 0.5 A each.
Accuracy: voltage + 2% + 0.1 V.

current + 2% F.S.D.
+ 10% supply voltage gives + 0.1% output change.
Ripple: 300 yVr.m.s.
Can be used in seriesfor40V, 0.6 A
Canbe usedin parallel for20V, 1 A,
2 ammeters.
Indefinite shorting without damage.
Size:81 X 63 X 6%in(21 X 17 X 17 cm).
£48.00 net U.K.

Type S7

2 X 0to 30V, 1A each.
Accuracy: voltage + 2% F.S.D.
current + 2% F.S.D.
+ 7% supply voltage gives + 0.1% output change.
Ripple 300 yVr.m.s.
Canbeusedinseriesfor 60V, 1 A.
Canbe usedin parallel for30V, 2 A.
2 meters, calibrated volts and amperes.
Full overload and short circuit protection.
Size: 83 X 63 X 7+in(21 X 17 X 19cm).
£65.00 net U.K.
For full details of both units send the coupon today.

Lrrrs7Ead EECTRONCS

Roslyn  Works. Roslyn Road, London, N.156. Telephone: 01-802 5144
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7
4 To: Linstead Electronics. Roslyn Works. Roslyn Road. London, N.16. Z
Vy Please send me full details of your twin stabilised power supplies. %
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Type RM 529 Mod 188D Multi-standard
Waveform Monitor can be used on any of the
PAL systems, 405, 525, 625 or 819 lines, without
internal adjustment, to carry out a wide range of
television waveform measurements.

Type R141A TV Test Signal and Sync-pulse
Generator is an all solid state source of high-
quality television test signals for 625 line 50 cycle
field standard PAL systems. The related type
R142 is for 525 line PAL systems and type R140
1 for 525 line NTSC standards.

Type 528 Mod 188G Waveform Monitor

monitors signals from camera outputs, video

system output lines, CCTV systems and educa-

tional TV systems. Available for use on PAL and
and NTSC standards.

Type 521 Vectorscope

Push-buttoncontrols forquick, accurate measurement

of 625 line PAL signals. Measures luminance ampli-

tude, chrominance phase and amplitude with solid

statereliability. Therelated type 522 measures 525line
PAL signals andtype520measures NTSC signals.

&

a43

TEKTRONIX

- Beaverton House, 181 A Mauldeth Road,
committed to progress in ‘vaveform measurement Manchester 19.

Please fill in Reader Reply Card or write. telephone or telex:

Tektronix U.K. Ltd.
Beaverton House, P.O. Box 69,
Harpenden, Herts.

Tel: Harpenden 61251 Telex: 25559

Northern Region Office:

Telephone: 061 224 0446 Telex: 668409
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CALIBRATION PROBLEMS?
Wire Wrap

We specialise

in the repair

and calibration of
all proprietary
and commercial
test equipment

Iinsulator

The OXLEY Wire Wrap ''Barb” cone-lock
Connector is a feed through insulator for high
speed automated panel wiring. It consists
of a rectangular section spill which is nickel
flashed and dip spin tinned, with a P.T.F.E.
insulating bush. The wire wrapping operation
is achieved by a rotary tool which quickly
produces highly reliable joints.

We can provide the following services

# FULLY GUARANTEED REPAIR OF
INSTRUMENTS

® CALIBRATION CARRIED OUT TO
MANUFACTURERS’ SPECIFICATION

® ALL TYPES OF MULTI-METERS, INC.
AVOMETERS, REPAIRED

@ REPAIR SERVICE 7 DAYS
@ WIRING AND SHEET METAL FACILITIES

The connectors are suitable for assembly
into 0.156” (4 mm) diameter holes and have
a working voltage of 1.5KV and a maximum
current rating of 5 amps.

OXLEY DEVELOPMENTS COMPANY LTD. ®
Priory Park, Ulverston, North Lancs., England OXLEY @
Tel: Ulverston 2621 Telex: 6541 Cables: Oxley Ulverston
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Just what js this ABR,that makes such
a vital difference to the ‘DITTON 15°?

The "DITTON 15"
Now firmly established as a superb high-fidelity loudspeaker. Design features
include the exclusive CELESTION ABR (auxiliary bass radiator), HF1300 treble
unit—as used in B.B.C. Monitor Loudspeakers —and specially developed mid/bass
unit. Low loss L/C crossover.

Power handling: 15 watts r.m.s.; 30 watts peak. Impedance 4—8 ohms.
Dimensions: 21 in. X 9%in. X 94 in.
Choice of finish: Teak or walnut.

Write or ‘phone

FIRNOR-MISILON LIMITED

MARSHGATE TRADING ESTATE,
MARSHGATE DRIVE, HERTFORD.

TEL: HERTFORD 5584
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Recommended Retail Price NOW £32

1.

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

. Anechoic cellular foam wedge

and lining eliminates standing
waves.

. High hysteresis panel loading

material to eliminate structural
resonances.

. Auxiliary Bass Radiator (ABR)

~—plastic foamdiaphragm of high
rigidity and low mass having a
free air resonance of only 8Hz,
double roll suspension allowing

excursions up to 2” with virtual
absence of distortion.

. 8” bass unit, with free air reson-

ance of 25 Hz, and massive
Ferroba Il magnet structure for
optimum magnetic damping and
cone treated with viscous damp-
ing layerto suppress resonances.

. Units mounted flush to elimin-

ate diffraction effects and tunnel
resonances; covered by acous-
tically transparent grille cloth for
maximum presence.

7. Full L-C Crossover network.

It's an interesting story—and worth enquiring about. Send for
details of the three Celestion ’'Ditton’ Hi-Fi Speaker Systems,
and the NEW ‘Ditton 120’ Loudspeaker.

Celestion

Studio

Series

Loudspeakers for
the Perfectionist

Visit us at
Sonex

ROLA CELESTION LIMITED, FOXHALL ROAD, IPSWICH, SUFFOLK, 1P3 8JP, ENGLAND

Te

o5

lephone: Ipswich 73131. Cables: Voicecoil Ipswich. Telex: 98365
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- First of the
quiet ones from
Marconi Instruments

New Low Noise UHF FM
Signal Generator permits >70dB
adjacent channel
rejection measurements

WANTED CHANNEL

NOISE IN CHANNEL
VARIES WITH SPACING

S

FREQUENCY

The TF 2212 is the first of the
quiet ones’- a series of signal
generatcrs designed to embody
all the features needed for the
accurate evaluation of narrow
band mobile FM receivers.

It is a signal generator with
sufficien-ly low sideband noise to
permit ~ with ease — the exacting
two and -hree signal generator
tests required by the licensing
authorities on advanced mobile
equipment. It has extremely low
microphony and. its frequency

SPACING

A
CHANNEL CENTRE FREQUENCY

stability specification is entirely
consistent with this type of
measurement.

TF 2012 covers the frequency
range 400 to 520 MHz and a swept
frequency output of 200 kHz
excursion is available by
application of an external low
speed voltage. Measurements and
test capability includes: sensitivity;

modulation acceptance bandwidth:

adjacent channel selectivity:
AF power output; AF response
characteristic; hum and noise;
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fc (INTERFERENCE )

general alignment tests;
demodulator characteristic tests.
Send for a comprehensive data
sheet and a copy of our brochure
‘THE QUIET ONES".

Marconi
iInstruments Ltd

A GEC-Marconi Electronics Company

Longacres, St. Albans, Herts.. England.
Tel: St. Albans 59292 Telex: 23350
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gaohic sterex

—THE PROFESSIONAL APPROACH

144

A British Pre-Amplifier with an Unparalleled Specification

Five section graphic equalisers operate “GRAPHIC STEREO" £162-0

independently in each channel "POWER STEREO 70" Amplifier £83-0
. . . . (35 watts R.M.S. per channel)

Theoretical limits of low noise are reached via a

; " . b “POWER STEREO 60’ Amplifier £97-0
unique noise cancelling pre-amplifier (80 watts R.M.S. per channel)

SOUND STANSTED - ESSEX

SYSTEMS :msgmo
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How to transmit from your
pocket =

Use this powerhouse of information from
Wireless World. A pocket diary with 60 pages of
important technical data, including formulae, WirelessWorId |
abacs, frequency allocations and circuit building DIARY 1971
bricks. 60 pages that answer 1001 technical and

general questions. Only 7/6 per copy in Rexine and OoCh

big discounts on bulk orders . . . S0(
Number Rexine Leather I H
1-49 7/6 10/9

50-99 6/6 9/9 _ ; 680
100-249 5/- 8/3 o

250+ 4/- 7/3 -

Postage 6d extra per copy;
quantities over 6 post free.

Send your orders to : Cashiers, S
IPC Business Press (Sales & Distribution) Ltd.,
P.O. Box 147, 40 Bowling Green Lane, London EC1P 1DB ( 820

e ANAAN

\Y %4

50095\/
L
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'Scope Scoop!

Advance OS1000

DC to 15MHz bandwidth.

bmV/cm dual trace display.

Signal Delay.

Comprehensive trigger facilities

with T.V. sync separator.

Switched X-Y operation.

Bright line auto free-run.

Portable —20 Ibs. weight, size 7"x11"x17"

Advance OS1000 — £185
Scoop that for valuel

0S1000 OSCILLOSCOPE

from the ADV.ANCE range

ADVANCE ) (s

FLECTROINICS e

ILITMITED o i 0 (0279 50155
May, Winfleld INSTRUMENTDIVISION SALES OFFICE
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Just add sound

A simple statement, but to the many professional audio engineers
using EMITAPE 815 it means a lot.

They know that developing the special formulation for tape of this
quality is no simple matter. They have confirmed that it provides the
low modulation noise, good dynamic range and signal-to-print ratio
so essential to flawless sound recording. EMITAPE 815 is standard
play. EMITAPE 825 is the long play version, ideal for portable and low
tension recorders. Any professional engineer not yet familiar with
EMITAPE 815 can confirm what the others already know — this is

quality tape!Send us your name and address and we’ll send you a
sample.

EMITAPE 815

EMI Tape Limited - Hayes - Middlesex - England - Telephone: 01-573 3888
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The gentle art
of hatching
audio power
transistors

We are just as fussy about hatching
our Audio Power Transistors as i
mother hen with her eggs. But the
hen has no say in the quality of her
eggs, whereas we have a lot to say
about the quality of our transistors.

We now have the very best—the
new BD181to the BD 184 series—of
high current audio power transistors
in production, and our advanced
techniques enable us to control the
quality very closely. Surface flatness
and thickness of the dice . . . diffusion
to a narrow base width
which gives the improved gain
characteristics and linearity . . .crystal
plating to close limits, so.that
contact resistance with the header is
reduced allowing closer control of

thermal resistance and knee voltage
... these are all examples of
meticulous process control.

The resultis an excellent yield
within the exactuing specifications
for our power transistors. Orin
practical terms, rugged deviees that
answer your needs at sensible prices,
due to quantity production and
automated quality control.

A complete range of rugged audio
power transistors 1s available for
amplificrs ranging from the most
demanding SOW circuit to o
3W domestic unit. Other devices in
the range cater for 35W, 25W,

[5W Class A and [5W Class Band
10W amplifiers.

Of course, a complete line-up of
supporting devices, including
requirements for pre-amplifiers and
power supplies are included in our
complete audio capability.

Worth it. We believe this audio
power range is complete enough,
eflicient and economical enough for
the most demanding of audio
manufacturers.

They can be sure that these
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products will give consistent

service and that we are producing

them at the best possible price.

Consistently uchieving these two aims

with all our products has helped

build our reputation. A reputation

which stretches ucross the electronics

industry. Before we emibark on

’ producing any new device we can

| draw on the insight and experience
we have gained—sometimes from

\ unusual electronics arcas—to employ

| ourresources in providing the

technically superior products our

customers have always demanded.

Mullard Y

‘ components for
| consumer electronics

Mullard Limited,

Consumer Electronics Division,

Mullard House, Torrington Place,
| London WCIE 7HD,

CED 110
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The new PG-71
Pulse Generator
costs £150, has
two independent
channels and
one unusual
characteristic...

* High output-dual 10 volts into or from 50¢2
* Fast <10 ns rise/fall times

% Wide ranges—period 200 ns-1 sec. (1 Hz-5 MHz)
delay 50 ns-1 sec. width 50 ns-1 sec.

% Gating, external trigger and manual one-shot
facilities

* True double pulse—two channels each with
independent delay, width and amplitude

% Pulse advance capability to-+1 sec.

% Super-portable: only 33" x 93" x 11", 75 |b
—battery operation available

* Internal channel mixing facilities

« ENGAAND o

HOODESDOW © tmIs
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sk GENIRATOR

SN

:— More details of the new PG-71 please.

.‘ Name o

| Position _ _ = S
Company _ - — — s

Address: - ~ — I N

| LYONS INSTRUMENTS
l Lyons Instruments Ltd. Hoddesdon England
Telephone Hoddesdon 67161 Telex 22724

A Claude Lyons Company W.W.3/71

e —
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PRECISION

Accurate
components at
competitive
prices

produced
by progressive
tooling and
multiform
methods

JOHN SMITH LTD.

209 SPON LANE * WEST BROMWICH * STAFFS. TEL. 021-553 2516 (3 LINES)
WOODS LANE - CRADLEY HEATH - WARLEY *WORCS. TEL. CR 69283 (3 LINES)

WW-—074 FOR FURTHER DETAILS

Neither you nor your microphone
ought to be kept on a lead

With our Type 12 Mk 111 and Type C
Mk 111 you won't be. They're radio
microphones. You get complete free-
dom of movement at a really minimal
cost. The microphones| are simply
connected to small transmitters that
you can keep in your pocket. And with
the Type C Mk 111 you can use up to
five microphone systems at the same
time with absolutely no interaction.
The Type 12 Mk 111 and the Type C
Mk 111 are both available on a
completely free 7-day trial; so write
today and we'll send you the full
details.

Transmitter

radio microphones

S.N.S. Communications Ltd., 851 Ringwood Road,
West Howe, Bournemouth, England, BH11 8LN,
Tel: Northbourne (STD 02016) 5331 (4 lines).
Telegrams: Flexicall Bournemouth.
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Counters
SN7490
SN7492
SN7493
SN74L90
SN74L93
SN74160
SN7416]|
SN74162
SN74163
SN74190
SN74191
SN74192
SN74193
SN74196
SN74197

*

¥ OK K K K K X X X ¥

Decoders
SN7442
SN7443
SN7444
SN7445
SN7446
SN7447
SN7448
SN7449
SN74141
SN74145
SN74154
SN74155
SN74156

SN7475
SN7481
SN7484
SN7488
* SN7489
SN74100
* SN74170

SN7480
SN7482
SN7483
* SN7485
SN7486
SN7418I
SN74182
* SN74H87
SN74H183
* SN74L85
SN74L86

THERE

RE NOW 64

MSI 74 SERIES

Shift Registers

Decade

Divide-by-12

4-Bit Binary

Decade

4-Bit Binary

Synchronous 4-Bit Decade

Synchronous 4-Bit Binary

Fully Synchronous 4-Bit Decade

Fully Synchronous 4-Bit Binary

Synchronous 4-Bit Up/Down Decade |-Line Mode Control
Synchronous 4-Bit Up/Down Binary 1-Line Mode Control
Synchronous 4-Bit Up/Down Decade

Synchronous 4-Bit Up/Down Binary

Asynchronous Presettable Decade

Asynchronous Presettable Binary

BCD-to-Decimal Decoder
Excess-3-to-Decimal Decoder
Excess-3-Gray-to-Decimal Decoder
BCD-to-Decimal Decoder/Driver
BCD-to-7-Segment Decoder/Driver (30v)
BCD-to-7-Segment Decoder/Driver (15v)
BCD-to-7-Segment Decoder
BCD-to-7-Segment Decoder
BCD-to-Decimal Decoder/Driver
BCD-to-Decimal Decoder/Driver
4-2-16-Line Decoder/Demultiplexer
Dual-2-to-4-Line Decoder/Demultiplexer
Dual-2-to-4-Line Decoder/Demultiplexer (O-C)

Memories—Latches

Quad Bistable Latch

16-Bit RAM

16-Bit RAM Gated Write Inputs
256-Bit ROM Custom Programmed
64-Bit RAM

Dual Quad Bistable Latch

4-by-4 Register File (Buffer Memory)

Arithmetic Elements

Gated Full Adder

2-Bit Binary Full Adder

4-Bit Binary Full Adder

4-Bit Magnitude Comparator
Quad-2-input Exclusive OR

4-Bit Arithmetic Logic Unit, Function Generator
Look-Ahead for Arithmetic Logic Unit
4-Bit True/Complement

Dual Carry-Save Full Adder

4-Bit Magnitude Comparator
Quad-2-input Exclusive OR

DELIVERY EX STOCK FROM:

GUARNDON ELECTRONICS (semiconpuctors) LTD

SLACK LANE

TELEPHONE: DERBY 32651
STD CODE: 0332

* X % * ¥

LI R L R R R R 2 R

* *

SN7491A 8-Bit

SN74L91 8-Bit

SN7494  4-Bit (Parallel-In, Serial Out)
SN7495  4-Bit Universal

SN74L95 4-Bit Universal

SN7496  5-Bit Dual Parallel In/Out

SN74L98 4-Bit Data Selector/Storage Register
SN74L99 4-Bit Universal

SN74164 8-Bit Serial-In, Parallel-Out
SN74165 8-Bit Parallel In, Serial-Out
SN74166 Synchronous Parallel-Load 8-Bit
SN74198 Universal 8-Bit Parallel-In/Out, Left/Right
SN74199 8-Bit Parallel-In/Out, J-K Inputs
Data Selectors

SN74150 16-Bit Data Selector

SN74151 8-Bit Data Selector

SN74152
SN74153

8-Bit Data Selector
Dual 4-to-1-Line Data Set/Multiplexer

Parity Generators

SN74180

8-Bit Parity Generator/Checker

Logic Elements

SN7406

SN7407
SN7408
SN7409
SN7413
SN7416
SN7417
SN7423
SN7425
SN7427
SN7432
SN7437
SN7438
SN74104
SN74105
SN74110
SN74111
SN74121
SN74122
SN74123
—PLUS

Hex Inverter Buffer/Driver Open-Collector High
Voltage Output

Hex Buffer/Driver, Open-Collector High Voltage Output

Quad 2-input Positive AND Gate

Quad 2-input Positive AND Gate

Dual 4-input NAND Schmitt Trigger

Hex Inverter Buffer/Driver, Open-Collector High Voltage

Hex Buffer/Driver, Open Collector High Voltage Output

Expandable Dual 4-input Positive NOR Gate with Enable

Dual 4-input Positive NOR Gate with Enable

Triple 3-input NOR Gate

Quad 2-input OR Gate

Quad 2-input NAND Buffer

Quad 2-input NAND Buffer with Open-Collector Output

Gated J-K Master-Slave Flip-Flop

Gated J-K Master-Slave Flip-Flop

Gated J-K Master-Slave Flip-Flop Data Lockout

Dual J-K Master-Slave Flip-Flop Data Lockout

Monostable Multivibrator

Retriggerable Resettable Monostable Multivibrator

Dual Retriggerable Resettable One-Shot

ALL THE ORIGINAL GATES—FLIP FLOPS

SN7400; SN7401; SN7402; SN7403; SN7404; SN7405;
SN7410; SN7420; SN7430; SN7440; SN7450; SN7451;
SN7453; SN7454; SN7460; SN7470; SN7472; SN7473; SN7474;
SN7476; SN74107.

* NEW ITEMS

DERBY

TELEX: 37163
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M AVELEY iuroduces
Farne“ a fg;‘lit‘—{clasds

New Constant Voltage/
Constant Current
‘L Series

performer

at a First-Class

Price £82

Designed o supply the routine facilities neces-
sary for the operation of 5V logic our new
model’ J 174 Puise Generator will enable a
basic, and uncomplicated operation in all areas
of Current Sinking Logic. As a ‘working’ gen-
eral purpose instrument, J 174 offers no pre-
tentious ‘dressing’ to swell the price. It’s
straightforward, simple, and offers super
service at a competitive price without any
degradation of performance. Compact, mains
operated, and using 1.C. Logic J 174 gives an

Units Available Prices inherent fast rise-time with a design that will
L.30A 0-50V at 500mA £36- allow for direct interfacing with all popular
L.308B 0-30V at 1A £36 families of Current Sinking Logic Instrumen-
L.30C 0-10V at 3A (with adjustable overvoltage .
: h tation.

crowbar circuit) £48
L.30D 0-30V at 2A £56 S -
L.30E 0-30V at 5A £82 Call us for immediate demonstration and/or
L.30F 0-12V at 10A (with adjustable overvoltage electrical and mechanical specifications.

crowbar circuit) £86 Delivery of this £82 Pul ¢ s
L.30A/T Dt e 70 teedlexr.)s[ock"s 8 se Generator is guaran
L.308/T 2 x 0-30V at1A £72 ‘ g
LSOD/T 2 x 0-30V at 2A £112 5Hz to 3MHz clock
Features
* Continuous variability of voltage and current settings 0.1u.sec to 100m.sec Pulse and
* Constant voltage or constant current operation Delay range.
* Programmable output g
* Extremely stable output against load/line variations OfItPUt voltage. fu!ly compatlble
* Separate on/off switching of mains input and DC output with Current Sinking Logic.
: Adjustable current limiting facility on all units Normal and Delay facility.

Variable SCR over-voltage crowbar circuit on L.30C and

L.30F. i ) Single Shot capability
* Clean functional design with precise monitoring of voltage -
and current by clear scale meter

FARNELL INSTRUMENTS LTD.,
Sandbeck Way, Wetherby, Yorkshire % aveley ARISDALE AVENUE
Telephone: 0937 3541/6 o poak S e
London Office: Telephone: 01 802/5359 & geetc!gLTD REfehes
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New from
Brenell...

‘Type 19" an industrial and scientific

tape deck built to the highest standards!

brenesll

BRENELL ENGINEERING COMPANY LTD.
231 5 Liverpoo! Road, London N.1. Telephone: 01-607 8271
WW—078 FOR FURTHER DETAILS
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AMPLIFIERS OF QUALITY |
AND RELIABILITY
at the right price!

FRL
'PHASE 12

An extremely attractive solid
state stereo amplifier, ideal
for unit audio use. Facilities
include MAGNETIC  and
CERAMIC P.U. RADIO,
TAPE etc. Output 6 watts -
per channel Freq. Response ONLY

40-40,000 c.p.s.—3 dB. Hum Level—74 £25 20
n

dB. Controls include Input Selector, Volume,

Balance, Bass, Treble and Stereo/Mono Recommended
Switch. Biack and silver facia panel with Retail Price
satin silver control knobs. Slimline finish enhanced by good quality

Teak cabinet housing. ! PHASE 44,

SOLID STATE
STEREO AMPLIFIER

20 + 20 WATT R.M.S.
HIGH FIDELITY
OUTPUT

% Excellent performance
% Impressive specification
% Attractive appearance

The latest addition to the FAL range.
For performance and styling the "'PHASE 44"
compares with the best. Reliability assured by
the use of top grade components.

Push button selection for Magnetic and
Ceramic pick-up. tuner, tape, mono/stereo,

filter, on/off.
Circuit incorporates 20 transistors and 4 % Natural teak veneered
altodtn cabinet

Facilities provided  include:—Headphone .
Jack socket, reserve power outiet and mains * ngh Grade compo“ems

neon.
Without doubt. ‘the 'PHASE 44 represents £42 50
exceltent value for money. 0 N I-Y L]
For leaflets on the above and other models
in the FAL range, please send SAE to.—

FUTURISTIC AIDS LTD, 104 Henconner Lane, Leeds, 13.

WW—079 FOR FURTHER DETAILS

Best value in Variable Filters

Some customers

British Broadcasting Corporation
British Rail
Central Electricity Generating Board

Sal

Chelsea College of Science &
Technology

Chemical Defence Establishment

Government Communications
Headquarters, Cheltenham

Imperial Chemical Industries Ltd
Imperial College

Marconi Space & Defence
Systems Ltd

Military Vehicles & Engineering
Establishment

National Physical Laboratory
The Post Office

Queen Mary College

Rank Precision Industries Ltd
The Rover Co. Ltd

Royal Air Force College

Royal Armament Research &
Development Establishment

Royal Military College of Science
Royal Navy Physiological Laboratory
Shell Research Ltd

Unitever Ltd

United Kingdom Atomic Energy
Authority

University of Essex
University of Liverpool
University of Salford
University of Strathclyde

prove it

Our specification
Two independent low pass/high pass filter
channels

Frequency cut-off range from 0.1 Hz to 100 kHz

Frequency tolerance +5% except at the limits
of the range

Attenuation slope 36 or 72 dB/octave
| Maximum attenuation greater than 75 dB

Combined channels providing band pass, band
stop or band separation modes

Maode switching without the use of
external links

Digital selection of cut-off frequency giving
accurate repeatability

Response switchable to ‘normal’, ‘narrow’ or
‘damped’ condition

Up to 20 dB gain provided in ‘narrow’
condition

6th order response achieved as a resuit of
computer aided design

Operation either from mains or external
batteries

Output protection against damage from external
short circuit

Price—£350 (UK)
Please write for pamphlet No. 1652/WD

‘ BARR AND ;

BARR & STROUD LIMITED
Anniesland, Glasgow W3

Telephone: 041-954 9601 Telex: 778114

Kinnaird House, 1 Pall Mall East, London SW1
Telephone: 01-930 1541 Telex: 261877
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RECORD
ZENER
OFFER

wEL

DO YOUR COMPANY A GOOD TURN. Get the lowest factory prices and
fastest delivery for all TEXAS, AEI, and FERRANTI Zener diodes.
All voltages and powers. Save your company time and money.

GET A SMALL REWARD. Free L.P. record tokens with Zener orders over
£5, exchangeable for all makes of record.

OR HELP A CHARITY. Alternatively we will credit the equivalent amount
to the reaistered charity of your choice. Contact WEL today for a
keener Zener deal. Offer ends 31st March 1971,

WEL. comrPONENTS LTD

5 LOVEROCK ROAD, READING, RG3 108
Tel. 580616/8 Telex 84529
MINISTRY OF TECHNOLOGY APPROVED DISTRIBUTOR

WW—083 FOR FURTHER DETAILS

Switch on

with CENTRALAB* tried and tested products.

Wafer switches in all sizes and ratings, for
ultra-reliable signal switching. Wide range of
poles and switch positions : : superb detent
mechanisms for positive ‘feel’ : : high VA ratings
for power circuits: : muiti-layer construction for
intricate arrangements.

All available from UECL — with the attractive
“design and build your own"’ kit of parts. Send
now for details, or ask for your wallchart of over
200 different types.

Ultra Electronics (Components) Limited,
“‘\ Fassetts Road, Loudwater, Bucks.

Tel: 0494 26233
Telex: 83173

* registered trade mark of Globe Union Inc.
registered user Ultra Electronics (Components) Limited.
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Hatfield

Attenuators

The many units in the 687 range offer a low

cost and versatile tool for the engineer and laboratory.
@® Only 5%in. x 1&in. x 23in.
@® Gold or silver plated switch contacts
@® BNC connectors 50, 75 and 600 ohms.

Send for full details of Hatfield Attenuators
and a copy of our Short Form Catalogue.

HATFIELD

forward thinking
in electronics

HATFIELD INSTRUMENTS LIMITED
Burrington Way. Plymouth PL5 3LZ, Devon.
Tel. Plymouth (0752) 72773/4 Grams:.Sigjen, Plymouth. Telex: 45582
South-East Asia: for prompt service and deliveries, contact:

Hatfield Instruments (NZ) Ltd., P.O. Box 561, Napier, New Zealand.
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“"BECUWE" MINIATURE LEVER KEYS

Designed for compact modern equipment,

for all climates, these miniature keys are

only 0.425" wide by 0.78" long and 1.76"
deep behind panel

BRITEC LIMITED

17 CHARING CROSS ROAD. LONDON. WC2H OER Tel: 01-930 3070
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P

4 4
LCTEL
oliuh
& USED THROUGHOUT THE WORLD. SANWA'S

EXPERIENCE OF 30 YEARS ENSURES ACCURACY

RELIABILITY, VERSATILITY UNSURPASSED  TESTER
PERFORMANCE COMES WITH EVERY SANWA
6 Months arantee. Excellent Repair S e

Model P-28 £4.87 Model K-30THD £12.60
Mogel JP-50 £5.87 Model F-80TRD £13.715
Modet U-500N £8.00 Made! 380-CE £16.00
Model 360-YTR £8.25 Model 430-£§ £20.00
Madel A-303TRD £11.00 Model EM-700 £45.00
Model AT-1 £11.37 Madet A-1000CB £60.00

wit

MODEL JP.50  PLEASE WRITE FOR ILLUSTRATED LEAFLETS OF THESE SANWA METERS

SOLE IMPORTERS IN UK;

QUALITY ELECTRONICS LTD.

47-49 HIGH STREET, KINGSTON-UPON-THAMES, SURREY. Tel:01-546 4585
WW—087 FOR FURTHER DETAILS
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XENON STROBOSCOPE

A Stroboscope designed primarily for laboratory, industrial and educational
applications where the elaboration and expense of more complex equipmant may
not be required. Features include simplicity of operation. robust construction,
exceptionally low price and builtin reliability.

The instrument is of modern appearance. small. light in weight. convenient to
use and portable. A wide range of flashing ratesiscovered by the large accurately
calibrated dial. allowing operation at ifow frequencies for strobo photagraphic
experiments and at high speeds for observation of rapidiy rotating or reciprocating
phenomena.

The external triggering facility permits single shot operation by an external
closing contact and also provides a synchronising input for high and low speed
repetitive phenomena which might otherwise be difficult to maintain in exact
phase
High intensity Xenon tube mounted in apara-
bolic reflector.
1-250flashes/second in 3 ranges.

Typically + 2% of each full scale.
(a) by internal oscillator
(b) by external closing contacts.

Light source.
Flashingrate.

Frequency accuracy.
Triggering.

Price: £38.50

Edwards Scientific International Ltd.
Knowle Road, Mirfield, Yorkshire. Tel: 092484 4242

WW—100 FOR FURTHER DETAILS

METER PROBLEMS?

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

Full Information from:

HARRIS ELECTRONICS (London) |

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937
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J ES AUDIO INSTRUMENTATION

lllustrated the Si452
Distortion Measuring Unit
—Ilow cost distortion
measurement down to

.01% £30.00
Si451 £35.00 Si453 £40.00
Comprehensive Millivoltmeter  Low distortion Oscillator
350u Volts 20ranges sine square - RIAA

J. E. SUGDEN & CO., LTD. Tel. Cleckheaton (OWR62} 2501

BRADFORD ROAD, CLECKHEATON, YORKSHIRE.
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CONTINUOUSLY VARIABLE e
LOW PASS ACTIVE FILTERS o >
over the range of: - 8= 0 ’
1 Hz to 11 kHz ! >

CLOSE TOLERANCE CAPACITORS
400 Volts D.C. down to:

+ 1,2, 5%

made to customers’ requirements

Also:
R. C & L BOXES
VOLTAGE DIVIDERS

WHEATSTONE BRIDGES
UNIVERSAL BRIDGES for educational purposes

All enquiries to:

LIONMOUNT & CO. LTD.,

Bellevue Road, New Southgate, London, N.11. Tel: 01-368 7047
WW-—090 FOR FURTHER DETAILS

@4 Ranges 10Hz-100KHz.
@ Sine or square wavz output.
@ Dual calibrated attens.

@ Stabilised output level.

NOMBREX INSTRUMENTS

TRANSISTORISED—MODERN STYLING—COMPACT

@ Sizes: Height 52" Depth 33”. Width 73"
ALSO

R.F. GENERATOR 29-S £20 0 O
R.F. GENERATOR 29-X £27 10 0
A.F. GENERATOR R.F. GENERATOR 31 £12 10 0 INDUCTANCE BRIDGE
MODEL 30 £19-10-0 C.R. BRIDGE 32 £10 10 O MODEL 33 £20-0-0

Post and Packing 6/6 extra.

@ 4 ranges, 1 yH-100H.
@ Q Factor 0.1-1000.

@ Oscillator freq. 1592Hz.
@ Hay/Maxwell switch.

SEND FOR FULL
TECHNICAL LEAFLETS

NOMBREX (1969) LTD., EXMOUTH, DEVON

TRADE & EXPORT
ENQUIRIES WELCOME

WW-—091 FOR FURTHER DETAILS
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RTABLE

The D51 is a new oscilloscope incorporating all the current requirements of a
general purpose oscilloscope. Of strong construction and simple controls, the D51 can
be easily operated by non-technical personnel and is an ideal oscilloscope to

satisfy the demands of A-level syllabuses and the needs of Technical Colleges.

Look at these features and then send for full details NOW!!!1

M True Dual Beam B Large display area 6 x 10 cm B Wide Bandwidth
(DC-6MHz channel 1, DC-3MHz channel 2) B 10 mV/cm Sensitivity
(DC-2MHz) ® Exceptionally Bright Trace B Small Size - Lightweight
M All this for only £98.0.0

TeELEQUIPMENT RG>

Telequipment, 313 Chase Road. Southgate, London, N.14. 6J Telephone: 01-882 1166. Telex: 262004,
A division of Tektronix U.K. Ltd.

WW—092 FOR FURTHER DETAILS
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Tesco make light
work of bulk buying.
Attheir Cheshunt, Herts,
headquarters, 28 Cossor -
Displays are linked to an ICL 1904
computer. Tesco depend on this complex electronic\T——""
system to make sure their country-wide chain of super-
markets get the right products at the right time.

And the whole system depends on Brimar. Each
display uses 2 Brimar Tubes, the XR 1000 monoscope
tube and the M31-100 data display tube, for

reliability, high definition and visual accuracy. CRT reliability
Brimar manufacture the widest range of cathode ray
tubes for industry to meet almost any specification. Th:l_'rn I;adil: viatlv:s |
; i and Tubes Limite
And the range is constantly evolving to meet , RlMA 2 Soho Square, London, WAV 6DN.
tomorrow's new and more complex demands. It's the Tel: 01-437 5233 THORN

kind of progress that keeps Brimar ahead.
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Concepts and Reality in Electronics

One of the difficulties in studying electronics is to know what conceptual level a lecturer
or writer is on when he is explaining or describing something. Even if one is familiar with
all the technical terms and symbols, and has crossed the first hurdle—that the meaning
is not simply the sum of the facts—there is still this slight worry about where exactly the
meaning lies on the scale of reality, a scale that stretches from the groundrock of sense
data to the stratosphere of abstract notions.

One sees such a scale in logic systems. At the top (for the sake of a reference point)
there is the level of abstract logical relationships which can be expressed in words or
some other kind of symbolism. Next down, and seemingly more “real”, is the functional
or black-box level concerned with states (on, off, up, down etc.), which are usually
represented by voltages or currents. Below this is the hardware level, of interconnected
devices and components with electrical energy shunted about among them, which is
describable in engineering terms without any reference to logic as such. Lower down,
and hardly recognizable as logic, is the level of tangibles: the materials and electricity,
which one can experience directly without being an engineer. (Of course the reality of
even this level is dubious, based as it is on complementary concepts of waves and
particles, so it might equally well be placed at the top of the scale of abstractness.)

For the student the middle of this conceptual scale is the most tricky because the
terms and symbols used can have various degrees of abstractness. If we see a NOR gate
symbol, do we think of the pure logical function or of a familiar circuit configuration?
It must depend on the context. At this level, more or less, we have those shifty characters
voltage and current. Owing to their long history in electrical power engineering, and
their common usage by the layman, these variables have acquired the reputation of
being the real stuff of electricity. As a result when we hear such terms as voltage drive,
voltage gain or voltage feedback we might easily come to think that the drive, gain or
feedback takes place solely by voltage alone and that current doesn’t enter into the
process. This may lead us into all sorts of confusion in trying to understand what is
going on. It is only when we come to examine voltage or current more closely that we
see the will-o-the-wisp nature of these apparently solid citizens. Apart from being
concepts they exist only as instrument readings. Thus something that we may think of
as comparatively “real”, such as voltage gain, turns out to be more in the nature of an
indicator of the real thing—an indicator that has been invented mainly because
voltmeters are readily available and we therefore like to use voltage for design and
specification purposes. To see the full picture we must know what are the input and
output impedances across which the voltages are measured.

The practical experimenter tends to blame mathematics for many of the conceptual
difficulties met in studying electronics. It is true that mathematical concepts, such as
the mysterious square-root-of-minus-one, have taken hold in electronics pretty
extensively. But this is not to be considered as some sort of infestation. If mathematics
had not provided ready-made concepts we would have had to invent our own, and it
is doubtful whether even these would have helped to dispet the slight confusion we
are bound to feel when encountering different aspects of reality.
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Provides 10Hz to 100kHz in eight 1/ 10 steps and uses a
m.o.s.f.e.t. as the input device

by A. J. Ewins

In the ‘good-old-days’ before the invention
of the transistor, an audio oscillator
designed on the Wein-bridge principle
used a double-gang variable capacitor
for fine control of the frequency and
fixed resistors to determine the frequency
range. Because of the lower input
impedance of transistor circuits. Wein-
bridge audio oscillators employing them
have reversed the roles of the variable
capacitor and fixed resistors to fixed
values of capacitors with variable resistors.
Some excellent oscillators have been
designed on this basis* but good double-
gang variable resistors and accurate
fixed capacitors tend to be rather expensive.
Now that the m.o.s.fe.t. is available, with
its extremely high input impedance, it is
possible to revert to the original design
using variable capacitors and fixed resistors
should it be considered desirable to do so.
The author thought that the design of such
an oscillator was worth the attempt.

One possible solution to using
a m.o.s.f.e.t. as the input device would be to
place a ‘source-follower’ circuit in front
of a good existing transistor design. How-
ever, the author’s approach has been to
start at the beginning and arrive at a
m.o.sfet. input stage with exceptionally
high voltage gain.

Design procedure

Neglecting the frequency selective positive
feedback and the voltage stabilizing nega-
tive feedback loops the design of a high-gain
amplifier with a m.o.s.fe.t. as the input
device is first considered.

Fig. 1 shows the typical transfer charac-
teristic of the RCA 40468A m.o.s.fe.t.
used by the author. This device was chosen
because of its low cost and high value of
transfer conductance (7.5mA/volt). With a
drain current of about 5mA the transfer
characteristic is fairly linear and the trans-
fer conductance is at a maximum of about
7.5mA/V for source-to-drain voltages
in excess of about 10V. As will be seen from
the* transfer characteristic, the gate-to-
source bias voltage at a drain current of
about 5mA ‘is typically —1V. As this
bias voltage may vary between samples
of the m.o.sfet., it was thought advis-

* Ridler, B. E., “Low-distortion R. C. Oscil-
lator”. Wireless World, August 1967.

able to bias the gate with a positive voltage,
as for a conventional n-p-n transistor, and
use a suitable value of source resistor to
obtain the correct Source voltage at the
chosen value of drain current. With the
voltage on the gate chosen to be 5V, the
expected source voltage is 6V. With a
drain current of 4.5mA, a value for the
source resistor of 1.33k$ is obtained.
A 1k resistor was used in series with a
33042 resistor; the 33012 resistor forming
part of the negative feedback loop. With
this biasing arrangement, the drain current
will be within +10% of its design value
(assuming precise values of resistance)
for variation in the gate-to-source bias
voltage of +50% (i.e. +0.5V).

With a positive supply of 22.5V, the
source voltage set nominally at 6V and a
drain-to-source voltage of at least 10V,
the maximum value of resistance that may
be placed in the drain line of the m.o.s.fe.t.
is (22.5—6—10)/4.5 which equals 1.45k0.
Thus, since the voltage gain of a m.o.s.f.e.t.
stage is proportional to the load on its drain,
the maximum voltage gain attainable from
the circuit would be approximately 7.5mA/
volt X 1.45k2 which equals 11. (This is
assuming, of course, that the source resistor
is decoupled.) The voltage gain of this stage
could be improved by increasing the value
of the drain resistor, necessitating an
increase in the positive supply voltage.
However, in view ofthefactthatthe absolute
maximum drain-to-source voltage is 20V
for this particular type of m.o.s.fe.t. it
would not be advisable to increase the
supply voltage by any appreciable amount.

One way of making the drain load appear

Source and substrate groundedo
Ambient temperature (Tp)=25C

Drain-to-source volts (Vpg)=+15

15
~~
o
Z 1o
<
E
<
g sr
o
(o] 1 L sl 1 .|
-5 -4 =3 —2 =1

Gate-to-source volts (Vgg)

Fig. 1. Characteristics of the R.C.A.
404684 m.o.s f.e.t.

high while maintaining a low supply voltage
is to replace the drain resistor with the
collector circuit of a transistor which has
a fixed emitter resistor and a constant base
voltage (i.e. a constant current circuit).
The variation of collector current with vary-
ing collector voltage is negligible for such a
configuration, giving an output impedance
in the collector line in excess of 100kf2.
Thus, with the constant current matched to
the drain current of the m.o.s.fe.t., the
voltage gain of the m.o.s.f.e.t. stage is poten-
tially increased to a value in excess of
100k2 X 7.5mA/V = 750.

Having decided on a constant current
circuit as the load for the m.o.s.fe.t. stage
the problem arises as to how to match the
constant current to the chosen value of
drain current and to stabilize the voltage
on the collector and drain of the constant
current transistor and m.os.fet. By
means of d.c. negative feedback from the
collector/drain junction, either the
f.e.t.’s drain current may be controlled by
varying the bias voltage on its gate, or
the constant current may be controlled by
varying the voltage on the transistor’s base.
Figs. 2(a) and 2(b) illustrate these two pos-
sible methods. The drawback of both these
methods is that the d.c. feedback line im-
poses an unwanted load on the drain of the
m.o.s.fet. stage, reducing its voltage
gain. The second method having a more
drastic effect than the first. The first method
was attempted using feedback resistors with
values in the megohm region. However,
it proved unsuccessful in that low-frequency
instability resulted when an input signal
was applied to the circuit.

At this stage, thought was given to the
second stage of amplification and having
decided on a p-n-p transistor an obvious
solution presented itself. With the base of
the second stage transistor directly coupled
to the drain of the first stage, the d.c. voltage
developed across its emitter resistor could
be tapped to provide the base of the con-
stant current transistor with just the correct
amount of d.c. voltage to produce the re-
quired value of constant current, thus
stabilizing the d.c. voltage at the collector/
drain junction (see Fig. 2(c)). In doing this
no unwanted load is placed upon the drain
of the m.o.s.f.et. stage

Using this method of matching the con-
stant current load to the chosen value of
drain current results in an extremely stable
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Fig. 2. (a and b) Two ways of stabilizing the voltage on the collector and drain of the constant current transistor and m.o.s.f.e.t.

(c) the solution employed.

working point d.c. voltage at the collector/
drain junction of the first stage. For vari-
ations in the bias voltage of the m.o.s.f.e.t.
of " +50% about the design value of
—1V, a variation in the d.c. voltage of the
collector/drain junction of as little as
+2% is achieved (assuming that all resis-
tors are their precise values).

The design of the second stage of ampli-
fication (the p-n-p- transistor, Tr, in Fig. 3)
is conventional,
which is an emitter follower. A constant
current circuit was used as the emitter load
of the output stage in order to reduce the
load on the emitter of this stage. If the
output from the oscillator is to be connected
to the output attenuator circuit of Fig. 4, or
if the load applied to the output from the
oscillator is not likely to be less than 1k$2,
the constant current circuit may be replaced
by a resistor of about 47082 without any
detriment to the oscillator’s performance.
As shown in Fig. 3, the minimum value of
resistance that may be applied to the output
from the oscillator is 22052.

Fig. 3 shows the circuit diagram of the
audio oscillator as described. It will be seen
that the frequency selective, positive feed-
back is a conventional Wein-bridge circuit.
The frequency ranges (coarse control) are
provided by means of switched selected
fixed resistors, the double-gang variable
capacitor providing the fine frequency
control. Using values for the resistors and
capacitors as shown in Fig. 3 gives
frequency coverage over the range of 10Hz
to 100kHz in eight \/10 steps. i.e. 10 to
32Hz, 32 to 100Hz, etc. The double-gang,
1000pF, variable capacitor is a four-gang,
500pF, tuning capacitor with its four
sections divided into two pairs; the two
sections in each pair being connected in
parallel. The tuning capacitor used by the
author is an expensive item and rather
upsets the argument of a cheap, fine-
frequency control. However, a double-gang,
500pF tuning capacitor, which may cer-
tainly be obtained for less than 10s, may

as is the output stage,

]\ +18V
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alternatively be used, providing frequency

coverage over the range of 20Hz to 200kHz,
v/ 10 steps. i.e. 20 to 63Hz,

again in eight,
63 to 200Hz, etc.

The voltage stabilizing, negative feed-
back is achieved by means of a thermistor
as shown in Fig. 3. The type specified is an
S.T.C. R24 which gives an output of about

1,000p
24k 120
4
1 00
Coarse frequency control Sy AABAA
Position Range (Hz) STC. R24
1 10 - 32
2 32 - 100
3 100 - 320 Outputs A & B to inputs A& B in tigures 435
4 320 - 1k
5 ik — 32k
6 3.2k — 10k
7 10k — 32k
8 32k - 100k . g g
Fig. 3. The audio oscillator.

1.4V r.m.s. The S.T.C. types, R53 and R54
may be used, providing outputs of 1V and
2.2V, respectively. Some alteration to the
feedback resistor in the source line of the
m.osfet. (33002) may be necessary
with these other types.

The only capacitors in the circuit, other
than the frequency selective capacitors, are
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Sine wave output
at 600 ()L impedance
+18V S
% 2
13k 10 6 .
W 153 16mV
316mV. 5 2 10mV
————0~ 4 3 O—
B 680 100mV 3r6mV
- K
L0 100w 18k 1-8k 1-8k 18k 1-8k
’:,‘l H A AAA—
8u.+
10k '._f T dVAVAV. —AAA~ ANAA—4
" 33k 33k 33k 33k 33k
BC168
<
11k 11k 11k 11k 10
100
820
5-1k Adjust tfor 56 56 56 56 680
1Voutput

Fig. 4. Output attenuator circuit.

those in the output,in the negative feedback
line and the two for decoupling around the
emitter circuit of Tr,. The role that these
two decoupling capacitors play is worthy
of comment. Neglecting, for the moment,
the decoupling capacitor across the base of
Tr,, the capacitor decoupling the emitter
of Tr, produces maximum voltage gain in
the second stage of amplification. However,
its presence reduces the input impedance
of the second stage, increasing the load on
the drain circuit of the m.o.s.fe.t. and
hence reduces the voltage gain of the first
stage. If only the 1.8k resistor in the emit-
ter circuit of 77, is decoupled, leaving 1k
undecoupled, the input impedance of the
second stage is raised, increasing the voltage
gain of the first stage but at the expense of
a drastically reduced second stage voltage
gain. Perhaps not surprisingly, completely

decoupling the emitter of Tr, produces the
greatest overall, open loop gain of the two
alternatives. It may be worth experimenting
with the amount of resistance left un-
decoupled in the emitter of Tr; since
maximum open loop voltage gain of the two
stages is not necessarily achieved when the
emitter of Tr, is totally decoupled.
Returning now to the decoupling capaci-
tor on the base of Tr,; it was found neces-
sary to have this in order to maintain the
high gain of the amplifier down to low
frequencies. The open loop gain of the
amplifier as shown in Fig. 3 was found to
be in excess of 5,000 at 1kHz. The 120pF
capacitor connected in series with the 10082
resistor across the collector load of 77,
tailors the high-frequency response of the
amplifier and prevents any unwanted high-
frequency oscillations from occurring. For
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this reason also, the 1k () resistor in the
source line of the m.o.s.f.e.t. was left unde-
coupled.

The circuit of Fig. 4 provides a means
of varying the output voltage from O to 1V
in six, 1/10 steps with a constant output
impedance of 600£2. The 8208 resistor in
the emitter of Tr, may be adjusted, if
required, so that, with the variable control
set at maximum, the output from the attenu-
ator in position six is exactly 1V. The resis-
tors used in the constant output impedance
attenuator were of 5% tolerance, being
perfectly adequate for the author’s require-
ments. Resistors of 1 or 2% tolerance may,
of course, be used if a greater degree of
accuracy is required.

Readers will notice that, although the
audio oscillator was originally designed to
operate from a supply of 22.5V, the circuits
of Figs. 3 and 4 are shown as operating from
an 18V supply. After the initial design was
made the author reasoned that a supply of
18V would be more convenient should
battery operation be preferred. Conse-
quently, after initial experimentation with
the circuit, a prototype and final model were
constructed for use with an 18V supply.
All performance data given is for an
oscillator operating from an 18V supply.

The author does not have ready access
to harmonic distortion measuring equip-
ment and, as a result, was unable to check
the overall performance of the oscillator
until it had been completed. The total
harmonic distortion of the oscillator, which
was discovered to be predominately second
harmonic, was measured at the output of
the output attenuator circuit at alevel of 1V
and was found to be less than 0.15% over
the range of 25Hz to 25kHz. The author
was able to employ the services of Brunel
University’s electronics department for
this measurement and wishes to thank its
staff for their co-operation.
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Fig. 5. Frequency meter and square-wave shaper.
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Fig. 6. The circuit of the power supply unil.

Because the design of the oscillator was
very much by rule-of-thumb, it is to be
expected that it is capable of refinement
with, perhaps, an improvement in the
distortion figures.

Calibration

As with all test instruments, calibration of
the oscillator poses a problem and is best
achieved with the aid of a digital frequency
meter. Calibration of two adjacent ranges,
e.g., the ranges 100 to 320Hz and 320Hz
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to 1kHz, is all that is necessary, provided
that 1% tolerance resistors are used for the
construction of the coarse frequency
control, as the relationship between alter-
nate ranges will hold good for all the ranges
covered by the oscillator. The author, how-
ever, used 5% tolerance resistors, having
decided to build-in a frequency meter to
the completed oscillator. For those readers
who may be interested the circuit of the
author’s frequency meter is shown in Fig. 5.
The same switch that selects the frequency
range of the oscillator was used to select
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the frequency range of the meter. As part of
the frequency meter is a square-wave
shaper, a square-wave output was made
available with a peak-to-peak voltage of
approximately 4V. The rise time of the
square-wave was less than 0.2ysec at a
frequency of 100kHz.

Performance

No tests were carried out as to the frequency
or output voltage stability of the oscillator
with variations in room temperature or
supply voltage. However, there is no teason
to expect these to be any different from
other oscillators of a similar design. Typical
values that may be expected are: frequency
stability; better than 2% for + 10°C varia-
tion; less than 1% for + 5% variation in
supply volts. Output voltage stability; less
than 3% for + 10°C variation; less than
1% for + 5% variation in supply volts.

The output voltage variation with fre-
quency was found to be less than 1% over
the entire range of the oscillator.

The distortion figures of the oscillator are
not exceptional and are, as previously
mentioned, less than 0.15% over the
frequency range of 25Hz to 25kHz.

As the circuit of the frequency meter
used by the author is sensitive to changes
in supply voltage, he used a mains operated,
stabilized power supply capable of deliver-
ing up to 100mA at 18V. Fig. 6 shows cir-
cuit of the author’s power supply.

Demonstrating Multivibrator Action
T. Palmer*, B.A., Assoc.l.E.R.E.

When teaching the action of an astable
multivibrator to students, there is the
difficulty that, no matter at what point in
the cycle we begin, the action is
determined by what happered in a
previous period. If the important feature at
a certain moment is that a capacitor is
discharging, we have to go back in time to
explain how it became charged. These
difficulties can be avoided by starting at a
certain point, which I call stage 1, and for
which the circuit is shown below.

Stage 1. With switch S, open, 4, reads
zero, A, reads 6mA, and A4, reads 6mA.
When S, is closed, 4, immediately gives a
reading of 6mA. The reading on 4, falls to
zero and stays at zero for a certain time. It
then rises to 6mA. When the reading on
A, rises to 6mA, that on A, falls to zero
and stays at zero for some time;
eventually it rises to 6mA. All the meters
continue to read 6mA.

The moral to be drawn from the
demonstration so far is that when any
transistor starts to pass current, its
neighbour on the right stops passing
current for a certain period. If C, and C,
are banks of 100u F capacitors it is easy
to show, by varying C, or C,, how the

" Acton Technical College, London

delay is related to the value of capacitance
(100u F for a short delay, 800u F for a
long delay).

Stage 2. Switch S, is open; the lead from
C, which previously was connected to the
base of Tr;, is now connected to the base
of Tr,. Initially, A, reads zero, A, reads
6mA, and 4, reads 6mA. When §, is
closed, 4, immediately reads 6mA and 4,
reads zero, because of the action
illustrated in stage 1. Eventually the
reading on A, rises to 6mA and now Tr,
behaves in the same way as Tr,in stage 1.
Whereas Tr, could not affect Tr,, Tr, can.
Whenever either of the transistors starts to

Circuit for demonstrating astable
multivibrator action. Meters are 0-10mA
types.

pass current, the other one is switched off.
The pattern continues indefinitely.

If the transistors and resistors are
mounted on an S-DeC?t, it is not
necessary to have a switch for S,: simply
insert the leads of R, in the appropriate
holes. The circuit can easily be changed
from that of stage | to that of stage 2 by
plugging the lead from C, in a hole
associated with the base of 7r,.

Students often have difficulty understand-
ing that in an astable multivibrator of this
type the base can swing appreciably
positive to the emitter. It is instructive to
improvise a voltmeter out of a centre-zero
25u A meter in series with a 1M£2 resistor.
Such a voltmeter connected between base
and emitter of Tr, for instance, shows
that immediately after 7r, has stopped
passing current, the base is momentarily
6V positive with respect to the emitter.
Students can see that it is not until the
base is slightly negative to the emitter that
collector current starts to flow in Tr,
Eventually some of them may be
persuaded to have some faith in the
statements made to them about RC
circuits. Even if they are not, the
demonstration keeps them out of mischief.
t S-DeC. is available from SDS Electronics Ltd,

34 Arkwright, Astmoor Industrial Estate, Runcorn,
Ches.



News of the Month

Sony defies PAL patents

A colour television receiver is to be intro-
duced in April which is unlike any other on
sale in this country. Instead of using the
three-electron-gun shadow-mask tube Sony,
who produce the receiver, are employing a
tube of their own design which they have
called the Trinitron. In the tube a single
electron gun produces three beams which
are magnetically deflected to provide the
scan and electrostatically deflected for
convergence purposes. Unlike the shadow-
mask tube, which has the three beams
arranged in a triangle, the Trinitron employs
a ‘horizontal-in-line’ beam geometry. This
arrangement, claims Sony, means that in
optical terms one is using a large lens with a
small aperture giving very high definition,
Certainly on receivers viewed by Wireless
World the definition was very good although
the convergence arrangements were such

that a slight colour fringing on black and
white pictures was visible at the extreme
corners of the picture. Incidentally conver-
gence has to be carried out in one plane
only and therefore the controls are few and
simple.

In place of the shadow mask the Trini-
tron employs a metal plate with vertical slits
running the height of the tube face. The
phosphors are also applied in stripes.

Sony have not a licensing agreement with
AEG-Telefunken who developed the PAL
television system and who hold the patent
rights. Sony say that their ‘system employs
a completely new concept of reception for
the British colour TV broadcasting
standard’. Just how different the circuitry is
we were unable to establish as Sony will not
release any details at this stage. All we
were able to find out was that no valves
are used.

The photograph
shows a portable
position indicating
unit which operates
in conjunction with
the U.S. Navy's
navigational satellite
system and a master
station which may be
hundreds of miles
distant. As the
satellite rises over the
horizon both the
master and portable
stations record the
satellite’s signals and
the portable station
then transmits this
information to the
master station. The
master first computes
its own position
using the doppler
shift of the satellite’s
signals and then
computes the port-
able station’s relative
position. This infor-
mation is then trans-
mitted to the portable
station. The portable
station weighs 271b
and was built by
Honeywell.
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Sony must be very sure of their position
because, although their set receives and
processes PAL colour television signals
(and the make-up and format of these signals
are covered by AEG-Telefunken patents),
they claim that they are not infringing any
of the patent rights. It will be interesting to
follow Telefunken’s reaction to the
announcement.

The new set has a 13inscreen (in line with
Sony’s earlier preference for small sets); it
weighs 39lb, and has a recommended retail
price of £199.75. '

Another Japanese firm who will soon be
launching a range of PAL colour television
sets, this time with a licensing agreement
with AEG-Telefunken, is Hitachi.

Domestic radio and TV
deliveries
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The graph shows the deliveries of U.K.
manufactured radio and television receivers
and record playing equipment to the trade
(multiply by one thousand) as released by
the British Radio Equipment Manufac-
turers’ Association. We have projected the
curves into 1971 although we may perhaps
have erred on the side of optimism. The
colour TV market will almost certainly
increase its rate of growth but it would be
very difficult to say what sort of impression
imported colour receivers are going to make
and the share of the market they are going to
win. We feel that the radio receiver market
will start to pick up because public interest
in v.h.f. receivers will be aroused by the
discussions on local and commercial radio
that will take place during the year.

Touring Exhibition

During 1971 a series of ‘Electromation
Exhibitions’ will be held throughout the
country. Some of the firms taking part will
be: Cannon Electric, Watford Electric,
Elite Engineering, Gresham Lion Electron-
ics, Seiga Electronics, Mullard, Bowthorpe
Hellerman, Rowband Electronics, Coutant
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Electronics, S.D.S., Interface Components,
Stabletron, Integrated Photomatrix, Avdel,
Excel Electronics, Murex, G.D.S. Sales,
Highland Electronics, Electrical Remote
Control, Chemical Processes, Vero Elec-
tronics, Craig & Derricott, Membrain, and
Hallam Sleigh & Cheston. The exhibitions
will be held at the following places.
Feb. 23-25 Guildhall, Plymouth
April 6-8 Excelsior Hotel, London Air-
port
20, 21 Station Hotel, Newcastle
22,23 Grand Hotel, West Hartlepool
June 9, 10 Central Hotel, Glasgow
11, 12 Caledonian Hotel, Edinburgh
22, 23 Hotel Leofric, Coventry
24, 25 North Stafford Hotel, Stoke-
on-Trent
July 6,7 Adelphi Hotel, Liverpool
8, 9 Midland Hotel, Brad-
ford
20, 21 Grand Spa Hall, Bristol
22,23 Rank Banqueting Suite, Swan-
sea
Sept. 7,8 Queen Hotel, Leeds
9,10 Royal Victoria Hotel, Sheffield

BBC-2 trade test

transmissions

During the following transmissions the
sound sequence will be: four-mins 440Hz
tone, one-min no sound and fifteen-mins of
recorded music.

Monday to Friday

09.00 Test card F
09.58 Caption

10.00 Service
information
10.05 Test card F

11.00 Colour prog.

or film
11.20 Test card F
11.28 Caption
11.30 Service

information
11.35 Colour film
11.55 Colour bars
12.00 Test card F
12.10 Colour film
12.25 Colour bars
12.30 Test card F
14.00 Colour film
14.20 Test card F

Saturdays

14.28 Caption

14.30 Service
information

14.35 Colour film

15.00 Test card F
15.30 Colour film

16.00 Test card F
16.10 Colour bars
16.15 Test card F

16.30 Colour film
17.00 Test card F
17.10 Colour bars
17.15 Test card F
17.30 Colour film
18.00 Test card F
18.15 Colour film
18.40 Test card F

As Mondays to Friday except for:

14.50 Test card F
15.00 Saturday
cinema

16.35 Test card F
17.00 Colour film

T.E.M.A. awards

The annual awards to the winners of the
competition for technologists and
technicians were made at the annual
dinner of the Telecommunication
Engineering & Manufacturing Association
on February 2nd. The entrants from
member companies submitted essays on
some aspect of their studies or training.
The winner in the technologist grade
(confined to graduate trainees or those in

109

The traffic control room at the Dartford tunnel. S.T.C. have recently installed a
single-channel u.h.f. communication system which allows contact with service control
velricles. The use of u.l.f. has overcome the problems of receiving the signal inside the
tunnel itself and no dead spots exist at the tunnel mouths due to cancellation effects.

the final year of their studies) was Jack
Roberts, B.Sc. (Hons.), of Creed & Co,
and the runnerup was Richard P.
Edwards of the Marconi Company.
Winner in the technician class was Peter J.
Walters of GEC-AEI Telecommunica-
tions.

Emley Moor again

The new aerial at Emley Moor is now
operational and it is hoped that about
1.75M more viewers will be able to receive
programmes than with the temporary
aerial, which has been in use since the
collapse of the original mast.

The lower portion of the new mast is a
900ft high concrete tower, 80ft in diameter
at the base, and weighing 14,000 tons. The
top 180ft of the mast (the total height is
1,080ft) is a steel lattice structure
containing the various aerials. The main
companies who have built the new mast
for the L.T.A. are Ove Arup and Partners
(consultants), Tileman and Co. (main
contractors for the tower) and E.M.I.
(aerials).

The I.T.A. have also recently
announced that a £1M contract has been
awarded to Marconi for 15 television
transmitzers to be installed in various parts
of the country from 1972 onwards.

The Physics Exhibition
The Physics Exhibition will again be held
at the Alexandra Palace, London (19th to
22nd April). There will be an increased
number of exhibitors from overseas inclu-
ding France, Hungary and Israel, as well as
a large stand which will be organized by the
Federation of Scientific and Technical
Associations of Italy.

An important change has been made in

the regulations relating to equipment and
instruments in production. In the past to
qualify for the exhibition instruments, or
other apparatus, had to show ‘substantial
advances on or differences from existing
apparatus, instruments or techniques’. The
eligibility of each item was assessed by a
committee. This process will continue for
the 1971 exhibition but in addition, for
every experimental or new item the commit-
tee consider suitable for the exhibition the
exhibitor may also exhibit one item, or in
some cases two, from production. The orga-
nizers, the Institute of Physics and the
Physical Society, say that by this change
in the regulations ‘it is hoped to restore the
interest in scientific instrumentation and
careful measurement which was a feature of
the early Physical Society Exhibitions and
that a balanced exhibition of interest to
physicists, both pure and applied, will
result.

While appreciating the reasons for this
change in the regulations we sincerely hope
that this new licence to exhibitors will not
be abused. It would be very sad to see the
exhibition become a happy hunting ground
for the salesmen.

In place of the open forum which has
been a feature of the last two exhibitions
there will be a joint meeting of the
Education and Electronics Groups of the
Institute (2.30 p.m., 21st April). The lec-
tures that will be held during the exhibition
are as follows: ‘The Impact of Electronics
in the Medical Field’, Professor Vito Svelto,
University of Panavia (3.30 p.m., 19th);
‘Science Teaching at the Open University’,
Professor M. J. Pentz, dean and director of
studies in science at the Open University
(3.30 p.m., 20th); and ‘Holography, Indus-
try and the Rebirth of Optics’, J. W. C.
Gates, division of optical metrology, the
National Physical Laboratory (3.30 p.m.,
22nd).
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—Short-range High-definition Radar

by K. L. Fuller*

An experimental short-range radar
has been built for detecting airfield
vehicles. Using a c.w. frequency
modulation ranging technique in
conjunction with a frequency-sensitive
steerable aerial, it achieves azimuth
scan from the same frequency
modulation. The radar also has marine
and military applications.

With the growing use of fully automatic
landing systems at airfields there is an
increasing need to drive vehicles on the
airfield at fairly high speeds in conditions
of poor or zero \visibility. After a
successful automatic landing it is
necessary to guide the aircraft from the
end of the runway wia the taxi-track to the
main terminal building. This could be done
with buried cables in the taxi-tracks, but
would have the disadvantage that
considerable installation work would be
required and the system would not be
flexible. Further, although following the
cable would keep the aircraft on the
correct route, there would be no guarantee
that the route was free from obstacles. In
the case of an unsuccessful automatic
landing in fog resulting in a crash, it is
obviously essential that fire tenders and
ambulances should be able to reach the
scene as soon as possible, without
colliding with obstacles and survivors en

*Mullard Research Laboratories, Redhill, Surrey.
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Fig. 1. Transmitted and received signals

in an fm.-c.w. radar. Near target
produces low difference frequency and a
distant target a higher difference
[frequency.

route, and here a really effective aid to
vehicle navigation in zero visibility is
required.

It has therefore been decided that
a radar which looks over a sector of about
6(° ahead of the vehicle and with a
maximum range of perhaps 160 metres is
the most practical solution. To produce a
useful picture such a radar would need a
short-range performance and range
resolution performance about an order of
magnitude better than current radar
systems. In addition it is desirable that the
radar has a rapid angular scan to avoid
picture flicker and present a high
information rate. In the AVOID radar
system this is done with an electronic
scan, giving 25 complete pictures per
second. (AVOID is an acronym for
airfield vehicle obstacle indication device.)

Range measurement

To achieve a two-metre resolution over the
range 3 to 160 metres would require a
pulse length of 10ns if conventional pulse
techniques were used, which would present
almost insoluble problems of bandwidth,
generation and T /R switching.

An alternative approach which seemed
attractive at first sight was the use of an
ultrasonic radar system because the
velocity of propagation is much lower, so
the range resolution can be obtained with
more reasonable pulse lengths and
bandwidths. When this was tried several
major difficulties arose. First, the
attenuation of ultrasonics in air is high and
hence it is extremely difficult to obtain
ranges in excess of 20 metres with a
reasonable transmitter power. Second, due
to the low velocity of propagation, the
information rate from the radar is
insufficient to produce a useful up-to-date
picture. Third, the ultrasonic radar is
very sensitive to interference generated by
jet engine n¢ se.

It was therefore decided to wuse
conventional microwave radar but to
measure range by applying a linear
frequency modulation to a continuous
transmission (Fig. 1). The transmitter
frequency, shown by the solid line,
increases linearly with time until it reaches
the end of the frequency range of the
device and then decreases. A return signal
from a close target (broken line) will have

(@) ()

Fig. 2. Two azimuth scanning systems
(a) mechanical and (b) electronic. In the
electronic system scanning is achieved by
using an aerial whose radiation pattern
changes with frequency.

the same shape but delayed slightly in
time, and the return signal from a more
distant target will again be the same shape
but delayed more in time. If these return
signals from the targets are mixed with a
sample of the transmitter output, and the
difference or beat frequencies extracted,
the close target will produce a low
difference frequency and a more distant
target will produce a higher difference
frequency. In general there will be targets
at all ranges, so a spectrum of difference
frequencies will be produced with
frequency proportional to range. These
frequencies will momentarily go down to
zero and return to their normal value at
the turn-round points on the main
frequency sweep. If the time for this
turn-round is kept short compared with
the sweep time, this effect can be
neglected.

One major advantage of this method is
that the transmitter 1is running
continuously and that the effective power
is the mean or continuous power of the
transmitter, and this therefore lends itself
ideally to solid-state microwave genera-
tors. Unfortunately it is not possible at this
time to produce a solid-state generator
with enough output power frequency-
modulated over a sufficient frequency
range, but it is expected that these will be
available in the very near future. At
present the transmitter is a backward-
wave oscillator frequency modulated from
8 to 11.5GHz and producing 100mW
output.

If the return signals from the targets are
to be used efficiently, they should be fed
into a bank of filters where the energy
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corresponding to each range element is
integrated. Ideally there should be one
filter for each range element and with a
time constant equal to the ‘illumination’
time of that particular target. In the
experimental radar the complexity of a
bank of filters was too great. and instead a
single swept superhet filter is used which
scans through the range spectrum and
converts the paralle! returned information
into a more conventional serial range scan.
The resultant loss of sensitivity is not
serious in a short-range system. To have
good range resolution a linear frequency
sweep is needed. For example, if it is
required to resolve to one part in a
hundred of the maximum range, the
linearity of the sweep has to be
approximately 1%.

Azimuth scan

In a conventional pulse radar the range
scan rate is determined by the velocity of
propagation, but in AVOID the range
scan obtained from the superhet just
described can be carried out at any rate
convenient to the system. If the range is
scanned from minimum to maximum and
back again in a triangular form, and at the
same time the aerial is slowly scanned in
azimuth, the picture will be built up in a
petal form shown in Fig. 2(a).

Because it is not desirable to have a
mechanical scan for various reasons an
electronic scan was used. The method
chosen uses an aerial whose angle of
radiation depends on the frequency of the
signal fed to it, and it is possible to use the
same frequency sweep used for range
measurement to produce the angular scan.
Examination of the parameters of the
system shows that the angular scan must
be fast and the range scan slow in
comparison, so the picture is built up as
shown in Fig. 2(b).

The first aerial to achieve this result
consisted of a piece of waveguide 1.2
metres long with circular holes cut in the
broad face. These holes were spaced a
half-wavelength apart, and on alternate
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(Right) Fig. 4(a). Plan view of typical
scene. A radar representation of this
would bear little relation to what the
driver would see. Perspective view using a
B scan (b) gives a truer picture.

(Below) Fig. 5. Complete system block
diagram. Part enclosed by shaded box is
a swept superhet receiver.
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B.W.O.

Amplifier

Power supply

CRT.
display

Azimuth
sweep
generator

Range
sweep Compressor

generator

sides of the centre-line of the broad face to
bring them into phase. At the centre
frequency where the half-wavelength
spacing was exact, the aerial radiated
broadside, and the beam steered from left
to right as the frequency was lowered or
raised from this value. The waveguide was
mounted in a vertical horn to restrict the
vertical beamwidth and to give extra gain.

There were two main difficulties with
this aerial. First, despite the fact that the
holes were as large as possible with
diameter extending from the centre-line to
the outside edge, insufficient power
radiated from them and 80% of the input
power was dissipated in the load at the
end. This loss occurred similarly on
reception. Second, two spurious beams
were produced at 45° in error in elevation
and azimuth, and these caused low
efficiency due to the wastage of power in
the beams and also confusing results due
to signals being returned from these
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Fig. 3. Poor v.s.w.r. at the broadside frequency, caused by small mismatches at
the aerial holes adding in phase, are avoided by offsetting the aerial by 35° so

that it scans from 5 10 65°.
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directions. These beams were attenuated
heavily on the experimental model by the
addition of resistive loading to the horn,
but this was not a completely satisfactory
solution.

The second aerial built used the
travelling-wave principle, and consisted of
a similar piece of waveguide, this time with
a slot cut along the centre of the broad face
of the guide. This slot tapers in width
along the guide and is covered by a picce
of dielectric material to assist radiation
from inside the guide to outside. The
direction of radiation is determined by
the relative velocity of the wave inside and
outside the guide, and as there is a velocity
change within the guide according to
frequency, the radiation direction changes
also with frequency. This aerial has two
advantages over the former aerial—it
produces only one beam, and it has amuch
higher efticiency, about 7dB greater. It
does have two disadvantages of its own. It
cannot produce a beam broadside by
definition, and so it has to be mounted at
an angle. Also for the same frequency
range the angular scan is reduced—to just
over 20°.

The present aerial system is a return
1o the principle ol the first aerial, but uscs
dielectric loading inside the guide. The
dielectric constant and the hole spacing
have been chosen to eliminate grating
lobes; to obtain better radiation from the
holes there is a dielectric layer on the
outside. Vertical beamwidth is defined by
a parabolic reflector. To remove problems
at the broadside frequency, where small
mismatches at the holes add in phase to
produce a poor v.s.w.r. at the input, the
aerial is designed to have a 35° offset, seen
in Fig. 3, so that it scans from 5° to 65°.

Display

There are various methods of displaying
the radar information to the driver. The
most desirable is the provision of a
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head-up display which would produce a
perspective view of the scene ahead and
which would superpose itself on the scene
as viewed through the windscreen. This
would be a very costly proposition as the
head-up display mechanism is expensive,
and would mean that the driver’s head
would have to be fixed accurately in one
position. It is preferable therefore, in the
experimental stage at least, to produce a
display on a cathode-ray tube which the
driver can look at by glancing slightly at
one side. The form of the display was
arrived at as follows.

Fig. 4(a) shows a plan view of a road and
building. By suitable X and Y time-base
generation, it would be possible to
reproduce the radar version of this plan
view on the screen, but this would bear
little relation to what the driver sees
through the windscreen. So it seems more
obvious to use a radar B scan, which is
range plotted versus angle, and in this case
the picture would look like Fig. 4(b)}—a
perspective view. If the vertical range scale
is linear, the picture is not in true
perspective as seen by the eye but is

'k
Fig. 6.

Fig. 7.

View of scene and its radar equivalent.

distorted, so a shaped range scan is used
to give a more correct presentation. The B
scan display is easy to produce as the two
triangular scanning waveforms are already
present in the circuitry of the system.

Experimental system

A block diagram for the complete
experimental radar system is shown in Fig.
5. The backward-wave oscillator is
frequency modulated over the range 8 to
11.5GHz by the azimuth sweep generator
which feeds the power supply. The law of
voltage versus frequency for a b.w.o. is
exponential, and the power supply has a
complex correction circuit to produce a
linear frequency sweep. Unfortunately
backward-wave oscillators also exhibit a
very fine structure on their voltage /fre-
quency curve which cannot be
compensated, and is at present affecting
the range resolution capabilities. The
output from the b.w.o. goes via the broad-
band circulator to the aerial and a small
amount leaks directly into the mixer to
provide the local oscillator signal.

Return signals from targets go via the
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circulator into the diode mixer and the
difference frequencies are extracted and
amplified. High difference frequencies
corresponding to long range targets are
amplified more than low difference
frequencies corresponding to short range
targets. The next four blocks on the
diagram comprise the swept superhet
receiver which scans through the range
spectrum as determined by the range
sweep generator. The output from the
swept superhet is compressed in dynamic
range and fed to the bright-up amplifier of
the display. The X and Y signals for the
display are obtained from the azimuth and
range sweep generators.

One azimuth sweep takes 400us and
one complete range sweep 20ms, i.e. the
complete picture scan rate is SOHz. The
target resolution for this system is 2° in
azimuth over a 60° scan, i.e. 30 elements,
and two metres in range over a maximum
range of 160 metres, i.e. 80 elements. Thus
the complete picture is 80 X 30 = 2,400
elements. An optional alternative picture
rate of 25 per second has been added
recently; this doubles the number of lines
on the screen without changing the
resolution. The effect is to produce a
picture which appears to have much better
definition, but at the expense of some
flicker.

The experimental equipment built for
laboratory evaluation has recently been
installed in a vehicle, with a modified
portable television receiver as the display.
Fig. 6 shows a driver’s view and Fig. 7 a
view ahead with its radar representation.

An extensive programme of trials has
shown that a short period of
familiarization is necessary, after which
the radar picture is found very useful.

Blind driving, with the windscreen
completely obscured, has been tried in two
locations; a fenced car park (empty!) and
a deserted airfield. Although the driver
completely lost his sense of direction,
having no visual or compass information,
the vehicle did not collide with any of the
numerous obstacles, and it was easy to
drive through a route marked by corner
reflectors.

Further blind driving was undertaken
during a simulated emergency at Stansted

Multard Research Laboratcries
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airport in which an aeroplane and 2000
gallons of fuel were ignited. The radar
vehicle, with the front and side windows
blacked out, was driven successfully at
about 40 mile/h over a complex course
approximately 500m long, leading four fire
engines to the burning aircraft.

More conventional tests and demon-
strations, with a filmed record of the radar
picture and the outside view, have been
made at Heathrow, Gatwick and
Farnborough airfields, and on the M4
motorway.

The advantages of this radar over
existing conventional radar systems are

@ it is cheap

@ resolution and near-range performance
are an order of magnitude better than
conventional systems.

@ it has no moving parts

@® it produces a daylight-viewing
flicker-free picture.

@ it is simple

® it does not require high-power or
high-voltage supplies

@ it is unlikely to interfere with, or receive

interference from, other radars already

in use on an airfield
@ it is possible to alter the perspective of

the display with simple circuitry
changes.

It has applications other than those
already suggested; for example as a
harbour radar for small ships, a radar for
launches in rivers and crowded
waterways, as a forward-looking radar for
military vehicles, or as a manpack
battlefield radar. It is especially versatile if
used in conjunction with a moving map
display giving the direction and location of
the vehicle.

Much thought has been given to the use
of an  alternative frequency for
transmission; X-band was chosen for the
experimental mode! for economy, because
the resolution in azimuth appears
adequate and performance in rain and fog
known to be satisfactory at this frequency.

The design, construction and testing
was carried out by K. Holford on the
system and A. J. Lambell on the aerial
Much of the work was supported by the
M.E.L. Equipment Company Ltd, Manor
Royal, Crawley, Sussex.

Our 60th Birthday

Eleven years before broadcasting began in
this country, Wireless World, the world’s
first radio journal, made its appearance
under its original title of The Marconigraph.
The first issue was in April 1911. We plan,
therefore, to celebrate our 60th birthday
with a special April issue.

We have invited two former editors
(H. S. Pocock and F. L. Devereux) and
several other contributors to survey
developments in various areas of our
technology—sound reproduction, receiver
techniques, communications, radio-wave
propagation, basic theory etc.

These articles will be in addition to the
normal quota of material so the

issue will be considerably larger than
normal.

Complete constructional details are
given, in the first of two articles,
of a sensitive f.m. tuner design for stereo
reception. Using dual-gate m.os.f.e.ts,
ceramic i.f. filters and integrated circuits,
the tuner has a sensitivity of 0.75uV for
20dB quieting, a capture ratio of 2dB,
an image rejection of —70dB and spurious
response of —94dB.

Constructional details are also given
for a low-cost logic teaching aid which
enables the Karnaugh map of combin-
ational logic circuits to be displayed on an
oscilloscope.
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H.F. Predictions—
March

The prediction charts, drawn by Cable and
Wireless Ltd, show standard median MUF,
optimum traffic frequency (FOT), and
lowest usable frequency. MUFs and FOTs
apply in both directions. LUFs apply for
reception at good sites and in the U.K. only
as they are affected by local noise level.

MUF is, by definition, the frequency at
which communication should be possible
for 50% of the time. The FOT is usually
taken as 85% of the MUF.
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Elements of Linear Microcircuits

6: Audio amplifiers

by T. D. Towers,* M.B.E.

If you need an audio amplifier you could
design a circuit yourself using discrete
transistors. Alternatively you might use a
standard off-the-shelf ‘packaged circuit’
(i.e. amplifiers already assembled on
printed circuit boards). But nowadays you
are most likely to turn to one of the com-
mercially available integrated circuits.

In the i.c. field most of the linear ampli-
fier circuits available that could be used for
audio requirements are general purpose
op-amps. To get the gain and frequency
response needed for this type of op-amp you
have to connect it into a network of resistors
and capacitors (as discussed in previous
articles in this series).

However, i.c. manufacturers have recog-
nized that some people may not want to
play about with discrete components and
they have come up in recent years with
‘special function’ audio amplifiers.

These incorporate in the package as
many as possible of the passive components
that would normally have to be used
externally with a general purpose op-amp.
Thus there has grown up the breed of audio
amplifier integrated circuits discussed in this
article.

As yet, specific audio amplifiers form
only a small part of the total linear ampli-
fier microcircuits on the market. A count at
the beginning of 1971 showed about 150
a.f. amplifier types against about 1500
general purpos¢ op-amps. Another interest-
ing feature that emerged from the count
was that while the U.S.A. was the leader
in general purpose op-amps., Western
Europe appears to have established a
powerful position out in front in monolithic
a.f. amplifiers and Japan in hybrid.

Commercially available audio ampli-
fier microcircuits fall readily into three
categories, (1) pre-amplifiers (low level up
to 50mW output); (2) amplifiers (mid-level
with from 50 to 500mW output); and (3)
power amplifiers (high level from 0.5W
output upwards).

Because of the power dissipation
handling difficulties in a very small chip,
monolithic integrated circuits tend to be
limited to pre-amplifiers and amplifiers.
Power amplifiers (and certainly high-power
amplifiers above about 5W) are usually
thick film hybrid assemblies.

*Newmarket Transistors Ltd.

As yet there is no standardization of
integrated circuit audio amplifiers. Each
company engaged in their manufacture has
its own special versions. In addition, while
the market is settling down to some stan-
dardization, companies may produce
models which subsequently go off the
market or are superseded by new versions
(as, for example, the PA122 of G.E.,
US.A.,, now superseded by the PA234).
If you look at the circuits given later in this
article you will see as yet little in common
between the different manufacturers except
that most use class A at low level and class
AB complementary push-pull at high levels.
So far, little use has been made of class D,
although it has many features that suits it
to monolithic or hybrid integration.

Table 1 lists audio amplifier microcircuits
fairly readily available in the U.K. The list
is still a short one, but over the next few
years it will lengthen appreciably.

Monolithic low level

Of all the various linear functions, the audio
circuit is probably the most difficult to in-
tegrate  because conventional audio
circuits usually require large-value
capacitors, which are not easily produced in
monolithic form. Even so there is quite
a choice from a variety of manufacturers
and a circuit might have anything from two
to six stages of amplification.

One of the simplest circuits is the
TAA320 shown in Fig. 1(a) in a 100V,
2W amplifier. You will see that the TAA320
itself comprises an input n-channel insu-
lated-gate f.e.t. driving an n-p-n transistor
through a separate base-emitter resistor.
In the external circuit, the 180 and 3.3Q
resistors in the feedback from the loud-
speaker fix the overall amplifier gain. The
voltage dependent resistor suppresses
potentially damaging voltage spikes across
the output transistor, BD115. The circuit
has a sensitivity of about 85mV input for
2W output.

Three stages of gain are found in mono-
lithic configurations such as the TAA263,
shown in Fig. 1(b). This is widely used asa
basic amplifier with the addition of a load
resistance between terminals two and three,
and a d.c. feedback resistance between
terminals three and one to set the output at
the required mid-voltage. The TAA263 is
designed for a 7/8V rail supply, but, in the

TABLE 1

Microcircuit directory—a.f. amplifiers
CA3007 RCA A, 100mwW
CA3020 RCA A, 500mw
CA3048 RCA P. {x4),*12v
CA3052 RCA P. (x4) 16V
MC1302 Motorola P, ({x2).12v
MC1303 Motorola P. (X2}, 26V
MC1306 Motorola A 200mwW
MC1454 Motorola AW
MC1554 Motorola A TW
MFC4000P Motorola A.

MFC8010P Motorola A TW
MFC8040P Motorola P.

MFC9000P Motorola A 4w
MFC9010P Motorola A 2w
oM200 Philips P. 1.3V
PA222 GE{U.S.A} A 1W
PA230 GE(U.S.A} P. 12V
PA234 GE{U.S.A)}) A W
PA237 GE(U.S.A) A 2w
PA239 GE(U.S.A)) P. (X2} 24v
PA246 GE(U.S.A) A 5BW
PA263 GE({U.S.A} A, 3.5wW
S1-1020A Sanken A 25w
SI-10560A Sanken A 50W
SL402A Plessey A 1.5wW
SL403A Plessey A 2.5W
SL630C Plessey P. 12v
TAA103 Philips P. &V
TAAT11 Siemens P. 4.5V
TAA121 Siemens P. 4.5V
TAA141 Siemens P. 3V
TAA151 Siemens P. 7V
TAA1515 Siemens P. 12V
TAA263 Philips P. 6V
TAA293 Philips P. 6V
TAA300 Philips AW
TAA310 Philips P. 7V
TAA320 Philips P. m.os.t.
TAA370 Philips P. 1.3V
TAA420 Siemens P. 7.5V
TAA435 Philips D. 14v
TAA480 Philips P. 7V
TH9013P Toshiba A 20W
MAT16 Fairchild P. 21V
1A745 Fairchild P. 6.3V

P—pre-amplifier: A—power ampilifier;

D—driver amplifier.
*X followed by a number indicates the number of
amplifiers contained in a single package.

form of the OM200, the same circuit is
available for use on the 1.3 to 1.5V supply
for hearing aids.

The TAA310 of Fig. 1(c) illustrates a
more complex four-stage monolithic audio
pre-amp. Tr,, Tr, form a d.c.-coupled
input feedback pair; 77,, Tr, along-tailed
pair with the signal fed into 7r; and the
feedback into 77, via the 100k ©2 and 150k
resistors for d.c. and via the 0.027 and
25uF capacitors from the 4.7kQ and
2700 resistors for a.c. The four diodes at
the input of Tr, carry out the level shifting
which is necessary to set the output at half
rail voltage. The TAA310 can be used in
many practical circuits by the addition of
suitable external components. In Fig. 1(c)
it is shown with a compensation network
for a high-gain tape-replay pre-amplifier.
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Fig. 1. Typical commercial a.f. low-level amplifier monolithic microcircuits: (a) TAA 320 two-stage m.o.s.f.e.l. input pre-amplifier
in 2W crystal pickup record player; (b) TAA 263 three-stage general purpose 7V pre-amplifier; (c) TAA 310 four-stage high-gain
pre-amplifier in tape playback system; (d) MC 1303P five-stage dual pre-amplifier; (¢) PA 230 four-stage low-level amplifier in
‘flat’ pre-amplifier; (f) TAA 370 five-stage high-gain pre-amplifier.
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Five stages of amplification are to be
found in the MCI1303P whose internal
circuit is shown in Fig. 1(d). The package
contains two identical amplifiers as shown.
If you have followed the earlier articles in
this series, you will recognize that it is very
much a derivative of the ‘standard’ mono-
lithic op-amp. which comprises a series of
d.c.-coupled long-tail pairs with some form
of d.c. level shifting to set up the output at
mid-rail voltage. in use, the input signal is
applied to the ‘4’ input and suitable d.c.
and a.c. feedback networks inserted
between the output and the ‘—’ input.
The MC1303 has been widely used to pro-
vide front end pre-amplifiers for stereo
audio systems, with different equalizing
feedback networks switched in for tape
replay, magnetic pickup, ceramic pickup,
microphone, etc. The dual amplifier comes
in a fourteen-lead dual-in-line package.

One example of a monolithic low-level
amplifier that has been widely used is the
PA230 shown in a typical overall circuit
arrangement in Fig. 1(e). The internal
circuit of the monolith (inside the shaded
area) can be seen to be a conventional
op-amp. with balanced input stages followed
by level shifting to a single-ended push-pull
output. The pair of 100k resistors across
one input hold the output at half rail voltage,
and the d.c. feedback from the output to the

other input via the 51k( resistor clamps
the output at virtually the same voltage. The
overall gain is set by the ratio of the 51k
resistor to the 5100 resistor connected via
a 10uF to earth across the second input.
The 10k( resistor and 100pF capacitor
in series across the feedback resistor cuts
the high-frequency response, while the
75pF capacitor from the output at the top
of the diagram is designed to prevent h.f.
oscillation.

As alast example of monolithic low-level
a.f. amplifiers, Fig. 1(f) shows the circuit of
the TAA370, a six (2 X 3) stage arrange-
ment for very high-gain hearing aid require-
ments. Various terminals are brought out
that give flexibility of circuit arrangements.
Normally the microphone is connected to
(9) with the usual feedback from (7).
Terminal (8) is decoupled with a 2.2 to
10uF capacitor. The output from (7) is
fed via a volume control of about 25kQ
to (1) through suitable 1uF isolating
capacitors. An adjustable resistance from
the positive 1.3V supply at (6) to terminal
(10) enables the setting up of the output d.c.
level. Terminals (5) and (2) are connected
to the negative supply. The earpiece is
connected from terminal (3) to (6). The
whole amplifier comes in a TO-89, 10-lead
flat pack. Although primarily intended for
hearing aid use it is versatile and has been

Fig.2. Typical low-level amplifier circuit
configurations now commercially avail-
able in hybrid microcircuir form and
requiring minimal external components to

give practical amplifier systems: (a) ‘flat’
pre-amplifier; (b) tone control pre-
amplifier; (c) equalizer pre-amplifier for
a magnetic pickup.

www americanradiohistorv com
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widely used for other types of audio circuits
within the limits of its 5V supply rating.

Hybrid low level

A glance at the circuits in Fig. 1 will show
you that to make practical a.f. systems with
monolithic i.cs you still have to use many
discrete external components, particularly
capacitors. The latest progress towards
doing away with external components and
providing complete systems in microcircuit
form has been in the field of hybrid (particu-
larly thick film hybrid) circuits. The
Japanese seem to be out ahead in this field
and are providing a range of hybrids which
are complete functions in themselves.
They avoid the limitations of the mono-
lithic technology by mounting subminiature
capacitors, etc. inside the package.

Fig. 2 gives three examples of these
thick film hybrid audio low-level amplifiers
to show how the number of external com-
ponents is drastically reduced.

Fig. 2(a) shows the Marconi D2009
two-stage amplifier connected in an
arrangement to give 62.5dB voltage gain
flat from 30Hz to 20kHz with a 100k
input resistance. By varying the feedback
network compensation can be obtained
for tape replay, record play, etc.

In Fig. 2(b) there is an interesting micro-
circuit, the D2011, which is a single-stage
tone-control amplifier. In this integration
has advanced to the level where only two
potentiometers and one capacitor are
needed externally to give a complete treble
boost/cut and bass boost/cut unit, with
input and output d.c. isolation and with a
high input impedance secured by boot-
strapping.

Complete three-stage amplifiers are also
available in thick film hybrid, as for
example the D2100 equalizer shown set
up for a magnetic pickup in Fig. 2(c).

In all the hybrids of Fig, 2, there are
still a few external components, but the
technology is such that ultimately we
should find available completely self-
contained a.f. amplifiers which have just
to be wired in between input and output
and connected between the positive and
negative supply rails.

Medium-level monolithic

Above about 50mW power levels in an
amplifier chain, the signal line impedances
begin to fall rapidly (and capacitor values
correspondingly begin to climb). The very
small size of the silicon chip in monolithic
amplifiers limits the power that can be
handled without special heat sinking
arrangements.

Quite a number of manufacturers have
produced linear monolithic a.f. amplifiers
capable of handling up to 500mW of power,
and a selection of these is given in Fig. 3
to show the circuitry adopted.

Fig. 3(a) shows the well-known RCA
500mW amplifier, CA3020. The general
lines of the circuit are an emitter follower,
Tr, capable of feeding a long-tailed phase
splitter driver pair, Tr,, Tr,, followed by
emitter followers, Tr,, Tr,, feeding into
isolated output transistors Tr,, Tr,. The
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multiple terminals and isolated input and
output devices offer many circuit arrange-
ment options.

Fig. 2(b) is the circuit of the Motorola
MFC4000P, 9V, 250mW amplifier. This
can be seen to be more complex than the
CA3020 and does not follow conventional
op-amp circuitry. It uses 14 transistors
and 5 diodes, which may seem lavishly
extravagant to the circuit man used to
economizing on discrete semiconductors,
until he remembers that many active semi-
conductor devices are produced at the one
time on the silicon chip. Fourteen transis-
tors in the monolith might not be more
than twice as costly as producing one
conventional transistor.

While the internal circuitry of these mid-
level monoliths might be of interest to an
advanced circuit man, the ordinary user is
not really much involved. He usually only
wants to know what discrete components
he should connect round the monolith to
get the results he wants. Fig. 3(c) gives
such information for the TAA43S5, a 14V
250mW driver stage for a higher power
amplifier. The external circuitry is shown
to give 4W output from an AD161/162
complementary germanium transistor
pair on a 14V supply rail, with a 15mV
input to give full output.

QOddly, in this area, where you would
expect hybrid microcircuits to start taking
over from monoliths, there is still a dearth
of commercial hybrid products. However,
thick film technology is such that it seems
very likely that commercial hybrids will
begin to emerge as they have done in the
lower level applications.

Monolithic power

Despite the difficulty of getting rid of the
heat from monolithic chips, the technology
has been pushed at present to the point
where up to 5W audio output can be
handled. Fig. 4 shows two well known
examples, the MC1554 and the PA246.

From the internal circuitry of the
MC1554, shown in Fig. 4(a), you can see
that this is basically a long-tailed pair Tr,,
Tr,, followed by an emitter follower, Tr,,
feeding into a buffer emitter follower, Tr,,
connected to an output transistor, 7.
The whole microcircuit is packaged in a
ten-lead TO-5 can. In the circuit, the 39pF
capacitor C, is a compensation capacitor
to prevent instability; the network R,, C,
across the d.c. supply rail removes high-
frequency spikes and the 109 resistor and
the 0.1uF capacitor series network R,, C,
across the output is a ‘Zobel’ network to
prevent high-frequency oscillation when a
partially inductive loudspeaker load is
used.

The GE (U.S.A.) PA246 shown in
Fig. 4(b) in a 5W amplifier set-up is another
very well known monolithic power ampli-
fier. The internal circuitry will be seen to

Fig.3. Typical off-the-shelf a.f. mid-level
monolithic amplifier microcircuits: (a)
CA3020, 9V, 500mW; (b) MFC4000P,
9V, 250mW; (c) TAA435, 14V, 250mW
driver stage connected in a 15mV for
4W amplifier.

TAP435
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Fig. 4. Typical monolithic a.f.
power amplifier microcircuits:
(a) MC1554, 1.8W/16V/15Q
in a circuit with 20dB voltage
gain, 10k Q input resistance,
100Hz to 20kH:=; (b) PA246,
SW/34V/15Q arrangement.

Fig. 5. Example of hybrid
microcircuit a.f. high-power
amplifier, Toshiba TH9013P,
20W/45V/89); (a) internal
circuitry; (b) typical practical
circuit arrangement.
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be simpler than the MCI1554 (certainly
more easy for the less experienced circuit
man to work out). Here Tr,, Tr, make a
long-tailed pair input stage, with 7r, feed-
ing a p-n-p compound transistor 7r,, Tr,,
Tr, as the lower; an n-p-n compound 77,
Tr, as the upper of an output comple-
mentary pair driving the 150 lpad through
a S00uF capacitor. The d.c. setting up of
the amplifier is done with the potentiometer
R, in combination with the d.c. feedback
from the output through R,, R, into the
base of Tr,. The a.c. feedback is set by
the ratio of R, to R,.

High-power hybrid

In the power amplifier field, most of the
commercial units so far have been mono-
lithic. Thick-film hybrids do not yet feature
widely in this area. However, when you
get above about SW (r.m.s.) output power,
the hybrid appears up till now to be the only
viable integrated circuit.

Thick-film hybrids capable of handling
up to 100W of audio power have been
developed. Technologies that have had to
be developed for producing these include as
many as nine separate screen printings,
extensive use of crossover dielectric glazes,
adequate thermally conductive adhesive
bonds of the ceramic substrates to heat
sinks, and plastic encapsulations that can
withstand heavy thermal stresses. A par-
ticularly difficult problem has been the
mounting of the output transistor chips to
provide adequately low thermal resistance
to the heat sink, and adequate thermal
capacity to prevent excessive short term
rise in their junction temperature.

One commercially available hybrid high-
power amplifier that can be taken as typical
of the breed is the Toshiba TH9013P
which in the circuit arrangement of Fig. 5
gives 20W output into an 80 speaker on
a 45V d.c. rail voltage.

The internal circuitry of the TH9013P
would make conventional circuit men heave
a sigh of relief as it follows standard dis-
crete component practice. The hybrid
consists of a long-tail input pair which
feeds a driver stage which in turn drives a
double complementary pair output stage. In
fact the circuit could be just another of the
discrete component audio amplifier variants
that has appeared in the literature over the
last ten years. A glance at Fig 5 shows that
the number of external components re-
quired has been reduced to six including
the loudspeaker and the fuse!

When using audio amplifier micro-
circuits one must not forget that many of
them still have gain in the r.f. region so the
user should position additional components
and wiring accordingly. This point has been
stressed many times in this series and can-
not be overstated. Before using any of the
microcircuits obtain a data sheet, most
component distributors will supply you with
one, and use it. If you are using a micro-
circuit for the first time what will you learn
if you merely copy someone elses arrange-
ment?

(To be continued)
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Electronic Voltmeter for 2 to 50kV

An instrument which employs a triode valve as well as
semiconductors to achieve a 10MQ/V sensitivity

by A. M. Albisser* and N. F. Moodyt

We were recently faced with the need to em-
ploy a 40kV image intensifier but found
that our laboratory had no suitable volt-
meter for setting the various electrode vol-
tages. The resistance chains which supply
these interelectrode voltages often have
values as high as 1000 MQ, and the load
which the voltmeter may impose must be
small indeed.

The voltmeter here described covers the
range +2-50kV d.c. and also measures the
peak value of an a.c. waveform to the same
scale. The instrument is linear to 19, and
contains internal calibrating facilities. The
load imposed by the voltmeter is in the form
of a constant current, normally set to 0-1
uA, so that a full scale reading the ‘move-
ment  sensitivity’ is effectively 107 Q/V.
Means are provided for choosing an alter-
native | uA loading factor and, as will be
shown, thereby correction can be made for
the small meter loading upon the measured
circuit. This inexpensive instrument is mains
operated, hermetically sealed and dessi-
cated, more robust and with a wider scale
range than an electrostatic voltmeter.

Principle

The design of the voltmeter is based upon
the use of a thermionic. triode in an ‘in-
verted’# form, in which the anode voltage
is made the independent variable and the
grid voltage the dependent variable. Thus, in
Fig. 1, if the voltage to be measured, E,., is
applied between anode and cathode, the
grid bias E,. needed to set a given anode
current /, is a measure of E,.. By choice of a
suitable valve, E, may well be as little as
(1/2000) E,. and so is easily and safely
measured. In the instrument to be des-
cribed, a variant of this principle is em-
ployed; furthermore, E, is made to set itself
automatically and thereby drive the volt-
meter movement. These matters will be best
understood a little later: to begin with it
may prove helpful to review that part of
thermionic triode theory which is to be
exploited.

*Department of Medical Engincering and Computing
Services. Hospital for Sick Children, Toronto.

F1nstitute of Bio-medical Electronics and University of
Toronto.

# The term “inverted™ has been applied elsewhere to a
triode with a negative anode voltage thereby control-
ling grid current. This mode is not used here, though it
was tried unsuccessfully.

Consider a valve operating within the
region described by the extension of Lang-
muir-Child’s law,

I, = K(E, +pE,)? 1
in which,

I, 1s the arode current in amperes,

K is the perveance of the triode, a con-
stant that depends on the size and
shape of the three electrodes,

E,. is the anode to cathode potential in
volts,

{t is the dimensionless amplification fac-
tor, a constant determined mainly by
the anode, grid, cathode geometry
and,

E, is the grid to cathode potential in
volts (including contact potential).

We may rearrange equation (1) to give

TN
Eac = K - .UEgc (2)

This equation, with parameter (/,/K)?, re-
presents a family of straight lines with slope
— u and intercept (1,/K)?. In other words, a
linear relationship, the constant current
voltage transfer characteristics of the triode,
holds between E,. and E, when /, is held
constant. Two of these characteristic curves
of the high voltage beam triode used, the
6 BK4A,t are sketched in Fig. 2.

Caution!

Above a potential of 16 kV, X-rays
are emitted from the anode of the
triode. Although some attenuation
occurs in the glass envelope, care
should be exercised when operati g
the voltmeter.

Since an ideal voltmeter measures poten-
tial without drawing any current, we may
employ equation (2) as a basis upon which
to design a voltmeter whose deviation from
this ideal simply depends on the magnitude
of the anode current /,. By defining this
current, we ensure the linearity of the instru-
ment, according to equation (2); and by
reducing the magnitude of this defined cur-
rent /,, we approach the properties of the
ideal voltmeter.

With 7, held constant, E,_ is precisely re-
lated to the voltage to be measured, E,, by
the parameter . Since u, itself, is domi-

+This valve is of the type used as an e.h.t. voltage
regulator in colour TV receivers.
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A—
Eac =

|

|
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Fig. 1. Basic circuit diagram showing the
principle of the voltmeter.

Anode to cathode (kV)
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Grid to cathode (volts) 4

Fig. 2. Constant current transfer
characteristics for 6BK4A triode.

nantly controlled by electrode geometry it
should remain sensibly constant through-
out the life of the valve. The voltage E,, does
include contact potential, whose variation
could introduce a source of error. However,
the heater supply is stabilized (as will be
seen) and a zero control is provided to com-
pensate for drifts due to valve ageing.

General outline

Block diagram of the valve voltmeter is
given in Fig. 3. It illustrates both the opera-
tional blocks and the two-compartment
aspects of the mechanical design. Outside
the voltmeter the mains is converted to a
d.c. voltage to supply for a 50 kHz oscil-
lator. The peak amplitude of this oscillator
voltage is regulated, and remains constant
despite changes of the mains voltage. An
isolation transformer, designed to with-
stand a d.c. stress of more than S0kV
between primary and secondary windings,
couples a.c. power from the oscillator into
the second compartment of the voltmeter.
It provides both filament power for the
triode and bias for the automatic balance
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circuits. As a result of this isolation, either
the negative or the positive terminal of the
voltmeter may be grounded and voltages of
either polarity can be measured.

In the first compartment, the operation of
the automatic balance circuits is as follows:
For any given voltage applied to the anode
of the triode, the constant-current sink
draws a fixed current of either 1 or 0-1 uA
(selected by a switch), and the resulting
cathode-to-grid voltage is transferred, via
the voltage sensing amplifier, to a differ-
ential voltmeter. Here, this voltage is dis-
played on a meter calibrated to read 50kV
full scale.

The second compartment contains only
the triode, the element across which all the
voltage stress is exerted during a measure-
ment. For convenience, the triode is oper-
ated in the earthed grid configuration; we
can say that its cathode-to-grid potential
regulates the cathode current. Now, when
an anode potential is applied and the result-
ing cathode-to-grid potential is a few volts
positive, the portion of the anode current
intercepted by the grid is negligible. Thus,
the anode current is the same as the cathode
current in the operating range of the triode.

In this configuration, equation (2) be-
comes

E,, = /K)*+(u+ DE, 3

This equation, as before, represents a family
of straight lines with slope (u+1) and the
same intercept as in equation (2). The details
of the circuit, which automatically generates
the corresponding E,, for any E,, over the
operating range, is described below.

Automatic balance circuit

The circuit diagram sketched in Fig. 4 shows
the automatic balance circuit. To measure
the unknown potential difference E,;, ap-
plied across the anode and grid electrodes
of the triode, the cathode-to-grid potential
E,, must be sensed when the cathode current
is held at the desired value of (say) 0-1 pA.
A transistor 7r,, in the common base con-
figuration, draws this constant current, and
the voltage on its collector, E_,, is sensed by
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Fig. 4. Diagram of the automatic balance circuit.

a differential voltmeter Tr,, Trs, using an
f.e.t. source follower, Tr,, to present a high
input impedance to the triode cathode. The
reading is indicated on a ImA f.s.d. meter.
Thus, if the source follower and differential
voltmeter are linear, the milliammeter read-
ing is related to E,,, according to equation
(3). A zero adjusting potentiometer R,
used in conjunction with the bush-button
P, at the gate of the f.e.t., permits balancing
for a zero reading on the milliammeter. This
adjustment does not completely balance out
the effects of the intercept term of equation
(3). However, for small anode currents of
10 uA or less, and for anode potentials of
above 2 kV, the difference is negligible, as

Isolation Amplitude
transformer regulated —| Power supply e gg?_‘v
primary power osciliator z
72 7Tl °V v\
[ IR R T
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|

Fig. 3. Block diagram of the valve volimeter, showing the two internal compartinents.

L A%
| A %

illustrated by the linearity of the curve in
Fig. 2.

The f.e.t. Tr, is operated at both constant
source current (by use of 7r,), and constant
drain-to-source voltage by the boot-strap-
ping consisting of diode D, and filter
capacitor C,. In this configuration, the
small leakage current of the gate-to-channel
junction is not altered by changes in the gate
voltage. Thus, the f.e.t. source-follower im-
poses a small, but constant, loading on the
cathode current of the triode.

To prevent changes in the leakage current
between the filament and cathode of the
triode at different cathode-to-grid voltages,
the filament power supply is also boot-
strapped to the cathode via both the source
follower and the emitter follower actions of
Tr, and Tr,, respectively.

A low-pass filter R,C; isolates the gate of
the fe.t. from the cathode of the triode,
thereby assuring that accidental current
surges do not damage the junction f.e.t. The
resistor R, also serves to protect the triode
from drawing excess anode current should
the zero button be accidentally pushed when
high voltages are impressed across the tube;
while the capacitor C; also provides the
additional function of making the voltmeter
a peak-reading instrument when the mea-
sured voltage is a.c.

Initial calibration of the instrument is
performed by adjusting the ‘full scale cali-
brate’ potentiometer, R,, so that full-scale
meter deflection corresponds to S0kV.
However, because the instrument is linear,
this calibration voltage need not be 50 kV:
any convenient d.c. or peak a.c. voltage
within the range of the instrument is ade-
quate. Thereafter, recalibration should not
be necessary.

It has been seen that the voltmeter draws
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a normal current of 0-1 uA from the source
where voltage is being measured. By setting
S, to the other position, the loading is in-
creased to 1 pA. Thereby the voltage drop
due to a source impedance may be deter-
mined, for any voltage change AV due to
the increased current is simply divided by 9
and added to the reading taken at 0-1 puA.
Evidently the source impedance is also given
as

Rypuree = 09 AV MQ

Accuracy of the voltmeter depends princi-
pally on three factors; the u of the triode,
the o of the transistor in the constant cur-
rent circuit, and the linearity of the dif-
ferential voltmeter. For the triode, the
amplification factor at constant current, is
determined dominantly by the geometry of
the electrodes and is affected only slightly
by ageing and deterioration. The constancy
of the cathode current depends on the o of
the transistor in the current sink, also rela-
tively constant. To ensure the linearity of
the source follower, it is operated at con-
stant bias, as mentioned above. Finally, the
differential voltmeter proportionally con-
verts, by emitter follower action, the voltage
at its input to a corresponding current
registering on the milliammeter. Thus the
voltmeter is inherently accurate.

In practice, the stability is found to be
excellent and the relative precision is within
+ 1% of full scale.

Power oscillator

The diagram in Fig. 5 shows the circuit of
the power oscillator. Briefly, a Colpitts
oscillator, Trg, operating at 50 kHz excites
a self-biasing driver stage, Trg, via an
emitter-follower transistor, T¥,, inserted
for isolation. The phase-splitting trans-
former in the collector circuit of Tr, couples
power to a class-B biased push-pull ampli-
fier, Trg, Try,. In order to regulate the peak
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Fig. 5. Circuit diagram of the power oscillutor. The 7Unk capacitor is C.

amplitude of the oscillating voltage im-
pressed on the primary of the special isolat-
ing transformer, a capacitor and diode cir-
cuit, ¢,, D, clamps the positive peaks of
the a.c. voltage to a reference level. The
mean value of this clamped signal biases a
common-base and a common-collector
transistor, 7r,,, Tr,, in such a way that
increases in the peak-to-peak amplitude of
the oscillating voltage impressed across the
isolating transformer results in lowering
the collector voltage of the Colpitts oscil-

Note the prototype’s twin compartment construction.

lator, Tre. In this way, negative d.c. feed-
back ensures that the amplitude of the a.c.
voltage remains fixed in spite of changes in
the components and variations in the d.c.
power supply voltage.

Isolating transformer

The transformer used to couple both fila-
ment power to the valve and bias power to
the automatic balance circuit is made as
follows: its primary winding consists of two
overlapping layers of 36s.w.g. enamelled
copper wire (33 a.w.g.)§, symmetrically
wound about a four-inch length of % in
diameter ferrite rod. While the inner layer
contains 100 turns to the centre tap: the
outer has 108 turns to provide a balanced
primary inductance of 2-64 mH with a Q of
7-3 at | kHz. The secondary winding simply
consists of one layer: 60 turns of 27 s.w.g.
enamelled copper wire (26a.w.g.), sym-
metrically wound about the outside dia-
meter of a 143 in length of Lucite pipe
(transparent Acrylic plastic) with {in in-
ternal diameter and 3 in outside diameter.
When the primary winding on the ferrite
rod is properly placed at the centre of the
Lucite pipe, the inductance of the secondary
windingis 0-23 mH witha Q of 2-5 measured
at 1 kHz. The breakdown strength of the
3 in wall of the Lucite pipe is roughly 55
kV. To further enhance this breakdown
strength between the windings of the trans-
former. the primary winding is first centrally
located about the axis of the Lucite pipe,
§in the manuscript the author’s used the American
standard B & S or a.w.g. gauges. We have converted 10
the nearest s.w.g. figure putting the specified American
standard gauge in brackets. Ed.
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then the tubular space formed between the
outer diameter of the primary winding and
the inner diameter of the Lucite pipe is filled
with Sylgard 185 potting and encapsulating
resin (Dow Corning) with a breakdown
stress of 550 V per mil. This encapsulating
procedure also ensures that the geometry of
the transformer remains fixed.

High voltage compartment

The thermionic triode is the circuit element
across which is placed all the potential stress
during a measurement. If the loading effect
of the voltmeter is to be defined as either 0-1
or | uA. then it is mandatory that this flow
of charge, defined by the current-sink tran-
sistor, pass wholly through the active
volume of the triode. Otherwise, erratic
readings would be registered, for the
cathode-to-grid potential would be incap-
able of controlling all the components of
current appearing at the cathode. To mini-
mize this source of error, which results
mainly from surtace leakage currents, the
following procedure is followed. Before en-
closure in the high-voltage compartment,
the triode is carefully washed with water
and a degreasing detergent, and rinsed
thoroughly with distilled water. Then, tak-
ing care to avoid placing finger marks or
other dirt on the glass envelope, the tube is
thoroughly rinsed with pure methanol.
After it is dry, a layer of Dri-film (General
Electric U.S.A.) is sprayed on the glass in
order to reduce even further the surface-
creepage of charge. A similar procedure is
employed to clean the two compartments
of the voltmeter.

Mechanical construction

Briefly, the side panels of the box are cut
from a 1 in Lucite plastic sheet. Offsets are
milled along their edges and Tensol ‘A’
(Imperial Chemical Industries), is used to
cement the offset joints so formed. These
joints provide 50% more surface area for
¢luing than a simple butt joint, and corres-
pondingly lengthen the leakage path be-
tween the inside and outside of the volt-
meter box. The overall dimensions of the
box are 19-75 x 14 x 8 inches, to which must
be added the dimensions of the mains driven
power supply and the power oscillator.

To allow access to the electronic com-
ponents in the two compartments, the ends
of the box (through which the negative and
positive terminals pass) are attached with
nylon screws. At all locations where elec-
trical or mechanical paths communicate
between the inside and outside of the box, a
minimum path of 6in of Lucite plastic
assures isolation and a sufficiently long path
to prevent the creepage of charge along the
surfuaces of the intervening plastic.

Transformer details

Phase-splitting transformer 7} : Vinkor type
LA2316 with a 204-turn primary of 38 s.w.g.
(34 a.w.g.) and a 14-5-turn secondary of 22
s.w.g. (21 a.w.g.) centre tapped.

Isolating transformer 7,: see text.

Step-up transformer T;: Vinkor type
LA2216 with a 62-turn primary of 27 s.w.g.
(26 a.w.g.) and a 260-turn secondary of 38
sw.g. (34awg).

Circuit Ideas

Long-period relay

monostable

There are many examples of systems where
a function is excited by an input stimulus
and requires to be maintained for a pre-
determined time, e.g., vending machines,
automatic door opening mechanisms etc.

+Vee

r TF-I

Normally C is charged to + V. until
switch S is momentarily closed. This causes
the relay to ‘pull-in’ and C is connected to
the base of the super-o pair, Tr, Tr,, which
form a very high impedance emitter-fol-
lower. C discharges slowly due to base
current, and the voltage at the emitter of
Tr, falls from V, —2Vy, to Vg the relay
‘drop-out’ voltage, at which point the relay
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opens and the circuit reverts to its stable
state. The time period T'is given by,
Vcc_2 Ve
=Ty loge
Vd
where 1 = 4, 5, CRyelapn( 5> #,CUTENL
gains of Tr,, Tr,). If a high supply voltage
is used (> 12V) an extra diode should be
placed in the emitter lead of T, to protect
against reverse breakdown in the event of
S being closed during a timing period. Time
periods of about ten minutes can be obtained
with this circuit.
J. F. ROULSTON,
Edinburgh.

V.L.F. sawtooth generator

The circuit shown generates a long-period
linear sawtooth at fairly low impedance.
The fe.t. is biased by Tr, at its zero
temperature coefficient point (calculated
from Iy and Vg By bootstrap action
the ramp generated at the gate also
appears at the source. The constant
current which charges C is defined by
Ves and R, This current should be
sufficiently great to swamp gate leakage
current at the working bias point, and
variations due to temperature change.
The diode is reverse biased by the action
of R, until the source reaches the trigger
point of the unijunction. When the
unijunction fires the diode becomes
forward biased and the capacitor is
discharged. R, determines the temperature
stability of the firing point. The f.e.t. used
required R, to be 16kQ2; R, could be as

high as 30MQ. With C = 44uF
(polyester) the period of oscillation
was 3 min.

A.J. BARKER,

Werrington,

Stoke-on-Trent.
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

In praise of C-D ignition

You asked me to let you know my experi-
ence with R. M. Marston’s C-D ignition
unit under cold starting conditions here in
Switzerland.

This winter has proved propitious for
assessing the effectiveness of the unit, as
during the Christmas holidays we experi-
enced at our holiday chalet early morning
temperatures in the region of —25°C.
At temperatures down to —20°C my
engine (Citroen DS) started immediately;
at lower temperatures I experienced some
difficulty due to low cranking speeds, my
battery being five years old. When the
battery was paralleled with another
battery (which had also been exposed to
the same low temperatures) I obtained
easy starting even at —26°C.

My unit has now been operating for
about six months. I can say that it has been
functioning under ‘worst conditions’ as
I installed it under the bonnet above the car
heater unit. The only difficulty experienced
was the early failure of one of the IN4005
rectifier diodes. I am not sure if this was
due to the shorting of the h.t. line or because
the rating of these diodes is rather mar-
ginal. To be on the safe side I replaced them
with BY127s since when the unit has
operated correctly.

For me the great attraction of Mr.
Marston’s unit has been the general
improvement in the smooth running of the
car, absence of flat spots and no misfiring.
I was given to understand that some com-
plaints have been made of misfiring at high
engine speeds. On the one occasion when
this happened with my car, I withdrew
the sparking plugs, which I had deliberately
not adjusted when the unit was originally
installed and found that the gaps were
nearly four times as wide as recommended
by the manufacturer!

FRANK GUTTERIDGE,
Geneva,
Switzerland.

‘“An Equation-solving Aid”

I am sorry that considerations of space
led to the deletion of the final paragraph
of my paper ‘An equaton-solving aid’
which appeared in the January issue.
Perhaps you would kindly allow me some

room to comment a little more fully on
the substance of that paragraph.

The procedure outlined in the paper
enabled one to determine the value of one
of the variables—in the case quoted
x; = —1. It may be that one is only
interested in this particular variable, but
more often than not one would wish to
know x, and x, as well. Referring to the
appendix of the article, it will be seen
that, after elimination of x, and removal
of self-loop from x,, one is left with the
equation

X, =—5—x
Substitution of x, = —1 leads to x, = 2.
The initial equations, after removal of the
self-loop (no self-loop on x, in this case),
contained the equation

x;, =2+ 0.5x, + 2x,

Substitution of x, and x, yields x, = L.
The rule for determining the other vari-
ables is thus to note the equations which
result after removal of self-loops. These
will be in convenient triangular form for
substitution.

V. J. PHILLIPS,

University College of Swansea.

Sample and hold

I read with interest the article ‘Stereo
Decoder using Sampling” by D. E. O’N.
Waddington in your February issue.

The principle of sampling for a very
short duration whensin2wt = + 1 and —1
and the application of a poled network
to reduce high-frequency signals in the
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output spectrum is indeed interesting.

The price to be paid for sampling witha
short duration signal is one of noise. With
a sampling interval of 250nsec all noise
present at the sample and hold input up to
approximately 2MHz will be heterodyned
and aliased (i.e. sampling does not occur
at at least twice the input signal frequency)
into the audio bandwidth. Noise above
2MHz will be aliased into this bandwidth.
The amplitude of the individual noise
spectra depends, of course, on the harmonic
content of the sampling signal. Since the
mark-space ratio is high the harmonic
spectra of the sampling signal will have
amplitudes comparable with the funda-
mental, e.g. 30th harmonic is —3dB and
50th harmonic is —6dB (approx.). It
follows that the heterodyne noise will have
a significant amplitude. Calculations of
the noise amplitude would be extremely
difficult particularly because it would be
unfair to assume a flat noise spectrum at
the discriminator output.

In a conventional decoding circuit a
1:1 mark-space ratio is used. The third
harmonic is approximately 10dB down,
but even so the deterioration in signal-to-
noise ratio due to this and the fundamental
is some 22dB.

Mr. Waddington’s decoder is allowed
to ‘free run’ during mono transmissions.
There are two reasons why no decoder
should be allowed to do this:—

(1) Signal-to-noise ratio on mono will be
reduced considerably.

(2) From some transmitters, Sutton
Coldfield included, a 23kHz tone is broad-
cast in the absence of a pilot tone. An
objectionable aliasing beat of 15kHz will
be produced between this and the switching
fundamental at approx. 38kHz.

With regard to Mr. Waddington’s com-
ments on mono and stereo gain, for a
sample and hold network the output signal
amplitude is substantially the same whether
the gate is sampling or is permanently open
provided the input signal frequency is below
half of the sampling frequency.

I hope that the above comments will
prove of interest and that correspondence
on the subject of sample and hold analysis
may be stimulated.

While on the subject of stereo decoders
I would like to mention an addition to the
‘Phase Locked Loop Stereo Decoder’ by
myself and A. J. Haywood published in

+6V
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the September 1970 issue. It is possible for
‘birdies’ to be generated by either
non-linear mixing of a tape recorder bias
signal with the h.f. output of the decoder
or power amplifier supersonic intermodu-
lation distortion, i.e. h.f. decoder signals
are heterodyned into the audio bandwidth.
A circuit which will eliminate these
problems is given in Fig. 1. The response
is —1dB at 16kHz. When combined with
de-emphasis the pilot-tone is —40dB and
the response at 38kHz is — 53dB.
R.T.PORTUS,
Rolls-Royce Ltd.

The author replies:

In reply to Mr. Portus I concede that
sampling is an inherently more noisy
process than average detection using a
square wave. In practice I have not found
the noise level to be more noticeable than
with my previous design which used a
shunt switch. However, I must point out
that this is not the ‘sampling’ but the ‘hold’
which causes noise harmonics to be
heterodyned into the audio bandwidth.
The mark-to-space ratio of the sampling
waveform has very little to do with the
interference introduced as the hold circuit
remembers the signal amplitude at the
time of switching off. Experiment
confirmed this. Decreasing the hold time
constant to 1.5 us reduces the interfering
effect and it is not until the time constant
is reduced to negligible proportions that
the theoretical figures for 1:1 mark-space
ratio are obtained.
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Fig. 1. Low-pass filter for use when noise
is a problem. Existing components are
shown dotted.

4 -8- +9V

FromTra
coliector

22k

To

Fig. 2. Circuit to switch-off the decoder
when a mono signal is being received.
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If noise is a problem, however, the
solution is to connect a low-pass filter with
a cut-off frequency of about 80kHz in
series with the input to the decoder. This
can be done quite simply as shown in
Fig.1. The only constraint is that the
decoder must now be fed from a low
impedance source, e.g. an emitter follower.

I was unaware of the 23kHz signal
referred to by Mr. Portus otherwise I
would have taken the necessary action.
The best method is to hold the sampling
gates on when a mono signal is received.
A circuit to do this automatically by
detecting the presence of the pilot tone is
given in Fig. 2.

One point that has been brought to my
notice by a colleague is that the printed
board layout illustrated is not full size. The
board dimensions should be 4 X 4.9in.

D. E. O'N. WADDINGTON.

The game of the name

In the June, 1953, issue of Wireless
World 1 described, in some detail, the
operation of an RC relaxation oscillator
using a p-n-p-n device, and my Fig. 6(a)
is very like the circuit shown in Mr. A. G.
Jones® letter in the January 1971 issue.
The 1698 transistor used in 1953 is no
longer available, but then the distributors
tell me that Mr. Jones’ 3N58 is obsolete,
too. The last price I can find for it is 36s
(£1.80) while the D13T1 is only 9s (£0.45).
The limited data I have for the 3N58 gives
I,zq = 0 — 8uA, which makes the limiting
value of maximum trigger resistance rather
low, and Iy = 0, which makes it difficult
to turn off. Price, and specification of the
key characteristics, are two reasons why
I find the PUT a useful device, and regret
that I did not take to it earlier.

Mr. Jones berates Mr. Greiter about
terminology. The silicon controlled switch
is officially, that is according to the LE.C.,
a reverse blocking tetrode thyristor. The
PUT is a triode thyristor, according to the
makers, but it is also in old fashioned
language equivalent to a p-n-p junction
transistor with a collector hook. The
‘popular’ name, however, is the thing
which made me use it: I was using uni-
junctions, and made the change because
the device was sold as a better device to
use in uni-junction type circuits. We are
all, I suppose, rather wicked to talk of r.f.
transistors, power transistors, p-u tran-
sistors.

The question of names was discussed
at one of the LLE.E.E. sessions at the
Power Conversion Conference, Nov. 1965,
in Philadelphia. Devices, like dogs, have
their official names and their everyday
names. This is not an uncommon feature
of primitive tribal societies, in which a man
conceals his ‘real’ name, because this is
the one which enables other people to get
magic power over him. Actually I don’t
care what I call the device if it is cheaper
and better: if the maker called it a ‘triggy-
wink’ I would shudder, but buy.

There is one real criticism of Mr.
Greiter’s article. The tolerances on Z,
and I, are rather wider than one expects
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until one thinks of it as a high-alpha device.
The frequency range which can be obtained
by varying the changing resistance is thus
not as great as the typical curves would
suggest.

THOMAS RODDAM.

Boxcar detector

I was most interested to read J. D. W,
Abernethy’s lucid article on the boxcar
detector (Wireless World, December 1970)
but I feel that his admirably concise
description has resulted in one or two
statements which require further clarifica-
tion if they are not to be confusing.

In particular he mentions that there can
be a difference in the noise ratio improve-
ments obtained when awaveformis sampled
by a gate with an integrating circuit time
constant, f, much less than the sampling
period, f;, followed by a low-pass filter,
relative to that obtained when a boxcar
with 7,>> 1 is used, assuming the output
response times, f,;s, are equal in each case.
He shows representative responses for the
two circuits in his Figs 8c and 8b respec-
tively. He remarks that the difference
between the two depend upon the input
noise spectra. This is indeed true but I feel
it can be misleading to suggest that the
difference is a direct consequence of the
difference between the two circuits them-
selves. It can be shown* that if the input
frequency responses of the two circuits are
identical they will give the same improve-
ments in noise ratios because these ratios
depend only on the bandwidths and output
response times, f,ps, which are identical.
The. differences displayed in Fig. 8 result
because the circuit corresponding to Fig. 8¢
has a much broader noise sensitive band-
width than the other one. Therefore if this
input noise spectrum contains significant
energy in the regions where the first circuit
responds but the second is insensitive the
first will show an apparently greater noise.
In the former case 1,<<!; and so the
voltage on the gate capacitor can follow
the input signal fluctuations during the
sampling period, ¢;. The capacitor voltage
at the end ot the sampling interval will be
a weighted average of the signal during a
short time, roughly equal to 7. before the
gate is closed. During the period tg, the
input behaves as a low-pass filter with a
noise equivalent bandwidth 1/(4:,). The
voltage fluctuations on it at the end of the
period will be the same as those observed
in a circuit with this bandwidth. Since the
capacitor voltage can change rapidly these
fluctuations can be large. However, when
1,>> I the capacitor voltage will respond
only to the mean input signal during the
period ¢;. The noise equivalent bandwidth
will be cdnsiderably smaller, giving rise to
correspondingly reduced output fluctu-
ations. However, if the input bandwidth in
the first case is reduced to the same amount,
either by pre-filtering the input to the
sampling gate or by ensuring that 7,>> 15

*Extraction of signals from noise, AIM Application
Note. ANN 3.
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then the noise improvement will be identical.
Thus the two circuits are equivalent in
principle and differ only in their input noise
sensitive bandwidths.

Mr. Abernethy also mentions that high-
speed waveform samplers such as those
designed for use in conjunction with oscil-
loscopes are unsuitable for signal averaging
because their fixed gate width does not
allow optimum signal recovery conditions
to be attained and because their design is
aimed at speed of sampling rather than
linearity or zero stability. In such samplers
the sampling interval is often extremely
short, being 350 ps or less, giving them a
very large signal bandwidth and cor-
respondingly large noise bandwidths. It is
certainly true that this sensitivity may
introduce additional unnecessary noise
when averaging lower frequency transients.
However, this noise can be removed very
simply by inserting an ordinary low-pass
filter before the sampling gate to match the
noise spectrum to that of the signal. In these
circumstances the improvement in noise
ratio will, in fact, be identical to that
given by a conventional boxcar with the
same bandwidth and output response
time. Thus, while the use of a very narrow
sampling window necessitates higher signal
gain and causes some increase in open loop
sampling non-linearities and zero drift
these penalties need not be serious. For
instance with an instrument such as the
AIM Electronics WSA 114 very adequate
results can be obtained without sacrificing
the ability to operate at a greatly increased
bandwidth allowing averaging of fast
transients up to 1GHz, and the ability to
time-stretch very fast waveforms and dis-
play them on low-frequency oscilloscopes.
R. J. SMITH-SAVILLE,

AIM Electronics Ltd,
St. Ives,
Hunts.

Loudspeaker enclosures

In the article ‘Loudspeaker Enclosures’
by E. J. Jordan in the January 1971 issue,
a few detail errors have arisen. Using a
tapered pipe as a ‘quarter-wave trans-
former’, the optimum distance of the drive
unit from its throat is given approximately
by:

l

d = ——1'
24+ A/4,):

where / = physical length of pipe; 4, =
cross-sectional area of throat; and 4,, =
cross-sectional area of mouth. Hence
for a constant cross-sectional area pipe,
d = l/3 (not 1/3 wavelength as stated,
since the loading is very poor beyond
the mouth!), increasing to /2 for a fully
tapered pipe of zero throat area, the
equivalent of a parabolic pipe of circular
cross-section. Far from being ‘very popu-
lar many years ago’ as indicated, I would
suggest that its use has become widespread
over the past few years, following the
publication of my “Paraline” design,
(Hi-Fi News, April 1963), of which some
20,000 examples are believed to be in use.

The ‘quarter-wave’ principle was, of
course, first used by Paul Voigt in the
1930s in his domestic corner horn and
revived by Ralph West in 1949 for the
Decca corner speaker.

Regarding horn theory, it is perhaps
worth mentioning that the hyperbolic
family already includes the conical and
exponential cases as respectively limit
and central members. In the general
expression, the term x, is a dimension
determining the flare cut-off frequency, not
the distance from throat to where 4 = 0,
since, except for conical horns, the latter
is infinitely remote, whilst for the cat-
enoidal horn (T" = 0) the cross-sectional
area is a minimum at x = 0.

In his closing sentence regarding air
displacement, Mr. Jordan echoes the
general reluctance of loudspeaker de-
signers to recognize that their devices are
usually -used in domestic-sized rooms.
In these Lf. resonances arise of Q typically
15-25, so presenting a violently fluctuating
load whose predominant component is
mostly reactive. Without a conjugate
design approach, it would seem that the
Lf. performance of a loudspeaker/room/
listening position combination must remain
quite arbitrary.

R. N. BALDOCK,
Harrow,
Middlesex.

Resistance tolerance code

My attention has been drawn to Mr.
Sproxton’s letter in the November issue,
in which the tolerance coding for resistors
and capacitors is criticized. This code
was produced after careful consideration
by Technical Committee 40 (capacitors
and resistors for electronic equipment)
of the International Electrotechnical
Commission, of which forty-one countries,
including U.S.A., Japan and the whole
of Europe, are members. The following
points were considered:

1. In matters of this kind it is usually
desirable to accept as standard, wherever
possible, some widely accepted practice.
This particular tolerance code had been
used for many years in the U.S.A. and had
been adopted by some European countries.
These people appear to have used it without
confusion.

2. There was not “a whole alphabet
available for choice”. To have created a
new code using the same letters as the
existing one but with different meanings
would have caused appalling chaos.
Leaving out I and O (easily confused with
numbers), the thirteen letters of the existing
code and the eight letters representing
multipliers for capacitance and resistance
values, there are three letters left to cover
thirteen tolerances. The only reasonable
course is to adopt the existing code.

3. If the code is correctly used, as Mr.
Sproxton’s examples show, there is little
risk of confusion between the letter used
for the multiplier and the letter used for the
tolerance. His examples were 6800 ohms
+ 10% and 4.7 megohms + 20% which
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code respectively as 6K8K and 4M7M.
Even with values like 6800 ohms + 10%,
or 0.068uF + 309%, which code respec-
tively as 68KK and 68nN, the letters still
come quite simply in the right order.

The tolerance code may not have been a
stroke of genius but it was probably the best
choice in the circumstances and it is the first
time after a few years of use that anyone
has suggested that it is confusing.

G. DAVID REYNOLDS,
(Chairman of IEC/TC 40)
Hatfield,

Herts.

Despite the fact that normally the multiplier for 1000
is *“k” the L.E.C. decided that all resistor multipliers
(R for unity, K, M, G & T) should be capitals and
all capacitor sub-multipliers (p, n, 4 or u & m)should
be lower case..—ED.

Ganging potentiometers

The Addashaft scheme, whereby either steel
or nylon shafts can be cut to length and then
inserted into poteniometers has advantages.
Risk of damage to the poteniometer during
the sawing and filing operation is obviated,
and a choice of insulating and conductive
shafts is available. Work could be reduced
further, and material saved, if a choice of
shaft lengths were provided.

An adaptation of the scheme could use-
fully be applied to twin potentiometers,
of which at present only a limited choice
of values (usually equal) is available. If
one could quickly twin any two potentio-
meters, the range to be manufactured and
held in stock would be reduced, and twin
potentiometers, would no longer be
“special”. For example, if there is a need
for x values of one and y values of the other,
at present one needs to stock xy ditterent
types of twin potentiometer, whereas if
any two could be twinned as required, the
number of types of single potentiometer
needed is only (x + ), and any of these can
also be used individually. The saving in-
creases rapidly with x and y, e.g. for a
choice of four values, a stock of 8 single
potentiometers replaces a stock of 16 twin
potentiometers and so on. The above
applies chiefly to ganged potentiometers
driven by a single shaft, but it would seem
possible also to cater for twin potentio-
meters which are not ganged but have a
central shaft and a coaxial cylinder
controlled by separate knobs.

It is at present possible to buy potentio-
meters with or without d.p. switch, which
doubles the amount of stock it is necessary
to hold and manufacture. If the switch
could be quickly associated with either or
both potentiometers at choice, or omitted
if not required, this would add further to
the advantages.

It appears that both manufacturing and
storage costs could be materially reduced
by this scheme if widely adopted.

K.J. YOUNG,
Crowthorne,
Berks.
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Electronic Building Bricks

10. The oscillator

by James Franklin

One of the functional blocks in the
television set diagram in Part 1 is labelled
“oscillator”. According to the dictionary,
to oscillate is to swing like a pendulum,
move to and fro between two points. This,
of course, is a definition of oscillation in
visible, mechanical terms. In an electronic
oscillator the oscillation cannot be seen
because the to-and-fro movement is not of
some mechanical part but of electrons in a
circuit (Part 5). Although we cannot see
this movement directly we can detect,
measure and display it by various
instruments, and so can discover a good
deal about what goes on.

In one type of oscillator the character
of this to-and-fro electron movement is
similar to that of pendulum movement in a
clock, so let us look more closely at a
swinging pendulum. Fig. 1 is like a series
of frames from a cinematograph film
showing the positions of a pendulum at
successive instants during its swing. If we
take the dead-centre position A as a
reference point we see that the pendulum
swings first to the right to an extreme
position D, back to the dead-centre
position G, beyond this to an extreme
left-hand position J, then back to the

dead-centre position A’. It then repeats
the process through D’ G’ J' and back to
A”. ... and so on. This is a cyclic move-
ment which, in the clock, goes on repeat-
ing itself as long as mechanical power is
applied to the pendulum at the right
instants to keep it swinging (e.g. through
an escapement mechanism from a spring).
One complete cycle of pendulum swing is
marked on Fig. 1 as being between
reference position A and position A’
but a cycle could equally well be defined
as between any two corresponding
positions, for example between C and C'.
If we plotted a time graph of the
displacement of the pendulum bob along
its arc of swing it would come out as
shown in Fig. 2"—a graph which some
readers may recognize as simple harmonic
motion. In the comparable electronic
oscillator, if we plotted a time graph of
some variable that indicated electron
movement it would be similar to Fig. 2.
We cannot easily measure the
displacement of electrons from a given
point but we can readily measure the rare
of displacement of electrons, which is

*Strictly, only when the angle of swing is very small.
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Fig. 1. Sequence of positions of a swinging pendulum—a mechanical oscillator.
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which are cyclic and are therefore
oscillations.

electric current (Part 3). Thus a time
graph of current measured at a suitable
point in the oscillator circuit would be
similar to Fig. 2. This version of simple
harmonic motion in electrical form is
called a sinusoidal oscillationt, or,
because of the wave-like character of the
graph, a sine-wave oscillation. A similar
shape would be obtained if we plotted a
time graph of potential difference existing
across a part of the oscillator circuit; and
in fact the output of an oscillator is often
measured as an e.m.f. between two
terminals (Fig. 3).

The swinging pendulum is analogous to
the electronic oscillator for another
reason: in both the energy is continually
changing between potential form and
kinetic form.

As we have hinted, the sinusoidal
oscillator is only one of several types
available. There are, for example,
oscillators generating square waves, pulses
of various shapes, and saw-tooth waves
(Fig. 4). An oscillator producing pulses is
normally called a pulse generator, and one
of these appears in the computer block
diagram in Part 1. Whatever the wave
shape, however, all oscillators have this in
common, that they generate a cycle of
variation in an electrical quantity which is
repeated indefinitely, as long as electrical
power is supplied to the oscillator. The
length of time taken by one cycle is called
the period of the oscillation, and the
number of periods (or cycles) that occur in
a given time is called the frequency of
oscillation. In practice frequency is
measured in cycles occurring per second,
and the unit cycle per second is called the
hertz (Hz).

*The name comes from the trigonometrical
function. the sine of an angle. A graph of the sine of
an angle plotted against the angle in degrees has the
same shape as Fig. 2.

T Named after Heinrich Rudolf Hertz (1857 1894),
German physicist.
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Our claimto fameis being
broadcast the world over.

Such is the power of Ferrograph tape recorders.

Used in major broadcasting stations as well as
in the aircraft industry, Police and Fire Services and
Government Departments.

A Ferrograph tape recorder is a status symbol—
and an investment. The buyer knows he is getting
a top standard machine which maintains that
standard for many years. (We give a 3 year
guarantee inclusive of record and replay heads.)

You may pay a little more at the outset, but the
rewards are many in service and reliability.

Series Y Twin Channel Stereo machine

(illustrated): Housed in a light alloy casing, this
machine is speclally adapted for audio frequency
instrumentation recording in scientific and
industrial applications (purchase-tax-free for

P e

these uses). Input and output conditions suitable
for matching professional equipment. Available in
single or two-channel forms, recording full, lori
track. 3 tape speeds on each machine.

Other details are yours for the asking—just
complete the coupon below.

If you have a recording problem contact
Ferrograph. Special machines can be made up to
customers requirements.

Series Y tape recorders are available direct from
the Ferrograph U.K. company or principal overseas
agents (list available on request).

FERROGRAPH

SOUNDS GOOD

WW—094 FOR FURTHER DETAILS
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Shure Model 444—
Controtled magnetic
microphone. Specially
designed for radio
communications applications.
Special response
characteristic gives optimum
speech intelligibility.

WW—095 FOR FURTHER DETAILS

Please send me full information on
Shure Communications Microphones.

I
I
|
|
|
|
I
|
|




Wireless World, March 1971

New Approach to Class B Amplifier Design

127

by Peter Blomley*

(Concluded from February issue)

which drives the signal splitter. To enhance
the performance of the amplifier as a whole,
this section should have a reasonable mutual
conductance (1A/V) and good linearity

This article describes a 30-watt amplifier design which embodies the author’s
approach to class B design, outlined last issue. Although further work on this
approach is still needed, the design illustrates the kind of problems involved.
The author also discusses the application of integrated components in future

designs.

The general design of a complete amplifier
using the new approach is relatively conven-
tional except for the inclusion of the signal
splitter (described last month). In principle,
the design of each half of the output stage
is made simpler as there is no cut-off, hence

*Allen Clarke Research Laboratory (Plessey),
Towecester, Northants.

removing the necessity for predicting the
performance in the cross-over region.

Examination of the circuit (Fig. 1) shows
that the amplifier consists of three sections,
the input amplifier, signal splitter and output
amplifier.

Input amplifier. This converts the input
voltage into a proportional output current

Fig. 1. Complete power amplifier circuit using new approach. Design gives Farmonic
distortion of 0.01% at all power levels and intermodulation distortion of 0.003%.

(1%). The latter does not represent a serious
problem as the input amplifier is a low-level
class A amplifier, but care is needed to
control the maximum value of g, otherwise
frequency compensation problems arise.

Signal splitter. As many fundamental
details of the signal splitter were described
last month, further details are confined to
the biasing system. If perfect bipolar devices
were available and ideal current sources
existed, voltage bias across the emitter-base
junction would not be needed, but such
situations do not exist and distortions due
to conditions falling short of the ideal can
be rendered negligible by employing simple
bias diodes (Fig. 2). This reduces the voltage
excursion at the input to the signal splitter
from 1.2V to 300mV pk-pk. The waveform
with a sinusoidal output current is shown in
Fig. 3.

Output stages. This now is one of the easiest
to design. As long as the gain remains
constant throughout the output cycle all
is well. In the initial version, used to evaluate
system performance, a compromise was
reached between complexity, performance
and cost. Thus individual adjustment poten-
tiometers were used instead of the matched
devices.

The output sub-amplifiers are similar to
the Quad triples, these giving excellent
linearity down to very low output currents,
coupled with outstanding thermal stability.
To compensate for the effect of ambient
temperature changes on the quiescent
current of the amplifier, diodes D, and D,
cancel Vg changes in transistors Tr; and
Tr,. 1t may have occurred to the reader that
diodes in the forward path of the amplifier
loop could generate appreciable distortion.
However, in practice the maximum change
in current is about 4:1 and thus almost
corresponds to the change in collector
current of transistors Tr, and Tr,. In this

Cs 33p way the change in voltage drop across the

I_" | transistors compensates for the change in

- =\ A~ the diodes. Even if this did not occur, the
Ry a7k resultant gain change for the output sub-

amplifier is less than 4% for I,,, values
between 0 and 2A. The problem can be
alleviated by increasing the current into



128

diodes D, and D, and adding one resistor,
but the advantages gained from this are
negligible.

Circuit description

The function of Tr,, Tr,, and Tr, is to
convert an error voltage—the difference
between the input and feedback voltage—
into a proportional output current. Now to
produce the required mutual conductance
of this stage (1A/V) without sacrificing
either noise performance or linearity, the
design in Fig. 1 was used. Starting at the
input transistor 7r,, this p-n-p type is used
mainly as alevel shifter. If we assume that the

Amp. X

lIbias (1mA)

Amp.Y

current gain of Tr, was extremely large
(> 500), then this input stage would have a
maximum voltage gain of about five—not
very much! If voltage gain was increased
to the theoretical maximum of 30 (by
decreasing the value of R, and R,) problems
would arise with the voltage offset at the
speaker output due to increased emitter
current flowing through R , and base current
flowing through R,.

Assuming for the moment that this first
stage gain is a reasonable compromise, it
now becomes obvious that the noise and
distortion performance is dictated by the
next stage. This stage (77,, R,)is a straight-
forward class A amplifier with very high

Vbias {per device)
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Fig. 2. Input amplifier converts signal voltage to a proportional current to feed
transistor signal splitter. Bias diodes reduce voltage excursion from 1.2V to 300mVv
pk-pk. Bottom trace is current signal input to splitter.
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gain (typically 400) and low distortion due
to the limited modulation index of the
collector current (0.04 max). The peak 2nd
harmonic voltage generated is about 10uV
and, assuming this is referred to the input
of the first stage, it represents less than
0.001% 2nd harmonic distortion with feed-
back. Thus this second stage is the work
horse of the input section, the third device
Tr, being used both as a buffer to reduce
the loading of R, on Ry, and to convert
the voltage changes across R, into an
output current to drive the emitters of the
signal splitter.

Resistor R,, performs two functions in
this last stage of the input section. It defines
the conversion constant Engmen for the
stage, and it governs the maximum current
which can be driven out of the collector of
Tr,. (This maximum current is defined by
using the conducting voltages of D, and Tr,
and the value of R,,.) Therefore this input
section seems to have excellent performance
during normal operation, but what can
happen during an overload?

If the input transient was negative all
would be well due to 7r,entering saturation.
But if the transient was positive 7r, would
turn off completely, the potential across
R, rising toward that at the end of R,. (T,
would also be completely cut off.) This
would cause excess currents to flow in Tr,,
upsetting the bias chain R, D,. D., R,.
After the excessive input signal is removed
some time would elapse before recovery
would take place, hence diode D, clamps
the voltage and maintains 77, in full con-
duction to reduce recovery time andimprove
amplifier stability.

While discussing the problem of recovery
from overload, the charge across the com-
pensation capacitor C, has also to be taken
into account. The time for the accumulated
charge to decay is a function of the amount
of charge and the rate of decay. If the rate
of decay is constant, the only way to reduce
the recovery time is to limit the accumulated
charge (in terms of voltage). Diode D, per-
forms this function as well as clamping the
voltage across R, at 1V thus limiting drive
current into the signal splitter.

The second section is the sigdal splitter,
unique to this approach, and consists of
transistors 7r, and Tr. plus a current
source transistor 7r,. The signal current
into the emitter of 7r, or Tr, is derived by
subtraction of two current levels, one con-
stant and set by the voltage across R, and
the other the output current of the input
section. This signal current either appears at
the collector of Tr,——causing a voltage
change across R,,—or at the collector of
Tr,——causing a voltage change across R,,.
These voltage changes are converted into
positive and negative output currents in the
output section, which are then added to-
gether to give the final waveform. The
current gain of the output sections which
are conventional triples are governed by the
ratio of R,,to R,; and R, to R4, and in this
case the gain of 1000 seemed reasonable.

To keep the output triples above the
minimum conduction level a bias current
is provided by R ,,. The procedure adopted
for setting the standing current is to first
set R,, and R,, to minimum (diode end).
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Set quiescent current with R,, and increase
R,, until there is a small increase in current.
The only part still to be described is the
biasing chain R,-D,-D;-R¢-C,. This pro-
vides the half supply voltage for the base
of Tr, (decoupled by C,),aload for the class
A stage Tr,, and sets devices Tr, and T,
at the minimum conduction level required
for good phase response during cross-over
—by using the voltage across D, and D,.
By increasing the value of C, it is possibleto
reduce the rate of charging of the speaker
coupling capacitor, eliminating ‘thump’, but
capacitor size becomes very large.

Returning for a moment to the input
section, Tr, js in a similar position to that
used in many amplifiers, but instead of
driving another stage (7r,) which only
requires a limited voltage swing, it is the
prime mover for the output section. To have
sufficient drive capability the quiescent
current in this stage may well need to be
10mA—instead of the ImA in mine—and
the voltage swing on the collector will be
the full supply voltage (50 volts).

It now seems clear why the distortion
of many amplifiers rises at low frequencies.
The dissipation change of this device during
a voltage cycle could be 500mW pk-pkin
the case I have quoted giving an emitter-
base voltage change at low frequencies of
about 100mV. This change, even if we
assumed it is basically a linear function of
voltage, will cause a non-linear change in
the input device and hence a considerable
rise in distortion at low frequencies. Inmy
amplifier the maximum dissipation change
in Tr, will be less than ImW, thus elimi-
nating this form of distortion and improving
intermodulation performance.

Performance
The measurement of distortion created
some difficulties especially when con-
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Fig. 4. Spectra made with a wave
analyser showed no difference between
spectra of outputs from oscillator and
amplifier. Plots were made with

(a) 1kHz and (b) 10kHz signals and
were identical at all three power levels.
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Fig. 5. Null method of assessing amplifier distortion shows distortion products to be well
down in the noise. Deflection of 4cm represents 0.003% peak distortion at 10 watts

(3kHz, 158 load).

sidering the range of frequencies over
which this amplifier operates. The methods
employed can be separated into two dis-
tinct techniques—spectrum analysis and
nulling methods. To realize the first tech-
nique, an oscillator with a pure, single-line
spectrum was needed, but the only one
available at the time, approaching a reason-
able performance, was the Si 451 produced
by J. Sugden & Co, having a range up to
30kHz. This was found (excellent as it is)
to be inadequate to permit the measure-
ment of amplifier distortion.

So difficult in fact was the problem that
it is impossible to publish distortion curves
with any degree of confidence in their
truth, but it can be said that using the
Hewlett Packard 3590 wave analyser
there was no discernible difference between
a plot of the distortion of the oscillator
and that taken after the oscillator output
had been passed through the amplifier.
Plots were taken over the frequency range
100Hz to 20kHz and powers of 100mW
to 25W. As a matter of interest the spectrum
plots of the amplifier are shown in Fig. 4
for 1kHz and 10kHz and at several power
levels. The second method attempted was
rather more successful but unfortunately
does not present information in a usable
form because it involves a comparison of
output and input signals. It is also not a
sequential test as in the previous method
and as a result problems were encountered
in successfully nulling the output against
the input of the amplifier, due to the phasing
of the signals and the earth loops generated
by the measurement method. After con-
siderable adjustment of the phase com-
pensation and spurious pick-up difficulties
the photograph Fig. 5 was obtained. Here
the distortion generated is right in the
noise (— 120dB down from 20V r.m.s.)
and the total deflection of 4cm represents
0.003% peak distortion at 10 watts and
a frequency of 3kHz, chosen for easiest
phase cancellation. The spikes usually
evident in the difference waveform with
this type of amplifier are completely ab-
sent, even with reactive loads, indicating
that stability in the cross-over region must
be excellent.

Intermodulation performance
The use of these two techniques is limited
in one way or another to the evaluation of
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Fig. 6. Resuit of feeding 5SkHz and
200Hz signals in a 16:1 power ratio
into amplifier. Intermodulation products
S +/f, and f,—f, are 90dB below 200 Hz
signal. Other spectral lines are due to
generator distortion.

amplifier linearity. The main advantage is,
of course, that a direct numerical value of
distortion is obtained which can be used
in comparison with other amplifiers.

The intermodulation test does not rely
on low-distortion oscillators of signal
cancelling techniques—in fact the only
component which limits the measurement
accuracy is the wave analyser itself. The
real drawback is seen when an interpreta-
tion of the results is necessary! The method
adopted is to “sweep” the transfer charac-
teristic of the amplifier with a low-frequency
signal of large amplitude, and to “measure”,
the slope of the characteristic with a low-
level high-frequency signal. The two
frequencies selected were 200Hz and SkHz
in a power ratio of 16:1.

The results not only ease the assessment
of the amplifier performance in an absolute
sense but also give some form of subjective
measurement for comparison with other
elements in the system. The results ob-
tained in Fig. 6 indicate an excellent per-
formance, the intermodulation products
f; + f, and f; — f, are —90dB below the
sweeping signal (200Hz) all other spectral
lines being due to generator distortion.

Amplitude-frequency response

The type of frequency compensation used
for this amplifier is unusual, mainly as a
result of the system design. The open-loop
gain begins to fall off at about 4kHz and
continues on a 6dB/octave roll-off to about

12
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500kHz where the second pole of the out-
put section starts to contribute excess
phase shift. The choice of the position of
the dominant compensation was a difficult
one. If it was placed in the output section,
as is normally the case, the gain of the
input amplifier would have to be restricted
at low frequencies, affecting the distortion
performance of the amplifier.

Another choice was using the dominant
lag to encompass the output section as
well as part of the input amplifier. This
would lead to instability internal to the loop
enclosed by the dominant lag and thus an
internal pole would have to be introduced
to remedy this condition. The final choice
(shown in Fig. 7) gives the single-pole
compensation needed for unconditional
stability coupled with minimal high-fre-
quency distortion. The inherent pole in
the output section is subdued by the feed-
back resistance R, (so far as the main loop
is concerned) but gives the required un-
conditional stability of the output section.

The performance with reactive loads
will be spoilt if the output impedance of

Compensation
loop

R3
W\ *

_“._J

loop
Cx (zero)

Fig. 7. Single-pole frequency
compensation method used gives
unconditional stability coupled with
minimal h.f. distortion.

R4 [
Vout C
AV Ry Ly (Ext.)
_ 1 Iout
R1= Gm (”e""(K'IMAx))
o) I
Le 271, Qma
= 1
Lz 2"rf3 Im2
R, = —1—
= gmz

Fig. 8. Power amplifier equivalent circuit.
Simple analysis shows output impedance
is controlled by main feedback loop,

but in practice R, generates another

loop effectively placing a damping
resistance across the apparent output
inductance.

20V/iecm
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Amplitier
output
current

Load
voltage

Fig. 9. Performance with a capacitative load. Capacitor in feedback loop effectively
reduces maximum rate of change of voltage across load. Overshoot is much less when

fed from a pre-amplifier.

Performance—with 60V regulated supply

20 watts into 15 ohms

30 watts into 8 ohms

30Hz to 100kHz (— 3dB)

0.1 ohm at 1kHz

< 0.01% throughout audio band and all
power levels

< 0.003%

output power

power response
output impedance
total harmonic distortion

intermodulate distortion
voltage gain

noise level

maximum peak output current

100

—120dB below full power

+3

amps, approx.

the amplifier is controlled by the overall
feedback loop, i.e

Zou = ({1 +jj_;)/g,,,

where f) is the signal frequency and f, the
open-loop —3dB frequency. This expres-
sion has a simple analogy with a series
inductance and resistance, where R = 1/g,,
and L = 1/2 n g, /.

A little more workt shows that if a
capacitive load is used the amplifier would
have a response given by

_ 1
T P+ apT + 1

This is the equation of a second-order
system, where a (1/g,,) \/ (C/L), and the
natural frequency of oscillation is w, =

/T = 1/\/ (LC). If the amplifier has an
overshoot it must be due to the overall
amplifier having an a-value approaching
zero. If we now assume typical values and
examine the worst case condition, g,, =
10A/V, f, = 4kHz and @ = 0.1 (20dB
peak), then C = 4uF and w, = 250kHz.

If this was a perfect model for the ampli-
fier the overshoot would be excessive, but
in practice the output impedance is not
only a function of frequency but also of
output current. Thus a gets larger (less
overshoot) as the output current increases.
The basic assumption of this simple analy-
sis is that the output impedance is con-
trolled by the main feedback loop, but in
this amplifier resistor R generates another
loop which effectively places a damping
resistance across the apparent output
inductance (Fig. 8).

The only remaining improvement to
the transient performance of the amplifier
is by pole-zero cancellation using the feed-

1 See for instance “Active filters” F. E. J. Girling
and E. F. Good, Wireless World, vol. 15, Sept.
1969, pp. 403-8.

back element. If this term seems somewhat
academic, an alternative is to study the
overshoot with a second-order system with
various inputs. If the input is an ideal step
the amplifier will give theoretical over-
shoots, but if the rate of rise of the input
waveform is decreased the overshoot will
reduce and eventually disappear. The
capacitor (a zero) in the feedback loop is
really reducing the maximum rate of change
of the voltage across the load and hence
the degree of excitation given to this in-
herently oscillatory system. By using this
type of compensation excellent performance
with reactive loads has been finally achieved
(Fig. 9). The overshoot with capacitative
loads, such as 4uF, is about 50% with an
ideal step input and far less when fed via
a preamplifier, thus no difficulties should
be experienced with any normal load.

Electrostatic loads. The distortion charac-
teristic with this type of load was still
insignificant below 10kHz and gave a
gradual rise up to 20kHz where it was
still less than 0.05% at maximum output+.
Square-wave performance is shown in
Fig. 10 at maximum = output. The ringing
is due to the finite output impedance con-
verting the ringing current in the inductance
and capacitance of the load into ripples in
the output, plus the overshoot of the
amplifier itself.

Future developments

The amplifier design is hopefully only a
source of ideas which may encourage fur-
ther research into the whole approach to
design. So that the trend may be con-
tinued, future proposals are outlined in
Fig. 11. Here, the main difference is that

+ Maximum output is dictated by peak current
output capability.
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the output subamplifiers are oriented
toward the use of integrated components.
It has become obvious that past problems
with class B amplifiers originated with
the stabilization of the quiescent current
to give =zero cross-over distortion.
Attempts were made to use diodes to com-
pensate for device Vpp changes with
fluctuations in the ambient temperature—
the independent variations due to device
dissipation could not be eliminated. Most
of the time the diode did its job and the
voltage defined by the combination of
transistor and diode remained constant.
This constant voltage was,*used in con-
junction with low-value reSistors to set
the quiescent current in the output circuits.

If now an integrated component is used
both the diode and the transistor are on
the same chip and, apart from minor
fluctuations, the combination is isothermal.
As a result the quiescent current is a
function only of the setting voltage and
not ambient temperature or differential
device temperatures. The accuracy with
which the current can be set is largely
governed by the offset voltage of the
transistor pair. Typical values of + 4mV
which would represent a + 8mA in-
accuracy in the quiescent current using
0.5-ohm feedback resistors are readily
obtained. With such an arrangement a
reasonable quiescent current for the sub-
amplifiers would be 30mA, the worst case
figures would be 24mA and 38mA. Both
of these values are well above the low
conductance current level (SmA) which is
required for good linearity of the sub-
amplifiers.

The advantage of the new approach is
fairly evident when it is realized that as
long as the amplifiers are above the non-
linear region, the spreads introduced in
the sub-amplifier quiescent current will
not cause the class AB situation of over-
biasing (shown last month) characteristic
of present designs. It is now possible to
design an output stage without the normal
trim potentiometers, thus giving a degree
of freedom in production not possible with
current amplifiers. The performance of the
amplifier, once checked at the end of a

(a)
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Voltage
waveform

Sub-amplifier
current

Voltage
waveform

Sub-ampiifier
current

Fig. 10. Square-wave performance when driving electrostatic load at 1kHz (a) and
10kHz (b). Top traces are voltage and lower traces current out of sub-amplifier. Ringing
is due to output impedance converting ringing current in L, and C, into ripples in the

output.

production line can be guaranteed for
operation in any climate and for any
period of time.

Possible applications

The performance of an amplifier of this
calibre is, in my opinion, wasted in a
conventional audio set-up. In most cases,
the transducers will be the weakest link.

The approach used in the design of the
output sub-amplifiers does not rely on
complemzntary matched devices—in fact,
in most cases n-p-n devices are preferred
for their superior secondary breakdown
characteristics. This represents consider-
able reduction in amplifier costs especially
in the 100-watt region as presently avail-
able devices boast a Vo of 120V with

Qutput

I-Sig Trg
Power
device

100 watts dissipation at a cost of less than
75p.

The uitimate use for this amplifier
would appear to lie with the high-power
professional market where the perfor-
mance of cascaded amplifiers in a system
would have to be excellent. Use in other
fields would be mainly governed by the
expected gain in performance or reduction
in cost. A possible application would be
as a portable standard oscillator, perhaps
meter calibration amplifiers, or even
high-frequency low-distortion class B
transmitter amplifiers. However, these are
only inspired guesses which may interest
those working in these relevant fields.

Thanks are due to Peter J. Baxandall
for his advice and encouragement and to
Hewlett Packard and the Plessey Co. for
use of their facilities.

Fig. 11. Proposals for integrated components in output sub-amplifier.

+V Output
-0
Tr
PoT\ZEr Typical values :— Ry = o501
device R - 470
1 R, - 100
R3 — 470
Possible devices -~ Try—=SC301
S ic. —pA709
Qutput
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Multiple-array Loudspeaker System

Wireless World, March 1971

How to use an assembly of small units to solve a baffling problem

by E. J. Jordan

In an article in the November 1970 issue
(The Design and Use of Moving-coil
Loudspeaker Units) I discussed the
advantages of the simple single-cone
moving-coil loudspeaker, where high-
quality wide bandwidth sound reproduc-
tion is required. In practice it has been
found that for domestic applications in a
medium sized lounge, embracing say 2000
cu ft a suitably designed unit having a
cone diameter of about 4in correctly
loaded will provide more than adequate
power bandwidth without difficulty.
When it is necessary to provide
high-quality sound in rooms considerably
larger than this, however, we can either
use larger louspeakers particularly to
handle the low frequencies, together with
mid-range and high-frequency units and
the appropriate cross-over systems or
multiple arrangements of the single-cone
full-range unit.

The advantages of using a multiplicity
of small loudspeakers for high power, wide
bandwidth applications are not generally
appreciated. In the first place the efficiency
of a multiple array can be very considerably
higher than that of a large loudspeaker
having comparable power handling
capacity, and in fact lies somewhere
between this and a full horn system.
For example typical efficiency for
a high-flux 15in direct radiator unit is 3 to
5%. That of a multiple array may be as
high as 10-15% at low frequencies. A

1-0 “ ~
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Fig. 1. Mechanical impedance of the air
load on a piston surface in an infinite

baffile.

large horn-loaded system will be between
30-50% efficient. In comparison with the
horn, however, the multiple array can
provide a higher standard of quality with
considerably less bulk and cost, and
further by the use of frequency grading the
sound distribution pattern may be
‘shaped’. By designing for specific
locations a three-dimensional sound field
‘tailored’ to match the environment may
be established. This minimizes adverse
effects of the ambient acoustics, and is of
particular use where the acoustic
environment is difficult. The approach
may be extended with considerable
success to stereo installations where it is
possible to maintain accurate image
location throughout large complex areas.
Multiple array techniques offer such
flexibility in their design that the possible
applications are unlimited.

Efficiency of a multiple array

Consider a single-cone loudspeaker moun-
ted by itself on a flat infinite baffle.

Zaga, = RMA1+ijMA,

u””

Ifa number of similar units are mounted
close together on the baffle the radiation
impedance is

Zya, = Rya, +joLyy,
The radiation impedance curves are shown
in Fig. 1 and from the work covered in my
November article we can say that if the knee

of the curve is at f; for a single unit it will be
£, for n units where

_ A
e

For frequencies below f,

Ruy,, = "Ry, and Lya, = n'2Ly,,
For frequencies above f,

Rya, = nRy a4,

The power radiated by a single unit on an
infinite flat baffle is given by
2

where Z,,, = total mechanical impedance.

We will assume throughout that the
loudspeaker(s) is/are working under the
condition of mass control then:

p Bli ZR
| ———
MA, Lyt Ly o, Ma,

where L,,, = mass of moving system.

If the electrical power P, fed to one unit is
now distributed to » units then the power
P, received by each unit will be P,/n.
Assuming that the impedance has been re-
matched then if the current supplied to the
single unit was i, then the current in each of n

units will be i/\/;z. If the length of active
conductor in each voice coil is / then the
total active length in » units is nl. The flux
densjty B is of course the same as for each
individual unit.

Rewriting the power expression for fre-
quencies below f, we have:

B(nl)i/\/n

2
Yahi, = ~——] n’R
e (”Lm*‘ ”l.SLMA> M

( Bli )2 R

= | — e nR,
Lyc+/nLy
For frequencies above f,

B(nl)i/. /n\?
PMA" = ( — J) nRMAl

nLy.

Since the mass of the cone and coil system
Ly is generally much greater than L,,,.
below f, the gain in efficiency will tend to
approach n but the increase will become

progressively less as \/;zLMA approaches
Ly.. Above f, the actual efficiency will be
independent of n; however there will be a
considerable increase in effective efficiency
due to the directivity pattern.

Sound distribution patterns
Fundamentally, the greater the dimensions
of a radiating area the more directional it
will be. The most familiar example of this
is seen in line source loudspeaker systems
used for public address or sound
reinforcement applications. In this case
(Fig. 2) a number of loudspeaker units are
mounted vertically in line. The distributiorn
in the horizontal plane is fairly broad,
being similar to that of a single unit.
Distribution in the vertical plane is
however restricted—depending upon the
length of the column.

One effect of this is to discourage
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Fig. 2. Idealized distribution pattern for
line-source system.

floor-to-ceiling reflections. In practice, due
to the fact that the radiating area is not a
continuous line but is made up of discrete
units, at frequencies where the wavelength
is comparable to the physical spacing
between the units, the vertical distribution
pattern splits up into lobes. The main
forward facing lobe becomes excessively
sharp and upward and downward
secondary lobes appear (Fig. 3). The
common method of overcoming this is to
grade the electrical power fed to the units
so that the centre unit receives the
maximum power, the adjacent units above
and below receive say 4/2 of this power
and so on. In my view however, a better
way of doing this is by frequency grading,
such that the centre unit receives the full
frequency range and the high frequencies
are progressively reduced for units away
from the centre. This has the effect of
reducing the effective length of the line as
frequency is raised, thereby maintaining a
fairly constant vertical distribution pattern
for all frequencies.

The multiple array is an extension of
these principles. The basic arrangement
consists of close mounted units in square
or rectangular formation (Fig. 4). If the
same power and frequency response is fed
to each unit the mid-frequency sound
distribution pattern is given by

L 1-(1-14%x 10~ 3fd sin 0)

0

where

6 = any angle off axis
¢, = relative pressure at L,
¢, = reference pressure on axis

d = length of vertical or horizontal giving
the vertical and horizontal patterns
respectively in metres.

If the pressure is —6 dB at L,_¢
4-38 % 102
fd

then sin 0_4 =

This basic arrangement will of course be
subject to unwanted lobe development as
before, and again this may be overcome
by frequency grading—this time in both
directions away from the centre unit. Here
the distribution would tend to be in the
form of a rectangular block which by
suitable design could be tailored to provide
an even distribution throughout a
particular location. We can go further
however and provide selected areas of
higher intensity where required. For
certain applications it may be desirable to
be able to control the sound distribution at
will, this again can be accommodated by
providing suitable switching arrangements.

Circuits for frequency distribution

It is very desirable that all the ‘units in a
multiple array are connected in parallel
otherwise there may be inadequate
electromagnetic damping on the units. (It
may therefore be necessary to fit each unit
with its own  transformer.) The
frequency distribution should be achieved
with series air-cored inductors. Sections
through multiple arrays are shown in
Fig. 5. Two basic circuits are shown with
their effect on the vertical distribution. Sim-
ilar effects can of course be produced in the
horizontal plane. More exotic patterns can
be produced, where required, with more
complex circuits. By combining power
grading with frequency grading both the
distribution and the frequency response
can be controlled and made variable if
necessary.

Applications

For domestic high-fidelity applications
small high-quality, wide-range, units are
available. Generally speaking, these are
adequate for most domestic locations used
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pattern due to frequency grading;
(a) distribution independent of
Sfrequency, (b) as (a) but angled.
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singly. Where required, however, two or
four may be used. The units should be
mounted vertically in line and frequency
grading should be used so that in the case
of two units the lower one receives the full
frequency range and in the case of four
units the third one down should receive the
full range: this will ensure that the
distribution pattern is displaced upwards.
The units should be connected in parallel
and frequency grading achieved with
air-cored inductors. Inductance values
may be specified by the manufacturers of
the particular units used.

An extension of this approach is met in
the phase-delay stereo techniques
described in the February issue. For large
sound distribution systems multiple arrays
having any number of units may be used,
and a point worth noting here is that as
the size of the array increases, so the need
to provide any form of acoustic enclosure
is diminished. When we reach the point
where we have a close packed array of 8
or 9 ft square no further form of acoustic
loading should be necessary and the
system should be ‘open-backed’. The
‘back-to-front’ depth of such an array will
be only a few inches (apart from the
necessary supports). In a system of this
size we would probably be using roughly
150 units. If the highest quality units were
used such as those available for domestic
hi-fi, the unit cost would be of the order of
£1500, which must be considered in
conjunction with a power handling
capacity of about 2,250 watts. and a
low-frequency efficiency of the order of
10%.

In practice it would not be necessary to
use units of this quality throughout the
entire array and it would therefore not be
too difficult to build a very adequate
system of similar performance for about a
third of this figure. These figures are given
only to indicate the order of the ‘price per
watt’ economics of the approach.

When considering the efficiency, a
further point is that the sound intensity
derived from a multiple array tends to be
independent of the distance of the listener
from it under normal conditions of usage.

Summary

The multiple-array system is an approach
which renders it eminently suitable for
sound reproduction in theatres, halls and
auditoria in general. The efficiency is
derived basically from the fact that the
mass per unit area of diaphragm becomes
progressively less for smaller loudspeaker
units. The economics are favourable
because the manufacturing costs tend to
be lowest for 5in-6in loudspeakers. The
reproduction quality is favoured by the
fact that this size of loudspeaker sits most
squarely upon the requirements necessary
to reproduce the full audio range, and the
relatively low mass per unit area and high
values of air load offer very great
advantages to transient reproduction. The
ability to pre-design the sound distribution
pattern makes it possible to tailor both the
distribution and the frequency balance to
the environment.

Announcements

The latest Japanese electronics company to sign a
licensing agreement with the London based EVR
Partnership is Toshiba. The agreement gives Toshiba
a non-exclusive licence for ten years to manufacture
EVR teleplayers in Japan and sell them in all
countries except the United States and Canada.

Plessey Company Ltd have acquired Arco Societa
per  L’Industria  Elettrotecnica SpA of Italy,
manufacturers of specialized electronic components.

Leevers-Rich Equipment Ltd, manufacturers of
professional audio magnetic recording equipment,
has been acquired by Mining and Chemical Products
Ltd, the parent company of MCP Electronics Ltd.

Carlingswitch, of Watford, have signed a reciprocal
sales agreement with AMELEC, of Paris,
manufacturers of miniature rocker switches. The
agreement gives Carlingswitch exclusive sales rights
for AMELEC components in the U.K. with the
French company having the same arrangement for
Carlingswitch products in France.

Joseph Lucas (Industries) Ltd, of Birmingham, and
Robert Bosch GmbH, of Stuttgart, have formed a
joint company Fluggeretetechnik GmbH, with
headquarters in Stuttgart. The Bosch holding is 51%.

The McMurdo Instrument Co. Ltd, Rodney Road,
Portsmouth, Hants, have signed an exclusive
agreement with Alliance Technique Industrielle under
which they are licensed to manufacture the French
company’s products in the U.K.

Euro Electronic Instruments Ltd, Shirley House, 27
Camden Road, London N.W.1, have been appointed
U.K. representatives for F. W. Bell Inc, of
Columbus. Ohio, manufacturers of magnetic field
measurement and generating equipment.

Wentworth Instruments Ltd, North Green. Datchet,
Bucks., have been appointed exclusive U.K. and
Ireland representatives for the products of Research
Incorporated, of Minneapolis, U.S.A ., manufacturers
of the Data-Trak programmer.

Electrautom Ltd, 408 Finchley Road, London
N.W.2, have been appointed sole U.K. agents by
Qualidyne Corporation of Santa Clara, California,
suppliers of semiconductor products.

For their metallized film capacitors Advance Filmcap
have appointed Spenco Electronic Services Ltd. as
manufacturer’s agents for Northern Ireland and
Scotland, and G.D.S. Sales Ltd., of Stough as
franchised distributors for U.K. and Eire.

Electronic Component Services (Worcester) Ltd, of
Victoria House. 63-66 Foregate Street, Worcester,
have changed the name of the company to Thorp
Electronic Components Ltd. The company have
distribution agreements in the U.K. with The Belclere
Co.; Unisem (United Aircraft) U.S.A.; Philco-Ford
Microelectronics Division (U.S.A.); Emihus
Microcomponents Ltd; AEG (Great Britain) and
Semitron Ltd.

B. Adler & Sons (Radio) Ltd, Coptic Street, London
WCIA INR, will in future be known as Eagle
International. The company has marketed electronic
products under the ‘Eagle’ brand name since 1958.

Woollett Audiostatics, 21 Anerley Station Road,
London S.E.20, is a new company formed by L. G.
Woollett to continue production of electrostatic and
dynamic speakers. L. G. Woollett & Co. Ltd is now
dissolved and superseded by the new company.

Teleng Inc. has been formed in the United States to
market Teleng’s TV distribution equipment for use in
coaxial cable systems in North America.

Microwave Associates Ltd, of Luton, have received
an order worth approx. £90,000 from the Malaysian
Telecommunications Department for the supply of
mobile microwave links. The MLV7000 equipment
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operates in the 7GHz band and employs the
heterodyne repeater principle which allows the
transfer of information from link to link at a 70MHz
if.

GEC-AEI Telecommunications Ltd. of Coventry,
have received an order, worth over £1M, from the
Post Office, to supply microwave radio equipment to
expand the capacity of two radio trunk transmission
routes in the national telecommunications network.

The Communications Division of Redifon Ltd has
received an order valued at £230,000 for radio
beacon equipment to modernize and extend
Indonesia’s system of aids to air navigation.

Eddystone Radio has received an order, worth over
£60,000, to supply EC964 receivers to Televerkets
Centralforvaltning, the central agency for supplying
and installing maritime radio equipment in Sweden.

Conferences
and Exhibitions

Further details are obtainable from the
addresses in parentheses

LONDON
Mar. 16-19
Sound ’71
(Assoc. of P.A. Engineers, 394 Northolt Road,
South Harrow, Middx HA2 8EY)
Mar. 29-Apr. 2
LABEX International
(U.T.P. Exhibitions Ltd, 36-37 Furnival St.,
London EC4A 1JH)
Mar. 30 & 31
Training 71
(Marketing Exhibitions Ltd, 113 /123 Upper
Richmond Rd, London S.W.15)
Mar. 31-Apr. 4
SONEX 71
(Fed. of Brit. Audio. 49 Russell Sq.. Londcn
w.C.1)

Camden Town Hall

Earls Court

Grosvenor Houte

Skyway Hotal

BRISTOL

Mar. 23-26 The University
EASCON 71—From learning to earning
(LE.E.T.E,, 2 Savoy Hill, London WC2R 0BS)

HARROGATE

Mar. 2.4 Exhibition Hall
EL-EC 71—Electronic Equip. & Components
(Trade News Ltd, Drummond House,
203-209 North Gower St., London N.W. 1)

NOTTINGHAM

Mar. 29-Apr. 2
Datafair 71
(Brit. Computer Soc.. 29 Portland Pl.. Londen
Ww.1)

The University

OVERSEAS

Mar. 9-13 Basle
MEDEX 71—Medical Electronics
(Sekretariat MEDEX 71, CH-4000 Basel 21)

Mar. 9-13 Basle
INEL—Industrial Electronics
(Sekretariat INEL 71, CH-4000 Basel 21)

Mar. 9-14 Bordeanx
OCEANEXPO 71
(Salon International de ’Exploitation des Oceans.
8, rue de la Michodiére, Paris 2)

Mar. 14-23 Leipzig
Leipzig Spring Fair
(Leipzig Fair, 701 Leipzig, Messehaus am Markt)
Mar. 22-25 New York

LE.E.E. Convention and Exposition
(ILE.E.E,, 345 E. 47th St., New York, N.Y. 10017)
Mar. 29-Apr. 2 Paris
Space and Communication
(L'Espace et la Communication, 16 rue de Presles,
Paris 15%)
Mar. 31-Apr. 6 Paris
Salon International des Composants Electroniques
(Fed. Nat. des Industries Electroniques. 16 rue

de Presles, Paris 15°)
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Choosing a Vidicon

Concluding the summary of tubes started in February

by D. J. Gibbons*, m.A., Ph.D.

For many years it was appreciated that TABLE 6 Lead Oxide Vidicons
size, stability and ruggedness were all in S lf ‘w_ - -
o.na o i 5 i
favour of tubes based on the vidicon, in Max. bulb Max. meost;)u:]a::%nn Iigllllltte Applications
contrast to other types of pick-up tube. Tvos N Scan- . Mosh Colour  dia. length @400 TV sensitivity or Colour
The requirements of high-quality colour S e ning Focus Mesh response (mm) {(mm) lines pA/lumen® channel
cameras for live scene broadcasting place Plumbicon Camera Tubes (Philips)
55875 M M I Fig. 3H  30.45 220 40% >276  LorU
severe performance demands on Fhe tube, e 5 - i Fig. 3H 3045 50 o J%0 R
however, and a number of lead oxide types 55875G M M i Fig. 3H 30.45 220 40% >1256 G
have appeared (known by the registered BSB7SE 01 07 ' Fig. 3G 3045 220 poX > & E
PP ( Y gist 56875-1G M M ] 30.45 220 40% >275 i U e ()
trade marks as Plumbicon, Leddicon, 55875R-1G M M | 3045 220 35% 5760 ic.eR
Oxycon, etc.); particular characteristics of 55875S-IG M M I 33.:2 gzo 40: > 152 i c.e g
these types are low lag, low dark current Soarane M M ' 30. 20 e Leoe
and a linear light transfer characteristic. 55876/01 } g g J 30.45 220 625 lines > 200 2
g i XQ1020 M M s Fig. 3H 30.45 220 40% >275 LorU
The sp_emal features of these_v:dlcons can ool M M = Fo 3H 3045 550 o o L
be attributed to a target fabricated so that XQ1020R M M S Fig. 3H  30.45 220 35% > 60 R
there is a wide region of highly insulating XQ10206 M M S Fig. 3H  30.45 220 40% >125 G
. . . XQ10208 M M s Fig. 3G 30.45 220 50% > 32 8
oxide material lying between surface XQ1021 M M s 30.45 220 40% 5275 i.ec
layers doped respectively n-type and XQ1021R M M s 30.45 220 35% > 60 iec.R
piype. Thus the target is very similar in 3928 N NS > B o o e
construction to an array of reverse biased XQ1022 M M s 30.45 214 30% at >200 z
. . y
p-i-n photo diodes. The Oxycon employs xQ1023 M M S 30.45 220 go% 5450 S bU
a mixture of metal oxides, including PbO,to XQ1023L M M s 30.45 220 55% >450 S b.c L
yield tubes of similar characteristics to the ig:ggi“ m m 2 fi 3 gg-’:g ggg ?g‘(’)"WL ; lgg S.b.oecR
. . . . . . 1. e
Plumbicon and Leddicon but with shifted 9 limiting
spectral response peaks. XQ1024R M M s Fig.3J  30.45 220 700 VL >160 «c. R
limiting
XQ1025 M M s Fig. 3J  30.45 220 56% >450 U
XQ1025L M M s Fig.3J  30.45 220 56% >450 S.Lb.c
Slow-scan TV and light integration o Mo Mo S pedy B4 m a2 el
Ocoasionally it is necessary to send a XQ1026R M M S Fig. 3 J 30.45 220 55% > 160 S i ec. R
o - 2 XQ1070 159 .
?al;:(vnsnor}l1 signal over alnarrowhbarlldv;':dth XQ1670/01 } M M s 26.6 e 30% >275 S be Uc
ink such as a normal speech telephone XQ1070L 159 .
. , . ; M M s 26.6 30% >275 S b.elLic
wire or a voice radio channel. The picture Xa1070u/01 } 44
repetition rate must clearly be reduced XQ1070R/01 } M M s 26.6 167 25% > 60  S.cRi.be
under these conditions if detail is not to be ;813;32/01 } M M S 26.6 ::23 30% > 125 S ¢ G.i.be
lost, and a typical scanning time is XQ10708 159
. } M M s 26.6 35% > 32 ScBi.be
between 15 seconds and 2 minutes. Under XQ10708/01 167
these unusual conditions the vidicon must ig:g;:/ow } M Y s Fig. 3H 26 162 30% >276  LorU
be capable of holding the video XQ1071R . 25% @
i . . R ; X@1071/01RY } M M s Fig. 3H 26 162 “2uh > 60 R
information in the form of a charge e 0% @
pattern without degradation for consider- Xaroriorey } M M & Rz L 62 4uA >125 g
ably longer than normal. Vidicons with ;(8:8;112)131\ bowm M s Fig. 3G 26 162 325‘;?@ > 32 B
high target insulation for these purposes . . . ’
. s a g o Leddicon Camera Tubes (English Electric Valve Co.)
are supplied as ‘slow-scan vidicons’. Some P800O M M s 30.45 220 40% >275 S U b.c
idea of their usefulness in such P800OOL M S 30.45 220 40% > 275 S. Lbec
L . . . P8000B M M s 30.45 220 50% > 32 S Bbec
applications is gained from their dark PBO0OG M M s 30.45 220 40% 125 S Gbc
current, because this is a measure of P8OOOR M M ] 30.45 220 ig:z > 2;3(; s, ﬁ' b. ¢
ithi P800O 1G M M s 30.45 220 > c.U er
charge le:akage w1thm the.target. e e i i s 30.45 220 40% . 275 c.Ler
The high target insulation of these tubes P8OOOB 1G M M s 30.45 220 40% > 32 c.Ber
1 i i P8000G IG M M s 30.45 220 50% >125 ¢.G. er
also makes them .well su1tqd for light e I i i s 30.45 220 35% > 60 c. Rer
integration. If the light level is very low, )
< 2 2R On D Oxycon Tubes (General Electrodynamics)
then even one of the ‘ultimate sensitivity 88618 M M Fig. 3G 26 650 TVL 275
tubes listed in Table 3 may be incapable of limiting
s . 8861E M M Fig. 3G 26 600 TVL 275
yielding a useful signal because the limiting
information rate content of the image is 88611 M M Fig. 3G 26 550 TVL 240
50 0 0 limiting
too low. The signal/noise ratio can EEE " o Fig. 3G 26 550 TVL 116
S — S =, limiting

*Research laboratories of EMI Ltd.



36 Wireless World, March 1971

however be increased by exposing a TABLE 6 Lead Oxide Vidicons—contd,
slow-scan vidicon to the image for a few Resolution: White

. . Max. bulb Max. modulation light Applications
tens of seconds, mteg_ratmg the Charges Scan- Colour dia. length @400 TV sensitivity or Colour
corresponding to the signal on the target, Type No. ning Focus Mesh response {mm) {mm) lines uA/lumen* channel
and then scanning-off in a single shot. . R o .

. : 8865 M M Fig. 3 J 26.6 162 47 15
Provided th;_at e_nough sng_nal can be Lead Oxide Vidicon {General Electric Co.)
accumulated in this way to yield an output 77946 M E s Fig. 3H 26.1 161 40% S
- inele scan of 27869 M M s Fig. 3H 26.6 165 35% ces
current of 0.1 K A 'n a singie scan o 7870 M M S Fig. 3H 26.6 165 40% ce S
17-20ms, the signal /noise ratio will be Vistacon Camera Tubes (RCA)
nearly equal to that in the primary 4592/R M M S Fig. 3J  30.45 220 26% 85 R. ¢
. - illb h 40 dB 4592/G M M S Fig. 3 J 30.45 220 30% 140 G, ¢
photo-charge; this will be more than 4592/B M M s Fig. 3J 3045 220 35% 3s B ¢
in a bandwidth of 3 MHz. 4592/L M M s Fig. 3J  30.45 220 30% 350 Lc
Signal integration can also be achieved Zgg};g v " - Ei'g: 3 gg::g 20 200 123 Roe
with the SEC tube and the Ebitron (Tables 4591/B M M | Fig. 3 J 30.45 220 35% 35 B. ¢
3 and 4). 4591/L M M I Fig. 3J  30.45 220 30% 350 L c
Symbols: M-—magnetic. E—electrostatic. l—integral. S—separate. R—red. G—green. B—bilue.
U-—unichrome. c—colour. e—educational. S—development tube. L—Iuminance. 2—for viewing fluoroscope
screens. ¢’ —industrial colour. b-—broadcasting. i-——industrial. r—reduced blemish specification.
][ntegl'al focus and scanning coil vidicons Yldentical with the same types without suffix/O1 with the exception of having no anti-halation disc.

In some spccialized applications an "With colour filter in position. No filter is used for monochrome pictures or in the luminance channe!.

advantage of space, ruggedness or power
requirements may be achieved through the = TABLE 7 Slow-scan Vidicons
use of magnetic vidicons with built-in

focus and scanning coils Naturally most Type No. Manufacturer Scanning Focus Mesh Dark current
. . WBLs
of these advantages exist in the £2800 Heimann M M s _
all-electrostatic vidicons but, with the TH9892 TH- CSF E M S 5nA
: . Sl . WL7290 (WX5424) Westinghouse M M | 0.2nA
possible exception of the high resolution /1987 (wxasss) Westinghouse M M ! 0.20A
all-electrostatic  vidicon, the resolving WX5111 (WX5113) Westinghouse M M s 0.2nA
power of these tubés is inferior to that of ~ WX5115 (WX5117) Westinghouse M M S 0.2nA
. WX4950 (WX5119) Westinghouse M E S 0.2nA
the magnetic ones. Integral focus and 5120 (Wxs121) Westinghouse v E s 0.20A
scanning vidicons may consist of integral WX4384 (WX4871) Westinghouse 3 E s 0.2nA
focus and scanning coils, or integral coils ~ WX4830 (WX5118) Westinghouse E e S 0.2nA
with permanent net alignment rin 2SO Eml M M = CHE
[t magnet alignment rings. (9737 EMI M M s less than 1nA at
They are all well suited for such 70°C
applications as missile and spacecraft 9677 UV M) i ul = G
idance, industrial and commercial 800 hea v v I onA
FHICEINEE, QLar Lomimencid (TD1342) GEC M M s 0.5nA
surveillance systems and very compact (TD1368-010) GEC M M I 0.2nA
cameras. .
Symbols: M—magnetic. |-—integral. E—electrostatic. S—separate.

Types in brackets are ruggedized military types with a low wattage heater.
See also tables 3 and 4 for the SEC tubes and the Ebitron which can be used in some slow scan applications.

Tubes responding outside the visible

spectrum TABLE 8 Vidicons having integral focus and scanning coils
Choice of a suitable photoconductive o —r—
target material produces a range of Type No. Manufacturer coils, mm Bulb dia. mm Length mm Resolution* TV

vidicons which are responsive to parts of

the electromagnetic spectrum from 200 gﬁg;;’i lﬁrcrA gg gg g e o
keV X-rays, through the soft X-ray 27960 GE 17.8 16 s 700
region, the ultra violet, the visible and up —4
. . . *Limiti 1 1
to 2.4 microns in the infra red. Table 9 (M) RECEliitn I Eauie
A N . Symbols: S—development type.
lists the relevant points for tubes of this
type.
TABLE 9 Vidicons Responding Outside the Visible
Severe environmental conditions o Conolnevelondth Shorgwavelength
3 Type No. Manufacturer Applications limit limit
Most of the vidicons listed in Table 2 £2900 e x
o o Q eimann -ray
can be (_)perate.d quite satisfactorily for TH9890} T csF n 2.4 microns
short periods with faceplate temperatures * TH989 1 — : {Fig. 4 L)
between 60°C and 80°C. However, despite TH9896 TH—CSF oy el IS
this capability, it is not recommended by TH9894 TH—CSF X-ray Less than 20keV 30-200keV X-rays
any tube manufacturer that a vidicon 96770V vt é"&ys * 210
. . . u.v . microns
camera is designed in such a way that the (Fig. 3 curve E)
9728uv EMI u.v 0.61 microns 210
{Fig. 3 curve E)
0051 2000 Heimann ir 1.8 microns 350
(Fig. 4 M)
0-04 P8421R EEV i S 1.8 microns
(Fig. 4M)
;10-03 N166
= wxk N167
1002 +N177 Hamamatsu ir 2.4 microns 400
TTN214 (Fig. 4 U}
o0 tH¥: N248
L = n r A )\ \. Hzigg} Hamamatsu X-ray Soft X-rays Hard X-rays
04 06 08 1 12 14 16 +8 2 22 24 R .
Wavelength (um) TD1307—007 GEC r 1.8 microns 400
. ) (Fig. 4 M)
Fig. 5. Spectral sensitivity curves for &
vidicon targets responding to the infrared. * Shorter tube than TH9890. ** Tubes for hard and soft X-rays are manufactured with differing end-windows.
. : N177 4.t All elect ic. Tt Hi lution. S Provisional; EEV
Idenrzﬁcatzon letters L, MandNrefer to **% Shorter tube than N156, N1 & N21 + electrostatic. T+ High resolution. S Provisional; EEV make all

their range of vidicons with this photosurface to special order.
table 9. N.B. See also the silicon vidicon {Figs. 3J and 4N Table 14}, which has a long wavelength cut-off at 1.1 microns.
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TABLE 10 Vidicons Specially for Severe Environmental Conditions =
Scan- Max. bulb Length

Type No. Manufacturer ning Focus Mesh dia. (mm) (mm) Special features Applications

9677Q EMI M M S 26.6 1569 Quartz faceplate f

9738Q EMI M M S 13 92.8 Quartz faceplate, f. R
ruggedized

9728Q EMI M M S 26.6 159 Quartz faceplate f

C74153 RCA M M | 26 132 Radiation resistant f. S
faceplate

TH9808N  TH—CSF M M S 26 165 Non-browning f
radiation glass

TH9813N TH—CSF M E S 26 165 Non-browning f
radiation glass

THI9813RN TH—CSF M E S 26 165 Non-browning glass f
and internal reticule

TH9813PN TH—CSF M E S 26 165 Non-browning; high f v
pressure environments
up to 100 bars

C2316 RCA M M S 26 161 Silicon target 0.5

P864 EEV M M S 26 162 Radiation resistant f. S
faceplate

2255SF Heimann M M S 26 164 Radiation resistant f
faceplate

N.B. Most manufacturers produce ruggedized vidicons suitable for conditions of high vibration or mechanical shock.
These are to be found marked ‘R in all other tables except Table 6. where this symbol has a different meaning.
Symbols: O—Resistant to over-exposure. f—nuclear radiation. v—high pressures. |—integral. S-—separate.
M-—magnetic. E-—electrostatic. R-—ruggedized. S—development type.

TABLE 11 Small Diameter Vidicons

Max. bulb Applications and/or
Type No. Manufacturer Scanning Focus dia. (mm) special features
4427 RCA M M 13.0 w, i
C23104 RCA M M 13.0 s S
C23134 RCA M M 20.3 S, Diameterover integral coils 32 mm.
1135 Heimann M M 13.5 =
Z7968 GE M E - S, R. w. diameter overintegra! coils
18 mm.
9737 EMI M M 13.2 Unity gamma: fine grain target w
9738 EMI M M 13.2 S.w
9738Q EMI M M 13.2 Q w. S
9738N EMI M M 13.2 R w
9768 EMI E E 13.2 w: 16.25mm. dia. oversheath. Spectral
response 3C.
9838 EMI M M 13.2 S, w; spectral response 2D
9868 EMI E E 13.2 w, S; 9768 but with spectral response 2D.
FA079A ITT M M 20.5 31.7 mm. over integral coils, S
F4079 ITT M M 20.5
NEC 4427 NEC M M 13.0 w, i
8823 Hitachi M M 20.3 w, i; spectral curve D
Symbols: i—industrial cameras. M-—magnetic. E—electrostatic. w-—small lightweight cameras. Q-—quartz
faceplate (also see Table 10). S—separate mesh. S—development type. R—ruggedized.
TABLE 12 Developmental Return Beam Vidicons
Type No. Manufacturer Dia. {(mm) Resolution Lag
C23061A RCA 652 45% @ 2000 TV lines extended
C74137A RCA 115 5000 limiting low
TABLE 13 Monoscopes
Type No. Manufacturer Scanning Focus Screen
9788 EMI E E Alphanumeric 64 symbots. ASC11-2 {Fig. 6b}
TH9503 TH-C5F M E Alphanumeric. 64 symbols, or 128
THI504 TH-CSF M M Alphanumeric. 64 symbols, or 128
THI9505 TH-CS5F E E Alphanumeric. 64 symbols
TD1350-001 GEC * M M Linearity pattern
TD1350-002 GEC * M M Registration pattern (& Fig. 6a)
TD1350-003 GEC * M M Resolution burst pattern; white on black
TD1350-004 GEC * M M Resolution burst pattern; black on white
TD1350-005 GEC * M M Slant line burst pattern.

* Photoconductive target with internal reticule pattern.

In addition to the above tubes. which are intended primarily for generating a television signal from an internal
source, RCA, TH—CSF and EEV advertise vidicons with a built-in internal reticule. Various patterns are available
intended mainly for easing any problems of lining-up the tube in special applications.

TABLE 14 Silicon Target Vidicons

Type No. Manufacturer Length {(mm} Notes
C23136 RCA 161 q. S
ViD-136 Texas 121 0r 133 S
VID-127 Texas 121 or 133 S
ViD-128 Texas 121 or 133 S
VID-129 Texas 121 or 133 S.r
LD 6001 NEC 161 S
P8010 EEV — S
P8011 EEV — S

Symbols: S—development tube available on sampling basis. g—extra high picture quality. r—relaxed blemish
specification.
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faceplate temperature rises above
30-35°C, wunder typical operating
conditions. In some cases forced air
cooling may be necessary and if a vidicon
camera is used to observe furnaces etc. a
heat-absorbing or infra red filter should be
interposed between the tube and the
source of heat. Accidental or short term
exposure up to the absolute maximum
recommended faceplate temperature will
not cause any harm. Lead oxide types
should not be operated with the faceplate
above 50°C. Corresponding temperatures
for slow-scan and infra red types are
45-50°C and 30-35°C respectively. The
silicon types will operate up to 200°C and
ultra violet vidicons at 70°C.

Under conditions of high vibration, or
in a missile or a spacecraft, tube
microphony may be troublesome unless
one of the special ruggedized vidicons is
used. All tubes in Table 2 marked “R”
come in this category, as well as a few
others to be found in tables elsewhere also
marked “R”.

Naturally, all vidicons can be used to
eliminate human risks, as well as to
perform functions which would be
impossible for the unaided operator. Some
tubes are manufactured specially for use in
areas of high nuclear radiation density.
These are made with a special
‘non-browning’ glass or a quartz faceplate,
and represent particularly good examples
of vidicons which can be employed in
conditions which would be very dangerous
for a human operator.

Another special vidicon is made
to withstand high pressures. All vidicons
can be operated in vacuo. The silicon
vidicon is remarkably free from risk of
damage by accidental exposure to bright
objects through the camera, and from
damage through underscanning with the
electron beam; thus electronic ‘zoom’ is
possible with this tube.

Small diameter vidicons

A very important feature of the vidicon
is its ability to ‘look’ into a place where a
human operator cannot. There are two
ways of doing this; one is to use a flexible
fibre-optic ‘light pipe’ coupled to a
fibre-optic tube (Table 3), and the other is
to use a small diameter vidicon. The
smallest diameter cameras employ the
all-electrostatic 13mm diameter tube
which needs no bulky scanning and focus
coils; at present such cameras have only
been proved at an experimental stage. One
important use for small diameter vidicons
is the detailed examination, without
dismantling, of power station boiler pipes
for scale formation, but these tubes are
useful in all situations where space is at a
premium.

Silicon target vidicon

A conventional vidicon construction
employs in this version a silicon p-i
photoconductive diode array, using
microcircuit photolithographic techniques
to produce a target containing 50,000 or
more isolated photo-diodes. Only four
companies so far have issued provisional
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Fig. 6 Representative target patterns of vidicon-based monoscopes and vidicons with
permanent internal target patterns: (a) registration chart (GE); (b) Printicon (EMI) or
Scripton (TH-CSF); (¢) internal reticule (RCA, EEV or TH-CSF).

specifications for this tube, whose main
features are a spectral response extending
from 350 or 450 nm to 11,000 nm, a high
sensitivity to normal tungsten lighting, and
a target virtually immune to damage even
when inadvertently exposed to bright
sources such as the sun (10® Ix on the
target).

Return beam vidicons

Utilizing the electron beam for discharging
the pattern containing the picture infor-
mation on the target, and also for its
evaluation, invariably leads to a com-
promise. If the beam current is small,
high resolution is possible but picture lag
may occur. If the beam current is high, lag
is minimized for a given kind of target
photoconductor, but a lower resolution
results. In the return-beam vidicons a
small beam current can be used for
evaluation of the charge pattern on the
target, and an electron multiplier can be
incorporated in a similar way as in the
image orthicon, to give virtually noise-free
amplification of the video signal before it
is passed on to the amplifier. Unlike other
vidicons, the ‘noise’ occurs in the picture
blacks. The result of this special design is
to yield a tube of remarkably high
resolution, as may be seen in Table 12.

Monoscopes

There are several tubes for generating
special patterns. An internal target is used
to generate a pre-determined signal, which
may be an alphanumeric character for a
computer readout monitor (Printicon, or
Scripton), or a pattern for making
geometrical accuracy tests for TV system
testing. Alternatively the internal pattern is
built in on a photoconductive layer
(Reticon, or vidicons with an internal
reticule). In this type, lens optics are not
needed to generate a test pattern but, if
necessary, an external test pattern can be
superimposed on the internally generated
reticule. Fig. 6 gives some idea of the kind
of internal patterns which are available in
Reticons, Printicons or Scriptons and in
vidicons with an internal reticule.
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MANUFACTURERS’ NAMES AND
ADDRESSES
On the left are abbreviations used in the tables.
Only the head office addresses are given. All
manufacturers have agents or representatives
in major countries.
(3

Amperex Electronics Corp.,

230, Duffy Avenue,

Hicksville, New York, U.S.A.

EMI Electronics Ltd.,

Electron Tube & Microelectronics
Division,

Hayes, Middlesex, England.

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

General Electric Co.,
Imaging Devices Operation,
Syracuse,

New York, U.S.A.

General Electrodynamics Corp.,
4430 Forest Lane,

Garland,

Texas 75040, U.S.A.
Hamamatsu TV Co. Ltd.,

1126, Ichino-cho,

Hamamatsu City, Japan.
Heimann G.m.b.H.,

620 Wiesbaden-Dotzheim,
Germany.

Hitachi Ltd.,
4, 1-chome,
Marunouchi,
Chiyoda-ku,
Tokyo, Japan.

LT.T.,

Electron Tube Division,
3700, East Pontiac Street,
Fort Wayne,

Indiana 46803, U.S.A.

Matsushita Electronics Corp.,
1006, Oaza Kadoma,
Kadomashi,

Osaka, Japan.

Mullard Ltd.,
Mullard House, Torrington Place,
London, WCI1E 7THD.

Nippon Electric Co. Ltd.,
Tokuei Building,

33-7, Shiba Gochome,
Minato-ku,

Tokyo, Japan.

Philips Electric Industries Ltd.,

Electronics Components and
Materials Division,

Eindhoven, Holland.

RCA Corporation,

Electronics Components Division,
5415, S. 5th Street,

Harrison, New Jersey,

US.A.

EMI

EEV

GE

GEC

Hamamatsu

Heimann

Hitachi

LT.T.

Mullard

NEC

Philips

RCA
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R.T.C. La Radiotechnique-
Compelec,

51, rue Carnot,

92— Suresnes,

France.

Shiba Electric Co. Ltd.,
Hibiya-Kaidan Building,
20, 2-chome,
Uchisaiwai-cho,
Chiyoda-ku,

Tokyo, Japan.

Siemens AG,

8 Munchen 8,
Balanstrasse, 73,
Germany.

Texas Texas Instruments Inc.,
Dallas, Texas,

US.A.

Thomson-CSF/DTE,
Groupement Tubes Electroniques,
8 rue Chasseloup-Laubat,

75, Paris 15,

France.

TH-CSF

Thor Electronics Corporation,
741, Livingston Street,
Elizabeth,

New Jersey, US.A.

Westinghouse Electric Corp.,
Electronic Tube Division,
Box 284, Elmira,

New York, US.A.

Westinghouse

Young Electronique,

117, rue d’Aguesseau,
92— Boulogne, Billancourt,
France.

Semiconductor Reference
Book

The fifth edition of The Semiconductor Data
Book from Motorola is ‘designed to serve four
specific functions: 1, to permit quick identifica-
tion of any semiconductor device having an
E.LA. registered IN ... ,2N ... 3N ...,
number or special Motorola in house number;
2, to permit quick selection of preferred devices
for particular circuit applications; 3, to permit
quick selection of preferred devices that best
meet a desired set of electrical specifications;
and 4, to provide complete design data for all
Motorola discrete semiconductor devices.” The
book is divided into four sections, the first three
covering the above purposes, and the fourth
providing the case dimensions of all packages
described. Also included in the book are
condensed specifications for all Motorola
integrated circuits. Pp.2546. Price £3 plus 30p
post and packing from Modern Book Company,
19 Praed Street, London W.2.
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Diode Switching Using Charge Analysis

Explanation of simple charge control model of diode for

students and engineers

by B. L. Hart*, B.Sc, M.I.E.R.E.

Charge storage models of semiconductor devices allow circuit design work to be done
without involved mathematics. The author maintains that an appreciation, and con-
sequent modelling, of the p-n junction is basic to an understanding of transistors and
other multi-junction devices. The review develops, and explains the application of,
a simple diode charge model for switching circuits. It assumes only an elementary

knowledge of calculus.

In the days when thermionic valves were the
workhorse of the pulse circuit engineer there
was often little need, or inclination, to *‘look
inside” the device. For most practical appli-
cations its behaviour was adequately repre-
sented by the d.c. characteristics and a
knowledge of (constant} inter-electrode
capacitances. The arrival of junction diodes
and transistors presented some circuit
phenomena not readily explained in terms
of d.c. characteristics and capacitances, for
example the reverse current flow in a for-
ward biased diode and saturation effects in
a transistor. It was then necessary to probe
deeper into the physical electronics of device
operation for state-of-the art circuit de-
signs. This led to the development of various
device models.

For many semiconductor devices the best
models—those giving insight into device
operation and permitting evaluation of their
circuit potentialities with a minimum of
mathematical complexity —are those which
involve the concept of charge stores. The
object of this article is to review the de-
velopment and application of a simple diode
charge model suitable for switching cir-
cuits and in doing so to clarify some im-
portant concepts in semiconductor device
operation which appear to be shrouded in
mystery for many practising engineers.

Basic concepts

In Fig. 1, the p region of the junction has a
uniform concentration. N 4, of fully ionized

n Ohmic

P contact
— Na Np
T wp 1 Wy

Fig. 1. Basic p-n junction diode. Text
explains how charged layer is formed.

““acceptor” impurities whereas the n region
has a uniform concentration, Np, of fully
ionized “donor” impurities. This assumes

*West Ham College of Technology, London E.15

N, » Np, and the transition from one
polarity of semiconductor material to the
other is abrupt or occurs over a very short
distance. Such a structure, with ohmic con-
tacts attached to the p and n regions con-
stitutes a junction diode. When the junction
is left open-circuited the free carrier con-
centration gradient across the junction
causes charges (holes) which are in the
majority of the p region to diffuse to the n
region where they become minority carriers.

Similarly those carriers (electrons) which
are in the majority in the n region diffuse
into the p region to become minority
carriers. The diffusion process leaves some
uncovered charges in the crystal lattice
structure,. either side of the metallurgical
junction, where mobile “shadow™ charges
of majority carriers previously ensured local
charge neutrality. As a result a dipole layer
of charge is formed.

Associated with this is a “barrier” or

| 3o
i

1
-q;” Natp = Nptn
€n>> €p tor Na

—

Fig. 2. Charge distribution in depletion
region.

built-in potential, ¢. This causes hole and
electron drift currents of such magnitude
and direction that the net hole current
resulting from drift and diffusion and the
net electron current resulting from drift and
diffusion are both zero—as must be the case
for an open-circuited device. Little con-
ceptual error is involved in assuming that
the dipole layer has a rectangular charge
distribution—see Fig. 2-—sandwiched be-
tween the neutral bulk of the p and n

regions. Because of the absence of covering
charge the name depletion region is given
to the volume bounded by the dipole layer:
another description is transition region.

Application of a steady forward bias, i.e.
p region made positive with respect to n
region, causes two effects. First, a change in
the width of the depletion layer to accom-
modate the applied voltage and second, an
enhanced injection of carriers from one
region to the other.

D.C. conditions

In the carrier injection process, the estab-
lishment of a forward bias voltage V' causes
the minority carrier density in the n region
immediately adjacent to the depletion layer
to increase from its equilibrium value P,
(a function of N, material type, and tem-
perature) to a value P(x = 0) where

P(0) = P(x = 0) = P,exp V/Vr M

in which V7 is the thermal voltage, approxi-
mately 26 mV at room temperature. Re-
writing eqn 1 in terms of the excess minority
carrier density, P,'(0) gives

P,(0) = P,0)—P., = P{exp(V/V)—1}
@

Eqn 1 may be justified by a thermodynamic
argument beyond the scope of this article.

The metal contact has the property of
being able to maintain at zero the hole
density at x = Wy however many holes
reach it. There will thus be a concentration
gradient set up in the n region for holes
which therefore diffuse towards the n con-
tact. Some recombine with electrons in the
process, the recombination rate, in an ele-
mental volume situated at distance x from
the junction, being proportional to the ex-
cess level P,'(x) there.

The shape of the P,’(x) curve is dependent
on the ratio Wy/L, where L, is the average
distance travelled by a hole before recom-
bining. If Wy/Ly > 1, as in the so-called
long-base diode, all the excess minority
carriers recombine before reaching the con-
tact and the curve is a decaying exponential
—see Fig. 3(a). If P,(0) < N, the condition
known as low-level injection holds and
there is no significant field in the n region.
Drift can thus be ruled out as a transport
mechanism for holes. Since diffusive flow
depends on the concentration gradient, the
slope of P/(x) at x = 0, where recombina-
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tion has not yet taken its toll, is propor-
tional to the diode current / which would
be measured on a d.c. instrument connected
at the diode terminals. Thus I oc dP,'(x)/dx.
The area under the P,'(x) curve gives the
excess minority carrier charge Q stored in
the diode or the excess minority-carrier
charge in transit.

For simplicity the electrons injected from
the n to the p region are ignored. The initial
choice N, » N,—realistic for most usable
devices—allows this without introducing
any major quantitative error.

Understanding of diode action will not
be clear unless the behaviour of the n region
majority carriers is considered. In this con-
text the material type and doping levels
found in modern semi-conductors is such
that the assumption of charge neutrality is
a valid approximation independent of the
time scale under consideration. Thus the
injection of a hole from the p to n region is
accompanied by the simultaneous injection
of an electron into the n region at the n
metal contact.

The increase in excess minority carrier
charge to a level (+ Q), corresponding to a
current /, is matched by the injection of
electrons of amount (— Q) at the n contact.
The carrier distributions run parallel. shown

p%(I)T Wn 3> Ly
Slope oc [ (a
P, (o)X
+
+\+ +
x=0 \ X x
Area oc Q

~Q{electrons)
= nW

Carrier
density
—
AP
—
o

o

3
S
J

Pro—*

X=0

Fig. 3. (a) In long-base diode (Wy > L)
excess minority carriers recombine before
reaching contact and curve decays
exponentially. (b) Injected holes (charge
+ Q) in n region are matched by injection
of electrons 1o amount — Q.

in Fig. 3(b), and there is no significant
voltage drop associated with the two inter-
mingled sets of charges. The word “sig-
nificant” is important here: there will be a
small voltage drop (measured in 4V or mV)
due to the electron drift current flowing
through the bulk of the semiconductor
lattice. If Wy > Ly, the diode current / is
composed of electron drift current. only,
near the n contact. Hence the longer the n

region the greater the voltage drop due to
the bulk resistance.

The relationship between Q and 7 is
interesting. The bulk minority carrier life-
time, 7, is the average time that an excess
carrier (in this case a hole) exists before
recombining. This is obviously related to
Ly, defined above. A charge Q would dis-
appear in a time t unless supported by a
steady current /. Hence

I=0nr 3)

A formal mathematical treatment of the
physical ideas discussed yields

Q = Iytiexp (V/V)—1}
or 0 o« P,/(0) 4)

in which /; is the magnitude of the reverse
saturation current of the diode. Eqn 4
obviously embodies eqn 2 and is a restate-
ment in charge form of the standard diode
equation.

Rewriting eqn 4 gives

V = Vylog, {1+(Q/1,1)} (5

Under d.c. conditions eqns 3, 4 and 5 tell no
more than the normal diode equation and
the introduction of charge as a variable
might seem to unnecessarily complicate the
description. This is not the case with be-
haviour in the transient state.

Transient conditions

A change in diode current is associated with
a change in applied voltage. This is accom-
panied by two effects: a change in the mag-
nitude of Q, and a change in the width of the
depletion layer.

Taking the change in Q first, a change ¢
in stored charge in a time & requires a
current component d¢/d¢ in addition to ¢/z,
required to combat recombination which is
always occurring. Thus if i, is the current
into the n region then in the limit as 67 tends
to zero,

dg y
4= dr * T

This equation is exact, depending only on
charge neutrality, and does not depend on
the spatial distribution of injected carriers.
Obviously eqn 6 reduces to 3 under d.c.
conditions.

The depletion layer is narrowed by sup-
plying majority carriers at its edges from the
adjacent bulk of neutral semiconductor.
The process resembles the charging of a
parallel plate capacitor C; with plates
spaced (/,+/,) apart—see Fig. 4. The cur-
rent required for this is /,, say, where

(©)

_ dg;
T odi

3]

As the two processes are happening at the

same time the total instantaneous diode

current i is

dq dg;
+3. 5

di v di

=1 +1i, = @)
We cannot go further, quantitatively, with-
out introducing a fundamental assumption.

It is possible to obtain an exact answer
to problems involving transients in semi-
conductors by solving the time-dependent
diffusion equation for injected minority
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Fig. 4. Depletion layer is narrowed by
injecting majority carriers ai its edges from
adjucent neutral semiconductor, process
resembling charging a parallel-plate
capacitor with plate separation of I, + 1,.

carriers. But the objective here is to derive
a simple model giving physical insight into
device operation and an accuracy sufficient
for circuit calculations.

The basic assumption made is that in
changing from one current level to another
thecurvefor P,'(x) goes successively through
the steady state values which would exist if
the change took a (theoretically) infinite
time. Thus in Fig. 5 the curve for (r+d/) is

Fig. 57 Shows movement of minority charge
during transient, where curves are assumed
10 be sume shape.

the same shape as that for  irrespective of
the magnitude of the time increment ér.
Clearly we anticipate trouble with this
assumption—in view of the finite velocity
of carriers—as &/ becomes very small.

The assumption allows eqns 4 and S to be
generalized for minority carriers so that for
qg >0

v = Vylog. {1+(q/lor)} 8

Egn 7 in conjunction with 8 now yields the
i-v characteristic in the transient state.

Before drawing a circuit model for a
diode consider further the depletion capaci-
tance C;(= dg;/dv). This is normally a non-
linear function of v though it is possible to
design diodes in which the non-linearty is
not very pronounced. Usually

Ci(v) = GO/{t=(V/p)}" ®)

where C;(0) is the capacitance at zero bias,

and n = § for abrupt junction, { for a

graded junction.

G; (V)T

AN ——

(o)
S
==

Fig. 6. Non-linearity of depletion
capacitance C; can be linearized by finding
average volume of C; graphically.
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The non-linearity expressed by eqn 9 can
be a nuisance for some purposes and little
error is involved in linearizing the capaci-
tance. This is a technique of general use with
semiconductor devices and involves finding
an average value of C;, by calculation or
graphically, which displaces the same charge
for a specified voltage change as does the
non-linear capacitance. Thus

C, =

J

f C)do/(V— V)

/y

This is illustrated in Fig. 6.

Diode model

Fig. 7 is the model' which summarizes,
pictorially, the results of the arguments
and associated equations. The network
symboi? S, reminds us of the current dg/di
required when the diode stored charge ¢
changes: current generator g/t describes the
recombination process. There is no voltage
drop associated with the store for reasons
discussed: all the applied voltage drop v,
given in terms of ¢ by eqn 8. appears across
the depletion layer and is shown on the
diagram as a voltage generator. (It could be
represented by a conventional diode symbol
but this might be confusing as there is no
generally accepted symbol for a diode with
no inherent stored charge.)

The switch enables use of one model for
two conditions of operation. ¢ > 0 (switch
closed) and ¢ < 0 (switch open).

S

)
Anode a 7 Cathode
—

ajT

Cj(‘v‘)or (_:J

Fig. 7. Charge model of p-n junction diode
used 1o interpret circuit behaviour of diode.

There are four points in using the model

which merit specific attention

® for ¢ > 0, a decade change in g results,
via the logarithmic relationship of eqn 8,
in only 60 mV change in v. Thus in many
cases C;(dv/dr) = (dg;/dr) < (dg/dr),and
eqn 7 reduces to 6

® for ¢ < 0, dg;/di. i.e. C;, only need be
considered

® 2 small resistance, r,, allowing for bulk
drops, may be put in series with the anode
or cathode lead

@ although a number of seemingly restric-
tive assumptions were made in the de-
velopment of the model it has general use
subject to our basic assumptions (charge
neutrality and instantaneous charge re-
arrangement so that g(r) oc P,/(0,1)).

The effects of non-uniform impurity distri-
bution. gold doping (for minority carrier
lifetime reduction) and high-level injection
are to alter the magnitudes but not position
of the components comprising the model.

Diode circuit behaviour

The model is now used (o interpret circuit
behaviour for two drive conditions. A short

X =0 X =W,

Fig. 8. Excess minority carrier distribution
Jor shori-base diode, used in fast switching
circuits, interpreted in text with Figs. 9
and 10.

base diode, i.e. one having (Wy/L,) < 1, is
frequently used in fast switching circuits and
is considered here. The injected minority
carrier distribution, shown in Fig. 8 ap-
proximates a straight line. For a given diode
current (and a corresponding slope at
x = 0), the stored charge Q is obviously less
than for the case of a long-base diode-
Fig. 3(a). The lifetime of the excess minority
carriers is no longer the bulk lifetime t but
has now a much smaller effective value 7,
dependent on W, and hole diffusion con-
stant.

Suppose the diode is passing a steady
forward current, /.. and this is suddenly
reduced (o zero, by opening the switch in

Fig. 9. Behaviour of diode anode voltage
when diode forward current is cut off by
opening switch can be found from model in
Fig. 10.

Fig. 9. The subsequent behaviour of the
diode anode voltage may be found from the
model shown in Fig. 10, in which r, is the
diode bulk resistance. As /. is instantane-
ously removed. the anode voltage will fall
from its initial value by an amount /zr,. As
the diode is open-circuited there is no exit
path for excess carriers and these can only
die by recombination in the diode, i.e. the
store S is discharged by a current ¢/tp, so
that ignoring C; for reasons already dis-
cussed

dg __9 (10)

dr T
This is justified it

|Cj(dv/df)| < lg/rp] (1

Now from eqn 8, for g¢/tply > 1, v = Vy
log, (a/tply). Hence

dv/dt = Vy/y (12)

Fig. 10. When switch is opened, anode
voltage of diode falls by I,r, and excess
carriers stored in S are recombined in the
diode, i.e.. discharged by current g/tp.
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From equations 10 and 12

dv dv\ [dq Vy
= = —— (13)
dt dyg )\ dt )

Eqn 13 is true for C;¥; < ¢ as may be
veritied by substituting eqn 13 in 11.
Thus a linear fall in v for g/tply > | is ex-
pected, after which the fall in r would cease
to be linear.

Fig. 11 shows the practical circuit for
tests on a germanium switching diode.
Diodes D, and D, have no significant carrier

Cathode
follower

, 18k
Metal film)

Dn
)\ Current Germanium
transformer switching
[ diode
—

Fig. [ 1. Practical circuit for open-
circuiting test on germanium switching
diode. Diode current and voltage wavefornis
are observed with a current transformer and
a high-impedance cathode follower feeding
a sampling oscilloscope.

storage. The input gating pulse Vg is sup-
plied from a pulse generator having a zero
offset facility, while the diode current and
voltage waveforms are observed using, re-
spectively, a wideband current transformer
and a wideband high-impedance, cathode
follower feeding a sampling oscilloscope.
Initially D, is cut ofl and the two other
diodes conduct a forward current /5 (chosen
in this instance to be 2-5 mA). Subsequently
D, is switched on and current in D,
observed by the current transformer
rapidly falls to zero. The diode voltage wave-
form is shown in Fig. 12. An initial under-

to
20nsec

- —»t

Fig. 12. Anode voltage waveform for diode
in circuit of Fig. 11. When D, is switched on
current in D, falls to zero. Undershoot is
due to capacitive coupling of gating

voltuge across D,. Voltage siep indicaies
r.is 25Q. Text explains how diode

supporis reverse current while still forward
hiased.

shoot is attributed to capacitive coupling
of V¥, across D,. Ignoring this the voltage
step indicates an r, = 25€Q. There is a
region over which dv/di = constant and
assuming ¥, = 25mV a calculation based
on eqn 13 gives 1, = 12:5ns.

Now the current in a diode is not usually
suddenly reduced to zero bul assumes a
reverse value, as in some logic gate appli-
cations. The reason the diodc is able to
support a reverse current flow while still
forward biased is us follows.
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When a step of reverse current I, is
applied the charge pattern in the immediate
vicinity of the junction is disturbed so that
the concentration gradient in that region
changes its sign—see Fig. 13. Ejection of a

Slope cc [

/'
Slope o< Ig
Fx—
X=0 x=Wp,
Fig. 13. Minority charge patiern for reverse
current drive. Concentration gradient in
region of junction changes its sign when
step of reverse current Iy is applied.

hole from the n to p region is accompanied
by the extraction of an electron from the
body of the diode at the n contact. Now
v > 0,if g > 0, irrespective of the direction
of current flow in the external circuit. Stored
charge will disappear more quickly than for
Iz = 0 because of the twin processes of ex-
traction and recombination.

The charge model does not account for
the backward slope of the P,’(x) curve, cal-
culations assuming a triangular distribution
a'b at all times. The error is slight if I, < I;.
From eqn 6

d
9,9 _

-1
dt 1, E

Fig. 14 shows the model when I, is applied.

Fig. 14. Charge model with reverse current
drive. Charge behaviour is shown in Fig. 15.

Capacitance C; is neglected. Fig. 15 illus-
trates the behaviour of ¢.

q0+) = Iy1p

g(0) > —Igtp
The switch on the diode model opens at
q = 0 corresponding to v = 0. Thus the
diode becomes reverse biased at f = 1,
where

ty = tplog, {1+ (Ig/Ix)} (14

If 75 is known (e.g. from a photograph such
as Fig. 12) the validity of this relationship
may be investigated using a test set-up

A

Ty
q(t)T 2

! T\\\ —_—

IRTD_’L _______

Fig. 15. Variation of excess minority charge
with time. Switch opens at ¢ = 0.

Fig. 16. Diode voliage waveform
corresponding to Fig. 13. Small voltage
slip is due to current change I.+ I at

similar to that of Fig. Il but with D,
omitted, and a reverse current limiting re-
sistance in series with D;. The general
nature of the diode voltage waveform is
shown in Fig. 16: a small voltage jump due
to a current change I, +/p inr att =0
(not always clearly defined) is followed
during the recovery phase,0 < r < ¢, bya
slowly changing anode voltage.

Limitations of simple charge model
The charge model is based on the assump-
tion that ¢(¢) and hence #(¢) is proportional
to P,'(0) for all values of 1. This means re-
garding the charge as a single, easily acces-
sible, lump and leads to a single time-
constant description of the diode for first-
order switching calculations. The useful-
ness of the model is best assessed by com-
paring its predictions with those obtained
from a more exact analysis which does take
into account the distributed nature of the
device.

@ For reverse current switch off the model
indicates that all the charge is removed
in a time 7, given by eqn 14. A calculation
of the exact value of /,—as determined by
a solution of the time-dependent dif-
fusion equation®—requires a prior know-
ledge of the ratio (Wy/L,). Thus eqn 14
—which gives results erring on the side of
pessimism—is a useful approximation
for circuit arithmetic.

@ The model yields the following result for
charge, Qp, extracted in the period
0 < t < 1, by a constant reverse current
Iy

Qg = Igl; (15)

Substituting ¢, from eqn 14 into 15, find-
ing the limit as Iy — oo gives

Qg = Irtp = Q (16)

The value for Qg given by eqn 16 is not re-
moved in the time interval /. Actually, the
charge is not removed in 7, and it is just not
possible to remove all the stored charge
supporting a steady current flow, in a
normal diode. Solving the diffusion equa-
tion Lindmayer & Wrigley* have shown
that if a long-base diode initially passing a
steady forward current /; has its applied
voltage instantaneously reduced to zero,
the charge, Qg, recovered is given by Qp =
(Ir1p)/2 = Q/2. The expression for a short
base diode is Qg = 2Q/3.

The recovered charge approach is some-
times useful in logic circuit design® and a
number of charge recovery test circuits have
been described in the literature (see especi-
ally ref. 6).

Despite the inaccuracy of eqn 16 it is

Wireless World, March 1971

useful for rough calculations, the crudest
approximation for 7, being 1, = Q/I.

Conclusions

This discussion has concentrated on normal
or ‘classical’ junction diodes except for the
circuit of Fig. 11 where two diodes used
D, and D, had nosignificant carrier storage.
Hot-carrier diodes” have this property.
These are metal-semiconductor diodes and
in them the current is carried by majority
carriers which are not velocity limited in the
same way as are minority carriers in p-n
junction diodes. At present hot-carrier
diodes are relatively expensive, and are only
used in those discrete circuits where speed
is at an absolutg premium (e.g. sampling
gates). Their importance will increase as
they become incorporated into bipolar in-
tegrated circuits.® However this does not
mean the obsolescence of our charge model
for a number of reasons.

Firstly we may wish to investigate storage
effects in those instances where its nuisance
value cannot easily be avoided, e.g. in power
rectifiers working at frequencies much
higher than that of the mains. Secondly, we
wish to use the model in those applications
where storage is purposely exploited. Ex-
amples here are the snap or step recovery,
diode® and the choice of a slow diode for
diode-transistor logic.

Finally, a very important reason for con-
sidering a diode charge model is that an
understanding, and consequent modelling,
of the basic p-n junction is fundamental to
an understanding of multi-junction semi-
conductor structures. The development of
a charge model for a bipolar junction
transistor follows quite logically from that
of a diode.
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Letter from America

As far as the general economic situation
was concerned 1970 was a difficult year.
Television sales of just over 8.5 million for
the first nine months must therefore be
considered good although it is a 15% drop
compared with the same period in 1969.
Radio did not fare too well with a fall of
some 14% and record player sales were
down about 17%. On the other hand, tape
recorder sales were up 25% and both
gramophone records and 8-track tapes
showed a healthy increase. Here are the
yearly figures (millions of $):

1969 1970
records 1170 1200
8-track cartridges 300 400
4-track cartridges 21 8
casettes 75 105
reel-to-reel tapes 21 21

This year will undoubtedly see a further
big increase in cassette sales due to the
Dolby innovation and the long-awaited
appearance of chromium dioxide (Crolyn)
tapes. The 8-track format has been mainly
used for car systems but it is rapidly
becoming quite popular for home use. This
trend will continue when more quadra-
phonic tapes are issued using the quad-eight
arrangement. Motorola, RCA, Lear-Jet,
Telex, 3M and several other firms have
announced new quad-eight playing equip-
ment but at the time of writing very little
is actually available. The quadraphonic
situation as a whole is still somewhat
obscure with all kinds of systems—
synthetic, psycho-acoustic, matrix and
multiplex vying for attention. The Japanese
Record Manufacturers Association recently
decided to adopt the JVC (Japanese Victor
Company) system as standard but as this
is a carrier system involving a bandwidth
up to 45 kHz it has obvious disadvantages.
CBS have developed a compatible disc
system using a switching technique which
would involve a minimum expense by the
broadcasting stations. Another system,
demonstrated successfully at recent hi-fi
shows is the Feldman-Fixler, now backed
by Electro-Voice. Like the Sansui, Harman-
Kardon, Scheiber and at least half-a-dozen
others, the Feldman-Fixler is essentially a
‘black box’ device which can transform any
two-channel, or even mono signal, into four.
Synthetic of course, but the results are quite
impressive for all that. Sceptics—and there
are plenty—doubt whether these simulated

Electro-Voice four-channel decoder which
costs 350.

4-channel systems can give results that
would even begin to compare with genuine
4-channel tapes but when such comparisons
have been made at demonstrations many
of the audience could not tell the difference!
On the other hand, contrived demonstra-
tions would not really correspond to home
conditions—but none the less they show
what can be done.

One of the most interesting ideas is due
to David Hafler, of Dynaco, whose argu-
ment goes something like this: information
picked up by microphones pointing to, or
at the back of, a hall will have a lag time and
part of the information will be out of phase
with the front two channels. All you have
to do to retrieve this information is to
connect another speaker between the two
channels on your amplifier and place it
somewhere at the rear of the room. This
difference signal certainly adds a sense of
depth and spaciousness to the overall sound
but results will vary widely due to different

L+B+F
tnput

Input S Eront
speaker
A method of using a derived centre
channel to produce four channels
(Dynaco patent No. 3,417,203).
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microphone and mixing techniques. Thus a
level control is needed to keep some kind
of balance. As might be expected, the
rarely used, simple M5 microphone place-
ment produces the most rational sound.
A further refinement is the connection of
a fourth speaker as shown in the dia-
gram. Here we make use of a derived centre
channel which produces the sum of both
the two channels without crosstalk by
simply using a blend resistor R,. The
effect is to emphasize sound picked up by
a centre microphone or from equal pick-up
from two side microphones. The beauty of
this arrangement is that you can experi-
ment with quadraphonics of a sort without
buying another amplifier—a kind of half-
way approach to the real thing. It will also
be possible to assess feminine reactions
which may well be provoked by twoextra
loudspeakers in the living room!

RCA recently announced a cinema-type
television projector for use in the home,
school or industry. It employs a special thin
film mirror which is deformed electrostatic-
ally to modulate a light-beam. The mirror
is made of a nickel alloy and is about Scm
square and between 0.2 and 0.6 microns
thick. It is mounted on a series of grid
supports 50 to 100 microns apart that keep
the film some 5 microns from a glass sub-
strate. In operation, a modulated electron
beam scans the target as it would the phos-
phor screen in a conventional TV tube. The
beam penetrates the metal film and deposits
an electronic charge on the glass substrate
in proportion to the intensity of the video
picture at each spot. This charge electro-
statically attracts and thus deforms the
metal film and the projection system con-
verts the amplitude of the deformation into
an analogous brightness on the screen
corresponding to the video signal. Picture
size is 4 by 3 feet and the projection lamp
is rated at 500 watts. It was emphasized that
much work is needed before the performance
is comparable to existing projection systems
but the potential low cost justifies further
development work.

Through a unique process that combines
glass with metal, scientists at Corning have
developed a new kind of superconductor.
The material used is porous glass impreg-
nated with lead and bismuth which forms
about 35% of the total volume. As the text
books say, a current will flow in a super-
conductor for ever without a generating
source providing the temperature is kept
at absolute zero ie. —273.18°C or
459.67°F (would you believe it, Americans
still use Fahrenheit!). One of the problems
associated with superconductors results
from the magnetic field created by the
electric current. If it becomes too great,
it tends to nullify the superconducting
ability. However, when the metal is distri-
buted in glass it forms discrete grains
separated by barriers and so the ability of
this new Corning material to withstand
magnetic fields is considerably increased.

G. W. TILLETT



World of Amateur Radio

Another amateur satellite

AMSAT-—the newsletter of the Radio
Amateur Satellite Corporation—reports
that work is proceeding on a second
AMSAT-Oscar satellite (Oscar 6) designed
to be launched as a secondary payload on
Thor-Delta or Agena launchings. Priority
is being given to the development of active
satellites intended for long-lifetime, solar-
powered operation and capable of augment-
ing amateur communications on v.h.f.

A number of satellite repeaters are
under development in various parts of the
world for use in future amateur satellites.
These include a four-channel hard-limiting
f.m. repeater being designed in Australia
and of the demodulation-remodulation
type with frequencies of 145.9 MHz for
the up-link and 432.1 MHz for the down-
link, the transmitter power being 1 watt.
A 50 kHz bandwidth linear repeater is
being developed in West Germany for the
same frequencies but having a transmitter
power of 10 watts and intended for all
popular modes of amateur operation.
An American group is working on a
linear repeater having an input frequency
of 145.9 MHz and output on 29.6 MHz.

Many amateurs are hoping that the
outcome of the June 1971 World
Administrative Radio Conference on
Space Matters will be the granting of
permission to use space communications
techniques on all international bands from
7 MHz upwards. The present Radio Regu-
lations limit operation virtually to the 144
MHz band.

Harmful interference

In the recent public discussions on
frequency allocations affecting amateur
radio, there has been a tendency to forget
the considerable difficulties that the
official administrations have in enforcing
the international frequency agreements
and the problem presented by the small
number of countries which remain outside
the International  Telecommunication
Union. International frequency agreements
are effective only when they are adhered
to—and nowhere is this basic fact more
apparent to radio amateurs than
between 7000 and 7100 kHz. For
European amateurs, this 100 kHz segment
is all that remains of the old ‘40-metre

band’ which for many years was the most
popular of all the amateur bands. But the
rot set in during the Spanish civil war
when a number of amateur stations were
pressed into use by both sides for broad-
casting, with the result that international
broadcasting became firmly established
in this part of the spectrum. This was
formally recognized in 1947 in the
allocations made to broadcasting in some
regions above 7100 kHz. But the Radio
Regulations continued—and continue—
to show 7000 to 7100 kHz as an exclusive
world-wide amateur allocation.

Several weeks spent recently operating
on this band-—with its rewarding mixture
of semi-local and long-distance contacts—
have underlined the extent of high-power
intrusion by some broadcasters. Almost
every evening well over half the amateur
allocation is rendered unusable by broad-
casting, often leaving just a few narrow
‘windows’ in which amateur stations
pile-up several deep. In the past decade,
the R.S.G.B. Intruder Watch has reported
over 600 intrusions into amateur bands—
with some 22 stations persistently causing
interference in recent years. Of these, 12
have been broadcast transmitters operated
by administrations in four countries in
Region 1 and one country in Region 3.
One wonders if the countries concerned
realize that the operation of these stations
within  exclusive amateur frequencies
far from assisting their external relations,
have quite an opposite effect on the very
large number of amateurs who nightly
suffer from this flagrant disregard of the
international Radio Regulations.

Amateurs in emerging
countries . . .

At the recent installation of Fred Ward,
G2CVV, as the R.S.G.B. president for
1971, an interesting sidelight was thrown
on amateur activities. For the opportunity
was taken by Eric Lomax of the Nigerian
Amateur Radio Society to make a presenta-
tion to Dr Mike Dransfield, SN2AAF,
who, until his recent return to the U.K.,
had been the mainstay of the society
throughout the recent troubled years in
that country. For three years no new
amateur licences were issued in Nigeria—
and this meant a long hiatus in the efforts
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of N.AR.S. to build up the number of
licences among the local nationals. Always
in the past, the vast majority of amateurs
in Nigeria have been temporary residents.
Despite the population of about 60 million,
only two Nigerian citizens hold licences.
Many amateurs, throughout the world,
recognize the importance of encouraging
more local interest in amateur activities,
seeing a potential threat to the hobby
posed by the large number of LT.U.
member countries having only a handful
of citizens holding licences.

... and in Japan

A very different situation exists in Japan
where the number of amateurs now
exceeds 100,000. Japan, for some years,
has been second only to the United States
in numbers of amateurs, and has a far
larger growth rate. Between 1965 and
1968, for example, Japanese amateurs
increased from 38,000 to 84,000. Bill
Hamer, ZL2CD, a recent visitor to Japan
reports in Break-in, the New Zealand
A.R.S. journal, seeing evidence of amateur
radio everywhere he went: “DX-band
aerials on roof-tops, 50 MHz mobile whips
on cars, amateur radio club stations in
factories and a thriving electronic com-
ponents and amateur equipment industry”.
He believes that the main factor in this
increase has been the introduction of a
novice licence, although this has not been
generally popular with those who have
held licences for several years. The novice
licence has brought about a serious
interference problem and often poor
operating standards. Japan has no age
limit, and the majority of novices are
in the 15 to 20 age group, though he notes
there are some boys and girls of about 10
years of age holding licences. Power for
novices is limited to 10 watts output and
they use all bands except 14 MHz—both
c.w. and phone-only novice permits are
issued, the c.w. examination being at 5
w.p.m. For the full grade licence, a 10
w.p.m. code examination has to be passed
and 100 watts output is permitted. An
‘advanced’ licence requires amateur
experience plus knowledge of the special
Japanese morse characters and of
monitoring and test equipment. The New
Zealander estimates that almost 95% of
all Japanese amateurs hold the novice
licence.

In Brief

The next Radio Amateurs’ Examination
will be held at a number of local centres
on May 11 . . Many long-distance
contacts have been made this winter on
‘Top Band’ (1.8 MHz) including a number
of stations working VK6NK in Australia;
another rare station to appear on this
band has been PJ2CC in the Netherlands
West Indies . ... An Electronics forecast
of the amateur market in the United States
is: 1970 $21.6 million; 1971 $23.2 million,
considerably below the figures for‘Citizen’s
Band’ equipment.

PAT HAWKER, G3VA
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* L ghtweight

* T-opicalized - e

* Practically unbr=akable

* High impedence, high level
piones * Carbon mizrophones
available * Extremelv comfortable

* S mple to service.

The new "Astrolite’ headset F as b2en adopt=d
by many ofthe lezding Tzlevisior, Bnﬂdcasﬂqg
anc Programme companies for st adioane 8

O.E. use, and no wonder.

It's fully interchangeable wit1 all <nosmvn casbion
level systems. Nc more of the “snep, crack'eand
por’, just the message clear andelieb e, using
ournew noise-cancelling high gL ality nmoving-coil
microphone with ntecral amplifiers.

AMPLIVOX
COMMUNICATIONS

LIMITED

For noise-free communications, without ‘carbon’ crackles. Write or telephone for a
free demonstration, at your premises, without any obligation.

I

I

AMPLIVOX COMMUNICATIONS LTD. |
BERESFORD AVENUE - WEMBLEY - MIDDX. | S

I

|

Title
TELEPHONE 01-902 8991
GRAMS AND CABLES - AMPLIVOX - WEMBLEY |

WW—696 FOR FURTHER DETAILS

WwWWW americanradiohictorvy com
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oM 111-the
COmmandoScope

The SM 111 dual-channel oscilioscope from SE Laboratories is buiit
for action in the laboratory and in the field. Small, compact, portable, but
with a generous 10x8cm screen, high brightness and g
small spot size. This instrument has been subjected to
resonance search,dry heat,damp heat, low temperature,
dust,sand,drop, bump and tropical life tests. So tough,
robust it’s been awarded NATO approval. Exemplary
specification and facilities: bandwidth DC—18MHz,
sensitivity up to 2mV/cm both channels,DC trigger and ’
DC coupled amplifier. Mains or battery powered. If you need a scope that’s
practical, accurate, reliable under all conditions, get active service from SE’'s SM111.

Write or ring for details.
SE measures up to tomorrow’s technology g_s_l

SE Laboratories (Engineering) Ltd., North Feltham Trading E state, Feltham, Middlesex. Telephone: 01-890 1166. Telex: 23995

Transducers, recorders, oscilloscopes, digital instrumentation, data systems, medical electronic equipment, etc.
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New Products

M.S.I. high level logic circuit
Designed specifically for high noise environ-
ments, the H157 synchronous 8421 b.c.d.
decade counter from SGS, has asynchro-
nous preset and reset, and a guaranteed
minimum fan-out of 25. It is able to work
on a supply voltage of 10.8 to 20V, and
has a d.c. noise immunity of 5V witha 15V
power supply. Four asynchronous preset
inputs are provided which allow the counter
to be positioned for whatever counting is
desired, from 0O to 9. The circuit operates in
the temperature range of 0-75°C, and is
mounted in a ceramic 14 lead dual-in-line
package. SGS (United Kingdom) Ltd,
Planar House, Walton Street, Aylesbury,
Bucks.

WW312 for further details

I.C. unsoldering tool

A portable unsoldering tool has been
developed by Marconi to allow damage-
free removal of microcircuits and other
multi-connection components from
printed circuit boards. The unit consists
of an electrically heated pot of molten
solder with a metal piston floating in it.
A vertical hole through the piston is fitted
with one of a number of ‘nozzles”, shaped
to accommodate different packages (i.e.
dual-in-line packs, TO-5 cans, hybrid
solid logic technology devices, valve

holders, relays and even discrete com-
ponent sub-assemblies). The component
to be removed from the board is held in
a spring-loaded remover and set over the
appropriate nozzle while the piston is
depressed. Molten solder wells up through
the hole and contacts the pins on the
underside of the board before draining
back into the pot. The spring loaded re-
mover comes into operation immediately
the pins are freed so that removal is
practically instantaneous and there is no
excessive transfer of heat to damage the
component or the board. The oxide layer
which invariably forms on molten solder
is trapped on its passage up through the
piston so that only fresh, clean solder
actually touches the joints. Two sizes of
pot have already been developed—2in
and 3in diameter—both with integral heat-
ing elements using a 240V mains supply.
The power consumption averages 300W.
Marconi Company Ltd, Marconi House,
Chelmsford, Essex.

WW324 for further details

Transmission-line drivers

and receivers

A range of five integrated circuits from
Motorola are for use as interfaces between
coaxial or twisted-pair transmission lines
and data transmitters or receivers construc-
ted with r.tl, d.tl, ttl or ecl. The
circuits, types MC1580L to 1584L, have
wide input and output ranges (+9 to —3V
for the drivers), high input or output impe-
dances (up to 8k£) and short propagation
delays (down to 20ns). The receiver circuits
can reject +4V of noise. Uses of the units
other than for data reception or transmis-
sion include voltage comparison, waveform
generation, high impedance buffering and,
logic-level translation. Motorola Semi-
conductors Ltd, York House, Empire Way,
Wembley, Middx.

WW311 for further details

Variable power supply

The Roband Vareco range of variable
stabilized supplies for bench use, employs
a novel over-voltage protection system, and
variable current limit prevents damage to
the supply or load under fault conditions
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and enables the units to withstand a sus-
tained short-circuit without damage. Stabili-
zation is typically 20,000: 1, ripple is less
than 2mV, and the dual meter scale enables
very accurate setting-up of low voltages
in the range O to 10V. The units can readily
be operated in series or parallel, and remote
programming facilities are available. The
range consists of the Varex 33-2, giving
0 to 33V at 2A (£55); the 33-10, giving
0 to 33V at 10A (£90); and the 60-5, giving
0 to 60V at 5A (£95). Roband Electronics
Ltd, Charlwood Works, Charlwood, Hor-
ley, Surrey.

WW313 for further details

Reduction gear drive

Jackson Brothers (London) have
developed a small gear drive with input
and output shafts in line, and with
provision for mounting a dial or pointer.
The reduction ratio between input and

—AT
Nl

output is 8:1 while that between input and
pointer bush is 6:1. The pointer, or dial,
will therefore travel 240° while the output
shaft travels 180°. The length of this gear
drive from back plate to face of pointer
bush is only 12.5mm and the front area is
44 x 54mm. Jackson Brothers (London)
Ltd, Kingsway, Waddon, Croydon, CR9
4DG.

WW320 for further details

Multi-pole high-current

connector

The Fischer type 107A018 circular 6-pin
connector available from Sealectro is con-
tinuously rated at 25A per pin. The overall
diameter is 36mm and versions include
free plug, free socket and chassis socket.
They can be obtained waterproofed. The
free plug and free sockets have a com-
pression type cable clamp tailored to the
cable in use while the chassis socket has
solder tag connections. Insulation of the
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pins to body is p.t.f.e. permitting use in
relatively high temperature applications and
leaving the insulant unaffected by soldering
of connections. Sealectro Ltd, Walton
Road, Farlington, Portsmouth PO6 1TB.
WW307 for further details

Power supplies with

isolated outputs

The Isoplys range of small, isolated-output
power supply modules made by Elcor Inc.,
of Virginia, and available from Aveley
Electric use zener diodes to obtain regula-
tion. As inexpensive supplies they are
designed to energize various devices that
must be well isolated from direct local
connection to ground, chassis, case or
system common. The units are substantially

noiseless in floating circuit application.
Novel construction of the transformer, and
special mounting of the rectifiers, filter
elements, and regulator, plus electrostatic
shielding, greatly reduce the generation and
transference of noise, while providing good
isolation between the output circuitry and
the combination of input and ground (core
case and primary shield). Aveley Electric
Ltd, Arisdale Avenue, South Ockendon,
Essex.

WW314 for further details

Stabilized power supplies

The RP Series, from EKB, is a range of
high performance, low cost, modular power
units with output voltages preset in three
ranges, 0-7V at 2.5A, 8-18V at 2A, and
19-24V at 1.5A. Potentiometer adjustment
is provided to give a + 1V swing about the
nominal setting. Overload protection is

provided by a fast-acting re-entrant charac-
teristic which automatically resets on
removal of fault conditions. The trip current
is adjustable from 25% to 110% of full
load. Complete over-voltage protection can
be supplied as an optional extra. Units are
fused on both mains input and d.c. output
lines. Four-terminal sensing is provided to
enable regulation to be maintained when
long cable runs are unavoidable. The
design enables units to be stacked on
75mm centres to form multiple outputs.
Units are priced at £19.00 each throughout
the complete range; overvoltage protection
can be factory fitted for an additional £4.50
per unit. EKB Ltd, Bromham, Chippenham,
Wilts.

WW308 for further details

Modular high-voltage
power supply

Euro Electronic Instruments, U.K. repre-
sentatives for Velonex, have announced a
precision power supply designed for use
with solid-state detectors, photomultiplier
tubes and other devices requiring a stable
high-voltage source with low noise and
ripple content. The power supply—the
Velonex Nimpac 105—has an output
which is continuously adjustable from zero
to 3,000V d.c. at 0 to 10mA with a non-
backlash 20-turn control, the output voltage
being indicated by four in-line digits accu-
rate to +(1%+3.0V). Ripple and noise
are less than 10mV peak-to-peak, including
high-frequency components and harmonics,
and output voltage is line regulated within
50mV and load regulated within 10mV.
Euro Electronic Instruments Ltd, Shirley
House, 27 Camden Road, London N.W.1.
WW301 for further details

Impedance meter

The 1X704A impedance meter from ITT
allows the measurement of any complex
impedance in the 50 to 1000MHz
bandwidth. The measuring unit consists of
a 500 coaxial line incorporated into a
standard chassis. Detectors fixed along the
length of this line measure the r.f. voltages
at different points, and the results are
displayed on three independent meters.
Three printed discs used in conjunction
with a modified Smith’s chart form the
computing unit. This device establishes the
relationship between the three measured
voltages and the impedance under test,
and also with a 50@ standard against
which the instrument is calibrated. ITT
Electronic Services, Edinburgh Way.
Harlow. Essex.

WW 316 for further details

Heavy duty wafer switches

A comprehensive range of Centralab wafer
switches in various sizes, ratings and con-
figurations, is available from Ultra Elec-
tronics (Components). Included among
this range is the JV9019, a fifteen-pole
heavy duty power switch having from two

Wireless World, March 1971

to five positions. Contacts are placed 20°
apart. Contact springs and terminals are
silver plated. Up to 20A can be handled at
12V, and switching life is typically 25,000
cycles minimum. Ultra Electronics (Com-
ponents) Ltd, Fassetts Road, Loudwater,
Bucks.

WW309 for further details

Subminiature lampholder

A subminiature lampholder made of plated
brass is available from WEL Components.
The translucent ‘windows’ are available in
blue, green, red, amber, and white. Bulbs
are size T2 and type L1123 is recommended
for i.c. indication having a rating of 5V
60mA with approximately 100,000 hours
life. Price £0.29 each per 100. WEL Com-
ponents Ltd, 5 Loverock Road, Reading,
Berks.

WW315 for further details

Tape duplicator

A master reproducer designed for rapid
duplication of cassette. cartridge and
reel-to-reel audio tape recordings is
available from Ampex. Model RR-200
reproducer can drive up to ten Ampex
model 3400 slave units and can duplicate
up to 200 copies of a 30-minute-per-side
tape in one hour on a 10-slave line. The
RR-200 replaces the 3000 series of
duplicators. It uses reel-to-reel master
tapes and has speeds of 30 /60 and 60/120
inches-per-second, plug-in head assem-
blies, and automatic tape tension control
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and can accommodate master transport
tape widths from 4{-inch to l-inch.
Four-track and eight-track versions are
available capable of duplicating pro-
grammes for eight-track and four-track
stereo cartridges and two-track stereo
or fourchannel sterco tapes. The
master reproducer has a frequency
response equivalent to 50Hz-15kHz at
7+ ips., a flutter and wow of less than
0.15%, and independent switching is
provided for both master and copy
equalization. Price from £5,500. Ampex
Great Britain Ltd, Acre Road, Reading,
Berks.

WW317 for further details

Digital multimeter

The TF2670 from Marconi Instruments
measures voltage, current and resistance to
an accuracy better than 0.5%. In its basic
form it has one current range of 200uA but
the addition of a plug-in current shunt unit

extends this to a total of five ranges, both
a.c. and d.c., extending from 199.9uA to
1999mA. The instrument has push-button
selection of range and function. Price of
TF2670 is £105. A rechargeable battery
box, which makes TF2670 independent of
the mains supply for up to five hours, and
the current shunt unit, are available as
optional accessories. Marconi Instruments
Ltd, St. Albans, Herts.

WW310 for further details

Positive temperature

coefficient thermistors

The TGy, from Texas Instruments, is a
silicon bar thermistor with a positive tem-
perature coefficient of 0.7% per °C (7,000
p.p.m.) and a temperature range of — 75°
to + 150°C. The device is encapsulated ina
hard-glass package. There is no hysteresis
through its temperature range. It is available
in resistance values of 10-2,7000 on a
standard decade scale. T.I. Supply, 165
Bath Road, Siough, Bucks.

WW323 for further details

Conductive plastic pots

A range of { inch diameter body, conductive
plastic potentiometers has been introduced
by Electrautom. The New England C series
has a standard linearity of down to 0.25%
infinite resolution and longer life than wire-
wound models (manufacturers claim by a
factor of more than ten). They are available
with {in or %n shafts for bush or servo

mounting, and can be supplied with special
function angles and taps. Prices for 100-off
are £2.80 each for bush-mounted 1% linear-
ity models and £4.25 each for servo-
mounted 1% linearity models. Electrautom
Ltd, Etom House, Queens Road, Maidstone,
Kent.

WW303 for further details

Capacitor-discharge

ignition system

Mobelec are making a range of capacitor-
discharge electronic ignition units with
specially wound h.t. coils. Three basic units
are available in both positive and negative
earth versions—model C20 for 4 and 6
cylinder engines up to 12,000 and 8,000
r.p.m. respectively, C40 for 8 and 12 cylin-
der engines, and model E40, which is a
contactless unit, with distributor adaptors
for most Lucas, Autolite, Delco and Bosch
distributors. Another feature of the system
is a low-cost matching unit which permits
use of Smith’s electronic tachometers.
Complete unit prices start at about £13 for
the C20 model—which suits the require-
ments of most British and European cars.
Mobelec Ltd, Oxted, Surrey.

WW302 for further details

Miniature tantalum capacitors

A range of miniature resin-dipped solid
tantalum capacitors, code-named TAM,
1s available from ITT. The size is 5 X
2.5mm maximum. Capacitance ranges
from 0.015uF to 6.8uF with tolerance
of +20%. Working voltage range is from
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3 to 35V d.c. Prices are from 8p (Is 7d)
to 1lp (2s 2d) for quantities of 100 up,
depending on capacitance and voltage.
ITT Components Group Europe. Cap-
acitor Product Division, Brixham Road,
Paignton, Devon.

WW326 for further details

Right-angle plug and socket

The Hirose type RA6-11P right-angle plug
and socket, from Henry & Thomas, is an
eleven pin plug with a 2.5mm (0.098in) con-
tact pitch. The mating socket is designated
RAG6-11S. The pair have a current rating
of SA at 20°C, a contact resistance of

10m{2 max. and an insulation resistance o
1000m£ at 500V d.c. The body moulding
of the connectors is of an epoxy resin. Pins
are of gold-plated brass and the sockets
are manufactured from gold-plated beryl-
lium copper. Henry & Thomas Ltd, Yeo
Street, Bow Common, London E.3.
WW305 for further details

Range of electrolytic
capacitors

The voltage range of new capacitors from
Colstar is 3 to 100V d.c., and the capaci-
tance range ! to 2500uF. The units are
small, have low leakage current, and com-
ply to LE.C.664. The electrodes are of
etched aluminium foil and anodes are
coated with a very thin oxide film which
is the dielectric. The whole capacitor is
contained in a hermetically sealed alu-
minium case insulated by a p.v.c. sleeve.
Colstar Ltd, 233-243 Wimbledon Park
Road, London S.W.18.

WW325 for further details

Miniature locking toggle

switches

In the range of miniature locking toggle
switches, available from Guest Inter-
national, the locking action is achieved
through the toggle itself. Once locked,
it can be released only if it is axially pulled
and then moved to a new position. The
length of the toggle is 20mm and standard
switches are manufactured in three lock-
able combinations with the contact
arrangements being two-, three- or four-
pole. The switch body is available in
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either non-sealed or waterproofed versions.
Finishes are in chrome or matt-black and
contact platings are in gold or silver with
a rating of 2A at 250V. Industrial Elec-
tronic Components Division, Guest Inter-
national Ltd, Nicholas House, Brigstock
Road, Thornton Heath, Surrey.

WW327 for further details

High-current switching

transistor

A high-current transistor, type BFX34,
from Mullard is an n-p-n, silicon planar
epitaxial device intended for use as a driver
of print hammers and relays. Because of
its low saturation voltage (1V or less) the
transistor dissipates little power when con-
ducting. It is therefore particularly suitable
for use in switching circuits where high
efficiency is required. Characteristics
include:

max. Vepo 120V
max. VCEO 60V
max. Iy 5A
max. P odTeqse< 25°C) 5W
hFE(IC=2A9 VCE= 2V) min. - 40

max. 150
max. Vegsat (/= 5A,I=0.5A) 1v
min. f7

(Uc=0.5A, Vep=5V, f=35MHz, T,,,=
25°C) 70MHz
[o/f(ICT 5A,IB(0,1)17 13(0m=0.5A) 1.2/.18
encapsulation TO-39
Mullard Ltd, Mullard House, Torrington
Place, London WCI1E 7HD.

WW306 for further details

Dual-in-line socket

The A23/2028 dual-in-line socket from
Jermyn accepts plug-in packages having
14 leads on 0.1in centres, with row spacing
of 0.3in. The glass-loaded nylon bedy is
available with a choice of two contact
materials: Z contact—beryllium copper,
gold plated over silver; Y contact—

phosphor bronze, gold plated over nickel.
Typical contact resistance is 5mf2 for
type Z, 10m for type Y. Price range
from 15p for 500 up. Jermyn Industries,
Vestry Estate, Sevenoaks, Kent.

WW328 for further details

Power transistor range

The G.E. (U.S.A.) D44C and D45C series
of complementary pairs of power transis-
tors, available from Jermyn, are rated at
30W each with V. ratings from 40 to 70V
and available in a range of 3:1 maximum
gain spreads. They have a low V. 5, Of
0.5V at 1A, typical f; around 50MHz
and good gain linearity with collector cur-
rent. The transistors are colour moulded
(for ease of identification) and have a heat
dissipating plate on one side. The leads may
be formed to TO-66 configuration. Jermyn
Industries, Vestry Estate, Sevenoaks, Kent.
WW321 for further details

Miniature v.h.f. radio

Van Dusen have introduced a miniature
v.h.f. radio receiver powerful enough to
pick up aircraft transmissions over a 25
mile radius. It was developed as an

emergency stand-by receiver intended
primarily for pilots. Price £4. Van Dusen
Aircraft Supplies Co., Oxford Airport,
Kidlington. Oxford.

WW319 for further details

Digital indicator

K.G.M. have announced a digital indicator
called the Minitron. It operates from 5V
and gives a parallax-frec seven-bar presen-
tation. It has a configuration compatible
with integrated circuits to the extent of
plugging into a standard socket. Life
expectancy is 100,000 hours, and current
consumption is 8mA per bar. It is capable
of time-shared operation. Up to six units
can be obtained now at £1 each. K.G.M.
Electronics Ltd, Clock Tower Road,
Isleworth, Middx.

WW322 for further details

Coaxial reed relays

A range of coaxial reed relays is available
from Sealectro. The units are designed
for use from d.c. to IGHz and are fitted with
gold plated 500 subminiature screw-on
or snap-on connectors. They will operate
from 6, 12 or 24V with an average switch-
ing time of 15ms. Isolation between ports
is > 30dB with a maximum v.s.w.r. of 1.25.
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Typical insertion loss is 0.75dB maximum
over the frequency range. The units will
handle up to 12W continuous power. RF
Components Division, Sealectro Ltd,
Walton Road, Farlington, Portsmouth
PO6 1TB.

WW304 for further details

Variable delay line unit

Matthey Printed Products are distributing
the Silver Star variable delay-line unit
UN14/511 as an addition to their existing
range of 7542 equalized delay line modules.
Designed to a B.B.C. specification, the plug-
in unit offers rapid and accurate selection of
any delay time from 10 to 165ns. This
facility is particularly useful in colour

television vision mixing equipment when
successive special event programmes may
require television engineers to re-set
temporarily the fine trim of delays in signal
trains going to the mixer. The unit
measures 114X 635X 318mm. Matthey
Printed Products Ltd, William Clowes
Street, Burslem, Stoke-on-Trent, ST6 3AT.
WW330 for further details.

Low-noise tape on
101-inch reels

Scotch Dynarange 203 long-play tape is
now available in 3,600ft lengths spooled
on 10iin NAB metal reels. Designed for
use on advanced specification high-
capacity recorders, such as those
manufactured by Akai and Revox, the
new length of tape offers six hours playing
time at 32 i.p.s (9.5cm/s). Recommended
retail price is £6.25 plus p.t. of £0.07. 3M
Company, 3M House, Wigmore Street,
London W 1.

WW318 for further details

Sockets for

24-pin i.cs

24-pin solder tail i.c. sockets from Texas
Instruments can be compactly mounted and
the contact positions are numbered. Orient-
ation of contacts is specifically designed to
overcome the problem of i.c. lead frame
burrs and rough edges, and the solder tail
socket will accept any shape of lead frame.
The terminations are 0.025in wide by
0.0065in thick with contact plating of
200uin of bright tin plate per MIC-T-10727.
Other platings are also obtainable. Socket
bodies are of glass-filled nylon. The
operating temperature range is from — 65
to +125°C. TI Supply, 165 Bath Road,
Slough, Bucks.

WW329 for further details
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Personalities

Edgar M. Lee, B.Sc., F.1.E.E.. who
founded Belling and Lee Ltd in
1922, has retired from the
chairmanship of the company. He
has been gradually relinquishing
the day-to-day administrative
duties since suffering a coronary
heart disease in 1[955. In
recognition of his contribution to
the company, which is now part of
the Philips organization, he has
been appointed founder president.
Mr. Lee, a graduate of King’s
College, London, was a founder
member of what is now the Radio
and Electronic Component Manu-
facturers’ Federation.

Gavin Kermack, B.Sc., DIC.,
F.LE.E., aged 46, is appointed to
the board of Honeywell Ltd as
director, industrial products group.
Sales & Service Divisions, in
succession to Peter Prior who
recently took uvp a senior post at
the Brussels’ headquarters of
Honeywell’s new European mar-
keting organization. Mr. Kermack.
who is a graduate of Glasgow
University, was managing director,
Serck Controls, and latterly group
manager, marketing, for Serck Ltd.
At one time he was with Ferranti
Ltd where he was associated with
D. T. N. Williamson (of amplifier
fame) on machine tool control.

J. B. Hodgsod, formerly director
and general manager of Centralab
Limited and its subsidiary Stability
Capacitors Ltd, has been
appointed managing director of
both companies. He has been
succeeded as general manager of
Centralab by A. D. Little, who
was works manager of the Antrim
factory.

Anthony Renton, B.Sc., D.Phil,
has been appointed group technical
manager for Highland Electronics
Group Ltd. The group recently
announced the acquisition of
Ardente Ltd and Ardente Acoustic
Laboratories Ltd (hearing aid
manufacturers) from EMJ Ltd. Dr.
Renton recently returned to this
country after 16 years in America
where for the latter three years he

was at the NASA Electronics
Research Center, Cambridge,
Massachusetts, conducting
research on power switching
components. When he went to
America in 1954, he took up a
Post Doctoral Fellowship at Penn
State Univeristy and then spent
four years at Bell Telephone
Laboratories. In 1960 he joined
RCA and from 1962 to 1968
lectured in electrical engineering
first at the University of
Pennsylvania and later at
Northeastern University.

Peter Wall, M.Sc., has joined the
Rank Orgaaisation as technical
manager for Rank Wharfedale
Ltd. and H. J. Leak. Immediately
prior to joining Rank he was with
Redac Software Ltd, the Racal
computer-aided design subsidiary.
Mr. Wall, who has an honours
degree in electrical engineering and
an M.Sc. in mathematics, was
formerly chief engineer of the
Quartz Crystal Division of
Standard Telephones and Cables.

G. S. Innes, OB.E., B.Sc,
M.ILE.E., A.Inst.P., who retired
recently as deputy physicist at St.
Bartholomew's Hospital, London,
is now consultant on medical
physics and engineering to the
T.E.M. group of companics which
includes T.E.M. Engineering Ltd,
who manufacture the Monitron
system for patient monitoring and
industrial control and the SAMI
range of “socially acceptable
monitoring instruments”. Mr.
Innes was appointed an O.B.E. in
the New Years’ Honours for his
services to the hospital and to
medical engineering.

Roger N. Oatley, formerly a chief
technical officer at the British
Standgrds Institution, has gone to
Frankfurt a. M., W. Germany, as
secretary of the international
committee established to introduce
the Western Europe harmonized
system of quality assessment for
electronic components. This com-
mittee—C ENEL Electronic Com-
ponents Committee (C.E.C.C.}—is
part of the 14-nation European

¢clectrical standards co-ordinating
committee (CENEL), which
rationalizes electrical technical
specifications and procedures in
the E.F.T.A./E.E.C. economic
groups (Finland is an associated
country).

Stephen  Forte, Ph.D.,, B.Sc,
FLE.E., recently joined General
Instrument Microelectronics  Ltd
as marketing director. Since 1955
he had been with Marconi where in
1959 he took charge of a research
section investigating parametric
amplifiers and microwave sotid-
state techniques. He then assumed
responsibility for the company’s
microelectronics applications lab-
oratory and on the formation of
Marconi-Elliott ~ Microelectronics
Ltd was appointed m.o.s. product
manager.

M. P. Mandl has joined
Marconi-Elliott  Microelectronics
Ltd as a director and general
manager. Mr. Mandl has an
honours degree in physics from
Imperial College, London, and was
with English Electric Valve
Company from 1958 to 1966. He
then joined Raytheon International
being latterly the director of their
international sales and services.

Cosmocord Ltd announce the
following managerial reorganiza-
tion at their Waltham Cross,
Herts, factory. D. Archer becomes
general manager (technical) and is
responsible for all technical and
engineering  activities, including
plant services, engineering services
and inspection, development
engineering, work study and
production engineering; G.
Edwards becomes general manager
(sales) responsible for sales, both
home and abroad; and R. Spence
general manager (manufacturing)
responsible for production.

A. M. Pilbrow, has joined the staff
of the Scientific Instrument
Manufacturers’ Association
(S..LM.A)) as technical secretary.
Following his National Service in
R.EM.E. he joined the G.E.C.
Applied Electronics Laboratories
as a design engineer and later held
positions as a mechanical
instrument engineer with S. Davall
& Sons and as the senior engineer
of the design department of Ultra
Electronics (Components) Ltd.

A. J. Wynroe, Ph.D., has joined
K. J. Bentley and Partners, the
Lancashire printed circuit special-
ists, as technical director. He will
have overall responsibility for all
technical aspects of Bentley’s and
its associated companies Portland
Electronics Ltd, Bryan Amplifiers
Ltd, and Franken Systems &
Supply Ltd. Dr. Wynroe was until
recently doing research work in
nuclear electronics at the
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Daresbury Laboratories of the
Science Research Council and has
been lecturing in physics at
Manchester University.

Following the recent appointment
of L. D. Hadfield as managing
director of Plessey, Australia, he is
succeeded as general manager of
the Automation and Transmission
Divisions of Plessey’s Electronics
Group at Poole, Dorset, by J. E.
Samson, F.Inst.P. Immediately
prior to joining Plessey Mr.Samson
was group managing director of
Negretti and Zambra Ltd. He is
president of the Institute of
Measurement and Control.

A number of appointments have
been announced by Advance
Electronics Ltd, of Hainault,
Essex, during the past two months.
First, Gordon C. Pope, M.Eng.,
M.LE.E., who joined the company
in 1963, has succeeded Eric
Wakeling, M.LLE.E., as managing
director. Mr. Wakeling, who has
been m.d. since 1962 is now
executive deputy chairman. Peter
Sidey, B.Sc., A.R.C.Sc., previously
managing director of the
company’s Instruments Division
has been appointed director of new
business development. Rex E.
Nelson, B.Sc.(Eng.), F.LLE.E.,
A.C.G.I, who joined the company
in November last year, is
appointed a director and will
continue in his executive capacity
as marketing director. He joined
A.E.lL as a graduate apprentice in
1952 and was marketing director
of Thorn Automation, Rugeley,
immediately prior to joining
Advance. The company has also
recently appointed four product
marketing managers: Don Beck-
man (instruments), Tony Skottowe
(industrial), Alan Hutley (power
supplies) and Mike Briggs (special
projects).

Harold J. Cooke, manager of the
drawing office handling Wireless
World drawings since 1939. has
retired. He joined the drawing office
of the Wireless Press (then our
publishers) in May 1921 and has
therefore handled the drawings
published in the journal for nearly
50 years. Much of the credit for
the standard of draughtsmanship
displayed in the diagrams published
in W.W. must go to him.

OBITUARY

Harry Faulkner, C.M.G., B.Sc.,
F1EE., deputy engineer-in-chief
of the Post Office when he retired
in 1953 after 40 years’ service,
died in January aged 78. A
graduate of University College
Nottingham, Mr. Faulkner was the
first engineer-in-charge of the
Rugby radio station (1926-29).
For ten years following his
retirement from the Post Office he
was director of the Telecommuni-
cation Engineering and Manufact-
uring Association.
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Literature Received

For further information on any item include the appropriate

WW number on the reader reply card

ACTIVE DEVICES
We have received the following publications from
RCA Ltd, Lincoln Way, Windmill Rd, Sunbury-on-

Thames, Middlesex.
HPA-100, ‘High-power arrays’, very high-power
encapsulated circuit modules ....... Ww401
PTD-187B, ‘Power transistor directory’ . WW402
RFT-700G, ‘R.F. power transistors’ ... WW403

The 1971 ‘Abridged valve data booklet’ from the
English Electric Valve Co. Ltd, Chelmsford, Essex,
lists over 600 devices in its 96 pages ..... WWw404

“The semicon index’ replaces the earlier ‘International
transistor data manual® although it is still compiled
in conjunction with Avo Ltd. The index is well
designed and lists data on an enormous number of
transistors. Functional Publication Services Ltd,
29 Denmark St, Wokingham, Berks. RGIl 2AY

................................ price £5.25

If you have facilities for wire bonding the SG3801
quick-chip will be of interest. It contains a variety
of active and passive components which may be
connected in any way the user requires. The device
is made by Silicon General and literature is available
from Rastra Electronics Ltd, 275 King St, Hammer-
smith, London W.6. ................... WW405

The following literature is published by Siemens
(UK. Ltd, Great West House, Great West Rd,
Brentford. Middlesex.

‘Semiconductor manual 1970/71°, 896

PAZES '« . ogssnnp b dna g b Akl bl S WWw406
*Selenium rectifiers for radio and television” WwW407
‘Microwave tubes’ ................... WWwW408

‘Numeric and symbolic indicator tubes’ . WW409

PASSIVE COMPONENTS

A reed relay catalogue is available from Electro-
thermal Engineering Ltd, 270 Neville Rd, London
E.7  c..ar:dbdi. cmwac aabe L Shesgs b ren WWw410

We have received the following literature from
Vero Electronics, Industrial Estate, Chandlers Ford,
Hampshire SO5 3ZR.

‘Card handles® ...................... wWwi4ll
‘D.LP. boards’ ............. ... ... wWw412
‘Terminal pins” ...................... Ww413
‘Systemized products’ (equipment cases and

fIttings)  14.cm. 4o caa: e oor 205 91 wwa414

A catalogue called ‘Cable trunking and cable trays’
describes the products of William E. Cary, Sheet
Metal Unit, Times Mill, Grimshaw Lane, Middleton,
Manchester, M24 2AA ................. WW415

‘High fidelity, electronic components, and equipment
catalogue’ is the title of the latest catalogue of G. W.
Smith & Co. (Radio) Ltd, 3 Lisle St, London
W.C.2 pomalusdiici-dala.mpninanp ke price 374p

A leaflet called “Printed circuits general data’ is
available from Nevin Electric Ltd, Arkwright Rd,
Poyle Trading Estate, Colnbrook, Bucks. .. WW416

Illuminated rocker switches (type 900TP) are
described in a leaflet available from the Microswitch
Division, Honeywell Ltd, Windsor Rd, Slough,
BUucks: 122 idni: Sh Ptk Turw-dde v s mi b 34 Ww417

A wide range of switches, mostly for printed circuit
mounting, manufactured by Chicago Switch Inc.,
is described in a leaflet from Competa International
Products, Bye-pass Rd, Barking, Essex ... WW418

Henry’s Radio Ltd, Edgware Rd, London W.2,
have produced a ninth edition of their catalogue
................................... price 371p

We have received the following literature from

Siemens (U.K.) Lid, Great West House, Great

West Rd, Brentford, Middlesex.
Capacitor catalogue ................. Ww419
Electrolytic capacitor catalogue ........ Wwa420
Radio interference suppression catalogue WWw421
Ferrite components and transformers catalogue
................................... WWw422
‘Low voltage control equipment’ large catalogue
listing relays, switches, plugs, sockets, etc.
CUC. x ame 5 5 e 0 3 B A T AR boe Mg ot T e Ww423

EQUIPMENT

A brochure describing the MAC-16 smali computer
system for business use is available from Unidata
Ltd, 52 Curzon St, Mayfair, London W.1... WW429

Details of a range of v.h.f. television transmitters
are contained in a booklet from Pye TVT Lid,
Coldhams Lane, Cambridge ............. Ww430

A new machine for stripping enamel covered copper
wire is described in a brochure from Gardners
Transformers Ltd, Christchurch, Hampshire
BH23N3IPN wafd e bl 36 o o2 ne o 2s): dme e Wwi431

Fenlow Electronics Ltd, Whittets Eyot, Jessamy
Rd, Weybridge, Surrey, have produced the following
literature
Digital panel meter type DP603 (0 to
1.99V)

.......................... Ww432
Miniature power unit type PU40 (+ 15V, 50mA
MAX.)  Jan:: | Frasel-4sl ¢+ Fresn ¢ ynn | WWa433

‘Electrical safety testing equipment to B.S. is the
title of a leaflet from Zenith Electric Co. Ltd, Cranfield
Rd, Wavendon, Bletchiey, Bucks. ........ WW434

Shure Electronics Ltd, 84 Blackfriars Rd, London
S.E.1, have produced a leaflet, ‘Vocal Master’,
which describes audio equipment for professional
U3 oy S a Olgola 0 0 VN 1A S | el 1= O k] Ww435

We have received the following leaflets from Applied
Data Systems Ltd, Station Rd, Belmont, Surrey:

100, data collection system ........... Ww436
200, circuit selection system .......... Ww437
202, speech privacy equipment ....... Ww438
300, data matching unit .............. wWWw439
302, data matching unit .............. Ww440
4,000, store exerciser ................ wWwi441
Engine test set  ..................... WWwa42
Telegraph converterunits .............. WWw443

A six-page brochure is available which describes a
three-terminal document reader (Dataterm-3). Data
Recognition Ltd, Loverock Rd, Battle Farm Estate,
Reading, Berks. RG3 IDX ............. WWw444

A low-cost, small, ten-digit desk calculator (Anita
1011) which uses ls.i. circuits and will add, subtract,
multiply and divide is described in a brochure from
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Sumlock Comptometer Ltd, 39 St. James’s St,
London SW.l. ... ... ... ... ... ... wWw445

Data sheet 1037 from Honeywell Ltd, Microswitch
Division, Windsor Rd, Slough, Bucks, deals with
sequential timers ............. ... ... Ww448

GENERAL INFORMATION
We have received the following specifications in the
BS9000 series for parts of assessed quality. British
Standards Institution, 2 Park St, London WIA 2BS
BS9012:1970, Counter and indicator tubes
.................................. price 60p
BS9016:1970, Indicator tubes ........ price 60p
BS9021:1970, Corona stabilizer tubes . price 80p
BS9025:1970, Travelling-wave amplifier tubes
................................... price £1
BS9026:1970. Low-noise signal amplifier tubes
with integral permanent magnet focusing

......... price 60p
BS9040: 1970, Gas-filled microwave switching
tubes Lo el el s rriae-nll4 price £1.60
BS9041:1970, Digital ttl integrated circuits
.................................. price 60p

BS9052:1970, G.P. professional c.r.ts . price 80p
We have also received

BS4649:1970, * Miniature circuit-breaker dis-

tribution boards for low- and medium-voltage

a.c. circuits . ...... e e Wl Y - price 50p

British Insulated Callender’s Cables Lid, P.O.
Box No. 5, 21 Bloomsbury St, London W.C.1, have
published a booklet called ‘The erection of aerial
telephone cables” ...................... WWwa49

From the Boat Show

Ajax Electronics (1969) Ltd, Southend-on-Sea,

Essex.
‘Leader 100’ 100W radiotelephone(£435) WW450
‘Leader’ 75W radiotelephone (£375) ... WW451
‘A25’ 25W radiotelephone (£265) ..... WWwW452

Marine Electronics Ltd, Ickleford Rd, Hitchin,
Herts.

‘Tasman’ echo sounder (£54) ......... WW453
‘Combined Pacific’, combined echo sounder,

knot meter and log (£122) ......... WWw454
‘Aqua-log’, marine speedometer (£76) .. WW455
“Pacific 300°, echo sounder (£39.5) ..... WW456

Miles Nautical Instruments Ltd, River Bank Works,
Old Shoreham Rd, Shoreham-by-Sea, Sussex
BN4 SFL.

Speedometer and course-run indicat or
05)0 et % 13 WAOOE 3% Lo e e T WW457
Depth meter (£82) ................... Ww458

Smiths Industries Ltd, Motor Accessory Division,
Oxgate Lane, London NW2 7JB.

Catalogue, ‘Sport Boat Equipment’ .... WW459
Electronic Laboratories (Marine) Ltd, Cyldon Works,
Fleets Lane, Poole, Dorset. (Seafarer range)

‘Seavista’ 3kW small boat radar (£795) . WW460

‘Seascan’ 3kW small boat radar (£450) . WW461

‘Seafix’ radio direction finder (£28) .... WW462
‘Surveyor’ depth sounder (£250) ....... WW463
‘Seascribe’ depth sounder (£100) ....... WWwW464

Seafarer Mk II’ depth sounder (£28) ... WW465
The Ferrograph Co. Ltd, The Hyde, Edgware Rd,
Colindale, London N.W.9.

R300 depth sounder (meter—£75) ..... WW466
G500 depth sounder (chart—£120) .... WW467
G180 depth sounder (chart-—£85) ..... WWwW468
S.P. Radio A/S, 9000 Aalborg, Denmark. (Sailor
range)
Catalogue, v.h.f. aerials .............. WW469
Navigational equipment .............. WWwW470
Charge controllers type 76 ............ Ww471
Loops, d.f. (26FA and 26F) .......... WW472
56D, 100W telephony transmitter ...... WW473
96D, 2W radiotelephone . ............ Ww474
66T, marine receiver ................. WWwW475
56T, marine receiver ................. WW476
RT141/142, 20W v.h.f. radiotelephone . WW477
76D, 35W telephony transmitter ....... WWw478
86D, 70W telephony transmitter ....... Ww479
Marine radio equipment (short form) ... WW480
46T, marine receiver ................. WWwia81

Derritron  Electronics Ltd, Marine Division, 24
Upper Brook St, London W.1.
DF70, direction finder and marine receiver
(E£125) oo WW482
‘Seaphone’, SW radiotelephone (£175) .. WW483
‘Mayday II’ emergency radiotelephone (£125)
................................... Ww484
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March Meetings

Tickets are required for some meetings: readers are advised, therefore,

to communicate with the society concerned

LONDON

Ist. IEE—"“Telecommunications—new practices,
old concepts” by Prof. J. Greig at 17.30 at Savoy Pl.,
w.C.2.

2nd. IEE—Discussion on “Technical codes of
practice in independent television” at 17.30 at Savoy
Pl, W.C.2.

3rd. IERE—*Loran C-—some recent develop
ments and field observations” by W. F. Blanchard
and A. R. Woods at 18.00 at 9 Bedford Sq., W.C.1.

4th. RTS—"Recent developments in colour tubes”
by W. Wright at 19.00 at .T.A., 70 Brompton Road,
S.W.3.

8th. IEE—Colloquium on “Recent progress on
semiconductor microwave sources” at 14.00 at
Savoy Pl.,, W.C.2.

8th. IEE—*“Communication of objectives—recon-
ciling the interests of the organization and the
engineer” by Dr. D. Pym at 17.30 at Savoy Pl.
w.C.2.

9th. IERE—Clerk Maxwell lecture “Guided
electromagnetic waves” by Prof. H. M. Barlow at
18.30 at University College, Gower Street, W.C.1.

10th. TEE—"Aspects of military defence
communications, past and future” by J. R. Mills at
17.30 at Savoy P, W.C.2.

10th. TERE—“Modernization of short-wave
transmitting stations” by C. MacKenzie at 18.00 at 9
Bedford Sq., W.C.1.

15th. IEE—Discussion on “Low cost digital
voltmeters™ at 14.30 at Savoy Pl., W.C.2.

15th. IEETE—Panel mecting on  “Better
equipment—by design” at 18.00 at Savoy PI.,
w.C.2.

16th. IERE/IEE-Colloquium on “Equipment
technology in computer syvstems’ at 14.30 at 9
Bedford Sq., W.C.1.

17th. Inst.Nav.—Discussion on “The relationship
between A.T.C. separation standards and
navigational capability” at 17.00 at Royal Institution
of Naval Architects, 10 Upper Belgrave Street,
S.w.1.

17th. IEE—Discussion on “Data communica-
tions—studies for a public service” at 17.30 at Savoy
Pl., W.C.2.

17th. IERE—*Data logging techniques” by J. T.
Kennair at 18.00 at 9 Bedford Sq., W.C.1.

17th. BKSTS—"The development of high-quality
audio amplifiers” by J. L. Linsley Hood at 19.30 at
I.T.A.. 70 Brompton Road. S.W.3.

18th. RTS—*“Low light television” by R. J. Core
at 19.00 at I.T.A., 70 Brompton Road, S.W.3.

22nd. IEE—Colloquium on “Ferrite microstrips
at 10.30 at Savoy P, W.C.2.

24th. IERE—"Engineer to entreprcneur” by
T. M. B. Eiloart and J. Langham Thompson at
18.00 at 9 Bedford Sq., W.C.1.

25th. IEE—Discussion on “Techniques for
separating biological signals from biological noise” at
14.30 at University College, Gower Street, W.C.1.

31st. IERE—“R.F. standards” at 18.00 at 9
Bedford Sq., W.C.1.

ABERDEEN

17th. IERE—"Electronics and road safety” by
G. J. Glassbrook at 19.30 at Robert Gordon's
Institute of Technology, Physics Dept. Lecture
Theatre, St. Andrews Street.

AYLESBURY
{Ith. IEE—‘Stereo transmission” by Dr. G. J.
Phillips at 19.15 at the College of Technology.

BATH
3rd. IEE/IERE—“Data communication” by
M. B. Williams at 19.00 at the University.

BIRMINGHAM

8th. SERT—Colour TV forum at 19.30 at Aston
University.

17th. RTS—"Satellite communication in the 70s”
by D. I. Dalgleish at 19.00 at ATV Studio Centre,
Bridge Street.

BOURNEMOUTH
4th. IEE—“Application of m.ost. & Ls.i
techniques™ at 18.30 at the Technical College.

BRISTOL

10th. IERE—"Optical character recognition” by
Dr. A. W. M. Coombs at 19.00 at School of
Chemistry.

CARDIFF

15th. IERE/IEE—“Electronic control of postal
machinery” by H. W. N. Long at 18.00 at University
of Wales Institute of Science and Technology.

18th. SERT—*Problems of u.h.f. transmission
and reception” by W. Wolfenden at 19.30 at
Llandaff Technical College, Western Avenue.

24th. RTS—*U.H.F. transmitters” by D. East at
19.00 at Broadcasting House, Llandaff.

CHATHAM

25th. IERE—Discussion on  “Engineer to
manager’> at 19.00 at Medway College of
Technology.

CHELTENHAM

16th. 1ERE/IEE—*“Medical electronics” by Dr.
D.J. Mahy and M. R. Bullen at 19.00 at Cheltenham
Cobalt Unit adjoining General Hospital, Sandford
Road.

COLCHESTER
23rd. IERE—“Direct view storage tube displays”
by A. B. E. Ellis at 18.30 at University of Essex.

EDINBURGH

2nd. IEE/I.Mech.E.—*“Complex industrial
measurements with simplified electronic presenta-
tion” by T. Black and W. Brown at 18.00 at Carlton
Hotel.

3rd. Brit. Computer S.—*“Character recognition
and intelligent machines” by Dr. A. Coombs at
18.00 at the Mountbatten Building of the
Heriot-Watt University.

10th. IEKE /IEE—*“Machine intelligence” by Prof.
D. Michie at 19.00 at Napier College of Science and
Technology, Colinton Road.

EXETER
16th. IEETE—*“Concorde electrics and electron
ics” by H. Hill at 19.30 at Imperial Hotel.

FAREHAM

3rd. IERE /IEE—"“Electronics for mass produced
cars” by C. F. Rayner at 19.00 at H.M.S.
Collingwood.

FARNBOROUGH
25th. IERE—“Design for maintenance” by Lt.
G. Benyon-Tinker at 19.00 at the Technical College.
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GLASGOW

11th. IERE /IEE—"“Machine intelligence” by Prof.
D. Michie at 19.00 at the Institution of Engineers
and Shipbuilders, Rankne House, 183 Bath Street.

INVERNESS

3rd. IEE—*Instrumentation for oceanography”
by B. S. McCartney at 19.30 at the Technical
College.

LEEDS

25th. IERE—"Electronics in cars” by L. G.
Cripps at 19.00 at the University, Department of
Electrical and Electronic Engineering.

MANCHESTER

4th. SERT—*Transistor d'c./d.c. convertors” by
I. McArthur at 19.30 at U.M.I.S.T., Sackville Street.

8th. IEETE—“Technician  engineers  and
technicians—education, training, qualifications and
status” by E. A. Bromfield at 19.30 at 113/115
Portland Street.

18th. SERT—*Philips G8 colour receiver” by
R. Pratt at 19.00 at Renold Building, UM.L.S.T.

18th. IERE /IEE—“A fully integrated communica-
tions system” by P. L. Dalgliesh at 19.15 at Renold
Building, UM.LS.T,, Altrincham Street.

25th. SERT—"Evolution of radio communications
and navigation in post war civil aircraft” by
D. Allimundo at 20.00 at Renold Building. UM.L.S.T.

MIDDLESBROUGH

3rd. IEE—*Instrumentation problems in Polar
exploration” by Dr. S. Evans at 18.30 at Cleveland
Science Institute.

NEWCASTLE-UPON-TYNE

3rd. Brit. Computer S.—“The origins of digital
computing” by Prof. B. Randell at 19.00 at the
University.

10th. IERE—*Engineer to manager—effecting
the transition” by M. W. Lauerman at 18.00 at
Ellison Building, The Polytechnic, Ellison Place.

OXFORD

10th. IEE—"Stereophonic broadcasting” by Dr.
G. J. Phillips at 19.00 at the S.E.B., 1 Woodstock
Road, Yarnton.

PLYMOUTH

3rd. RTS “The impact of automation in tele-
vision transmission” by G. A. McKenzie and
R. H. Vivien at 19.30 at the Studios of Westward
Television.

READING

25th. IERE—*Integrated circuits in hi-fi systems”
bv B. A. Recd at 19.30 at the J. J. Thomson
Laboratory, The University, Whiteknights Park.

ROMFORD
10th. IERE—*“The Victoria line” by V. H. Smith
at 18.30 at Central Library.

RUGBY

16th. IERE /IEE—*“Digital voltmeters” by J. R.
Pearce at '18.30 at College of Engineering
Technology.

SWINDON

2nd. IERE—*Application of protection devices on
electricity supplv systems” by H. L. Rotstein at
18.15 at The College.

THURSO

4th. TEE—“Instrumentation for oceanography”
by B. S. McCartney at 19.30 at the Technical
College.

TREVENSON

9th. IERE—“Global communications—past,
present and future” by R. J. Halsey at 19.00 at
Cornwall Technical College.

LATE FEBRUARY MEETINGS
LONDON

24th. SERT-—*Algorithms” by J. H. Robinson at
19.00 at the Manson Theatre, School of Hygiene &
Tropical Medicine, Keppel St., W.C.1.

25th. TERE—"Television communication by
satellite and conventional systems” by D. J. Whyte at
19.30 at the Medway College of Technology.

26th.  Brit. Acoustical Soc.—Meeting on
“Scattering phenomena in acoustics™ at 14.30 at the
Chelsea College of Science & Technology.



Real & Imaginary

by “Vector”

Sacred Cows and Other Fauna

The imminence of W.W’s sixtieth birthday
sent me scuttling to the back issues to see
when “Vector’ first came down like a wolf
on the fold. To my surprise I found that
it’s seven years come September—a mini-
anniversary which will no doubt be cele-
brated by a decor of black crepe in the
Editor’s Sanctum.* There is nothing quite
so chastening as re-reading one’s old copy,
so .if an aura of gloom envelopes this page,
you’ll know the reason why.

Evil eye dept.

My maiden effort was, I see, a send-up
of Radiolympia, a time-honoured insti-
tution which, by coincidence, folded shortly
after, in defiance of my prediction that
the next show would be held in a telephone
kiosk. The second excursion was a similar
exercise on the Farnborough Air Show,
which from that time onward has been
relegated from -an annual to a biennial
beanfeast. Was there, I began to wonder,
something in this evil eye business after all?

Truly, pride goeth before a fall. I wish
I could similarly report the demise of other,
and more futile, sacred cows which were
subsequently dealt with, but these, alas,
have proved to be more resilient. For
instance, there is the ‘Crow-Bar Effect’,
a common phenomenon in large companies.
This is a condition of self-oscillation using
paper-work coupling and the net effect
is akin to that produced by a high-power
alternator which has had a crow-bar laid
across its terminals—namely, a furious
display of energy but no useful work done.
With the proliferation of control depart-
ments to control those departments which
control departments, this effect is lament-
ably on the increase.

Looking on the brighter side, while the
heresy is still strongly held that the forma-
tion of super-groups will ipso facto provide
a super-efficient electronics industry, I
note with satisfaction that the projected
welding of British instrument companies
into one mammoth whole, which seemed
imminent a year ago, now seems to have
folded its tents. And (miracle of miracles)
one or two influential voices are now being

* Don't push your luck—Ed.

raised against that arch-sacred cow,
Economic Growth.T

But such trends are not moving fast
enough for our health. If, therefore, I have
a reader who is well versed in necromancy
and would like to help the electronics
industry, perhaps he would care to recom-
mend a book, written at amateur level,
on “The Do-it-yourself Evil Eye”. I should
be glad to pick up some tips.

Physician, heal thyself

According to the Sunday Telegraph maga-
zine, a gentleman called Mr. H. Ross Perot,
of Dallas, Texas, owns most of a computer
company called Electronic Data Systems
Corporation. It seems that on April 23rd
last, the Company had rather a bad day
and Mr. Perot personally dropped just
under £200,000,000 (yes, I know that
sounds an awful lot of strawberries but
that’s what it says).

Upon the face of it, it looks as if one of
Mr. Perot’s computers wasn’t really trying
on April 23rd. A distinct lack of data
transfer, if you ask me.

Conservation year for
television?

I see that in the January issue the Editor
has been laying about him on the subject
of the frequency allocation accorded to
television broadcasting. No doubt his
remarks will be hotly debated, but what-
ever the outcome, surely no-one will dis-
pute that the present television system is
woefully inefficient. I am not, in this
context, casting aspersions on the pro-
gramme content (which is a subjective
matter anyway). When I say ‘inefficient’
I mean in terms of information conveyed
in relation to bandwidth occupied. If
there should be anyone who doubts this,
let him try the simple experiment of
switching on to a television play, first
using vision only and, later, sound only.
He will find that the sound channel enables
you to follow the plot tolerably well, but
with vision only you will be lost in a matter
of seconds.

TFor example H. V. Hodson “A False God of
Growth?”—Sunday Times, Jan. 10th.
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Necessity being the mother of invention,
I hazard a guess that, supposing a goodly
part of the television band was wrested
for more deserving causes, we should see
a great upsurge in technical innovation.
Remember, we were quite content to ignore
the inefficient and wasteful use of the side-
band envelope in the black-and-white era.
It wasn’t until the exigencies of colour
came along that ways and means of pack-
ing a colour sub-carrier inside it were
developed. Similarly, if need arose, the
wasteful areas of the present system, such
as frame-to-frame redundancy, would be
subjected to a flurry of intensive research
and before we knew where we were we
should be getting two programmes for
the (bandwidth) price of one.

Sprechen sie Deutsche?

A correspondent who is looking forward
to visiting the International Spring Fair at
Leipzig, complains that his phrase-book
contains little in the way of technical ex-
pressions, with the notable exception of
‘The wireless operator who grasped the
spark gap will be cremated tomorrow,’
which might fill a lull in the conversation.
Anything to oblige, H.J.G. (Bootle). Here
are a few items to help you on your
way:—

slideruie. . . . . . gessenstik

computer . . . . . maschinengessenstik

colour fringing . . . blakrutzonblondenrinse

consonance . . . . alphabette mit der vowlz
extrakten

convergence . . . . autobahn krasherpilup

delayline . . . . . britischerpuffpufftraken

dissipation . . . . . eineuberderacht

folded horn . . . . kowmitderkrumpled

back porch . . . . gutnachtsnoggenspot

gain control . . . . neinsalararirisen

hi-fie o ) e el tweetweet mit der
loudenboomer

transistor radio . . . skwawkenschreechen

iterative impedance . grossenstutter

laser . L .2 7 . wotderblazeskanwedowithit-
gerat

microstrip . . . . . midgetgirlishow

noise generator . . . popgrupkaterwaulen

not-gate . . . . . . achtungderbulle

peak riding clipper. .
Poisson’s equation. .

rushourtiketinspektor
einemannzfische =
anothermannzpoisson

high pulse repetition . longstemzdolifraulein mit der

miniminiskirten
quartz. . . . . . . zwelpinten
store . . . . . .. marxundsparx

transfer impedance . puffpuffdriverstriken

Happy landings, HJ.G., You should have
atrip packed withincident.

Quote of the year

“What advice would you give a sixteen-
year-old school leaver, with a few O-levels
in science and maths, who is interested in
electronics as a career?” This question was
asked by a staff correspondent of W.W'’s
sister journal Electronics Weekly of a
member of the Careers Research Advisory
Centre (C.R.A.C.) at the “Opportunity-70”
exhibition which was held at Olympia
in December. ’
Answer: “Well, we usually send people like
that over to Curry’s stand in the corner.”
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These arethepot

preme reliability in a smaller size (the Brat §” square
potentiometers fo e designed and made in the U.K.)—
that’s the big thing about this Electrosil/M.E.C. multi-
turn, wirewound series. They are the obvious choice
where high density packaging is important.
The T40P (top adjusting, side mounting),
the T42P ﬁside adjusting, side mounting) and
the T43P (side adjusting, flat mounting) provide the
most precise adjustment possible and the lowest T.C.
available . . .a ‘“‘must’ for wherever the finest control
is necessary and extreme environmental conditions
are prevalent. Recent substantial reductions give you an

extra small price too.
WW—098 FOR FURTHER DETAILS

ntiometersyou'llpick

Temperature coefficient 50 p.p.m. per degree C.
Thickness 0.150 ins., fully sealed.

Industrial, defence and aircraft applications.
Resistance range 10 phms to 50K. chms. Rating 0.75w
+85°C. Temperature range —55° to +150°C.

Write now for fulk desails of Electrosil Trimming Potentiometers.
ELECTROSIL LIMITED, P.0. Box 37, Pallion, Sunderland,
Co. Durham. Telephone Sunderiand 71481. Telex 53273.

| Electrosil ) have the experience

LIMITED
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PUBLI-SERVICE PARIS WwW

PARIS PORTE DE VERSAILLES MARCH 31ST,
APRIL 18T, 2ND, 3RD, 5TH, 6 TH 1971

PARIS world capital
of the electronics industry

Research engineers, manufacturers
and electronic equipment users
from 70 countries will meet at the

INTERNATIONAL

EXHIBITION
OF ELECTRONIC
COMPONENTS

organised by S.D.S.A.

Special two and three-day trips
to the exhibition are being organised
from various points in the U.K.

Information

FRENCH TRADE EXHIBITIONS
196, Sloane Street, London S.W. 1
Tel : 235 3234/5

INTERNATIONAL COLLOQUIUM

”SPACE AND COMMUNICATION”

Collection and transmission of information
in space systems applications organised
by F.N.ILE.

Information and. registration at the Secre-
tariat of the Colloquium Fédération Natio-
nale des Industries Electroniques (F.N.I.E.)
16, rue de Presles, 75-Paris 15° Tél : 273.24.70

Wireless World, March 1971
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Guide to
Broadcasting
Stations

(16th Edition)

This is the sixteenth edition of
a useful book listing European
long and medium wave stations
of the world and all the short
wave stations of the world,
including VHF sound broad-
casting stations. The stations
are presented both in order of
frequency and geographically.
The text is introduced by five
chapters which aim to give
advice and guidance on how to
receive these stations.

0 592 08131 1 164 pages
1971 £0.50 (10s.)

Available from leading booksellers or

The Butterworth Group
88 Kingsway - london
WC2B 6AB

SILICON TRANSISTORS
1,000,000 FOR SALE

Clearance of pnp Silicon Alloy Transis-
tors from the 25300 (TO-5) and 25320
(SO-2) range and similar to the OC200-
205 and BCY30-34 series. Available only
from us at a fraction of the manufacturing
cost. All these devices would normally be
subject to re-selection for industrial use
but owing to company policy change have
been made available to us surplus to
requirements. Offering these transistors
in varied quantities make them ideal for
Amateur Electronics, Radio Hams and for
experimental use in Schools, Colleges and
Industry.
Supplied uncoded (no warranty by the
manufacturers). But our assurance given
that a minimum of 809%, will be found to
be good usable Silicon Alloy Transistors.
Please state preference of type, i.e., TO-5
25300 or SO-2 25320.
Approximate count by weight:

100 off—I15s. (plus p. & p. 2s.)

300 off—£1 15s. (plus p. & p. 3s.)

500 off—£2 10s. (plus p. & p. 3s. 6d.)

1,000 off—£4 (plus p. & p. 5s.)

10,000 of—£35 (plus p. & p. lls.)
Large quantities. quoted for on request.

EXPORT ENQUIRIES WELCOME
All  correspondence, cheques, postal
orders, etc., to:

DIOTRAN SALES
P.O. BOX 5
63a High Street, Ware, Herts.
Tel: WARE 3442
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Low cost regulated
DC power supplies

Compact design providing optimum performance at
low cost. Stabilised voltage and current outputs rang-
ing from 0-10V to 0-60V and currents from 3A-5A.
Units can be arranged for series or parallel operation.

the new
M.V. range

KSM KSM Electronics Ltd. Bradmore Green
Brookmans Pk., Herts. Tel Potters Bar 59707

WW—106 FOR FURTHER DETAILS

The show no hi-fi dealer can afford to miss

Last year over 45,000 enthusiasts visited
Sonex to hear the latest top class high
fidefity sound equipment in the ideat
surroundings of a luxury hotel. 6,000
dealers went too. This year we have
decided the trade needs more time to
itself to see what's new, so we've
planned two exclusive trade days before
the public are admitted

Send for free tickets to Sonex ‘71,

49 Russell Square, London, W.C.1.
clearly marking your application Trade’

FEDERATION OF

BRITISH AUDIO

SKYWAY HOTEL

Bath Rd., Hayes, Middiesex.
(Nr. London Airport)

MARCH 31st, APRIL 1st

11 a.m.—6 p.m. (trade only) 2nd Exhibition of high

fidelity equipment spon-
APRIL 2nd, 3."d & 4th sored by the Federation of
(general public) British Audio.

a6s

Train fortomorrow’s world in
Radio and Television at The
Pembridge College of Electronics

Your first day on Television: 21st April, 1971

This is your opportunity to train
as a television and radio
engineer on our full-time

2 year College Diploma Course.
That is the way to get into a
rapidly growing industry with
a tremendous demand for
skilled technicians. You will be
given theoretical and practical
instruction on colour

television receivers, following a
syllabus specially designed

to cover the new City and
Guilds Radio, Television

and Electronic

Technicians’ Course.

Minimum entrance
requirements are Senior
Cambridge or ‘O’ Level,

or equivalent in
Mathematics and
English.

Complete the coupon
below and we will
send you the details
about training for
an exciting, new
career,

P e |

ADDRESS

| pot To: The Pembridge College of ‘
o ‘ Electronics, (Dept. WW1 ), —
) ¢ 34a Hereford Road, London, =
,p_,_] s it ® W2 5AJ. m
=5 Please send, without obligation, details -

of the Full-time Course in Radio,
[ ) Television and Electronics. -
=l namE |
s N |
]
- R

==
T
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Sinclair Project 60

Wireless World, March 1971

Project

e S =l=ir—

the world’'s most advanced high fidelity modules

Sinclair Project

requirement  of

60 presents
fidelity in such a way that it meets every
performance,

high

design,

modest mono record

reproducer

and

expand it to a sophisticated stereophonic
radio and record reproducing system of

quality and value and now that the re-
markable phase lock loop stereo FM
tuner s available, it becomes the most
versatile of high fidelity systems. With
Project 60, 1t i1s possible to start with a

fantastically good quality to hold its own
with any other equipment, no matter how
expensive. Project 60 is a unigue high
fidelity module system where compactness
and ease of assembly are combined with

System The Units to use together with Costof Units

A Simple battery Z.30 Crystal P.U., 12V battery 89/6
record player volume control (£4.47%

B Mainspoweredrecord Z.30,PZ.5 Crystal or ceramic P.U. £9.9.0
player volume control etc. (£9.45)

C 20+4+20W.R.M.S stereo 2xZ.30s, Stereo 60, Crystal, ceramic or mag. £23.18.0
amplifier for most needs PZ.5 P.U., most dynamic (£2390)

speakers, F.M. tuneretc.

D 20+4+20W.R.M.S stereo 2xZ.30s, Stereo 60, High quality ceramic or £26.18.0
amplifier with high PZ.6 magnetic P.U.,F.M. Tuner, (£26.90)
performance spkrs. Tape Deck, etc.

E 404+40W.R.M.S. de- 2xZ.50s, Stereo 60 As for D £32.17.6
luxe stereo amplifier PZ.8, mains trsfrmr (£32.87%)

F Outdoor P.A system Z.50 Mic.,upto4 P.A speakers £5.9.6

controls, etc. (£6.47%)

G Indoor P.A Z.50, PZ.8, mains Mic., guitar, speakers. etc.. £17.8.6

transformer controls (£17.42%)

H Highpassandlow pass A.F.U. C.DorE £5.19.6
filters (£5.97%

J Radio Stereo F.M. Tuner C.DorE £25.0.0

WW-—102 FOR FURTHER DETAILS

circuitry that is far in advance of any other
manufacturer in the world. Thus it s
extraordinarily easy to assemble any
combination of modules using nothing
more complicated than the simplest
of tools, and you certainly do not have
to be experienced to build with complete
confidence. The 48 page manual free
with Project 60 equipment makes every-
thing easy and you can house vyour
assembly in an existing cabinet, motor
plinth, free standing cabinet or virtually
any arrangement you wish. Once you
have completed your assembly you will
have superlatively good equipment to
give you years of service and enjoyment.
You will have obtained superb value for
money because Project 60 isthe bestselling
modular system in Europe and can there-
fore be produced at extremely competitive
prices and with excellent quality control.

Sinclair Radionics Ltd., London Road, St. Ives,

Huntingdonshire PE17 4HJ.
Tel: St. lves (048 06) 4311

sirnci=ir—
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Sinclair Pro
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Z.30 & 2.50
power amplifiers

The Z 30 and Z50 are of advanced design
using silicon epitaxial planar transistors to
achieve unsurpassed standards of performance.
Total harmonic distortion is an incredibly fow
0.02% at full output and all lower outputs.
Whether you use Z.30 or Z.50 amplifiers in your
Project. 60 system will depend on personat
preference, but they are the same size and may
be used with other units in the Project 60
range equally well.

SPECIFICATIONS (Z.50 units are inter-
changeable with Z2.30s in all applications).
Power Qutputs

Z.30 15 watts R.M.S. into 8 ohms using 35 voits:
20 watts R.M.S. into 3 ohms using 30 volts.

Z.50 40 watts R.M.S. into 3 ohms using 40 volts:
30 watts R.M.S. into 8 ohms. using 50 volts
Frequency response: 30to 300,000 Hz+1dB
Distortion: 0.029 into 8 ohms

Signal to noise ratio: better than 70dB un-
weighted.

Input sensitivity: 250mV into 100 Kohms

For speakers from 3 to 15 ohms impedance.
Size3Zx2ix%in.

Z.30

Built. tested and guaranteed with circuits and

instructions manual 89/6 (£4.47%)
Z.50
Built. tested and guaranteed with circu'ts and

nstructions manual 1 09/ 6 ( £5.47 15)

Power Supply Units

Designed specially for use with the Project
60 system of your choice.

lllustration shows PZ.5 to left and PZ.8 (for use
with Z.50s) to the right. Use PZ.5 for normal
Z.30 assemblies and PZ.6 where a stablised
supply is essential.

PZ-5 30 volts unstabilised £4.19.6 (£4.973)

PZ-6 35 volts stabilised £7.19.6 (£7.97%)

PZ-8 45 volts stabilised

(less mains transformer) £5,19.6 (£5.97%)

PZ-8 mains transformer £6.19.6 (£5.97%)

Guarantee

If within 3 months of purchasing Project 60
modules directly from us. you are dissatisfred with
them, we will refund your money at once. Each
module is guaranteed to work perfectly and should
any defect arise in normal use we will service it at
once and without any cost to you whatsoever
provided that it is returned to us within 2 years of the
purchase date. There will be a small charge for
service thereafter. No charge for postgge by
surface mail, Air-mail charged at cost

Stereo 60
pre-amp/control unit

Designed for the Project 60 range but suitable
for use with any high quality power amplifier.
Again silicon epitaxial planar transistors are
used throughout, achieving a really high
signal-to-noise ratio and excellent tracking
between channels. Input selection is by means
of push buttons and accurate equalisation is
provided for ail the usual inputs.

SPECIFICATIONS
Input sensitivities: Radio—up to 3mV. Mag. p.u.
3mV:correctto R.ILA.A. curve + 1dB:20t0 25,000 Hz.
Ceramic p.u.—-up to 3mV: Aux—up to 3mV.

Qutput: 250mV.

Signal-to-noise ratio: better than 70dB.
Channel matching: within 1dB.

Tone controls: TREBLE + 15 to —15dB at
10KHz: BASS + 15 to—15dB at 100Hz.

Front panel: brushed aluminium with black knobs
and controls.
Size: 8k x11x4ins.
Built, tested

and guarantead.

£9.19.6
Active Filter U nit

.l QW

For use between Stereo 60 unit and two Z.30s
or Z.50s, and is easily mounted. it is unique In
that the cut-off frequencies are continu-
ously variable, and as attenuation in the
rejected band is rapid (12dB/octave). there is
less loss of the wanted signal than has
previously been possible. Amplitude and
phase distortion are negligible. The A.F.U. is
suitable for use with any other amplifier system.
Two stages of filtering are incorporated —
rumble (high pass) and scratch (low pass).
Supply voltage — 15 to 35V. Current — 3mA.
H.F. cut-off (—3dB) variable from 28k Hz to
5kHz. L.F cut-off (-3dB) variable from 25Hz
to 100Hz. Distortion at 1kHz (35V. supply)
0.02% at rated output.

Built, tested

£5.19.6

and guaranteed

(£9.97%)

(£5.97%)

Stereo FM Tuner

firstin the world to use the

phase lock loop principle

Befor : production of this tuner, the phase lock
loop rinciple was used for receiving signals
from ¢ pace craft because of its vastly improved
signal to noise ratio over other systems. Now,
for the first time, the principle has been
applied to an FM tuner with fantasticaily good
results. Other original features include varicap
diode tuning. printed circuit coils, an 1.C. in the
specially designed stereo decoder and squelch
circuit for silent tuning between stations.
Sensitivity is such that good reception be-
comes possible in difficult areas. Foreign
stations can be tuned in suitable conditions
and often a few inches of wire are enough
for an aerial. In terms of a high fidelity this
tuner has a lower level of distortion than any
other tuner we know. Stereo broadcasts are
received automatically as the tuning control is
rotated. a panel indicator lighting up as the
stereo signal is tuned in. This tuner can also be
used to advantage with any other high fidelity
system.

SPECIFICATIONS:

Number of transistors: 16 plus 20 in I.C.

Tuning range: 87.5t0108 MHz.

Captureratio: 1.5dB

Sensitivity: 2uV for 30dB quieting: 7uV for full
limiting.

Squelch level: 20uV.

A.F.C.range: 200 KHz

Signal to noise ratio: >65dB

Audio frequency response: 10Hz—15KHz
(£1dB)

Total harmonic distortion: 0.15% for 30%
modulation

Stereo decoder operating level: 2,V
Pilottone suppression: 30dB

Cross talk: 40dB

I.F. frequency: 10.7 MHz

Qutput voltage: 2x 150mV R.M.S

Aerial Impedance: 75 Ohms

Indicators: Mains on: Stereo on; tuning indicator
Operating voltage: 25-30VDC

Size: 3.6 x 1.6 x 8.15 inches: 91.5 x 40 x 207 mm

—
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Price: £25 bunltand tested. Post free

To: SINCLAIR RADIONICS LTD LONDON ROAD ST.

Please send

for which | enclose cash/cheque/money order.

IVES HUNTINGDONSHIRE PE17 4HJ

Name

Address

WAy 3/71

WW—103 FOR FURTHER DETAILS
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Sinclair 1C10/Q16/Micromatic

-
Rt W R

The world’'s most advanced high

fidelity amplifier

This is the world’s first monolithic integrated
circuit high fidelity power amplifier and pre-
amplifier. The circuit itself is a chip of silicon
only a twentieth of an inch square by one
hundredth of an inch thick, having 5 watts
RMS output (10 watts peak). It contains 13
transistors (including two power types), 2
diodes, 1 zener diode and 18 resistors, and is
encapsulated in a solid plastic package which
holds the metal heat sink and connecting pins.
This exciting device is more rugged and has
considerable performance advantages, in-
cluding complete freedom from thermal
runaway and a very low level of distortion.
The IC10 is primarily intended as a full
performance high fidelity power and pre-
amplifier, for which application it only
requires the addition of such components as
tone and volume controls and a battery or
mains power supply. [t may also be used in
other applications including car radios,
electronic organs. servo amplifiers (it 1s dc
coupled throughout) etc.

Circuit Description

The first three transistors are used in the
pre-amp and the remaining 10 in the power
amplifier. Class AB output is used with
closely controlled quiescent current which is
independent of temperature. There is generous
negative feedback round both sections and
the amplifier is completely free from crossover
distortion at all supply voltages, making
battery operation eminently satisfactory.
Each IC10 is sold with a comprehensive
manual giving circuit and wiring diagrams for
a large number of applications in addition to
high fidelity. These include oscillators, etc.
The pre-amp section can be used as an RF or
IF. amplifier without any additional transistors.
Specifications:

Output: 10 watts peak. 5 watts RMS continuous
Frequency response : 5Hz to 100kHz 1+ dB.

Total harmonic distortion: Less than 1% at full
output

Load impedance: 3to 15 ohms.

Power gain: 110 dB (100.000.000,000
total

Supply voltage: 8 to 18 volts. (A Sinclair power
unit, PZ.7 is availabie for mains operation).

Size: 1 x 0.4 x 0.2 in. plus heat sink and tags.
Sensitivity 5 mV.
Input impedance:
2.5Mohms

Price (with manual) 59/6 (£2.974) post free.

times)

Adjustable externally up to

Q16

High fidelity loudspeaker

The Q16 employs the well proven acoustic
principles specially developed by Sinclair in
which a special driver assembly is meticulously
matched to the characteristics of the uniquely
designed cabinet. In reviewing this exclusive
Sinclair design, technical journals have justly
compared the Q16 with much more expensive
loudspeakers. Its shape enables the Q16 to be
positioned and matched to its environment to
much better effect than is the case with
conventionally styled enclosures. A solid teak
surround with a special all-over cellular foam
front is used as much for appearance as its
ability to pass all audio frequenctes

This elegantly designed shelf mounting
speaker brings genuine high fidelity within
reach of every music lover.

Specifications:

Construction: Special sealed seamiess sound or
pressure chamber with internal baffle.

Loading: up to 14 watts TMS.

Input impedance : 8 ohms.

Frequency response: From 60 to 16,000 Hz.
confirmed by independently plotted B and K curve
Driver unit: Special high compliance unit having
massive ceramic magnet of 11,000 gauss. aluminium
speech coil and a spectal cone suspension for
excellent transient response.

Size and styling: 9% in square on face x 4% in. deep
with neat pedestal base. Black all-over celtular foam
front with natural solid teak surround.

Price £8.19.6. (£8.974).

To: SINCLAIR RADIONICS LTD LONDON ROAD ST.

Please send

IVES HUNTINGDONSHIRE PE17 4HJ

Name

Address

for which | enclose cash/cheque/money order.

wwa3/7
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Micromatic

SANIANGD S 31DVvuiAY

Britain‘s smallest radio

Considerably smaller than an ordinary box of
matches. this is a multi-stage AM receiver
brilliantly designed to provide remarkable
standards of selectivity, power and quality for
its size. Powerful AGC counteracts fading
from distant stations: bandspread at higher
frequencies makes reception of Radio 1 easy.
The plug-in magnetic earpiece provided
matches the Micromatic’s output to give
wonderful standards of reproduction. Every-
thing including the special ferrite rod aerial and
batteries is contained within the minute and
attractively designed case. Whether you build
a Micromatic kit or buy this amazing receiver
ready built and tested. you will find it as easy
to take with you as your wrist watch, and
dependable under the severest listening
conditions.

Specifications:

Size: 36 x 33 x 13 mm (14/5 x 13/10 x 4 in.)
Weight : including batteries, 28.4 gm (1 oz.)

Case: Black plastic with anodised aluminium front
pane! and spun alumintum dial

Tuning: medium wave band with bandspread at
higher frequencies. (550 to 1,600 Hz).

Earpiece : Magnetic type

On/off switching: By inserting and withdrawing
earpiece plug

Kit 1n pack with earpiece, case, instructions and
solder 49/6 (£2.474)

Ready built. tested and guaranteed. with earpiece
59/6 (£2.974)

Two Mallory Mercury battertes type RME7S
required. From radio shops, chemists. erc.

Sinclair Radionics Ltd., London Road,
St. Ives. Huntingdonshire PE17 4HJ.
Tel: St. ives (048 06) 4311

imncli=ir-
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BI-PAK=LOW COST 1.C’s

BI-PAK S8emiconductors now offer you the largest and most
popular range of I.C's available at these EXCLUSIVE LOW
PRICES. TTL Digital 74N Series fully coded, brand new. Dual
in-line plastic 14 and 16 pin packages.

BI-PAK
Order No.

BP0 7400N
BPO1 7401N

BP04 7404N
BP10 7401N
BP20 7420N
BP30 7430N
BP40 7440N
BP4l 7441N
BP42 7442N
BP50 7430N

BP53 7453N

BP60 7460N
BP70 7470N
BP72 7472N
BP73 7473N
BP74 7474N
BP75 7475N
BP76 7476N

BP83 7483N
BP0 7490N
BP92 7492N
BP93 7403N
BPO4 7494N
BP95 7495N
BP96 7496N

Price and Qty. Prices
Description 1-24 25-99 100 up
Quad 2-Input NAND GATE 33p 27p 23p
Quad 2-Input NAND GATE— OPEN COL
LECTOR ] 33p 7p 23p
HEX I\VERTEB, P 33p 7D 23p
Triple 3-Input NAND GATE 33p 7D 23p
Dual 4-Input NAND GATE 33p 7p 23p
Bingle 8-Input NAND GATE . 33p 7p 23p
Dual 4-Input BUFFER GATE .. 33p 7p 23p
BCD to decimal decoder and N.IT. Driver £113 1 87p
BCD to decimal decode (TTL O/P). . . £118 1 87p
Dual 2- Input AND/OR/NOT GATE—
expandab| 33 27 23p
8ingle 8- Input AND/ORINOT GATE-
expandable 33p 27p 3p
Dual 4- Inpuwexpnndable 33p 7D 3p
Bingle JK Flip-Flop—edge tnggered 45p 0 50
Bingle Master 8lave JK Flip-Flop . 45p 0p 50
Dual Master 8lave JK FIip-FIop 50p 5p 43p
Dual D Flip-Flop 50p 45p 43p
Quad Bistable Latch 55p 0p  47p
Dual Master Blave Flip-. Flop wn,h preset
and clear .. 55p 50p 7P
Four Bit Binary Ad(ler £1-30 £113 1
BCD Decade Counter . £113 £1 7P
Divide by 12 4 Bit binary coun'.er £113 £ 7P
Divide by 16 4 Bit binary counter. £1'18 £ 7P
Dual Entry 4 Bit 8hift Register £1'13 £ P
4 Bit Up-Down 8hift Reglster £1'13 £ 7P
5 Bit Bhift Register . . £120 £105 3p

Data are available for the above Series of Integrated Cirouits in booklet form.

.

perfect.
PAK No. PAK No.
=5 x 7400N 50p UIC73 = 5
5 x 7041N 50p UICT4 = 5
5 x T402N 50p UICT5 = &
5 x 7403N 50p UIC76 = 5
5 X 7404N 50p UIC80 = 5
5 x 7405N 50p UIC82 = 5
UVICI0 = 5 x 7410N 50p UIC83 = 5
UIC20 = 5 x 7420N .. 50p UICS6 = 7
UIC40 = 5 x 7440N .. 50p UIC90 = 5
UIC4l = 5 X 7441AN 50p UICY2 = &
UIC42 = 6 X 7442N 50p UICI3 = 35
UIC50 = 5 x 7450N 50p UICY =5
UIC51 = 5 x 7451N 50p UICY = 5
UICK0 = 5 x 7460N 50p UICY6 = 5
UIC70 = 5 x 7470N 50p UICX1 = 2
UIC72 = 5 x 7472N 0p

TTL INTEGRATED CIRCUITS

Manufacturers’ “Fall outs”—out of spec. devices including functional units and part
functional but classed as out of spec. from the manufacturers very rigld specifications.
Ideal for learning aobut I.C’s and experimental work, on testing, some will be found

7473N 500
7474N 50p
7476N 50p
7476N 50p
7480N 50p
74822N 50p
7483N 50p
7486N 50p
7490N 50p
7492N 50p
7493N B
7494N 50p
7495N 50p
T496N Op

5
X ASBT'D 74's £1'5

S
Packs cannot be split but 20 assorted pieces (our mix) is available as PAK UICX1.
Every PAK carries our BI-PAK Satisfaction or money back GUARANTEE.

LINEAR I.C’s

Type No. Case Leads Description Price

-124 25-99 100
BP201C—8L20/c  TO-5 8 G.P. Amp 83p 53p 45p
BP701C—8L70/C TO-5 8 OP Amp. 83p 50p 45p|
BP702C—8L702C TO-5 8 OP Amp Direct OIP 83p 50p 45p
BP702 72702 D.ILL. 14 G.P. 0.P. Amp (W lde Band) b53p 45p 40p
BP709--72709 D.ILL. 14 High Gain OP Amp. 53p 45p 40
BP709P--tA709C  TO-5 8 High Gain OP Amp. 53p 456r 40p
BP741—72741 DIL. 14 High Gain OP. Amp(Pmtected 75p 80p 50p
uATO3C —~ATO3C TP-3 6 BF—IF Am 43p 35p 27p
TAA263 TO-72 4 700 80p 556p
TAAA293 TO-74 10 (xP A.mp 90p 75p 70p

Epoxy case To-5 temp. range 15°C to 55°C 1-11
£ L900 Buffer 40p
pL 914 Dual two-mput GATE . 8 d 40p
gL 923 J-K Flip-flop b53p
ull data and circuits for IC's m Booklet form pnce 7p each.

RTL FAIRCHILD (U.S.A.) 1.C’s
RTL Micrologic Circuits

Qty. prices each

12-24
35p

35p
50p

25-99 100+
33 27
33p 27
47p 450

VALUE ALL THE

WAY

g pAKs QUALITY 1 SIPER PAKS " A
Pack Qty, per Description Price] Unequalled Value and Quality
No. pack 8atisfaction CUARANTEED in Every Puk, or money back.
Q1 20 Redspottrans. P.N.P.
Q2 16 White spot R.F. cmns P.N.P 50; Pak No. _ . )
Q3 4 OC77 type tran 50D U1 120 Glass 8ub-min. General Purpose Germanium Diodes . 50p
Q4+ 6 Matched trans. 0c44/45/81151D 50p . T A f
Q5 4 OC 75 transistors . S0p U2 60 ‘Mixed Germanium Trangistors AF/RF 50p
Q g : Og I‘ést:anslsu;r;‘ PR 509 U3 75 Germanium Gold Bonded Diodes sim. QA3, 0A47 50p
Al . i B
98 7 AR Ehee T gain ' 90) U4 4y Germanium Translstors like OGS1, AGI28 50p
Q9 7 OC8I type trans, 500 U5 200mA 8 8il. Diod
Q10 7 OC71type trans. .. 50p 80 200m ATSub"min Sil. Digdes 50
Q11 2 AC 127/128 Comp. pmrs PNP/ U6 30 Silicon Planar Transistors NPN sim. BRY95A, 2N706  50p
NPN
Q12 3 AF 116 type tmns gg; u7 16 8ilicon Rectifiers Top-Hat 750mA up to 1,000V 50p
Q13 3 AF 117 type trans. 50p 50 8i anar Di B
Q14 3 0C171 H.P. type trans. 2op U8 50 8il. Planar Diodes 250mA 0 A/200/202 50p
Q15 5 2N2026 8il. Epoxy trans. .. §0p Logt] 20 Mixed Volts 1 watt Zener Diodes 50p
Q16 2 GETS80 low noise Germ. trans. 50p -
Q17 3 NPN1BTI41 & 28T140 .. BHop| U1l 30 PNP Silicon Planar Transistors TO-5 sim. 2N11:32 50p
QI8 4 Madks 2 MAT 100 & 2 MAT | U3 30 PNP-NPN 8ii Twnsivtors 0C200 & 28104 500
Qlg 3 'V[&dt 52 MAT 101 & 1 MAT M Ul4 150 Mixed 8ilicon anid Germanium Diodes 50p
P
Q20 4 OC 44 Germ. trans. A F. 50p| Uls 256 NPNX 8ilicon Planar Transistors TO-5 sim. 2N697 50p
21 3 AC 127 NPN Ge trans. .. E .. "
822 920 NKT trans. A_Fl?u;{.;._a c?)ded gg; Uls 10 3-amp Bilicon Rectifiers 8tud Type up to 1,000 PLV ..  50p
Q23 10 0A202 8il. diodes sub-min. 50p| U17 30 Germanium PNP AF Transistors TO-5 like ACY17-22 50p
Q24 8 OA 81 diodes 50p il E 600 PIV
Q25 6 IN914 8il. diodes 75PIV TﬁmA 50p Uls 8 6-Amp Silicon Rectifiers BYZ13 Type up to 600 PI 50p
Q26 8 OA95 Germ. diodes sub-min. U19 25 8ilicon NPN Transistors like BC108 50p
ING9 5 - "
Q27 2 108 CoPIV Sl Reots 184258 oon| U20__ 12 1-5 amp Silicon Rectiflers Top-Hat up to 1,000 PIV__ 50p
Q28 2 8il. powerrects. BYZ13 .. 50p] VU2l 30 AF Germanium alloy Transistors 2G300 8er. & 0C71 _50p
Q24 e ersen | gop| UZE__80 MadUs likc MAT Beries PNP Transistors 50p
Q30 7 8il switch trans. 2N706 NPN 50p| U24 20 (iermanium l-amp Rectifiers GIM up to 300 PIV 50p
8 g'g;‘gﬁﬂ;,‘;;:g“;’x“ggﬁg}“ 50P| (95 95 30 Mc/s NPN Bilicon Transistors 2N708, BEY27 500
@ & ;‘Nll 32 5 50p| U26 30 Fast Switching Silicon Diodes like 1N914 Micro-min.  50p
834 7 g:: VEP\?’"{;?‘S 172\1235(, 50p U2k Experimenters’ Assortment of Integrated Circuits, un-

. S500MBE2 e 50p tested. Gates, Flip-Flops, Registers, ete. 8 Assorted Pieces £1
Qs 3 8l IPETO-5 52 x 2N2901 & 50p| UZY 10 I-ampSCR's TOBS can up to 60D PLV CRE1/25-600 £1
Q36 7 ‘ZVJﬂ-iﬁ TD- 18 plstshc ’!(NIMHY 50p U3l 20 8il. Planar NPN trans. low noise Amp 2N 3707 50p
QT 3 2\72003 PN 8il. trans. . s0p] U2 25 Zener diodes 400mW D07 case mixed Voits, 3-18 50p
Qss 7 PNP'trans 4 % 2N3703, 3 x  50p U33 15 Plastic case 1 amp Silicon Rectifiers 1IN4000 series . 50D
Q38 7 NEN R 4 oNgrod, 3 X OCP| US43 Su. PN ailoy trans. TO-5 BOY25, 28302/4 . 50p

2N3705 50p[ U35 25 8il. Planar trans. PNP TO-15 2N2006 50p
(D NEN amp. 4 X 2N3707, 3 X U362 8il. Planar NPN trans, T0-5 BFY50/61/52 50p
2N 3708 50p : 2 ot -
Q41 3 Plastic NPN TO 18 2N3904 50p U3z 30 8il. alloy trans. 80-2 PNP, 0C200 28322 50p
22 0 SINtrane ONSIT2 .. -+ 20P| 38 20 Fust Switching Sil. trans, NPN 400 Mcjs 2N3011 50p
Q44 7 NPN trans. 4 x BC108, x U39 30 RF Germ. PNP trans. 2N1303/5 TO-5 50p
015 3 BOOYNEN 1018 (rans, . Dop| U010 Dual traus, 1 tead T0-5 252060 500
Q46 8 BC115 NPN TO-5trans. .. 50Op| U4l 25 RF Germ. trans. TO-1 OC45 NKT72 .. 50p
@47 6 NEXN high gain 3 x BOWOT, 0| U#2 10 VHF Gorm. PNP trans, TO-1 NKT667 AF117 500
48 4 BCY70 PNP trans. TO-18 .. 50p| U43 25 8il. trans. Plastic TO-18 AF BC113-114 50p
@49 4 NENrans.2 x BEVSL2x 1 031 20 Bil trans. Plastic T0-5 BOLI3-116 500
Q50 7 BBY 28 NPN switch 'TO-18. 50p
Q51 7 BBY 95A NPN trans. 300MR2 50p
Q32 8 BY100 type sil. rect. & £1 a N = ., f . .
55 Code Nos. mentioned above are given as a guide to the type of device in
Q33 25 sum::_kﬁ{':e“""m ixed .3‘“91450 the Pak. The devices themselves are normally unmarked.

TRANSISTOR EQUIVALENTS BOOK. A com-

plete cross reference and equivalent book for
European, American and Japnnese Transistors.

FREE

ADI6] ~ex
ADI162 rxr

MATCH ED COMPLE-

One 50p Pack of your
own choice free with
orders valued £4 orover.

FREE

GENERAL PURPOSE GERM. PNP POWER

Coded GP100, BRAND NEW To-3 CASE.
0C26-28-29-30-35-36.

TRANSISTORS

POSSIBLE REPLACEMENTS FOR:
NEKT401-403-404-405-406-450-461-452-4563.

T13027-3028.

2N250A, 2N456A-457A-458A. 2N511-511 A & B.2G220-222, ETC. SPECIFICATION
VCBO B0V VCEO 30V IC 10A PT 30 WATTS8 HEE 30-170.

PRICE

1-24
43p each

25-99
40p each

100+
38p each

GENERAL PURPOSE SILICON NPN POWER
TRANSISTORS

Coded GP300. BRAND NEW To-3 CASE. POSSIBLE REPLACEMENT FOR

2N3055, BDY20, BDY11.

Exclusive to BI-PAK. 75p each.
NEW LOW PRICE TESTED S.C.R’s
PIVIA 3A 7A 10A 16A 30A

TO5 TO66 TO66 TO48 TO48
30 23p 26p 47p 50p 53p £115
100 25p 33p 53p 580 83p £140
200 36p 37p 57p  6lp 75p £1-60
400 43p 47p 67p 751 £1-75
600 53p 57p 77p  97p £1 25 =
830 83p 70p 90p £1'20 £150 £4
24 POTTED BRIDGE RECTIFIERS
200V. 50p

SIL. GP DIODES

3R0mwW
49PIV (Min.) 1()0 oo
Sub-Min.
Fall Tested 1000 .

Ideal for Organ Builders.

PRINTED CIRCUITS EX-COMPUTER
Packed with semiconductors and com-
ponents. 10 boards give a guaranteed
36 trans. and 30 diodes.

Our price 10 boards 50p+ 1l0p p. & p.
100 hoards £3+30p p. & 1.

DUAL-IN-LINE LOW PROFILE S8OCKETS
1¢{ AND 16 Lead B8ockets for use with
Dual-in-Line Integrated Circuits.

SILICON RECTIFIERS--TESTED

OF GERM. POWER
5 A 10A  40A TRANSISTORS
PIV 300mA 750mA IA 154 34 1o 404 | GUR LOWEST FRICE
50 4p 5p 7p 14p 21p 113 Pe PER PAIR
100 4p 6p 5p 12p 16p 23p  76p 83p d
200 5p _9p 6p 14r 20p 24r £1 |aF2is  PNP GER
400 6p 13p _7p 20p 27p 37p £125|SIEMENS VHF TRA
600 7p 16p 10p 23p 34p 45p £1-85 |SISTORS. RF MIXER -
800 10p 17p 13p 25p 37p 56p £2 |osc. UP TO 900 MHE.
1000 11p 25p 150 30p 46p B3p £250 JUSE as REPLACE-
1200 33p 330 570 75p MENT FOR AF139-
AF186 & 100's. OF
HER USES IN VHF.
TRIACS. EX-EQUIPMENT  |OUR" SPROIAL Low
2A 6A 10A MULLARD AF 117 |PRICE: 41--24 3Zp esoch,
VBOM TO5 TO86 TO48 25-99 34p each 100+
100 50p 63p £1 TRANSISTORS 30p ench,
200 700 90p £125{Large can 4 lead Type. 2N3055 115 \VATT 8IL.
400 80P £1 £160|Leads cut short but stitl . NPN.
VBOM—Blocking ~ volt-|usable. Real value at|ot RPRICF EACH
age in either direction.|15 for 50p. FULL 0 EN-
ER DIODE

SILICON DIAC
For use with Triacs

8
VOLTAGE RANGE 2-33V

GERM. POWER TRANS.| {00007 (DO-7 Case) 18p

SPECIFICATION: VCBO 100V. VCEO 60V. 1C 15 AMPS. PT. 115 WATTS,

Hfe 20-100. FT1 MHZ.
PRICE:

1-24
55p each

100+
47p each

25-99
50p each

SEMICONDUCTOR HANDBOOK

240 PAGE8 OF SUGGESTED CIRCUITS—TRANBISTOR OUTLINES AND
REMICONDUCTOR SPECIFICATIONS. INTRODUCTION AND EXPLANA-
TION IN 11 LANGUAGES: ENGLISH, DUTCH, FRENCH, GERMAN,
INDONESIAN, SWEDISH, SPANISH,PORTUGUESE,ITALIAN, ARABIAN,
SBERBO-CROATIAN. A HANDBOOK FOR ALL SEMICONDUCTOR USERS.
{DUTCH PUBLICATION).

PRICE £1'43 incl. P. & P.

Price each
Qrder No. 124  25-99 100 up
T3014 14 pin type  33p  27p  25p
TBO1 616 pin type 43p 37p  34p
FET’S
O
v 2N 20 pesna
ORPG0, ORPEL 40p ea. [\ red, - - gy
BY130 ....20p ea

PHOTO TBANB

OCP71 Type 400 Piv 500 mA

3p|8il Rects.

BR100 37p each ea. 1-3W (Top-Hat) 17p
ex. 105W (80-10 8tud)
25p ea. All fully tested

UNIJUNCTIONS Op| 5% tol. and marked.

UT48. Eqvt. 2N2646 State voltage required.

Eqvt. T1843. BEN:3000
27p each. 25-99 25p,
100 UP 20p

NPN SILICON PLANAR o

BC107/8/9 10p_ each,
50-99 gp. 100 up 8p each,
1,000 off, 7p each. Fully
tested and coded TO-18
case.

SILICON HIGH VOLT-
AGE RECTIFIERS
10-Amp 3-K.V. (3000
P.1.V.) Stud Type with

Flying Leuds, 80p each.

% GIRO No.
388-7006 v

Please send all orders direct to our warehouse and despatch department.

Postage and packing add 7p. Overseas add extra for Airmaii.

with order please.

Minimum order 50Qp. Cash

BY RETURN POSTAL SERVICE

BI-PAK SEMICONDUCTORS
P.0. BOX 6, WARE, HERTS.

BRAND NEW TEXAS
GERM. TRANSISTORS
Coded and Guaranteed

Pak No EQV’

T1 8 20371A 0C71

8 2G374 0C72

8 2G3744A OCB1D

8 2C381A 0OC81

8 2G382T

8 2G344A

8 2G345A

8 8 2G378
TY 8 2G399A

T10 8 2G417

All 50p each pack.

2N2OGO NPNS SIL.

OUR PRICL 25p
each

120VCB NIXIE DRIVER
TRANBISTOR

8im. B8X21 and C407,
2N1893 FULLY
TESTED AND CODED
NDI20, 1-24 17p each.

TO-5 NPM 25 up 15p
each.

KING OF THE PAKS BI-PAK CGUARANTEE SATISFACTION OR MONEY BACK
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LARGE RANGE OF

LOW COST
COMPUTERS &

CAPACITOR DISCHARGE IGNITION SYSTEM

The popular Wireless World Capacitor-Discharge Ignition system is
now available in two versions. The original unit, comprising a printed-

FROM A SINGLE SOURCE circuit board with stand-off heat-sink and separate transformer. or

the mechanically re-designed wunit with printed-circuits and a
transformer contained within a die-cast box; the transistors and
thyristor being mounted on the outside of the case and supplied
with snap-on plastic covers. This version also includes a plug

and socket for ease of connection, together with a conversion
IBM PUNCHED CARD pIuBg pr:ovidirfg instan; c:angfa-ovder ‘to cfor;ventc;on:I igniti;)nf, -
oth versions embody printed-circuit boards designed for positive
EQUIPMENT AT and negative earth ignition systems thus enabling simple conversion
« LOWEST UK PRICES to op:posite pollarity if ;he vehicle is .subseqL:.er;tly _c:angerc]i. kA
complete complement of components is supplied with each kit
AND SHORT DELIVERY together with ready-drilled and roller-tinned printed-circuit board,
IBM fully machined heat-sink (or die-cast box) and a custom-wound
transformer.
024 026 047 056 Suitable for 12V. systems only. All components available
063 077 082 083 084 separately. Wiring details are supplied for both polarity systems.
Please state polarity required so that correct semiconductors can
085 087 088 519 548 be supplied. Complete assembly and wiring manual for boxed
557 etc. version 5/-, refundable on purchase of kit.
PRICE ‘OPEN VERSION’ £9.25 plus 50p. Carriage.
FROM STOCK, IMMEDIATE DELIVERY ‘ENCLOSED VERSION’ £11.25 plus 50p. Carriage.
PDP8S ASR33 IBM1401 C6 Choice of configurations. ulYols ELIEDLAES QR 2. (YT @) @7
e D DABAR ELECTRONIC PRODUCTS
ELLIOT 803B Choice of two. 98a LICHFIELD STREET, WALSALL, STAFFS. WS1 1UZ
LITTON 1238 One available. Tel: WALSALL 34365
FERRANTI ARGUS 400B Four available.

WW-—107 FOR FURTHER DETAILS

PLEASE WRITE FOR DETAILS OF @
SPECIFIC EQUIPMENT, DATA PREP. [ ] 4 4 ' =
—OR COMPLETE SYSTEMS

A
ICT HOLLERITH Type 29.80 column - -4 THERE'S MORE &
Punch. A well-proven electro-mechani- A . . MORE & MORE
cal card punch, with duplicating, spacing, FOR
and skipping facilities. Two types of ='a EVERYONE!
keyboard are available for this model:

Alpha/Numeric and Alphabetic Numeric.
FEATURES: Motor cut-out switch for
clearing card jams. Stop Lever for
stopping card at the 80th column. 1 97q
ICT MODEL 129 VERIFIERS

The type 129 programme board verifier 1s an electronic operated

machine which automatically verifies numeric, alphabetic and multiple The great new 1971 edition
punchings in standard 80 column cards with rectangular holes. of Lasky's famous Audio g
Available from stock. Tronics catalogue is now
REBUILT—DELIVERY FROM STOCK available—FREE on request.
The 44 newspaper size
COMPUTER QUALITY % in. MAGNETIC TAPE CERTIFIED 550 B.P.1. pages— many in full colour—
800 B.P.1. ON 2,400-ft. REELS. GUARANTEED : are packed with 1000’s of
REPLACEMENT IF FAULTED.......... £6:50 LA el (D (Gt
| stocks in Great Britain of
2in. Highest grade 2,400 ft................. £3-00 veiviiinohiogthelfadicland
Lin. 101 in. dia. spool and cassette........ £1-50 Hi-Fi enthusiast, Electronics
1in.8%in. dia, spool and cassette.......... £1-50 Hobbyist, Serviceman and
1in. metal 10} in. dia. spool and cassette.... £2-50 Communications Ham. Over
%in. N.A.B. centres 10} in. spooionly...... £1-00 haif the pages are devoted
exclusively to every aspect
of Hi-Fi (including Lasky's
REFURBISHED HAND PUNCHES e
VERIFIERS 80 COLUMN Package Deats). Tape
DELIVERY FROM STOCK - - 3 MONTHS WARRANTY fecardinolandiudiclaceesSeies
and introduces
. £ . . LASKY'S AUDIO TRONICS
* Please write for brochure of our Company’s activities CREDIT CARD SCHEME
offering holders one month’s interest % ¢ = Y-
COMPUTER SALES AND SERVICES (EQUIPMENT) LTD. free credit up to £50. Send your T SR =
g name and address and 15p for post I E =
49-53 Pancras Rd., London, N.W.1  Tel: 01-278 5571 Telex: 267307 and inclusion on our regular mailing list. g :

T T A I N I N TR T AT ST T / ' ‘
3-15 CAVELL STREET, LONDON,E? 2BN. / "l‘ N

WW—106 FOR FURTHER DETAILS
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COMPUTER MULTI-CORE CABLES
12, 14/0076 copper cores, each one insulated by coloured
P.V.C. then separately screened, the 12 metal braided cores
laid together and P.V.C. covered overall making a cable just
under § in. dia. but quite pliable. Price 38p per ft. Any
length cut. Other sizes available 7 core 25p ft., G core
20p ft.. 4 core 18p ft.

AC FAN
Small but very puwerful mains
motor with 1

for cooling equipment ar as

in. blades. Lieal

extractor. Silent but very eili-
cient. 90D,
from back or front with 4BA

post 23p. Mounts

BCrews.

Double Leaf Contact

Very slight pressure closes both

contacts. @p each. 60p doz.

00 Plastic push-rod suitable for operating,
5p each, 45p doz.

PAPST MOTORS

Est. 1/20th h.p. Made for 110-120 volt
working, but two of these work ideally
together off our standard 240 volt
mains. A really beautiful motor,
extremely quiet running and reversihie.
£1-50 each. Postage one 23], two 33p.

2 SPEED REVERSIBLE TAPE MOTOR
230v. 50Hz. Capacitor start. Reversible. Normal construe-
tion. Bize: 33in. dia. x 2in. deep. Approx. 1/40th hp.
£2 with Condeuser, plus 22}p post and iusurance.

MIDGET OUTPUT
TRANSFORMER
Ratio 140 : 1. Size approx. lin. x fin. x
fin., primary inpedance 450Q. Connec-
tion by flying leadr 23p each. £2 40 doz.

MIDGET OUTPUT
TRANSFORMER
Ratio 80 : 1. Size approx. 1iin. x lin. x
jin. Primary impedance 1320Q. Printed
circuit board connection 28p each. £3 doz.

CHART RECORDER MOTOR
Bmall (2in. diameter approx.) instrument motor with fixing
flange and spindle (}in. long, #in. diameter); integral gear-
box gives | rev. per 24 hours. £1.

IGNITION (E.H.T.) TRANSFORMER
Made by Parmeko Ltd. Primary 240v, 50 ¢.p.s. Hecondary
5Kv at 25mA. Bize approx. 44in. x 3hin. x 2}in. thick.
Price £1:50 + 23n.

FLUORESCENT CONTROL KITS
Each kit comprises seven ilems—Choke, 2 tube ends,
starter, starter holder and 2 tube clips, with wiring
instructions. Buitable for normal fluorescent tubes or
the new “Grolux” tubes for tish. tanks and indoor
plants. (‘hokes are super-silent, mostly resin filled.
Kit A 1520 w. £1. Kit B 30-40 «. £1. Kit C—
80 w. £120. Kit E—65 w. £1-20. Kit F for 8ft.
125 w. tube £1-75. Kit MF1 is jor 6in., 9in. and 12in,
miniature tubes. £1. Kit MF2 for 21in. t niniature
tube, £]. Postage on Kits A and B 23p for one or
{wo kits then 23p for each two Kits ordered. Kits C, 1D
and E 23p on first Kit then 18p for each kit ordered,
Kit F 33p then 23p for each kit ordered. Kit MF1
18p on first kit then 18p on each two kits ordered.

MAINS TRANSISTOR POWER PACK
Designed to operate transistor sets and amplitiers. Adjuet-
able output Gv., 9v., 12 volts for up to 500mA (class B
working). Takes the place of any of the following batteries:
PP1, PP3, PP4, PP6, PH7, PPY, and others. Kit comprises:
maine transformer rectifier, smoothing and load resistor,
condensers and instructions. Real spip at oply 83p,
plus 18p pustage.

3 DIGIT COUNTER

For Tape Recorder or other application, re-
settable by depresaing button. Price 28p.

ISOLATION SWITCH
20 Amp D.P. 250 Volts. Ideal to control
Water Heater or any other appliance.
Neon indicator shows when current is

on. 23p; £2:40 per dozen.
—
S
R e Almost zero resistant in sunlight
inereases to 10 K. Ohms in dark or dull

light, epoxy resin sealed. Size approx. tin. dia. by }in. thick.
Rated at 500 MW. wire ended. 43p. Suit most circuits.

LIGHT CELL

5A 3-PIN SWITCHED
SOCKETS Auexcellent opportunity to
make that bench dis board you have
needed or to stock up for future jobs. This
month we offer 6 British made (Hicraft)
bakelite flush mounting shut-
tered switch sockets for ounly
50p plus 18p post anl insurince.
I {20 hoxes post free.)

MOTOR WITH GEARBOX
Very powerful 7 r.p.m., operates from
standard A.C. mains. £1-50, plus 18p P. & I'.

TRANSDUCER
Made by Acos, reference No. 1.1.1001. For
measuring vibration, etc., to be used in
conjunction with *‘G” Meter. Regular
price £5. Qur price £2 50. Brand new
and unused.

THERMOSTAT

Continuously variable 30°-40°C Hag sensor bulb
connected by 33in. of flexible tubing. On operation
a 15 amp 250 volt switch is opened and in addition
a plunger moves through approx. }in.
Thia couid be used to open valve on
ventilator etc. £1-50 plus 23p p. & ins.

DISTRIBUTION PANELS

Just what you need for work bench or tab. 4 x 13 amp
sockets in metal box to take standard 13 amp fused
plugs and on/off switch with neon warning light. Supplied complete with 7 feet of heavy
cable. Wired up ready to work, £2 less plug; £2-25 with fitted 13 amp plug; £240 W
fitted 15 amp plug. plus 23p P’. & 1.

— STANDARD WAFER SWITCHES

< 4 Standard size 1} wafer—silver-plated 5-amp contact,
W’ standard 1~ spindle 2° long —with locking washer and nut.
No.ofPoles 2 way 3 way 4 way O way 6 way 8 way 9 way 10 way 12 way
1 pole 33 33p 330 33 33p 33p 33p 33p 33p
2 poles 33 33 33 33 33p 33p 33p 55p 55p
3 poles 33 33 33p 33p 55p 55p 55p 75D 75p
1 poles 33r 33p 33 55p 55p 55p 55p 95p 95p
spoles  33p 33p b55p 550 75p 75 75p £115 115
6 poles 33p 55p 55p  55p 750 75p 75p £135 £135
7poles  55p 55p 55p 759  95p 85p 95p £155 £155
#poles  55p 550 55p 750 95p 95p 95p £175 £175
9poles 55p 55p 758  75p  £115 £1'15 £1'15 £195 £195
lopoles  Bhp 550 758 950 £1-15 £115 £115 £216 £215
11 poles 55p 75p 750 950 £135 £135 £135 £235 £235
i2poles 550 75p Yhp 95p £1-35 £135 £135 £255 £255

FONEYWELL PROGRAMMER

This is a drum type timing device, the drum being calibrated in equal divisiona for switch
purposes with trips which are infinitely aljustable for position.
They are also arranged to allow 2 operations per switch perrotation.
Thereare 15 ch crmicroswitch h of 10 amp typeoperated
by the trips thys 15 circuits may be changed per revolution. Drive
motor is mains'operated 5 revs. per min. Some of the many uses of
this timer are Machinery control. Boiler firing, Dispensing and
Vending machines, Display lighting animated signs, Signalling etc.
Price from Makers probably over £10 each. Special snip price £5-75
plus 25p post and ins. Don’t miss thig terrific bargain.

THIS MONTH'SSNIP (e

ELECTRIC TIME SWITCH

Made by Smiths these are A.C. mains operated. NOT
CLOCKWORK. Ideal for mounting on rack or shelf or
can be built into box with 13A socket. 2 completely
adjustable time periods per 24 hours, 5 amp changeover
contacta will switch circuit on or off during these periods.
£2-50, post and ins. 23p. Additional timne contacts
50p pair.

COMPUTER TAPES

2,400f1. of the hest magmetic tape money can buy. Made by E.M.L. lin,
wide, almoat unubreakable and on a 10}in. metal computer spool. Users have
claimed succsssful results with video as well as sound recordings. £1
plus 33p post. Cassette to hold spool 50p extra.

20 AMP ELECTRICAL PROGRAMMER

Learn in your sleep! Have Radio playing ani kettle boiling as
vou awake—awiteh-on bghts to ward off intruders ~have warm
house to come home Lo All these and many other things you
can do if you invest in an Electrical Programmer. Made by the
famous Smiths Instrument Company. This is essentially a
2:30/240 volt mains operated Clock and a 20 amp 8witch, the
gwitch-off time of which can he delayed up to 12 hours (continuo - |y bl nat stepped).
Sunilarly the switch-on time can be delayed. This is a beautiful unit, size 5§ 33 X Zgin.
deep. Metal encused. glass fronted with chrome surround. Offered at £2-40 pius 23p
postage and insurance.

INTEGRATED CIRCUITS —

A parcel of integrated circuits made by the famous Plessey Company. A once in a lifctime
offer of Micro-electronic devices well below cost of inanufacture. The parcel contains 5 ICs
all new and periect, first grade device definitely not sub-standard or seconds. The ICs are
all singte silicon chip General Purpose Aunplitiers. Regular price of which is well over £1
each. Full circuit details of the ICs are inclnded and in addition you wili receive a list of
50 different 1C8 availableat bargain prices 25p upwirds with circuits and technical data of
each. Complete parcel only £1 post paid or List and all technival data.

4 AMP VARIAC CONTROLLERS
With this you can vary the voltage applied to vour circuit from zero to
270 volts without generating undue heut. One abvious application there-
fore i8 to dim lighting. Ex equipment but little used—as good as new
offered at approx. half price— £5 plus 63p post and ins.

BARGAIN OF THE YEAR
MICROSONIC RADIOS

7 transistor Key chain Badio in very pretty case, size
93 x 2} x I} in.—complrte with soft leather zipped
bag. 8pecification : Circuir.: 7 transistorsuperheterod yne
Frequency range: 530 1o 1609 Kefs. Bensitivity: &
mv/m. Intermediate: frequency: 465 Kefs, or 455 Ke/s.
Power output: 40mW. Antenna: ferrite rod. Loud-
speaker: Permanent magnet type. In transit from the
East, these gets suttered slight corrogion as the batteries
were left in, but when this corrosion is cleared! away
they should work perfectly—offered without guarantee
except that they are new, £1'25 plus 11ip post and
insurance. Less batteries. Bix for £7, post free. Re-
chargeable batteries 43p per pair.

ERGOTROL UNITS

These units made by the Mullard Group are for
operating and controlling d.c. Motors and equip-
ment from A.C. mains.

Thyristors are used and these supply a variable
d.c. resulting in motor speed control an«d operating
etficieney far superior to most other methods.

The units are contained in wall mounting
cabinets with front control panel an which are
fuses— push buttons for onjoff and the varabl
thyristor firing control.

4 models are available—all are brand new in
makers cases:

Mode] 2410 for up to 5 amps  £17-50
Model 2411 for up to 10 amps  £27-50
Model 2413 for up to 45 amps £47-50 23
Model 2415 for up to 80 amps  £95-00

Note: 2415 is a fivor mounting unit.

1 HOUR MINUTE TIMER

Made by famous Smiths company, these have a large clear
dial, size 4%in. x 3%in., which can be set in minutes up to
1 hour. After preset period the bell rings. Jdeal for processing,
a memory jogger or, by adding simple lever, would operate
micro-switch. £1:15.

a7l

2}kW FAN HEATER

Three position switching to suit
changea in the weather. Switch up
for full heater (2§kW), switch down
for half heat (13kW), switch central
blows cold for summer cooling—
adjustable thermostat acts as auto-
control and safety cut-out. Complete
kit. £3-75. Post and ins. 38p.

YOER-FLOOR HEATING CABLE

2uott. lengths, suitable for dissipating 1,000 watts at 80
volts. Join three in series to make a 240-volt mains-operated
element of 3kW. Price £1 per length, 23p post on any

quantity.

3-CORE LEADS
Heavy duty 23/36, average length 5ft. 50p per dozen
lengths, plus 23p post and ins.

CONSTRUCTORS' PARCEL

1. Plessey miniature 2-gang tuning condenser with built-in
irimmers and wave gang switch. 2. Ferrite slab aerial with
coils to suit the above tuning condenger. 3. Circuit diagram
giving all component values for 6-transistor circuit covering
full medium wave and the long wave band around Radio 2.
The three items for only 40p which is half of the price of
the tuning condenser alone.

MAINS RELAY  200/250v. with 3 10 amp contacts.

This i8 a very well made relay

which being very small only 1§ x1xiin. approx., will
fit into confined spaces. B3p each. £6'75 per dozen.

transistors

HEARING AID AMPLIFIERS 3 r
and associ-

ated condensora and resistors on a little printed circuit
board, the whole thing only about’ half as big as an Oxo
cube. If you are making miniature equipment then these
may well be just what you are looking for. £1-75 each.

LARGE PANEL MOUNTING
MOVING COIL METERS
Rize 5in. X 4in. Centre zero 200-0-200 micro amp, nade by
8angamo Weston. Regular price probably £8. Qur price
£3. Ditto but 100-0-100 £4.

A.C. AMMETER
0-5 amps., flush mounting, moving iron. Ex-equipment but
guaranteed perfect £1-50.

CIRCUIT BOARDS
Heavy copper on 3/32 paxolin sheet, ideal for making power
packs, etc., as sheet is very strong and thick enough to allow
copper to be cut away with hacksaw blade. 5in. x Sin.
8p each. 15in. - 5in. 23p each.

SUB-MINIATURE MOVING
COIL MICROPHONE
as used in behind the ear deaf aids
Acts also as earphone size only §in. iln. iin. Regular
price probably £3 or more. Qur price £1. Note these are
ex-equipment but if not in perfect working order they will
be exchanged.

MAINS OPERATED
CONTACTOR
220/240v. 50 cycle solenocid
with laminated core Bo very
silent in operation. Closes 4
circuits each rated at 10 amps.
Extremely weli made by =2
(ierman Electrical Company.
Overall size 24 x 2 x 2 in.
£1 each.
SIMMERSTAT CONTROL SWITCH

Combined on-off switch and *heat on” regulator intended
for automatic temperature regulation of electric hot plates
up to 3kW. Otticial rating 15A 200-250v A.C.size 2 x 1} x
2in. deep. Single hole lixing 63p. Knob 23p extra.

AUTO--ELECTRIC CAR AERIAL
with dashboard controi switch—fully extend-
able to 40in. or fully retractable. Suitable for 12v
positive or negative earth. Supplied complete
with fitting iustructions and ready wired dash-
boari switch, £6 plus 25p post and jns.

TOGGLE SWITCH
3 amp 250v. with fixing
ring. '7ip each 75p doz.

MICRO SWITCH
b amp. changeover contacts, 9p each, 90p
doz. 15 amp. on/off 10p each or £1-05 loz.
MINIATURE EAR PIECE
As used with imported pocket radios. 8p each 75p doz.

15/20 AMP CONNECTORS
Polythene insulated 12-way strip.
13p each £1-20 doz.

13 AMP FUSED SWITCH
Made by G.E.C. For connecting water
heater etc., into 13 amp ring main. Flush
type 18p each £]1 50 doz. Metal boxes for
surface mounting 8p each 75p doz.

13 AMP SPUR UNIT
By (}EC for conuecting clock, etc., to ring main. Pull-
out fuse. Flush mounting. Cream. 13p each; £1:20 doz.

MAINS MOTOR

Precision made—as used in record
decks and tape recorders—ideal aleo
for extractor fans, blower, heater, etc.
New and perfect. 8nip at 50p. Postage
15p for first one then 5p for each
one ordered. 12 and over post free.

MINIATURE WAFER
SWITCHES
2 pole, 2 way—4 pole, 2 way—3 pole, 3 way—
4 pole, 3 way—2 pole, 4 way-—3 pole, 4 way—
2 pole, 6 way,1 pole, 12 way. All at 18p
each, £1-80 dozen, your assort ment.

MINIATURE SLIDE SWITCH

3 pole change-over. 15p each £1-50 doz.
Heavy duty 250 watt Model, not Weller, but
by a famous Italian maker. £4 phlus 33p
postage and insurance.

A New Service to Readers. A bulletin bringing news of new
lines, special snips and “too few to advertise” lines will be
posted to subscribers during first week of each month.
The bulletin will be called “Advance Advert News’ and
the Subscription is 60p per vear. Suhscribers will also
receive our completed 1971 catalogue when this is published.

2

Where postage is not stated then
orders over £5 are post free. Below £5
add 14p. S.A.E. with enquiries please.

ELECTRONICS (CROYDON) LTD

Dept. WW, 266 London Road, Croydon CRO-2TH
Also 102/3 Tamworth Road, Croydon
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TRANSISTORS

BRAND FULLY
NEW GUARANTEED

NEW TYPES-NEW PRICES

Send today for your FREE copy
of our new 1971 Jist

2N104
2N696
2N697
_2\706

22p
17p

BAY38
B(107
B('10¢
B('109

B%Y‘)S
BSYY95.
BY100
BY126
BY127
BY182

BY Ll5£l 00
GET102 30p
GETI111 40p
G ET880 37p
(+E'T882 25p
MATI100 25p
MAT101 30p
MAT120 25p
MATI121 30p
MJ2801£1-37
MJ2601
£2-25
MJE370 97p
MJ1i520 87p
M.T12955

Low
COST

HENRY'S

INTEGRATED CIRGUITS

WE OFFER FROM STOCK AN EXCLUSIVE RANGE OF
BRAND NEW CERAMIC FULL SPECIFICATION LOW

SEMI-CONDUCTORS
LOOK AT THESE PRICES FOR

QUANTITIES FROM STOCK

£1-37
MJE3055

87p
MPF102 42p
MPIF103 35p
MPF104 37p
MPF105 40p
NKT21325p
\I\’I"14 1Sp
N

BUY58 25p
BCY71 30p | NKT30375p
gg}(vz :lu.';p NK'T10462p
i P Ab 20
BOY79 30 | 00 105
A A
/i ] A4
BDII12 500 | 0A70  i0n
BDI121 65p [ 0A73  lo0p
BD123 80p | OA7C 10p
BDI24 80p | 0481 (0
BDI125 50p [ 0A85  I2p
BD131 75p | 0A90 10p
BD132 85p | Oa01 Tp
BDI153 62p | 0.A95 Tp
BD156 57p | OA200  Tp
BDI31 750 | 0A202 10p
BDY10£1-25 | 016 S0p
BDYI1 0C20  97p
)
BOY17, | 05 4oe
. 0024 60p
Bmlscns 0025 3p
DL 0C26  25p
97005 61
- Y P
BDYe1 9C3  se
BDY62 36 »
£1-00 | OC41 25p
BF115 28p [ OC42  30p
BF152 30p | OU43 40p
BF154 40p | OC44 i7p
BF158 30p | OC45  I5p
BF159 60p | 0U70  12p
BF1687 25p | OCT71 1Sp
BI170 35p | OC72 25p
BF173 30p [ OC73  30p
BI'177 40p | OC74  30p
BF178 25p | O(75  25p
BF179 4op | OC'76 25p
BF180 37p | OL'77  40p
BF181 37p | OC81  25p
BF182 32p | 0C82  25p
BF184 25p | 083  25p
BF185 25p | OC84 25p
BK194 7p | OC139 25p
AF115 25p | BF195 1§p | OC140 37p
ﬁme 25p [ BI'196 15p | OC'I41  62p
AFI17 ; :
AF118
AF124
\F125

Ol{l’(\O
ORP61
ZTX107 |5D
ZTX300 12p
ZTX500 20p
Z'1'X503 20p
Z1'X531 30p
Discounts

BAY31 Tel. Extn 4

HENRY'

COST TTL 7400 RANGE OF INTEGRATED CIRCUITS AF"“){)M"“;‘;“ 25p AF"‘)_“"";‘;“ 25e
25 + 20p 25 p
Part Price Price Price Price 100 + 17p 100 + 17p
No. Description 1-49 50-99  100-499 500 + 500 + 1Sp 500 + 15p
;:g? ?u:ul gﬁplput s«zuud Gate G 25p 20p {8p 1Sp
Juad 2—Input Nand Gate Open Collector 25p 20p i8p 1Sp P .
7402 Quad 2—Input Positive Nor (iate 25p 20p 18p 1Sp AF116 Mullard 25p § AFII7 Mullard 25p
7404 lex Inverter 25p 20p 18p 15p 25 20p 2 20p
7405  Hex Inverter with Opeu Collector 25p 20p 18p 1Sp 100 + 170 100 170
7410 Triple 3-Input Nand Gate 250 20p i8p 15p 500 + 15p 500 1Sp
7:30 %inulle 8-Input Nand Gate 25p 20p 18p 15p
7440 ual {-Input Buffer Gate 25p 20p 18p I5p Texs
7441 BCD to Decimal Decoder and NIX Driver £1-00 90p 80p 75p ZN30ss 75p § ZN38I9 Texas 35p
7442 BCD to Decimal Decoder ('I'FT, £1-00 90p 80p 7Sp Mullard 115 watt 25 30p
7450 Dual 2-Input and/or not ('ate—h\]mn(lah]e 25p 20p 18p I15p Slllcon Power 100 25p
7453 Single 8-Input and/or not (iate—kxpandable 25p 20p 18p 15p 25 65p 500 23p
7460 Dual 4-Input-—Expandable 25p 20p 18p I15p 100 + 55p 1000 20p
7470 Single JK Flip Floj—dge Triggered 40p 35p 30p 25p 100 - 50p
7472 Single Master Slave JK Flip Flop 40p 35p 30p 25p 2N 2646 50p
7473 Dual Muster Slave JK Flip Flop 45p 40p 35p 30p BFY90 65p
7474 Dual D blip Kiop 45p 40p 35p 30p . Motorola
7475 (i Bistable Latch 50p 45p 40p 35p 1000 MC/s Unijunction
7476 1ual Master Slave I'lip Flop with Preset 50p 45p 40p 3Sp 25 60p 2 44p
7483 !our Bit Binary Counter £1-00 90p 80p 75p 100 + 55p 100 37p
7490 BC'1) Decade Counter £1-00 90p 80p 7Sp 500 -+ 500 200+ 33p
7492 Divide by 12. 4 Bit Binary Counter £1-00 90p 80p 75p 1000 + 45p 1000 + 30p
7493 Divide by 18. 4 Bit Binary Counter EII'OO 90p 80p 75p
7494 Dual Kntry 4 Bit Shift Register 00 90p 80p 750 AFI3 AFI186
7495 4 Bit Up Down Shift Register £100  90p 80p T5p o L — F3°° YTl sl 1«‘409
7496 5 1sit Shitt Register £00  90p  80p  Tip S g e T
Data arvailable for above series in booklet form, price 10p. Larger quantity prices Bxin. 4 100 22p . . 100 30p
Dual Inline 14 Pin Sockets 30p each. 16 Pin 3Sp each. 500 + 19p 500 25p
1000 17p 1000 + 23p
T R I A c S GENERAL R.C.A. INTEGRATED } oci7 »uliara 250 § BYZ13 25p
) Mulla 2
ELECTRIC CIRCUITS 108 f_}z Iulh;—d h;o;)o
I Car- (Al stud mounting) Linear Types 500 i5p 100 + 17p
Type \olts rent 1-49 50 + 100 + 500 (‘;300.) £1:20 CA3035 £1-25 13\0)8 I-;D
o X CA3011 75p CA3036 90p ar [~]
SR sty unne 355 gap 706 on fCamiz  sop [ clwsy  ase | O Ml 0p
S35 400 3 amps £1°00 85p  7Sp  T0p CAB01d £1.45 CA3012  £1-10 100 + 22p BCl07, BCios,
SC40A 100 6 amps £100 85p  75p  T0p £1-10 (“&:SO § £1-40 500 + 20p BCI109 12p each
SCI0B 200 6 amps £1:20 £100 85p  80p A 1304 i B
SC401) 100 6 amps £125 £1 10 £1-00 90p A Y e Eilae L'T.T. Planars
SC45A 10010 amps £1-25 £1-10 £)100 90p c|-§o gﬁgg Z 85-'v BY 127 Mullard 20p 25 + Ilp
SC45B 200 10 amps £1-35 £1:20 £1:10 £1-00 £l Rty 252 b e s e e 100 + 10p
SC451) 400 10 amps £1-50 £1-35 £1-20 £1-10 A 23 €A3048 “_2 ok 1I7p 500 + 8p
SC50A 100 15 amps £1°65 £1:50 £1:35 £] 20 |-°o C'A3051 35 100 + 150 1000 6p
S05013 200 15 aws £1 75 £1.80 £1 45 €130 )2 300 - 11
8CH0D 400 15 amps £2:00 %Y . i 4 pplication Notes 10p for each type
SCIOF 500 6 amps £1 50 £1-25 £]-10 £1-00 f 77" e &2 ¥7p
SCI5E 500 10 amps £{;5 2; 50 él ;g g: g? BCii3 25p \Iullgrd ]a’lgoto
SCH0K 500 15 amps £2 25 00 £1° . ety
DIAC s)Tz 20)9 " |NTEGRATED CIRCUITS ‘),b('f‘zop 100 + 80p
Larger quantity prices on application Extn. 4 MEC 4000P Motorola £12 100 + 7o 500 + 75p
1.C.10 Sinclair £275 500 iSp
PA246 5 Watt £27-45 1000 13p [eJopi:] 62p
TAA263 Mullard Sp
SILICON RECTIFIERS | 1inioo Mullard £97 § oaz02 T T
TADI1O Mullard £1'97 g . 160 50
M(1303 Motorola €260 | SILICON Diodes 5 L
1 AMP MINIATURE WIRE ENDED PLASTIC ff ("I a0 Pairchild 400 25 - 8p ooog&!ze
Type  P.LV. 149 50 + 100 + 500 + 1000 }u,m; Fairchi}d 40p égg g" P
: iL923 Trairchild 60p ©
INIO0OI 50 8p Tp ép Sp 4p - Fairehi 1 i
IN4002 100 9% 8p 7o sie  din ] Lazoc Fairchild 75p 000 + dp OC7I Mullard 15p
IN1003 200 10p 9  Tip 5 Sp M('1304 Motorola £275 2 i2p
INIDOE 500 10 9 8p Tp  4n J DA230 G. Klectric £1:10 § OC42 Mullard 30p 100 1 10p
INt003 600 I20 100  9p Tp  7p | P234 G e A 25 - 25p ) o 2
:Ndl)uli 800 ;(5)9 |2p :gp Hp 'zp 100 + %?p P
\14007 1000 P 1 p P P P e . 500 [ I i S
ﬁ,’f,"f',,,‘-ev"’;’ff Ele\;‘f;,,v%l_.‘;de‘ 1000 + 18p ORPI2 Mullard 50p
1:5 AMP MINIATURE WIRE ENDED PLASTIC § Miniature XS A3 25 -+ 4s5p
e ) BZY 88 Range Ends OC45 Mullari 15p 100 42p
Type  P1V.1-49 50 © 100 + 500 + 1000 All voltages 3:3 | 68 Volt all volt- 2% - 13 500 + 40p
L1001 50 10p 9p 8p o 6p | Volt-33 Volt. ages to 100 Volts 100 + |2g 1000 37p
PL1002 100 1lp :op '9p gp 7o ,',gv each. 25p each. 500 + 10p
PL1003 200 12p Ip Op P 8p 2 1000 + 8
PLiooi 00 13p lle oo b 8p e 2N?30 iy P
L4005 600 ] 3p -] ] ] 28 P
P06 800 17 15e 135 126 log 8p - OCT75 Mullard 25p 100 -+ 20p
1’L4007 1000 20p 17p 15p 13p 1lp | Anv one type. Any one tyne 25 + 2lp 500 + 17p
100 i17p 1000 1Sp
5 Zener Diodes Zener Diodes 500 + 15p
3 AMP PLASTIC WIRE ENDED RECTIFIERS J 39850 30052 | FoRr Digdes 1000 + 13p OC72 Mullard 25p
Type P.1.V.1-49 30+ 100 + 500 + 1000 - Wire Ends 5°, Mounting §°9, 5 20p
PL7001 50 20p 18p 17p  i6p I4p | AUl voltaves 6:8 | All voltages 5.1- § OC20 7o 100 + 17
PL7002 100 20p 19p 18p I17p i5p § -100 Volts. 30p | 100 Volts. 40p Mullard 100v 500 - 159
PL7003 200 22p 200 190 18p 16p § Gach. each. 25 + 85p 1000 + I3p
L7004 400 25p 23p 2lp 20p I8p R 2o | 25+ . 35p 100 + 80p
PL7005 600 26p 24p 23p 22p 20p 0 25p | 100+ ... 300 500 + TSp
PL7006 800 27p 25p 24p 23p 2lp J OO0 ... 230 | Any one type. ocs3 25p
PL7007 1000 30p 28p 26p 24p 22p | 1000 P OC44 Mullard 17p 25 + 20p
Any one type. or G 100 i7p
25 P
500 + 1Sp
MINIATURE POTTED BRIDGE RECTIFIERS D < (kD 1000 + I3p
(Silicon) Size & in. % 4 in. > § in. POWER RECTIFIERS 1000 10w
-
e o ¢ a Stud Mounting 6 amp Range ocs4 25
W RV et 0] ED<: yC<- £ PV, 1-40 50+ 100+ | OCI39 Mullard 25p o 200 C
502 50 2amps S50 S0p 4S5p 40p § BYZI0 800 40p 35p  30p 25 + 20p 100 -~ 7
1002 100 2amps 60p S5p S0p 45p § BYZI1 600 38p  30p 25p 100 - e 500 - 150
2002 200 2amps 70p 65p 60p S55p § BYZIZ 100 30p 25p 20p 500 15p 1800 |3°
4002 400 2amps 80p 75p 7T0p - 65p I BY/13 200  25p 20p I7p 1000 + 13p °
504 50 4 amps ggp zgp ggp ;1‘.';9 10 amp I}eIct\;ﬁer]s 0 e W
1004 100 4 amps P P P P . =
2004 200 damps TSp T0p  85p 60p | SK103 100 4sp op  37p | ©OCBI Mullard 25p | AF239 420
4004 400 4amps 80p 75p TO0p 65p § SK203 200 50p 45p 42p 25 20p 25 3Sp
1006 100 6amps 75p 70p 65p 60p | SK403 100 55p 50p 45p 100 17p 100 30p
2006 200 6amps 80p 75p 70p 65p f SK603 600 60p 55p 50p 500 + ISp 500 + 25p
4006 400 6 amps £)- IO £1'00 90p 80p M SK803 800 75p 70p 65p 1000 + 13p 1000 + 20p

SEMI-CONDUCTOR DEPARTMENT

303 EDGWARE RD.. LONDON, W2. TEL: 01-723 1008/9
RADIO LTD. CALLERS 356 EDGWARE ROAD W2.

NEW LIST -
1971 TRANSISTOR
LIST 1000+

SENO FOR YOUR FREE
| COPY-TODAY ...

NEW PRICES

DISCOUNTS
10% 12+ ANY ONE
15/, 25+

POSTAGE 7p.
ALL ORDERS

TYPE

We respectiully ask
customers to include
a minimum £1,00 per order,
it helps to plan ahead &
saves postage as well.
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HENRY’S RADIO LIMITED
ENGLAND’S LEADING ELECTRONIC CENTRES

HI-FI - COMPONENTS - TEST - PA.- DISCOTHEQUE - ELECTRONIC ORGANS - MAIL ORDER

HENELEC SELF-POWERED PRE-AMPLIFIERS LOOK AT THE
SLIM MODERN DESIGNS USING THE LATEST sPEcIFIcATIoNs!

SILICON TRANSISTORS, FET's and IC's. DIN SOCKETS, ETC. fitted
25 WATT & 50 WATT

PUSH-BUTTON SEé_ECTIO_FJ, - 20dB. Ba[s)s and treble boost and cut.
All inputs provided plus TAPE RECORD and REPLAY. Specifically

RMS SILICON
AMPLIFIERS

HENRYS RADIO

designed for use with PA2S and PAS) Amplifiers GOLD AND SILVER
FINISH, Mains operated. Supplied with all plugs etc. AJDUSTABLE
OUTPUT UP TO | VOLT. Simple mounting.

Also suitable for use with Amplifier Models MPA 12/3 and MPA 12 {5.

& Ac full power 0.3%, distortion.
@ At full power—IdB | l¢/s to 40 ke/s.
@ Response—1dB || ¢/s to 100 kefs.

@ Rise time 2. sec.
@ Short circuit proof
plus limiting cct.

Y FET9/4. Mono with built-in mic. mixer. Accepts any ceramic or
crystal cartridge. Plus tuner, tape, etc. Price £12.50 p.p. 20p.

“ FETi54 STEREO.
Magnetic cart., input, tuner, tape, etc. Beauti(ull stereo sound.

Price £16.50 p.p. 25p. PA 25 [0 transistor all silicon differential input 400 mV sensitivity.

25 watts Rms into 8 ohms. Supplied with edge connector harness

size 57 X 37 x 27,

PA 50 12 transistor version 50 watts Rms into 3 to 4 ohms. Size

5 x 3" x 4.

MU 442. Power supply for one or two PA 25 or one PA 50.

PA 25 £7.50. p.p. [5p. PA 50 £9.50. p.p. |5p. MU 442 £6.00 p.p. 25p.

All units. No soldering—just edge connectors and plugs.

TRANSISTOR AMPLIFIERS
NEW RANGES NOW 4:300 4 TR 9 volt 300 mW. £1-75

% 1.C. STEREO
All facilities plus headphone socket without amplifiers. Uses IC's,
FET's etc. Price £24.00 p.p. 30p

SIMPLICITY TO MOUNT—EASY TO USE-DESIGNED
FOR QUALITY, PERFORMANCE AND PRICE

BUILD THIS
FM TUNER

Brochure No.
25 on request

FET9/4

TEST EQUIPMENT

For Educational, Professional IN STOCK (044 TR 9 volc | ware . £212
04 4 TR 9 volt 3 te .. Q

and Home Constructors ~ | also Decoder, (Leaflets Ref. No.6&8) 5556 TR Ul vt - s

AFIOS(‘IISOk)VOIt multi- tumng meter Post. et 20' . PA7 6 TR 16 volt 7 watt. . 2-61

meter (illus.). ost, etc. 608 6 TR 24 volt | 12

Price £8.50 p.p- 20p & power Supply € : . 4?8 4 TR 28 :gnf 18::3 £4-97
Leather case £1-42 S MULLARD TRANSISTORS 300 kc/s BAND- MPAI12/3 6 TR |8 volt 2 watt

WIDTH. PRINTED _ CIRCUIT, HIGH £4:50

200H4 20k/volt.

Price £3:87 p.p. 20p
Case 62p

500 30k/volt multi-meter
Price £885 p.p. 20p

Leather case £1:50

— THL 33 2k/volt.
Price £4'12 p.p. I15p
Leather case £1-15

TEé5 Valve voltmeter
= (illus.) £17-50 p.p. 40p

VM5i Transistorised
AF/RF millivoltmeter.
Price £32:00 p.p. 40p

TE22 Audio Generator.
Price £17.00 p.p. 35p.

TE20D RF
(illus.). Price
p.p-35p

TE22D Matching audio

generator.
Price £17-00 p.p. 35p

TEIS Grid dip meter.
Price £12:50 p.p. 20p

TO3 Scope (illus.).
37 tube. 'S5 Mc/s.
Price £37-50 p.p. 50p

*C1-8 Scope. 3" tube
10 Mc/s PB.

Price £39-00 p.p. 50p
*Cl-16 Double beam
scope. Price £87-00

p.p. 50p

* Leaflet No.

request.
RP40 (lllus) Vari-
able 5-20v. 0-2
amps. Price £25'50
p-p- 47p

generator
£15-00

19 on

RP24 {2 volt I 3v.
0-2 amps. Price
£21'50 p.p. 47p

RP124 Variable
0-24v. 1 amp. Price
£13-50 p.p. 37p

PANEL METERS
Complete range in stock. 38, 65 and
85 types plus large range Edge types
also 240°-250° types. Latest Cata-
logue is a must for complete

details.

Electronic Components &
Test Gear Centre

356 EDGWARE ROAD,
LONDON, W.2.

Tel: 01-402 4736

FIDELITY REPRODUCTION. MONO AND
STEREO. A popular VHF FM Tuner for
quality and reception of mono and stereo.
There is no doubt about it—VHF FM gives
the REAL sound. All parts sold separately.
TOTAL £6'97 p.p. 20p

Cabinet 100p, Decoder Kit €597, Tuning
Meter £1-75. Mains unit (optional) Model
P5900 £247. Mains unict for Tuner and
Decoder PS1200 £2-62

= i== HI-FI TO SUIT

,/@\ 100
== SYSTEMS
plus a complete range of individual units
in stock -Demonstrations all day —-visit
our new Hi-Fi Store. LOVWW CASH OR
CREDIT/HP TERMS (Credit terms from
£30 purchase —callers only).

FREE Stock Lists Nos. 16/17 on request.
BEST VALUE IN UK.

PA25 10 TR
PAS50 12 TR

OPTION

MPAI12/15 6 TR 36 volt 12 watt

£5°25
Z30 9 TR 30 volt 20 watt
Z50 30 volt 40 watt

100 {00 watt with power supply

£3-75
(special) 25 watt £7-50
£5-47

(special) 50 watt £9-50

£45-00 post 45p

AL POWER SUPPLIES. Postetc. 20p

P.500 Switchable (One or Two) for 104, 304 £2-62
PS.20 Switchable (One or Two) for PA7 .. .. £3-47
MU24/40 Switchable (One or Two) for MPAI12/3 or
MPAI2/15 £4:50
PZS for Z30 £397  or PZé for Z30 £6:97
PZ8 for Z50 £5-97  Transformer £2-25
Pl for 608 .. £2-87 PI5 for 410 £2-62
MU442 for | or 2 PA25 or | only PASO £6-50

SINCLAIR

PROJECT 60
PACKAGE G
DEALS add £16. Al

2x Z30 amplifier, stereo 60 pre-amp, PZS power supply, £19.
Carr. 40p. Or with PZ6 power supply, £21. Carr. 40p. 2x Z50
amplifier, stereo 60 pre-amplifier PZ8 power supply, £21:50.

ransformer for PZ8, £2-25 extra. Any of the above
Filter unit add £4-87 or with pair QI6 speakers
so NEW FM TUNER, £23.

HENRY’S
LATEST
CATALOGUE

Latest edition. Now

350 pages.

* COMPONENTS,
TEST GEAR

* EQUIPMENT,
MOCULES

*SPECIAL OFFERS, Ztc., Etc. Everything

for the constructor. Complete with 50p

(10/-) value discount voucher for use with

purchase. Price 47p Post Free. WHY

NOT SEND AWAY TODAY?

FREE 8-page Transistor, |C. Diode lists
No. 36

FREE |6-page Organs to Build brochure
No. 9

FREE Decks and Hi Fi Stock Lists Nos.
16/17.

FREE PA. Disco and Lighting List No. I8

FREE Quotations for all Electronics
send list and S.A.E.

High Fidelity Sales &
Demonstrations Centre
354 EDGWARE ROAD,
LONDON, W.2.

Tel: 01-402 5854

NEW INTEGRATED CIRCUIT STEREO

MULTIPLEX DECODER
Model 1067

Two transistor plus integrated circuit design.
9.12 volt operated, S0mV sensitivity, lamp output
direct. Auto switching plus many other features.
Size 24" x2}" x 3" 5tandard 01 connector or solder
connections. Qutput | volt per channel. Price
ready to use £675 (Leaflet No. 7 on request).

PORTABLE
GEIGER
COUNTER
£9-50

Carriage 75p

FOR MEASUREMENT OF RADIO
ACTIVITY Supplied complete with
instructions, haversack, cables and
probe. List price £70. Qur price,
new, tested, complete with 4
cell H.T. Eliminator.

Plug in mains units £3°75
Dosimeters 0-Sor 62p; 0-150r 50p;
0-50or 50p

Electronic Organs.
P.A. & Discotheque Céntre

309 EDGWARE ROAD,

LONDON, W.2.

Tel: 01-723 6963
9am. to 1p.m .THURSDAYS — OPEN. ALL DAY SATURDAY

HIGH CAPACITY (Post etc.

ELECTROLYTICS 10p)
40,000 mfd 10 volt .. S50p
35,000 mfd 15 volt .. 62p
25,000 mfd 25 volt .. 75p
46,000 mfd 25 volt .. 97p

Atafraction of normal price
MADE BY MALLORY, USA

E.A.C. DIGIVISOR mk. Il

At afraction of normal price.
Moving Coil 0 to 9 Display.
One inch character size.
Light beam lens operated
meter. Movement 500pA.
Character lamp 6.3 volts.

Also lamp for decimal
point. Overall size: 4} X
It x 2§. Brand new.

Price £3.97. Post I5p.

'Mail Order and

Industrial Sales Dept

303 EDGWARE ROAD,
LONDON, W.2.

Tel: 01-723 1008/9

OPEN,9a.m. to 6p.m. MONDAY TO SA TURDAY —
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- Gomplete Stereo SystemE£43

This superb stereo system is.a real price breakthrough. it comprises
the VISCOUNT F.ET. Mk | amplifier on which full details are given
below. the famous Garrard SP 25 (including teak veneer base
and transparent cover) with diamond cartridge or 2025 TC and the

very successful DUQ type 2 speakers.

Measuring 17} 103
finished with matching Vynair grills. They incorporate a 3 ohm. 13
8" drive unit and Parasitic tweeter. Max. power handling 10 watts

Price £13.50 per pair plus p&p £1:50.

63" the Duo type 2 speakers are teak

WITH MK Il amplifier and magnetic-cartridge £48 plus £2.50 P&P
High fidelity transistor stereo amplifier employing field effect transistors. With this

Tt Frooirt

Specification: Output per channel 10 wattsr.m.s. into 3
ohms Frequency bandwidth 20 Hz to 20 kHz +
1dB @ 1 watt.

Total distortion: @ 1 kHz @ 9 watis 0.5%.

Input sensitivities: CER. P.U. 100mV into 3 meg ochms.
Tuner 100mV into 100K ohms.

Tape 100mV into 100K ohms

F.E.T. Mk | £14.25 pius 37p P. & P.

Overload Factor: Better than 26 dB.

Signal to noise ratio: 70 dB on all inputs {with vol. max)

Controls: 6 position selector switch (3 pos. stejeo &
3 pos. mono). Separate Vol. controls for left & right
channels. Bass + 14 dB @ 60 Hz. Treble {with
D.P.S. on/off) + 12 dB @ 10 kHz. Tape Recording
output sockets on each channel.

feature & accompanying guaranteed specifications below. the Viscount F.E.T vastly
surpasses amplifiers costing far more

Size: 123" X 6" X 21" in simulated teak case.
BUILT & TESTED.

Mk Il (MAG. P.U.) £15.75 puus 50p pap

Specification same as Mk. I. but with the following

inputs.

Mag. P.U. CER. P.U. Tuner. Spec. on Mag. P.U. 3mV@

1 kHz input impedance 47K. Fully equalised towithin

+ 1 dB RIAA. Signal to noise ratio—65 dB (vol.

me-!

MAINS POWER PACK KIT: 47p extra

Price £8.25 plus 37p P. & P
Circuit 13p FREE WITH PARTS

The Sound Fifty valve amphfier and speakers are sturdily
constructed with smart housings and thoroughly tested
electronics. They are designed to last—to withstand the
knocks and bumps of life on the road. Built for the small
and medium sized gig, they are easy to handie and quick
to set up and can be relied upon to come over with all
the quality and power you need.

Output Power: 45 watts RMS. (Sine wave drive). Frequency
response: —3 db points 30 Hz at 18 KHz Tota/ distortion:
less than 2% at rated output. Signal to noise ratio: better
than 60 db. Speaker /mpedsnce: 3. 8 or 15 ohms. Bass
Control Range: +13 db at 60 Hz Treble Control Range:
+12 db at 10 KHz. /nputs: 4 inputs at § mV into 470 K.
Each pair of inputs controled by separate volume control.
2 inputs at 200 mV into 470 K,

To protect the output valves, the incorporated fail safe
circuit will enable the amplifier to be used at half power.
SPEAKERS.: Size 20" x 20" x 10" incorporating Baker's
12" heavy duty 25 watt high flux, quality loudspeaker with
cast frame. Cabinets attractively finished in two tone
colour scheme—Black and grey.

COMPLETE SYSTEM £50

plus £4 P & P

Elegant Seven Mk 3 (350mW)

7 transistor fully-tunable M.W.-L.W. superhet port- ’ 7-transistor  fully tunabie

including ready etched and drilled printed circuit
board—back printed for foolproof construction.

SOUND 50

SOUND 50 AMPLIFIER AND SPEAKER SYSTEM

P % The Dorset (600 mW)
o M.W.-LW. superhet

portable—with baby alarm facility. Set of parts. The
fatest modulised and pre-alignment techniques

v/ makes this simple to build. Sizes: 12 x 8 x 3in.
MAINS POWER PACK KIT: 47p extra

¢ e Price £8.25 plus 13p P. & P.
I it 13p ERreta PA%TS

Amplifier £28.50 + £1 P & P.
Speakers ea. £12.50 + £1.50 P & P.

LIQUIDATED STOCK

DANSETTE

TOURISTE MK3
CAR RADIO
ALL TRANSISTOR

Beautifully designed to blend
with the interiors of all cars.

Permeability tuning and long
wave loading coils ensures
excellent  tracking, sensitivity

and selectivity on both wave
bands. R.F. sensitivity at 1t
MHz is better than 8 micro
volts. Power output into 3 ohm
speaker is 3 watts. Pre-aligned
I.F. module and tuner together
with comprehensive instructions
guarantees success first time.
12 volts negative or positive
earth. Size 77 x 2" x 41" deep.
Orginally sold completely huilt for
£15.23 Circunt diagram 13p. Free
SET OF PARTS with  parts.  Speaker,

£6_30 baffle and fung kit

£1.25 extra plus 20p
Pius 37p P. & P P&P
Postage on speaker free when ordered with parts

RADIO & TV COMPONENTS (Acton) LTD
21a High Street, Acton, London, W.3.6.NG

Also 323 Edgware Road, London, W.2,
Goods not dispatched outside U.K. Terms C.W_0. All enquiries S.AE.

ALL ORDERS BY POSIT to Acton
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TRANSISTOR FM TUNER

6 TRANSISTOR
HIGH QUALITY
TUNER SIZE
ONLY fin.x tin. x
24in. 3 1.F. atages.
Double tuned dis-
eriminator, ample
output to feed most
amplitera. Operates
on 9 voit battery, Coverage 88-108 Mc/s. Ready
built ready for use. Fantastic value for money,
£6371. P. & P 12ip.

NTEREO MULTIPLENX ADAPTORS, £4-874.

GOODMANS SPECIAL OFFERS!
MAXAMP 30 Stereo Amplifier 15 +
15 watt r.m.s. with matching STEREO-
MAX AM/FM Tuner. Total list price
£i36 52 OUR PRICE £89 THE PAIR
Carriage £1.

CRYSTAL
CALIBRATORS
NO. |0
portable crystal
wavemeter.
| Rize Tin. x 7} x 4in.
Frequency rauge 500
Kejs—10 Mefs (up to
30 Me/s on harmonice).
Calibrated dial. Power
reyuirements 300 V.D.C.
15mA amd 12 V.
0.3A. Ixceltent cond|~

tion, £4-474. Carr. 37}p.

Small
controlled

LELAND MODEL 27 BEAT
FREQUENCY OSCILLATORS

(B

USED EXTENSIVELY BY

PANEL
METERS

INDUSTRY, GOVERNMENT DEPARTMENTS,

EDUCATIONAL AUTHORITIES, ETC.
@ LOW COST #h QUICK DELIVERY % OVER 200 RANGES IN STOCK & OTHER
RANGES TO ORDER

b

SOpA £347!
50-0-30uA  £3 374
10t A £3 374
100-0-T00 A

£325
004 £312!
lmA ... £297}

NEW “SEW” DESIGNS!

CLEAR PLASTIC METERS

TYPE SW. 100
100 x 80 mm,

£297}
£297}
£2:974
£2974
£2°97}
£297}
£375

LD
o I,
WH\ D,
1 amp. D.C.
5amp. D.C.
S0V, AC.
VU Meter

BAKELITE PANEL METERS
TYPE S-80
80 mm.
square fronts

S0 A o

ao‘f» S0uA fgégi STTASNR EX £2:47}
Lo0gA £2974 Wov. DO . E247H
hn-o-tong & £2 874 L amp. DG £2:47)
S0 A £2-62) 5amp. 0.C. £2474
ImA £2-47) HOOV. AL £2:62%
20V. D.C. £2-474 VU Meter .. £3:37%

TO-2 PORTABLE
OSCILLOSCOPE e
A general purpose low cost |
economy oscilloscnpe for every- |
day use. Y amp. Bandwidth
2 CP8—1 MHZ. Input imp. |
2 meg (.25 PF. illuminated
scale. 2° tube. 115 x 180 X
230 mm. Weight 8lbas. 220/
240v, A.C.Bupplied brand new §
with  handbook.  £2250.
Carr. 50p.

““SEW' CLEAR PLASTIC METERS

0-20 Ke/s. Output 5K or 500 ohms. 200/250 v. T MR.38P. 1 21/32in. tronts.
A C. Ofered in excellent condition, £12 50. Type MR.85P. 4}in. x 4%in. fronts. ype MR 121 .m square fronts.

Curriage 30p. 10mA . £2:80 200mA £137

30mA £9.80 e ..nmn: E%g;
3 500 -

CLASS D. WAVEMETERS Al £2- g i %1 37
=Ty A cryetal controlled hetero- 1 amp. -60 v 1 amp. £1-37
s d dyne frequency meter cover- 5 amp. -80 N ot | 2 amp. £1-37
u ing 1.7-8 Mc/s. Operation on - 5 15 amp 80 2 5amp. £137
6 v. D.C. Ideal for amateur v Wa A S0 amp. 0 o 10 amp. .. £1-37%
ume. Avajlable in good used 207, D.C. 0 | av. D £1374

condition £5-974. Carr. Mp 507, D.C £2-60 e R
. N0 3 ~ V. L.C £1374

or ‘Brand New  £7-97% 15UV, D. -60 i 5

Carr. 374p. SA .. £360 WOV, D. 80 A £2-00 .')-) o UKS: £1874
s0.0-501A .. £310 157, AC -80 suo-s0uA . S1-874 20V. D.C. .. £1874
B.C. 221 FREQUENCY METERS loopA ... £310 306V, AC. -80 1004 A 87} V. O £1:37%

Latest release 125 KHz-20 Mz Kxeellent con- 100-0- 10043 €310 S Meter Im4 £2-871 100-0-100 A 75 10V, D.C... £1-374

dition. Fully tested and checked and complete 2004A £2-87 VU Meter £3 60 200 A 75 00V, D.C... £1-374

with calibrator charts. £27-50 each. Carr. 50p. A £275 £260 500 A 50 S0V, DA 21374

300k} otmp.\ £280 -80 500-0- d""u\ 371 4 AR B 3_1”
1nA £280 0 timA . 374 :
AM/FM SIGNAL GENERATORS NI - $5 60 20 amp, A.C. .80 1-0-1mA . d »}Q £137}
ﬁff“‘.;““A :‘;ﬂ]‘ SmA £260 | 20anp. oy 0 2ma 371 . £187%
. 1 3 . Y .
quality precision ;:E:‘ » : ;3 l->“¥- ‘L .. £1-37
instrnment v"a(lxj Type MR.52P. 2jin. sguare fronts. 20mA . i :"” o A-(:- . 51'3'”
for the Ministry ~ N S0mA 73 S0V, AC. £1:374
by Airmec. Fre- | PUpA ... £3'10 V. DC . £2°00 L00mA 71 = Meter ImA  £1°60
ST AT | |- Ceear e V. DC. . £200 13mA 1371 | VU Meter .. £2110
" Lo0g A B 50V, D.C. .
CW/FM. Incor- u £260 | a0v. e £2:00 Type MR.45P. 2in. square fronts.
porates precision 100-0-100A  £2-371 doevV. pe.. £2:00 S0A £0.95 B 150

dial, level meter precision attenuator L;iV-100Mv. A d AV b E o i b N .

Operation from 12 voit D.C. or 0/110/200j250 v | **"H4 DD || W00 Ok e £2300) |§ (IR R B = B

A.C. 8ize 12 x 8} x 9in. Suppiied in brand new | ImA £2:00. | soev.AC.. £2:00 | (R L EeR | Sovi o

eondition compiete with all connectors. fully SmA £2-00 5 Meter lmA  £2°10 Z(D(IMA i . 7i RO0V,

tested, £45. Carr. ¢, TomA ... .. £2:00 VU Meter .. £3°10 300, 60 15V, f:l‘

- U (I Ol A - SO0V, A C B
AYO (T.38 ELECTRONIC MULTIMETERS S0mA £2:00 Lamp. AC.*  £2:00 Tm\ S 8 8 Meter 1nA £1-ggq

High quality 97 range instrument which measures TotmA £2:00 5amp. AC.*  £2-00 3mA o 8 vu \leler( v* g% 28

A.C. and D.C. Vultage. Current, Resistance and | j00mA q 10 _AC.* . 1hmA 1amp. A 5

Power Outpiit, Ranges .G, volts 250 mv-10.000v. | X0 || Mo S (1 00 1 Suma B30 | 5amw A.CH £150

(10 meg (-110 meg Q input). 1.C. current 10j:A-25 | | 4P £2:00 20 amp. A.C* £2:00 100m A ‘50 10 amp. A (‘ i £1'50

| amps. Ohms. 0-1,000 meg A.C. volt 10thwmv.. | 5 amp. £200 30 amp. A.C.* £2:00 5001 A 0 20 amp. .{ £1°50

250V (with R.F. measuring head up to 25¢ Mc/s) 1 atup. -50 30 amp. A C 1 £1 50

A.C. current 10pA-25 ampe. Power output 50 ao "

micro-watts-5 watts. Operation 0f110/200/250V. Type MR.65P. 3iin. x :um tronts

A.C. Bupplied in perfect condition complete with | 50,4 . £3.37} £2 10 sz BAKELITE

circuit lead and R.F. probe. £35. Carr. 7dp. 30-0-50uA .. £275 ‘.n 70 PANEL M ETE Rs

1oops . £275 ‘10 . .

ADMIRALTY 62B RECEIVERS High | 100-0-100pa  £2:80 10 Type MR.85. 3hin. square {ronts. .
quality 10 valve [ 200uA £2:60 0 0nm A - £17
receiver manufac- | S00uA . £2:37% 10 Lamp. ... £17
tured by Murphy. 300-0- .)m)p.A. £2°10 £2:10 .)runlp. £ -'
Coverage in 5 bands ImA 0 £2:10 ]o amp. i
150-300 Ke/s, 340 | SmA 10 £210 30 amp. .
Ke/s-1.56Mc/a,  3.9- ‘10 a0 ‘10 o”]amp: o
30.5 Mcfs. 1LF. 500 -10 8 Meter ImA -371 5V. DL 7
Kc/s. Incorporates 0 VU Meter .. o1 V. D.C. .. 7
2 R.F. and 3 LK. ‘10 simA AC.3 0 20V DC. '_
stages, bhandpass 1 amp. ‘10 1 A A.C. -10 7
tilter, noise liniter, | 5 amp. -10 200mA A -10 7
crystal  controlied 10 amp. ‘10 BlHanA A ‘10 - d
B.F.0. calibrator | 13 amp. 10 1 amp. -10 UWuA 50 7
1.F. output, etc. | 20 amp. 10 5 amp. A -10 S0uA .. .. £2:37% i
Built-ir speaker, | 30 amp. 10 10 amp. A.C.* £2 10 50-0-50uA .. £2°25 .
output for phones. | 30 amp. ... 74 20 amp. A.C.* £2:10 Hoopa 2:25 00V 7
Operation 150/230 | av. D.C. . . £2:10 30 4mp. A.C.» £2-10 106-0- Wﬂm £225 a'wmuk o0 7

volt A.C. Size 19} x 13} x 16in. Welght S0t A £210 | i 46s £

1141b.  Offered in good working condition. mA 7 Pty 7

£2250. carr, £150. W ith circuit diagrams. Also < MOVING IRON — Lima. E1ds | lowmp AC: £17

ava le F .F. version of ubove. 15 Ke/s-700 = am. . Aam .

P Ay e o affettene (B ey ALL OTHER3 MOVING COIL loma L EL5 | a0 amp. ACT £17

S0mA 7 51 amp. A.C.* 7
Please add postage Tomna £175 | VU Meter .. £310

EDGWISE METERS

Type PE.70. 3 17/32ix. x 115/32in. X 2} in,
deep.

‘00 | 200uA £275

B £2874 | sboua .. £2:60
10ouA . £287) | ImA .. £2:37}
100-0-100 A B0V, AC. £2:37h
275 | VU Meter  £325

TO-3 PORTABLE OSCILLOSCOPE. 3" TUBE
Y amp. BSensitivity, .lv
p-p/CM. Bandwidth 1.5 cps
—1.5 MHZ. Input imp.
2 meg . 25 PF. X amp
sensitivity. -9v p-p/CM.
bandwidth 1.5 cps—800
KHZ. Input imp, 2 meg Q
20 PF. Time base. § ranges
10 cps—300 KHZ. Byn-
chronization. Internaljex-
ternal, Illuminated scale.
140 x 215 x 330 mm. Weight 154!bs. 220/240 V.
A.C. Supplied brand new with handhook
£37-50. Carr. 50p.

SEND FOR ILLUSTRATED BROCHURE ON SEW PANEL
METERS—DISCOUNTS FOR QUANTITIES

Righ quality ceramic construction. Windings embedded in vitreous enamel.
Heavy duty brush wiper. Continuous rating. Wide range available ex-stock.
8lnele hole fixing, }in. dia. shafts. Bulk
25 WATT. 10/25/50/100/250/500; 1000/150(\’25(»00r50000hms 72n P&
50 WATT. 10/25/50/100/250/500/10600/2500 or 3000 ohms. £1-05. 1

100 WATT. 1/5/10/25/50/100/25D/500/1000 o 2500 ohmis. £1-37i- 1

quantities available.

HONEYWELL

DIGITAL VOLTMETER
VT.100

Rasic neter

or bench mounted.
weasures 1 volt D.C. but can e used to measiure a
wide range of AC and DC volt, current and ohms
with optional plug in cards.

8pecification:

Can be panel

Accuracy: + 02, + 1
Resotution: LinV.
Numiber of digits: 3 plus fourth overrange digit.
Overrange. 100°%; (up to 1 9949

Input unpedau"e 1000 Meg ohr.

Meusuring cvele: 1 per second.

Adjustinent: Automatic zeroing, full scale
adjustinent against an internal
reference voltage.

Overload: to 100w, D.C

Input: Fully Hoating (3 poles).

Input power. 110-230v. A.C. 5O/t cveles,

digit.

Overall size: 5}in. - 2 13/16in. 8 3/16in.
AVAILABLE BRAND NEW AND FULLY
GUARANTEED AT APPROX. HALF PRICE

£49-97; 50p
7 230 VOLT A.C. 50 CYCLES
RELAYS Brand new. 3 sets

of changeover

contacts at. 5 amp rating. 50p each
P& P. lop (100 lots £40) Quan-
tities avallable.

MARCONI TF.142E DISTORTION
FACTOR METERS

Ixcellent condition. Fully tested £20. Carr. 75p.

TRANSISTORISED L.C.R. A.C MEASURING
BRIDGE.

A new portable
bridge offering ex-
cellent range and |
accuracy at low cost.

Ranges: R. 14—
1.1 MEG g 6
Ranges  + 162,

L. 1gH—111 HEN-
RIES. 6 Ranges —
29%. C. 1PF+
llll)‘\lP D. 6 Ranges
+ 29%. TURNS RATIO 1:1/1000—1:11100.
6 Ranges + 19%. Bridge voltage at 1,000 CP8.
Operated from 9 volts. 100A. Meter indication.
Attractive 2 tone metal case. Bize 7§" x 57 x 2°.
£20. P. & P. 25p.

TE- ZORF SIGNAL GENERATOR

- Accurate wide range
sngnal generator cover-
ing 120 kcfs-260 Mc/s.
on 6 bands. Directly
calibrated. Variable
R.¥. attenuator. Op-
eration 200/240 v. A.C.
Brand new with instruc-

tions, £15.
P. & P. 374p. H.A.E. for details.

COSSOR 1049 DOUBLE BEAM
OSCILLOSCOPES

D.C. coupled. Band width I Kcfs. Perfect order.

£25. Carr. £1-50.

MARCONI
TF885 VIDEO OSCILLATORS
0-5 mc/s Bine Syuare Wave £45. Carr.

TE-20D RF SIGNAL GENERATOR

Accurate wide range sig-
ual generator covering
120 Kc/a—500 Mc/s on
6 bands. Directly call-
brated. Variable RF.
attenuator, audio output.
Xtal socket for calibra-
tion.  220/240V. A.C.
Brand new with instruc-
tione. £15. Carr. 374p.
Bize 140 x 215 x 170 mm.

£l

ADVANCE TEST EQUIPMENT
Brand new and boxed in original sealed cartons.
VM79. UHF MILLIVOLT METER
100 Kefs to 1,600 Mcfs. A.C. 10 mV to 3v. D.C.
10 mV. to 3v. Current 0.01 uA to 0.3 mA. Resist-
ance 1 ohin to 10 megohm. £125.

TTIiS. TRANSISTOR TESTER

Full range of facilities for testing PNP or NPN
transistors in or out of circuit. £37-5

Carriage 50p. per item.

MARCONI TFI?95M BEAT
FREQUENCY OSCILLATORS
0-40 ke/s. £20. Carr. £1-50.

G. W. SMITH

& Co. (Radio) Ltd.

ALSO SEE NEXT TWO PAGES
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SEMI-CONDUCTORS/ VALVES

BRAND NEW & FULLY GUARANTEED

TRANSISTORS

IN9I4  74p | ACY19  25p | BBYU5A 15p
IN4001  74p | ACY20 22ip [ BY10O 174p
INdO02 - 74D | acyol  egyp [ BYl2e  15p
10p | ACY22 17ip | BY126  15p
IN4005 12¢p | ACY28 174p | BY126 15p
IN4006  15p | ACY40  15p | BY127  20p
IN4007  20p | AD140  50p | BYZIO  40p
IN4148 74D | oc149  0p [ BYZI1  35p
26301 20p | AD161  87ip | BYZI2  30p
2G302 224p | AD162  37jp | BYZ13 25p
2G303  25p | AF114  82ip | MJ480  97ip
2G306  B74p | AF115  30p | MJ481 2125
300 | Apil6  324p | MPF102 42ip
2G471 294y | AF117  25p | MPF103  35p
oL P larns ez | MPFI0s 374
2G:381 25p | AF119  20p | MPF105  40p
2N696  174p | aAp124 25p | NKT213 25p
2N697 i;h) AF126  174p | NKT214 15p
2N706  10p | AF127  174p | NKT216 374p
2N706A 12ip | AF139  30p | NKT217 40p
gggos gé?n AF178  474p | NKT224 22¢p
14 P | AF180  524p | NKT241 274p
2N916 - 224D | yp1g)  424p | NKT261  20p
2Ng29 29, AF186 40p A\j KT271 25p
N30 27:: AF239  42ip | NKT272 25p
2N1131  30p | ABY26 25p | NKT274  20p
2N1132  30p | A8Y27 324p | NKT275 25p
2N1302 20D [ qvos o5, | NKT2i8 25p
aN1304  26p | ABZI7  42ip | NKT281 27ip
2N1305 25p | AUYL0 974p [ NKT408 75p
2N1306  25p | BAY31  74p | NKT404 62ip
2N1307  28p | BC107  124p | NKT405 75p
2N1308 30D | grjgg  124p | NKT773  25p

2N1613  g24p | BCI0Y  124p | NKT10439
9N1711  25p | BC113  25p 374p
‘2%1889 3§ip BC118 40p | 0AS 15p
2N1893 0P | BCI25 55p { OAlO 25p
2Nal47 - 750 [ Boigg  gsp { OA4T - 10p
(] 10p

2N2193 47¢p | BCl47  174p 0A7

2N2217 274p | BC148  124p | OATY 10p
2N2218  30p | BCl49  20p | OAS81 10p
2N2219 824D [ Boie7  1sp | OA85  124p
BC172  174p | OAW 1op
9N2369A 20p | BC177  a74p | OAIL  Tip
2N2484  20p | BC186  874p | OA9S 7
2N2613 35p | BC182L  20p | 0A200 74p
2N2646  B82ip | Bo18sL  20p | OA202 10p
00 | BogioL  224p | OA210  17ap

2N2923

INanes 1P lmovso  ssp|oCle  Bup

2N2025 174p | BOY31  80p [0C20  974p

220266 | BCYS: sy | 0C2ZR 47k
. P BCY33  20p | OC23 50p

2N2926Y 124y | BOYSS 259 | 024 o

2N29260 BCY38  30p | 0C25  374p

12jp | BCY42  15p | OC26 25p

g?jggg; %so: BCY43  20p | OC28 82ip
b BCY71  30p | OC20 82ip
2N3035 759 | povze 174 | OCS  b0p
NIIOLA 30D | pozi  g74p | OCBS  62ip
:ggg;g ‘I‘Z:" BDI21  65p | OC41  28p
NI sml: BD123  82¢p | 0C42 30p
aN3703 15ip | BDIZ4  80p | OCH 174
oN3704 174y | BFUIS  28p | 0C45 15p
P| BF117  474p | OC46 274

211:3;3; 2;2; BF167  28p | OCT0  12¢p
aN307  16p | BEITE S0P OCT) Sor

BF180  37jp | OC72 25p
BF181 374p | OC73 3op
BF182  324p | OC74 30p
BF184 £5p | OC75 25p

2N3708  1%74p
2N3709 124p
2N3710  124p

gl 1P Iprgs  asplocTe  enp
N0E 35" BF194  174p | OC77 40p
N0 35“ BF195  15p | 0C78 20p
N m: BF200  87p | OC81 25p
oN3006 371 | BF224  30p | OCSID  20p

BF225  30p | OC8: 25p
BF244  47}p | OC84 25p
BFX12 224p | OCI39  26p
BFX13 22jp | OC140  37ip

2N4062 22
D BFX29  30p | OC169 20p

2N4286  15p
BFX30 224p | OC170 25p
2N4287  174p com &
2N4288  15p | BFX44  37ip o0 370"
9N4289 17ip | BFX85  40p a0 ":p
2N4290  18p | BFX86 324p | SO o0 p
9N4201  16p | BFX87 3%4p ip

2N4058 17¢p
2N4058  25p
2N 4061 18p

9N4203  1bp | BFX88  25p ggg;’ 31;"
2NB354  274p [ BFY1B 250 | ca0s m:

2N53355  27ip | BFY20 624D | o207 75p
28102 250 | BFY50  224p | ocPTL 974p
28103 370 | Bpys1  20p | ORPI2 50p
28104 374p | ppysg 22{p | ORP60  40p

pposet :g; BFY90 674p | P316A  28p
10362 sog | BSX19  17ip | PLitol  l4p

ACL07  374p | BEX20  174p | PL4002  16p
AC126  gosp | BSX21  37ip | PLi003  16p
AC127  g5p | BBX76 150 | PL40vs 174p
AC128  gbp | BSY26  17ip [ PLi005  19p
AC154 15p | B8Y27 20p | PL4006  20p
AC176 25p | BEY28  174p | PL4007  24p
ACIR? 30p | BBY38 20p | T1843 40p
AC188 30p | BBY39 224p | TI844  12¢4p
ACY1? 30p | B8YB1  32¢p | T1845 174p
ACY18 25p | BAYS6 90p | T1846 17p

SEND SAE FOR FULL LISTS!
DISCOUNTS:

10% on 124 any one type
15% on 25+ any one type

Large quantity discounts on applica-
tion. Postage: Semi Conductors 7ip;
Valves 15p.

VALVES
0A2 324p | 30FL14 77ip | EY#6 40p
0oB2 32¢p | 30L15 85p | EY87 424p
0Z4 30p | 30L17 850 | ppyg  goy
1L4 124p | 30P12  80p | D
RS 35p | 30P10  75p | BZ4L 45p
185 25p | 30PL1  77}p | EZ80 27¢p
11}4 253]} 30PL13  90p | Ez81 274p
U4 p | 30PL14  85p | gzso
U5 47ip | B3L6 47kp | aner NP
2D21  324p | 3BW 25p | 74O P
3Q4 40p | 3524 25p | KTo6  21.37}
384 35p | 3575 35p | KT88 £1:87¢
3;1 ggp goas ggp MU+ 40p
3 p | 50C5 P | PABCBO 40
5U4 30p | 80 9 | pess s7m
5v4 40p | 85A2 37y
5Y3 30p | 807 47¢p | PC88 85p
524G 37¢p | 1625 30p | PCH7 24p
g/:;gm ;5;) 5763 18511 PCOUO  47{p
ACT 0p | 6146 £150
6AGT  374p | AZ31 50p ggggl‘ g"
6AKS 30p | CY31 35p o P
6AK6  57ip | DAF91 274p | PCCBS  60p
6AL3 18p | DAF9G  38p | PCCBY  52ip
GAM6 2;” DFY1 224p | PCC18Y  55p
6AQ5  32ip | DF9s 39p »
6A86 30p | DKS91  35p gggg‘g 33"
6AT6 25p | DK92 45p P
SAUG 25p | DK95 40p | CPF84  45p
6AVEH 32ip | DL92 35p | PCF86 55p
6BA6  22}p | DLo4 40p | PCF800  75p
SBE6 25p | DL9G6  874p
6BIG  42ip | DM70  324p ::g?;;; :g:

6BJ6  42ip | DY85 32
37:: DY87 3§§ PCFB03  75p
6BR7 85p | ggscc  e24p | PCFB0G  85p
GBRB 85D | gigop  75p gg{:"s 7;;"
BW7T 7tp | EABC80 32ip 2 P
§BZ5 a4y | EAPs2  Sop | PCL&I  e5p
6C4 30p | EBOL 16p | PCL84  44p
6CD6 2115 | ERCs1  s24p | PCL8S 474D
6CL6 500 | ppcg  gagp | PCLSS  474p

6CW 4 62¢p 200
6F1 agip | EBFE0  dup | PELEO B8
6F6G  25p | EBFs3  424p | PL36  88p
6F13 35p | EBF80  g24p | PL8L  4%7ip
6F14 60p | gLzl gop | PLE2 45p
6F15 55p | poss 60p | PL83 40p
6118 409 | ncss gop | PL84 35p
6F23 774D »
GHE 15p | ECC40 55p PL500 75p
6J4 474p [ Eccss gop [ P1804 80p
6J5 200 [ Eocss  e74p | PYS2 55p
sJa(.T 3 ECCS8 q0p | PY33 82¢p
17¢p ECF80 35p | PY80 32¢p
ﬁ” 42ip | ’ | pysi 30
KB 30p | ECF82  35p "

6L6GT  45p | ECF86  e62ip | PY82 30p
6LD20  32ip | ECH21 574p | PY83 37p

6Q7 37p | gomss  eop | PYS8 10p
P

0847 390 | pCHs2  esp | PYBOO  B0p
6BG7 30p

6BJT 35p | ECH81 g27jp | PY801  B0p
68K7 30p | ECH83 424p | U 25
68L7 300 | ECLR0  45p | U26 75p
GBNT 2P | EoLar  s24p | USY 30p
o el EcLss  esgp | U2 30p
AVEG 25p | ECL86  424p | U191 70p
6V6GT 324p | EF37A  40p | U281 40p
6X 4 95p | BF39 40p | U282 40p
Gxse . T grs s0p | USOl  874p
SX3GT 2740 | byt ggyp [ USRI £1-00
102 50p

10F1 g0p | EF42 70p | UABCS0  34p
10P13  55p [ EF80 o5p | UAF42  BS24p

10P14  £1-00 [ EFgs 35p | UBC4L  474p
12AT6 250 | grgg  go4p | UBCBL  40p

EF89  274p | UBF80  36p
) §3,', EF91  224p | UBFBY  35p
12AV6 30p | EF92 37 UCC84 49p
12BA6  32¢p | KF183  32yp | UCC85 40p-
12BE6 324D | grigs  gsp [ UCF8O 824

UCH2L  55p
194Q5 324p | BHYO  40p

20D Pl kLss  s150 | UCHS2  ebp
20F2 75p | KL34  524p | UCHBL 324p
20L1 £1-00 | KL41 55p | UCL82 35p
20P1 50p ¥ s

20p3  gop | L4z 67ip | UCLES 60

P UF4l 50
20P$  #1-00 | ELS1 sop L)
20P5 2100 [ EL84 25p | UF80  3%74p
25L6  374p | EL85 41p | UF85  40p

ég%-l 4:23(:» EL9i 25p | UF89 35p
3 p .
o578 571y | BL9S asp [ UL4d 80p

50Cis  7sp | EMB0  40p [ ULs4  324p
30Vv17  gop | EM8L  42jp | UY4L 40p
30C18  75p | EM84  374p | UY8S 30p

30F5 85p | EM8S 55p | VR105/30
30FL1 75p | EM8T7 55p 274p
30FL12 924p | EY5L 40p | VRI150/30 25p

ZENER DIODES
400mw, 1.5 watt 10 watt
(3.3 to 33v) l (2.4 to 200v) I (3.8 to 100v)
15p 20p 25p

THYRISTORS
PV 50 100 200 300 350 400
1A 25p 27¢p 374p 40p 4740
3A 30p 37tp 40p 45p —  50p
5A 55p  65p —  75p
7A — §b6p 65p 0p — 9%p
100A —_ E = —  £2-50 £2-75
TRIACS
8C41B BC41D

8C41A
100P1V 6A 6A 200PIV
97} 10

400 PIV 6A
£1.374

INTEGRATED CIRCUITS

Lavo 49p | CAB005 £1-27¢ | FJH221  50p
Lo14 49p | CA3011 82¢p | FJH231 &0p
L923 82¢p | CA3052 £1-82}4 | FTH241 50p
IC-10 £2-50 | FCH131 50p | FJH251 §0p

BL403 £2-12} | FCHI61 50p FJJ121 8%4p
MC1303 £2-62¢ | FTH141 §0p | FJJ131 8%4p
MC1304 £2-75 | FJH171 50p | FJJ211 £1-25
PA246 £2:624 | FJHI81L &0p | FFY101 50p

V-Fl LQUIPMENT

SAVE UP TO

33’5% OR MORE

SEND S.A.E. FOR-
DISCOUNT PRICE LISTS
AND PACKAGE OFFERS!

SL65B £1497¢

40 MK 11 8L72B £24-974

Btereo £8-40 AP76 £20-97)

2025 T/C 8L75 £05-97¢
stereo £9- 87! 8L75B £27-97%
3000 Btereo  £9- 5 8L95B £37:50
8P25 Mk 11T £11-7 101 £29-97+

Carriage iﬂp extra each item.
TEAK BASES AND PERSPEX COVERS
. For 8P25, BL6S, 8L35, 3000, 2025T/C, 2023

—

1000, £3-974.
2. For AP75, BL75, BL95, £5:971.
3. For 8P25 etc. to operate vuth lid in place

£5'974. Carriage 37¢p extra each type.

GARRARD

Full current range offered brand new and guaranteed at fantastic savings

Wireless World, March 1971

B.S.R. McDONALD

MP60 £1185 610 £1585
510 £12'95 310 £1095
Carriage 37¢p extra each item

TEAK BASE AND PERSPEX COVER for above
BSR range £3-874. Carriage 374p.

TPDI SERIES with plinth and cover and ready
wired.
MP60  £19-50 610 £22:95
510  £20'95
Carriage 50p extra each item.

SPECIAL OFFERS

Garrard SP25 Mk )l fitted Goldring G800
cartridge and wooden plinth with
perspex cover, ready wired. Total fist
price £35. OUR PRICE £22.50 Carr. 50p.
GOLDRING GL69/2 fitted Goldring
G800 cartridge complete with de luxe
base! and cover. Total list price £50.80
OUR PRICE £39. Carr. £1

TELETON SPECIAL OFFER!

CR10T AM/FM STEREO TUNER AMPLIFIER
WITH MATCHING PAIR B8A1003 SPEAKER
SYSTEMS Output 4 watts per channel. Excellent
reception AFC, built.ln MPX. Cer/XTAL Iuput.
Total List £50-25. OUR PRICE £29-85. Carr.
624p.

Alg available with Garrard 2025T/C Record
Changer, Plinth, cover and stereo cartridge.
Ready wired. £45. Carr. £1.

GOLDRING CARTRIDGES !

G850 .. 85 12;
Gae .. . . . .. 275
GBOOE £11-97l
G800 Buper E £16'80

P. & P. 12{p sn} type

SINCLAIR EQUIPMENT
Project 60. Package Offers

2 X Z30 ampliler, stereo 60 pre-amp, PZ5
power supply. £19. Carr. 374p. Or with PZ6
power supply, £2]. Carr. 37}p. 2 x Z50 amplifier.
stereo 60 pre-amp, PZ8 power supply. £21-50.
Carr, 374p. Transformer 4 PZ8, £2-97} extra,
Add to any of the above £4'874 for active filter
unit and £]16 for a pairof Q16 speakers. PROJ ECT
60 FM TUNER £20 974, Carr. 37¢p. All other
Binclair products in stock; 2,000 amplifier £23.
Carr. 37¢p. 3,000 Amplmer £36. Carr. 37¢p.
Neoteric amplitier £48, Carr. 37¢p.

TELETON SAQ 203E STEREO
AMPLIFIER
Populsr solid state hi-fi amplifier incorporating

AMERICAN RECORDING TAPES
3in. 225ft. L.P. Acetate  17ip

First grade SHin. G00ft. T. P. Mylar 50D
quality 600ft. 8td. plastic 424
American 0ft, L.P. acetate 50p
tapes. 5in. 1,200ft. D.P. Mylar  75p

G6¢in. ) ,2001t. L.P, acetate 824p

Brand new  g53in’ 1,2001t. L.P. Mylar  80p
and 5§in. 1,800it. D.P. Mylar

guaranteed. £1-12%
Discounts for 51i0- 2.400tt. T.P. Mylar

quantities.  7i; 1 200¢1. Btd. acetate 624

Postage 10p  Tin. LB00tt. L.P. acetate lvgg
£3 ¢t 7in. 1,800ft. L.P. Mylar  £1-

Over wflm 7in. 2,400ft. D.P. Mylar  £1-25

7in. 3,6001t. T.P. Mylar £2-25

TAPE CASSETTES
Top quality in pla.stic library boxes.

C120—120 min. 75p, 3tor £2'174
Casette Head Cleaner 56p All Poat Extra,

ECHO HS-606 STEREO
HEADPHONES

‘Wonderfully com-
tortable. Lighte
weight adjustable
vinyl headband, 6ft.
cable and stereo
jack plug, 25-17,000
cps., 841 imp.
£3:374. P.P. 12ip.

HOSIDEN DH-08S DE-LUXE STEREO
HEADPHONES
Features unique
mechanical 2 way
units  aml  fitted
adjustable levelcon-
trols. 8 ohm imped-
ance. 20-20,000cps.
Complete with
Bpring lead & stereo
jack plug. £7'97%.

P. & P.12}p.

ductors. Qutput 6 watts r.m.s. Inputs
ror magnetic ceramic, tuner and aux. Btereo phone
gocket and tape output. Controls: Yolume, balance
bass, treble. Oiled Walnut case with brushed
aluminium front panel. BPECIAL PRICE £20.
Carr. 37¢p.

Latest
Gatalogue

Our latest edition giving full details of a
comprehensive range of HI-FI EQUIPMENT
COMPONENTS, TEST EQUIPMENT and
COMMUNICATIONS EQUIPMENT. FREE
DISCOUNT COUPONS [VALUE 50p (10/-).
248 pages, fully illustrated and detailing
thousands of items at bargain prices,

SEND
‘Now!

i Hdllll:.
tro
el s P&P
equipm®
tﬂ:"‘" |0|l

{—— See previous page

o G.W.SMITH & Co, (RADIO) LTD e Also see opposite page —}
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RUSSIAN C1-18 DOUBLE

BEAM OSCILLOSCOPE
& mec/s Pass Band. Separate Y1
and Y2 amplifiers. Rectangular
b in. 4 in. C.R.T. Calibrated
triggered sweep from .2 u/sec.
to 100 milli-sec. per cm. Free
running time base 50 ¢/s-1 me/s.
Built-in time base calibrator and
amplitude calibrator. BSupplied

1 with all ies
and instruction manual. £87
Carr. paid.

MARCONI CT#4
TF956 AF
ABSORPTION
WATTMETER

1 pjwatt to 6 watta.
£20. Carr. £1.

TEI 11 DECADE RESISTANCE ATTENUATOR
Variable range 0-111
db. Connections.
Unbalanced T and
Bridge T. Imped-
ance 600 ohma.
Range (0.1 db x
10) + (1 db x 10)
+ 10 + 20 + 30 +
40 db. Frequency: DC to 200 KHZ (—3db).
Accuracy: 0.05 db. + indication db x 0.01,
Maximum input less than 4 watts (50 volts).
Built in 600 {3 load resistance with internal/
external switch. Brand new £27-50 P. & P. 25p.

BELCO AF-5A SOLID STATE SINE
SQUARE WAVE C.R. OSCILLATOR
Sine 18-200,000 Hz; Bquare 18-50,000 Hz.
Output max. +10 dB
{10 K ohms). Opera-
tion internal batteries.
Attractive 2-tone case
7§ in. bin. X 2in.
Price £17-50
Carr. 174p.

TE-16A TRANSISTORISED
SIGNAL GENERATOR

5 Ranges 400 kHz-30
mHz. An inexpensive
| instrument forthe handy-
man. Operates on 8 v.
battery. Wide easy to

read scale. 800 kHz
modulation. 5§ in. x 6§
in. % 8§ in. Complete

with instructions and
Jeads. £7-974 P. & P.20p.

BELCO DA-20 SOLID STATE
DECADE AUDIO OSCILLATOR

New high-quality port-
able instrument 8ine
1 Hz to 100 KHz. 8quare
20 Hz to 20 KHz. Out-
put max. +10 db (10
K ohms). Operation
220/240 v. A.C. Bize
215 mm x 150 mm X
120 mm.

Price £27-50
Carr. 20p.

T.E.40
HIGH SENSITIVITY
A.C. VOLTMETER

10 meg. input 10 ranges:
.01/.03/.1/.3/1/3/10/30/100/300
v. RM.B. 4 cpa.-1.2 Mc/s.
Dtclbels —40 to +50 dD.
d brand new

with leads and lnstrucuons
Operation 230 .C.
£17-50 Carr. 25p.

High quality Instrument
with 28 ranges.

D.C. volts 1.5-1,600 v.
A.C. volts 1.5-1,500 v.
Resistance up to 1,000
megohma.

220/240v. A.C. operanon
Complete with probe and
instructions £17-50.° P.

& P. 30p.
Additional Probes avali-
able; R.F. £1'75 H.V.
£2:12-

AUTO TRANSFORMERS
0/115/230v. Btep up or step down. Fully shrouded.

150 W. £2-374. P. & P. 17¢p

300 W. £3-25, P. & P. 224p

500 W. £4-97 ; P. &P .mp
1,000 W, £7-25, P, 374

1,500 W. £897¢, P. & P. 42¢p

AL -2 1 S | T
VOLTAGE STABILISER TRANS-
FORMERS. 180-260v. inpyt. Output 230v.
Available 150w or 226w. £12-50, Carr. 25p.

MULTIMETERS /or EVERY purpose/

HONOR TE.10A. 20 kQ/Volt

TECH PT-34. 1,000
0.P.V. 0/10;50/ f
1,000V. a.c. and d.c.
0/1/100/600 mA. d.c.
0/100 K £1-87%
P. &P

MODEL TE-200 20,000
O.P.V. Mirrorscule, over-
load protection.
0/5/25/125/1 000 V.D.C.
0/10/50/250/1,000 V.A.C.
0/50 12A/250 MA. 0/60K/6
meg. + 20 to -+ 62 db,
£375 P. & P. 15p

MODEL TE-80. 20,000 O.P.V
0710/50/106/500/1,000 v. A.C.
0/5/25/50/251/500/1,000 V.
D.C. 0-5034. 5/50/500mA.
0/6K /60K /600K /6 meg.
£487 P. & P. 15p

MODEL TE-70. 30,000 0.P.V.

0/3/15/60/300/600/1,200 v.

D.C. 0/6/30;120/600/1,200 v.

A.C. 0/3041A/3/30/300mA.

()/an/IM)K,lI B6M/16 Meg.
‘50 P. & P. 15p

TMK MODEL TW-50K 46
ranges, mirror scale. 50K [Volt
D.C. 6K /Volt A.C. D.C. Volts:
h, .26, 1.25, 2.5, 5, 10, 25, 50,
250, 500, 1000V. A.C. Volts:
b, 10, 25, 50, 125, 250, 500,
| 1000 .D.C. Current: 25, 50, 2.5,

5, 25, 50, 250, 300mA, 5, 10 amp.
Resisumce 10K. 100K, 1 MEG,
10 MEQ. Decibels: -20 to +81.5
dB. €887t P. & P. 174p

TE-%00 20,000 3/VOLT GIANT
MULTIMETER. Mirror scale
and overload protection. 6 in.
full view meter. 2 colour scale.
0/2.5/10/250/1,000/5,000 v. A.C.
0/25/12.5/10;50{250/1,000/5,000
v. D.C. 0/50.4A40/10/100/500mA /]
10 amp.  D.C. 02K/200K/20
MEG. OHM. £15 P. & P. 25p

MODEL 5025 57 Ranges,
Giant 5% in. Meter, Polarity
Reverse 8witch.

Bensitivity: 50K /Voit D.C.

125, .25, ]_26 5, 10, 25, 50,
125, 250, 600, 1000\'
A.C. Volts: 1.5, 8, 5, 10, 26,
50, 125, 250, 500, 1,000V
D.C. Current: 25, 50uA, 2.5, 5, 25 50, 250, 500mA,
6, 10 amp. Resistance: 2K, 10K, 100K, 1MEG,
10 MEG. Decibels: —20 to +85 dB £12'50

P. & P.174p.

FTC-401
TRANSISTOR
TESTER

Full capahilities  for
mensuring A, B and 1CO.
NPN or PNP. Equally

adaptable for checking
diodes. Bupplied com-
plete with instructions,
battery and leads.

£697). P& P 15p

AVO CT47IA MULTIMETER
Battery it Iy torised. Sensi-
tivity 100 M {3/v. ,Measures AT .C. voltages
12mV. to 1,200 V A.C./D.C. current 12uA. to
1.2 Amp. Resistance 12 ohm to 120 mg H.F.,
V.H.F., U.H.F. voltage with multiplier 4V. to
400V. up to 50 Mc/s., 40 mV. to 4V. up to 1,000
Mcjs. Oftered in perfect condition. £55 each.
Carr. 50p.

270° WIDE ANGLE

ImA METERS

MW1-6 60mm. square £3-97

MW1-8 80mm. square £4-97
P. & P. extra

5/25/50¢ ,600 v. D.C.
10/80 100/501)/1 000 v. A.C.
0/50uA/2.5 mA{250 mA D.C.
/6K /6 meg. ochm. -20 to + 22
«B. 10-0, 100 mfd. 0.100-0.1 mfd.
€347, P. & P. 15p.

a77

UNR 30 RECEIVER
4 Bands covering 550ke/s - 30me/s. B.F.0. Built
in 8peaker 220/240v AC. Brand new with instruc-
tions. £15-75. Carr. 37¢p.

MODEL TE-30¢ 30,000
0.P.V. Mirrorscale,over-
load protection 0/.6/3/18/
60/300/1,200 V.D.C.
0/6/30/120/600/1,200
V.A.C. 0/30A;8mA/
6 OmA/300mA/600mA.
0/8K/80K/BO0K/8 meg.
—20to + 63db.

£5-974, P. & P. 16p.

MODEL TE-12. 20,000 O.P.V.
0/0.6/6/30/120/600/1,200/
3,000/6,000 v. D.C. 0//30/120/
600/1,200 v. A.C. 0/60uA/6/
80/600 mA. O/GKIh(I(IK)BMeg /
60 Meg.0. 50 PF. .2 MFD
£597%, P. & P. 17¢p.

MODEL 500 30,000 O.P.V.
with overload protection,

mirror scale. 0/.5/2.5/10/25f
100/250/500/1,000 v. D.C.
0/2 5/10/25/100/250/500/1,000

A.C. 0/60p24;5/50/500 mA.
l‘l amp. D.C. 0;60/K/6 meg,
60 meg Q. £8-87+. Post paid.

MODEL TE-90 50,000 O.P.V.
Mirror scale, overload protection.
0/3/12/60/300/600/1,200 v. D.C.
0/6/30/120{300/1,200 v. D.C.
L03/6/60/500 MA. D.C.
16K/160K/1.6/16 MEG.

—20 to -+63 dB. €750,
P. & P. 16p.

TMK MODEL TW-20CB

FEATURES RESETTABLE
OVERLOAD BUTTON. Bensi-
tivity : 20K Q/Volt D.C. 5K @/ Volt

AC.

D.C. Voits: 0-0.5, 2.5, 10, 50, 250,
1,000V. A.C. Volts: 02-’), 10, 50,
250, 1,000V. D.C. Currents: 0-0.03,
0.5, 5, 50, 500mA. - 10 amp-.
Kesistance: 0-5K, S0K, 0-500K.
5 MEG. Decibels: —20 to + 52db.
£11:50. P. & P, 17¢p.

MODEL AB-100D. 100K }/Volt
5 in., mirror scale. Built-in meter
protection 0/8/12/60/120/300/600
1,200 v. D.C.
0/6/30/120/300/600 v. AL
0/101.A/6/60/300MA/12 Amp.
0/2K /200K /2M/200M. ~20 to -+
17 dB. £12:50, P. & P. 17¢p,

TMK LAB TES8TER
100,000 O.P.V. 6} in. Bcale
Buzzer 8hort Circuit Check.
Bensitivity: 100,000 OPV
D.C. 5 [Volt A.C. D.C
Volte: .5, 2.5, 10, 50, 250,
1,000V. A.C. Volts: 3, 10,
50, 250, 500, 1,000V. D.C,
Current: 10, 100u.A, 10,
100, 500mA, 2.5, 10 amp. Resistance: 1K, 10K,
100K, 10MEG, 100MEG.

Decibels: —10 to +49 db. Plastic Case with
carrving handle. 8ize 73 x 6§ x 3i. £18-90.
P. & P. 25p.

SKYWOOD $W.500

50 K /Volt. Mirror scale
D.C. volts: 0.6/3/12/30/
300/800. A.C. volts:
3/30/300/600. D.C. cur-
rent: 20A/6/60/600mA.
Resistance: 10K/100K/1
Meg. Decibels: —20 to
£7-50,

General Purpose

H MODEL 8-260
Bench Mounting
.. £5

=i il
el ny

(;?@ il

olé——

2.5 Amp

12 Amp
20 Amp

'SMITH & CO.(

Tel: 01-636 3715
Tel: 01-437 8204

27 TOTTENHAM CT. RD.LONDON, WA

3 LISLE STREET, LONDON, W.C.2
34 LISLE STREET, LONDON, W.C.2

311 EDGWARE ROAD, LONDON, W.2

OPEN 9-6 MONDAY TO SATURDAY (EDGWARE ROAD 1/2DAY THURSDAY)

2.6 Amp

INPUT 230 VOLTS,
OUTPUT VARIABLE

“YAMABISHI" VARIABLE VOLTAGE TRANSFORMERS

Excellent quality ® Low price ® Immedlate delivery
MODEL B-260 B Panel Mounting
£5'5

Amp

P]es;s-e add postage
LL MODELS

50/60 CYCLES
0-260 VOLTS

1y

Bpecial dlscounts for quality

Tel: 01-437 9155
Tel: 01-262 0387

WS62 TRANSCEIVERS
Large quantity available for EXPORT!
Excellent condition. Enquiries invited

UR-1A SOLID STATE
COMMUNICATION RECEIVER

4 Bands covering 550ke/s - 30me/s. FET, 8 Meter,
Variable BFO for 88B, Built in 8peaker. Band-
spread, Bensitivity Control. 220/240v AC or 12v
DC. 121 x 43" % 7". Brand new with instructions,
£25. Carr. 37¢p.

LAFAYETTE HA-600 RECEIVER

. General

coverage
150-400
kefs,
550ke/s-
A0 mefa.
FET front

product
detector,
varisble B.F.O., noise limiter, 3 Meter, Band-
spread. RF Gnm 157 X 93" > 84", 18 1b. 220/240v
AC or 12v DC, Brand new with instruotions. £45
Carriage 50p.

LAFAYETTE HA-800 SOLID STATE
AMATEUR COMMUNICATION
RECEIVER

3.5-4,
7-7.3,
14 -14.35,
21 - 21.45,
28 - 29.7,
50 - 54
me/s.
Dual con-
version, 2 5
mech.
product
detector, variable BFO, B Meter, 100ke/a calibra-
tor. 220/240v AC or 12v DC. 15" x 94" x 84",
18 Ib. Brand new with instructions. £57-50.
Carr. Paid. (100ke/s Crystal £1-974p extra).

FULL RANGE TRIOEQUIPMENT

EDDYSTONE V.H.F. RECEIVERS
770R. 19-165 Mc/fs. excellent condition. £150.

ARG 5.3 45000 7 =7 093 4 7

TRANSISTORISED
TWO-WAY
TELEPHONE
INTERCOM

Operatlve over amazingly long
distances. Separate call and
press to talk buttons. 2-wire
connection. 1000’s of appli-
cations. Beautifully finished
in ebony. Supplied complete
with batteries and wall brackets.
£8-974 pair. P. & P. 17}p.

INTERCOM BABY SITTER
Transistorised In-
tercoms, ideal for
home/office/work-
shop, etc. 2-way
buzzer call system.
For desk or wall
mounting. Supplied
complete with con-

necting wire, bat-

tertes. instructions.
atatlons £2 97+, P & P.12¢p. 4 station £6-62%.

SOLID STATE VARIABLE A.C.
VOLTAGE REGULATORS

Compact and panel mounting.
Ideal for control of lamps,
drills, electrical appliancesete.
Input 230/240 v. A.C. Output
contlnuously variable from
20 v.-230 v. Model MR 2305
5 amp 68 %46 X 43 mm.
£8:37t Model MR 2310
10 smp 80 x 68 x 60 mm.
£11-97¢. Postage 12{p.

All Mail Orders to-—
147, Church Street,
London, W.2
Tel: 01-262 6562
{Trade supplied)



a78 Wireless World, March 1971
CV40330-35 | EAF42 050 | EF98 075 | GZ30 0-50 | PCF80I QQVO3/10 | QV06-20 UABGB0 2021 0-33 | 6AQ4  0-20 | 6Q7C  0-30 | 40C17 0-80 | B66A 075
YALVES | Cvi011 060 | EAF80G EF183 033 | GZ32 0-50 4 1 1:38 033 | 2E26 100 | 6AQ5 031 | 68Q7M 038 | 30F5 0-85 | BT2A 2-88
CVA4045 0-50 0-88 | EF184 035 | (234 0-55 | PCF802 QQVo3/20 | QY3-125 UAF42 053 | 2K25 8-00 | 6ASt  0-30 | 68G7 030 | 30FL1 0-75 | 0314 363
A6l 048 | CV40464-50 | EB9I 015 | EF804 105 | GZ37 075 4 5- 900 | UBC4L 0-46 | 3A/167M 6A87 075 | ASJ7M 0,35 | 30L15 085 | 451 026
ACTY 25-00 | CV4048 083 | EBC33 043 | EFP60 050 | H63 090 | PCF806 QQVO4/15 | RI0O 075 | UCH42 0-53 400 | 6AT6 028 | 6SL7GT 40L17 0-85 955 015
ARP38 0-80 [ CV40620-88 | EBC4l 053 | EHY0 0-38 | HL4IDD 0- 25 | K17 0-40 | UCHS1 0-35 | 345  1-00 | 6AU5GT 030 [ 30rs 113 |2050 088
A231  0-50 | CV4064 1-50 | EBCY0 0-24 [ EL33 063 0-68 | PCH200 QQVO6-40A | RIS 038 | UCLS2 0-38 | 3B24 145 1-00 | 68NTGT 30P19 095 | 5644 200
BTL9 3:00 | CY30 063 | EBFso 038 | EL34 053 | KT8 175 083 00 | RIS 0-39 | UCL83 058 | 3B240M 6B4G  1-00 0-28 | 30PLI 080 [ 3651 036
BT79 285 | DAFYI 0-23 | EBF43 0-45 | EL36 046 | KT61 113 | PCL82 0-39 | WQVO6/40 | RG3/1250 | UL41 060 550 | 6BAG 025 [ 6VAG 023 | 30PL130-93 | 5654  0-40
BT89 3:35 | DAF96 038 | EBF8S 033 | EL38 125 | KT66 1.50 | PCL83 0-51 4.5 00 | UL84 035 | 3B241M 6Bl 025 | 6X4  0-23 | 30PL140-75 [ 5672 035
CIC  1-00 | DCCY) 100 | EBL2I 080 | EL41 (55 | KT67 225 | PCL84 0-43 | QQV5/10 RG5/500 uus 105 550 | 6BH6 045 | 6X5G 023 | 35L6 045 | 5687  0-50
CBL41 0-80 | DET3 50-00 | EBL31 1-38 | EL42 058 | KT8I(7CH) | PCL85 0-40 3- 400 | UU7  1-05 | 3B28  2-00 | 6BJG 045 ( 7B7  0-38 | 35L6GT 5691  1-25
CCH35 0-75 | DET19 0-33 | ECC40 0-88 | ELSL  0-45 -13 | PCLB6 0-46 | Q570/20 81M2 163 | UUS  1-05 | 5024 3-00 | 6BK4 108 | 7¢5 113 045 [ 5694 1:50
CV5 475 | DET20 013 | EOC70 075 | ELR4 024 | KTs8 170 | PD500 1-45 28 1 S11E126-00 | yy41 043 | 3C45 3-25 | 6BN6 0-38 | 7C6  0-75 | 35Ws 023 [ 5702 095
CV74 400 | DET22 550 | ECC81 0-30 | EL85 0-39 | KTws1 PENB41-00 | Q575/20 8130 2:00 | yyg5 .33 | 3DZ1A 175 | 6BQ7A 0-35 | TH? 033 | 3524GT 5749 0-50
CV82 250 | DET23 550 | ECC82 0-29 | EL86 041 0-63 | PEN45DD 0:28 [ S130P 200 | vy gy 3E29 350 | 6BR7 085|787 2.5 043 [ 5763 0-60
CV315 400 [ DET24 2-50 | EOC83 031 | KL90 0-31 | KTWe2 0-80 | Q375/60 SP4l 033 1-50 | 4C35 15-00 | 6BR8 0-63 | 7Y4 043 [50C5 031 5784 175
CV354 550 | DET25 075 | ECC85 025 | EL95 035 083 | PFL200 1-00 | SPSL  0-33 | \pap ).9g | 4OX250B 6BST  1-25 | 10F1  0-74 | 50CD6G 5842 3-25
CV37015-00 | DF91 020 | ECC88 0-38 | EL360 1-20 | M505 30-00 070 | Q883/3 038 | STV280/40 | yR105/40 12:00 | 6BW6 073 | 1IE3 350 155 | 3876  3-00
CV372 3-25 | DF96 0-38 | ECF80 033 | EL820 0-30 | M513 30-00 | PL36 054 | Q892/10 1-25 0-33 | $X1504 6BW7 0-85 | 124C6 0-50 | 80 0-38 | 5879 1-13
CV404 600 | DHA3 0-30 | ECF82 0-33 | ELs21 0-38 | MEL400 181 048 0-20 | STV280/80 | ypi50,40 75 | 6C4  0-25 | 12AD6 0-55 | 85A1  1-25 | 5893  7-50
CV408 2:50 | DH77 025 | ECH22 1-25 | KL822 0-80 125 | PL82 043 | Q895/10 - "0-30 | 4X150D 6CB6 025 | 12AES 048 [ 8542 0-36 | 589y 0-50
CV426 225 | DK32 039 | ECH35 038 | ELL&0 1-00 | ME1501 PL8: 085 0-28 | SU2150 W8IM 083 -00 | BCD6G 1-20 | 12AT6 0-24 | 90AG 225 | 5902 085
CV42917-50 | DK91 0-30 | ECH42 0-65 | EM34 080 125 | PL508 145 | Qs108/45 83 | \1i8/100 1X250B 6016  0-38 | 12AT7 0-30 [ 90AV 225 | 5963  0-50
CV450 125 | DKy2 045 { KCHBL 0-29 | EM80 0-38 | ML4 088 | PL509 1-45 095 | SU21504 S s 00 00 [ 6CL6 043 | 124U7 0-29 | 90C1  0-60 | 6057 050
CVIL443-00 | DKY6 0-39 | ECHB3 0-43 | EM8I 063 | N37 088 | PLB02 0-83 | (915015 083 | x| /300 | 5B/264M 6CW4 068 | 12AX7 0-31 | 90CG  1-25 | 6058  0-50
CV13857-00 | DL66 1-25 | KCLSG 0-35 | EM84 038 | N78  0:95 | PTI15 0-75 0-40 | T4l 088 | "0 -85 | 6D4  0-75 | 12BAG 030 | 90OV 125 | 6059  0-90
CV15229:00 | DL2 031 | ECLs2 085 | EN32 125 [ PC8S 058 [ X4 120 o o TDO3-5 5 75 | 51/255M 6DK6 0-45 | 12BE6 0-31 | 1502 058 | 6060 030
'1526 325 | DL94  0-34 | ECL83 051 | EY51 038 | PC88 058 | PX25 1-38 | WS160/ o 050 | 266 0 1-88 | 6F23 080 | 121 1-00 | 1503 043 | 6061  0-60
55163 | DL96 039 | ECL86 045 | EY8l 0-35 | PC97 044 [ PY32 054 0 TDO3-10 4319 125 | 5022 18-00 | 6F32  0-14 | 12K7GT 7054 050 | 6062 070
5 DL810 1-25 | ECLL800 1Y83 0-43 | PU900 043 | py33 .54 | @8150/36 050 | 2759 1:50 | SRIGY 053 | 633  0-98 035 | 703/AB 6-00 | 6063 035
o J7°50 [ DLS16 1-50 175 | EY84 045 | POCB4 033 | pyg| g.29 100 | rra1 195 2800 100 | 5U4G 028 | 635G 0-20 | 12K8GITO-90 725A 1200 | 6064 035
CVv23121-95 | DLS19 150 | EF9  1-00 { EY86 035 | PCC85 040 | oo oo | Q8150/45 p 00 | 2 solEw .30 | 696 018 | 12Q7GT0-30 | /= 065 0-
ot 9 PY82 026 TZ40 2-00 | Z80L 1:50 | 5V4G  0-40 : 801 048 | 5065 045
CV40030:50 | DY86 0-30 | EF37A 0-35 | E240 045 | PCC8Y 053 1-00 | 7803U 075 | 5v3GT 0.33 | #17C.  0-30 | 13E1 950 R 00
CV40040-50 | DV87 0-33 | EF39 00 | E241 048 | PCC1890-53 | FY83 085 | q150.8 oM 175 e SKGGT 0-40 { 20P+ 100 | 803 175 | V067 0
CV40050-40 [ DY802 083 | EF4l 0-63 | E280 0-28 | PCF80 0-34 | PY500 093 103 | U24  1-20 | 0A2 031 | 5Z4G  0-35 | 6K7G 0-10 | 2481 550 | 807  0-a5 | 6072  0-80
CV4006 0-90 | E8 060 | EF50 0:25 | E281 0-28 | PCFE6 0445 | PY800 048 | gg120u 0-36 | U2 078 [ OB2  0-30 | 6/30L2 075 [ 6Ks  0-14 | 2624 0.31 [ g1;  1.75 | 6080 125
CV4007 0-35 | E180F 0-88 | EF52 125 | GTE175 PCF200 PY801 048 | Qvou/iz U2 078 | 0Zi 023 |6AK5 025 |gKsg 015 | 2526GT 813U84 6111 083
CV4014 0-35 | E1520C R0 0-23 1-38 080 . . k < . ; . . N . 0-40 e 38
CV1015 050 13 | EF86 033 | GTI0 2:88 | PCF201 PZ30 050 060 | US7 100 | 1B3GT 0-36 | 6AKG 063 | 6166 089 | y5p 8,000 JELICauRE
CV1024 030 | ESIOF 2-50 | EF8Y 028 | GU20 5-00 78 | QF41 2000 | QV04-70-63 | Ul91 069 ;122  1-25 | 6AL5 015 | 6L6WGB 0.43 | 829B 300 [ 7475 070
CV4025 0-35 | EABCSO EF91 018 | GU2I 600 | PCFS00 QQV02/6 QV05-25 U404 0-38 | 2C39A 7-00 | 6AMG 018 0881 971 3.63 | 8334 17:00 | 9003  0-45
CV40310-35 033 | EF92 013 | GY501 075 075 225 0-45 | Usol 1-18 | 2043 3-50 | 6AN8 050 | 5P25 113 | 40015 075 | 837 0-88 | voo4  0-13
. 2N247 025 | ADI61 038 | BCY72 018 | GET875 NKT217 NKT713 0C24 050 | OC45 015 | OC78  0-20 | OC82D 0-15 | OCP7L 0-98 | 2N3710 0-13
Transistors AC107 0-38 | AF114 0-33 | BY100 0-18 | _ : 0-40 025 | 0C25 035 | OCTL 015 [ ocs1 025 | OC83  0-25 | ORPL2 0-50 | 2N4058 0-18
= ACI27 025 | AF115 0:30 | ppygg g.pg | NKT21L NKT218 0A85 013 | 0C26 028 | OC72  0-25 | OC81D 0-20 | OC84 0-25 | 8X642 0-38 | 2N4286 0-18
18111 013 | 26381 025 | ACI28 025 | AF116 033 | pooo ' o0 . ka0 13| 0A91 008 | 0C28 088 | OCT4 030 | oogiM 0-20 | OC169 0-20 | 18202 0-23 9N4289 0-19
18113 015 | 2G382 030 | ACY!Y 0:25 | AF116 025 NKT214 NKT403 N ) . 2o ;
18115 0-30 | 2G415 0-30 | AGY20 0.33 | BOI10T 0.13 | DD003 0-15 . 95| OC16 043 ) 0C29 063 |0C75 025 | oog1DM OCI70 0-25 | 2G302 0-23
18131 0-13 [ 2G416 0-33 | ACY21 0-23 | BC108 0-13 | GET57! NKT216 NKT404 OC19 0-38 | OC35 0-50 | OC7T6 025 0-18 | OC171L 0-30 | 2N3055 0-75
2G210 063 | 26417 0-23 | AD140 050 | BCl10S 013 0-25 0-38 063 | 0C20 0981 0C4s 018 |0C7T7 040 0CB2 025 | 0C200 038 | 2N3707 0-15
Valves tested and released to A.R.B. specification if required.
Express postage 4p per valve.
Over £5 postage free.
™ Tel. 01-769 0199/1649.
Open to callers
BLACKWOOD HALL, 16A WELLFIELD  Mer toSat. s am 530 p.m.
s . 1—2. P.Mm.
ROAD, LONDON, S.W.16 Complete range of TV Tubes
available from £4-25.
14 = B8l SEND FOR LIST OF 6,000 TYPES VALVES, TUBES & TRANSISTORS
Manufacturers and Export enquiries welcomed

Our Price Only

£6.75

Solve your communication problems with this
new 4-Station Transistor Intercom system
(1 master and 3 subs), in de luxe plastic
cabinets for desk or wall mounting. Call/talk/
listen from Master to Subs and Subs to
Master. Operates on one 9 v. battery. On/off
switch, Volume control. Ideally suitable to
modernise Office, Factory, Workshop, Ware-
house, Hospital, Shop, etc., for instant inter-
departmental contacts. Complete with 3 con-
necting wires, each 66 ft. and other accessories,
Nothing else to buy. P. & P. £0.40 in U.K.

A top quality DE-LUNXE transistorised intercom consists
of MASTER and SUB for desk/wall mounting. Call, talk
or listen from either unit. On/Off switch, volume control.
Ideally suitable as “BABY SITTER” or Door Phone.
A boon for spastics and invalids. Useful in the home,
surgery or business for instant 2-way conversations,
effective range 300ft. Unsurpassed in QUALITY AND
PERFORMANCE., Complete with 66ft. connecting
lead. Battery £0.12 extra, P. & P. £0.25, Price Refund
if not satisfied in 7 days.

Why not increase efliciency of Office, Shop
and Warehouse with this incredible De-Luxe
Portable Transistor TELEPHONE AMPLI-
FIER which enables you to take down long
telephone messages or converse without
holding the handset. A useful office aid. A
must for every telephone user. Useful for
hard of hearing persons. Onjoff switch.
Volume Control. Operates on one 9 wv.
battery which lasts for months. Ready to
operate. P. & P. £0.18 in U.K. Add £0.12 for
Battery.

Full price refunded if returned in 7 days.

WEST LONDON DIRECT SUPPLIES (W.W.) 169 KENSINGTON HIGH STREET, LONDON, W.8

For

=
e
.

| components
‘RS fast..

P.O. Box 42
London EC2P 2HA.

Radiospares
Tel: 01-253

WW—108 FOR FURTHER D

electronic

brochure from
7. 13-17 Epworth St.,

7501 Telex: 262341

ETAILS

Your choice of
Live Sockets-
Instantly!

A Lexor DIS-BOARD gives you up to 6

sockets from one power outlet. Portable
or permanent fixing, compact units, with
safety neon. Over 1,000 socket
combinations available from stock. All
types of fittings and finishes.

LEXOR DIS-BOARDS LIMITED,
Allesley Old Road, Coventry.
Telephone 72614 or 72207

WW-—109 FOR FURTHER DETAILS



Wireless World, March 1971

ELECTROVALUE

a79

EVERYTHING BRAND NEW TO SPEC - LARGE STOCKS - NO SURPLUS

BARGAINS IN NEW SEMI-CONDUCTORS

MANY AT NEW REDUCED PRICES -

ALL POWER TYPES WITH FREE INSULATING SETS

40361 55p 2N2905 44p 2N4291 15p BCI48 14p BFX87 29p
40362 68p 2N2905A  47p 2N4292 15p BCI49 15p BFX88 26p
2N696 20p 2N2924 20p ACI107 46p BCIS3 19p BFYSO 23p
2N 697 22p 2N2925 22p ACI126 20p BCI54 28p BFYS| 20p
2N706 12p 2N2926 1p ACI27 20p BCI57 19p BFY52 23p
2N930 29p 2N3053 27p ACI28 20p BCI58 17p BSX20 16p
INT131 36p 2N 3055 75p ACI53K  25p BCI59 18p C407 17p
2N1132 40p 2N3702 13p ACI76 27p BCI67 13p MC140 25p
2N 1302 19p 2N3703 13p ACY20 20p BCI68 1p MPses3! 35
2N 1303 19p 2N 3704 13p ACY22 16p BC159 13p MikseaTd 300
2N 1304 23p 2N3705 13p ADI 40 56p BCI77 17p 25"
2N1305 23p 2N3706 13p ADI42 50p BCI78 15p NKT211 e
2N1306 33p 2N3707 13p ADI149 60p BCI79 17p NKT212 z§°
2N1307 33p 2N3708 13p ADI6I 40p BCIS2L 13p NKT214 e
2N 1308 36p 2N3709 13p ADI62 40p BCI33L lp NKT274 p
2N1309 36p | 2N3I7I0 13p AFL14 30p BCI184L 13p | NKT403 ;59
2N1613 23p | 2N37I 13p AFII5 30p BC212L 25p | NKT405 7
2NI711 26p 2N3819 35p AFI17 28p BC2I3L 25p ocC71 29p
2N1893 54p 2N3904 35p AF124 30p BC214L 25p ocsl 25p
2N2147 95p 2N3906 35p AF127 28p BCY70 19p ocCs8ID 25p
IN2218 33p 2N 4058 20p AF139 48p BCY7! 33p ZTX300 17p
2N2218A  43p 2N 4059 20p AF239 49p BCY72 I15p ZTX301 17p
2N2219 38p 2N 4060 20p ASY26 27p BFII5 23p ZTX302 22p
2N22I19A  53p 2N 4061 20p ASY28 27p BFI67 27p ZTX303  22p
2N2270 62p 2N 4062 20p BCI07 14p BFI73 31p ZTX304  33p
2N2369A  19p 2N4124 18p BCI08 12p BF IS4 17p ZTX500  25p
2N2483 35p IN4126 27p BCI09 14p BF1S5 18p ZTX501 25p
2N2484 42p 2N 4284 15p BCI25 15p BFX29 3lp ZTX502  30p
2N2646 54p 2N4286 15p BCI26 22p BFX34 25p ZTX503  25p
2N2904A  42p 2N 4289 I5p BCI147 15p BFX35 34p ZTX504  60p
ode Power Tolerance Range Values 19 10to0 99 100 up
available (see note below).
c 1/20W 59 8202-220KQ) El2 7 65 6
c 1/8W 5% 4.7Q-330KQ E24 15 08 07
c 1/4W 10 47Q-10MQ EI2 15 08 07
c 112w 5% 47Q-10MQ E24 12 1 09
c 10, 47Q-10MQ EI2 25 2 19
MO 12w 2% 10Q-1MQ E24 4 35 3
WW 1w 10%+ 1/20Q  022Q-39Q El2 7 7 6
ww W 5% 12Q-10KQ El2 7 7 6
wwo W 5% 12Q-10KQ El2 9 9 8
Codes: C = carbon film, high stability, low noise. Prices are in pence each for quantities

MO = metal oxide, Electrosil TR5, ultra low noise.

WW= wire wound, Plessey.

of the same ohmic value and power

ratingg NOT mixed values, (Ignore
fractions on total value of resistor
order.)

PEAK SOUND PRODUCTS

ENGLEFIELD
12412
AMPLIFIER

Stereo amplifier in modular kit form 12 watts
channel into 15¢) £38-45
Cabinet kit only £6. These prices nett.

As reviewed in Hi Fi Sound and other important journals.

BAXANDALL
SPEAKER SYSTEM

Designed by Peter Baxan-
dall. Superb reproduc-
tion for its size. Handles
10 watts with ease. Uses
ELAC 152 S9RMI09
speaker unit. Kit £13-90
nett; built £19-40 nett.

RMS per

MAINLINE AMPLIFIER KITS

RCA/SGS designed main amplifier kits. Input sensitivity 500~
700mY for full output into 8Q.

Power Kit price Suitable unreg.
including components power supply kit

12W £8-40 nett £4:60

25W £9-50 nett N/A

40W £10-50 nett £575

70W £12-60 nett £6-94

Values:

EI2 denotes series: 10, 12, 15, 18, 22, 27, 33, 39,
47, 56, 68, 82 and their decades.

E24 denotes series: as E12 plus 1), 13, 16, 20, 24,

TYGAN SPEAKER MATERIAL
7 designs, 36 X 27 in. sheets, £1-57 sheet.
Pattern book, S.A.E. plus 3p stamp.

30 WATT BAILEY AMPLIFIER PARTS

Sensitivity 12V for full output into 8Q).

Transistors and PCB for one channel £6-40

Transistors and PCBs for two channels £12-80

Capacitors and resistors {metal oxide), £2-00 per channel.
Complete unregulated power supply pack, £4-75

INTEGRATED CIRCUITS

PLESSEY SL403A 3 watts into 7'5 ohms. Data book supplied
FREE when two of these units are purchased. Price per unit,
nett £2-10

30, 36, 43, 51, 62, 75, 91 and their decades.

ZENER DIODES 5% fuil range E24 values:
400mW: 2-7V to 30V, 15p each; 6-8Y. to 82V,
33p each; |-5W: 47V to 75V, 60p each.
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