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TEKTRONIX U.K. LTD.

Beaverton House - P.O. Box 69 - Harpenden
Telephone: Harpenden 61251 . Telex : 25559

Herts

Wireless World, August 1969

TEKTRONIX

TYPE 528. MOD 188G. Waveform Monitor for use with
camera outputs, video system output lines, transmitter video
input lines, CCTV systems and educational TV systems.
(Also available for use on NTSC standard.) £394 plus
£64.4.0. duty

TYPE RM 529. MOD 188D. Multi-standard Waveform
Monitor—can be used on any of the 4 systems without
internal adjustment to carry out the majority of television
waveform measurements required. £641 plus £104.10.0.
duty.

TYPE 520. MOD 188M. Vectorscope with push-button
controls for quick, accurate measurements. Chrominance
Phase and Amplitude, Differential Phase and Differential
Gain Measurements. Solid-state reliability. (Also available
for use on NTSC standard.) £898 plus £146.8.0. duty.
TYPE R141.PAL.Television Test Signal Generator is an all
solid-state source of high-quality television test signals for
625-line, 50-cycle field standard PAL colour TV Systems.
£715 plus £153. 5.0. duty.

TYPE 453. MOD 127C. DC-to-50MHz. Portable Sweep-
delay Oscilloscope with built-in TV Sync Separator, solid
state design for highly-accurate work in tough environmental
conditions. £948.
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The new C1179—a
high vacuum beam
tetrode designed
primarily for the
output stage of
power amplifier
pulse modulators

in 5kW-10kW radars.

Al

New pulse tetrode for low power
radars added to EEV’s range

C1179 Cc1148 c1149]1 C1150/1 C1166
Pulse Anode Pulse Heater
Anode output voltage anode ratings
Service dissipation power max. current
Type type max. (W) (kW) D.C. (kV) max. (A) (V) (A) Base
C1148 —- 40 130 14.0 12 6.3 5.0 B5F
C1149/1 CV6131 60 330 20.0 18 26.0 2115 B4A
C€1150/1 cva27 60 205 175 15 260 215 B4A
C1166 60 205 17.5 15 6.3 9.0 BSF
C1179 — 18 65 8.0 9.0 6.3 2.8 B7A

Send for full data on the
EEV range of pulse
amplifier tetrodes

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

Please send me full details on your range of pulse tetrodes.
| am particularly interested in using a pulse tetrode with the following parameters :

Pulse Anode Anode Pulse

output power dissipation voltage anode current

NAME POSITION

COMPANY

ADDRESS

TELEPHONE NUMBER EXTENSION Ww 28

AP 362
WW—006 FOR FURTHER DETAILS
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STANSTED
ESSEX

SOUND  stansted
SYSTEMS

P

)

Il SOUND CONTROL A25X AMPLIFIER
A t devel nt in Output: 100V line or 15 ohms.
co NSO I-ES therece:rUdix Ve::,’,’;: :,f Distortion: 0.8% 100Hz-10kHz.
o ifi Signal/Noise: Ratio —65db.
. INTE G RATE D Zn;es_czat;t:e:sm;zl;f;r;z“zrz Frequency Respogse itz 1th> 40Hz-1 5.kHz.
MIXER AMPLIFIERS the exacting roquirements 50y TCOILRION on MICropnone Inputs
of professional broad- Metered output.
. CU M PI.ETE SU U N D casting  authorities  for [y short and open circuit protection.

outside broadcasts. All connectors Cannon and GPO.

SYSTEMS

WW-—007 FOR FURTHER DETAILS

AUDIO RESPONSE CONTROL

O“-‘c UNIT TYPE A1671

PROVIDES ABSOLUTE CONTROL
g OF FREQUENCY RESPONSE OVER
THE AUDIO BAND

Y As't‘,r

PRICE IN STANDARD FORM
£145-0-0

SUPPLIED TO RECORDING

ASSOCIATED ELECTRONIC | AND BROADCASTING STUDIOS

THROUGHOUT THE WORLD

ENGINEERS LTD. DALSTON GARDENS - STANMORE - MIDDLESEX
TELEPHONE 01-907 4474/5/6

WW-—008 FOR FURTHER DETAILS
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The secret is in the fixing of the Brewster window
—the angled glass plate at each end of the tube.
In many tubes the seal is made with an epoxy
resin which eventually cracks and ruins efficiency
by letting in air. EEV, on the other hand, use
fusion sealed windows where the seal is as
strong as any other part of the tube. Fusion
sealing allows the tube to be heated to a very high
temperature during manufacture, driving out all
the gases in the tube surface which would
otherwise contaminate the helium-neon filling.
EEV tubes have been life tested up to 6000 hours
which is two or three times the life generally
expected from tubes employing epoxy sealing
techniques. There is a standard range of EEV laser
tubes available, full details of which can be
obtained by filling in the coupon. If your laser
design calls for a special tube give us brief details
of what you need as we can probably meet your
requirements.

Why EEV gas laser tubes

Send for full details
of the complete range
of EEV gas laser tubes.

; W e
nm—
\ s

Qutput

power at Bore Active

632.8nm diameter length
Type Excitation (mW) (mm) {mm)

R.F

XL607 (27MHz) 3.9 7.0 483
XL609 D.C. 25 3.0 229
XL612 D.C. 6.0 7.0 457
XL614 D.C. 8.0 7.0 584

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

Please send me full data on your range of gas laser tubes.
| am particularly interested in using a tube with the following parameters.

Wavelength (nm) Power Output (mW) Mode (Single or Multi ?)

NAME POSITION B

COMPANY i - - - -
ADDRESS S
TELEPHONE NUMBER EXTENSION _ _ww2e

WW—009 FOR FURTHER DETAILS Nl
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Armstrong

the high fidelity sound

A STEREO
TUNER-AMPLIFIER

for the
BUDGET SYSTEM

127 STEREO TUNER-AMPLIFIER £43-13-9
OPTIONAL CASE As illustrated £3-17-0

If you want high fidelity in the highest class don’t buy
the 127 Tuner-Amplifier; it isn’t meant for you. But if you
want a good quality system that is a great deal better than
the average radiogram, and your power requirements, as
well as your budget, are of modest proportions, then this is
meant for you.

The 10 watts power output, 5 from each channel, won't
fill a hall, but it is more than adequate for most domestic
purposes. The AM-FM Tuner incorporated is doubly
attractive because, as well as covering the medium wave-
band, it has a performance on FM which is good enough
to give excellent results on stereo radio once you add the
optional M5 stereo radio decoder.

There are of course the usual facilities; pickup and
tape inputs, tape recording outputs, bass and treble tone
controls.

As we said at the outset, if you are after top-class hi-fi
you don’t want the 127, what you want is the Armstrong
series 400 or series 500 models.

For details and technical specifications of all models,
plus list of stockists, post coupon or write, mentioning
8WW69.

ARMSTRONG AUDIO LTD., WARLTERS ROAD N.7
Telephone 01-607 3213

WW—010 FOR FURTHER DETAILS
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Trainfortomorrow'sworld
in Radio and Television

at The Pembridge College
of Electronics.

The next fulltime 16 month College Diploma
Course whichgivesathorough fundamental
training for radio and television engineers,

starts on 3rd Sept. 1969.

The Course includes theoretical and practical
instruction on Colour Television receivers and is
recognised by the Radio Trades Examination
Board for the Radio and Television Servicing
Certificate examinations. College Diplomas are
awarded to. successful students.

The way to get ahead in this fast growing industry
—an industry that gives you many far-reaching
opportunities—is to enrol now with the world
famous Pembridge College. Minimum entrance
requirements: 'O’ Level, Senior Cambridge or
equivalent in Mathematics and English.

. To: The Pembridge College of Electronics .

B (Dept. wwo), 34a Hereford Road, London, W.2 [}
. Please send, without obligation, details of the
Full-time Course in Radio and Television.

NAME.

ADDRESS

WW—011 FOR FURTHER DETAILS
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Don’'t take our word for it—test EEV flash tubes
against the equivalents you're now using and
learn why other users think so highly of those
made by EEV. Incorporating extra heavy duty
electrodes, EEV flash tubes are renowned for their
reliability, long life (up to 108 flashes) and high
conversion efficiency. EEV liquid-cooled and
air-cooled xenon flash tubes for pumping laser
rods offer a wide range of input energy levels and
they are capable of operation at high repetition
rates.

Full details of the range are available on request—
but if your application calls for a flash tube that
is not in the present range, tell us your
requirement because we can probably make it

for you.

AS

Outstanding
in quality,
reliability
and
performance

Send for full details
of the complete range
of EEV flash tubes.

EEV flash tubes

Typical operating conditions

Energy

input per Arc Bore Series Trigger

flash max. length diameter Voltage inductance Flash voltage
Type (J) (mm) (mm) (kV) (uH) rate (kV)
XL615/7/3 600 76 7.0 25 400 Tper15sec. 12-16
XL615/9/4 1500 102 9.0 25 400 1per30sec. 12-16
XL615/10/5.5 3500 140 10.0 25 400 1 per30sec. 16-20
XL615/10/6.5 5000 165 10.0 2.5 800 1 per 2 min. 20-25
XL615/13/6.5 10000 165 13.0 25 800 1 per 2 min. 25

| am interested in EEV flash tubes for. .
Please send me data sheets on your full range.

English Electric Valve Co Ltd

Chelmsford Essex England Telephone: 61777
Telex: 99103 Grams: Enelectico Chelmsford

(application).

NAME
COMPANY

ADDRESS

TELEPHONE NUMBER

WW—012 FOR FURTHER DETAILS
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FIT AND FORGET

A.P.T. POWER UNITS

the power pack people

A.P.T. ELECTRONIC INDUSTRIES LIMITED &
Chertsey Road, Byfleet, Surrey. Tel : Byfleet41131-2-3-4
WW—013 'OR FURTHER DETALLS

Wireless World, August 1969

D.C. POWER UNIT
MODEL TSU-0500

Stabilised output 0.5A at
preset voltage in range
6-30V.

Very small size 14.3 x

7.8 x7.0cm high

(63" x3+%"x22").

Price £19.0s.0d. net
ex-works, prompt delivery.

For further details send
for fully descriptive
leaflet,

GOPENHAGEN

Bella-Centret 22nd to 31st August

ELECTRONICA
69

Electronics
Radio - TV

Open daily 10 a.m. to
10 p.m.

From 10 a.m. to 2 p.m.
for trade only

WELCOME!

The electronics industry is one
of the leading branches of in-
dustry in Denmark - with ex-
ports equal to that of our fa-
mous butter! You have an op-
portunity at ELECTRONICA '69
to see what these exports com-
prise, from the tinlest compo-
nents to a wide range of colour
TVs, sterso radios and profes-
sional electronic equipment of
every type. And the Danish
electronics industry is open-
minded, tool We invite our for-
elgn competitors to take part in
the exhibition. ELECTRONICA
'69 is thus very much an inter-
national electronics exhibition.
ELECTRONICA '69 has been ar-
ranged jointly by the Danish
Broadcasting Corporation and
the Danish electronics industry.
It is purely a display of electro-
nics. Exhibition patron is H.R.H.
Prince Henrik.

ELECTRONICA °'69 consists of
two sections: one for professio-
nal equipment and components,
and the other for radlo, TV, tape
recording equipment, record
players, Hi-Fi and stereo mate-
rial, and with a working colour
TV studio and stereo and Hi-Fi
demonstrations.

ELECTRONICA 69 in its profes-
slonai section will show such
components and professional
electronics as are on the mar-
ket in Denmark, inciuding:
Automation equipment and in-
strumentation

Audio and acoustic instruments
Boller controls and instrumen-
tation

Chemical measuring-equipment
for laboratories and industry

Communication recelivers
Computers, data processing and
anclilary apparatus

Digital read-out- and positioning
systems

Educationel equipment, electro-
nic and electrical measuring in-
struments

Industrial mgasurement, pres-
sure, level, flow, etc.

Laboratory apparatus, equip-
ment, furnishings

Medical electronics

Microwave and waveguide
apparatus

Nuclear reactor and nucleonic
instrumentation

Optical instruments, compo-
nents and accessories

Radar and navigationel alds
Radio test gear and equipment
Spectrographic and allied
equipment

Telemetering and remote
controi

Television engineering
equipment

Television equipment for closed
circults, black & white, and
colour

Telecommunications equipment
Valves, electronic, cathode rady
tubes etc.

X-ray equipment, industrial and
scientific

Secretariat and press office:
Graabrodre Torv 16
1154 Copenhagen K.

Write for brochure.

WW—014 FOR FURTHER DETAILS
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EEV klystrons -
a wide and

flexible range
for UHF TV

EEV make amplifier klystrans for UHF TV at power
levels 5, 7, 10, 25 and 40k W into the aerial. Their
reliability is established, their operating efficiency
is good and their design provides a high degree of
operational flexibility. A 40kW tube can, for
example, be operated at the same efficiency at
any power level between 20kW and 40kW. When
operated at 40kW the tube needs only 135kW
d.c.input.

English Electric Valve Co Ltd
Chelmsford Essex England Telephone: 61777
Telex: 99103 Grams: Enelectico Chetlmsford

L_ |
ﬁ)/’l

Send for full details of
the complete range
of EEV amplifier
klystrons.

Please send me full details of your range of UHF TV amplifier klystrons.
| am interested in a klystron with the following parameters

Frequency Range Bandwidth Power Level

NAME POSITION

COMPANY —
ADDRESS

TEI:EPHONE NUM@ER EXTENSION Ww2as

o AP 354
WW—015 FOR FURTHER DETAILS
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... made quiet by the powsar Y 0 u

Of hermony, and the deep power of joy,
\Ve see into the life of things’

WANT
PARTS
URGENTLY

—almost

immediately!

So what do you do?

You reach for the 'phone and dial ONO
239 8072, if it is anything made by the
United-Carr Group. You will be sur-
prised how soon you'll get what you want.

Your immediate needs are our
business

We exist to supply the small user quickly
with standard parts made by these Com-
panies and carry large stocks of their
fasteners and clips and a wide range of
Radio, Electronic and Electrical compo-
nents. We're geared to speedy handling
and dispatch.

But you will need our latest
catalogue

For quick and accurate ordering you
should keep our comprehensive cata-
logue by you. This useful reference book
gives full details of the wide range of
parts we stock—nearly everything of the
kind that you are likely to require.

Even though not ordering anything im-
mediately, you should write now for this
useful publication and so be ready to
handle rush jobs whenever they arise.

United-Carr Supplies Ltd.,
Frederick Road, Stapleford, Nottingham.
Sandiacre 8072 STD ONO 239 8072

' $0i0 (@) srocwists

=3 ] s 1 . UNITED-CARR
oy ) ] / [_T——3 The best pick-up arm in ithe world S ERLES

UNITED-CARR GROUP

Wirite to SME Limited - Steyning - Sussex - England
WW—016 FOR FURTHER DETAILS WW—017 FOR FURTHER DETAILS
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power in microwave
tube technology

EMI and Varian Associates of California have formed a new company, EMI-VARIAN LTD..,
which is a subsidiary of EMI ELECTRONICS LTD., Hayes, Middlesex. This new company Is
responsible for marketing and manufacture for the following product groups:

EMI ELECTRONICS LTD., Power Tube Division, and Microwave Section of tha Valve Division.
PALO ALTO TUBE DIVISION OF VARIAN, Palo Alto, California.

EIMAC DIVISION, San Carlos, California.

BOMAC DIVISION, Beverly, Massachusetts.

S-F-D LABORATORIES, Inc., Union, New Jersey.

LEL DIVISION, Copiague L.I., New York.

SOLID STATE MICROWAVE DIVISION, Beverly, Massachusetts.

VARIAN OF CANADA.

EMI-VARIAN thus combines the research, technology anc manufacturing r2sources of two
companies with vast experience n microwave and power tubes and associated components.

EMI-VARIAN LTD Hayes Midex. England Phone 01-573 3888 extn. 2740 Telex 22417 Cadles EMIVAR LONDON

WW—018 FOR FURTHER DETAILS
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£ 100-UK

Expand your Universe

... for better solutions
to your measuring problems

with Hewlett-Packard

1 Frequency domain oscilloscope
2 200 MHz multichannel analyzer
3 Low-priced digital voltmeter

4 400 kHz-40 GHz sweep system
5 A new solid state digital display

1 Adding absolute
amplitude calibration

to frequency domain
measurements
The most meaningful and practical way of
evaluating circuit systems performance is
in the frequency domain. Doing it in the

1kHz-1250 MHz range—fast and
accurately—is the job of hp spectrum

analyzers. They let you measure the
absolute magnitude of each component of

a simple or complex signal. The result is

shown directly without distortion or
spurious responses over a 70 dB range on

the hp 140S display unit. For high-
resolution measurements, use the hp 141S
variable persistence unit.

Using the 8553L RF unit with the 8552 A
IF unit, you cover 1 kHz-110 MHz in a
single, highly linear sweep. Resolution is a
narrow 50 Hz. Flatness (+ 0.5 dB) and
sensitivity (-130 dBm) are equally
outstanding.

Combining the 8554L RF unit with the
85524, your range is 500 kHz-1250 MHz
—in one sweep with excellent linearity and

resolution (300 Hz) and sensitivity
{-120 dBm) to match.
8553L, £822

RF units.
8554L, £1502
85524, £866

IF units.

Display units. 1408, £339
141S, £704

WW—200 FOR FURTHER DETAILS
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of Electronic Instrumentation

2 Fact or Fiction?
A 4096 channel analyzer with a 200 MHz
clock rate? That would be just about the
fastest ADC clock rate ever. And it would
mean that you could count more than
30,000 impulses per second over all the
channels.

It's a fact. It's the 5401A Multichannel
Analyzer from hp. This precision instrument
offers you a 12-bit ADC (with 4K
resolution) and memory expandable from
71024 to 4096 or 8192 channels. Now you
can get an extremely high digitizing rate in
addition to outstanding linearity and
stability specs. 1/O flexibility, and
multimode operation that hp has already
contributed to nuclear and statistical

analysis work.

Linearity : integral, + 0.1%, differential,
+ 1% over full range above trigger level.

Stability : baseline and gain are
automatically stabilized 30 times per

second.
1/0 flexibility: easy. with hp quick-change

Interface cards.
Versatility : Multi-mode operation includes
pulse height analysis. multichannel scaling
and sample voltage analysis.
5401A systems are priced from £5459.
WW—201 FOR FURTHER DETAILS
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£ 100-UK

3 A digital voltmeter for
the fair sex?
once you consider its versatility.

Over 20 standard RF plug-ins give the
system an impressive frequency range
from 400 kHz to 40 GHz. Included are
two new all-solid-state plug-ins for the

400 kHz-4 GHz range.

For multiband sequential swept coverage.
there is the 8706 A pushbutton control
unit. You'll find it a handy device in
production testing. Used with up to three
RF unit holders (8707A). the mainframe
can drive up to nine plug-in oscillators.
There's also a multiplexer (8705A) for

push-button distribution of RF outputs.
A stabilized sweep oscillator system is
the answer if it’s ultra-stable phase-locked

CW or swept frequency outputs you

require.
Give us a call so that we can send you

complete details.
WW—203 FOR FURTHER DETAILS

B New light-emitting diode
is bright idea behind all-
solid-state numeric display

Why not? Isn’t many a production line
staffed by girls ? And don’t the ladies
also contribute their share to quality
control? Don’t they rate a rugged,
foolproof digital voltmeter of their own ?

Of course they do. That's why hp designed

the 3430A, for use by inexperienced
personnel. And this low-priced instrument

is equally handy for repair and
laboratory work.

The 3430A has a large, easy-to-read
3-digit display, with a 4th digit for 60%

overranging. Polarity and decimal point
are indicated automatically. Measurement

range: +100 mV to +1000 V. The chance
of circuit loading is reduced by the
10 megohm input resistance in all ranges.
No need for frequent callbrations either.
The 3430A maintains its +(0.1% of reading

+ 0.1% of range) accuracy for 90 days.
May we send you the data sheet?
Like a gallium arsenide phosphide firefly,

The 3430A is priced at £ 259 and its
you might say.

made in Britain.
WW-—202 FOR FURTHER DETAILS
Bright indeed. Our researchers were
looking for a diode that would emit a
significantly increased number of photons

at energies compatible with the

4 Between 400 kHz
and 40 GHz: :
characteristics of the human eye.
g IBeep sys“e,,"_ In this they succeeded. And thus made
of great Versat’//ty solid-state numeric displays a practical
proposition.
Practical because high-intensity, variable
light output is here accompanied by the
frugal power consumption of solid-state
circuits. ..
Twenty-eight tiny GaAsPs diode chips

deliver bright red numerals. The BCD driven
switching logic is a monolithic integrated
circuit with over 250 active elements. And

it's all housed in a compact, sealed
package only 25 x 15 x 4 mm. The price.
depending on quantity ordered, is about

] £26 per unit..
~  Which buys you all the advantages of
solid-state displays. including long life,
ruggedness, and freedom from catastrophic
failure. So you'll want to remember our
bright idea when space is at a premium and

When it comes to accuracy, linearity and
low residual FM, the hp 86908 sweep
reliability is vital.
WW—204 FOR FURTHER DETAILS

system has few peers. It has even fewer
www.americanradiohistorv.com
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HEWLETT@PACKARD

Hewlett-Packard Ltd.

224 Bath Road, Slough. Bucks, Great Britain
Tel 33 341

European headquarters

Hewlett-Packard S.A.. rue du Bois-du-Lan 7
1217 Meyrin-Geneva. tel. (022) 41 54 00
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the
sensitive
type<
one in
ten
million!

PHILIPS

Every aspect of microphone manufacture is covered by
the makers of ten million of them—Philips. Presentation
and directivity are made to suit requiremenis. In fact,
whatever your needs, there’s one in ten million for
you. Please ask for full information.

W
\ PYE TVT LIMITED

PHILIPS SCUND DIVISION
Addlestone Road, Weybridge
Tel: Weybridge 45511. Telex: London 262319

TVT 23

WW-—019 FOR FURTHER DETAILS
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“o-max” sheet metal punches

FOR QUICK AND CLEAN HOLES

30 SIZES:

ROUND:
%Il to 3”

SQUARE:
:_éll and 1// 1l e =

RECTANGULAR: =
217 X 157 M
372 16

Full list on application

® Simple operation

® Quick, clean holes (up to 16 gauge
mild steel)

® Saves time and energy

® Burr-free holes—no jagged edges

® Special heat treatment maintains
keen cutting edge

® Anti-corrosive finish prevents rusting

® Used all over the world

Obtainable from Radio, Electrical and Tool Dealers,
Wholesale and Export Enquiries to:—

p 2
Q'MAX” (electromcs) LTD. Napier House, High Holborn, London, W..1.
WW—020 FOR FURTHER DETAILS

Looking
for one
like
this?

(17) 4 mm.. tbular. wire ended. length 11.5 mm

A Just one of the many Vitality Instrument and
Indicator Lamps, made in an unusually large
number of types. ratings and sizes. It may be just
what you need for an existing or new project. If
not, another from the hundreds of types and
ratingsdetailedin Vitality Catalogue 69 maywellbe

* Many a product owes its success (o the
intelligent addition of an indicator light’

VITALITY BULBS

VITALITY BULBS LTD., MINIATURE AND SUB-MINIATURE LAMP SPECIALISTS
N / MUN 14 2071
Member of the General Instrument Group.

WW-—021 FOR FURTHER DETAILS
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'VALUABLE NEW HANDBOOK

FREE wenizas

Have you had your copy of “Engineering Opportunities”?

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

On ‘SATISFACTION OR
REFUND OF FEE’ terms

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

THIS BOOK TELLS YOU

Y HOW to get a better paid, more interesting Job.
Y HOW to qualify for rapid promotion.

Y% HOW to put some letters after your name
and become a key man . . . quickly and easily.

Y% HOW to benefit from our free Advisory and
Appointments Depts.

Y HOW you can take advantage of the chances
you are pow missing.

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

164 PAGES OF EXPERT
CAREER-GUIDANCE

WHICH OF THESE IS PRACTICAL INCLUDING
YOUR PET SUBJECT? i [0S
ELECTRONIC ENG. RADIO ENG. Basic Practical and Theo-  T1¢. sPecialit, Elec:

Advanced Electronic Eng. —
Gen. Electromic Eng. — Applied

Advanced Radio — Gen. Radio
Radio & TV Servicing -

retic Courses for begin-
ners in Radio, T.V., Elec-
tronics, etc. A.M.LE.R.E.

tromcs  Drvision  of
E.T

B.I.E.T.
NOW offers you a
real laboratory 1rain-

Electronics — Practical Elec- TV Eng. Telecommunica- City & Guilds Radio .
4 A ’ ing at home with
tronics — Radar Tech. tions Sound Recording — Amateurs’ Exam., RT.EB. 0 oo o ouipment.

Frequency Modulation
Transistors.

ELECTRICAL ENG.

Advanced Electrical Eng. —
Gen. Electrical Eng. — Instal-

Automation — Practical Radio
—Radio Amateurs’ Exam.
MECHANICAL ENG.

Advanced Mechanical Eng.
Gen. Mechanical Eng.
Maintenance Eng. Diesel

Certificate, P.M.G, Cer-
tificate, Practical Radio,
Radio & Television Ser-
vicing, Practical Elec-
tronics, Electronics
Engineering, Automation.

Ask for details.

B.I.E.T.

lations — Draughtsmanship  Eng. — Press Tool Design —
— IHllwninating Eng. — Refrig-  Sheet Metal Work — Welding
eration — Elem. Electrical — Eng. Pattern Making You are bound to benefit from reading

Science — Electrical Science —
Electrical Supply — Mining
Electrical Eng.

CIVIL ENG.
Advanced Civil Eng. — Gen.

Inspection—Draughtsmanship—
—AMetallurgy —  Production
Eng.

AUTOMOBILE ENG.

Advanced Automobile Eng. —
Gen. dutomobile Eng. — Auto-

“ENGINEERING

OPPORTUNI-

TIES.” Send for your copy now—FREE
and without obligation.

ENGINEERING OPPORTUNITIES

;

Civil Eng.—Municipal Eng.—  mobile Maintenance — Repair
Structural Eng. — Sanitary  —Automobile Diesel Mainten- Pos I co u po N N ow !
Eng. — Road Eng. — Hy- ance Automobile Electrical .

draulics — Mining — Water
Supply — Perrol Tech.

Egquipment — Garage Manage-
ment.

T0 B.L.E.T., 446A ALDERMASTON COURT,

ALDERMASTON, BERKSHIRE.

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

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

it AR Rodtd crede your earning powerl B ettt e

AM.LE.RE, B.Sc. (Eng.), AMS.E., R.T.E.B., AMIPE, [

AMIM.L, A.R.ILB.A., A.lLO.B., P.M.G. A.RILC.S., NAME oo oo

MRSH.  AMLED.  AMLMunE. CENG. CITY & GUILDS, g TVATIE rerrrcneeeneee:

o e e R ADDRESS!, o ovorovoreorors s s euslalste b bacnsos Tk 575 e byl a3 aTels 3 3 i 100e

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY | ««cvovoerorrseeomemmmmmmssrsss s
446A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE 1 WRITE IF YOU PREFER NOT TO CUT THIS PAGE

1
THE B.ILE.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD

WW-—022 FOR FURTHER DETAILS
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How do we
intend to sell
cynical old

you our
public address
equipment?

By offering you
the three things
you really want.

1. Low Price (like column speakers from
£17.6.4.)

2. Durability (we back our muscles with
a two-year guarantee.)

3. Quality specifications (Check ours).

The Radon Public Address Range is wide and
growing. It consists of amplifiers, speakers and
microphone equipment. We show the M50/6 six-
channel amplifier. Specifications below.

Inputs: Balanced line . Y
gram, tape. etc. as required. Power —i®
output: 50 watts r.m.s. {max. 64 watts)
Output impedance and voltage: 15
ohms (other taps available), 156 ohms
C.T. giving 50-0-50 volts or 100 volts
Harmonic distortion: Approx 1% at full

In addition, the
M/100, M/250. M/500
and M/1000 are built to

power. Frequency response: plus or minus order. The suffix number
2dB 20 c/s (Hz)t035 Kc/s (KH2). Weight 381ib refers to the wattage and
Models available: M50/4. M50/6. M50/8 preamplifying  tacilities  are

(suffix refers to channels) available as required

Radon /A growing name in amplifiers, wall
speakers, sound columns, complete audio and
hi-fi equipment, tuners & industrial electronics.

Our Public Address brochure gives the facts.
It's o useful thing to have around.

TO: The Radan Industrial Electranics Co. Ltd.,
Brooklands Trading Estate, Warthing, Sussex. Tel: Warthing 1063
Please send me a brochure:

Name

Address

WW-—023 FOR FURTHER l_)ETAILS
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S

S _PANEL
METERS

< ® LOW COST

o . ® IMMEDIATE
< DELIVERY

Over 200 ranges
available ex-stock—
other ranges to order

—special quantity

discounts.

CLEAR PLASTIC METERS
Easy to read meters
available in five basic sizes
Model MR.38P. 1 21/32” square
Model MR.45P. 2" square
Model MR.52P. 2} square
Model MR.65P. 33" x 3,"“
Model MR.85P. 43" X 4]

Send for leaflet and price [ist to
Sole U.K. Distributors.

BARNET
FACTORS

LIMITED

4, LISLE STREET,

= LONDON, w.C.2.
BAKELITE PANEL METERS
Model MR.65 3} square

Telephone: 01-437 2723

WW—024 FOR FURTHER DETAILS

P.O. TYPE 3000

=

HAVE YOU A
RELAY PROBLEM?

Dependable can solve it! Price or delivery are better through
Dependable. Dependable relays are produced to G.P.O. and Gov-
ernment specifications.

MICRO-SWITCH - TRANSISTORISED - HEAVY-DUTY - A/C
LATCHING - 'SPECIALS' MADE TO YOUR OWN DRAWINGS
No order is too small or too targe for Dependable; the only thing
we worry about is you, the customer. Send for a free quotation
now and compare our prices our delivery. Prototypes within
seven days.

DEPENDABLE RELAY (CONTROLS) LTD.
157 REGENTS PARK ROAD LONDON N.W.1. 01-722 8161

WW—025 FOR FURTHER DETAILS
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Eimac

varian

/77

250 kW Tetrode 4 CV 250.000 A
now ready for Super-Power Transmitters.

The Eimac 4CV 250.000A is a ceramic-metal, vapour-cooled power tetrode
intended for use at the 250 to 500 kilowatt output level.

It is recommended for use in class-C,

class-AB linear or push-pull,

and pulse operating modes.

The 4CV 250.000A can be used at full ratings for frequencies up to 30 MHz.

For more detailed information on this or other high power tetrodes
in the Eimac range, including their new 100kW-50MHz and 50 kW-110MHz tubes,
please contact:

Varian Associates Ltd.

Russell House / Molesey Road
Walton-on-Thames

Surrey / England

Tel.: Walton-on-Thames 28 766

WW-—026 FOR FURTHER DETAILS
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The Big Litue Integrals
That Can Make
Or Break
Your Product.

|

(x

118

DMF54R-02

S

BF110R

SY173L Single speed (2000 rpm) For record players.
DMF54R-02 Single speed (2400 rpm) For tape racorders.

RK201R Single speed (2400 rpm) For car players.

BF110R Single speed (2000 rpm) With electrical governor
motor. For tape recorders.

BF200R Single speed (2200 rpm ). For car recorders & players

ZF200R Varlable speed (such as 1100, 2200 and 2800 rpm)
With brushless & transistor motors. For de luxe record
players & electronic calculators.

VM250B Single speed (3600 rpm) For auto tuners.

Specification for Sankyo micro motors

Rated Range of Rated Ratd | (oad | Startng . Direction
s r #  logh | Voltage voltage Torque | Speed | Cument | Tomee | L of
_fm/mijim/m)| 1Y) [\l fgom) | (o) | (mA) |(prom) | (W) | Reolubon
sY173L L] 24 45 ~6 3 2000 80 35 600 Left
OMP84R.02| 38 U5 6 456 L] 2400 140 kY 600 | Rght
RK201R 7y @8 132 | 10 ~16 kY 20 | 20 100 | 1000 | Rant
BF1I0R 3 X 45 35 ~ 57 8 2000 160 0 | 1500 Raght
BF 200R B | Wl 132 [{55~19~16] 15 200 180 0 | 150 Right
ZF200 & | 0 9 69 20 200 | 300 45 | 000 |iek Rgrt
ursson | @ [us [ s | T8 w [T e | e | x| e
vMa808 5 65~15 04 3600 45 5 500 | Left Righl

Sankyo s a . . yo
s——y

"ﬁ

Sankyo (Europe) Export und Import @G.m.b.M.: 4 Dusseldorf
BahnstraBe 45-47. W. Germany. Tel: 325652/3 Telex 8587097
Cables : SANKYORGEL DUSSELDORF

Sankyo Seiki Mfg. Co.. Ltd.: 17-2, Shinbashi 1-chome, Minato-

ku, Tokyo 105. Japan. Tel : Tokyo 591-8371 Seeon
Cables : SANYORGEL TOKYO
American Sankyo Corp.: Rm. 801-3, 95 Madison Ave., New LG

York. N.Y. 10016.US.A. Tel: LE-2-8020

WW-—027 FOR FURTHER DETAILS
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Made in England

Latest release in the range of LM Microphones is the most sophisticated
design yet. The robust, metal construction with its good back-to-front
discrimination is ideal for speech reinforcement systems and recordings.

Recommended retail price from £12 including built-in cable and quick
release stand adaptor, depending on impedances.

For details of the LM300 and other superd microphones in the LM range,
please ring or write to

London Microphone Company Ltd

182-4 Campden Hill Road, London W.8. Telephone: 01-727 0711
(24 hour answering service) Telex 23894

‘WW-—028 FOR FURTHER DETAILS

IT TAKES

A SHORT TIME
TO TELL

A LONG STORY

CALAN TRACE SHIFTER C501D

% A TRACE (3,600 MILLIMETRES LONG ON A 5 INCH TUBE!)
% A THREE DIMENSIONAL DISPLAY!
%  VERTICAL COMPARISON OF SUCCESSIVE SCANS!

Add these facilities to your oscilloscope. They will help
you to examine the functional waveforms of heart or com-
bustion engine or for that matter any other long waveform
phenomena.

Price £78 Export and Agency Enguiries Invited.

Calan Electronics Limited,

6 Croft Street, Dalkeith, Scotland
Tel. 031-663-2344

WW—029 FOR FURTHER DETAILS
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QUAD

for the
closest approach
to the

Qriginal sound

/QUAI) 50 1s a single channel 50 Watt amplifier
designed for Broadcast, Recording and other
applications in the Audio industry, completely
proof against misuse and giving the highest
quality of reproduction. _

INPUTS -0-5 \Irms unbalanced with provision for an optional
plug-in transformer for bridging 600 ohms lines.

OUTPUTS -isolated providing 50 watts into almost any
impedance from 4 to 200 ohms.

DIMENSIONS -123"x 63" x 44"

Complete the coupon and post today.

=

— —
Please send me full details of the QUAD 50 Amplifier

NAME
POSITION.
COMPANY

| ADDRESS

(BLOCK CAPITALS)

ACOUSTICAL MANUFACTURING CO.
HUNTINGDON. Telephone : Huntingdon (0480) 2561 /2
— —e

F
-
o

]

U
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TECHNICAL |
TRAINING

/n radio television

| and electronics |

Whether you are a newcomer to radio and electronics,
or are engaged in the industry and wish to prepare for
a recognized examination, ICS can further your tech-
nical knowledge and provide the specialized training
so essential to success. ICS have helped thousands of
ambitious men to move up into higher paid jobs—they
can help you too! Why not fill in the coupon below and
find out how?

Many diploma and examination courses available, in
cluding expert coaching for:

® C. & G. Telecommunication Techns’. Certs.
® C. & G. Electronic Servicing

® R.T.E.B. Radio/T.V. Servicing Certificate

® Radio Amateurs’ Examination

® P.M.G. Certs. in Radiotelegraphy

® General Certificate of Education, etc.

Examination Students coached until successful

NEW SELF-BUILD RADIO COURSES

Learn as you build. You can learn both the theory and practice
of valve and transistor circuits, and servicing work while building
your own 5-valve receiver, transistor portable, and high-grade
test instruments, incl. professional-type valve volt meter—
all under expert tuition. Transistor Portable available as separate
course.

POST THIS COUPON TODAY

for full details of ICS courses in Radio, T.V. and Electronics

INTERNATIONAL CORRESPONDENCE SCHOOLS
Dept. 222, Intertext House, Stewarts Road, London, S.W.11

Please send me the ICS prospectus—free and without obligation.

{state Subject or Exam.)

NAME

ADDRESS

e e s |

INTERNATIONAL CORRESPONDENCE. SCHOOLS

WW—031 FOR FURTHER DETAILS
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audio
tone burst generator

Frequency range 1 Hz to 20 kHz

Signal starting and stopping phase can be varied
+ 30° approx.

Pedestal output +5 Volts

Synchronising pulse +5 Volts 10 ysecs.

Counts On and Off 2, 4, 8, 16, 32, 64, 128 cycles
Price £125.0.0

aelly

Kelly Acoustics
Romagna.

6, Bycullah Avenue,
Enfield, Middlesex

Telephone 01-363 7890

WW-—032 FOR FURTHER DETAJLS

FHAHM

vl ralmu

400
CPS
' PRIt sumgt 1o

are widely used as standards in many Industries because:—

FRAHM
FREGUENCY METER

1) They are accurate (to +0.39% or +0.1% as specified)

2) They are not voltage or temperature sensitive, within wide limits

3) They are unaffected by waveform errors, load, power factor or phase
shift

4) They will operate on A.C., pulsating or interrupted D.C., and super-
Imposed circuits

5; They need only low input power
6) They are compact and self-contained

7) They are rugged and dependable

FRAHM Vibrating Reed Frequency Meters are available in miniature
switchboard and portable forms, in ranges from 10 to 1700 cps. Des-
criptive literature on these meters, and on FRAHM Resonant Reed
Tachometers, freely avallable from the sole U.K. distributors:—

ANDERS METER SERVICE

ANDERS ELECTRONICS LTD. 48/56 BAYHAM PLACE, BAYHAM STREET
LONDON Nw1 TEL: 01-387 9092.

WW—0:43 FOR FURTHER DETAILS
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L
* Lightweight
% Tropicaljsed
s Practically unbreakable
% High level phones
3 Carbon or Magnetic Jevel
% Extremely comfortable

3 Simple to service =
B

The Astrolite headset is ‘ue
design which brings toge elegant
appearance, high performance and

reliability. Communications or high
fidelity versions available.

For all the other desirable features
write or telephone:-

AMPLIVOX B o A a  Ea AT
COMMUNICATIONS BRI I I XY

LEICNp GRAMS AND CABLES: AMPLIVOX, WEMBLEY

HIGH FIDELITY MOVING COIL STEREO HEADPHONES (TYPE LS43) Now available from DAYSTROM LTD. GLOUCESTER
WW-—034 FOR FURTHER DETAILS
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You
could buy
5 bridges

Or one
autobalance
component bridge

The B421
will measure. ..

RESISTORS
D from 0.01 ohm to 100 megohms, direct reading. Ac-
curacy 0.25%.
CAPACITORS
—I '— from 0.01 pF to 10 microfarads. Accuracy 0.25%. Push-
button for instant reading of loss (shunt) resistance.

INDUCTORS
from 1 microhenry to 100 henrys. Accuracy 2%. Push

button for measurement of series resistance.

ELECTROLYTICS

- |

Also leakage from 1 micro-amp to 10 milliamps.

o; TOLERANCE
from —25% to +25%, for C and R.

@

.. .1n seconds

THE WAYNE KERR
COMPANY LIMITED

NEW MALDEN ISURREY[JENGLAND
TEL:01-942 2202 TELEX 262333

WW—035 FOR FURTHER DETAILS
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WELWYN TOOLS

For Inner Core
Ejection and Heated
Wirestripping
Miniature Soldering
and Electronic
Instrument Work

USE W.T.C. Wire Ejectors,
LUCO  Electrically Heated
Wire Strippers (see illustra-
tion), Finest Soldering Needles,
Box Joint Miniature Cutters
and Pliers including Tip Cutting
Pliers, Printed Circuit Crimping
and Cutting Pliers, Torque
Wrenches and Piercing Punches.,
If you require quality tools
ask for Catalogue WW/69,

167 - KIT -CN

WelwynTool Co. Ltd.

STONEHILLS HOUSE WELWYN GARDEN CITY
WELWYN GARDEN 25403

WW—036 FOR FURTHER DETAILS

— VW ___T"VW\ QVAVAVAY:
SMOOTHED POWER UNITS WITH
THE ACCUMULATOR PERFORMANCE.

Smoothed power supplies having similar characteristics, regarding
regulation and sustained current capacity to a lead acid accumulator.
Unlike accumulators, these units require no maintenance and are
always ready for instant use with consistent performance. A wide
range of units is available for all purposes, where an accumulator is
normally used.

APPLICATIONS FEATURES

Y Production testing and servicing Y Output stabilised to accumu-
battery operated equipment. lator performance.

% Testing fuel pumps—DC motors *Very low ripple.
—relays—windscreen wipers— yrlncorporates silicon rectifiers.

car radios —and all types of 4 A|l models incorporate surge
battery operated equipment. current limiting.

%Radio telephone transmitter/ ¥ Output completely isolated
receivers. from mains.

Typical random selection:

Type 250RU/12/24. Output I2v. 24a. Adjustable 5 preset positions £58-16-0 %

Type 250RU/24/S. Output 24v. Sa. Adjustable § preset positions £37-4-0
Type 250YRU;30/20 Output 0-240v. 2:5a2. continuously variable £131-5-0

———
;rsyop:mu 30/20 Ig o .m.:
I .’ a_. 'l

VALRADIO LTD.

Dept. WPU3, BOWELL’S LANE, FELTHAM, MIDDLESEX, ENGLAND
Telephone: 01-890 4837

QYAVAVAY AVAVAV Vamm—VAVAVAY

WWwW-—037 FOR FURTHER DETAILS
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,00 300 agp
\00 L 500
) UMDREHUNGEMN

PRO MINUTE

Ly
%

ANCERS ELECTRONICS AT0.

~
ANDERS § -
E
SPEED °°
EmeTSso you're doing your bit and makin

J

g equipment for far-away
places? And you're held up for meters? Like an O-5mA calibrated in pulsfrekvense Or a jonkammarstrom
meter specially calibrated from 107'° to 102 Or o straightfcrward (but impossible to locate] 100mA
moving-coil job reading simply 0-35 KI'[MIAH2 Relax. No problem at all. Anders are legending
most types of meters in aoll sorts of languages every day of the week—and as often as not calibrating
them specially into the bargain. Hand lettering specialists are standing by for the one or two off
Fast, accurate techniques are here for the quantity orders. Ring us. You'll find we are as fast at this

sort of thing as we are at supplying standard meters off the shelf and, as you know for should
know), that's fast

N.B. The variety of meters in our new catalogue is a revelation—and now we ve got extensive new
centralised premises for a better-than-ever service.

Manufacture and distribution of electrical measuring instruments and electronic equipment. The
largest stocks in the U.K. for off-the-shelf delivery. Prompt supply of non-standard instruments and
ancillaries. Sole U.K. distribution of FRAHM vibrating reed frequency meters and tachometers.

ANDERS METER SERVICE

Anders Electronics ltd., 48-56 Bayham Place, Bayham Street, London, N.W.1. Telephone: 01-387 9092
WW-—038 FOR FURTHER DETAILS
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Hear.Here!

Bad public address systems mean bad communi-
cation and that is bad public relations.

Our business is communications. Good commu-
nications for industry and commerce. The
Rediffusion service covers this field in all its
aspects— from television and sound systems,
including CCTV., public address, background
music and intercom and telephone systems— 10
fire alarm and time control systems.

In fact any area of electronics necessary to meet
your custom-built requirements—from planning,
equipping and installing, to maintaining.

see what we mean?

For further details contact:

REDIFFUSION *

INDUSTRIAL SERVICES LTD

Astronaut House, Hounslow Road, Feltham, Middx.
Tel: 01-890 6325

Wireless World, August 1969

Ballistics
Computers by
Westinghouse.
Nine servo
amplifiers with
associated
motors.

Brand new in
sealed
containers.
£95, delivered.

Automatic
Numbering
Machine by
Western
Union.

Four
Uniselectors
and 30 neons.
Ideal amateur

computer.

Application
PUNCHES, READERS, VERIFIERS AND TELEPRINTERS | p?l t. £12.10
AT REALISTIC PRICES TO EOUCATIONISTS. mopite 'ealtiet. -1Us.
SHOWROOM CALLS ON REQUEST. post free.

COMPUTER TRAINING PRODUCTS

2 Lordship Lane, LETCHWORTH, HERTS. Tel: 4536 0462/6

WW-—040 FOR FURTHER DETAILS

WVAVAVAY QVAVAVAY AVAV)Y Vam—" VA VAV V

| TRANSVERTORS |

:

(transistorised D.C. Invertors/Convertors)

VWV VAVAVAVA

VAVAVAVY

Type B12/250T

There is 2 VALRADIO transvertor for practically all applications, ranging
from the operation of power tools, refrigerators, video tape recorders,
instruments, ultra violet recorders, emergency fighting, navigational
equipment, tv receivers, standby power systems, etc.
For use in boats, cars, coaches, trains, country house plants, caravans, etc.
Available for all usuat D.C. voltages from |2V upwards.
The range is covered by three basic groups, having distince characteristics,
broadly as follows:

T series—Square wave, frequency tolerance + 3Hz.

Q series—Square wave, frequency tolerance +iHz

S series—Sine save, frequency tolerance+}Hz.

Typical, type B12/250T Maximum output 650W £34.13.0
Typical type B24/150Q Maximum output 200W £36.5.0
Typlcal type B12/30S  Maximum output 30W £18.0.0

VWW__——— VWY

VWW___ VWV

These are just a random selection, for the full range send for our informa-
tive transvertor brochure WC2.
Remember—When you pay for VALRADIO products. the know-how and

Input/output efficiency is over 80 per cent with most models,
experience that goes with them is free; call on us to help solve your power

problems.
VALRADIO LTD., Dept. W.C.3,
Browell’s Lanc, Feltham, Middx., England. Tel.: 01-890-4242.

S NV __VVV\. QVATAVAY

[VAVAVAY p—
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prepare
NOW ,
for tom Jrow S
WOI

Todaythere is a huge demand fortechnologists such as
electronics, nuclear and computer systems engineers,
radio and television engineers, etc. In the future, there
will be even more such important positions requiring
just the up-to-date, advanced technical education which
C.R.E.l., the Home Study Division of McGraw-Hill Book
Co. can provide.

C.R.E.l., Study Programmes are directly related to the
probiems of industry including the latest technological
developments and advanced ideas. Students claim that
the individual tuition given by the C.R.E.I. panel of experts
In each specialised field is comparable in technological
content with that of technical colleges.

Why C.R.E.l. Courses are best

No standard text books are used — these are often considerably out-of-date when printed.
C.R.E.l. Lesson Material contains information not published elsewhere and is kept up-to-date
continuously. (Over £50,000 is spent annually in revising text material.).

Step-by-step progress is assured by the concise, simply written and easily understood lessons.

Each programme of study is based on the practical applications to, and specific needs of,
industry.

Take the first step to a better job now—enrol with C.R.E.I., the specialists in Technical Home
Study Courses.

C.R.E... PROGRAMMES ARE AVAILABLE IN:

Electronic Engineering Technology * Industrial Electronics for Automation x Computer Systems
Technology * Nuclear Engineering * Mathematics for Electronics Engineers x Television
Engineering * Radar and Servo Engineering

City and Guilds of London Institute: Subject No. 49 and Advanced Studies No. 300.

POST THIS COUPON TODAY FOR A BETTER FUTURE

To C.R.E.l. (London), Walpole House, 173-176 Sloane Street, London, S.W.1.
Please send me (for my information and entirely without obligation) full details of the Educational

PrSEmaw Ty e T
CRE ' Programmes offered by your Institute.
My interest is City and Guilds D CE TR General ’_—|
AR e £y Sy NAME

Member of the ADDRESS
Association of British
Correspondence Colleges

C.R.E.l. (London), Walpole House, EDUCATIONAL BACKGROUND

173-176 Sloane Street, London S.W.1. ELECTRONICS EXPERIENCE ww121
A subsidiary of McGraw-Hill Inc.

WW-—042 FOR FURTHER DETAILS
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Celestion

Loudspeakers for
all Public Address Systems

Wireless World, August 1969

Re-entrant Horns

These Horns are capable of defiv-
ering a highly concentrated beam
of sound over long distances. They
are recommended for recreation
centres, noisy factories and work-
shops and all indoor and outdoor
jocations where a high noise level
has to be overcome.

Driver Units

Pressure type units are available with
or without tapped 100V line trans-
formers. The following ‘built-in
features are on all models — High
Sensitivity, Weatherproof, Phase
Equalising Throat and Self-centring
Diaphragm Assembly.

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

WW—044 FOR FURTHER DETAILS

Re-entrant
Loudspeakers

Rola Celestion re-entrant loud-
speakers are designed for use
wherever conditions demand com-
pactness, toughness, high efficiency
and unfailing service. They are
rainproof and built to withstand
prolonged exposure to vibration
and adverse conditions.

M. R. SUPPLIES, LTD,,

(Established 1935)

Unl 1y Ised as 1 of UP-TO-DATE MATERIAL, which does the job properly.
Instant delivery. Batisfaction assured. Prices nett.

FAN FLOW EXTRACTOR FANS. Undoubtedly today's greatest bargaln tor domestlic or Industrial
use. For 200/250 volts A.C. 7.500 cu. ft. per hour. Eaeily installed, fitted weatherproof louvrea
which open when motor is switched on and close when off. Only 6} in. dia. Our nett price
only £8/2/8 (despatch 7/6).

MINIATURE RUNNING TIME METERS (8angamo). We have great demands for this remarkable
unit and now can supply immediately from stock, 200/250 v. 50 c. synchronous. Counting up to
9,999 hours, with 1/10th indicator. Only 1} Ins. square, with cyclometer dia). depth 2 ins. Many
industrial and de i licati 10 indicate the running time of any electrical apparatus, casy
to install, 83/- (des. 1/6).

SYNCHRONOUS TIME SWITCHES. (Another one of our popular specialities) 200/240 v. 50¢., for
accurate pre-set switching operations. Bangamo 8.254, providing up to 3 on-off operations per
24 bours at any chosen times, with day: device (use optional). Capacity 20-amps. Com-
pactly housed 4 in. dia.. 3} In. deep, £8/4/8 (des. 4/6). Also same excellent make new domestic
model, no wiring and easy setting and installation. Portable with lead and 13-amp plug, saie
duty as above (less day-omitting), £4/14/0 (des. 4/6). Full instructions with each.

ELECTRIC FANS (Papst), for extracting or blowing. The most exceptional offer we have yet
made. 200/250 v. A.C. Induction motor—silent running. 2,800 r.p.m. duty 100 C.F.M. Only
4}in. square and 2in. deep. Ideal for domestic or industrial use. Easy mounting, £3/5/- (dea. 3/6).

SMALL GEARED MOTORS. In addition to our well-known range (List GM.564), we offer small
open type 8.P. Units 200/250 v. A.C., 1, 6, 13, 24, 80 r.p.m., approx. 5in. long, with 1lin. shaft

Loudspeaker
in Glass Fibre

The Celestion Glass Fibre Loud-
speaker is a compact robust and
watertight unit, precision built for
use on open boat decks, docks.
chemical plants, plating shops, etc, ' —

where protection from the weather 2
or corrosive atmosphere is vital.

Rola Celestion Ltd.

THAMES DITTON, SURREY
TELEPHONE 01-398 3402 TELEX 266 135

WW——043 FOR FURTHER DETAILS

P! on euch side and enclosed gearbox. Bultable for display work and many industrial uses.
Only 89/86 (des. 3/-).

MINIATURE COOLING PAXNS. 200/250 v. A.C. With open type induction motor (no Interference),
Overall 4ln. x 3}in. x 2iin. Fitted 6-bladed metal impelier. Ideal for projection lamp cooling,
light duty extractors, ete., still only 28/8 (des. 4/6).

AIR BLOWERS. Highly efficient units fitted induction totally enclosed motor 230/260 v. 50 o.
1 ph. Model 8D.28, 80 CFM (free air) to 11.5 CFM at .15 WG (size approx.} 6 x 8 x 7in. Outleta
24in. aquare, £8/10/- (des. 6/-). Model 8D27, 120 CFM (free air) to 40 CFM at 1.2 WG, 8 x 7
% 9in. outlet 21in. 8q., £11/15/8 (des. 5/-). Model 8D28, 260 CI'M (frce air) to 127 CFM at
1.5 WG, 11 x 8 x 9in., outlet 3ln. »q., £13/17/8 (des. U.K. 7/6).

SYNCHRONOUS ELECTRIC CLOCK MOVEMENTS (as d and ded in many
national journals). 200/250 v. 50 c. Belf-starting. Fitted spindles for bours, minutes and central
aweep second hands. Central one-bole fixing. Dia. 2§in. Depth behind dial only lin. With
back dust cover, 39/ (des. 2/=). Bet of three brass hands in good.plain style. For 8/{7in. dla. 2/6
For 8/10 dia. 3/6 sct.

SYNCHRONOUS TIMER MOTORS (8angamo). 200/250 v. 50 ofs. Belf-starting 2in. dia. X 11in.
deep. Choice of following speeds: 1 r.p.m.. 12 r.p.b.. | £.p.h., 1 rev. 12 hours, 1 rev. per day.
Adnei one 42/~ (des. 2/-). Also high-torque model (G.E.C), 24in. x 2in. x 1lin. 6 r.p.m.. 57/6
(ded. 2/-).

SMALL BENCH GRINDERS. 200/250 v. A.C./D.C. With two 3in. diameter wheels (coarse and
fine surfaces). Bench mount, very usctul household or industrial unlts. £7/17/8 (des. 6/-).
EXTRACTOR FANS. Ring mounted all metal construction. T/E Induction motor, silent opers-
tion, Bin. blade, 10in. max. dis., 400 CFM, £6/2/8 (des. 5/-). Same model 10in. blade, 12in.
max, dia., 500 CFM, £6/12/8 (des. 6/-)-

IMMEDJIATE, DELIVERY of Stuart C itugal Pumps, includi talnlesa steel (most

M. R. SUPPLIES, Ltd., 68 New Oxford Street, London, W.C.1
(Telephone: 01-636 2958)

dels)
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the same to us

OUR SMALLEST ORDER
last year was for a single radio valve, value 7/6d., urgently needed for ship-
board replacement and rushed by us through the Rotherhithe tunnel to the
London Docks so that they could sail with the tide. . .

OUR LARGEST ORDER

last year was for 28,546 valves worth nearly £10,000. all specially selected
within special parameters for an electronics manufacturer whose name is a
by-word in Industry. . . .

Between these extremes we supplied a massive number of valves of one sort or
another—used in everything from domestic television sets to porpoise-tracking
equipment; from experimental laboratory hook-ups in Technical Colleges to
nuclear magnetic resonance spectrometers:

The largest single valve independant

PINNACLE ELECTRONICS LIMITED,ACHILLES ST NEW CROSS LONDONSE14
TELEPHONE ALL DEPARTMENTS 01692 7285 DIRECT ORDERS 01692 7714

WW—046 FOR FURTHER DETAILS
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for every purpose

The DP4

Designed for general use
P.A., tape recording etc.

The DP6

Small in size, large in
performance. As a lavalier
type and for panel mount-
ing on control units etc.

., The GC/1 Cardioid

For stage and church work,
P.A. use, lecture halls etc.,
where acoustic feedback
is a serious problem.

The GR/1and GR/2 Ribbon

Ideal for studio and similar
uses, when a high stan-
dard of fidelity is essential.
Easily replaceable ribbon
assembly.

Other models and a full range of stands,
reflectors, windshields and accessories available

All microphones are manufactured in a special section of
our works, under strictly controlled conditions with
stringent test and inspection at every stage.

Each and every microphone is individually tested both
aurally and on Bruel & Kjoer visual and graphic recording
test equipment for conformity to a prescribed performance.

Wireless World, August 1969

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

E.I.D. & G.P.0. APPROYED CONTRACTOR TO H.M. GOVT.

WW-—-048 FOR FURTHER DETAILS

@mmplan / SOUND EQUIPMENT
Integrity that you hear

Send for leaflet giving full details

GRAMPIAN REPRODUCERS LTD.,
Hanworth Trading Estate, Feltham, Middlesex. 01-894-9141
WW—047 FOR FURTHER DETAILS

SPECIALIST SWITCHES
are again giving

the fastest switch
service in the world

FROM THEIR NEW AND LARGER
PREMISES IN CHARD, SOMERSET

Specialist Switches make Rotary and Lever
switches, types H, DH, HC, and LO, to
specification. There is one limitation (standard 2 in.
long spindles), but this is not important when you
are getting the fastest switch service in the world.

Delivery of 1-20 switches: 24 hours.
Up to 50 or so: 72 hours.
If you want around 250 or so: 7-10 days.

Please note our address:

SPECIALIST SWITCHES
P.O. Box 3,

3
CHARD, SOMERSET

Write for design charts and prices or
TELEPHONE—CHARD 3439

WW—049 FOR FURTHER DETAILS
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C&S Antennas

Point to Point
Broadcasting
Radio Relay
Ground to Air
Navigational Aids
Business Radio

provide
a complete
aerial service
LF to Microwave

Design
Site layouts
Aerial System Design

Aerials

LF'T" and ‘L’ Aerials,

Mast Radiators,

HF Dipoles, Quadrants,
Rhombics, Log Periodics,
Vertical Incidence Arrays,
Conicals, Biconicals

VHF & UHF Yagis, Helices,
Ground Planes, Colinears,
Whips, Marine Aerials,
Television Arrays to 100kW e.r.p
MICROWAVE Passive Reflectors,
Dishes 3" to 60 ft. dia.

Supporting Structures
Self-supporting Towers,
Tubular and Lattice Masts,
Telescopic Masts

Accessories

Coaxial and open wire Feeders,
Filters. Aerial Switches,
Lead-in panels, Earth Systems.
Air-cooled Transmitter Loads.
Termination Networks

Installation
World Wide Service

A 21 ft. diameter air-cransportable dish refleccor assembly,
supplied to G.E.C.-A.E.I. (Electronics) Led., manufacturers of the
earth cerminal part of the satellite communications system ‘‘Skynet’’.

h 4
CaS AntennaslLtd

Wentworth House, Eastern Avenue, l'ford, Essex, England.
Telephone: 01-554-0102 Telex: 25850 Cables: Antennas |Iford (England)

Cs18
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MODEL 15

MICRO
SOLDERING
INSTRUMENT

@ EXTREME VERSATILITY

Range of 8 interchangeable bits,
from g4in. (.047in.) to +%in., including
new non-wearing PERMATIPS.

@ ULTRA-SMALL SIZE
Length 7{in. Woeight § oz.

Max. handle dia. %in.

@® EXTRA-HIGH
PERFORMANCE

Heating time 90 secs. Max.
bit temp. 390°C. Loading IS
watts—equals normal 30/40-

watt iron.

@ ALL VOLTAGES

The ADAMIN range includes five
other models (5, 8, 12, 18 and
24 watts), Thermal Strippers (PVC
and PTFE) and a De-Soldering Tool.

Please ask for colour catalogue A/S.

LIGHT SOLDERING
DEVELOPMENTS LTD

28 Sydenham Road, Croydon, CR9 2LL

Tel: 01-688 8589 & 4559
WW—051 FOR FURTHER DETAILS

ADAMIN

Wireless World, August 1969

It's
colour TV
that counts

during the German Radio
and Television Show being
held at the Killesberg
Exhibition Park and Halls in
Stuttgart from

August 29 to September 7 1969

Further information from the Sole Agents in the UK.:

C.E.S. (Overseas) Ltd.

1-3 Astoria Parade, Streatham High Road
London, S.W.16 Tel: (01) 769 0950

WW-—052 FOR FURTHER DETAILS

SOLDERING
HANDBOOK

B. M. ALLEN,
Senior Works Chemist, Multicore Solders Ltd.

The latest and most comprehensive book on
the subject, covering both practical and
theoretical methods of soldering in the
electronics and allied industries. All types of
solder and solder chemicals are described for
both hand-soldering and for the automatic
soldering machines used for printed circuits.
The book supplies some of the basic knowledge
required for writing industrial training pro-
grammes. It is divided into three parts under
the headings: Making a Joint—Choosing
Methods and Materials—Reference Tables.

For both the amateur and the industrial solderer.

128pp. 100 illustrations
45s. net case 47s. by post
21s. net student edition 23s. by post

Published in association with Multicore Solders
Ltd.

ILIFFE BOOKS LTD

42 RUSSELL SQUARE, LONDON, W.C.1
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HEATHKIT SCORE
with their team of instruments

The opening pair, Heathkit DelLuxe Solid-State VVMs models IM-16 and

IM-25, because of their excellent form and reliability, have quickly found a wide

and appreciative audience. Their amazing versatility and style is always worth
watching.

They are supported by the Heathkit HV and LV stabilised power supplies, .

models IP-17 and IP-27, which also are first class contestants in many //
fields throughout industry. These, backed by the excellent cover of the A
wide range of other Heathkit test instruments, make a team strong /g@‘“
enough to challenge anyone. (@@“ ré‘b
Even when batting on a really sticky wicket, Heathkit instruments will /@‘ Q}g\
give a good innings for your money. /\,0\09@‘
Photographs, many in full colour, of all the Heathkit team of //odb \jf"
instruments as well as their performance records, can be found in /&\\0@\0
our latest catalogue, which is available to all enquirers on request. /\{\,b ooe‘*
Send for your copy today. /{)\\o\ o°
b.
/Q,*°6;\\°
/L & &
/.8 ©
a‘b &~ i)
Q NG

DAYSTROM LTD.,Gloucester GL 2 6EE England / AR
Tel.Glos. 29451, Telex 43216. S
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this new
Ferranti
edge connector

has G.PO.
approval..

and a lot more!

The new Ferranti EPP Edge Connector has
been designed for electronic telephone exchange §
equipment, and has Post Office Approval to
Specification D2343, TYPE 206D.

And a lot more. o

EPP is a new generation of Edge Connectors T3
— offering many new features designed to improve
efficiency and reliability.

Such as the one-piece construction of the
wrapping post and spring contact. This form of
construction removes the possible source of unreliability
in two part welded constructions.

Such as the brand new design which allows each
wrapping post/contact unit to be removed from behind the
equipment. This operation can be carried out in seconds using
a simple extraction tool, without even disturbing the printed-
circuit board.

Such as the remarkably low insertion force required —
only 60z maximum per pair of non-bridging contacts.

In addition to these new features, Ferranti EPP Edge
Connectors retain many of the successful characteristics of
earlier types — including the unique Ferranti ‘rolling-leaf’
spring contact with inherant stress-limiting properties, and
the non-porous hard-gold plating 5 microns thick on the
contact area.

12 and 18 pole single-sided 12 + 12 and 18 + 18 pole
double-sided contacts are available.

Pole spacing 0.200in (5.08mm).

The advanced design of Ferranti EPP Edge Connectors,
together with many proved-in-service features, offers
equipment manufacturers a connector which is versatile, easy
to use and extremely reliable.

Full details available from
Ferranti Lid., Connector Sales Group,

Dunsinane Avenue, Dundee, DD2 3PN, Scotland.
Tel: 0382 89311 Telex: 76166

FERRANTI

WW—054 FOR FURTHER DETAILS
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TELEPRINTERS - PERFORATORS
REPERFORATORS - TAPEREADERS
DATA PROCESSING EQUIPMENT

= *  Codes: Int. No, 2 Mercury/Pegasus, Elliot 803, ™ "I

Binery and special purpose Codes,

f
|
t
&

i
I 12-5-6-7-8- TRACK AND
E " _MULTIWIRE EQUIPMENT

TELEGRAPK AUTOMATION AND COMPUTER PERIPHERAL ACCESSORIES
DATEL MODEM TERMINALS, TELEPRINTER SWITCHBOARDS

NS T8

Picture Telegraph, Desk-Fax. Morse Equipment; Pen Recorders;
Switchboards; Converters and Stabilised Rectifiers; Tape
Holders, Pullers and Fast winders; Governed, Sychronous
and Phonic Motors; Teleprinter Tables and Cabinets; Silence
Covers; Distortion and Relay Testers; Send/Receive Low and
High Pass filters; Teleprinter, Morse, Teledeltos Paper, Tape
, and Ribbons; Polarised and specia-
lised relays and Bases; Terminals
V.F. and F.M. Equipment; Tele-
phone Carriers and Repeaters;
Diversity; Frequency Shift, Keying
Equipment; Line Transformers and
Noise Suppressors; Racks and Con-
soles; Plugs, Sockets, Key, Push,
Miniature and other Switches; Cords, Wires, Cables and Switch-~
board Accessories; Teleprinter Tools; Stroboscopes and
Electronic Forks; Cold Cathode Matrics; Test Equipment;
Miscellaneous Accessorics, Teleprinter and Teletype Spares.

W. BATEY & COMPANY

Galety Works, Akeman Street, Tring, Herts.
Tel.: Tring 3476 (3 lines) Cables: RAKNO TRING
STD3 0442 82 TELEX 82362

WW-055 FOR FURTHER DETAILS

TRANSFORMERS

DESIGNED TO CUSTOMER’S OWN SPECIFICATIONS FOR
ALL APPLICATIONS UP TO 100 KVA. “C"" CORE, PULSE,
3 PHASE, TOROIDS, HIGH TEMPERATURE, ETC.

Samples from our standard production ranges:—
*Mains

350-0-350V. 60mA., 6.3V. 2A.

S00V. 300mA. 6.3V. 4A,, 6.3V, |A, » e 5
$00-0-500V. 0.25A., 6.3V. 4 Act., 6.3V. 3 Act,, SV, JA,
525-0-525V. 0.5A., 6.3V., 6 Act., 6.3V. 6 Act,, 5V. 6A.

nhawN®
woeNY
cwvwol

*Low Voltage

30-0-30V. 4A. v i ok . - . ot .. 219 0

28v. 1A, 28V. 1A, 28V, IA, 28V. IA,, 30V. 250mA. o .. 415 0
*Primaries 10-0-200-220-240V.

20W Transistor Amplifier (W.W. Nov. 1966)

Driver - . 4 6
Mains - o e an - 1 .4 116 6
L.P. Filter, Chassis Mounting .. 00 < - Pl P 12 6
L.P. Filter, Printed Circuit Mounting .. ie 3 .t - 15 6

70V & 100V Line Matching

Ficted with terminal panel, taps at 0.5, 2,'4 and 8W. into 1S ohms
9/- each in 100 Lots

Flying leads, taps at }, §, 1, 2 and 4W. into 3 ohms .. 7/3 each in 100 Lots

Prices inclusive of postage and packing, each.
For small quontities, cash with order, please.

HOWELLS RADIO LIMITED

CARLTON ST., MANCHESTER, M14 4GT  061-226 3411

WW—056 FOR FURTHER DETAILS
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Vortexion

STEREO MIXERS

These electronic Stereo Mixers range from
2+2 to 545 input channels, with left and right
outputs at 500 millivolts into 20K ohms up to
infinity.

Separate control knobs are provided for L & R
signals on each stereo channel so that a Mono/
Stereo changeover switch provided can give
from four to ten channels for monaural opera-
tion, in which state the L & R outputs provide
identical signals.

A single knob ganged Master Volume control is
fitted, plus a pilot indicator.

The units are mains powered and have the same
overall dimensions as monaural mixers.

Also available Monaural Electronic Mixers:—

4 Way Monaural Mixers 3 Way Monaural Mixers with P.P.M.
6 Way Monaural Mixers 4 Way Monaural Mixers with P.P.M.
8 Way Monaural Mixers 6 Way Monaural Mixers with P.P.M.
10 Way Monaural Mixers 8 Way Monaural Mixers with P.P.M.

200 WATT AMPLIFIER. Can deliver its full audio power at any frequency in the range of 30 c¢/s—20 Kc/s + Idb. Less
than 0.29] distortion at 1 Kc/s. Can be used to drive mechanical devices for which power is over 120 watt on continuous sine wave.
Input 1 m W 600 ohms. Output 100-200 v or 200-400 v. Additional matching transformers for other impedances are available.

30/50 WATT AMPLIFIER. With 4 mixed inputs, and bass and treble tone controls. Can deliver 50 watts of speech and
music or over 30 watts on continuous sine wave. Main amplifier has a response of 30 ¢/s—20 Kc/s -+ 1db. 0.15% distortion. Qutputs
4, 7.5, 15 ohms and 100 volt line. Models are available with two, three or four mixed inputs for low impedance balanced line
microphones, pick-up or guitar.

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. Base and treble controls fitted. Models available with | gram and 2 low mic. inputs. 1 gram and 3 low mic. inputs
or 4 low mic. inputs.

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

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

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 0.29; intermodulation even over the microphone stage at full gain with the treble and bass
controls set level. Standard model 1-low mic. balanced input and Hi Z gram.

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

Telephone: 01-542 2814 & 01-542 6242/3/4 Telegrams: “Vortexion London S.W.19”
WW—057 FOR FURTHER DETAILS
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Introducing the

1730 rotatable
antenna from

Granger Associates Ltd

Chosen for their reliability under the most rugged conditions,

Granger Antennas have proved their worth from the Sahara

to Alaska. Now we introduce our latest model — the Type

1730 Rotatable. This versatile antenna transmits or receives,

is erected or dismantled easily, and rotates mechanically.

Its revolutionary design eliminates rotating joints yet the new

light-weight array withstands wind conditions of 160 m.p.h. »
Power and bandwidth are unequalled in its class. T

Granger

Associates
Ltd.

AL

=]

.,
o

GRANGER CORNER, 1, BROOKLANDS ROAD,
WEYBRIDGE, SURREY, ENGLAND.
Telephone: Byfleet 44261/4

NN

B Aircraft communications accessories

@ H.F. communication systems 1 \

@ lonosphere sounder |} \

@ Broadcast systems. 41‘ 1 1 1.

@ H.F. antennas 'Z de
/TA™S
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VARIABLE VOLTAGE TRANSFORMERS

SLIDE-UP & SLIDE TRANS

Fully-rated current at all voltages
0-260 volts output all models

All shrouded for safety

(suitable for education authorities)
Bench or panel mounting

Smooth continuous adjustment
230v. A.C. input

PRICES START FROM
£5-10-0

1Amp. £5100
5 Amp. £9150
10 Amp. £18 100
20 Amp. £37 00

* % %

*
*

2.5 Amp. £6 150
8 Amp. £14 100

12 Amp. £21 00
C. & P. Extra

,e\
/

B ——— R,
Fusg ouUTPUT

o
‘ ,ﬂ’}‘.

S

iNPUT ~

Output: 12 & 24v.

Current Manufacture

: (ELECTRONICS) LTD.,

D.C. adj.

20 AMP HEAVY DUTY L.T. SUPPLY UNIT

up to 20 AMPS CONTINUOUS. Fully Fused. Fitted
ammeter and neon indicator. Input: 220/230/240v. A.C. 50 cycles. Size: 16" x 12" x 20"
high. Weight: 50 Ibs. Heavy gauge steel cabinet. Grey Hammer finish.

Supplied by us to UKAEA. Min. of Def. & G.P.O

onty£32-10-0

40/- Packing and Carriage G.8. [INLAND)

(Dept. W.W.) 313 Edgware Road, London, W.2. Tel: 01-723 2231

TIMERS—MICRO SWITCHES

sYs MINI-TIMER
% SYNCHRONOUS MOTOR

& CLUTCH
% 10MILLIONOPERATIONS

% Instantaneous & Timed
out 3 AMP contacts.

% Repeat Accuracy + 3%.

Dial ranges 0-10 secs up to

0-28 hrs. May also be used

as impulse start and automatic

reset.

£11.0.0 approx. dependent on quantity.

P Sub-Mini Process Timer
SYNCHRONOUS MOTOR & CLUTCH

Matchbox size

frontal area.

Automatic re-set.

* PLUG-IN OCTAL BASE

* INSTANTANEOUS
AND TIMEO OUT
2 AMP CONTACTS

* RANGES: 10 SECS.TO
36 MINS.

approx. £500 each.

VV—15—1A
10 AMP C/0 (MICRO-SWITCH)

J 15/10 AMPS. ¢/o
% 100,000 ops.

each per 1,000
2/- Single Throw 1/6 each

FLOATLESS LIQUID LEVEL CONTROL

Y 5 amp. OUTPUT CONTROL CONTACTS
Y Solid State
Y% Octal Base plug-in

The most compact umt avanlable. meas-
ures only 247 % 24°>

Approx. £4.0.0.

dependent on quantity.

SINGLE AND TREBLE STAINLESS
ELECTRODES AVAILABLE.

Approx. 4/- each per 1000
Light force wire ope rated Micro-switch. Designed
for even more economical coin operation
mechanism.

VAQ

+ 10 amp. c/o
PUSH BUTTON

Panel mounting.

Buttons in six

colours.

4/4 each

per 1,000,

ssal YL2 GPA

v-10-18

v | MILLION
OPERATIONS.
% 10amp.cjo.

% COMPARE OUR SPEC.

+% | MILLION OPS.
5 amp. ¢/o Sub-minia-
ture Micro-switch.

2/6 each per 1,000

& OUR PRICES WITH
OTHER SIMILAR TYPES.

Screw Terms. 3/1 each per 1,000

ALLITEMS
ALWAYS IN STOCK

PROXIMITY SWITCH

* For
Machine
Packaging.

Batching, Conveyors.
Tool  Control.
Sorting. et

#* Senses ferrous  objects.

& Needs no mechanlcal force
o pressure to operate

« Solid state sensing head
includes  constant  voltage
circuit

% Mains operated

approx. £12.10.0 dependent on quantity.
OTHER INDUCTIVE AND CAPACITY TYPES AVAILABLE

OMRON PRECISION CONTROLS

DIVISION OF I.M.O. PRECISION CONTROLS LTD.
(Dept. W.W.9), 313 Edgware Road, London, W.2

Tel. 01-723 2231
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WEYRAD

COILS AND I.F. TRANSFORMERS IN
LARGE-SCALE PRODUCTION
FOR RECEIVER MANUFACTURERS

P9 SERIES 10 mm.Xx10 mm.Xx14 mm. Ferrite cores 6 mm. 472 kc/s operation.
Single-tuned I.F.s and Oscillator Coils.

P.55 SERIES 12 mm.Xx12 mm.Xx20 mm. Ferrite cores 4 mm. 472 kc/s operation.
Single-tuned I.F.s and Oscillator Coils.

T.41 SERIES 25 mm.X12 mm.x20 mm. Ferrite cores 4 mm. 472 kc/s operation.
Double-tuned Ist and 2nd I.F.s and Single-tuned 3rd I.F. complete with
diode and by-pass capacitor.

These ranges are available to manufacturers in versions suitable for most of the popular
types of Transistors. The Oscillator coils can be modified to enable specific tuning capacitors
to be used provided that bulk quantities are required.

OUR WINDING CAPACITY NOW EXCEEDS
50,000 ITEMS PER WEEK

On the most up-to-date and efficient machines backed by a skilled assembly labour force
for all types of coils and assemblies.

WEYRAD (ELECTRONICS) LIMITED, SCHOOL ST., WEYMOUTH, DORSET

WW—060 FOR FURTHER DETAILS

JES AUDIO INSTRUMENTATION \:_‘ — :
‘e _ Mustrated the Si452 ﬂ
a P o /

Distortion Measuring Unit

-low cost distortion -
measurement dowri to )
.01% £25.0.0

Si451 £30.0.0 Si453 £35.0.0 s
Cé)mprehensive Millivoltmeter Lc'>w distortion Oscillator Sole Distributors
300k vle 20 rengee ATty Super Electronics Ltd
[ ]

BRADFORD ROAD, CLECKHEATON, YORKSHIRE. TELEPHONE: MAIDA VALE 8281
WwWw—061 FOR FURTHER DETAILS WW—062 FOR FURTHER DETAILS

WHERE THE GOING IS TOUGH, THE NEED FOR QUALITY VITAL
GOVERNMENTS AGREE ON TEONEX VALVES.

Governments all over the world have chosen TEONEX Valves for vital civil and military REGD. TRADE MARK
roles requiring compliance to E.V.S. or M.I.L. standards. In spite of rising demand for these

valves from government departments the world over, Increased production facilities have made T N X
it possible to offer the TEONEX range (incorporating the entire range of British-produced

valves or their Continental equivalents) for use outside the U.K. only.
Price list and technical specifications may be obtained from:

TEONEX LIMITED

Export Enquiries only Please! 2a Westbourne Grove Mews,
London, W.I1, England

WW-—063 FOR FURTHER DETAILS
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Belore we sell you

a Shure microphone
we try to ruin it

Just to make sure that you never will

i

8=
\\"ﬁ'i-%"&: :
Yy s

Microphones have to be rugged. Think of
the punishment they take. That's why
Shure Safety Communications
Microphones get a tremendous going
over before we dream of selling them.

We drop them. We vibrate them.

We fry them. We freeze them.

We steam them in Turkish baths.

We drag them behind fast moving cars
We subject them to all kinds of torture.
Sand. Rain. Infra-red. Ultra-violet.
Acids. Alcohol. Salt spray. Wind.
Electrostatic fields. High altitude . . .

and still they work

This savage testing, backed by stringent quality
control, ensures that every Shure communications
microphone will give you reliable performance.
And will go on doing so even under conditions

where other microphones would pack up.
Always use Shure, the microphones
that never fail to get the message through.

Communications

Controlled magnetic hand

microphone providing a clear, crisp.

highly intelligible voice response.

Rugged and dependable,

ideal for outdoor-indoor P.A.,

and communications.

Frequency response 200 to 4,000 cps.

High impedance. High output.
Model 414.

=

Amateur Radio

Provides optimum radio .

communications performance from

single sideband transmitters

as well as AM and FM units.

Response cuts off sharply below

300 cps and above 3,000 cps,

ensuring maximum speech

intelligibility and audio punch _—

1o cut through noise and interference.
Model 444.

WW-—064 FOR FURTHER DETAILS
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For full details of Shure microphones,

SEND IN THIS COUPON TODAY
To: Shure Electronics Ltd., 84 Blackfriars
Road, London SE1. Tel: 01-928 3424

1'd like to know more about Shure Microphones for

Communications Professional Recording
Amateur Radio Protessional Entertainers

Please send me the facts

ADDRESS

|
|
|
NAME . o |
|
|

SHURE

wWwié
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KEITH MONKS (AUDIO) LTD.

Proudly Present

MELODIUM MICROPHONES

* Moving Coil Microphones

% Large Range of Accessories

% Factory Replacements available
* Microphones built of Steel

% Ribbon Microphones

% Made in Paris

Sole Distributor and Importer for the United Kingdom S BT BN RGAD,

CHURCH CROOKHAM,
KEITH MONKS (AUDIO) LTD. i Asgerise
] Tel. FLEET (02514) 3566.
OTHER PRODUCTS IN OUR RANGE INCLUDE AUDIO AND DESIGN PRODUCTS,
HYPERTONE LOUDSPEAKERS, FLOOR STANDS, BOOM ARMS and PICK-UP ARMS,

WW-—065 FOR FURTHER DETAILS

_AVO N c E I__ DIOTESTOR IN-CIRCUIT TRANSISTOR TESTER

TM40 TROLLEY

EDITIONS FOR ALL MAKES AND
MODELS OF OSCILLOSCOPES

EACH
5 PLUS f1
CARRIAGE
PRICE INCLUDES DRAWER; CARRYING-UNIT;
POWER-BOARD AND 2 BRAKED CASTORS.

AVON COMMUNICATIONS AND ELECTRONICS LTD.

318 BOURNEMOUTH (HURN) AIRPORT, CHRISTCHURCH. HAMPSHIRE BRITEC LIMITED, 17 Charing Cross Road, London, W.C.2
TEL. NORTHBOURNE 3774. TELEG. AVONCEL, CHRISTCHURCH ] Tel: 01-930-3070
WW-—066 FOR FURTHER DETAILS WW-—067 FOR FURTHER DETAILS

HATFIELD _ (C(O-ARIAL SWITCHES

Hatfield Types RS and RST Coaxial Switches are designed for selected
switching of RF signals without mismatch., with a high degree of isolation

ac c u rat e between individual ways. and functioning satisfactorily up to 1000 MHz. Standard

models are available with 11 or 6 outputs or 2-way changeover and may be ganged

\ to a common spindle. Type RSTis an extension of Type RS, with the addition
se If . of an automatic switching arrangement which provides accurate termi-
nation of unused inputs. The switch is normally supplied without knob.
- - = Also now available is a new miniature Coaxial Relay Type 779 operating from
te rm I n at I o n 24V. d.c. nominal and featuring single pole changeover switching for 50 and
{

75 ohm circults in the frequency range d.c. to 500 MHz

Write for full details and a copy of the latest edition of the HATFIELD SHORT

of all unused inputs FORM CATALOGUE

up to

1000 mi:

HATFIELD INSTRUMENTS LYD., Dept. WW, Burrington Way, Plymouth, Devon.
Telephone: Plymouth (0752) 72773/5. Cables: Sigjen Plymouth.
TELEX/45592

HATFIELD BALUN

WW—068 FOR FURTHER DETAILS
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| THE MESSAGE IS
PERFECTLY
CLEAR:T-R-I-O

HS-4

|

Model 9R-S9DE

BUILT IN MECHANICAL FILTER
8TUBES COMMUNICATION RECEIVER

- Continuous coverage from 550KHz to 30MHz and direct
reading dial on amateur bands.

« A mechanical filter enabling superb selectivity with ordinary IF
transformers.

» Frequency Range: 550KHz to 30 MHz (4 Bands)

«Sensitivity: 2 xV for 10dB S/N Ratio (at 10MHz)

« Selectivity: = 5KHz at 60dB (£ 1.3KHz at 6dB) When

Model JR-S00SE

CRYSTAL CONTROL TYPE DOUBLE CONVERSION
COMMUNICATION RECEIVER

* Superior stability performance is obtained by the use of a
crystal controlled first local oscillator and also, a VFO type
2nd oscillator.

* Frequency Range: 3.5 MHz—-29.7 MHz (7 Bands)

* Hi-Sensitivity: 1.5,V for 10dB S/N Ratio (at 14 MHz)

* Hi-Selectivity: * 2KHz at —6dB = 6KHz at - 60dB

* Dimensions: Width 13", Height 7°, Depth 10"

9R-5S9DE

using the Mechanical Filter.
«Dimensions: Width 15", Height 7", Depth 10"

Model SP-5D

«Communications Speaker which has been designed exclusively
for use with the 9R-59DE

Model HS-4

«Communications Head Phone

JR-SOO0OSE

the sound approach to quality

TRIO

TO: B.H. Morris & Co.. (Radio) Ltd WWwW
Send me information on TRIO COMMUNICATION
RECEIVERS & name of nearest TRIO retailer

NAME AGE:

TRIO ELECTRONICS, INC.

TOKYO . JAPAN ADDRESS : _

TRIO KENWOOD ELECTRONICS S.A.
Sole Agent for the U.K. B. H. MORRIS & CO., (RADIO) LTD.

160 Ave., Brugmann, Bruxelles 6, Belgium

84/88, Nelson Street. Tower Hamlets, London E. 1, Phone: 01-790 4824

WW—-069 FOR FURTHER DETAILS
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¥ | RADFORD)|

In an article in the Journal of the Audio Engineering Society
for July 1967, Bart N. Locanthi, Vice-President, J. B. Lansing
Sound Inc. describes the development of an ultra low dis-
tortion direct current audio amplifier. In it he says *“.. . to
get the highest accuracy possible, an English made RADFORD
Low Distortion Oscillator was used which has less than
0.01% harmonic distortion at 20kHz."”

LOW DISTORTION OSCILLATOR (Series 2)

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: S Hz-500 kHz (5 ranges).
Output Impedance: 600 Ohms.

Output Volrage: 10 Volts r.m.s. max,
Output Attenuation:
Sine Wave Distortion:

0-110 dB continuously variable.

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.] microseconds.

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

Mains Input: 100 V.-250 V. 50/60 Hz.
Size: |7} X 11 X 8in,
Weight: 25 1b.

Price: £150,

DISTORTION MEASURING SET (Series 2)

A sensitive instrument for the measurement of total har-
monic distortion, designed for speedy and accurate use.
Capable of measuring distortion products as low as 0.0029%,.
Direct reading from calibrated meter scale.

Specification

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

Distortion Range: 0.019%-~1009%, f.s.d. (9 ranges).

Sensitivicy: 100 mV.- IOO V. (3 ranges).

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

Input Resistance: 100 kOhms.

High Pass Filter: 3 d8B down at 350 Hz,

30 dB down at 45 Hz.

41 dB from second harmonic of rejection
frequency to 250 kHz.

Included bactery.

Frequency Response:

Power Requirements:

Size: 173 x 11 X 8in.
Weight: I5,1b.
Price: £120.

Descriptive technical leaflets are available on request.

RADFORD LABORATORY INSTRUMENTS LTD.

ASHTON VALE ROAD, BRISTOL 3
Telephone: 6623013

DIFFERENTIAL DG AMPLIFIERS

for use with dc energised transducers

03
150
160

series

in

card
modular
cased
form

Extremely versatile
high performance dc
amplifiers with choice
of output stage to drive
a wide range of indicating, recording and con-
trol devices. Also Bridge Supplies and Bridge
Balance Units.

FYLDE gectronic Laboratories Ltd.,
akham Court, PRESTON PRI3XP

Telephone Preston 57560

WW— 71 FOR FURTHER DETAILS

SOLE U.K. AGENTS

SUPER ELECTRONICS umiteo

5 VIOLET HILL, LONDON, N.W.8.
TELEPHONE: MAIDA VALE 8281

WW— 72 FOR FURTHER DETAILS

ONLEY PLUGS
& SOGKETS

Make a reliable contact with Oxley P.T.F.E. insulated
‘Barb’ Plugs and Sockets. Subminiature and miniature
versions for chassis or printed circuit mounting.
OXLEY DEVELOPMENTS COMPANY LTD. ®
OXLEY"“ §)

Tel: Ulverston 26821. Cables : Oxley Ulverston. Telex : 6541,

WW—070 FOR FURTHER DETAILS

Priory Park, Ulverston, North Lancs., England.
WW-— 73 FOR FURTHER DETAILS
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No other

electronic
voltmeter

acks

this much

Marconi TF 2604 Electronic Voltmeter

90!

[] Excellent zero stability: less than 4 mV deflection at full [] Seven resistance ranges: 500 Q to 500 Mq
scale on all ranges for changes in mains supply voltage [] Input resistance: 100 Mo

of as much as 109 [] Input capacitance: 1.5 pF
s v 5 J =4
U ngen a.c.ranges: 300 mV t0 300V f.s. 20 Hz to 1.5 GHz (] Multipliers available: extend range to 2 kV a.c. and
[] Eightd.c. ranges: 300 mV to 1000V f.s. 30kVd.c.

£90—U.K.f.0.b. Price. Full technical details on request.

MARCONI INSTRUMENTS LIMITED

A member of GEC—Marconi Electronics Limlited
Longacres, St. Albans, Herts, England. Tel: St. Albans 59292 Telex : 23350
WW—074 FOR FURTHER DETAILS
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Crystal Controlled FET Converters FET Preamplifiers

2 to 700 MHz.

for Satellite tracking
Space vehicle communications
Galactic noise measurement
Microwave |.F. amplifiers
Laboratory Standards
Wideband Television Translators
Radio Astronomy

Masthead preamplifiers Employs the tatest FETs and cir-
Radiotelephone cuitry to provide noise figures of
Aircraft & Marine laboratory standard for utilising
Meteorology in practical working conditions.

2 to 300 MHz. Selected Texas TIS88A FETs neutralised cascode front-end. Pot core brass screened VHF coils. Link coupled bandpass
filter ahead of mixer, RCA 3N 141 dual gate MOSFET. Cathodeon HC/18 VHF crystal. Silicon ptanar injection stages. High Q break in
mixer gate. Glass fibre printed circuit board using the latest sub-miniature VHF components.

Specification
Output Frequency 2 to 100 MHz.
Bandwidth: Up to 15% of signal frequency 3dB.
Gain: 35dB.
Noise Factor: 1.0dB @ 150 MHz. 2.0dB. @ 300 MHz.
Cross Modutation: 30 mV.
Blocking: 40 mV.
Impedance input & output:62 or 76 ohms.
Size: 1} x 23" x 43",
Weight: 10 oz.
Power: 12v. DC @ 12 ma.
Price: £30 Preamplifier £20.

300 to 700 MHz. Unlon Carbide 2N4416A/Texas TIS88A neutralised cascode front-end. Cooper chassis and screening. RCA 3N141
dual gate MOSFET output.

Specification

Noise Factor: 2.5dB @ 450 MHz.
Weight: 12 oz.
Price: £50. Preamplifier £30.

Other details as 2 to 300 MHz. unit.

S.A.E. for further technical information (please state application) Telephone: Faversham 2064.

JXK CONVERTERS
PEEL HOUSE, PORTERS LANE, OSPRINGE, FAVERSHAM, KENT

|

WW—075 FOR FURTHER DETAILS

TINSLEY

AUTOMATIC CURRENT CONTROLLERS

Suitable for all High Precision
Potentiometers—Replaces messy
lead-acid cells and enables
Potentiometer to be used for the

[
full working day. ® ° 0

%

If you use Measuring Potentiometers
and have not yet seen the Automatic
Current Controller demonstrated

Write for full details to :—

ROLLER
CURRENT CURRENT CONTR? ~

WERNDEE HALL, SOUTH NORWOOD,
" LONDON, S.E.25. TEL 01-654 6046

WW-—076 FOR FURTHER DETAILS
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LEVELL e
VOLTMETERS > "o/

TRANSISTOR A.C.
MICROVOLTMETERS

Response from IHz to 3MHz with ampli-
fier output avaifable, Two versions
differ only in meter size and bandwidth
switch on type TM3B,

D) narssms o ¢ AR VOLIMETE 1Yoy Tansg

R —

TYPE TM3A

£49

Complete with t by v T ——
battery and in- LTU ey
put lead.

OPTIONAL

TYPE TM3B

£63

Complete with
battery and in-
put lead.

OPTIONAL

EXTRAS

Leather case
£4/10/-.

A.C.Power Unic
£7/1

VOLTMETER RANGES

FREQUENCY RESPONSE

154V, 50uV, 150uV . .. . 500V fs.d.
Accuracy £ 19% 1% f.s.d. £ 1uV at lkHz.

dB RANGES
100dB to +50dB in 10dB steps. Scale

—20dB to + 6dB. 0dB = ImW into 600€2.

Above 500uV: 4 3dB from I|Hz to 3MHz.

4-0-3dB from 4Hz to IMHz.

On 500uV: +3dB from 2Hz to 2MHz.
On 150uV:43dB from 4Hz to IMHz.
On 50uV: +3dB from 7Hz to 500kHz.
On 15u4V: 4 3dB from 20Hz to 200kHz.

EXTRAS
Leather Case
£5

A.C. Power Unit
£7/V0)-.

AMPLIFIER OUTPUT

150mY at f.5.d. on all -anges. Will drive
a load of 200k} and 30pF without loss.
POWER SUPPLY

One type PP9 battery, fife 1000 hours; or,
A.C. mains when Power Unit is fitted.

* %k Kk Kk Kk Kk k k k&

TYPE TM6A

£85

Complete  with
battery and in-
put lead.
OPTIONAL
EXTRAS

Leather Case
£4110/-.

BROADBAND
VOLTMETERS

As A.C. Microvoltmeters plus H.F. probe
to extend response to 450MHz. Two ver-
sions differ only in meter size and L.F.
bandwidth switch on type TMéB,

'/ﬂq

YT Oy

(VT vaomare o sagres 1vmy =

L1 -
LY L.

Lokt S

TYPE TMéB

£99

Complete with
battery and In-

put lead.

OPTIONAL
EXTRAS

Leather Case

A.C. Power Unit
£7,10/-.

A.C. Power Unit‘
£7/10/-,

H.F. RESPONSE
40:7dB from IMHz to 50MHz
- 3dB from 300kHz to 400MHx.
4 6dB from 400MHz to 450MHzx.
L.F. RANGES

As TM3A and TM3B except for the omis-
sion of 15uV and 150uY.

LEVELL

PORTABLE INSTRUMENTS

WW—077 FOR FURTHER DETAILS

POWER SUPPLY

One type PP9 battery, life 1000 hours on
L.F. ranges and 400 hcurs on H.F. ranges;
or, A.C. mains when Levell Power Unit
is fiteed.

H.F. VOLTAGE RANGES
ImV, 3mY, 10mV . .. . 3V f.s.d. Square
law scales. Accuracy +4% of reading
+19% of f.s.d. at 30MHz.

H.F. dB RANGES

—50dB, —40dB, —3048 . . . . +20d8.
Scale —10dB to +3dB. 0dB = ImW
into 5002

LEVELL ELECTRONICS LTD., Park Road,
High Barnet, Herts. Tel.: 01-449 5028

Fully detailed leaflets are available on our
complete range of portable instruments

www.americanradiohistorv.com
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Pye Telecommunications is the world’s largest exporter of
radiotelephone equipment. Pye Radiotelephones are used

all over the world to ensure instant contact. Pye research
development and quality control really do keep in touch

with tomorrow.

rely on

Wireless World, August 1969

PYE SPANS THE WORLD

-

fii

the vital contact

VR

y ‘“J

e\

Pye "Packetfone’ Personal
Radlotelephone

New battery economy clreult Ex-
tremely tight-weight and compact
Reception free from nolse and Inter-
ference Minimum of controls
Transmit button automatically ex-
lends antenna - Hearing ald sockel
Easlly accessible batterlos.

\

Pye ‘Bantam’ Portable
VHF Radiotelephone

Fully transistorlsed transmlitter and
recelver Very high performapce
recelver - Crystal ﬂfler selectivity
0'5W transmitter output 250mW
audio power - Long endurance with
rechargeable or dry batterles - Can
be used with external antenna to glve
greater range - Weatherproof.

Y

Pye VHF Radiotelephone

Fixed Station

Solld-state recelver and transmitter
10-15W R.F. output Fleld-ettect
transistors used In recelver - Suftable
for atl ctimates - Electronic squelch
Designed to meet all relevant speci-
ficatlons.

Pye UHF Radiotelephone
Fixed Station

S
TR

Pye ‘Westmlinster
Remote Mounted Radlotelephone

Solid state recelver and
8-10W R.F. output - Very high R.F
selectivity uslnﬁ field-effect tran-
sistors Very low nolse tactor
Electronlc squelch - A, C. or 24V d.c
operation - Sultable for all climates
Designed to meet all relevant speci-
fications.

[« letely solld state - 5-8W R.F.
output |-‘0.chunne|s with soild state
ttehl lioml 1 indi-

cator Sultable for all climates
Meets all relevant speclfications.

£

S
OOQ.D_@

Pye ‘Westminster’
Front Mounted Radiotelsphone

Completely sclid state
output

state switching Suitable for all
climates
fications.

5-8wW R.F,
1-10 channels with solld

* Meets all relevant speci-

Pys Single-Sideband
Radlotelephone

125W (p.e.p.) R.F. outout Fully
transistorised rocelver - C.W. facl-
Iitles Provided * Sideband selection
by crystal fliter- Carrier Insertion for
a.m. compatibility - Fixed or moblle
application Advanced transmitter
design.

Pye ‘Pioneer’
Radiotelsphone

Fully transistorised - For use with
automatic, CB manual, or magneto
exchanges - Waatherproof cablinet
Unsattended  operation over long
perlods - Facility for fitting privacy
eqfpment - Optlional single antenna
operation.

Pye 5-Circuit UHF
Radiotelaphone

Compact S-circult radio terminal
Fully - transistorised channelling
£ hiftsignalli

Fr
Continuous unattended operation In
all parts of the wol Tweive
standard plans for terminals and
repeaters.

PYE

equipment
gives you
instant-contact
with mobility

PYE TELECOMMUN'CA"BNS LTD. Cambridge England Telephone : Cambridge (0223) 61222 Telegrams: Pyetelecom Cambridge Telex: 81166

WW—078 FOR FURTHER DETAILS
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Some notes on Bridge Mleasurement by WAYNE KERR

Number 1

The Transformer Ratio-Arm Bridge

This is the first of a series of notes describing a
measurement technique which is becoming more generally
accepted for its precision and reliability.

Like many sound scientific principles, the basic idea
of this bridge goes back to the end of the 19th Century.
However, at that time, technology had not evolved the
high permeability nickel iron alloys and ferrites that we
know today, and it is only comparatively recently that
the full potentialities of this type of bridge network and
its application to the science of measurement have been
realised.

Figure 1 shows the simplest form of the transformer
ratio-arm bridge.

A
17
Z standard II

C

Z standard

Z unknown

Fig. 1 Fig. 2

The derivation of this network from the classical
Wheatstone bridge can easily be seen, but the advantages
are, perhaps, not quite so obvious. If the ratio arms A
and B were resistors or capacitors, a large number would
be necessary in order to make a wide range impedance
bridge; but, by using a transformer, taps in the ratio 1,
10, 100 and 1000 can be readily achieved, and only one
standard of reactance and one of resistance are required.

Furthermore, the accuracy of these ratios depends, in
practical terms, only on the geometry of the windings and
the difficulties of long term stability and component drift
do not arise. With careful attention to the design of
transformers, voltage ratios can be established to an
accuracy of better than one part in a million, independent
of normal changes in ambient temperature. This stability
is to be compared with ratio arms made from resistors or
capacitors in a conventional bridge.

Although the basic bridge circuit of Fig. 1 is still used
in some instances, the incorporation of a second trans-
former, shown in figure 2, provides a bridge network of
even wider range.

In addition to ratio arms A and B, the transformer on
the detector side of the network can have variable ratios
C and D, so that a further series of tappings from 1 to 1000
multiply with the original series to give an overall ratio
of 106 to 1.

THE WAYNE KERR COMPANY LIMITED
NEW MALDEN - SURREY - ENGLAND

The operation of the bridge can now be explained
quite simply. The voltage A produces a current when it
is applied to the standard impedance. Likewise the
voltage B, 180° out of phase with the voltage A, produces
a current when it is applied to the unknown impedance.
These two currents, making due allowance for the turns
ratio of C and D, .can now be balanced in the second
transformer either by adjusting the voltage ratio or
varying the value of the standard, or a combination of
both.

Figure 2 also illustrates another extremely important
feature of the bridge. If an impedance (x) is connected
across the ratio arm B, that is to say between the voltage
side of the unknown and N, the neutral connection of
the bridge network, the accuracy of the measurement is
virtually unaifected.

Although this impedance loads the transformer and
causes a voltage drop, the tight coupling of the windings
gives rise to an equivalent voltage drop on the standard
side of the bridge, and for all practical purpgses, the
loading of the circuit does not affect the point at which
the network balances. It is, perhaps, sufficient to point
out that a similar situation arises in the event of an
impedance (y) being connected across the second trans-
former winding.

Z standard

o

Z unknown

Connecting cobles

Fig. 3

If the basic circuit of Figure 2 is now re-drawn in the
form of Figure 3, it will be seen that the capacitances of
the two connecting cables replace the impedances (x) and
(y). It now becomes clear that the use of relatively long
cables to connect the unknown impedance to the bridge
can be tolerated.

To give an example of the advantage of this facility,
it is in practice possible to measure accurately a small
fraction of one picofarad in the presence of cable
capacitances of several hundred picofarads.

Further notes in this series will develop the principles
which are explained in this issue, and also their application
to a wide range of measurement problems.

Telephone 01-942 2202
Cables Waynkerr, Malden
Telex 262333

WW-—079 FOR FURTHER DETAILS
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7 RADIO CO, LTD. éb”]b/' 27/4

HIGH FIDELITY UNITS

HF.1016 Major HF.1216 HF.1214 HF.1016
HF.1012 HF.816 T816 P2.585
Dimensions Flux Pole Total Handling Bass Frequency Weight
Type Density Dia. Flux Imp. Capacity Res. Response Price*
Depth Dia. Gauss In. Maxwells ohms Watts c/s c/s ib. oz
= - - o __4 = 4 —— —
HF.816 4.218" 8 16,000 1.0 63.000 U 6 63 50—15 K 4 8 £9.8.1
HF.1012 43 10 12,000 1.0 47.400 V] 10 35 30—14 K 4 4 £6.17.6
HF.1016 48 10 16.000 1.0 63.000 V] 10 35 30—15K ] 13 £10.19.6
HF.1016 Major 5} 10 16.000 1.0 63.000 15 10 39 30—16 K & 0 £14.28
HF.1214 6% 12 14,000 1.5 106.000 15 15 39 25—14 K 9 10 £16.1.8
HF.1216 74 12 16.000 1.5 121,140 L) 15 37 20—16 K 13 0 £2326
4% 8 1.0 63.000 15 15 1500—17 K 4 8 £8.18.3
P2,585 2% 8.500 0.375 6.400 3 0.3 330 250—9 K 3 £1.129

" Includes 10% P.T. surcharge

Whiteley Stentorian Speakers incorporate 40 years of
development in acoustic technology. Their frequency
response is exceptionally wide, and their overall per-
formance outstanding. Few speakers can equal, and
none can excel the superb reproduction of the

high fidelity speakers in the Whiteley Stentorianrange.

WHITELEY ELECTRICAL RADIO CO.

MANSFIELD - NOTTS - ENGLAND

Telephone: Mansfield 24762
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Listen-Look and
Measure with

LOEWE-OPTA

The En-Coder you must have for

® Servicing purposes. checking of stereo-radio receivers
and alignment of stereo-decoders.

® For demonstration of FM-stereo-receivers with, in
accordance to the pilot-tone-system, standardized
Multiplex-signal.

@ All-transistor technique secures instantaneous readiness
for operation

Remarkably Low Trade Price: f 1 02-1 0-0

Write for further details to:

HIGHGATE ACOUSTICS

184-188 Great Portland Street, London, W1
01-636 2901/4
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REMOVER

Model SR2
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USED THROUGHOUT THE WORLD. SANWA'S
EXPERIENCE OF 30 YEARS ENSURES ACCURACY,

RELIABILITY. VERSATILITY. UNSURPASSED TESTER e Now with Safe Loading Mechanism

PERFORMANCE COMES WITH EVERY SANWA which does nat recoil on release
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Model P-1B £3 7 6 E .
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Model U-50D €7 6 0
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Bodel 450:65 £19 0 0 Instantly rem unwanted
MODEL U-50D Maodel EM-700 £61 © SEA) OV

solder from prited circuits
and all other solder joints
without damage to unit
or component. Saves
valuable time result
ing ir increased
prcduction

0
PLEASE WRITE FOR ILLUSTRATED LEAFLETS OF THESE SANWA METERS

SOLE IMPORTERS IN U.K;

QUALITY ELECTRONICS LTD.

47-49 HIGH STREET, KINGSTON-UPON - THAMES, SURREY. Tel: 01-546 4585
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A.C. SOLENOID TYPE SBM/T 4

Available from-

Continuous Rating |
3ilb. at 1in =
Instantaneous

up to 161b.

Fitted with stainless steel guides—6 times the life. Larger
and smaller sizes available—also transformers to 8kVA
3-phase.

R.A.WEBBER LTD.

KNAPPS LANE, CLAY HILL, BRISTOL 5. TELEPHONE 65-7228'9

ELEGTRONIG LTD

21 GERMAIN STREET,
CHESHAM, BUCKS
Chesham
4808/9
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Here are the features
which make the $54

such good value
for money......
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>

Small Size—Light Weight

Rectangular C.R.T., 4kV, 9x7x16ins. 17 lbs.

6 x 10 cm viewing area, v
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Built-in Voltage
Calibrator.

Slope and Source
Selection

SOLID STATE SINGLE-BEAM
OSCILLOSCOPE

At £110 this oscilloscope must be seen to be believed—
Ask for a demonstration NOW!!!

TELEQUIPMENT LIMITED TELEQUIPMEN-T—

313 Chase Road, Southgate, London N.14. Talephone: 01-882 1166
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Howwe set the
trend in plastic
film capacitors

Ten years ago, Mullard introduced the
C296 series of plastic film capacitors
to replace the paper components then
used exclusively in consumer
applications in the UK. The film used
is polyethylene-terephalate generically
known as polyester. This revolutionary
film transformed the British capacitor
market. It enabled Mullard to reduce
component size by as much as 15%,
compared with paper types. Working
voltages were up to 400V d.c.
Insulation resistances greater than
50,000M @ at 20°C were achieved for
the first time in commercial quantities.
The polyester film itself was non-
hvgroscopic and chemically inert. It
was wound with aluminium using an
extended foil technique to give minimal |
self-inductance. And the finished
capacitors were encapsulated in hard,
water repellent lacquer, which was
unaffected by temperatures up to

150°C.

New techniques New manufacturing
techniques were then introduced in
plastic film capacitors, which allowed
a metallised layer to be deposited on
the film. This reduced our capacitor

NT4825¢

sizes by up to a further 50%,. About
this time, the general acceptance of
printed circuits created a strong
demand for various components in
different shapes, with particular
dimensions to close tolerances. And
because we at Mullard anticipated
this trend we now produce the C280
miniature metallised film capacitors.
These small devices have radial
terminations in the standard 1.LE.C.
0:1 inch grid spacing, making them
the economic answer to the problems
of improving packing densities and
reducing assembly production times.
Due to their distinctive colour coding,
small size and wide capacitance range
the demand for these capacitors is far
in advance of all others. The 400V
units have a more recent polyester
film (polycarbonate) which reduces
losses at frequencies of 20kHz and
above. This also applies to the C281
series with their axial leads and
moulded encapsulation.

Development Work of course
continues, and encouraging results are
being achieved with capacitors for

a.c. power handling, for example

for interference suppression and
power factor correction, using
polypropylene films.

Higher demand The demand for
discrete passive components has
increased enormously during the last
ten years. And today thereisa

WW—088 FOR FURTHER DETAILS
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continual demand for polyester
capacitors in the range 0.0014F to
10uF for most applications in the
domestic field.

Worth it ? Right from the beginning
we've anticipated the changing
requirements, tested new materials
and techniques so that we can be sure
the product will give consistent service.
This also enables us to relate quality
with the best possible price. Something
which applies across our very wide
capacitor range including electrolytic,
variable and ceramic types.

Mullard electronic components find
applications as unexpected as
astronomy and zoology, giving us
experience in many technologies.
Experience our customers now take
for granted.

Mullard

components for
consumer electronics

Mullard Limited

Consumer Electronics Division
Mullard House Torrington Place
London WCl1
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Wireless World

Economics of l)roadcasting channels

When the B.B.C. were deliberating on how to improve the distribution of sound radio
trgnsmissions (see ‘‘News”, page 358) one wonders if anybody gave a passing thought
to the more fundamental economics of broadcasting. Economics is not just management
of cash, but good utilization of resources, whatever they happen to be. In the
case of broadcasting one of the most important resources is channel capacity, a
strictly limited commodity. Did anyone, in fact, consider whether our broadcasting
channels are being utilized in the most economical way for the material they are
required to carry? Probably not, first of all because it wasn’t on the agenda and
secondly because there is nobody with the right knowledge and authority to deal
with such a problem—even if there is anybody who admits that it exists.

The trouble is we have the programme producer on the one hand and the engineer
on the other. Each does his job independently of the other, though no doubt with
understanding of the other’s immediate problems. The overall organizers certainly
have a synoptic view, but it cannot go very deep: they are essentially men of affairs.
The programme producer is aware that there is only a limited number of channels
and he distributes his material among them according to some formula. His idea of
economics seems to be to fill up as many hours of broadcasting as possible—Ileave no
silence, no raster unfilled. The engineer, also aware of channel limitation, inter-
national frequency allocations etc., sees a broadcasting channel as essentially a
communications channel with a maximum information-carrying capacity, a la
Shannon, determined by bandwidth and signal/noise ratio. He is apparently
unperturbed that this view of information could mean complete absence of information
to the programme producer—gibberish, noise, abstract patterns, could all produce
high rates of “information” in bits per second. The engineer’s idea of economics is
largely a matter of saving bandwidth by techniques such as single- and vestigial-
sideband working, frequency interleaving and pulse sound: he is not concerned with
the economic use of what he has saved.

The utilization questions that seem to have nobody to investigate them are of this
kind: If speech intelligence requires a bandwidth of only a few kilohertz, is it economic
when an 8-MHz television channel or a 300kHz f.m. sound channel is used for news
bulletins and the like? Does ‘“sweet” background music for busy housewives, or pop
toreground music for sated juveniles, require as much channel capacity as music
with a subtle, complex approach to the emotions and intellect? (This is not a question
of taste, but what are the required stimuli and responses in each case and the minimum
information rates in bits per second needed to generate them. Some pop music may
need higher rates than some classical music.) If the maximum rate at which a single
television viewer can take in visual information at any given time corresponds to a
5-MHz video bandwidth, is it economic to operate a system that provides him with
several times that information carrying capacity? (This point was raised recently by
R. P. Gabriel, of Rediffusion International, as an argument in favour of his “‘dial
back” cable television distribution system.) In short we are looking for an economic
matching of communication channels to the human communication requirements at
the inputs and outputs of the channels, an equation relating engineers’ ‘““‘information”
to semantic information.

At present there are no obvious techniques for remedying any mis-matching that
might be admitted to exist. But the continuing demand by society for more and more
channels of communication (including broadcasting) might well provide a stimulus
for work in this field in the future.
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A practical approach on feedback amplifier theory

1. Survey of circuits

by F. E. J. Girling* and E. F. Good*

Many works on active filters are
written so exclusively for a small circle
of specialists. that the ordinary circuit
designer may casily feel that there is
little hope of understanding the subject
without first mastering a whole range
of new concepts.

It is the aim of this series of articles
to show that a comprehensive and
practically useful theory of active-
filter design can be built up from the
theory of linear feedback amplifiers as
laid down by Black, Nyquist, Blumlein,
and others.

The present article i1s a survey of the
circuits to be discussed. In subsequent
articles we shall collect together some of the
fundamentals of the theory of both passive
and active net-works; then later we shall look
in detail at some of the more useful methods
of realization.

Throughout we shall endeavour to base
the exposition on the simplest and most
widely known concepts, not only in order to
be intelligible to the non-specialist reader,
but also because we believe there is a real
danger in taking too narrow a view: too
close an inspection of a single trec can casily
result in failure to appreciate the existence of
the wood.

The dynamics of CR and LCR circuits

An LCR filter is a resonant structure, that is:
at least one component of its natural
motion or transient responsc is less than
critically damped. This is necessary to
obtain a sharp cutoff—as shown, for
example, in the low-pass response of Fig. 1.
In a passive CR circuit, no matter how com-
plicated, dissipation in the resistances
dominates and the natural motion is more
than critically damped. Passive CR net-
works do not give sharp cutoffs.

(Many readers will be familar with these
facts in terms of the positions on the
complex plane of the poles of the response
functions.)

When, however, RC networks are used
with gain and feedback (i.e. in an active
system) the restriction on the type of
natural motion is removed, and consequently
on the type of frequency response obtain-

* Royal Radar Establishment.

able. Indeed it has been common know-
ledge since the publication of the work of
Bode and Nyquist that a feedback amplifier
containing only CR coupling and feedback
networks can show a peaky and resonant
response and further can be unstable, i.e.
oscillate. (Ref. 1). In amplifiers this is to ke
avoided: in active filters it is put to use.

Related fields

Two areas in which gain, feedback, and CR
networks are used to obtain virtually any
response that may be desired are analogue
computers and servo simulators; and it was
with some knowledge of these arts that the
present authors began designing active filters
(low-pass <scratch” filters for reducing
surface hiss from 78 r.p.m. shellac discs).

The simplest electronic analogue of a
2nd-order servo system, 1.¢. one having two
integrations in the forward path, is shown in
Fig. 2(a). This uses three ‘“‘operational”
amplifiers, and so is rather cumbersome (or
was so before silicon integrated amplifiers
became available). An alternative circuit
using a single amplifier is shown in Fig. 2(b).
For both circuits the voltage transfer ratio in
conventional transfer function form is
(leaving out the minus sign, which is not of
importance when discussing the frequency
response)

Vour ]+_¢i/7T*_ (l)
Ven [+ opT + piT?

where p is the Heaviside differential
operatort (signifying the process d/dr),
T is the reciprocal of the undamped natural
frequency in radians/second (i.e. T = 1/w ),
and « is a measure of the damping (being
equal to 2¢, where { is the conventional
damping factor!). As will be seen later
a — 1/q, where ¢ is the conventional
Q-factor of a tuned circuit, and we shall take

+ Some may prefer to write s, the complex«
frequency variable. For our purposes it is im-
material which letter is used. The important thing
is to understand that p (or 5) represents differentiation
and that 1/p (or 1/s) represents integration.

* This is defined so that critical damping is given
by =1, It should not be confused with the
“damping factor” commonly used by audio engi-
neers, which, although concarned with the same
basic physical phenomenon—damping of a poten-
tially oscillatory system—is given by loudspeaker
impedance divided by amplifier output impedance.
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Fig. 1. Low-pass filter, sth-order Darlington
response. The ripples in the pass band do
not show on the small scale used.

(a) -

(b)

ANN\\v

Fig. 2. Two analogues of a basic second-
order servo system. All amplifiers are
high-gain, sign-inverting.

[A—+ed]

AN

Fig. 3. Low-pass filter derived from an
analogue of a second-order servo system.
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this relationship as the definition of the
Q-factor of any 2nd-order system.

By writing jw for p an expression for the
frequency response is obtained,

I+ jo—
Vout jawc
= ;@
tn L w w
s~ (2)
We We
When w > w,
w
Vout ~ awc
Vln - (ﬁ 2
o)
le.
Awe
T w

Thus in this region there is increasing
attenuation as the frequency is raised, but
the rate of cut off is not very great as the
response is proportional to only 1/w.

If we could remove the second term of the

-20—
02 03

Fig. 5. Amplitude/frequency response of

1
(1 +pT) (1 + pT + p*T?)
and of the factors.

oy \
Vin C’\E\Y\’J” 2 1l 1 VJ’ut
LT 1§

Fig. 6. Conventional 3rd-order low-pass filter.

numerator of the voltage transfer ratio we
should have better filtering, as the response
in the cutoff region would be proportional
to (w./w)’ approx. This can be done by
multiplying by the factor 1/(1 + jaw/w.),
which means that we must add a simple lag
of time constant 2/w,, i.e. aT. A convenient
way of doing this is to split the input
resistor into two and add a capacitor as
shown in Fig. 3.

We now have a circuit which realises the
equation

Vout |
Vin Ee) w w \?
1 Joo— (—)
We We
3)
The equation for the amplitude response is
therefore
1
|G(w)] -

And from this, taking a(= 1/g) as para-
meter, we obtain the family of curves
shown in Fig. 4.

If this rate of fall in the cutoff region is
sufficient, | G(w)| o (w./w)? a curve which
is likely to be selected is that for & — /2.
For this degree of damping (0707 of
critical) the middle term of the denominator
of the expression for |G(w)| vanishes,
leaving

1 ANN

(RN =
This is the Butterworth or “maximally
flat” response (Refs. 2, 3) for this set of
curves, i.e. the response which shows the
sharpest turn-over at the corner without
crossing the low-frequency asymptote,
G(w)| I, or the high-frequency asymp-
tote, | G(w) (w /W)

If a sharper cut off is required we may
select the slightly peaked response, @ — 1,
and add somewhere in the signal path a
simple lag of equal corner frequency so that
we obtain an overall frequency response

|G(w)]

Ji-(&)

)

6
Jir+ )]
| w

which is Butterworth response, 3rd-order.

The shape of this response and of the two
factors is shown in Fig. § (Ref. 4).

The next step is the appreciation that

apart from the factor } the above response is

identically the same as the response of the
conventional low-pass LC filter shown in

| G(w)|

=)+ (&)

(6)
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Fig. 6, for which the voltage transfer ratio is
]
2(1 + 2pT + 2p°T* + p*T?)
B ]
© 201 + pTXI + pT + p*T?)

This teaches us that we need not look for a
new set of responses merely approximating
to those of conventional LC filters, but can
make RC active filters with responses
identically the same as those of conventional
LC filters. At one time it seemed that this
would be of most use in helping us to
understand from a study of their voltage
transfer ratios how the responses of con-
ventional LC filters are generated. Now,
after the appearance of some important and
most useful publications (Refs. 5, 6, 7) the
lesson to be drawn is rather that design data
prepared for passive filters can be used for
active filters.

In the above we have seen in action in
simple examples some of the basic notions of
active-filter design:—

®)

® The use of feedback techniques to obtain
an accurately determined response.
® The value of the transfer-function form
in defining the response of a system.
® The choice of a transfer function to give
either a known frequency response, or to
match that of a known passive filter.
® The realization of an active filter as a
cascade of sections, each section realising a
factor of the overall transfer function. It is,
of course, in an active system easy to
arrange the sections in cascade without
unwanted interaction. Butterworth (Ref. 2)
was the pioneer of this approach.

We may now pass on to the synthesis of
active filters as an art in its own right.

Direct synthesis

To synthesize a circuit to realise 2nd-order
low-pass response,

Vout 1
Vin 1

(e s LR

we may compare this equation with Black’s
equation for a feedback system (Ref. 8),

Vout [t
10
Vin l uB (10)
in which # = the forward gain, and # — the
feedback factor. When g 1, Black’s
equation reduces to
Vour |
Vin (1)
"
The comparison then gives us
]
B apT + piT?
1 1
apT T T (12)

apl 1 pI
x

which means that the forward path should
consist of an integrator, voltage transfer
ratio 1/pT, (where the CR product
T, = aT), and a simple lag, voltage transfer
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Fig. 7. Basic circuit for integrator-and-lag
synthesis of 2nd-order low-pass filter. For
q = 1, R,C, = R,C, (assuming A =
and cathode-follower gain = 1).

"C

-
__{> — o

[A =)

Fig. 8. Another circuit arrangement for a
2nd-order low-pass filter : values shown
are for ¢ = 1 (assuming A = o).

Fig. 9." Two-integrator loop for realizing
2nd-order low-pass response.

+

p—_

{
O~ -0
%_‘L—o
Fig. 10. Sallen and Key low-pass filter.

Values shown assume cathode-follower voltage
transfer ratio = 1.

(a)

ratio 1/(1 + pT,) (where the time constant
T, = T/a), or some equivalent arrangement.

Three methods of realizing this synthesis
are shown in Figs. 7, 8, and 9. Normally the
design of the amplifiers presents little
difficulty: often only one or two valves or
transistors are needed per amplifier. [It
should be understood that in Fig. 7 and
elsewhere a valve is used as a simple and
unambiguous symbol for an amplifier or
active device, connected as a high-gain
amplifier or (as here) as an approximately
unity-gain amplifier. See Appendix.] In
each circuit the output impedance is auto-
matically low. The response is therefore
virtually unaffected by any reasonable load,
and any number of second-order sections
may be cascaded if a higher-order filter is
required.

The Sallen dnd Key type of circuit

In the well known Sallen and Key circuit,
Fig. 10, (Ref. 9) an apparently completely
different approach was made, using only a
buffer amplifier having a voltage ratio of
x 1 (ideally) instead of a high-gain amplifier;
and it was natural to compare the per-
formance with what we had learned about a
loop containing an integrator and a lag. We
found, as we shall prove in a later part,
that the circuits are essentially the same, the
Sallen and Key circuit being also a loop
containing an integrator and a lag, the
overall feedback being cffected by the
cathode follower type of connection. The
great apparent difference is due to the
choice of a different earthing point.

Importance of high internal gain

We shall also show that in any 2nd-order
lopp the available gain limits the value of
‘‘@” that can be obtained, and that for “¢” to
be insensitive to changes in available gain
there should be a surplus of available gain
over the necessary minimum. This is, of
course, an example of a general charac-
teristic of feedback systems. Thus, because
of the large total available gain, circuits
based on three operational amplifiers (e.g.
Fig. 9) are to be preferred for anything
greater than a modest value of ‘“¢”’. The
apparently prodigal use of amplifiers can
also often be justified by the great versatility
it gives, and by the fact that with the advent
of silicon integrated circuits gain is smali in
size and will be low in cost.

The leapfrog or active-ladder method

From the methods mentioned so far the
philosophy arises that the only necessary
relationship between an active filter and its
passive prototype, if any, is in having the
same overall voltage transfer ratio (or,
more generally, transfer function, since a

(b) | E J[ LNW[ A ‘ E f[
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filter may have current input and voltage
output, or vice versa). The internal work-
ings of the active and passive filters may be
expected to show no direct correspondence.
If, on the other hand, we set up an analogue
of the passive prototype in which the detailed
workings of the prototype are reproduced,
and in which there is a one-to-one cor-
respondence between voltages or currents
in the one and voltages or currents in the
other, then there is no need to calculate the
two overall transfer functions to see that
they are alike, because automatically they
will be.

Let us take the example of a ladder low-
pass filter (Fig. 11a). A simple method of
analysing such a network proceeds as
follows. First assume an output voltage,
V,.1» and write down the currents in the
load resistance and in the final capacitance.
Then add these two currents to give the
current through the adjoining inductance,
and write down the voltage that the current
will cause to appear across the inductance.
And so we can go on until we obtain an
expression for V,,. Each step is either a
summation of quantities already found or a
differential equation of the simplest kind,

. dv .
i Cd—’ ie. I =pCV (12)
and
di
v L‘—/—’ ie. V= plLI (13)

These operations may be ‘instrumented”
very casily by a system of integrators and
sign-changing stages with suitable forward
and feedback connections, and the resulting
active equivalent or analogue of the chosen
example is shown in Fig. 11(b). The
structure of the passive filter is no longer
evident; but the new structure is a true
analogue, since every process in the
prototype is reproduced and in particular
the voltage at the output of each amplifier
represents some voltage or current in the
prototype.

Of course the active filter has in addition
properties which the prototype does not
have. The voltages at the output of -each
amplifier are available with low source
impedance, and so loads may be attached
without disturbance. A corollary is that
extra forward and feedback links may be
connected to these voltages without affecting
performance except in the way intended.
Similarly the existence of the virtual earths
at the input of each (high-gain) amplifier
means that the currents flowing in the for-
ward and feedback components are pro-
portional simply to the voltages at the ends
remote from the virtual earths. Con-
sequently the scale factor for the voltage at

—=

Fig. r1. The leapfrog feedback method of making an equivalent of a low-pass ladder filter.
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the output of any amplifier can be varied
independently by multiplying all the
impedances connected to it by a common
factor. This property is especially useful
in band-pass filters, where straightforward
derivation from the passive prototype often
produces a design in which the maximum
voltage at the output of some amplifiers is
considerably greater than at the output of
others.  Adjustment to approximately
cqualize the maximum voltages makes best
use of the available gain and maximises
dynamic range. The existence of the
virtual earths also facilitates the provision of
variable tuning, as will be shown.

The capacitor-loaded gyrator method

As a concept, the simplest method of
applying the one-to-one correspondence
principle is to accept the structure of the
passive prototype and replace each inductor
with a two-terminal “black box” for which
Z = VI = pL. If the black box is not to
present an unwanted conductance between
the terminals, it must scnsc the applied
voltage with an amplifier or buffer of
infinite input resistance. The current which
must flow through the black box in response
to the applied voltage is given by
1/V = 1/pL. This shows that the current
must be the integral of the voltage divided
by the constant L. The input amplifier
should therefore pass on the applied voltage
to an integrator, which in turn applies its
output to a current source, or voltage-to-
current converter, the output of which is
connected back to the input terminals.
This current source should be ideal, i.e.
have infinite output resistance, if it too is
not to place unwanted conductance between
the terminals.

The idea of simulating inductance with an
RC active black box is not, of course, new.
The most familiar example, probably, is the
reactance-valve arrangement, Fig. 12, in
which the valve is made to pass a current
which is almost 9o° lagging on the applied
voltage. But this simple circuit is too far
from ideal to be used in any precisely
designed filter. Recently one particular type
of realization of the idea has received much
attention in the learned journals, and at
least one RC active filter of remarkably fine
performance constructed on these lines has
been reported (Ref. 10). However, while
we have no wish to get into an argument
about the general concept of a gyrator, it
does seem 'to us that when a gyrator is
capacitor-loaded to form an inductance
which is then tuned with another capacitor
to form a resonant circuit, the resultant
system can ‘perfectly well be regarded as
consisting of two integrators in a feedback
loop, though the integrators are not of the
usual operational-amplifier type. This was
pointed out by a Wireless World reader
(Ref. 11). Thus, while the gyrator-capacitor
method offers another circuit option, which
may be an appropriate practical choice in
somie applications, there is no need for the
reader to lgarn a new theory just because he
is confronted with a new name.

This preoccupation with finding common
ground between apparently different circuits
is a result of a desire to support the analysis

1]

Fig. 12. Simple reactance-valve circuit
stmulating inductance.
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general 2nd-order transfer function
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The iput voltages ar (a), (b), (c) are, respec-
tively, AVin, BVin, CVin.

of as many different circuits as possible
with the minimum number of basic
theorems. This is important because when
we come to consider the imperfections in
practical circuits caused by (for example)
finite amplifier gain, it would be un-
necessarily laborious to analyse cach circuit
separately from first principles, when it can
be shown that some of the analysis is
repeating what has been done already.
Assessment of the practicability of a
number of circuits for meeting a particular
specification is also made casier when it is
known that the potentialities of each are
bounded by a common set of theorems.

Negative-impedance converter
circuits

We shall not discuss any applications of
negative impedance converters, because we
believe that nothing can be done with a
n.i.c. that cannot be done better some other
way. Nor shall we have anything to say
about the use of the Wien bridge in a
selective amplifier. Both are examples of
lag-lead loops. In circuits of this type the
method of increasing ““g” is by the use of
positive feedback acting in the same manner
as in the reaction circuit in an old-fashioned
tr.f. receiver. This results in increased
sensitivity to changes in loop gain, and it
seems reasonable, therefore, to reject such
circuits where accurate and stable per-
formance is required. This conclusion
must, however, be qualified for certain
circuits in which the loop gain is stabilized
by feedback, e.g. the Sallen and Key filter
shown in Fig. 10.

Parallel-tee circuits

We shall, however, discuss circuits that
make use of the selective properties of the
well known parallel-T network. These
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circuits are uneconomical in the number of
capacitors they use, and need both Cs and Rs
of close tolerance if their full potentiality is
to be realized. But they can give much
higher ““¢” for a given available gain than the
circuits of Figs. 7, 8, and 9. A very useful
circuit arrangement is shown in Fig. 13. It
is particularly versatile in that it can give the
general 2nd-order voltage transfer ratio

A I-QPT + Cp*T?
Vout q

g T Tl W

1 -pT 2T
p P P

in which the coefficients A, B, C, can be
given the values 1 or o by connecting the
corresponding input terminals, (a), (b), (c),
cither to the input voltage or to ground; and
values intermediate between 1 and o by
using attenuators (or potential dividers).

Appendix

A valve, or vacuum tube, is an example of a
simple electronic amplifier. It is a three-
terminal device. With grid and cathode as
the input terminals, and anode and cathode
as the output terminals, Fig. 14 (a), it is
characterised to a first approximation by a
voltage gain A,, where A, is a positive
number. It is thus a primitive example of
an operation amplifier, and may bec repre-
sented by the conventional symbol, Fig.
14(b). Veryoftentheequivalent of the cathode
lead, here shown dotted, is omitted—its
existence being taken for granted.

If the input is applied between grid and
anode, we have the cathode-follower or
common-anode connection, Fig. 15(a). Asis
well known, this gives an approximation to
a voltage gain of -+ 1, and may therefore be
represented by Fig. 15(b). The disadvan-
tage of this symbol is that it does not reveal
the close relationship with Fig. 14(b), and
indeed seems often to be interpreted as rep-
resenting a different breed of active device.
Fig. 15(a), on the other hand, clearly shows
that it uses the same type of device as

(Fig. 14)
)
]
o—a 5
() (b)
—_— 5
(a) (b)
(Fig. 15)
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(a) (b)
(Fig. 16)

Fig. 14(a), with the same intrinsic or
internal properties, and that it is derived
from it by connecting the output voltage in
series with the input.

To look more up-to-date a bipolar
transistor could be substituted for the valve.
But then one would often have to imagine
an astronomically large current gain, in
order to make the input resistance neg-
ligibly high, as well as a voltage gain higher
than can easily be obtained from a single
stage. Very often a direct-coupled comple-
mentary pair of transistors is a suitable
practical choice of amplifier; but to draw
such a combination when discussing the
basic theory of circuits might suggest an
unintended particularisation. If the use of
the valve symbol offends, we ask the reader
mentally to substitute an alternative, e.g.
Fig. 16(a) when the valve is shown in
earthed- (common) cathode connection, and
Fig. 16(b) when shown in cathode-follower
(common-anode) connection.
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Liquid Encapsulation for

Crystal Growing

Crystal pulling from the melt by the Czoch-
ralski technique is one of the most important
methods used for preparing bulk single crys-
tals of semiconductor material for the elec-
tronics industry. The technique involves the
crystallization of the material in an appara-
tus which provides a controllable thermal
and gaseous environment. The temperature
of the material is kept slightly above the
melting point whilst a seed crystal, held in a
chuck, is dipped into the surface of the melt.
The seed crystal is then rotated and
withdrawn at a controlled rate and, provided
the temperature conditions are suitable, the
material will crystallize on the seed and a
large crystal will be pulled from the melt.

Difficulty is experienced with this process
if the material is volatile, gallium arsenide
for instance. A technique called liquid en-
capsulation which overcomes the volatility
problem was demonstrated at a recent “Open
Day” at the Royal Radar Establishment.
Liquid encapsulation as a concept in its own
right can be applied to all crystal growing
and has the added virtue of simplicity.

A large number of semiconductor com-
pounds decompose at the melting point.
Usually one of the components is volatile and
distils from the melt. If the decomposition
pressure is high the loss of volatile com-
ponent is rapid. The transfer of the com-
ponent is more marked if it can be removed
from the gas atmosphere by condensing on
cold parts of the equipment.

Liquid encapsulation provides a simple
method of preventing the evaporation of
volatile components from the melt. An inert
liquid layer (“liquid seal or lid”’) which floats
on the melt can suppress vapour loss provid-
ed an inert gas at a pressure in excess of the
melt dissociation pressure is applied to the
surface of the encapsulating liquid. The
encapsulating liquid is usually boron triox-
ide which is a transparent low softening
point glass. Crystals can be pulled by the
usual method, the seed can be dipped
through the encapsulating layer, visual ob-
servation can be maintained because boron
trioxide is transparent. It has thus been
possible to grow single crystals of com-
pounds which generate pressure around 1
atmosphere, e.g. gallium arsenide and in-
dium arsenide, without any modifications to
the standard R.R.E. pulling equipment.

There are materials which generate pres-
sures greatly in excess of 1 atmosphere when
they decompose. Gallium phosphide (40 at-
mospheres at 1470°C) and indium phosphide
(25 atmospheres at 1060°C) are typical ex-
amples. Liquid encapsulation is still a viable
technique for growing these crystals, but a
pressure vessel is required because of the
high inert gas pressure necessary 1o suppress
the decomposition pressure.
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The design of a pressurized apparatus
could have proved a formidable task but for
one important feature of liquid encapsula-
tion. The inert gas which is in contact with
the walls of the pressure vessel contains
negligible amounts of the volatile component
and so the walls can be water cooled.

The R.R.E. designed and built pressure
vessel can be pressurized to 200 atmospheres
(3000 p.s.i.). It has been designed as an
attachment to the standard crystal growth
equipment. Both the puller and pressure
attachment are now commercially available
from two UK. firms: Metals Research, Mel-
bourn, Nr. Cambridge, and Electroheating
Lid.,, Lombard Works, Lombard Road,
Merton, London, S.W.19.

CORRECTIONS

Book Review. It is regretted that a textural
transposition made nonsense of the opening
paragraph of P. J. Baxandall’s review of
Cherry & Hooper’s book “Amplifying Devices
and Low-Pass Amplifier Design” on page
334 of the July issue. The reviewer wrote
“In the opinion of the present reviewer, this
book is an outstandingly good one. It is
intended primarily, but by no means exclu-
sively, as a text for university electronic
engineering students, who are expected to
have the necessary theoretical background
but who may be rather “green” as far as
practical knowledge is concerned. This
explains certain features . ..”’

In the arucle *‘Distortion Factor Meter”’
in the July issue, the meter in Fig.1 is shown
as 100mA full-scale. It should be 100uA.
Incidentally, the 3-gang potentiometer, RV,,
RV, and RV,, is the Colvern type
CLRS5022/11 (sections A and B, 59,000 2
+2%; section C, 25,0000 +2%).

‘‘Modular Pre-amplifier Design’’. In the
power supply, Fig. 10, the 500uF reservoir
capacitor (on the diode side of the smoothing
resistor) should have a working voltage of
35V not 25V as shown.
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Hyperbolic Radio Navigation Systems

General principles, and a review of systems in use

by F. S. Stringer,* B.Sc., F.Inst. Nav.

Basically there are two main varieties of air and marine naviga-
tion technique; they are by dead reckoning or by means of
reference to fixed positions on the earth’s surface or to heavenly
bodies. Dead reckoning demands an initial reference, some
knowledge of wind or current and vehicle velocity which then
permits the calculation of vehicle heading to make good a
desired track. The exercise is completed with apparatus which
is self-contained within the craft. A check upon the dead-reckon-
ing system drift and other errors can be made by reference to
an externally referenced system. Alternatively, the external
system can be used continuously in a manner analogous to
visual map reading. As a second alternative the external and
the selfcontained systems can be combined to form a hybrid.

Ground-based radio navigation aids provide a common
frame of reference, hence, despite the advances in dead-reckoning
technology, it is likely that radio will play a significant part in
the future. The long-term developments may well produce a
satellite navigation system which provides a viable fixing
facility for civil marine and air navigation available to small as
well as large craft. The present point-source systems such as
non-directional beacons (NDB) for use with direction finders,
visual omni-range beacons (VOR), distance-measuring systems
(DME) and ground radar control give assistance to navigation
in the form of one or two lines of position. The information is
usually available at relatively short distances from the source
of radiation because of the high, very-high or ultra-high
frequencies employed. For instance, VOR and DME are usable
to line of sight distances only.

Area coverage may be achieved either by calculation of a
fix from two or more lines of position derived from point
sources, or from a circular or hyperbolic lattice derived from a
complex of ground transmitters. Such systems are generally
designed for operation in the frequency bands 10-14kHz,
70-130kHz, 1-2MHz, and 30-40MHz. Those operating below
130kHz are of particular benefit to both marine and air craft
used either independently or as sensors in a hybrid. Since the
operational, technical and economic advantages to be gained
from the use of circular or of hyperbolic lattice aids can be made
available now or in the very near future, they are attractive
solutions to the immediate navigation problems and they may
provide sufficient facilities to affect the need for satellite systems
which have yet to reach a state of development which is viable
for general traffic.

Some general characteristics

The principle of the hyperbolic system is illustrated in Fig. 1.
If two separated sources of radiation transmit synchronized
signals then, assuming a homogenous transmission medium, a
receiver positioned at any point along a perpendicular bisector
of the baseline will detect no time or phase difference between

* Royal Aircraft Establishment

ri—ra=c(t1—tp)
= 2 (r ~ry)

Baseline
Reteiver position

m A
R
t Time for pulse to traverse A R
to v op 8 a w BR

C = Velocity of signals
¢ = Pnase ditferences of signal
at R

Fig. 1. Single hyperbolic pattern produced by two stations at
A and B.

the signals. At a point to either side of this bisector a time
difference or phase difference can be detected. The locus of
all points with a constant difference is a hyperbola. Families of
confocal hyperbolae can be generated with the sources of
radiation as the foci. The difference in distance of the receiver
from the two radiators is given by r, —r, = ¢ (¢, —t,) where the
symbols are as defined in the figure.

Thus a single line of position can be generated by the two
transmitters. A third transmitter can be synchronized with
either of the other two to provide a second hyperbolic lattice
as shown in Fig. 2. A further increase in transmitters will provide
redundant data. If the signals radiated are in the form of pulses,
and if the rise times of the pulses can be defined with adequate
precision, the time of arrival of each pulse can be measured at
the receiver and ¢,—¢, will allow the identification of the
appropriate line of position. It is assumed, of course, that the
pulses can be identified from some code such as pulse width, or
from a synchronized transmission with some selected delay time
at the slave transmitters 2 and 3 after the radiation of a pulse
from the master transmitter 1.- The Gee and Loran systems
operate on this time-difference principle.

Time-difference systems are inherently unambiguous except
for the repetition of the lattice on either side of the baseline. An
advantage is the higher order of accuracy achievable and they
generally provide a maximum of two simultaneously presented
lines of position per chain. A fundamental disadvantage of
pulsed systems is the wide bandwidth required for the generation
of a good pulse shape and the high peak powers required for
adequate signal at the transmitter aerial to give a useful coverage.

Continuous-wave systems use the property of measured
phase difference between pairs of signals at the receiver instead
of the measurement of time difference directly. The signals are
synchronous at the transmitters. Since identification of each
transmission from the relevant transmitter in a chain must be
established, identification is usually arranged by either the
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radiation of a selected frequency associated with a particular
transmitter, this is frequency multiplexing, or by radiation ata
single frequency in bursts in an arranged order by time mult-
plexing. The former method requires some technique to provide
for the phase comparison at the receiver by frequency multi-
plication or division to a common value.

Continuous-wave (c.w.) systems are inherently ambiguous. If
a very stable oscillator, such as an atomic standard, is carried in
a ship or aircraft and a synthesized signal is obtained from it
at the frequency of a radiated signal from the ground, then a
frequency comparison between the internally generated and the
external signal will provide a line of position which is a circle.
As the aircraft distance changes relative to the transmitter, so
will there be a change of phase of the difference frequency or
phase. After a change of distance of one wavelength i an
ambiguous repetition of the phase will occur. The circles which
define these limits of ambiguity are termed lanes. In addition to
the ambiguities presented by these distance-distance or *“rho-
rho” systems, the stability of the internal oscillator will limit
the accuracy of the system in a time-dependent manner for long
range navigation.

The hyperbolic ¢.w. systems are also ambiguous, but the
lane width is 4/2 at the common comparison frequency. This can
be seen readily if it is realized that as the receiver is moved towards
one transmitter of a pair it moves away from the other. Thus
twice the number of electrical phase degrees are traversed for
an equivalent linear distance traversed by a rho-rho system. A

highly stable oscillator is not required, however,and thelong-term
stability of the system is good although short-term performance
will depend upon ambient noise and signal-to-noise ratio. The
effect of noise can be limited significantly by a reduction of
bandwidth, thus permitting long-distance transmission at accept-
able radiated power and poor aerial radiation efficiency.

The accuracy of the fix will depend upon the geometrical angle
of cut of the lines of position; two lines will produce a parallelo-
gram or an ellipse of errors which becomes a circle with ortho-
gonal hyperbolae. The hyperbolae will diverge as they recede
from the baseline. As the baseline length increases so will the
divergence of the lines decrease.

The radio frequencies of most medium- and long-range hyper-
bolic systems in use today or proposed for the near future are
below 130kHz and the signals are affected to a greater or lesser
degree by the ionosphere, particularly at night. At frequencies

0
Slave C

Fig. 2. Typical hyperbolic system chain of four stations. Only
two overlapping hyperbolic patterns are shown, one produced by
M and A and the other by M and B.
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in the band 70-130kHz range is generally limited to that of the
groundwave by day and by the interference effects of refracted
skywaves by night. At frequencies in the 10-14kHz band iono-
spheric effects are sufficiently stable to permit the application
of corrections to alleviate errors due to modal interference.

Decca

The Decca Navigator is fundamentally a frequency-multiplex
continuous-wave hyperbolic lattice system operating in the
frequency band 70-130kHz. The system is displayed in chains
comprising a master and three slave transmitters positioned
around it at distances of between 50 and 100 miles as shown in
Fig. 2. The transmissions are radiated on selected frequencies
which are harmonically related to a fundamental f. Each chain
has a unique value of f of approximately 14kHz. The slaves are
termed green, red and purple radiating 9/, 8f and 5frespectively.
The master radiates 6/. The slaves are phase-locked to the master
and each master slave pair produces a hyperbolic pattern of
stable phase difference position lines over the coverage area. The
hyperbolae are printed on charts as coloured position lines which
are numbered. The colours correspond to the appropriate slave
generating the hyperbolae.

The receivers contain a display comprising three integrating
phasemeters known as Decometers which identify the appropriate
position line so that a fix can be plotted on the chart manually.
Alternatively, a pictorial display or Flight Log/Marine Automatic
Plotter is available to provide a track history. Several types of
computer are available to drive this variety of displays. A rela-
tively simple unit is associated with displays using ‘“‘diverse
lattice” charts which contain inherent linear distortion, and a
complex digital computer “Omnitrac” is available to drive a
self-setting flight log which employs conformal charts. The Omni-
trac can accept information from sensors other than Decca, can
provide waypoint information, data-link encoding, dead-reckon-
ing memory in the event of loss of signal and autopilot coupling.

For phase comparison of the pairs of master-slave signals two
techniques are employed depending upon the mark of receiver
equipment. Earlier versions multiply the signals to common
frequencies of 18f, 24f and 30f for green, red and purple respec-
tively. Later versions are superheterodynes and the carrier
signals are divided down F (16.2kHz). This is the intermediate
frequency corresponding to f. One cycle of phase difference at F
represents a ‘“zone”. A zone is about 6 miles wide on the baseline.
It can be measured to one part in 1,024. The receivers which
employ the multiplying technique experience a change of phase
representing one ‘‘lane” for each phase-difference cycle. A lane
is about +-mile wide on the baseline and can be resolved to one
part in 100. Decca is a cw frequency multiplex system and
experiences ambiguities. There are 18, 24 and 30 phase am-
biguities for each green, red and purple zone respectively. These
correspond to lanes in multiplying receivers and the ambiguities
are resolved by the integrating action of the Decometers and by
independent lane-identification signals radiated from the ground
transmitters three times per minute. A separate lane-identification
meter assists the resolution. Automatic lane setting is provided in
the dividing type of receiver. The phase ambiguities which result
from the frequency division are resolved by the effective trans-
mission of a frequency f which forms a phase datum. Frequency
f is derived in some marks of receiver by generating a beat
between two carriers. Other versions employ a pulse train
generated from the summation of the four carriers 5f, 6, 8f and
9f radiated as a “‘multipulse” transmission. Zone identification
is available on the dividing receivers which use a beat between
8.2f and 8.0f transmitted from each station to indicate a correct
zone within a group of five.

The receivers may select a required chain generally by a key.
Although the selection available in transit is limited on earlier
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models, the latest equipment permits selection of the full 63-
chain capacity. The current deployment of Decca chains in-
cludes all of western Europe, Newfoundland, the eastern sea-
board of the US.A., the Persian Gulf and other areas of the
world. Accuracy diagrams are published to define the system
performance and coverage during various seasons and conditions
of daylight. The coverage lines indicate the area at sea level
within which 95% of fixes are better than

(a) 4 n.m. by night

(b) 2 n.m. by day (winter season)

(c) 1+ n.m. by day (spring to autumn).
Less accurate fixes may be obtained outside this area of coverage
which is about 200 n.miles from the master by night. Fixing
errors in full daylight within 100 n.miles of the master trans-
mitter are generally less than 4 n.mile (95%).

Dectra

Dectra is a hyperbolic long-range radio-navigation aid which
operates in a time frequency multiplex mode at approximately
70kHz. The system has been developed by the Decca Navigator
Company and in its latest form is made integral with a Decca
receiver system, the Mark 17. Reference to Fig. 3 illustrates
the basic principle of the system. Five transmitters are used,
two pairs on short baselines of about 60 n.miles
baseline length and a ranging station in Iceland. One pair is sited
in the north west of the British Isles and the other pair is in
Newfoundland. Both pairs are part of existing Decca chains.

Stations A and B in Newfoundland transmit frequency F; on
a time-shared sequence to provide a tracking pattern of hyper-
bolic position lines. Similarly, stations C and D transmit on F,
to provide a second tracking lattice. Ranging patterns are
provided between stations A and C, also between E, A and C.

The tracking pattern is generated at a spot frequency F,
near 70kHz as a continuous signal from one transmitter of a
pair, except for a brief break every 10 seconds. During this
break the other transmitter of the pair radiates F,. Slave B is
phase locked to A. The lanes of the pattern diverge away from
the baseline where the lane width is approximately 2,300yds.

The ranging pattern is generated by slave station C in the
United Kingdom in conjunction with the master station A. The
slave transmission C differs in frequency from A and time
sharing is not needed. The difference frequency is roughly
150Hz which is the frequency of comparison in the receiver.
The baseline lane width is approximately 2,320 yd wide.

In practice ~ F, = nF,
F, = (n+1) F, and n = 459

Similar ranging patterns are derived between A and E and C
and E. The Dectra receiver is operated with a flight log display
and an Omnitrac computer. A fix is derived from the intersection
of the ranging pattern lines of position. These lines are
ambiguous and the integrating qualities of the flight log are
used to provide a measure of resolution. If there is a conflict
between the fix as defined by separate pairs of ranging pattern
position lines reference will be made every 10 seconds to one
or both of the tracking patterns which will provide an auto-
matic correction. It will be seen that a substantial degree of
dead reckoning is included in the Dectra information. This has
been proved essential to mitigate the effects of ionospheric
interference, particularly at night.

Dectra is an area coverage system particularly designed for
route coverage over areas such as the north Atlantic Ocean.

Loran A

The first practical hyperbolic radio-navigation system was
the British Gee system which was operational with the Royal Air
Force from 1942 until recently. It was a time-difference system
using pulses of radio frequency of 2-10 microseconds duration
in synchronism from three or four ground transmitters separated
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by about 75 miles. The differences in the times of arrival of
the pulses at the receiver were measured on a cathode-ray tube
indicator by a navigator to determine the position lines cor-
responding to the aircraft location within the coverage area.
The radio frequency was in the band 20-85MHz giving a
coverage area some 300 n.miles from the centre of the chain.
The accuracy varied from a few hundred yards near the base-
lines to about 5 miles at maximum range.

The American Loran A system is similar in principle to Gee.
It became operational in 1943 and is still available today. Loran
A pulses are radiated synchronously in the frequency band
1750-2000kHz from pairs of transmitters spaced two to four
hundred n.miles apart. The pulse from a slave transmitter B
is delayed until the pulse from the master A has passed the slave
location to prevent the A pulses from being mistaken for B
pulses. To facilitate the identification of pulses, those from B
are delayed by half the time between two pulses from A as
received at B. The pulse recurrence rate of B is synchronized
by A. The signals from a pair of ground stations are displayed
on an oscilloscope with two horizontal traces synchronized with
half the recurrence rate assigned to the transmitter. The leading
edges of the pulses provide the datum for measurement of the
time difference. Several transmitter pairs may have different
pulse recurrent frequencies to allow a common radio frequency.
The unwanted pulses drift across the traces and the stationary
desired pulses without impairing the display.

The Loran A pulse width is 45 microseconds with a rise time
of 10 microseconds. There are 96 available channels. The older
receivers provided a microsecond scale on the trace to permit
the operator to count the time differences between pulses,
More modern equipment contains an electronic counter indi-
cating the time difference directly in three decades. An inherent
disadvantage of Loran A, common to all pulse systems, is the
large frequency spectrum required. This is countered to some
extent by the separation possible between groundwave and sky-
wave at the receiver display although skill on the part of the
operator is needed to ensure that the groundwave or skywave
pulse is indeed being measured. The peak pulse power of the
transmitters 1s about 100kW. The accuracy of Loran A is
determined by the geometry of the hyperbolic lattice. The
accuracy of measurement is some 1-5 microseconds time
difference (standard deviation) between ground-wave com-
ponents. Use of skywave introduces tolerances due to propa-
gation variations which are dependent upon many factors.
The 95% accuracy is generally quoted at 0.2-0.6 per cent of
distance from the baseline centre.

The Loran A coverage of the groundwave depends upon the
surface conductivity and the noise ambient. The maximum
usable groundwave in tropical areas over seawater has been
quoted as 400 n.miles whereas 800 n.miles is experienced in
arctic regions. Ranges of 700-800 n.miles over sea and 200-500
n.miles over land have also been quoted for daytime operation
with an average accuracy of 1.5 n.miles. Corresponding skywave
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operation at night is recorded as providing a S n.mile accuracy
to 1400 n.miles over both land and sea.

Position fix information is derived from Loran A charts
which display the hyperbolic lattices of the operational chains
which are operated by the U.S. Coast Guard. The chains pro-
vide groundwave cover over much of the north Atlantic Ocean,
the U.S. eastern and western seaboards, part of the Pacific
Ocean around the coast of South east Asia and Hawaii.

Loran C

Attempts were made to increase the coverage area of Loran A
by employing radio frequencies in the 100-kHz band. The low
efficiency of the transmitter aerials, the long transient times
of circuits and aerials and the high noise levels in this band
presented difficult technical problems. After prolonged ex-
periment and development, however, a long-range Loran
system known as Loran C was designed. This operates in the
90-110-kHz frequency band and employs transmitters spaced
in pairs with baseline lengths of 600-1,000 n.miles long
radiating pulses with peak powers of 60-200kW. The stations
are arranged in triads, stars or squares.

Loran C has many similarities to Loran A. Pulses emitted
from two transmitters are used for an approximate time
difference measurement of equal time difference hyperbolae.
A fine measurement is made possible by the phase difference
measurement of the carrier frequencies. The 100-kHz carrier
provides a 1 n.mile ambiguity along the baseline but this
ambiguity is removed by the coarse time difference measure-
ment. The positional accuracy is ten times better than that of
Loran A because of the fine phase measurement.

By synchronization of the carriers which are contained
within the pulse and by careful control of the pulse rise time
it is possible, in addition to resolving the ambiguities, to obtain
the fine fix independently of the skywave component of the
received pulses. The fine measurement is usually made at the
third cycle from the start of the relatively rounded pulse as
shown in Fig. 4. The receivers can employ either a visual
display such as a cathode-ray tube, similar to the advanced
type of Loran A display, or it can be fully automatic providing
continuous two-position line data for connection to an auto-
matic chart recorder or a computer for integration with
dead-reckoning sensors.
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Fig. 4. Transmitted and received pulses of the Loran C system
are shown here. A few cycles of the r.f. carrier within the
pulse envelope are indicated in the received groundwave pulse.
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Each transmitter radiates groups of eight pulses each spaced
1,000 microseconds apart. By storing them in the receiver it is
possible to obtain an improved signal-to-noise ratio. Most Loran
C repetition rates are compatible with Loran A and for these
rates Loran A receivers can be modified to permit reception of
the 100-kHz Loran C signals for envelope matching.

The phase of the carrier-frequency signals of individual
pulses is kept constant or reversed in phase to a predetermined
code for the master and slave transmitters. These coded-carrier
oscillations may be compared with a locally generated reference
in the receiver to remove a skywave component from the pulses.
This is caused by pulse echoes which suffer considerable delay
by multiple ionospheric reflection and are received at the time
of arrival of the succeeding pulse. The coding also assists in
station identification. The pulse rise time from zero to peak
amplitude is approximately 75 microseconds. Skywave com-
ponents of the received pulses are to be expected at less than
35 microseconds. Pulse shaping at the transmitter places the
turning point of the rising leading edge at a 30 microsecond
position. The pulse-recurrence frequencies are 10, 124, 164,
20, 25 and 334 groups per second.

Loran C operates on one nominal radio frequency only,
100-kHz. The transmitters of a chain are identified by a known
shift of the pulse transmissions with respect to time. By employ-
ing a variety of pulse groups and pulse-repetition rates and by
the pulse-keying technique the relatively extravagant use of the
radio-frequency spectrum is limited. 288 channels can be
accommodated in this way but only 50 would be needed for
world cover. It should be realised however that the cost of such
a ground complex would be extremely high. The current
coverage area extends over the north Atlantic Ocean, the
Mediterranean and parts of the Pacific Ocean.

The overall system accuracy using the ground wave is claimed
to be +0.25us for 95 per cent of the time with a baseline of
about 500 n.miles length. The limit of accuracy is determined
by groundwave propagational errors. The accuracy is extremely
high however being in the order of 300 yards (95% ) within 650
n.miles from the baseline. The groundwave range over sea
varies with season and time of day. Typical values observed
are 1,250 n.miles on a summer night and 1,600 n.miles on a
winter day.

Omega

It has been known for many years that very low radio fre-
quencies in the band 10-14kHz have qualities attractive to
very long range navigation systems. Research in the United
Kingdom and the United States over the past decade has pro-
vided evidence of low. attenuation with distance (approximately
SdB or less per 500 n.miles) and highly predictable propa-
gational characteristics. Measurements have shown that the
D layer of the ionosphere and the earth’s surface affect the
signals in a manner analogous to a spherical waveguide. First,
second and higher modes are set up as illustrated in Fig. 5. By
day the first mode predominates at distances greater than a
few hundred miles from a transmitter. By night the D layer
rises and the second mode is more in evidence. The diurnal
variation is predictable, however, and changes of phase due to
propagational variations can be estimated with much greater
precision than is possible at frequencies above SOkHz.

A very low frequency system called Delrac was proposed by
the Decca Navigator Company many years ago but it was not
developed. The Omega system, proposed circa 1962 by the U.S.
Navy, has attempted to employ the benefits of the very low
frequency propagation to achieve world-wide cover and
multiple-position line fixing information. Omega is a hyper-
bolic lattice time, frequency multiplex system. Eight trans-
mitters should provide effective world cover. Four are
transmitting at the present time providing a service of two
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position lines over about a quarter of the earth’s surface.
Negotiations are proceeding for the implementation of the
remaining four.

The principle of operation can be realised by reference to
Fig. 6. A burst of continuous radiation at a frequency of
10.2kHz is radiated from station A in Norway for a period of
about one second. A phase-locked synchronous burst of radi-
ation is then transmitted for one second from transmitter B in
Trinidad. This is followed by a similar burst from C in Hawaii
and another from D at Forestport in New York State.

A remote receiver within the coverage area receives the four
bursts of radiation and gates them into separate receiver channels.
The gated signals are used to synchronize phase-locked loops
which effectively provide continuous waves locked to the
appropriate signals from each transmitter respectively. Phase
comparison of pairs of signals in the receiver provides lines
of position which are hyperbolic and characteristic of other
systems. Due to the extremely long baselines, however, they
have very little divergence relative to each other. The hyper-
bolae are ambiguous every 8 minutes along the baseline, this
is of little significance to marine navigation but of importance
to ajrcraft.

One method of resolving the ambiguities has been attempted
by the radiation of two further carrier frequencies as shown in
the illustrated format of Fig. 6. After each 10.2-kHz signal
another is radiated at 13.6kHz. This is followed by a third at
11.33kHz. A second hyperbolic lattice derived from the 13.6kHz
signals would be. coincident with the 10.2-kHZ lattice every
24 n.miles along the baseline. Thus an equivalent to a 3.4-kHz
lattice can be derived. Similarly the 11.33-kHz signals are
coincident with those of 10.2-kHz at 72 n.miles. Thus resolution
to within 72 n.miles can be effected.

Experiment has shown that there may be propagational
anomalies caused by second modal interference by night which
could reduce the reliability of the beat-frequency ambiguity-
resolving method. Alternatives have been investigated and it
has been shown that since the aircraft or ship is likely to be
within system coverage throughout its journey, only signal
outage time, due to noise or interference for example, need
cause concern. The application of data derived from the self-
contained navigation aids or even air data over the period of
the outage can be used to identify the appropriate 10.2-kHz
lane upon resumption of reception. Redundancy can be applied
to increase reliability by measuring the incremental lane change
on all three carrier frequencies for selected periods, say 5
minutes. Reduction of the 13.6-kHz and 11.33-kHz increments
to 10.2-kHz equivalent increments by the Omega or a general-
purpose computer can provide a constant cross check upon
lane slip or lane loss.

The long range of the Omega signals should be capable of
providing a multiple position line fix. The 95% accuracy is
expected to be about 5 n.miles. The application of correction
tables, however, removes some of the propagation errors and
improves the accuracy of the fix to better than 2 n.miles.

An attraction of Omega is the possible use of this long-range
system over the medium-range distances near airfield terminal
areas or harbours where navigation accuracy needs to be an
order better than in the en route phase. By application of the
Differential Omega or Corrected Omega techniques, experiment
has shown that these requirements may be met. The improve-
ment is gained by the removal of most of the short-term propa-
gational errors by the use of monitor receivers positioned at
known co-ordinates on the ground. Errors between the measured
and datum co-ordinates are broadcast over a data link to air-
borne or marine users as corrections. Application of the
corrections has been shown to give improvements over sixty
miles from the monitor which would give a system performance
to match the local navigation requirements. Experiments are
continuing.
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Fig. 5. In the Omega system transmission is at v.l.f. and in
waveguide modes between the earth and the tonosphere. Two
modes are shown here.
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Fig. 6. This diagram indicates the format of the existing
stations of the Omega system, together with frequenctes involved
in proposed methods of resolving ambigutties.

Future trends

Pulse systems are generally extravagant in their use of the radio-
frequency spectrum, usually provide only one or two lines of
position at a time, are limited in range and often require long
signal acquisition times, particularly when automatic. Their
inherent advantages are that the systems can be entered at any
time since they are unambiguous and they are very accurate. For
the price of whole cycle ambiguity, higher accuracy can be
achieved by the use of continuous-wave techniques.

Continuous-wave systems are economical in spectrum and
capable of operation in a high noise environment due to the
narrow bandwidths employed. Lower frequencies may be used
with consequent increase in available range. Although the
transmitters and aerials may be expensive, they are relatively
few and world cover would be cheaper overall. The c.w. systems
can provide multiple position lines and therefore better
reliability although with less accuracy at long range.

The problem of ambiguity resolution of c.w. systems has
been a continual and only partially solved issue for many years.
The advent of the v.1.f. navigation with world-wide cover could
remove this difficulty since outage time would be the only cause
for concern. The application of dead reckoning or of short-
range radio-system information to resolve lanes at the termina-
tion of the outage should provide a powerful means of ensuring
complete reliability. So far, hyperbolic sysiems have been
designed to be completely independent, having their own
computers, ambiguity-resolving systems and displays. The
future may well see a trend towards the integration of the
dead-reckoning and the externally generated systems with
the accent upon sensor simplicity.

Crown copyright, reproduced with the permission of the Controller, H.M. Stationery
Office.
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News of the Month

Broadcasting in the seventies

The B.B.C’s plans to rationalize and reshape
the sound broadcasting services in the UK.
were announced on July 10th and outlined
in a booklet entitled “Broadcasting in the
Seventies” and have been submitted to the
P.M.G. for approval. Basically there are plan-
ned four services to be provided by the
national network: Radio 1 (pop music),
medium wave only; Radio 2 (light music),
long wave and v.h.f; Radio 3 (classical
music, plays, etc.), v.h.f. with possibly some
m.w. support in daytime initially; and
Radio 4 (largely speech and light entertain-
ment), m.w. and v.h.f. In addition it is pro-
posed that local radio will be extended on
v.hf. with some daytime medium-wave
support.

To implement these proposals and to pro-
vide maximum coverage it will be necessary
to redeploy the B.B.C. medium-wave and
v.h.f. channels allocated under the Copen-
hagen and Stockholm Plans respectively and
to build some additional transmitters.

As a high priority the B.B.C. plans to
improve the medium-wave coverage of
Radios 1 and 4. At present Radio 1 serves
86% of the population by day and 33% by
night and Radio 4 serves 98% and 70%.
The improvement can be achieved by using
the medium-wave channels released by dis-
continuing regional and Radio 3 medium-
wave transmissions. Radio 1 will have one
more transmitter in the North (100kW),
and the two frequencies used will be 908
and 1214kHz. Radio 4 will operate on three
more frequencies, 647, 1052 and 1088kHz.

A proposal has been put to the PM.G.
for expanding the present experimental
group of eight v.h.f. local broadcasting sta-
tions to about 40 to reach nearly 90% of
the population of England. Addiuonal Band
Il v.hf channels will be needed for this
number of stations and the 95-97.6MHz
part of the band at present occupied by non-
broadcasting services is in the process of
being cleared for broadcasting. The band
97.6-100MHz will be used for an edu-
cational network.

The increase of music programmes on
Radio 3 in the evenings will encourage the
extension of stereophonic transmissions in
this network and this, together with the
addition of stereo on local radio and possibly
Radio 2, will be added attractions to the
v.h.f. services.

It i1s to be hoped that set manufacturers
will not drag their feet.

A model of the new
Emley Moor mast

New mast for Emley Moor

The Independent Television Authority is to
construct a new mast on the Emley Moor
site to replace the one that collapsed. The
new mast will be made of reinforced concrete
and at 1080ft will probably be the third
tallest structure of its type in the world.
Similar, higher, structures exist in Moscow
and in East Berlin.

It is hoped that the new mast, which will
be used by both the I.T.A. and the B.B.C,
will be in operation by the end of 1970. Work
on the foundations is to start almost at once
even though negotiations with the builders
have not yet been finalized. Estimated cost
for the project, including all aerials and
associated equipment, is between (400,000
and £500,000. On completion of the concrete
tower the 670ft Swedish mast, which was
erected as an interim measure, will be
dismantled.

The concrete tower, which will weigh
a total of 14,000 tons, will be 80ft in diameter
at the base tapering approximately exponenti-
ally to 20ft diameter at the 900ft level. A room
built at this height will be equipped as a
microwave link station for outside broadcast
use. Above this a 100ft long, 12ft diameter
glass fibre cylinder supported by a steel
lattice structure will house the v.h.f. aerials.
Above this another similarly supported glass
fibre cylinder, S5ft diameter and 80ft long,
will contain the u.h.f. aerials, bringing the
total height to 1080ft.

German radio show

The biennial German radio show, to be held
this year in Stuttgart from 29th August to
7th September, will be the last national
show—the next is to be international and is
planned for Berlin.

The show is given substantial support by
the broadcasting organizatuons and the
Bundespost who will provide a large display
showing the wide variety of radio services it
operates. Nearly 50% of all telephone calls
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made in the Federal Republic are handled
via radio links. The scheme to utilize the
12-GHz band for television broadcasting
(mentioned in our report of the Montreux
Television Symposium—July issue) will also
be demonstrated. The 12-GHz signal from a
transmitter at the exhibition will be received
on standard television sets fitted with con-
verters designed by the Bundespost. A 60-cm
metalized plastic parabolic aerial is used.
Among the many other exhibits in the 15
halls occupied by the exhibition will be a
demonstration by radio amateurs.

Licence evasion

In answer to a question in the House of
Commons on July 3rd the Postmaster Gen-
eral announced that the Post Office was
increasing its detector vans by 18 to 38. The
estimated annual loss of revenue to the
B.B.C. due to tax dodging by owners of
television recievers is £7.5m, The widespread
evasion of the payment of car radio licences
is also causing concern. The P.M.G. stated
“my estimate shows that there are about
three million sets in use and that there are
about two million evaders”. He referred to
the anomaly that a licence fee does not have
to be paid for a battery operated set used in a
car whereas a set installed in a car must have
a licence. He said he was “examining the
position”. One M.P. suggested that motorists
with car radios should display a disc indicat-
ing that an up-to-date radio licence has been
obtained; but what good would that do?

Aid to big ship berthing
Following a series of trials and experiments
at Milford Haven and on the Mersey, the
Marconi International Marine Co. Lid. 1s
now in production with a new doppler
Speed of Approach Measurement Indicator
(SAMI) developed in conjunction with the
Ministry of Technology’s Royal Radar
Establishment at Malvern to meet the
requirements of the Marine Department of the
Esso Petroleum Co. Ltd. Esso have now
ordered an installation for their Milford Haven
terminal jetty.

The velocity of first impact of a ship on a
jetty is very critical. The momentum of a
large loaded ship is immense, even at
very slow speeds measured, not in knots, but
in feet per minute. A final jetty approach at
30 feet per minute could result in substantial
and costly impact damage to both ship and
jetty.

Using the doppler effect, SAMI beams a
microwave signal at an approaching vessel
and, by measuring the change in frequency
which is direct]y related to any movement of
the vessel along the radar beam, shows the
speed of such movement in feet per minute,
or in knots. This is shown as on a meter reading
and 1s simultaneously recorded in graph form
on a chart from which any change in velocity,
and the rate of any such change, is immediately
apparent.

With SAMI installed ashore on the jetty,
the operator or observer passes all velocity
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information to the pilot of the incoming
vessel by radiotelephone. It might, as an
alternative, be installed on board the ship
itself so that the pilot could read off the
information for himself, although in very
large vessels this might entail a dual
installation to provide early warning of a bow
or stern swing not immediately apparent to
the pilot’s eye.

The SAMI device is completely solid-state,
including a Gunn diode microwave generator,
and operates from low-voltage batteries or
from a mains supply. Four speed ranges
measure  0-50 feet/min, 0-100 feet/min,
0-5 knots, and 0-10 knots. The graph recorded
during observation, besides displaying an
absolute measurement of velocity, also shows
whether the vessel 1s approaching or receding.
When a dual installation is used, with one
unit beamed on each end of the berthing
vessel, any tendency to swing can be observed,
advised 10 the pilot, and corrected.

Medical electronics

technicians salaries too low?

Our hospitals will never be staffed with the
best electronics and engineering technicians
and development engineers while salaries
remain so low—with the possible exception
of those who regard their work as a calling
and who are willing to put up with the low
return.

An electronics engineer recently admitted
to a large hospital with a suspected heart
complaint came to the conclusion that the
electronic equipment used by the staff to
diagnose his complaint was sicker than he
was! He was sorely tempted to jump out of bed
and ask for a multimeter and soldering iron.

To illustrate the present state of affairs
we print below an advertisement recently
received by the journal ““Hearing” and
brought to our attention by the Royal National
Institute for the Deaf

“Audiology technician, Grade I, required

at H.M. Prison, Wormwood Scrubs, for up

to two sessions per week. The fee for a three
hour session is £1 8s6d.”

Laser to measure earth/moon

distance

Shortly after the Apollo 11 astronauts land on
the moon’s- surface, a ‘‘pancake” of laser
light two and half miles across and ten feet
thick will strike their landing area and bounce
off a special reflector erected by them in a
scientific experiment designed to measure the
precise distance to the moon.

The “pancake” will represent a 10ns pulse
of high-power laser light fired from a
range-finder/telescope, built by the Hughes
Aircraft Company of America, on an Arizona
mountain top. The rangefinder, one of the
most precise ever built, will be able to measure
the relative earth-moon distance to within
one and a half metres, a precision far greater
than previously possible.

The light segment will remain its original
length as it travels toward the moon but
will gradually spread, just as a continuous

beam- would, attaining a diameter of about
two and a half miles on the moon.

A tiny portion of the light will sirike a two
square foot reflector and will be bounced back
to the telescope. By measuring the precise
travel time of the laser pulse, using a
ceasium beam timing system, (approximately
2.4 seconds) the distance between the reflector
and telescope can be accurately computed.

International apprentice
competition

Between the 6th and the 16th of July 23
young apprentices, all under 21 years old,
from Britain were competing in the inter-
national dpprentice competition which was
held in Brussels. At the time of going to
press the results were not known.

The competition—which covers the
engineering, building, iron and steel, elec-
trical, electronics, and radio and television
industries—attracts entrants from West
Germany, Japan, Italy, Switzerland, Holland
and Belgium.

The Britsh entrants in the categories
that are of interest to Wireless World were
as follows: in the industrial electronics
section—Philip Robert Gutteridge (age
19) from Mintech and in the radio and
television repair section—Roger Pheasant
(age 20) who is at present working for
Alex Owen Lid., of Beeston, Notts. Next
year the competition will be held in Japan.

Interplanetary billiards

After Mars and Venus come Jupiter, Saturn,
Uranus, Neptune and Pluto in one of the
most far-reaching space missions yet conceiv-
ed by man.

Plans for two, three-planet grand tours in
the late 1970s are being developed by the
National Aeronautics and Space Administra-
tion’s Jet Propulsion Laboratory, Pasadena,
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Calif. One such mission would fly by Jupiter,
Saturn and Pluto, the other would go to
Jupiter, Uranus and Neptune.

The eight-to-eleven-year missions to the
other planets are detailed by James E. Long of
J.P.L’s Advanced Studies Office in the June
issue of Astronautics and Aeronautics. Mr.
Long points out that, “The best outer planet
alignment in 179 years, occurring in the 1976
to 1980 time period, opens the outer planets to
exploration in an effective and timely manner.”
The infrequency of such favourable alignment
1s due to the slow movement of the outer plan-
ets about the Sun.

Mr. Long proposes the use of either conven-
tional or solar-clectric propelled spacecraft,
with a nuclear isotope power source 1o operate
spacecraft equipment. From Jupiter on, a
grand tour spacecraft would employ the
gravitational attraction of each planet 10 spin
on to the next.

Television cameras and other scientific
instruments aboard the unmanned spacecraft
could study the planets, their atmosphere,
magnetic fields and satellites, he suggests. Of
special interest are Jupiter’s red spot and radia-
tion belts and Saturn’s rings.

Long pinpoints 1977 through 1979 as the
best years for launching grand tours. That
period, he says, will afford ‘“‘the best combina-
tion of the planets’ closest approach altitude,
flight time and launch energy requirements.”

Computer course for £5

A computer appreciation course cheap enough
to attract school-leavers, is to be run as an ex-
periment by I.C.L., at its London training
centre. The course—two evenings a week for
five weeks began on July 1st—cost only £5.
The course, which was open to anyone,
provided a comprehensive introduction to
computers. It has been designed to give each
trainee a general understanding of electronic
data processing, its history and applications;
and also to describe the job opportunities avail-
able in the field. The object of the course isto

The photograph shows the Quality Assurance Laboratoryai the Erie Company’s plantat Grea: Yarmouth,
Norfolk. The laboratory has received approval under the BS9000 scheme (No. 1001/m).
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help overcome the shortage of staff that is
apparent throughout the industry. Those inte-
rested in future courses should contact: .C.L.
Training Centre, South Ealing, London.

LE.E.E. New York

exhibition

The Electronic Engineering Association is
again to sponsor participation by British
companies in the Institute of Electrical and
Electronics Engineers’ international conven-
tion and exhibition to be held in New York
from the 23rd to the 26th March, 1970.

U.K. companies exhibiting under E.E.A’s
sponsorship will qualify for financial
assistance under the Board of Trade’s Joint
Venture Scheme. Already ten companies who
took part this year have applied for space in
the 1970 event.

Companies requiring further details should
contact the E.E.A. Information Office,
Berkeley Square House, Berkeley Square,
London, W.1.

LLE.E.T.E. membership
increases

The membership of the Institution of Electrical
and Electronics Technician Engineers in the
year ended 31st March, 1969, increased by
1,623 t0 10,816.

The Institution was successful in its applica-
tion for registration under the 1960 Charities
Act and secured the licence of the Board of
Trade to omit the word Limited from its title.

New resistor group

A Resistor Manufacturers Group has been
formed recently within the Radio and Elec-
tronic Component Manufacturers Federa-
tion, and comprises all leading British firms
producing fixed and variable resistors, and
potentiometers. This follows the emergence

of other groups representing relay, capaci-
tor and connector manufacturers.

The object is to provide not only a
forum for promoting the interests of
resistor manufacturers, but to serve the
electronics industry in general, in particular
by endeavouring to provide a better service
for all resistor users.

At the inaugural meeting, ]J. Thomson
(Morganite Resistors Ltd) was elected as the
Group’s chairman, and E.W. Embleton
(Welwyn Electric Ltd) as vice-chairman.
Enquiries should be made to the secretary,
P. Costley, REE.CM.F.,, Mappin House, 4
Winsley Street, Oxford Street, London
WIN ODT.

Detecting overhead hiss

Many old style overhead telephone cables
still in use employ paper insulated conductors
which are pressurized with dry air to prevent
damage should the protective sheath be
punctured.

Such punctures generate ultrasonic noise
as the air escapes and Bell Labs of America
have built a simple device that enables such
leaks to be detected from ground level. An
ultrasonic detector is contained within a
small Cassegrain type reflector (a 45mm
hyperbolic reflector located at the focus of a
254mm paraboloid). The output of the
detector is amplified and used to indicate
the presence of a leak.

The reason for devoting so much space
in news this month to what on the face of
it may be considered to be an almost frivolous
item is quite simple.

Many readers will work in plant or
laboratories “which employ gas and air lines
where a leak would put a system out of
action. The normal method of leak detection
is to split the piping system into sections
and to test each section individually by
pressurizing the line and using some form
of aneroid instrument to detect the presence
of a leak. This method is expensive and

At the invitation of
the British Computer
Society, Brian Crank,
the designer, described
the “Wireless World”
Logic Display Aid at
a meeting of the Logic
Design Group on
Fulyih:a 19-inch
oscilloscope made by
Lan Electronics was
used for the
demonstration.

www.americanradiohistorv.com
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time consuming and does not give the exact
position of the leak but only the section in
which it lies. The writer knows this only
too well after spending hour upon hour
tracing feaks i1n aircraft pitot and static
instrument air systems.

The Bell Labs equipment would appear
to solve this problem once and for all and
many firms will find that it would be worth
the time and trouble involved in building
a similar system.

Automatic measurement of

airfield visual range

Five major British civil airports are to use
an electronic system which will automatically
provide air traffic control with a continuous
report of a pilot’s visual range along a runway
as he lands his aircraft.

The I.V.R. system has been developed at
the GEC-AEI’s Leicester laboratories and is
based upon photo-electric measurements of
the: atmospheric transmission of light at three
points alongside the runway, one at each end,
and one in the centre.

Measurements taken by instruments at
these points are digitized and transmitted over
telephorre lines to the I.V.R. computer housed
in the airfield’s telecommunications equip-
ment room.

The computer then performs the computa-
tion of runway visual range, assures the
calibration and integrity checking, and
controls the logging and formatting of data.
The runway visual range is then displayed by
digital readout on a six-inch square panel in
the airport’s operational control centre.

Landing system to be
produced by Plessey

The responsibility for developing the correla-
tion protected instrument landing system*
originally conceived at the Royal Aircraft
Establishment has been placed with Plessey
Radar under a Mintech contract.

Unlike the traditional i.ls. the new system
is unaffected by interference or by changes in
the strength of received signals. One of the
main advantages of c.p.i.l.s. is that it is fully
compatible with existing ils., the only
changes in the aircraft necessary being the
addition of a smaller aerial and a minor
modification to the i.ls. receiver.

Scout tape recording contest

becomes annual

Final judging took place at Baden Powell
House on Whit Saturday of the first national
Scout tape recording competition, sponsored
by Philips Electrical Ltd. The panel of five
judges made their selections before an
invited audience of about 150, including a
number of entrants.

Twenty of the winners will spend a 4-day
holiday in Holland in August. Other prizes
included cassette recorders and visits to
recording studios.

* Wireless World, May 1967, p. 218.
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siigh quality and réliability of Electrosil glass-tin-oxidec our plant).

SO Sl eI . 15Tt

resistors in instruments, telephone exchanges, Inexpensive components initially, Electrosil oxide
computers, automation, missiles and, in fact, in every resistors work on for decades savirg you maintenance
type of electronic equipment. Over and over again and replacement costs. (Therein lies thei- irresistibility).
alass-tin-oxide proves its superiority. For example,

-ecent independent tests by a major equipment Electrosil Ltd., P.O. Box 37, Pallion, Sunderland,
manufacturer showed that Electrosil 100 p.p.m. C5 Co. Durham. Tel. Sunderland 71481. Telex 53273.

esistors gave a more consistent performance on load
and temperature stability than metal film resistors
2y six competing suppliers.

Electrosil resistors owe their reliability to the un que
Jlass-tin-oxide construction. Consistently high quzlity
s assured by a most thorough programme of Qual ty

Electrosil

LUMITZD

have the experience

The one thatkeepson
resisting is the one you
can'tresist

Anyway, that's what more and
more people are telling us

WW-—297 FOR FURTHER DETAILS
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Not quite, but the only
rectangular 3" tube
on the market...

Another example of Thorn-AEl's renowned pro-
duction engineering techniques - a top-quality
oscilloscope tube ata minimum price.

The Brimar D7-200GH is the only rectangular tube
available in the 3 inch size. The tube has a relatively
flat screen and employs a mono-accelerator for
reduced power requirements. With an overall
length of only 18 cm, it providesa 5 cm x 4 cm
display of waveforms or TV pictures.

Features include electrostatic deflection and
focusing. Good geometry is ensured by specially
developed production control techniques. Small
. 5 - spot size and focus uniformity over the entire screen
The prlce IS SpeCIal, tOO! give good resolution at all points of the useful
screen area. High-deflection sensitivities permit the
use of inexpensive transistor circuits.

Applications include:

alpha-numerical readout devices,
waveform monitors,

data processing equipment,

voltage and power output indicators,
educational equipment, etc.—

and of course, popularly-priced oscilloscopes.
Val+a3+a4 800 1200 Vv
Va2 50t0 150 7510225 V
Vg (for cut-off)-20to -40 -30to-60 V

For full technical data and prices, write or phone:

trorn Thorn-AEl Radio Valves & Tubes Limited
7 Soho Square, London, W1V 6DN Telephone 01-437 5233

WW—089 FOR FURTHER DETAILS
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Amateur Communications Receiver

2:1.f. amplifier, b.f.0., product detector and a.f. amplifier

%y D. R. Bowman, A.M.Inst. E., G3LUB

This month sees the start of the description of the final design and
sonstruction of the receiver. Inevitably there will be quite a few
oose ends that will be tidied-up later.

All the coil winding details are given although much of the

zircuitry does not appear in this issue.

Table one gives the complete frequency coverage and it will
mhe noticed that this does not include the last section of 10 metres,
=however this can be added by incorporating an extra crystal if
-required.

Component considerations

Throughout the various components lists given in this article the
values are as used by the author and it is strongly recommended
that new components only be employed. The resistors, except
where stated, are 0-2§W carbon -+ 59, types, but + 109, types

=could equally well be used. In almost all cases where silver mica
capacitors are specified they must be used. In the case of the larger
values of disc ceramics, Mullard C280 miniature foil capacitors
could be substituted. Again wherever Philips concentric air
dielectric trimming capacitors are specified other types of trimmers
could be substituted.

With two exceptions coils are wound on Radiospares core formers
which can be obtained from Home Radio (Components)
Ltd., Mitcham, Surrey, under catalogue number CR2. The
iron dust cores can be obtained from the same address (catalogue
number CRj).

Whilst on the subject of coil winding the author found the
simplest method of anchoring the wire to the former was to wrap
& number of turns of sewing cotton over the wire end and round

TABLE ONE
Amateur bands Rx. coverage
m MHz MHz
80m 35 — 38 35 — 40
40m 70~ 74 70 — 15
20m 140  — 1435 140 ~ 145
15m 210 — 21.45 210 — 215
(280 — 285
10m 280 — 297 | 285 — 290
1290 — 295
the former. The only exceptions are L,, and Ly and L. L,

should be wound on a CRi2 former with a screening can
No. CR13. These are small $in. X } in. i.f. transformer cans.
L, and Ly, are 4 in dia. CRg formers. The crystal filter used is the
K.V.G. No. XF-9B which can be obtained from Lowe Electronics,
50/52 Wellington Street, Matlock, Derby. There are a number of
alternative filters, but details are not included as this filter has by
far the best performance and value for money. The various tuning
capacitors can be supplied by Jackson Brothers (London) Ltd.
C,, and Cy, type are U102 6-75pF, 2 gang (front end tuning) and C,
is type U1o1 6-75pF, single gang (v.f.o. tuning).

The dual ratio ball-drive type 4511/DRF can also be supplied by
Jackson Bros. The odd r.f.c. is a standard valve type 2-smH radio
frequency choke.

Now we come to the transistor types. There are a number of
devices which could be expected to perform equally well as an
alternative to type 2N706. The following are a few 2N706A,
2N708, BSY38, BF115, Crrr, 2N2926. The BCio7 can be

Fig. 10. Front view of the prototype showing the marking of the various controls.
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replaced by any silicon n-p-n high-gain transistor with an Aye in
excess of 150. The h.f. crystal oscillator uses a 2N918 for which
any of the following devices could be used as an alternative
2N4292, BFYgo, TIS48. The audio output pair ACY17 and a
BFY50 are very cheap and unless a matched complementary pair
are available the author would advise no change.

Since starting, a substitute for the 3N140 dual gate f.e.t. has come
on the market which is strongly recommended since it incorpor-
ates built-in gate protection. The new device is the MEMs64C
and is available from: S.D.S. (Portsmouth) Ltd, Gunstone Road,
Hilsea Industrial Estate, Portsmouth, Hants.

The diodes used in the power supply can be almost any types
with at least a 50V p.i.v. rating. Zener diodes used can again be
replaced by alternative types. (The 9 volt device has a power
rating of 1 watt and the §-6V zener a rating of 0-25 watt). All coils
were wound using wire which can be obtained from Post Radio
Supplies, 22 Bourne Gardens, London E.4. The h.f. oscillator
crystals used were purchased from Cathodeon Ltd, who it should
be noted have a minimum charge of £3. These crystals are for
series, fundamental or third overtone mode operation, as noted in
the crystal list. The particular types used in this receiver were of
HC/6U construction.

Physical construction

Figs. 10, 11 and 12 show the layout of the original receiver built by
the author. The dial drum used was home made, but an alternative
would be Jackson Bros. Part No. 5035 3-§ in drum.

Fig. 11. A view of the upper side of the chassis.

Wireless World, August 1969

The i.f. amplifier and particularly the b.f.0. and product detector
must be completely screened, as must the h.f. crystal oscillator and
synthesizer mixer (the screening covers were removed for photo-
graphy). It is also advantageous to screen the i.f. break-through
filter from the r.f. amplifier.

With the exception of the r.f. stage the various circuits can be
laid out on individual printed circuit boards. As can be seen from
the photographs the author used boards only for the following
circuits: i.f. amplifier, a.f. amplifier, product detector, b.f.0. and
the S meter. The other stages were built using conventional
wiring techniques for convenience during circuit development.

The i.f. amplifier

The i.f. amplifier is constructed on a 5} in. x 3 in. piece of copper
clad printed circuit board. The layout drawing is shown in Fig. 13
and the circuit in Fig. 14. The holes should be drilled using a
0-03 in. drill. The components, with the exception of R,, R,,, and
the transistors can be mounted as shown in the diagram and
soldered into place. The small aluminium screens should be
attached and the mounting screws firmly soldered to the copper
earth mat to complete the construction of the board.

The constructor is advised to purchase twenty-five 2N706
transistors which should be graded according to gain, say, 20, 40,
60 and over 60, using the simple transistor tester shown in Fig. 15.
Any meter with a 10omA range can be used in the circuit. With the
range switch set to R, the meter will give a full scale deflection
when the gain is 100 and 250 when set to R,. The switch S, has

Crystal
i.t. tilter

v @
S meter |
circuitry

-

gy
litier

V.F.O. and amplitier

"
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o be pressed to make these measurements. The two ranges may
10t quite agree, due to the transistor’s gain dependency upon
ollector current, however, the discrepancy is unimportant. From
he 25 transistors choose three pairs with similar gain figures. The
uthor’s devices were within the range 40 to 50. Solder these into
he i.f. amplifier board, together with a transistor with a gain of
o to 80 in the Tr, position. Temporarily connect two 120k(}
esistors into the board, at positions R, and R,,, connecting only the
rase ends at this stage. The other two ends are tied together and
:onnected to the h.t. supply. After careful circuit checking connect
he amplifier to a 9V supply and measure the potential at the
‘ollectors of Tr, and Tr, using either a valve voltmeter or a sensi-
ive multimeter. This potential should be between 4 and 6V and
:an be varied by adjusting the value of the temporary h.t. to base
esistors. Having found the appropriate resistance value the
esistance of R; and R,, can be found as follows:

R;and Ryy = (R (n.t. to base)/2) — Ry

f for example the resistor from the h.t. supply to the base of Tr,
vas 120k{), then:
R, = [(120 X 10%)/2] — (33 X 10%) = 27kQ

Resistors of the calculated value should be soldered into circuit
n the R, and R,, positions in place of the two temporary 120k{}
'esistors. The next step is to reconnect the 9V supply, and a high
ralue potentiometer of about 100k() between the point on the
soard marked X and the h.t. supply. Using a valve voltmeter the
»otential on terminal F should be monitored. It will be found
hat with potentiometer set to maximum resistance and no signal
nput, the potential should be between 5-6 volts.
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A source of gMHz r.f. voltage is injected into terminal D (from
a grid dip oscillator, signal generator or simple test oscillator) and
the i.f. transformer cores of Ty, T, and T, are adjusted until the
potential at F dips to a minimum. It will be necessary to pro-
gressively reduce the 9MHz drive, as this process continues. It is
strongly advised that the amplifier be well screened during these
tests and that all signal leads to and from the amplifier be made as
short as possitle. If the amplifier should show signs of instability,
increasing the values of Rg, Ry and R;, should cure the trouble.
R,, R,;; and Ry, also can be increased if necessary. It will be found
that the amplifier has more gain than is required and it will be
unconditionally stable when incorporated as part of the receiver.
A photograph of the i.f. amplifier is given in Fig. 16.

The b.f.0. and product detector

It is essential that these sections be constructed in a well screened
aluminium box. The b.f.o. (Fig. 17) is required to generate either
one of two frequencies, positioned on either side of the i.f. filter
characteristic (Fig. 2). It is generally accepted that an audio fre-
quency response covering the range 300Hz to 2-6kHz is the mini-
mum for acceptable communication quality. This entails setting
the b.f.o. frequencies about 20dB down either side of the filter
characteristic. The particular filter used in this receiver is
supplied with the appropriate b.f.o. crystals.

The author would advise any prospective constructor to
purchase new crystals and not attempt to use war surplus which
are now at least 25 years old. The b.f.0. uses a circuit configuration

ig. 12, A view of the underside of the chassis. Certain screening covers have been removed for clarity.

Product
detector
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9MHz i.t.
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[ Fig. 3. Construction of the
j i.f. amplifier.

which should be familiar to many readers, as it is very similar to  on the front panel and remote from the oscillator box. This eases
the valve Pierce oscillator, An interesting point is the method of  the problem of keeping stray b.f.0. voltages out of the i.f. amplifier
changing the b.fo. crystals. This uses diode switching which  as none of the leads external to the b.f.0. compartment carries r.f,

allows the sideband selection control to be positioned conveniently The product detector requires the very low oscillator drive of
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Fig. 14. The i.f. amplifier circuit, Rag ®
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Fig. 16, The finished i.f. amplifier.

not more than roomV which means a small value of coupling
capacitance (5pF) between the oscillator and detector. The process
of product detection is analogous to normal mixer action with the
output being in the audio frequency spectrum. It is recommended
that a pair of 2N706 transistors (7, 4 5 Fig. 17) with similar current
gains should be used in the circuit. The signal requirement is
modest at 1omV, and the capacitive potential divider (Cig ¢ 99
Fig. 14) on the output of the i.f. amplifier serves the dual purpose of
reducing the i.f. amplifier voltage to suit the detector and reducing
the reverse transfer of stray b.f.o. voltage back into the i.f. amplifier.

The presence of unwanted b.f.o. signals in the final receiver can
be checked by removing one b.f.o. crystal from the circuit and
adjusting the receiver to a clear channel. The S meter reading
should be identical when the sideband switch is operated. In
other words the application of b.f.0. voltage to the detector should
not affect the S meter zero reading. The r.f. filter in the detector
collector circuit makes use of a 1ouH r.f.c. which is easily con-
structed by close winding 30 turns of 34 s.w.g. enamel covered
copper wire on a Radiospares coil former which is fitted with an
iron dust core and adjusted to produce maximum inductance.
This filter is used to eliminate the 9MHz component present in the
audio signal at the output of the detector. The finished b.f.0. and
product detector is shown in Fig. 18.

The a.f. amplifier

The audio amplifier is of conventional transformerless design
(Fig. 19) consisting of two common emitter-connected stages
driving a complementary output pair which drive the 30 loud-
speaker. Considerable negative feedback is applied over the last
two stages which tends to stabilize the d.c. operating point as well
as reducing output non-linearity. It is essential that the following
procedure is carried out to set-up bias levels otherwise the output
stages transfer characteristic will include considerable cross-over
distortion.

In the audio output circuit this bias voltage is determined by the
values of the resistor chain R, and R;. First connect the audio
amplifier to a 12V supply and a 3Q loudspeaker to the output
terminals. Connect an audio signal generator with an output of
about 3omV to the amplifier input. A general multimeter or milli-
ammeter set to somA full scale deflection should be connected in

365

Fig. 17. Circuit of the b.f.0. and
product detector.

Sideband
selection
switch

Fig. 19. The a.f. amplifier circuit.
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B

Fig. 20. On the left the a.f. amplifier and on the right the S meter
and associated circuitry.

series with the 12V supply to the amplifier. With no input signal
the current taken from the supply should be noted. The value of
resistor R should be progressively increased until the previously
noted current begins to increase. The final value for Ry will be
that value which produces an increase in current from 1 to 3mA.

It is most important not to make the value of this resistor too
large as this may cause thermal runaway in the output transistors.
The complementary pair consist of one silicon n-p-n BFY50 and
a germanium p-n-p ACY17 transistor. It is generally bad practice
to mix silicon and germanium devices in a complementary circuit,
but the continued high price and supply difficulties forced the
author to consider their use. In practice it will be found that the
performance of this amplifier is far better than is required for a
communications receiver. By careful adjustment the cross-over
distortion can be reduced to a very low level. The finished a.f.
amplifier is shown in Fig. 20. In the photograph the not yet
discussed S meter and associated circuitry can also be seen.

This description ends this month with components lists for the
circuits described so far and all the data on coil winding for the
complete receiver. Next month more design and constructional
information will be given.

COMPONENTS LIST

i.f. amplifier
R, .. 33k R, .. 1500 Ry .. 22kQ2 Ra .. 56k
R, .. 10kQ2 R, .. 5600 R .. 33k Ris .. 33kQ2
R, b = Rio ds |® R, .. 3302 R .. 3k
R .. 330 Ry .. 330 Rus .. 56002 Ry .. 33k
R; .. 56002 Ru .. 56002 R .. 5600 R o 1k
Ra .. 56002 Ry .. 10kQ2 R .. 10kQ2 —_
R, .. 10kQ2 R .. 1002 R . 3.6k —
® adjusted as described in the text.
C, .. 0-01uF¢t C. .. SOpF* C. .. 0uFt
C, .. 0-1uFYt C, . 0-1uFt Ci. .. 68pFt
C, .. O1uFt Cuo .. O1uFt Ci .. 0uFt
C. .. SOpF* Cun .. 0-IuFt Cu . 6:8uF§
C, .. 0-1uFt [ .. OpFt Cu " *
C. .. O1uFt Cun .. O1uFt Cso .. 0-0001u.F*
Cc, .. O1uFt Cu. . 50pF*® Cs . 0-1pF
t disc ceramic. * silver mica. § 10V working.
*1 adjust to give a.g.c. time constant required.
All transistors type 2N706 selected as described in the text.
' .. germanium diode type CV448, OA91 or simlilar.
RY, .. 25kQ,Lf. gain.
a.f. amplifier
R, .. 330 R .. 43002 R, .. 62002 Rio s 10
R, .. 6-8kQ2 R, . 2:2kQ R, ol O Ru el (9
R .. 2:2kQ R, .. 1kQ2 R, .. 10002 R .. 33k
*t see text. * wire wound.
C, .. 2.5uF* GCi . 125uFt o .. 25uF®
C, .. S0uF® C, .. 1000.F§ —_
C, .. 125uFt Ca . 1000uF§ —
*20V working. t 6V working. § 15V working.
Tries .. 2N2706 Try . BFYS0 Tr, .. ACY17

341 Loudspeaker.
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b.f.0. and detector

R, -t 47k02 R, 2:2kQ2 R, e 22k Ry, .. 1k
R, o8 22kQ R, = 22kQ R, s 6-8kQ2 Ru .. 220
R, 0o 2200 R, = 22kQ0 Ry = 1kQ R .. 22kQ
C, .. 150pF* Cs .o 0-001uF A Cn .. 0-01uFt
C, .. 0-01uFt C, .. S5pF® Cun . 0-001uF A
C, .. 0-01uFt C, .. 0-01uFt Cu .. 0:001uFt
C. .. 0-01uFt C, .. 0:01uFt Ci .. 0:001uF,
C, .. 0-001uF A Cuo .. 25uF§

® silver mica. t disc ceramic. § 20V working. A 1eed:hrough.

All transistors type 2N706.

D, .. germanium diodes type CV448 or OA91
VCio 3 to 30 pF trimmers

Xy .. b.f.o. crystals supplied with crystal fiiter
L, .. 10uH r.f. choke

VR, .. 5kQ logarithmic, a.f. gain

COIL WINDING DETAILS

frequency
function or band winding detaliis coil no.
signai 40m Wound on 0-3in diameter former type L,
frequency CR9. 55 turns of 30 s.w.g. wire ciose wound.
gate 1 Primary winding four turns wound over the
earthy end of the previous winding.
20 m 33 turns of 34 s.w.g. wire close wound. L,
15 m 20 turns of 30 s.w.g. wire close wound L
10 m 19 turns of 22 s.w.g. wire close wound L
signal 40m Wound on 0-3in diameter former type CR9. Ly
trequency 65 turns of 30 s.w.g. wire tapped at 22 turns
drain from the h.t. end
20 m 33 turns of 34 5.w.g. wire close wound L,
15 m 20 turns of 30 s.w.g. wire close wound L,
10m 19 turns of 22 s.w.g. wire close wound L,
9MHz i.f. 9IMHz Wound on 0-25in screened former cat. No. L
transformer CR12 can No. CR13. Primary 40 turns of 30
s.w.g. wire close wound. Secondary wound
over earthy end of primary. 6 turns also of 30
s.w.Q.
v.f.o. base 5to 55MHz 30 turns of 30 s.w.g. wire close wound Ly
coil
v.f.o. wideband Two colls each wound with 50 turns of 34 Ly
amplifier coupler s.w.0. wire close wound. In addition L, has a
5to 55MHz  secondary consisting of 4 turns close wound Ly
over the primary
h.f. crystal 11MHz 30 turns of 34 s.w.g. wire close wound. L,
oscillator
25MHz 22 turns of 28 s.w.Q. copper wire close wound L,
32MHz 1 9 turns of 26 s.w.g. wire spread to a winding L,
32:5MHz length of 0-5in. L
33MHz ) L,
oscillator  5:25MHz 25 turns of 28 s.w.g. wire close wound and Le
mixer tuned by a parallel capacitor of 200pF
16.25MHz 20 turns of 28 s.w.g. wire close wound and L.
tuned with a parallel capacitance of 15pF
30-25MHz 12 turns of 22 s.w.g. copper wire close wound Ly
~and tuned with a parallel capacitance of 5pF
37-25MHz L 11 turns of 36 s.w.g. wire spread to a winding L,
37-75MHz length of 0-5in tuned with a parallel capacit- Ly
38:25MHz J ance of 5pF Ly
9MHz i.f. 9MHz Primary winding 35 turns of 30 s.w.g. wire close
amplifier wound with the secondary consisting of 8

turns wound over the h.t. end of primary

30 turns of 34 s.w.g. wire close wound with an L,
iron dust core

product r.f.c.
detector 10uH

9MHz
9MHz

12 turns of 34 s.w.g. close wound Ly
46 turns of 34 s.w.g. wire close wound Ly

i.f. trap

With the exceptions noted above, all colls are wound on Radiospares coll formers
obtainable from Home Radio, Cat. No. CR2. Iron dust cores are used in all coils
with the exception of the signal frequency and i.f. trap coil L,. See later for signal
frequency coil tuning adjustment. Home Radio also supply iron dust cores under
the catalogue number CRS. The author found that a satisfactory method of anchor-
ing the wire ends to the former was to wind several turns of ordinary sewing cotton
over the wire To complete the job a small quantity of shellac can be applied to the
cotton. Enamelled copper wire is used in all cases.

www.americanradiohistorv.com


www.americanradiohistory.com

Wireless World, August 1969

367

Laser Applications in Electronics

A review of the most sig‘niﬁcant fields of use of laser radiation

by W. A. Gambling* D.Sc.. Ph.D.. F1ERE., FIEE.
and R. C. Smith*, B.Sc.. Ph.D.

Electronic technology at the present time is based largely on semi-
conductor junction devices which, although developed to a high
degree of sophistication, are continuing to improve with the evolu-
tion of new types and techniques. However, all components which
involve interaction of charge carriers with electric fields at a junc-
tion become progressively more limited in their power-handling
ability at high frequencies because of transit time and capacitance
effects. Until recently therefore electronic techniques were limited
to frequencies below 100GHz. Any significant improvement was
clearly dependent on the development of a radically new technique,
which, in all probability, would involve some kind of amplification
process throughout the bulk of a material rather than at a junction.
In fact this new technological revolution was hinted at by the
invention of the maser in 1954 but really began to gather momen-
tum in the early 1960s with the emergence, in rapid succession, of
lasers', acousto-electric interaction in semiconductors® and the
transferred electron or Gunn effect?, also in semiconductors. Each
of these processes is of very great interest but this article is con-
cerned only with the first of them. The basic properties of lasers
are outlined in the Appendix, while typical present-day practical
achievements are listed in Table 1.

The applications of lasers arise from the properties of coherent
radiation at optical frequencies as compared with incoherent
radiation, and the main ones are that it can be collimated and
focused to a degree limited only by diffraction and it can give rise
to interference and diffraction phenomena. A light beam of wave-
length A and diameter D can be focused to a spot or area of approxi-
mately A2 so that a laser output of as little as 1mW can produce a
power density of about 10°W/cm?®. A beam of diameter D can be
produced with a spreading half-angle of approximately A/D so that
a transmitting aperture of diameter 1m will give a patch of light
on the moon of diameter only 6oom.

Communications

Because of their high operating frequency lasers are potentially
communications sources of enormous bandwidth, if suitable modu-
lators and demodulators can be designed, but they are inherently
more noisy than microwave and lower frequency sources. For
example a power level of 1mW at a frequency of 10GHz corres-
ponds to a flux of about 10!° photons per cycle whereas a similar
power at optical frequencies corresponds to about 10 photons per
cycle so that in the last-mentioned case the granular nature of the
signal is much more evident. Thus even though thermal noise is
negligible the best noise figure possible at visible light frequencies
is no better than 10dB. This may be compared with the noise
figure of a maser receiver of < 1dB. This is the penalty to be paid
for the increased bandwidth.

Unshielded systems. Because of turbulence and temperature
gradients in the atmosphere point-to-point communication in

* University of Southampton. This article is a slightly modified version of a paper
published in our associated journal Optics Technology, Vol. 1, No. 3.

Table 1 Properties of some typical lasers
Type material wavelength power operation
gas helium-neon 0-63um 1-100mW continuous
argon 0-49, 0-51pm  1-50mW continuous
carbon dioxide 10:6p.m 100W-10kW continuous
solid neodymium: 1.06pm 10-100,000MW, 10ns
glass 1-10,000J, 10ms
neodymium:
YAG 1.06pum 11w continuous
plus SHG 0-54pm 11W continuous
semiconductor gallium arsenide  0-84-0-9um  10W, 100ns
parametric lithium niobate 0:68-2-4pm SkW, 10ns

Experimental glass fibre communication link at Southampton
University. A beam from a helium-neon laser (left) is modulated
by the unit in the rectangular plastic box (left of centre) before it is
passed through a coiled cladded glass fibre (on the rectangular

flat plate, right of centre). The signal is shown on the c.r.o.

unshielded systems at optical frequencies is unlikely to be feasible
over any appreciable distance even in clear weather. For example,
large regions of different refractive index in a propagating beam
can cause the beam to be deflected and small regions cause a
breaking up of the beam. Since the atmosphere is seldom quiet the
variations occur randomly and quite rapidly.

The magnitude of the problem can be judged from the fact
that a collimated beam of 5cm diameter at visible wavelengths will
be deflected by a transverse temperature gradient of only a few
thousandths of a degree, over a distance of 1-5km, through a dis-
tance equal to its own diameter. On the other hand for short dis-
tances and inconvenient locations such as building sites and rough
country, and where high security is required, there are possible
applications and hand-held sets using light-emitting diodes and
semiconductor lasers operating at room temperature have already
been produced.

Space communication. Outside the earth’s atmosphere the
situation is rather different because, with diffraction as the only
limiting factor, the efficiency of transmission for given transmitting
and receiving apertures increases as the square of the frequency.
Above about 10'3Hz the photon noise level increases linearly with
frequency so that the signal/noise ratio also increases linearly with
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frequency. Thus in situations where size and weight are at a
premium, such as on an artificial satellite, optical communications
may eventually have an important application. The low operating
efficiency of lasers may not be quite such a disadvantage since
sunlight can be used as pumping radiation in certain optically-
pumped iasers.

Calculations show that with a perfect sm telescope and using
existing lasers it should be possible to set up a communications link
over a distance of 10 light years with a signal/noise ratio of 104,
although the delay in receiving any reply would tend to make the
exercise one of only marginal interest. However, apart from the
fact that a real need for transmitting over vast distances in space
does not yet exist, thére are still many problems to be overcome
such as aiming with the required degree of accuracy, and improving
the efficiency of modulators, detectors and, of course, lasers.

Guided systems. On the surface of the earth an optical beam
can be protected from the weather by enclosing it in a pipe. Even
with highly-reflecting coatings, reflection from the walls must be
prevented to avoid high loss and dispersion, and the pipe must
therefore be optically straight. Transverse thermal gradients
must be avoided either by evacuating the pipe or by burying it
underground. To keep the diameter within practicable limits the
spreading of the beam due to diffraction can be counteracted by
using a periodic sequence of weakly converging lenses% as shown
schematically in Fig.1 . The high loss due to reflection at each lens
surface can be avoided by using anti-reflection coatings but these
will not be entirely lossless.

Another possibility is to use a radial temperature gradient in a
gas to produce a variation in refractive index and such thermal gas
lenses are remarkably effective®. The transmission loss is neg-
ligible but obviously the rest of the system cannot be evacuated
without introducing further surfaces and uncontrolled tempera-
ture gradients elsewhere can be every bit as troublesome as with an
unshielded beam. There are many other difficulties such as the
effect of skew or lateral displacement of the lenses. If these, and
other, problems can be overcome a beam guiding system of enor-
mous bandwidth may be possible but at best it will be very costly to
install and maintain.

Yet another possibility is to use a transmission line structure of
some kind. At optical frequencies metals are very lossy and only
dielectric materials can be considered. For single-mode propaga-
tion, essential for broad-band communications, a surface-wave on a
dielectric rod can be used. If the rod diameter is about equal to
the wavelength of the carrier then only the HE,; mode can propa-
gate but since at optical wavelengths A is approximately 1um the
rod, or fibre, would be fragile and difficult to support without
causing reflections of the electromagnetic field which is carried
mainly in the space surrounding the fibre. The transmission loss
would, of course, be very small.

By cladding the fibre with a material of lower dielectric constant
a number of advantages are obtained’. Firstly the combined
structure is mechanically more robust, and secondly, as long as the
cladding is sufficiently thick (say about 50A) that the surface wave

Fig. 1. Schematic diagram of correction of diffraction spread
using a periodic system of converging lenses.
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fields are extremely small at its outer surface, there is no difficulty
in supporting the cladded fibre. Furthermore if the dielectric
constant of the cladding e, is only slightly less than that of the
core e, so that (¢, — ¢;) < ¢, then single mode operation can be
achieved with a core diameter of perhaps four or five wave-
lengths, so that the manufacturing problem is eased somewhat.
However the surface wave propagates largely in the cladding and
it is essential that a low-loss material is used. Unfortunately the
best glass available at the present time has a loss coefficient equiva-
lent to several hundred dB/km and the success of the fibre-optic
system depends on the development of a material with about an
order of magnitude improvement.

Calculations show that if this can be achieved then a bandwidth
of perhaps 1GHz can be obtained in a transmission system which is
inherently very cheap and small. Even though the permissible
bending radius is several thousand wavelengths, sirice A is small the
fibre is very flexible and is compatible with the existing cable duct
telephone system. Each fibre would have a bandwidth of roughly
ten times that of a coaxial cable and with an overall fibre diameter
of 1oopm several hundred could be combined in parallel in a
cross-section of appreciably less than 1cm?, providing a much
greater line bandwidth with a high degree of redundancy to com-
pensate for breaks in individual fibres. The required reduction in
glass attenuation by a factor of ten should be possible with present-
day technology and already there are encouraging signs of an
appreciable improvement.

This attempt at using lasers for communications is much less

Table 2 Comparison of optical guiding systems

band-
Type altenuation width dia-
of in per meler flexibility cost remarks
guide db/km channel
Beam waveguide very very 2-100cm zero very sensitive to
low large high earth movement
Reflecting pipe 10-100 (or 100MHz 5cm low high performance
(overmoded) more very dependent
depends on on quality of
precision) surface
Cladded optical 20-100 10MHzZ <1mm excellent low low-loss glass

fibre (multi-mode) required
Cladded optical 20-100 more <imm excellent low low-loss glass
fibre (single- than required
mode) 1GHz
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Fig. 2. Variation of relative line cost per circuit mile with the
number of circuits in a system. Curves I, 2, 3, types of open
wire systemy 4, §, 6, cable systems; 7 and 8, coaxial cable
systems; 9 and 10, microwave relay systems; and 11, circular
waveguide. (Courtesy Professor A. E. Karbowiak.)
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ambitious than the beam guiding system, which is being investi-
gated by Bell Telephone Laboratories in the U.S.A., and there is
a reasonable chance of achieving a practicable system by the mid-
1970s. The cable system itself will be relatively cheap to produce
and the installation costs using existing cable ducts will be rela-
tively small. An obviously attractive type of source is a room-
temperature injection laser but it seems unlikely that one can be
developed to operate at the required pulse rate. A more reasonable
possibility, or so it seems to the authors, would be to use the mode-
locking technique (see Appendix) to produce a train of pulses from
a laser® which can then be deflection-modulated onto the core of
the fibre to give a pulse-code-modulated signal. On the other hand
it may be worthwhile trying to develop the three-terminal gallium
arsenide device? into a suitable modulator. Work on fibre-optic
communications originated at Standard Telecommunication
Laboratories and is being continued there and at the Post Office
Research Station. The Signals Research & Development Estab-
lishment and the Department of Electronics, University of South-
ampton are collaborating in the development of a narrow-band-
width glass fibre system for short distance links (see photo).

A comparison of various types of optical guiding structures is
given in Table 2 while Fig. 2 shows how the cost per circuit mile
has fallen with systems of increasing bandwidth. If this trend
continues at optical frequencies then the prospect is a truly exciting
one.

Holographic image recording

In conventional photography only information about the amplitude
of light reflected from an object is recorded on a photographic plate
and light from a point on the object is stored at a corresponding
specific point on the recording plate. However by using the holo-
graphic technique in which both the object and the recording plate
are illuminated with light from a coherent source such as a laser,
and scattered light from the object is also allowed to fall on the
plate, then an interference pattern is recorded which is charac-
teristic of the object. Thus both amplitude and phase information
is stored. A further consequence is that light from any point on the
object is scattered and hence stored over the whole of the image
plane, and therefore dust, blemishes or breakages do not render
any of the stored information inaccessible. The original object
or scene can be reproduced in true three dimensions by illuminat-
ing the recording plate with the same, or another, laser. The
requirement on the laser radiation is that it must be coherent,
which means in practice that the coherence length must be greater
than (i) the depth of scene to be recorded and (ii) the path-length
difference between laser-object-photographic plate and laser-
photographic plate, i.e. between the object and reference beams.

There are several possible applications of this technique and
one of the more interesting ones is in the optical storage of infor-
mation. Accurately collimated light beams are now easy to produce
and if they can be deflected with precision then one can envisage
digital information stored on a photographic plate in the forms of
ones and zeros represented by transparent and opaque areas, and a
very high density of information storage is possible. High-speed
deflection of a laser beam can be produced by the electro-optic
or acousto-optic effects although it is to be hoped that development
of improved materials will make the technique an easier one than
it is at the present time. Nevertheless addressing rates of 10° per
second can be achieved with existing technology. However a
simple photographic store of this kind can be badly affected by
dust and imperfections and an improved method?? is illustrated in
Fig. 3.

Using a suitable deflector a laser beam is scanned to any one of
an array of perhaps 100 X 100 small holograms in the storage
plane. These are so oriented that each one produces a real image
on an array of photodiodes which converts the optical signals into
electrical ones. In the matrix each photodiode corresponds to one
element of the image in which the presence or absence of light can
correspond to a binary one or zero. An array of 100 X 100 diodes is
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Fig. 3. Schematic diagram of a
holographic memory system.
(Courtesy American Telephone &
Telegraph Co.).
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Fig. 4. Insertion of a diffraction grating in object plane O
deflects the spot of light in plane T, which is at the focus of the
lens, from Ty 1o T,. L4

possible giving a store of 10 bits per hologram and a total capacity
of 10° bits. With present-day technology an addressing rate in the
storage plane of 10° hologram per second is probably just feasible
but even with the easily achieved rate of 10%~! this method of
‘page-storing’ gives a net rate approaching 10° instructions per
second.

Using the holographic technique the only effect of dust is to
reduce the signal/noise ratio for all the bits in one hologram and
the exact positioning of the holograms is not critical. The angular
orientation of the hologram in the storage plane is important but
the required precision of 0:1%, is not difficult to achieve. The main
difficulties lie in the preparation of holograms, although it appears
possible to store 104 bits on each hologram and to contain the 104
holograms in a space secm x Scm. Techniques for making photo-
diode arrays are being rapidly improved and a 100 X I00 array
with associated read-out circuitry should soon be practicable. A
semi-permanent memory of this kind, with high-speed random-
access capability, could prove invaluable as a store for base pro-
grammes in the increasingly complex computers of the future.

Pattern recognition

Elementary optics shows that if a-diffraction grating, which con-
sists of an array of closely-spaced parallel slits, is illuminated by a
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perpendicular coherent beam of light then the transmitted light is
contained in a number of beams which are deflected through various
angles. The angle of diffraction of the first-order beam is A/s where
A is the wavelength of the light and s the spacing of the slits so that
6 depends linearly on the reciprocal of the spacing or spatial fre-
quency of the slits. Ifa converging lens, of focal length F, is placed
in the deflected beam, as in Fig. 4, then a spot of light is focused
on a screen at T, distance F from the lens. With the diffraction
grating removed the incident beam is brought to a focus at T,.
In general with a grating of spatial frequency s5,~! a spot of light
is formed at T, which is at a distance F — (AFs,) from T,. Thus
the position of the spot T is a measure of the spatial frequency of
the grating. Note that the position of the object transparency (the
diffraction grating in the above example) is immaterial, the only
requirement being that it must be perpendicular to the axis of the
system. A similar argument applies in the transverse direction
perpendicular to that of the paper and the result may be expressed
mathematically by the theory of diffraction optics

E, (x2y5) = (i/AF) [ E, (%,3,)
exp (2mi/AF) (x,x; + y,y,) dxdy

where E(xy) is the two-dimensional, complex, electric field ampli-
tude distribution in the transverse co-ordinates x, ¥ and the suffixes
I and 2 refer to the planes of the diffraction grating and screen
respectively.

Fig. 5. Optical spaial transforms of two simple figures. (Courtesy
AW.R.E)

Trarsform plone

Object piane Recording screen

A

\
V

v

= F
Fig. 6. The spatial Fourier transform of an object is produced in
the plane shown by the central dotted line and the original object
is reproduced from the Fourier components in the plane on the
right. The transform plane is equidistant from 1wo identical
lenses of focal length F.

Wireless World, August 196

It can be seen that this equation is exactly analogous to that fc
the Fourier transform of a time-varying signal. Examples of tt
optical spatial transforms obtained with some simple shapes ai
shown in Fig. s.

An optically spatially-varying signal (or pattern) can be syr
thesized from its spatial-frequency components simply by adding
second lens of focal length F at a distance F from the transforr
plane and by moving the recording screen to the position as show
in Fig. 6. The spatial Fourier transform of a transparency in th
object plane is thus generated in the transform plane and th
original object is reproduced in the recording plane. It is nov
possible to operate on the transform of the signal. For example i
the object transparency lacks detail perhaps due to graininess (i.c
noise) an opaque disc placed on the longitudinal axis in the trans
form plane removes the low spatial frequency components anc
noise, thus accentuating the high-frequency components. Edge
and lines in the reproduced image in the recording plane are thu.
made much clearer than in the original. The disc acts, in fact, as ;
high-pass filter. A low-pass filter consisting of an opaque shee
with a hole centred on the axis of the system removes high-
frequency components and can be used, for instance, to remove
wrinkles from the face of an aging actress. An opaque annular disc
behaves as a band-pass filter.

The technique can be greatly extended!! and it is possible tc
operate on data either in the transform or the image and object-
planes and effect multiplication, correlation, convolution, an
improvement in signal/noise ratio, etc. Spatial processing has the
great advantage over electrical methods of signal processing that
large quantities of information can be processed in parallel. A
typical application might be in the simultaneous processing of the
signals from all the inputs of a multi-element aerial array.

If a transparency of a page of print is placed in the object plane
then the spatial frequency distribution of each letter and word on
the page is produced in the transform plane. Suppose now that a
transform is made of the letter T and that a negative of the trans-
form is placed in the transform plane. Then the only light passing
through the transform negative, i.e. spatial filter, is that corres-
ponding to the letter T. Thus the only images appearing in the
recording plane will be those letters T in the page of print and thus
we have a pattern recognition system. The method can be modi-
fied slightly to produce spots of light rather than specific letters
and one example that has been demonstrated is filtering an integral
sign from a page of mathematics. This is potentially a very useful
tool in the field of pattern recognition, especially where complex
patterns are involved, and one application which is being actively
pursued is in the searching of fingerprint files which is at present a
very tedious and time-consuming task.
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Appendix
Basic properties of lasers

In Fig. 7, a population inversion is maintained between two energy
levels of the appropriate separation in a laser amplifying medium
and the medium is placed in a resonant cavity consisting of two
mirrors. If the cavity has a resonance at the frequency at which the
active medium behaves as an amplifier, and if the round-trip
gain exceeds the total loss, than an output may be obtained if one
of the mirrors, M, in Fig. 7, partially transmits. Ideally the output
is coherent, i.e. it consists of a single-frequency component having
a phase front which is coherent in both space and time. The
intensity variation across the wavefront is Gaussian and the
spreading angle 6 of the beam is limited only by diffraction to a
value § & A/D where A is the wavelength and D the spot diameter at
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Fig. 7. Schematic diagram of laser with mirrors M, M, between

which are placed amplifying medium and modulator. Output beam
is of radius W at M, and has beam spread angle of AjnW.

the output mirror. In practice many factors operate to degrade the
output.

Firstly the gain curve of the active materia] may embrace many
cavity resonances so that if, as is usually the case, there is no coup-
ling between the various frequency components of the fluorescence
line then multi-mode operation occurs. Secondly the active
material, particularly in solid-state and liquid lasers, may be
spatially inhomogeneous, resulting in a distortion of the wavefront.
Thirdly, in most optically-pumped lasers the rate of stimulated
emission is greater than the rate at which energy can be supplied
so that operation is intermittent and relaxation oscillations occur.
In addition there may be imperfections in the mirrors and windows,
non-uniform pumping and so on.

Nevertheless surprisingly good results may be obtained. For
example the dominant transverse mode of the cavity can be
selected by suitable resonator design or by using an aperture, and
by replacing a single mirror with a two-mirror reflector all the
available energy may be channelled into a single axial mode. Com-
ponents can now be made to a high degree of excellence and by
stabilising the frequency'® using solid mountings and perhaps
servo-control of the resonator length, gas lasers can produce
remarkably pure outputs. A line-width of only a few hertz has
been measured and coherence lengths of hundreds of metres are
typical. Beam spreads are close to the limit set by diffraction and
the ideal coherent beam is approached quite closely.

In solid-state lasers using good quality material inhomogeneity
is mainly due to heating because of the high pumping energies
normally used but by carefully shaping the laser rod, and with a
well-designed resonator, thermal effects can be effectively can-
celled out!4. The high rate at which stimulated emission occurs in
solid-state, optically-pumped lasers, which usually prevents satis-
factory continuous operation, can be used to produce short, high-
power pulses by suitable internal modulation. In what is called
Q-switching the cavity Q is made low during the pumping period
by reducing the effective reflectivity of one of the mirrors. Then
when a large population inversion has been produced the reflec-
tivity is suddenly restored and a pulse lasting for about 2ons
results at power levels up to IGW?!2,

A second technique is that of mode locking® and it may be
applied to any kind of multi-mode laser. Briefly, the phases of the
various resonator modes can be locked together so that the output
consists of a continuous train of ultra-short pulses. The process is
a kind of inverse Fourier analysis in which the various frequency
components are generated and then locked in the appropriate phase
to give a time-domain picture of a pulse train. For typical solid-
state lasers the pulse width is approximately 10'% so that a new
dimension of time scale has been introduced into electronics, and
completely novel techniques must be used for measuring pulse
lengths as short as this. Such a wave train contains only about
500 cycles of oscillation and occupies a length of only a few tenths
of a millimetre. Power levels of 10*W have been produced
although the total energy is not large of course. By a combination
of Q-switching and mode locking!’, single pulses of this type, and
of higher power and energy, can be obtained. Under the high
coherent optical fields available from lasers many optical materials
become non-linear in response's. Second (and higher)-harmonic
generation of laser light is a well-established technique which can
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be carried out at high efficiency and only recently (July 1968) the
radiation of a neodymium laser at 10,600A has been doubled in
frequency to 5,300A with 1009, efficiency®. This is a remarkable
result. Furthermore recent work on parametric interactions has
produced optical amplifiers and oscillators which can be tuned??
over ranges of an octave or more. At present the technique is
not an easy one but further developments may be expected in the
near future. Recent results with dye lasers have shown that they
too can be tuned?!, over a wavelength range of several hundred
angstrom units, at quite high power levels.
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4: Character positioning. Forming the

output variables
designed by B. S. Crank*

Last month, amongst other things, we saw how the charac-
ters could be formed within the sub-matrices and it was
mentioned that the character generators operated under
the control of two signals, called W, and W,. It is worth
while re-iterating at this point that during the course of
construction the battery power supplies will have to be
replaced with suitable bench power supplies as the amount
of current taken from the 4. 5V supply is considerable.

Forming the W, and W, signals

The Wq and W, signals,as we have seen, control the
character generators and determine when an 0 and when a
1 is to be written on the tube face. We can deduce, from
what has gone before, that these signals are only used
during the Karnaugh and Truth modes of operation.

For the Karnaugh map the derivation of the W, and W,
signals is simplicity itself as they rely entirely on the
mysterious variable Z introduced earlier. All that need
be said is when Z is true a 1 is required on the map and
when Z is true an 0 is required. The Karnaugh mode is
*Assistant Editor, Wireless World.
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(left)Fig. 50 The sub-matrices form a Karnaugh map
(right)Fig.51 Deriving the expression for W,

represented in equations by the letter K. The Wo, Wy,
equations for the Karnaugh mode are therefore:

Wo=KZ ("
W, =KZ (8)

The situation for Truth table presentation is rather more
complex. A Truth table is divided into four separate
columns. One column each for the variables A,B,C and
one column for the result. In this article, for signal gene-
ration purposes, columns A and B are treated as a single
entity and are represented by the symbol Tppg. Ina simi~
lar way T; represents the C variable column and Ty re-
presents the result column.

The method of displaying a Truth table in this instru-
ment is shown in Fig.49. The first table (a) is for a two
variable function only, (b) is for a three variable function
where C = 0 and (c) is as (b) when C = 1. Some facts
immediately come to light on examining these tables: Tap
never alters, T can either be nothing at all or all 0s or
all 1s as dictated by the logic function being illustrated.

We now know what the requirements are, but how can
signals be obtained to put all the characters in their propers
places?

Examine Fig. 50 in conjunction with Fig.42. Each
square in Fig. 50 represents one of the sub-matrices and
if 1ooked at in terms of the variables C,D,H and G it can
be seen that the whole thing forms yet another Karnaugh
map. Clearly each sub-matrix can be individually addres-
sed in terms of C,D,H and G so that these variables can
be used to derive the W, and W, signals for Truth table
display.

Firstly we will derive the expression for positioning
the 0s in columns T,5. The Karnaugh map for this is
shown in Fig. 51. The Os in T, have been ringed because
it is the position of these that we require. Proceeding with
the simplification in the normal way:

loopl:CDGH
CDGH

=CGH
loop2: CDGH
CDGH=CDH
loop3: CDGH
CDGH=DGH
therefore:
Wo (Typ) =CGH+CDHA+DGH
=H(CG+CD+Dg) (9)
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What is displayed in column T depends on the position of
a panel mounted switch. By inspection of Fig. 51 it can be
seen that column T can be defined by G H. For the time
being it will be stated that when G H exists 1s have to be
written in T and when G H exists 0s have to be written
in To. For the record:

W, (T.) =GH (10)
Turning to column Ty. The as yet unexplained variable Z
decides whether a 1 or an 0 is to be displayed in any
particular position in column Ty Tj itself can be defined,
by inspection of Fig.51,as G H. Therefore:

W, (Ty) =Z G H (11)
The complete W, equation can now be assembled from
equations (7), (9), (10) and (11):

W,=THCG+CD+DG) +"GH" + ZG H]

+KZ (12)
Notice that the Truth table (T) control signal has been
introduced into this equation.

It can be shown, using exactly the same methods as
above, that the equations for W, are as follows (their deri-
vation being left as an excercise for the reader):

W, (T,g) =H({CD+CG+DGQG) (13)
W, (To) ="GH" 14)
W, (Tg) =ZGH (15)
therefore:
W, =T[HCD+CG+DG) + "GH" +Z G H]
+K2Z (16)

The circuit that will produce the discussed W4 and W
functions is shown in Fig. 52 and may now be constructed
on board five. The following points regarding this circuit
are brought to the reader's attention. The circuit does not
produce either the Karnaugh or the T terms of the W,
and W, equations. These are produced as another board
and fed in on P17/B5 and P18/B5 (see Fig. 46).

The wiring on this board is a little tricky because of
the large number of wires; however, as long as great care
is taken, no real trouble should be experienced. Some of
the board socket pins have been duplicated to avoid having
many crossing wires confusing the drawing. As before the
white letters in black circles refer to the equations above.
After the board wiring has been completed the inter-socket
wiring is carried out as indicated.

Testing the W, and W, generating circuits

Temporarily connect P16/B5 to P17/B5 (coupling the

W, signal to the 0 character generator) and P18/B5 to
P19/B5 (eoupling the W, signal to the 1 character genera-
tor). Also connect a length of wire to P15/B5;this could be
terminated in a crocodile clip, the other end of which is
attached to the OV line (simulating Z).

Switch everything on. Columns T ,g should display the
pattern of Os and 1s shown in Fig.51. Column T g should
remain blank and column Ty should contain all Os. Dis-
connect the lead to P15/B5 from earth (simulating Z).
Column Ty should now contain all 1s. This test assumed
that the probe had not been disconnected from P23/B5.

Again, in the event of trouble, use the probe to trace
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back through the circuit. There is so much wiring to be
done in this instrument that the constructor can really
congratulate himself if he gets through it without a mis-
take; the writer didn't! A wiring mistake can give very
peculiar results,or,of course, nothing at all. Leave all
temporary connections as they stand as the same wiring
will be required for tests after the next stage in the con-
struction.

Adding the T signal

The circuit for providing the T part of the W, and W,
equations is shown in Fig. 53 and is built on board six.

A single-pole three-way test-switch is used to select all
0s,all 1s or nothing at all for column T¢. The reason for
placing the G H and G H terms in earlier equations in
inverted commas can now be seen as in reality they are
not strictly correct. T¢ functions are provided by switch-
ing G H between the 1 and 0 character generators.

After all necessary wiring has been done the circuit
should be checked. This is done using the same test cir-
cuit as before and ensuring that the switch will produce
all 1s,all Os or nothing in column T.

Disconnect the temporary links between P16/B5 and
P17/B5,and P18/B5 and P19/B5, leave the rest of the cir-
cuit as it is.
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Fig.52 The circuit for obtaining the Truth table part of the Wy
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Fig.53 The circuit for addressing column T¢

www.americanradiohistorv.com


www.americanradiohistory.com

374

Adding control signals

The next stage is to add the missing Karnaugh term to the
W, and W, equations and the Venn term to the video
equation. At the same time the V,K and Z control signals
are added.

The additional circuits are shown in Fig. 54. The
Woout signal from board five is only the Truth table sec-
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(right) Fig. 57 Deriving the expression for A,
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tion of the W, equation so this is gated with the Truth

table control signal T. This is OR gated with K Z (equa-
tion (7)) to form the complete write 0 equation (W, in) at
P21/B6. In the same way the Karnaugh term K Z (equatior-
(8)) and the Truth table and Karnaugh control signals are
combined to form the composite W, signal available at
P22/B6. The V Z term from the video equation is also
produced in this circuit and is available at P23/BS8.

To test this circuit three single-pole change-over
switches are required to provide the control signals. One
of these switches also performs the function of the Venn
switch that has been used in the circuit so far. The
switching circuit is shown in Fig.55. With the switches
in the positions shown the instrument would be operating
in the Truth table mode because the K and V signals are
at earth potential. Note that one switch controls the dians
as well as producing the V control signal.

Complete the wiring shown and when interconnecting
P15/B5 with P4/B8 (Z) provide a flying lead terminated
in a crocodile clip to either of these pins. Connect the
clip to OV. Place the control switches in the positions
shown in Fig. 55 and switch-on the various power supplies.

A Truth table should be displayed with the Ty column
displaying all 0s. Disconnect the crocodile clip from
earth; the Ty column should now contain all 1s; reconnect
the clip to O0V. Check the operation of the switch con-
trolling column T and ensure that this operates as before.
Operate the Truth table control switch to connect T to
earth and open the Karnaugh switch. A pattern of sixteen
0s should be displayed. Disconnect the crocodile clip
from OV and now the display should contain all 1s. At this
stage there is no point in operating the Venn switch as the
Venn circuits are still incomplete.

It can now be seen that the whole nature of the display
hinges on the presence or absence of the as yet unex-
plained signal Z.

Most readers who have followed this series of articles
carefully will have deduced where Z comes from. Fig. 56
tells the story. The signal Z is the output of the external
logic to be displayed which can be any logic circuit or
even a single gate. The inputs to the external logic circui*
are the output variables of the display aid which are
called A,, B, C,, and D,.

In the Karnaugh mode the Karnaugh variables, designa-
ted Ay, By, Cy and D, are decoded from the code conver-
ter outputs and become the output variables (Ao, By, Cy
and D,) under the influence of the control signal K. In the
same way the Truth table variables, Ay, By and Cq, and the
Venn variables Ay, By and Cy are decoded from the code
converter outputs and used as output variables under con-
trol of the T and V control signals.

With this knowledge we can write the equations for the
output variables:

Ao = KAy + TAp + VA, (17)

By, = KBy + TBg + VB, (18)

Co =KCg + TCy + VC,, (19)

Dy = Dg (20)
Forming A,

Referring to Fig. 10(a) it can be seen that the area occu-
pied by Ay is a horizontal section across the centre of the
map. Examining Fig.42 will show that this area of the
map can be addressed by C. C is true for this whole area
and is not true for all other areas, therefore:

Ay=C (21)

This can be demonstrated on the circuits that have been
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constructed so far. With the instrument in the Karnaugh
mode the flying lead that was connected last month to
P15/B5 and P4/B8 can be connected to the code converter
output C on P4/B3. Under these conditions the first hori-
zontal row of the map should contain all Os, the next two
rows should contain all 1s and the last row should con-
tain all 0s. The 1s show the area of the map where Ay is
true. Disconnecting the flying lead from C and reconnect-
ing it to C on P3/B3 will reverse all 0s and 1s on the dis-
play showing the area where Ay exists,because C = A,.

No additional logic was required for form A, this
applies to all the Karnaugh variables. This is to be ex-
pected as our matrix-raster is really Karnaugh map.

The next term in the A, equation (17) is the Truth
table variable A (Ap). It will be recalled, in fact it can be
demonstrated on the circuits built so far by switching to
the Truth table mode, that the display in the first three
columns; T,, Ty and Tg;is fixed and that we only require
the variable Z in the result or T, column. Because of
this it is only necessary to allocate areas for the variables
in the Ty column. It should be remembered also that the
Ty column was addressed by GH, a fact that can be veri-
fied by examining Fig. 51, It would-also be true to say
that Ap exists in Ty in any position that corresponds to a
1in T,. A Karnaugh map for the solution of A} is shown
in Fig. 57. The 1s are placed in the same position in
column Ty as the 1s appear in column T, of the Truth
table; compare Figs. 51 and 57 to see this.

As the two 1s fall in adjacent squares the terms can be
combined to give:
Ap = CGH (22)
The most difficult variables to produce are those for
the Venn diagram. The position of Ay on the matrix raster
is shown in Fig. 58. Various areas of this circle have been
looped so that the expressions can be derived in a similar
manner to that of a Karnaugh map. Because the output of
the code converter was only given a unit distance property

over pairs of outputs, in Fig. 58, adjacent 1s will not
necessarily combine.

Taking loop 1 first. In the Y axis it can be seen that
this corresponds to CD and in the X axis to G. Therefore:

A (loop 1) = CDG (23)

Loop 2 is in two sections with a common X address but
with separate Y addresses. In the X axis four terms are
involved:

EFGH
EFGH
EFGH
EFGH
These four terms can be combined in pairs as each pair

only differs by one variable, these are shown looped in
Fig.58. In the X direction then:

Ay(loop 2.X) = FGH + FGH

The Y terms, for loop 2, again there are four of them, can
be combined in pairs in the same way to give:

A (loop 2.Y) = BCD + BCD

The composite equation for loop 2 can now be written as
the AND of the X and Y terms in the normal way:
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A,(loop 2) = (BCD + BCD)(FGH + FGH) (24)
Loop 3 encompasses four points in the matrix-raster
which can be addressed by two Y terms and two X terms,
no simplification is possible. Therefore:

A(loop 3) = (ABCD + ABCD)(EFGH + EFGH) (25)
The complete solution for Ay is the OR of the terms for
the three loops,i.e. (23) + (24) + (25):

Ay = CDG + (BCD + BCD)(FGH + FGH) +

(ABCD + ABCD)(EFGH + EFGH) (26)
We now have enough information to form the complete
equation for Ay. This is done by substituting equations
(21), (22) and (26) into the A, equation (17):

Ao = KC + TCGH +
V[CDG + (BCD +BCD)(FGH + FGH) +

(ABCD + ABCD)EFGH + EFGH)] 27

Forming Bg,

The explanation for forming A, applies equally to B, only
the equations are different. For the Karnaugh variable
By compare Figs.10(b) and 42. From this it can be seen
that:

By =D (28)

For the Truth table, By, the area covered in Ty corre-
sponds to the positions of the 1s in Tg. Examination of
Fig. 51 will show that:

Br = DGH (29)

The position of Venn circle B on the matrix raster is
shown in Fig. 59. The whole section through the centre of
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Fig.58 Deriving the expression for Ay
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this circle (loops 1 and 2) is covered by a single Y
address. The X address of loops 1 and 2 can be combined
into three terms as shown in Fig. 59:

By(loops 1 and 2.Y) = CD
and:
By(loops 1 and 2. X) = FGH + GH + FGH (30)

Loop 3, which has two parts, is covered by a single X
address and a two Y addresses, as follows:

By(loop 3) = GH(BCD + BCD) (31)

The remaining loop, 4, requires two Y terms and two X
terms:

By(loop 4) = (ABCD + ABCD)(EFGH + EFGH) (32)

The complete B, equation is formed by the OR of the four
loops:

By = CD(FGH + FGH) + GH(BCD + BCD + CD) +
(ABCD + ABCD)YEFGH + EFGH) (33)
The final equation for B, becomes:
Bo = KD + TDGH + V[CD(FGH + FGH) +

GH(BCD + BCD + CD) +
(ABCD + ABCD)(EFGH + EFGH)] (34)

Forming C, and D,

The output variable C, is formed in exactly the same way
and it can be shown that:

Cy=G (35)

C,=GH (36)
and that (referring to Fig. 60):

Cy(loops 1 and 2) = CD(FGH + GH + FGH) (37)

Cy(loop 3) = GH(BCD + BCD) (38)

Cy(loop 4) = (ABCD + ABCD)(EFGH + EFGH) (39)
therefore:

Cy = CD(FGH + FGH) + GH(BCD + BCD + CD) +
(ABCD +ABCD) /EFGH + EFGH) (40)

The final C, equation becomes:

Co = KG + TGH + V[CD(FGH + GH + FGH) +
GH(BCD + BCD) +
(ABCD + ABCD) (EFGH + EFGH)] (41)

It is important to note that the Y terms in the B, equa-
tion are identical to those in the C equation—a fact that
is made use of in the circuit design.

Finally by inspection of Figs. 10(d) and 42 it can be
shown that:

Do =Dy =H (42)
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Figs. 61, 62,63 and 64 show the logic diagrams for
forming the Truth table and Venn output variables which
may now be built on the boards indicated and the appropri-
ate inter-board wiring can be carried out. The Karnaugh
variables are, of course, direct connections to the code
and converter and are not made at this stage.

Next month: Testing the variable forming circuits; more
control logic.
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Personalities

Colin H. L. Goodman, M.A, B.Sc.,
Fnst.P, has been appointed
visiting professor in physics at Chel-
sea College of Science and Techno-
logy, University of London. Mr.
Goodman, who is 42, has been with
Standard Telecommunications Lab-
oratories, Harlow, Essex, since
1960 and is head of the Materials

C. H. L. Goodman

Synthesis Department. He also acts
as a general consultant to the labora-
tories on problems connected with
electronic materials. The aim of the
appointment, the first of its kind
from S.T.L, is to bring industrial
experience to university affairs in
general. As well as lecturing in his
specialist subject—the preparation
and physical properties of materials
used in  electronics—Professor
Goodman will also supervise some
of the post-graduate work and act
in an industrial advisory capacity.

Eric Willis-Jones, B.Sc. {Eng.),
M.LE.E,, chairman of Thorn Auto-
mation Lid, has been elected chair-
man of the B.E.AAM.A. Industrial
Control and Electronics Board. Mr.
Willis-Jones received his ininal
training with the Metropolitan-
Vickers Electrical Company and,
after various appointments with
A.E I, became managing director of
GE.C-AEIl. Control and Recti-
fiers. He joined the Thorn Group in
August last year and is also deputy
chairman and managing director of
Avo Ltd., and Taylor Electrical In-
struments Lid., both of which are
in the Thorn Group.

Robin Davies, M.A,, of the B.B.C.
Research Department, inventor of
the field-store television standards
converter, has been nominated to
receive the S. G. Brown award and
medal for 1969. The award is given
annually by the Royal Society
(jointly with the Institutions of
Civil, Electrical and Mechanical En-
gineers). Mr. Davies, who is 34 and
a graduate of Merton College, Ox-
ford, has been with the B.B.C. since
1958 having previously spent two
years with Decca Radar. He recent-
ly received the Pye travelling schol-
arship, worth 1000 guineas, plus a
trophy “for the most significant
technical contribution during the
year to the development of colour
television”. He described the stan-
dards converter in our January
1969 issue.

R. A. Smith, CB.E,, F.R.S,, princi-
pal and vicechancellor of Heriot-
Watt University, Edinburgh, has ac-
cepted an invitation to join the
board of Hewlett-Packard Lid as a
part-time director. Dr. Smith gradu-
ated at Edinburgh University in
1930 with the degree of M.A. in
mathematics and natural philosophy
and obtained a B.A. degree at Cam-
bridge University in 1932. Follow-
ing three years research at the
Cavendish Laboratory, Cambridge,
he was awarded the degree of Ph.D.
in 1936. Dr. Smith was Carnegie
Research Fellow at St. Andrews Uni-
versity for two years. Then, after a
short period as lecturer at Reading
University, he joined, in August

Dr. R. A. Smith

1939, the Telecommunications
Research Establishment (later the
Royal Radar Establishment) for
work on the development of radar,
becoming head of the Physics De-
partment there in 1945. He was
appointed to the chair of physics at
the University of Sheffield in 1961
and the following year was appoint-
ed to the chair of physics at the
Massachusetts Institute of Techno-
logy and director of the Center for
Materials and Science and Engineer-
ing at the Institute. He has been
principal and vice-chancellor at
Heriot-Watt University for the past
year.

R. M. Glaister, B.Sc., Ph.D,
Alnst.P, recently joined ERG-
A.CI Ltid, as general manager of
their Maryport, Cumberland, elec-
tronic components manufacturing
plant. The company, a manufactur-
ing division within ERG Industrial

Dr. R. M. Glaister

Corporation and jointly owned with
American Components Inc., is en-
gaged primarily in the manufacture
of precision metal film resistors. Dr.
Glaister, lately chief engineer of the
S.T.C. Microwave Transmission
Group, graduated at Bristol Uni-
versity where he also carried out
research on barrier layer dielectric
capacitors to obtain his doctorate.
Before joining S.T.C. he was in
charge of electronic materials de-
veloped at G. V. Planer Lid.

C. Thompson, Ph.D, B.Sc,
F.LE.E, assistant general manager
of English Electric Valve Co. since
1962 has been appointed to the
board. After graduating from
Liverpool University, Dr. Thompson
served with A./A. Command before
becoming a senior scientific officer
at the Telecommunications
Research Establishment, Malvern,
in 1942. He joined E.E.V. in 1945
as engineer in charge of microwave
tube production, and was manager
of the Radar Tube Division from
1956 w0 1962. E.E.V. also an-
nounces the appointment of R. H.
Decighton as a director and com-
mercial manager. Mr. Deighton
joined the Marconi Company in
1930, becoming chief of sales of the
Aeronautical Division in 1945. He
moved to the Central Division in
1951, becoming manager in 1954.

www.americanradiohistorv.com

Wireless World, August 1969

Two years later he became com-
mercial manager of E.E.V. and was
appointed to the board of E.E.V.
(Canada) in 1962 of which he has
been president for the past year.

Dennis Ward recently resigned his
post as manager of EM.I. Sound
Products and has joined the board
of B & W Electronics, of Worthing.
Mr. Ward has for the past 15 years
been almost exclusively concerned
with the design and production of
high-quality loudspeaker units at
the EM.I. Cae Mawr Factory,
Treorchy.

BIRTHDAY HONOURS
Among those honoured by HM.
The Queen in her Birthday Hon-
ours list ate:

Knight Bachelor
Raymond F. Brown, OBE.,
Comp.lER.E,, joint founder of
Racal Ltd of which he was chairman
until his appointment by the Gov-
ernment in 1966 as Head of Defence
Sales.

C.B.
Professor J. H. H. Merriman,
OBE, MSc, FILEE, senior

director of development at the Post
Office, and recenily appointed
visiting professor in the Department
of Electronic Science and Telecom-
munication at the University of
Strathclyde, Glasgow.

C.B.E.
Brigadier J. L. Dobie, B.Sc,
M.LE.E,, late Corps of R.EM.E.
A. H. Reeves, senior principal
research engineer, Standard Tele-
communication Laboratories, who
invented pulse code modulation.

O.B.E.
Lieut.Col. F. D. Williams,
B.Sc.(Eng.), M.LE.E., Royal Corps
of Signals.
H. Surtees, M.Sc, managing
director, Elliott-Automation Space
and Advanced Military Systems Lid.
Miss Rosina Winslade, an assis-
tant secretary to the Council of
Engineering Institutions, who re-
ceives the award for “services to the
Women’s Engineering Society” of
which she was president from
1965-7.

M.B.E.
J. C. Gallagher, head of relays and
links, Transmitter Planning and In-
stallation Dept., B.B.C.
E. C. A. Haviland, chief de-
velopment engineer, Marconi In-
struments Lid.
O. B. Kellett, F1E.RE,, regional
wireless engineer, Home Office.
C. J. Macpherson, B.EEM,, assis-
tant executive engineer, G.P.O.
F. A. Messenger, radio officer,
Eastern Region, British Railways
Board.

1.S.0.
P. A. Hibberd, principal scientific
officer, Royal Radar Establishment,
Malvern.

B.E.M.
G. E. A. G. Barrett, senior scien-
ufic assistant, Radio and Space
Research Station, Slough.
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STAR performer

20 good reasons why
STAR UHF Mobile Radiotelephone

Is the best radiotelephone
in the world

% Elegantly styled. * Meets world-wide specifications
% Designed for safe use in vehicles. % 25 kHz and 50 kHz channel spacing
% Excellentrange and penetration of built-up areas. % Printed UFH transmitter circuitry.
% Crystal-clear speech quality. % Transmission line coupling of power transistors./
* Noise cancelling microphone. % Solid-state antenna change-over switching.
% No ignition noise. % Helical tuning coils in receiver. V4
% Very low battery drain. % Quartz crystal filter. /7
% Simple installation and removal. % Quartz crystal discriminator. //
Jk Anti-theft catch. % Integrated circuits. AR
* High reliability. * Fully solid-state. P AN
o8

/fb (\b?'\?&Q\/ «

STC Mobile Radiotelephones Ltd., New Southgate, London N.11. /7 NS
Telephone: 01-368 1200. Telex: 261912. P4
7O S
2 S 55®
7 E TR

S
/ =R Mobile Radiotelephones

_t&_____—__-____
WW-—090 FOR FURTHER DETAILS
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For programmes
that emphasise performance

...MONOBLOC CERAMICONS
BY ERIE ELECTRONICS

Monolithic Ceramic Capacitors that offer up to
100 times the capacitance-to-volume
ratio of conventional components.

Specified by performance-minded
engineers wherever space is at a premium . ..
in Aerospace ... Computers. ..
Communications. .. Instrumentation.

% Volumetric efficiencies up to 380 uF/cu. in.
¥ Capacitance range, from 10 pF to over 1 uF
¥ Tubular or rectangular types (axial or radial leads)

The technique: thin ceramic films and platinum electrodes
fused into a solid layered structure.

The result: an inherently stable dielectric,

. . : resistant to the most severe environmental
¥ Phenolic coated, glass encased and moulded types ELECTRONICS [EESNNCIT

% Unencapsulated chips for hybrid I.C.’s LIMITED
% Special printed circult types

¥ Up to 200 Vdc. working

% Operating temperature —56°C up to 150°C

% Erle manufacture Monoblocs in Great Britain |
WW—091 FOR FURTHER DETAILS

Send today for the 12 page,
detailed brochure.

ERIE ELECTRONICS LIMITED

Great Yarmouth, Norfolk.
Telephone: 0496 4911. Telex: 97421.

o il
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Circuit Ideas
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—
2K 005K
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Driver amplifier for pen

recorder

The construction of a direct-writing electro-
cardiograph called for a battery-powered
amplifier to drive a moving-coil centre-zero
pen recorder with a full-scale deflection of
+260mA from d.c. to 100Hz. The General
Electric PA237, with a peak current output
of over 500mA (2 W into 15 £2), made design
easy.

The balanced input from a d.c.-coupled
pre-amplifier drives the long-tailed input
pair, matched for /ipg at 1.2mA collector
current, to provide a balanced drive to the
inverting inputs of the pair of PA237s. The
non-inverting inputs are set at 1.55 volts by a
potential divider. The pen recorder is
bridge-connected across the two i.c. outputs,
the RC bypass on each being prescribed by
the manufacturers to prevent oscillation.
Further capacitors are required across the
collector loads of the input pair for the same
reason, and also to provide high-frequency
roll-off. Balanced negative feedback to the
emitters of the input transistors-ensures line-
arity and sets gain.

Pin 3 on each ic. is provided so that the
external load resistor of the amplifying stage
can be boot-strapped to the output for maxi-
mum positive voltage swing when used as an

audio amplifier, and this is not feasible in

d.c. applications. However, a pair of zener

diodes of suitable voltage rating here, limit

the positive output voltage swing in each i.c.
The preset long-tailed pair emitter resistor

sets the output voltage to a mean of 4.5V,

allowing a positive swing to 6.5V, and a

negative fall to 2.5V.

G. B. C. HARROP,

Leeds 16.

+6V
\
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Low current silicon diodes
and almost any
silicon switching transistors

6V,0:04A

Test: 4-7k
‘1" (orOV) =B on
‘0" (or +6V)-Aon B
o/¢c — both lamps on 6V,0-04A
ov
Logic tester Test probe

Simple logic tester

This logic-level tester indicates the presence
of 1 or 0 in any logic system. It will also
indicate the absence of either, i.e. an open
circuit. Although primarily intended for
static state testing it will indicate pulse
waveforms of reasonable duration, say,
100ms or more—and, of course, repetitive
waveforms such as the output of multi-
vibrators. The circuit was developed for a
+6V system using negative logic but can be
adapted for any other system.

R. WILLIAMSON,

Norwich.

Motor control circuit with
200:1 speed range

In this circuit the motor driving voltage is
made proportional to the difference between
the control signal and the back e.m.f. of the
motor. The latter are kept nearly equal and
the small difference is amplified to drive the
motor. The motor winding, of resistance
Ry, 1s connected in one of the
arms of a bridge (R, R,, Ry, Ry). If R,=Ryp
and R,=R, a voltage proportional to the
back e.m.f. appears across the bridge'. A
speed range of at least 200:1 has been obtained
using an Ether type 950A motor with an
armature resistance of 40 £2and rated at 2.5V.
V. B. GERARD,

Dept. of Geodesy and Geophysics,

University of Cambridge.

1. Butterworth, H. M., “Speed control of d.c. model
motors”, Wireless World, Sept. 1967.

Motor control circuit 10V

56k %680

[

Trg
BC109

t

Motor
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

Long-distance TV reception

On 30th May, I witnessed a phenomenon
which I thought to be impossible. Reception
of BBC-1, Channel 3, was badly distorted by
foreign interference. By 19.20 GM.T. the
sound was swamped by a French station and
the picture began to fade at intervals into a
faint suggestion of another picture.

I tuned into other channels to check
interference. On Channel 5, reception of
French sound was perfect. On Channel 2,
the impossible happened. A perfect picture
was obtained of Tele Soir, the only abnor-
mality being a double picture, side by side.
The contrast at the peaks was better than
normal BBC-1. We waiched the French News
for ten minutes (General de Gaulle’s holiday
being prominent) and then watched election
speeches intermittently unul 20.00. The
sound was heard either by retuning Ch.2,
or changing to Ch.5.

At 20.00 hrs, I went to fetch tools to
realign Ch.2 to receive both vision and
sound together. When [ returned, the
picture had disappeared because of swamp-
ing by Spanish sound!

First, we are 500 miles from the nearest
point of France, and over 800 miles from
Spain. Secondly, I understood that French
TV uses negative modulation, but the tech-
nical editor of this journal informs me that
the signal probably originated from one of
several 20-kW “1st Programme”’ transmitters
in the north of France. These transmit with
positive modulation on 819 lines which is
near enough double our 405 lines to lock
the line timebase on a British receiver. This
type of freak picture reception from France
has been reported on several occasions in the
past, but I have not heard of such great
distances as were involved in this case.

For interest, the set is HMV 2614, and the
aerial a Bands 1 + 3 modified Yagi aligned
228° true. I should be pleased to hear the
comments of other readers, and their ex-
periences of freak reception.

J. E. ScoTT,
Lochgilphead,
Argyll.

Who'’s to blame?

Mr. W. R. Seymour in his letter (July issue,
p. 335) makes a valuable point by high-
lighting the paradox of the inexpensive
bookshelf speaker calling for a costly
amplifier to drive it satisfactorily.

The impedance/frequency curve of the
speaker in question is by no means atypical
as may be ¢onfirmed from any textbook on
loudspeakers. Nevertheless, such speakers
can be satisfactory in use since the increases
in impedance are allied to increases in
efficiency resulting in a smooth frequency
response under constant voltage drive
conditions.

At first glance it appears that a simple
10-W amplifier should suffice, the drop
in delivered power at the frequencies in
question being compensated by a corres-
ponding increase in speaker efficiency.
Unfortunately, many amplifiers rely on large
quantities of feedback, both negative and
positive (through the bootstrap circuit)
to achieve low distortion, and such feedback
is derived from a common point with the
speaker. A rise in speaker impedance results
in an abnormal amount of signal being
injected intd the feedback lines. This,
together possibly with fluctuations caused
in the h.t. rail, results in serious degradation
of the sound.

The customary commercial answeristodrive
bookshelf and other low-sensitivity speakers
from amplifiers having considerably more
power than the 10-W specified, since speaker
load vagaries have little influence on an
amplifier running at a fraction of its nominal
rated power.

In the light of the above considerations we
must apportion blame to any loudspeaker
manufacturers who fail to make clear the
loading imposed by their speakers and to
amplifier manufacturers who fail to make
clear the limits of acceptable load.

I. G. ABELSON,
Southgate,
London, N.14.

Classification by ability

Mr. Ibbotson’s article “Are We Wasting
Brain-power?” in the July issue was interest-
ing and his suggested remedies to the exist-
ing system (or lack of system) would go a
long way to clean up our ‘“‘present system of
labelling™.

It is desirable that a system is not orga-
nized that favours students taking their
degree on a full-time basis at a certain period
of their lives, i.e. before entering employ-
ment. It is also important that the student
has some control upon his rate of progress
which ideally will be self-governed by his

www.americanradiohistorv.com
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innate ability. Both these criteria can be
achieved by setting up a system which is a
natural extension of the G.C.E. Courses
could be put on by polytechnics, colleges of
technology, etc., in specialized subjects at
various levels and the student awarded a
pass certificate in that subject at the end of
the year if he has satisfied the examiners
practically, orally and by examination. The
work that has been carried out by the
student and the examination would be as-
sessed by a central body whose function is to
maintain, as far as possible, the same level at
the various colleges.

In order to obtain a degree in a certain
field the student would be required to ob-
tain a series of certificates, the subjects and
levels of which would have been previously
decided upon for the particular degree.

This system would have the advantage
that pressures would, 10 a certain extent, be
removed from the students at examinations
since a fail in one subject would no longer
mean the possibility of wasting several years’
work. I cannot see any virtue in making it
essential that the student reaches the final
level in all subjects simultaneously. Full-
time courses could be pursued as usual
with all the well-known advantages offered
by them. Organized evening courses for the
more mature student, however, would not
be difficult to arrange. The student would
have control over the rate at which he
amasses the necessary certificates depending
upon his capabilities and time available.

It is surprising that such a system has not
been developed through the CN.AA. as it
would give equal opportunities to study for
a degree, the main criterion being en-
thusiasm and drive.

In a technologically advanced country
that depends so much upon its industry for
survival it is essential that a degree-awarding
system is set up that will make development
of the existing brain-power attractive, enjoy-
able and available to all.

J. R. HIPWELL,
Chelmsford,
Essex.

Surely we all know that if observed over a
large population, “intelligence” has a
continuous  “‘normal”  distribution (Mr.
Ibbotson’s article, July p.302). But a univer-
sity class is a smallish sample taken from
the upper end of this distribution; and
therefore although we may find any value
of ability drawn from the continuous
distribution we shall probably find gaps in
any particular class. Nonetheless the division
between ‘“‘honours” and ‘“‘pass” is a diffi-
cult one and for this reason is often left

wuntil 200 late in the course. So am I among

those who are excessively eager to classify
students? No, not to classify for its own sake,
but I am anxious to recognize as soon as
possible how to give each student the most
appropriate education which is available.
I maintain that a ‘pass” degree which
really means ‘“failed honours” does not
indicate that the graduate has received a
useful education: instead of struggling
with mathematical and abstract concepts
which in the end he failed to master, that
student should have been following a more
limited and practically biased curriculum
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which he could have mastered and so
obtained an honest “ordinary” (ie. not
honours) degree. Should such a curriculum
be provided in universities? 1 think it
should because the alternatives are
unacceptable in the present climate of
opinion: either one excludes from the
universities all who might possibly fail to
achieve honours (and so excludes many who
would in fact succeed), or one throws out
of the university all who fall below honours
standard. Unless prepared to go to one of
these extremes, one must have a ‘‘pass”
course in the university as a safety net.

If the marks of two candidates differed
by only 1%, one would be reluctant to
give one of them a Class II(i) and the other
a II(it); but as long as classes are not so
large as to make the distribution of marks
statistically smooth, one stands a good
chance of having gaps at about the right
place to form boundaries of the different
honours classes. But in spite of all that is
said about lack of objectivity, one can in
practice recognize outstanding ability and
the corollary is that one should give no
firsts if the candidates at the top of the
lists are not good enough, just as it is
generally accepted that prizes for literary
or architectural competitions should be
withheld if no entry of sufficient merit is
submitted. Such judgments on a supposedly
absolute scale are often distrusted; but
university science degree classifications
are based on the combination of quite a
number of carefully monitored assessments
of examination papers, course work,
practical work, etc., and are by no means
as subjective as is often suggested.

Finally there is the question of the
attitude of the Engineering Institutions to
the H.N.C. I used to be very sympathetic
to the HN.C. man (or woman, if there be
such) but I am not so sure now. In addition
to the old London External B.Sc. we now
have the C.N.A.A. B.Sc. and are promised
that there will be degrees from the Open
University. With so much provision will
there be any reason for the man or woman
who has sufficient ability to gain a degree
to go without one?

D. A. BELL,

Department of Electronic Engineering,
The University,

Hull.

Amplifier efficiency

Mr. Abelson’s amplifier (“‘Letters”, June
p. 274) is essentially an active device in series
with a 158 resistor R, and a capacitively
coupled load R;. The circuit essentials are
shown in Fig. 1.

The active device has two limiting con-
ditions (a) it can bottom (full on in Abelson’s
circuit) (b) it can cut off. If the bias point is
Vpe» then the bias current is Ipc=Vs—Vpc

R
Thus if the transistor switches off, the
capacitor (charged to Vpc) will oppose the
supply voliage and the instantaneous output
voltage will be (Vs—Vpc) R, . This

R+RL

Fig. 1 (below)

represents the maximum positive output
signal if the charge on the capacitor stays
nearly fixed (as it is meant to). The maximum
negative output voltage is —Vpc if the
transistor bottoms cleanly. One can see that
the maximum voltage swing (and hence
power output) is obtained when the two
limits are of the same magnitude, or else
clipping of the signal will occur prematurely.

Thus we have Wye=(Vs—Vpc) KL
R+Ry
ve_ Rt
R+2RL
phase angle (such as a loudspeaker) the

analysis can be suitably generalized to give
Vpc=Vs [/Z/  where /Z/ represents the

R+2/Z/
magnitude of load impedance. The minimum
load impedance of a speaker is usually close to
its d.c. resistance and this value gives the most
useful criterion for Vpc.
For maximum efficiency, we must cal-
culate power developed to quiescent power

If the load has an arbitrary

dissipated. The dissipated power s
IpcVs=(Vs—Vpo) Vs
R
- Vou' _Vbc
The power developed is R, 2R,

Letting R= » Riwe can show, using the
earlier formula for the optimum bias point,
that theefficiencyisgivenby n-——t———
20+2) (v +1)
and_a little bit of calculus shows that ¥

2 gives a maximum efficiency. For Mr.
Abelson’s conditions the average power output

is | (16) lL—r 64 watts ( ~ 2 watts) but my
L 1s+1s] 30

design gives about 3 watts with just slightly
less total dissipation and considerably less
heat sink need be used. The bias points to
the driver may need alteration and a simple
bootstrap to the bias chain would be required
for the higher swing.

Several other features of Mr. Abelson’s
amplifier can be improved. The first stage
has a large relative current variation and a
small (472 emitter resistor, which causes
considerable distortion (see W.W. July 1968
p. 228). This distortion will of course disap-
pear rapidly at lower levels, so that on
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programme very litile distortion is heard.
Secondly, the BC119 may have some hrE
variation with current, which will lead to a
rectification shift in the bias point at large
signal level, because the bias resistors are
high for the chosen bias current. Why not
d.c. couple the driver to the output? A
schematic of a circuit that I have built and
tested is given in Fig. 2. The measured out-
put voltage just before symmetrical clip-
ping is 6.65 volts r.m.s. into a 15 resistive
load (2.95 watts). The bias point for highest
undistorted output power is 24 volts across
the 22 £ resistor, in excellent agreement
with the theory.

JOHN VANDERKOOY,

University of Cambridge

Amplifier input sensitivity

I have just realized what is an idiotic error
in my article in the June “Amplifier
Supplement”, and one so elementary that
teaders may feel justified in questioning my
sobriety at the time of writing it. I can only
offer a feeble excuse, that of a rapidly
approaching deadline, the imminence of
which was no one’s fault but my own.

The second paragraph under the heading
“Input Sensitivity” was hastily conceived and
is inaccurate. My arithmetic, for example,
is quite wrong and any student will know
that to attenuate the output of a power am-
plifier rated at 20 watis, down to 10 watts,
the input signal voliage will be reduced by
a factor of 0.7 not by half as implied. The
remainder is thus reduced to muddled non-
sense and I can only hope that readers with
charity will overlook this aberration; I, in
turn, have been duly rapped over the
knuckles by my peers, and will remain in a
corner until the next issue, clad in sack-
cloth and with burnt ashes of the June
supplement upon my head.

REG. WILLIAMSON
Norwich,
Norfolk.

Cross-over distortion

I was very interested to read R. Williamson’s
survey in the June 1969 issue and can only
agree with his comments on cross-over
distortions at low output levels in quasi-
complementary class B output stages.
However, 1 was surprised to find from the
“Audio Amplifier Data” which followed his
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article that some manufacturers quote very
low distortion figures at the 10mW output
level apparently using the normal class B
quasi-complementary output stage without
modification. I would suspect that some of
these - manufacturers have not actually
measured the distortion at this level due to
the difficulties involved in measuring a 0.1%
harmonic content in 10mW, and that they
assume it must be at least as low as the full
power level distortion. Can these claims be
substantiated?

D. R. Ray,

Rochdale,

Lancs.

Aerial erection

We were ingerested to read the letter from
P. J. A. Innes on page 235 of your May
issue. We do, of course, supply our v.h.f./f.m.
aerials through our appointed distributors
to the retail trade and there should be no
difficulty for members of the public to
obtain their requirements from any local
dealer.

A dealer who does not stock these
aerials can, as a matter of course, always
obtain any particular model for his customer
through his wholesaler, but from Mr. Innes’
letter it appears in Essex, at any rate,
dealers are not very co-operative in this
respect.

We are asking our Area Managers and
representatives to report on the situation
as it exists in each area and as a matter of
policy we shall encourage local dealers to
stock, and if any member of the public has
any difficulty they should contact us direct
so that we can advise them of a good local
stockist.

R. STALLWORTHY,
Antiference Ltd.,
Aylesbury,
Bucks.

A balanced amplitude

modulator

The “Simple Amplitude Modulator” (Wire-
less World, March 1969, Circuit Ideas) was
used to obtain amplitude modulation with a
carrier of 30 kHz and a modulating signal
of 1kHz. The circuit was attractive, since
the use of transformers and tuned circuits
had been avoided. However, it was found

that, at the collector of 7r, in the said
reference, the output was a combination of
the modulating signal and the amplitude
modulated carrier. Since for the required
purpose the presence of the modulating
signal was undesirable, the following
modification of the circuit has been tried and
found useful. The circuit shown below has the
additional advantage that by avoiding the
use of the bypass capacitor C (of the circuit
given in the reference) it presents no restric-
tion regarding the relative choice of the
modulating and carrier frequencies. It is
however imperative that the difference
(carrier) signal between the collectors be used
to avoid the presence of the modulating signal.
P. E. SANKARANARAYANAN

and V. S. V. MAN],

Bangalore,

India

High-quality TV sound

Having read the letter from Mr. B. Pollard in
the June issue, I am appalled at his suggestion
of connecting the chassis of his television set
and his hi-fi equipment to the neutral of the
mains supply.

Consider what happens under fault con-
ditions. Suppose the neutral wire in the
television plug drops off or fractures. The
neutral return to the television is now via
the screening of the audio lead to the amplifier,
a fact which may not come to light for some
time. When the audio lead is pulled out of its
socket on the amplifier, full mains potential
will appear on the audio plug! It may be
argued that, to avoid earth, or should it be
neutral loops, the screening may be broken
at the plug. Nevertheless, in this case if
one of the neutral leads comes adrift, eitherthe
television chassis will become live or, worse
still, the audio amplifier, pre-amp, pickup and
turntable will dothe same!

Which ever way you look at it, the situa-
tion is potentially lethal. The safest plan is
an isolating transformer in the mains supply
to the television set. At a cost of around £5,
this cannot be said to be expensive compared
to the safety it brings with it.

With regard to the quality of reception, I
have found the main trouble to be vision on
sound in the majority of sets I have used. This
is generally of such low frequency as to be
inaudible on the internal speaker of the set,
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>
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but somewhat disconcerting on the . hi-fi
system.

Nevertheless, I must agree with your pre-
vious correspondents that the improvement
n quality is really worth the small amount of
effort and expenditure needed.

The most interesting effect I have noticed
is that the background music todocumentaries,
plays etc., which seems to bring forth the
wrath of so many people, falls into its proper
perspective when heard through good equip-
ment, whereas it appears very strident and
annoying on the built-in speaker. Perhaps
some of your readers have noticed this effect
aswell?

J. WEBSTER,
Critchley Bros. Ltd.,
Stroud,

Glos.

Sampling adaptor
I was very interested in the letter from Mr.
Bennée in the May Wireless World commenting
on the need for a sampling adaptor for use
with a 10 MHz oscilloscope.

Your readers may be interested to know that
AIM Electronics are the first British company
to design and manufacture a sampling adaptor
for use with any low-frequency readout device,
including oscilloscopes with diregt coupled X-
inputs (a.c. coupling causes some trace dis-
tortion). The instrument can be used to look
at signals up to 1GHz.

M. ]. HOLLAND,
AIM Electronics,
Cambridge.

Parameters and people

As one very much on the electronic fringe
—less than a tyro in hi-fi but concerned with
the provision of sound reinforcement with-
out benefit of Union card; and after reading
through hundreds of copies of W.W. over
the years with  diminishing  com-
prehension—I was delighted to be able to
read and understand “Vector” on organiza-
ton in the May issue. He has however
pointed in the wrong direction.

I have followed, mostly at a distance and
sorrowfully, the fortunes of many of the
“professional” or ‘“‘quasi-professional” groups
and have seen them one after another even-
tually reach similar conclusions to his on the
desirability of organization—but of the
wrong kind.

I have seen professional bodies sworn to
eschew trade union organization by their
constitutions, form parallel organizations
with trade union constitutions and regis-
tered as such with virtually the same mem-
bership. And others clinging to their voca-
tonal respectability until pressutes from
below force them into action. The Nurses?

I am with Vector up to and (dare I say)
including his statement that *. . . we were
stupid”’.

Why does he boggle at trade union?

Some do because of the cloth cap con-
notation—snobbishness in fact!

Some think, like Vector it seems, that
trade unions are synonymous with de-
marcation disputes; strikes; sending to
Coventry; affiliation 10 the Labour Party and
the like. The Union I serve (and have served
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for over 20 years in both honorary and paid
capacities) has suffered none of these and
there are many the same. Yet have not highly
respectable “‘trade unions” like the B.M.A.
(Professor Bell and Vector’s choice?)
threatened to boycott the Health Service;
bank employees and their managetrs taken
militant action; and did not (a good com-
parison?) electrical engineers come close to
abandoning their posts some years ago?

Vector dwells on the *‘latent power of the
electronics engineer” the application of
which would bring “complete chaos”; then
shies away at the prospect, however remote,
of a soldering dispute. He can’t have it both
ways nor need he. The main everyday
“power” of the tradé union (*‘Association” is
still more acceptable to many) lies in organ-
ization and all that follows not in redblooded
militancy. Unfortunately the Press (particu-
larly the “lay” section) blows up out of all
proportion the “silly”” disputes—these are, it
seems, news and, regretfully, many of their
readers want evidence that the trade unions
are wicked and at the bottom of all our ills.
Vector with me, recognizes there are other
villains. Meantime the enormous amount of
joint discussion and activity in industrial
and human relations which keep the wheels
turning (perhaps to an even greater effect
than electronics) go virtually unreported and
certainly unsung.

If Vector is right dabout the redundancy,
bewilderment, humiliation and sense of
grievance in the profession then there can be
no doubt that organization is urgently needed.
I have no doubt that for legal, technical
and particularly practical reasons trade un-
ion organization is the only answer. The
problems are not susceptible to the
ministrations of learned societies. Profession-
al standards; learned papers; libraries; re-
search and all that these societies undertake
so well do not fit them for the hurly-burly
involved in, for example, negotiations or in
bringing Parliamentary pressures to bear
—militant or otherwise. Indeed their voca-
tional pre-occupations may well, as hitherto,
militate against the approach necessary to
protect their members’ bread-and-butter in-
terests. There is a world of difference be-
tween dealing with parameters and dealing
with people.

Of course the learned societies (at least the
sensible ones) are not receptive nor would
they be. They are not equipped to deal with
the financial jugglers. They are more insular
(or snobbish in the nicest sense) than indivi-
duals. If they did “bite”” they would have to
form separate sections to deal with the prob-
lems. Any new section would certainly rep-
resent ‘“‘organization” (which I wouldstrongly
urge the enlightened to become) but it
would be inhibited and could do but half a
job.

1 have found some antipathies between
the “professionals” and the “technical” self-
styled elite on the one hand and the ‘“‘sales”
and “admin” types on the other in some
organizations and a learned society would
probably have similar built-in shortcomings.

Politics have not, I think, been raised but
all three political parties are on record as
recommending membership of trade unions.

If therefore your professional and techni-
cal readers want to have some say in their

futures, bread-and-butter wise, I urge them
to “get organized” and, in the absence of
anything better, in a trade union.

My guess is that the up-the-ladder bri-
gade; the shortsightedly ruthless (as is the
financial juggler); the politically right; and
the don’t knows provide sufficient inertia to
stop any movement before it starts. If so
then, like Vector, may they have the grace in
due course to admit it—*‘we were. stupid”’.
ENIBAS.

Full cycle thyristor firing

In the review of the Physics Exhibition (May
issue), we were particularly interested to read
about the work done by Derby & District
College of Technology using binary logic
systems for triac ¢ontrol.

Your readers may like to know that we
demonstrated a control system of this type at
the E.D.A. Exhibition in Brighton last year,
and our demonstration alsoincluded automatic
protection against failure of the triacirrespec-
tive of whether the failure occurred whilst in
use or out of use.

Patent applications were filed some time ago
on binary and other more complex systems,
bearing in mind the possibility of association
with computer operation.

G. R. SHEPHERD,
Diamond H Controls Ltd,
Norwich,

Norfolk.

Sterile symbology

I was interested in the letter with the above
heading in your July issue (page 335), and
whilst in general I find myself in agreement
with Mr. Green, I cannot agree with his
interpretation of symbol 22.6.8. Having
been trained as a power engineer, this to me
means a broken and defunct three-phase
alternator!
Perhaps other
interpretations.
M. G. FOSTER,
Croydon,
Surrey.

engineers have other

Components, complaints

and complacency

Please accept our congratulations on your
June Editorial. We are in agreement with
all you say, but would like to enlarge on
several points from a retailer’s angle.

We have for the last eighteen vyears
endeavoured to supply the amateur con-
structor with his needs, finding out what
new components are coming along and hav-
ing them in stock. The path we tread is a
difficult one and we have often cast
envious eyes on wholesalers and manu-
facturers, who can make immediate increases
in prices, while it takes us six months
to pass it on to our customers.

The basic trouble today is high labour
costs—the larger the firm the higher the
overheads—and in turn the higher the
value of the minimum order they will
deal with. At least two large firms asked
us if we would deal with all their orders
under £5. This is no reflection on their
efficiency.

We started off supplying only the general
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public, but inevitably we had to supply
universities, schools, Government Depart-
ments and general industrial firms with
their small orders. May we at this point
mention your reader who was starting a
small business and was asked for Trade
and Banker’s references for a catalogue?
Our catalogue costs us £1 per copy and it
is necessary that we get some of this amount
back. We therefore charge everyone except
schools and universities for our catalogue.
Small firms are ‘very bad risks, we have
found to our cost. Many firms think that
headed note paper entitles them to dis-
count, however small their order—no
doubt they learn in time that discount
depends on quantity. Many large firms
expect to run a credit account for an order
of under §s. One such firm, when we wrote
and asked for cash, said it was impossible
to obtain!!!

One of our almost insurmountable
problems is making absolutely sure we have
sufficient of any particular component
for a design which you may bring out. Even
if it were possible for you to tell us in
advance what was required, it would not
help because no one knows when a project
is going to ‘“‘catch on”—when it does, a
situation arises where a component which
sells at the rate of twelve in a year suddenly
sells fifty in a week. The supplier as well
as the retailer is sunk!

A. SPROXTON,

Home Radio (Components) Ltd.,
Mitcham,

Surrey.

Conferences
and Exhibitions

Further details are obtainable from the
addresses in parentheses

MANCHESTER

Aug. 25-29
Datafair
Brit. Computer Soc., 23 Dorset Sq., London
N.W.1)

OVERSEAS

Aug. 5-7
Automatic Control Conference
(I.E.E.E., 345 E.47th St,, New York, N.Y.10017)

Aug. 19-22 San Francisco
Western Electronic Show & Convention
(Wescon, 3600 Wilshire Blvd.,, Los Angeles,
Calif.90005)

Aug. 22-31 Copenhagen
Electronica—Electronics, Radio & TV Show
(Electronica, Grabrodretorv 16, 1154 Copen-
hagen K)

Aug. 26-28
Computerized Electronics
(ILEE.E, 345 E. 47th St, New York, N.Y.
10017)

The University

Boulder

Ithaca, N.Y.

Aug. 29-Sept. 7 Stuttgart
German Radio & Television Show
(Stuttgarter  Ausstellungs-GmbH, 7 Stutt-

gart 1, Postfach 990)
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Operational Amplifiers

7. Voltage comparators and multivibrators

by G. B. Clayton*-B.sc., A.inst.P.

A comparator is a device used to sense when
a varying signal reaches some threshold
value. Some operational amplifiers may
be used open-loop to provide excellent
comparator characteristics. Their very high
open-loop gain means that only a very small
differential input signal is needed to cause
the amplifier output to make a transition
between saturated states.

Comparator Using Differential Input.

p——————12

+ 4
e e
l Eret &
' '
L
QL‘ Q,:‘
V°+ maxT
B o
t
VG max-t = ——

In this circuit the input threshold voltage
is equal to E,.s. This E,.; must not exceed
the maximum common-mode voltage (E¢nm)
for the particular amplifier in use. If
required ¢; and E.; may be interchanged, so
changing the polarity of the output tran-
sition.

Comparator Using Single Input.

Input threshold voltage

R
Ry Gl Erelil
2
)
R -
i + 4
ey
Eret %o
. '
-

In this arrangement the reference and
input voltages are applied to the same input
terminal of the op. amp. through appro-
priate resistors. The other input terminal
of the amplifier is earthed and consequently
no common-mode limitations exist. Eres
may be any convenient voltage opposite in

* Liverpool College of Technology.

polarity to the signal voltage. The threshold
voltage is set by a choice of input resistors.

In both of these comparators the input
voltage must swing past the threshold
voltage by an amount

VO max

AvoL

E/ BLIH'IX

for the full output transition to take place.
In the case of rapidly changing input signals
the output transition time is dependent on
amplifier characteristics, but when the
input voltage varies comparatively slowly
this time is dependent on the rate of change
of input voltage. In the latter case it is
often advantageous to speed up the output
transition time by using some form of
regenerative comparator.

Regenerative Comparator. i

Vo max

In this arrangement positive feedback is
applied between output and input via
resistors R, and R, and when e¢; reaches the
threshold voltage the amplifier switches
regeneratively between saturated states, the
output transition time being made virtually
independent of the rate of change of input
voltage. The circuit exhibits hysteresis, i.e.
the transition takes place for different values
of e; dependent on whether ¢; is increasing
or decreasing to E,.;. The transfer curve
for the comparator is illustrated for a value
of E,er equal to zero. The input threshold
voltage at which the transition takes place
has a value

R,

R, + R,

and with Vonax having its positive and nega-
tive saturation values the amount of hys-
teresis is thus

~ Vomax

N _ R
Vit = (Vomax — Vomax) R;l_'—_'le
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In all comparators outputs may be
clamped to desired values rather than using
saturation limiting, and it is emphasised
again that care must be taken to ensure that
reference and input voltages do not exceed
allowable limits for common-mode and
differential input signals.

Multivibrators

Multivibrators are circuits which provide
two possible states. There are three types:
astable multivibrators (free running), mono-
stable multivibrators (one shot) and bistable
multivibrators (flip-flop). In an astable
multivibrator the two states of the circuit
are momentarily stable and the circuit
switches repetitively between these two
states. The monostable multivibrator has
only one stable state; it can be made to
change to its other state by a suitable
trigger, but it then returns to its stable
state after a time interval determined by
circuit values. The bistable multivibrator
has two stable states in one of which it will
remain indefinitely until appropriately trig-
gered, when it will switch to the other state.
Op. amps arranged with appropriate positive
feedback can be made to operate well as
multivibrators of all three types.

Astable Multivibrator.

The two states of this circuit between
which it switches are those in which the
amplifier output is at positive and negative
saturation. The output voltage is thus a
square wave, its period is determined by the
time constant CR and the feedback ratio
established by the potential divider R, R,.

Starting at time r* (above) when the
amplifier is in negative saturation and the
voltage at terminal A is 8 Vo

(-
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terminal B is positive with respect to ter-
minal A and its potential is decreasing as
C charges down through R. When the
potential difference between the two input
terminals approaches zero the amplifier
comes out of saturation and the positive
feedback from the output to terminal A
causes a regenerative switching, which
drives the ampliffer to positive saturation.
The voltage across a capacitor in series with
a resistor cannot change instantaneously
and the potential of the terminal B there-
fore remains substantially constant during
this rapid transition. C now charges up
through R, the potential of the input ter-
minal B rises exponentially and the ampli-
fier makes the transition to negative satura-
tion again when B reaches # Vo,

A capacitor C with an initial voltage V;
charged through a resistor R by a voltage Vy
reaches a voltage V), in a time

Vy— Vs
. t = CRloge —17;—-_—_%'
e
= CRlog. ‘;;": a ﬁ_V"ﬁ";
= CRlog, 22 = 03
= CR log. ——;::, (lﬁ_VOE;’

If the positive and negative values of the
amplifier saturation voltage have the same
magnitude, ie if Voo, = Visigs
t, = t, and the expression for the period of
oscillation becomes

1
=1t +1, :-.ZCRIOge‘ﬁ

or

R
_~2CRlog,(1 2Fl
Non Symmetrical Multivibrator. *

— AN —J—

R3 Dy
R3 > R4
— AN —D—4

Vo max

ngux 2
———}—— —t— «l-»

6V; max|-

BVo max

Time constant

Time co‘nstont
R3
Non-symmetrical operation is obtained by
the use of two separate timing resistors R,
and R, as shown. In this circuit the appro-

priate timing resistor for each timing period
is selected by the action of the two diodes D,
and D,.

Astable multivibrators may be arranged
so that the period is an exact multiple of the
period of a synchronizing signal which may
be injected into the circuit at the positive
input terminal of the amplifier as indicated.

Monostable Multivibrator (1).
D1

el

C
Trigger —§
Do |
Ry ‘
A\
=t &
Trigger Y
-t —> o5
o — Vo max
VS max

BVo max
7N | I |
= - BVo max
(¢}
¢p ., I

NI BVS max
B= R, L E To V\(;-mw(

+

R,
= CR loge (l + Ez)

The connection of a diode D, in parallel
with the timing capacitor in an astable cir-
cuit prevents the phase inverting input
terminal (B) from going positive and results
in a monostable circuit. In the permanently
stable state of this circuit the amplifier out-
put is at positive saturation, terminal B is
clamped to earth by diode D and terminal 4
is positive with respect to earth by an
amount f# Vo, If the potential of 4 is
brought down to earth by the application of
a sufficiently large negative pulse the circuit
switches regeneratively to its temporarily
stable state in which the amplifier output is
at negative saturation. Terminal A is then
negative with respect to earth by an amount
B Voms and the potential of B falls expo-
nentially as C charges down through R;
diode D, is reverse biased. The circuit
switches back to its permanently stable
state when the potential of B reaches the
value # Voo

The expression for the timing period may
be written by making use of the general
expression for an exponential charging
period, thus

Vam_'nl B 0
= CR loge Vomax — BVamnx
1
Substitution for 3 gives

CRI1 1 £
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Monostable Multivibrator (2).

Trigger —§

Trigger U
bl r}\ ~Eret
ey — —— Vo max
Vg max
—— —~— o]
7 2 Eret

—(V; mox —VS mox)

lmux e v‘omax

= RC loge —" 5 —
re

The circuit shows an alternative arrange-
ment whereby the monostable timing period
is controlled by the value of a negative
reference voltage that is applied to the
phase inverting input terminal (B) of the
amplifier. The timing capacitor connected
between amplifier output and the non-phase-
inverting input terminal (A) provides the
necessary positive feedback path. In the
permanently stable state of the circuit the
amplifier output is at positive saturation,
the input terminal A is at earth potential and
input terminal B is at the reference poten-
tial. A positive trigger of magnitude greater
than E,er applied to the terminal B brings
the amplifier out of saturation and the circuit
switches regeneratively to its temporarily
stable state in which the amplifier output is
at negative saturation. The negative voltage
step at the output is communicated to A
by the capacitor C, the potential of 4 then
rises exponentially as C charges up through
R. The circuit switches back to its per-
manently stable state when the potential at
A reaches Er;. In the expressions above for
multivibrator timing periods the effects of
amplifier offsets have been neglected.

Bistable Multivibrator.

B

[y I
+ )
. Vo max
ei ay '©

2o
I R1 I
\ J 1 v

=S

The two stable conditions for this circuit
are with the amplifier output at positive or
negative saturation. It is held in one or
other of these states by the positive feedback
applied via resistors R, and R,. A triggering
pulse of suitable polarity applied to the
phase-inverting input terminal causes the
circuit to switch states regeneratively.

Vo max
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Staircase Generator.

i
1 G | B2 | | |
U U U a D1: e:o f?eset
: |

Simple diode pump (a)
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Linear staircase generator (b)

The output from a simple diode pump
staircase generator (circuit (a)) is non-
linear. If a sequence of input pulses of
constant amplitude is applied the output
steps become progressively smaller as the
total output voltage approaches the magni-
tude of the input pulse amplitude. The
action of the simple circuit is as follows:
The capacitors are assumed to be initially
uncharged; the first pulse charges C,
through D, to a voltage equal to the pulse
amplitude (V). The time-constant associ-
ated with C, and the source resistance must
be shorter than the duration of the pulse. At
the termination of the input pulse D, is
reverse-biased.and the charge on C, is trans-~
ferred through D, to capacitor C,. If C, is
much larger than C, practically all the
charge on C, is transferred to C,. The pro-
cess is repeated at each subsequent input
pulse, but as the total voltage on C, increases
the charge transferred through D, at the
termination of each input pulse becomes
less and less.

In circuit (b) the capacitor C, is con-
nected between the output and the phase
inverting input terminal of an op. amp. The
feedback holds the phase inverting terminal
at earth potential; equal increments of
charge are “pumped” into C, at the termi-
nation o1 each input pulse and the steps at
the amplifier output are thus of equal
magnitude.

Both circuits must be provided with some
means of resetting the voltage across C, to
zero after some predetermined number of
steps. In (b) amplifier bias current will
cause output drift and & practical circuit
would require some form of offset balancing
(sec section on integrator drift.)

Books Received

Semiconductors for Engineers, by P. F.
Dunster, +is a guide to the semiconductor
devices used in modern electronics. It is
intended to assist the understanding of the
ideas behind the working of these devices,
particular emphasis being placed on their
function as circuit elements. The approach
is mainly qualitative. All the ideas are de-
veloped from first principles, making it poss-
ible for an engineer with little or no academ-
ic background in semiconductor theory to
understand the advanced concepts which are
explained. Whenever possible, complications
beyond the theme under discussion are ig-
nored, and simplifying assumptions are
made in order to develop a line of argument
more clearly. At the same time, no simplifi-
cation is taken beyond its usefulness, and at
least the nature of the further problems in-
volved is drawn to the reader’s attention.
(The author is principal lecturer in the Elec-
trical Engineering Department of West Ham
College of Technology, London.) Pp.278.
Price £6. London Business Books Ltd., Mer-
cury House, Waterloo Road, London S.E.l.
VHF-UHF Manual, by G. R. Jessop. The
purpose of this specialized manual is to give
a wide range of material for each of the
amateur bands, so that the constructor has a
selection of designs from which to choose and
to suit his own individual need, together
with some basic information on general mat-
ters. The first four short chapters discuss
modulation, propagation, tuned circuits, and
filters. Two long chapters cover a wide range
of receiver and transmitter designs using both
valves and transistors. The final chapters are
on mobile systems, single-sideband transmis-
sion, acrials, and aerial test gear and acces-
sories. There is a good index. Pp, 244. Price
21s. Radio Society of Great Britain, 35
Doughty Street, London W.C.1.

Designing with Linear Integrated Cir-
cuits, edited by Jerry Eimbinder. This book
is a collection of 18 contributions by 21
applications engineers drawn from a variety
of American i.c. manufacturers. Detailed
applications are suggested for the variety of
1.cs now available. Applications discussed
include a.m. and a.m. /f.m. receivers, d /a and
a/d converters, logarithmic amplification, ac-
tive filters, audio amplification, and voltage
regulation. Pp.301. A good index is includ-
ed. Price 105s. John Wiley & Sons Ltd.,
Baffins Lane, Chichester, Sussex.

Micropower Circuits, by James D. Meindl,
is an introduction to the design of semicon-
ductor circuits with quiescent power drain
less than one milliwatt. Although written for
practising engineers, the subject of each
chapter is developed from a fundamental
viewpoint. The treatment presumes that the
reader is familiar with the basic principles of
semiconductor devices and circuits, which
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include the more prominent features of
integrated circuits. It is emphasized that the
minimum-power design criterion tends to
produce a special-purpose rather than a
general-purpose circuit. A wide range of
amplifiers, oscillators and digital circuits us-
ing bipolar transistor and f.e.ts is discussed
There is a concise index and an extensive list
of symbols. Pp.257. Price 105s. John Wiley &
Son Ltd., Baffins Lane, Chichester, Sussex.
Electrical & Electronic Trader Year Book
1969: Radio, Television and Electrical
Appliances. 40th Edition. All sections in
this new edition have been revised and
brought up to date with details of new wage
rates for service technicians, recent legisla-
tion, an enlarged service depots section, etc.
The continuing aim of this reference book to
the radio, television and domestic electrical
industries is to assist traders to keep abreast
of changes in the industries. Pp.500. Price
35s net (postage 2s 6d). I.P.C. Electrical-
Electronic Press Ltd., Dorset House, Stam-
ford Street, London S.E.1.

Announcements

A vacation school on engineering aspects
of microelectronics will be held at the
University of Essex, Colchester, from 15th
to 19th September. Details are available from
the Secretary, 1.LE.E., Savoy Place, London
w.C.2.

Wolverhampton College of Technology has
arranged a course of eight lectures on high
fidelity sound reproduction to be held on
Wednesday evenings from 15th October to
10th December. Fee (2.

A post-graduate evening course of fifteen
lectures on integrated circuit application
theory will be held at West Ham College of
Technology, Romford Road, Stratford, Lon-
don E.15, on Thursdays commencing 16th
October. Fee £4.

Donald Blakey Ltd, Montauban Chambers,
339 Clifton Drive South, St. Annes-on-Sea,
Lancs, have produced a film on television
servicing and installation which will become
available later this year for rental or pur-
chase.

The Plessey Company Ltd and Illinois Tool
Works Inc. of Chicago have formed a joint
company in Britain for the manufacture and
sale of miniature electro-mechanical
switches. The new company, Licon Elec-
tronics Ltd, will for the present be located at
the Plessey factory at Litchfield, Hants.

Celdis Ltd, of 43-45 Milford Road, Reading,
Berks, are to act as distributors for Tran-
sistor A.G.’s range of thyristors, triacs, pla-
nar p-n-p transistors and rectifiers.

P.F. & A. R. Helme, Butcher Pasture, Sum-
merbridge, Harrogate, Yorks, have been ap-
pointed sole U.K. distributors for Peerless
‘Fabrikkerne A /S, of Copenhagen, Den-
mark, manufacturers of loudspeakers.

Americon  Corporation,  suppliers  of
miniature coaxial connectors, have ap-
pointed Microwave & Electronic Systems
Ltd, of Newbridge, Midlothian, as their ex-
clusive stockists and representatives in the
U.K. and Eire.

Racal-BCC Lid have received an order
worth £250,000 from the Malaysian Ministry
of Defence for ‘Syncal’ and ‘Squadcal’
military manpack radio-telephones. ‘Syn-
cal’ is the new synthesized h.f. military radio
manpack with 6,000 channels.
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Racal and Airmec
get together-

AS7

Its the Instrument event of the year!

Racal have made a big name
in digital-and Airmec in analogue
instruments. What better than to
combine the efforts?

The brilliant new Airmec 422
VLF Digital Signal Generator
is an outstanding example of
the results achievable by combining
analogue and digital know how-

it will pay you to keep in touch
with this get-together.

The highly successful
Airmec range is now obtainable

from the Airmec Division of Racal
Instruments, with plus features
of greatly improved service thinking
and good solid Racal back-up.

It’s going to be interesting.

RACAL INSTRUMENTS LTD - AIRMEC DIVISION - BENNET ROAD - READING - BERKS Tel: 35571 Telex: 84166. MEHE

WW--296 FOR FURTHER DETAILS
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MP 1468 End Foot.

0150’

40 way single sided with solder tails MP 1469
Ed e 80 way double sided with solder tails MP 1470
40 way single sided with printed wiring tails MP 1471
80 way double sided with printed wiring tails MP 1472

Connector -
Polarising key MP 1467

""RL”" SERIES

-150

150"
3Blmm —> > |3 é—)(——:)almm
PITCH

Working voltage 750V. D.C.

g7 2003, j}:‘:ﬁ Iq’"q" Proof volta 2.5 KV
3.]’3 +- ?g)mom ,f\ [ZD ? Y "{F’J:g ?;q 1 8-64mm g V. ge

Insulation
resistance (dry) 10° Megohms min.
| | == ui?:‘;m > ’ Contact resistance
I to test gauge 10 Milli-ohms max.
| l ‘f _— Q;??,;m —> Insertion and

withdrawal forces 6 oz. per contact max.
l I _ 6600 S ’ Contact finish Flow tin or hard gold

167-64 mm (specify when ordering)
le 6900" >f
. i

175-26 mm I The connector can be reduced to a

smaller number of poles by cutting the

: @ W @ q q ! | moulding and fitting a separate end foot,
| allatla hA Y MP 1468
‘l p

‘25 |

— = 6-40mm oo
32 ) /T\ 13-2Imm
8-13mm

000000000000 0O00D0D00DO0O0OO0DV0DO0OV0O0O0DODON0DO0DO0OO0OO0O0O0O0O0O00OO

T Cord insertion depth

j
|
|

Send for quotation
| To: McMurdo Instrument Co. Ltd.,

mcmurdo Rodney Road, Portsmouth, Hampshire.

great facility for service | Telephone : Portsmouth 35361. Telex: 86112

Member of the Louis Newmark Group, S
with access to the combined facilities 2

of all other member companies. ﬁ-—--% Ee=mEees EeemEe e e e ]

- - _1 || = || e || i o mnlmm !:— |- | | || B

EE EEEI EEJEE EE’E m‘ m" eiafu =] mmlaa&hmm

Authorised Stockists:— Lugton & Co. Ltd., 209/210 Tottenham Court Road, London W.1. Tel: Museum 3261 Sasco, P.O. Box No0.20, Gatwick Road. Crawley
Sussex. Tel: Crawley 28700 (also Chipping Sodbury 2641, Cumbernauld 25601 and Hitchin 2242) and agents in principal overseas countries.

WW-—092 FOR FURTHER DETAILS
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I'est Your Knowledge

Series devised by L. Ibbotson,* B.Sc.,A.Inst.P., M.I.E.E.,M.I.E.R.E.

5. Semiconductor diodes

={. Silicon junction diodes are being used

ncreasingly for power rectificaton. The
naximum power which can be handled by a
iingle silicon diode (available at the present
ime) is of the order of:

(a) tens of watts

(b) hundreds of watts

(c) thousands of watts

(d) millions of watts.

2. Four normal p-n junction diodes of
similar construction are made from the
materials listed below. The diodes are con-
nected in series across a direct voltage source
so that all are forward biased. The diode
across which the smallest voltage drop will
occur will be that made of:

(a) germanium

(b) silicon

(c) gallium arsenide

(d) gallium phosphide.

3. Germanium point-contact diodes are used
extensively in detection and demodulation
circuits for radio and TV. Their advantage in
this application, when compared to p-n junc-
tion diodes is:
(a) low capacitance when reverse biased
(b) low leakage current when reverse
biased
(c) high reverse-bias breakdown voltage
(d) low forward-bias resistance.

4. A germanium photodiode has a load resist-
or connected across its terminals. When light
of a frequency above the threshold value for
electron-hole pair generation falls on the
juncuon:
(a) no current will flow in the load
(b) current will flow in the load with a
conventional direction out of the p side of
the diode
(c) current will flow in the load with a
conventional direction out of the n side of
the diode
(d) the direction of current flow will
depend on the value of load resistance.

S. A photodiode is required to feed an
amplifier which has a high input impedance.

*West Ham College of Technology, London, E.15

In order that the input signal to the amplifier
shall be proportional to the intensity of
illumination the photodiode must:
(a) be unbiased
(b) have a reverse-bias voltage applied
(c) have a forward-bias voltage applied
of a value less than the diffusion-potential
of the junction
(d) have a forward-bias voltage applied
of a value greater than the diffusion-
potential of the junction.

6. The essential feature of the construction
of a tunnel diode is that it must:
(a) be made of germanium
(b) have a narrow junction region with
very heavily doped material on each side
(c) have a wide graded junction
(d) have a wide layer of intrinsic semi-
conductor between the p and the n doped
parts.

7. A germanium tunnel diode is to be used
as a v.h.f. oscillator. For this purpose it
requires:

(a) zero bias

(b) a reverse bias of about 0.2 volts

(c) a forward bias of about 0.1 volts

(d) a forward bias of about 0.3 volts.

8. In a backward diode the mechanism of
current flow across the junction depletion
layer in the low resistance direction is:

(a) diffusion

(b) drift

(c) wnnelling

(d) avalanching (impact ionization).

9. Voliage stabilizing and reference diodes all
are used at a part of their characteristic
where the current increases very rapidly
with applied voltage. Of the mechanisms of
current increase listed below one is not made
use of for this purpose. It is:

(a) thermal generation of carriers in the

depletion layer

(b) carrier tunnelling through the deple-

uon layer

(c) impact ionization in the depletion

layer

(d) acombination of Zener and avalanche

breakdown.
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10. The varactor diode, in addition to its use
in  parametric amplifiers, is used at
microwave frequencies for all but one of the
following applications. It i1s not normally
used as:

(a) adetector

(b) a harmonic generator

(c) aswitch

(d) alimiter

11. The most common use of a p-i-n diode is
as a microwave

(a) oscillator

(b) switch

(c) amplifier

d) detector

property of the
(metal-semiconductor)

12. The important

Schottky-barrier

diode 1s that:
(a) it has a very low forward resistance
(b) it has a very high reverse resistance
(¢) 1t has a very low diffusion capacitance
(d) it has a very high depletion-layer
capacitance.

13. A p-n junction diode, biased to a reverse
voltage at which a significant amount of
avalanching occurs in the depletion layer,
can be used as a microwave

(a) oscillator

(b) switch

(c) limiter

(d) detector.

14. The essential feature of the construction
of a Gunn diode is that:
(a) it has two p-n junctions
(b) 1t 1s made from a direct-energy-gap
semiconductor
(c) it has a graded junction
d) it has a wide layer of intrinsic semicon-
ductor between the p and n doped parts.

15. The basic difference between a normal
Gunn diode and a 1.s.a. diode is that:
(a) the ls.a. diode has one extra p-n junc-
tion
(b) the ls.a. diode is used at much lower
frequencies than the Gunn diode
(c) in the ls.a. diode dipole domains are
not allowed to form
(d) the ls.a. diode must be made of an
indirect-energy-gap semiconductor.

16. Step-recovery diodes find substantial use
as harmonic generators to multiply up oscil-
lations produced at v.h.f. into the microwave
region. The property which makes the step-
recovery diode suitable for this application is
that it exhibits:

(a) a sudden drop of current a short time

after the applied voliage changes from

forward to reverse

(b) a negative-resistance region in its for-

ward-bias characteristic

(c) very low voltage Zener breakdown for

both directions of applied voliage

(d) a discontinuous increase in forward

current at a particular applied voltage.

Answers and comments, page 397
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Thyristor-stabilized Power Supplies

Essential considerations in the development of d.c. power supplies

using thyristor control

by Arthur R. Bailey*

The conventional method of stabilizing
power supplies is to use linear devices as shunt
or series regulators with an already smoothed
d.c. power supply. For low powers shunt
regulation with a zener diode is very common.
For high powers a series transistor is normally
used as the d.c. power loss is least with this
circuit. It is also possible to control the output
voltage of a d.c. supply by varying the angle
of conduction of the main rectifier diodes.

The main advantage of using thyristors to
stabilize d.c. supplies is that the power dis-
sipated in the thyristor is far less than in a
series transistor because the thyristor is either
‘off’ or hard ‘on’.

The simplest regulation circuits are those
where two of the diodes in a conventional
full-wave rectifier circuit are replaced by
thyristors (Figs. 1 and 2).

In Fig. 1 it will be seen that the two diodes
in a conventional circuit have been replaced
by two thyristors, the gates of these
thyristors being returned to a fixed positive
reference supply which can be obtained froma
zener diode. The thyristors will conduct until
their gatecathode potential falls to below

*University of Bradford.
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Fig. 1. Basic d.¢. stabilizer using full-wave
rectifying thyristors.
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Fig. 2. D.c. stabilizer using thyristors as
part of a conventional bridge rectifier.

about 0.5V when they will cease to ‘fire’ with
forward-applied anode voltage. The output
voltage is therefore theoretically held to
within a fraction of a volt of the value fed to
the gate supply. Unfortunately the circuit
does not operate correctly when used in this
form, the defect being particularly noticeable
at low values of load current. The cause of the
trouble is that conduction does not cease when
the output voltage is correct, but only when
the current falls to zero. At low load values,
this has the effect of giving a large stepin out-
put voltage when one thyristor fires for its
full period. As the load is low the output
voltage may exceed the set value for many
cycles, and the thyristors therefore conduct
in single pulses separated by many cycles.
This gives rise to large sub-mains-frequency
ripples on the supply line.

To prevent this effect, which is shown in
Fig. 3, it is necessary that the thyristors are
given a superimposed quadrature alternating
voltage on their gate circuits. This has the
effect of starting conduction at the end of the
possible ‘on’ period when the supply voltage
is nearly correct and opening up the conduc-
tion angle as the output voltage falls. Unfor-
tunately this reduces the regulation of the

Rectifier
output

Output voltage
on reservoir
{ capacitor

system to some degree, but for stability it isa
price that has to be paid. Nevertheless, it is
possible to obtain a stability of better than 2%
in a 60V supply.

The quadrature stabilizing voltage isreadily
obtained from the a.c. supply, either by cross-
coupled capacitors with the centre-tapped
transformer or with an integrating network
for both systems. The connections necessary
are shown in Figs. 4 and 5.

Either of the two systems mentioned is
capable of driving into inductive or capacitive
loads such as occur with choke input or
capacitor input filters. Tests however
indicate that with choke-input filters there is
little problem of sub-harmonic generation as
compared with capacitor input filters. Un-
fortunately capacitor input filters are the most
common, and even with quadrature voltage
fed to the thyristor gates, there is a serious
possibility of uneven firing of the thyristors.
As mentioned before, this occurs at low values
of load currents, so the effect would be serious
with a class B power amplifier supply but of no
concern with the constant load of a class A
amplifier.

The problem arises due to the low output
impedance of normal power supply trans-

_Reference voltage
level

Thyristor
fires

ov

ak 1 +

AC. -4 -

+
Reference Reference

Fig. 4. Quadrature voltage supply obtained by
differentiation.
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integration.
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ormers. If the rate of rise of output voltage
n the output smoothing capacitor can be held
ufficiently low the trouble does not occur.
t is therefore obvious that what is required
s a transformer with a fairly large leakage
-eactance. As this reactance reduces the full-
oad output voltage of the transformer, this
infortunately necessitates a greater open-
;trcuit voltage for adequate full-load stabiliza-
ion. As large leakage reactances tend to
:ause bad stray hum fields from transformers
t is preferable to use a separate choke for this
yurpose. This is not readily obtained using the
:entre-tapped transformer without involving

=|.c. in the windings, but it is readily applied
n the bridge rectifier circuit. The full circuit
hen appears as shown in Fig. 11 discussed
ater.

Jverload protection

“or many purposes it is advisable that a
>ower supply be protected against short-
sircuits. This is particularly important with
hyristors, as they do not have good long-
seriod overload characteristics. Provided
‘hat the overload can be restricted to say 209

—greater than full load current then there is
ittle likelihood of serious damage and the
supply could be designed 10 cope with this
surrent on a continuous basis if required.
Jsing a very simple circuit it is possible to give
yvercurrent protection to the supply with little
jegradation in regulation. With a little more
;omplexity the regulation need not be affected,
and this circuit is shown in Fig. 6.

The basis of operation is that of shorting
sut the reference voltage supply by a transistor
‘hat is turned on when the designed load
current is exceeded. The current-measuring
‘esistor R is included in the supply side of the
return current path so that its voliage drop
does not affect the regulation, of the output.
As the current in this return lead has a large

_a.C. component it is necessary 10 smooth this
ut before feeding it to the base of the overload
sensing transistor Tr,. When the voltage across

-this series resistor exceeds about 0.6V, the
silicon transistor starts conducting and drops
the reference voltage across the zener diode.

-If the overload is sufficiently severe the output
voltage will fall to nearly zero.

For many purposes this overload perform-
ance will be quite adequate, but for some
applications a more rapid onset of current

=limitation will be required. For these applica-
tions the circuit can be modified as shown in
Fig. 7. Here a second transistor is used to
amplify the output of the first one with con-
sequent improvement in performance. If
necessary, current lock-out can then be applied
so that the circuit will trip out until the mains
is switched off and then reapplied. This is
done by the use of the two resistors shown
dotted in Fig. 7. The presence of these resistors
gives positive feedback around the two tran-
sistors which, if sufficient, will cause the
circuit to act in a bistable manner.

An additional refinement that is frequently
advisable in power supplies—particularly in
audio-frequency amplifiers—is that the output
voltage rises smoothly at switch-on. If the time-
constant of the output-voltage rise is about a
second or so, then unwanted surges in the
amplifier can be greatly reduced. This is
readily obtained in the circuit by splitting the
feed resistor to the zener diode and using a

large value decoupling capacitor at the junc-
tion of the two resistors. This modification is
seen in the 60 volt stabilized supply circuit of
Fig. 11.

So far two thyristors have been assumed to
be necessary. If a full-wave conventional
system is used with a reservoir capacitor, then
it 1s possible to use only one thyristor with a
consequent saving in cost. The essential factor
1s that the reservoir capacitor must be
sufficiently large to stop the main rectifiers
conducting over part of each cycle. If this
condition is fulfilled, then a thyristor can be
used 1n series with a conventional transformer-
rectifier configuration before the reservoir
capacitor. This is shown in Fig. 8. Here it is
seen that the quadrature voltage is obtained by
integration of the anode voltage as before.
In fact the anode voltage is non-sinusoidal and
at double the mains frequency, but the action
of integration improves the waveshape and
gives perfectly adequate results. The doubled
frequency also allows smaller smoothing
capacitors 10 be used.

Practical circuits

Two examples of the application of these
types of stabilizer now follow. The firstis acase
where a sub-harmonic generation is no
particular disadvantage and is a controller for
model railways. In fact the circuit is useful
for low-impedance control of any d.c. motor,
but has refinements that can be of particular
value to model railways.

In large d.c. motors it is necessary to keep
the supply as pure as possible or commuta-
tion can be seriously affected. In small motors
without interpoles (such as typical ‘universal’
motors) this restriction does not apply. In the
circuit shown in Fig. 9 the size of the smooth-
ing capacitor is deliberately kept small so that
the motor runs on only slightly smoothed
rectified a.c. During the rectifier ‘off state,
the resonant circuit formed by the motor
inductance and resistance, and the small
reservoir capacitor, resonates and destroys the
stored energy. For small motors of low
efficiency the circuit is heavily damped and the
current falls to zero value before the next
rectifier ‘on’ period. This means that the zener
diode reference that determines the gating of
the thyristor is therefore measuring the actual
back e.m.f. of the machine. The circuit there-
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Fig. 9. Speed control system for small permanent-magnet or separately excited d.c. motor.
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resistance drop and tends to run at constant
speed irrespective of load. In practice the
applied mean d.c. voltage to the motor
rises as mechanical load is applied, the motor
speed remaining approximately constant.
When stalled nearly the full supply voltage
appears across the motor. This performance
is far better than that of a stabilized d.c. supply
such as is obtained from a conventional
smoothed regulator.

It is suspected that many of the thyristor
electric drill controllers utilize this effect,
relying on the residual magnetism in the field
for the back e.m.f. géneration.

As the thyristor is a rectifier in its own right,
it is unnecessary to use a bridge rectifier if a
transformer of twice the voltage is used for
the supply. In this case the thyristor is gated at
half the previous frequency and the amended
values and parts of the circuit are shown in
Fig. 10.

The overall performance of the circuit is
extremely good and allows better ‘constant-
speed’ characteristics to be obtained from
small motors.

2u
—
24
27k BC107
I AN/
~ 24V
| P 15k
=50u 3

'[50v 200k
lin I

Fip. 10. A.c. drive modifications for Fig. 9.

In the circuits, the thyristor type given is
specified on account of its high gate sensitivity.
For the more common low sensitivity types
where the gate current exceeds 1 mA (and may
rise as high as 25 mA) a transistor is required
to amplify the gate drive signal, the modifica-
tions being shown in Fig. 12.

The motor speed can be increased smoothly
from zero to the set level by the ‘start’ switch
S, Fig. 9. Equally, if this is switched off the
speed will fall to zero gradually. The rate of
acceleration arld deceleration under these
conditions is set by the potentiometer P, . Over-
load protection is provided by the transistor
Tr, which prevents damage to the thyristor.
Practical tests on the compieted circuit show
that the wheel loading of a typical gauge 00
locomotive can be increased from zero to the
value where the motor is ‘full-on’ with very
little speed change. This performance is
obtained even with the motor running at very
low speed. The performance is certainly far
better than that of conventional variable
resistance controllers.

The second circuit, previously referred to,
is shown in Fig. 11, and is of a 60V 1.6A
stabilized supply suitable for a.f. amplifier
applications. In fact the author developed this
for the amplifier previously described in
Wireless World' when used with the single
h.t. rail modification.’

A choke is used in series with the trans-
former secondary to prevent uneven firing of
the thyristor. This is not so much of a dis-
advantage as might be expected, as the longer
thyristor condition angles resulting give rise
to better transformer utilization and con-
sequently a smaller mains transformer. In
addition the ripple on the h.t. line is reduced

W0k
0-25u 47k
iy GE L
. — C106 B1 -
I > > . +60V
i 22k
240V
N VS 24B &52,500u
60V T65V(min.
8y 500u 500mW /
Y 150V 100V Zener
[ diode
: : : >0

Ty—80V 1%aA secondary

L1 Approx. 180 turns 20s.w.g. on %" square centre core,

interieaved, to till eg. 1" xa"

Fig. 11. Circuit for 60 volt 1.6 ampere siabilized d.c. supply.
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Fig. 12. Gate amplifying ctrcuit for use when
low sensittvity thyristors are used.
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Fig. 13. Required modifications 10 Fig. 11 for
vartable output and current limiting.
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by a factor of some 2.5 times by this increased
period of conduction. Overload protection
apart from fusing has not been applied as the
system was designed for one application. If
overload protection is required, and also a vari-
able output voltage, then the modified circuit
shown in Fig. 13 can be utilized.

The performance is quite adequate, regula-
tion being about one volt change from no load
to full load. Where sustained output is required
from class B amplifiers such stability is neces-
sary to prevent loss of power.

Where wide-range high-power stabilized
supplies are required the thyristor regulated
system has many advantages. For example a
60V, 5A fully variable supply would dissipate
over 150 watts at half output voltage and full
current, if a normal series transistor was used.
In a thyristor supply the dissipation would
only be some 6 to 8W. Nevertheless the low
ripple and very good regulation of normal
series regulators are often very attractive. In
this case it is frequently the best solution to
use a thyristor supply to stabilize some 5V
above the wanted value and drop the remain-
ing 5V in a conventional series regulator.
Depending on the transistor type only two
volts or so may be fecessary with consequent
power dissipation saving

In conclusion, the author feels that there is
a definite place for the thyristor regulated
supply in applications where very low ripple
voltages are not required. In high-power
stabilized supplies the thyristor is advan-
tageous as a pre-stabilizer to minimize the
size and power dissipation of the series regulat-
ing transistors that are required.

REFERENCES

L. Bailey, AR. 30-watt High-fidelity Amplifier,
Wireless World, May 1968.

2. Bailey, A.R. 30-wau Amplifier Modification,

Wireless World, November 1968.

THE SEPTEMBER ISSUE

A correspondent in this month’s “Letters”
mentions freak long-distance reception of
television  transmissions—a  French  station

being received in Scotland. To facilitate the
identification  of Continental stations we
plan to include in our next issue reproductions
of a selection of test and identification cards
used by some of the broadcasting services.

The issue will also include the second in
the series of articles on active filters and,
in addition to the continuation of the two
constructional articles, contributions dealing
with  better stercophonic reproduction and
acoustical holography.
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Jew Products

ariable Waveform
yenerator

—{odel A1oco variable phase waveform
:nerator from Prosser Scientific Instru-
ents, is a source of precisely shaped
Jltage waveforms. Both the frequency
1d the phase between outputs can be
iried linearly over a large range. The
nplitude of the waveshapes can be pre-
sely selected and can be off-set and
ipped. Simultaneously available are sine,

—juare, triangle and ramp output wave-
rms in the frequency range o-0o1Hz to
>okHz. The variable phase facility extends

1¢ usefulness of the instrument into studies

phase and frequency modulation, and
1vo and circuit testing. The remote
»atrol of frequency and phase is intended
T use on semi-automatic and automatic
st gear. Voltage-to-phase conversion and
sltage-to-frequency conversion relation-
1ups are linear. The output level is up to

10V. Prosser Scientific Instruments
td, 1 Northampton Street, Cambridge.
/W312 for further details

sircuit Selector with P.C.
‘erminations

ealectro’s slide switch programming circuit
tlector is designed with printed-circuit
utput terminations which mate with
andard edgemount p.c. card connectors.
. is engineered for a minimum of 250,000
-perations as a random-access unit which
ill switch from one given position to any

of eleven others without making contact
with intermediate switch points. It has a
modular, expandable construction which
allows any practical number of units to be
stacked side-by-side. Internal p.c. board
construction permits special electrical cod-
ings to be supplied at minimum cost.
Contacts will carry 3A d.c. and have a
resistance of only 75 milliohnis maximum.
Sealectro Ltd, Walton Road, Farlington,
Portsmouth, Hants. PO6 1TB.

WW317 for further details

Low-Cost Decade Capacitor

Hewlett-Packard’s miodel 4440B decade
capacitor provides capacitances from 4opF
to 1-2¢F, accurate to within +025%
(+3pF). It has four easy-to-read in-line
decade ranges for selecting capacitances in
steps of 10opF. It also has an air capacitor
vernier which allows continuous adjustment
between the 100pF steps of the smallest
decade. Resblution of the vernier is I1pF.
Silvered-mica capacitors are used in all
decade steps, in order to obtain high
accuracy, low dissipation, and good stability
with temperature. The capacitors in the
HP 4440B are housed in a double shield and

can be operated in either a two-terminal or
three-terminal connection. The accuracy
specification of +40-25% (+3pF) applies
to the three-terminal connection. However,
the increase in capacitance for the two-
terminal connection is less than 1pF.
Typical values for the resonant frequency of
the HP 4440B are 450 kHz at 14F, 4MHz
at o-oiuF, and 40MHz at 100pF. The
maximum voltage is 500V peak, and insula-
tion resistance is greater than sGQ after
5 minutes at so6V d.c. The cost is £111.
Hewlett Packard Ltd, 224 Bath Road,
Slough, Bucks.

WW313 for further details

Electronic Multimeter

The Comark portable electronic multimeter
type I231 is an accurate, high sensitivity
instrument with high input impedance and
wide bandwidth. It has more than 70
different measurement ranges, and readings
are clearly indicated on a robust 13omm
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meter. Overall accuracy of the 1231 is
+29% of full scale for d.c. measurements
and +3% of full scale for a.c. measure-
ments over 4 bandwidth from 10Hz to
1ookHz (3Hz to 250kHz for 3dB).
Voltage sensitivity is from 1mV full scale to
300V in 12 ranges, with an input resistance
of IMQ/V at d.c. The maximum current
sensitivity is 1#A full scale with a meter
volt drop of less than 12mV. Resistance is
measured to an accuracy of +59% of
reading from 1Q to 10oMQ and greater
accuracy (+29%,) may be achieved using the
linear ohms ranges. Centre-zero operation
may be selected on all d.c. ranges, for use as
a galvanometer or differential voltmeter.
Battery powered, the multimeter is protected
on all ranges against overload greatly in
excess of full scale of the selected range.
The portable model is supplemented by
alternative models suitable for laboratory
and rack mouriting; a leather carrying case
is available for the portable version. U.K.
list price £so. Comark Electronics Ltd,
Brookside Avenue, Rustington, Sussex.
WW318 for further details

Wide-range A.F. Power Meter

Accurate measurement of power and volt-
age is possible with the a.f. power meter
TF2500 announced by Marconi Instru-
ments. The instrument is accurate to
+2-§9%, full scale and measures power up
to 20kHz from 100xW full scale to 25W full
scale in seven ranges. Frequency response
is 0-5dB over the a.f. range. Load imped-
ance is 2:5€ to 20k in forty steps. A
centre-tap terminal on the input trans-
former extends still further the impedance
range. An outstanding feature of TF 2500
is that it also measures voltage up to iIMHz
in nine ranges from 1smV to 150V full
scale. Input impedance on the voltmeter is
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IMQ and the voltmeter may be used as an
a.c./d.c. converter. The TF2500 is suitable
for use with audio amplifiers, receivers and
a wide variety of transmission systems
including f.d.m. base-band networks. Its
high sensitivity permits direct measure-
ment of very low power levels, down to less
than 104V, so that it may be used for signal-
to-noise ratio and noise factor measure-
ments on low-noise equipment. This
sensitivity is achieved by the use of an
active measuring system based on what is
essentially an amplifier-detector type volt-
meter calibrated in terms of power, dBm,
and voltage. Power measurement can be
made with unbalanced, balanced or fully
floating load. TF2500 has 50W overload
capability on power and the meter is fully
protected through the amplifier on all
impedances. The instrument is battery
operated and fully self-contained, with a
built-in battery check facility. The price is
£285. Marconi Instruments Ltd, St
Albans, Herts.

WW325 for further details

TO3 Ceramic Heat-transfer
Washers

The A26-2004 aluminium oxide ceramic
washer from Jermyn exhibits very low
thermal impedance and a breakdown voltage
of 1,000 volts minimum. The low thermal
resistance (0-15°C per watt) allows the full
power capability of the semiconductor to be
utilized with complete electrical insulation.

‘N

. g

The thermal performance is approximately
five times better than mica ahd is compar-
able with an equivalent hard anodized alu-
minium washer. It should be noted that
aluminium oxide is non toxic. Samples are
available upon request from Jermyn together
with full information. Jermyn Industries,
Vestry Estate, Sevenoaks, Kent.

WWj3o1r for further details

Single-Reed Encoders and
Decoders

Resonant reed encoders and decoders,
types J-610A and J-510A, from Kynmore,
cover the frequency range 67 to 16ooHz.
They are designed for use where one or
several frequencies need to be detected or
generated in a single carrier system. Using
these devices, it is possible to obtain as many
as 100 frequencies in a single octave, with
excellent separation. Typical applications
include generating and sensing audio fre-
quencies in telemetry, telecommunications,

v Europesn Sates Service H Q.
| XYNMORE ENGINEERING €CO. LTD,
ST ; T

s
- ¢ i

signalling equipment, transponders, and
controls. Claimed to be vibration-proof,
they are well suited to railway signal-
ling, alerting systems and telemetry sys-
tems operating in difficult environments.
One of the reasons for their development
was the need for a simple unit for use in
squelch circuits in mobile communications
equipment. Both encoder and decoder
provide a tuning tolerance of 40-3% or
+ 1Hz, whichever is less, for frequencies
below 1kHz, and o0-19, for frequencies
above 1kHz. They will not generate
external fields, and they are not influenced
by such fields. They operate equally well
in any position, irrespective of any mass to
which they may be mounted. They are
designed to operate over a temperature
range from —40° to +85°C. They are
enclosed in a nickel-plated drawn-copper
can with a seven-pin hermetic seal header.
The decoder has a sensitivity of 1-0V
r.m.s. +0-5V rm.s., and a bandwidth of
sHz +3Hz at the 3-0V r.m.s. operating
point. Kynmore Engineering Company
Ltd, 19 Buckingham Street, London,
W.C.2.

WW319 for further details

Oscilloscope Sampling
Adaptor

A single-channel oscilloscope sampling
adaptor from G. & E. Bradley allows wave-
forms at frequencies up to 1000MHz to be
examined on any general purpose oscillo-
scope. It is capable of displaying signals
with a rise time of o.5ns. Sample density
is continuously variable from 100 to 1,000
samples per sweep, and density is indepen-
dent of sweep expansion, which is switch-
able from X 2 to X 100. Maximum
sampling speed on a 1oomm oscilloscope
tube provides a display at just above flicker
rate, simplifying waveform analysis. For
permanent records, the instrument can be
coupled directly to a chart recorder. The
sampling technique used depends on the
generation of a very fast pulse coincident
with the incoming signal, which switches a
sampling gate. Time separation is deter-
mined by comparing the pulse against a
staircase generator. Automatic c.r.t. blank-
ing is provided and manual sweep can be
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used when required. Drift of all calibrated
parameters is less than 19, of full scale per
10°C change in ambient temperature, and
noise is reduced to less than 2mV by a
smoothing control. G. & E. Bradley Ltd,
Electral House, Neasden Lane, London
N.W.10.

WW323 for further details

Universal Meter

Model TVM 1070 transistor universal
meter from British Physical Laboratories
replaces model TVM1063 and provides a
total of 43 different a.c. and d.c. ranges.
Particular attention has been paid to styling
and presentation to provide ease of opera-
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tion: all ranges are selected by a singl=
control clearly marked with a colour-code
scale. All ranges—both a.c. and d.c.—hav
linear scales, including a new o/1oomV a.c
range. The internal batteries, which can b
changed with the minimum of inconven*
ence, can always be checked by selecting th
‘battery check’ position. The instrument i
available at an ex-works price of £7¢
British Physical Laboratories, Radlet
Herts.

WW3o02 for further details

Coaxial Stripline Couplers

A comprehensive range of stripline coaxi:
directional couplers is announced by Radial—-
Within the frequency band 150MHz t
8oooMHz they are offering 35 devices in
families, each covering one frequenc
octave. ‘N’ and ‘RIM” coaxial connector
outlets are incorporated and couplings ¢
3, 6, 10, 20 and 30dB can be specified. Th
80ooMHz 3dB type has overall dimension
of less than 39 X 25 X 8mm. They ar
designed for use under very severe environ
mental conditions which includes a tempera
ture range from —§5°C to + 100°C. 3dF
quadrature hybrids may be used as balance.
mixers, duplexers, power dividers, phas
shifters and for other applications requirin:
equal division of power between two trans
mission lines. Radiall Microwave Com
ponents Ltd, Station Approach, Grov
Park Road, Chiswick, London W 4.
WW305 for further details

Marine Radio Equipment
from Redifon

A range of v.h.f. radiotelephones for fishiny
vessels and small merchant ships, and :
radio selector unit which affords speedie
and more efficient operation of ship station.
are announced by the Marine Division o

Redifon. Three new all-transistor radio-
telephones, types GR471, GR472 anc
GR473, are designed to comply witk

G.P.O. specifications TSC 53d, 55a, anc
57a. Similar in size and appearance the
three versions provide 12, 18 and 24 channe
operation respectively, with a transmitter
output power of 14 watts from the GR471
and 20 watts from the GR472 and GR473.
Intended for bulkhead mounting, each sel
is constructed on a single hinged chassi¢
which swings open to left or right to ensure
full access, and is fitted into a waterproot
diecast case. All three sets operate from &
nominal 24 volt d.c. supply but will tolerate
supply variations over the range 19 volts tc
32 volts.

The RS11 radio selector unit is a compact:
control unit into which are concentrated
facilities for switching the muting and signal-
ling circuits for all m.f,, i.f. and h.f. equip-
ment in a ship’s radio station. It serves as an
aerial exchange for up to four receivers, and
also provides a single termination panel for
the supply and interconnection cables of the
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We canmould
your future

-and evendye foryou!

| From which you’ll gather that we have
J all the facilities to shape and colour the
| thousands of very different mouldings

| that go into our vast product range, as
well as the capacity to produce them in
millions!
We don’t leave off there either!
By themselves plastic mouldings
can only perform a certain number
of functions. But marry them to
metal and you can really start
doing things. Make currents flow, or
change. Make lights glow and valves

R hum. And
H soonandso

’lastic mouldings feature extensively
n the millions of tiny fasteners and
onnectors that we make every week.
Xhich in practice works out at
wundreds of millions of mouldings
Jer year.
¥e injection mould in glass filled
solycarbonates, nylon,
solypropylene, polythene,
solystyrene and acetal resins for
he electrical and electronics
ndustries and compression mould to

, dimensional

Aaccuracies @@
of .001 in., with contact spacings as
close as .050 in. And our research and
development boys are constantly
working to push these specifications
-to even finer limits.
We injection mould bits and pieces

forth. Adding the metal bits can be
difficult if you don’t have the know-
how. But we have it. Lots of it. And
we’ll even make the metal parts for you
as well, if you like! In any metal, with
any refinements such as plating,
tempering, soldering, riveting etc, etc
thrown in.

for practically every other industry you
care to mention. And make the dies and
moulds for these parts in our own
toolroom. And if the raw material
doesn’t happen to come in the colours
we require - and they often don’t -

we dye the mouldings in our own

dye house.

Carr Fastener Company Limited
Stapleford, Nottingham
Telephone: Sandiacre 2661 G8

l CARR FASTENER '

UNITEED-CARR GROURP

WW—093 FOR FURTHER DETAILS
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COU 150 CF 531 sszs.snm23m2
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Please write or phone for further details:
Cossor Electronics Limited, Instruments Division.
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RANGE WIDE WITH

CDU 110

20 MHz Dual Channel
5 mV/cm Sweep Speeds
to 40 nS/cm Sweep Delay

CDU 120

50 MHz 5 mV/cm
25 MHz 1 mV/cm
Dual Channel. Sweep Delay

CDU 130

15 MHz 5 mV/div.
Mains/Internal Batteries
16.5 Ibs. including battery

CDU 150

35 MHz Dual Channel
5 mV/cm Sweep Speeds to
20 nS/cm Sweep Delay

The Pinnacles, Elizabeth Way, Harlow, Essex. Telephone: Harlow 26862

WW—084 FOR FURTHER DETAILS
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atire installation. It can be fitted into
most any existing radio installation and is
:adily adaptable to individual systems for
essels where special facilities are to be
rovided. Redifon Ltd, Broomhill Rd,,
7andsworth, S.W.18.

—+W327 for further details

stereo Tape Deck

“he Tandberg 1600X has been designed to
—ive mono or stereo recording and playback
mmCilities of very high quality, but with sim-

licity of operation. It will be available in

track, teak cabinet versions only. It is
uitable for vertical or horizontal mount-
1g, and employs the cross-field technique

/ith combined heads, as used in the Series

200X. At the speeds 7', 3§, and 1} i.p.s.
—fequency response is 40-18,000, 40-14,000,

0-8,000 Hz +2dB; wow and flutter less

han o1, o015, and 0'35; and signal to

pise ratio better than - §55dB, —53dB

nd s2dB.  Cross talk is better than
—60dB. The output is 0-9V each channel.
B[ here are two microphone inputs—imped-
ince 200(). The price is £89 10s od, which
s a list price of £71 155 6d, plus £17 14s 6d
surchase tax. Elstone Electronics Ltd,
Jereford House, Off Vicar Lane, Leeds
-forks, LS2 7NS.
VYW306 for further details

ilectronic Thermometer

='he Wayne Kerr clectronic thermometer
viB3o00 is available with a choice of 20
-lifferent sensors for a wide range of appli-
:ations. Direct readings from —50°C to
+150°C are obtained from solids, liquids
)r gases with the thermistor probe located
4t any distance up to 100 feet from the self-

contained instrument. With a response
time between 1 and 7 seconds, the ther-
mometer is suited to many industrial,
medical, and biological requirements. The
thermometer with its probes is supplied in
a leather carrying case with a shoulder strap.
Accuracy is to within 1°C from o0° to
100°C, reducing to only 1-5°C from — 50
to 0'C and from 100° to 150°C. Price in the
U.K. is £70 including one probe, with
alternative probes ranging in price from
£7 1o £s4. Wayne Kerr Co. Lid, New
Malden, Surrey.

WW326 for further details

X-Y Recorder Plots Graphical
Solutions

An X-Y recorder, designed by Hewlett-
Packard for use with their Model 9100A
computing calculator, makes permanent
graphs of functions solved by the calculator
and does so with greater precision and speed
than hand plotting, and at a cost lower than
that required to add a plotter to a digital
computer. The calculator-recorder combi-
nation can be used to evaluate solutions for
a wide variety of problems including statisti-
cal distribution analysis and curve fitting to
data points, analysis of solutions of differ-
ential equations in fluid dynamics, heat
transfer, mechanical resonance, and clec-
trical network response, determinations of
aerial patterns, orbital trajectories, and of
shear force, bending moment and deflection
in structures. Functions plotted by the
calculator-recorder usually are iterative

problems, in which the independent variable
is incremented in small steps. The calcu-
lator computes the value of the dependent
variable for each value of the independent
variable, places the two values (appropri-

ately scaled) in its X and Y display registers,
commands the recorder to move to the new
coordinate point thus indicated, and plot
it. It then increments the independent
variable and computes the next point while
the recorder is plotting the last. The cal-
culator-recorder system takes only 09
second to plot each point. The recorder can
plot the solution as a series of points, or 1t
can draw line segments between adjacent
points, tracing straight lines between points
at any angle so that curves are smooth and
do not have the “‘scalloping’ that is charac-
teristic of some incremental recorder plots.
The plotting programme can be arranged
so that the recorder draws dashed lines or
dot-dash lines. Hewlett-Packard, 224 Bath
Road, Slough, Bucks.

WW308 for further details

Printed Circuit Boards

CP series printed circuit boards from Circuit
Integration are designed for the assembly
of permanent of semi-permanent bread-
boards, or for small scale production of i.c.
equipment. The standard range of 5 CP
boards cater for 6, 12, 25, 30 and 42-14 or
16 pin circuits, respectively. The design of
the CP series boards is such that a wide
variety of actual board sizes may be achieved

wWWww.americanradiohistorv.com

393

Sk
Sl
Ay

economically. Circuit Integration are pre-
pared to carry out the manufacture of boards
to customers’ requirements: minimum
order quantity 10 boards. Edge connectors
may be gold plated or roller tinned coated.
Circuit Integration Ltd, 99 Bancroft,
Hitchin, Herts.

WW3i1o0 for further details

Metal Film Resistors

The Rns is an addition to the resistor range
available from G. A. Stanley Palmer. Itisa
low-value metal film resistor available
between o1 and 68 ohms with a working
voltage of 750V d.c. and a 1-§ watt rating at
70°C. It will operate over the temperature
range —§5°C to +170°C and has a tem-
perature coefficient between + 3,000 and
5,000 p.p-m. Dimensions are 23-omm
long by 6-smm diameter. Resistors with
tolerances of +109% and 4209% are
available, and prices range from 63s 6d to
207s per 100, depending upon quantity.
G. A. Stanley Palmer Ltd, Island Farm
Avenue, West Molesey Trading Estate,
Surrey.
WW320 for further details

Rotary Transducers

Control and instrumentation engineers fre-
quently need to convert rotary or angular
movement into a train of electrical impulses.
The electrical signal thus produced can be
processed by appropriate electronic control
or measuring equipment. Such devices,
normally termed incremental shaft encoders,
comprise an input shaft carrying a multi-
aperture disc which modulates an optical
light path, producing one impulse per
aperture. Orbit Controls have introduced
a new series of rotary transducers into
their Orbit 70 series which is designed
specifically for industrial applications. The
transducers employ a solid state photo-

optic system which eliminates the
conventional lamp source, and uses,
instead, infra-red light radiators in

silicone light

conjunction with Sensors.
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Each unit houses its own pre-amplifier
system, and is thus able to transmit a high-
level signal along its associated connecting
cables. Standard single-line output trans-
ducers are available, giving either 60 or 100
impulses per revolution, thus providing a
simple conversion to r.p.m. or to decimal
measurement. Other disc configurations
are available to cover a wide variety of appli-
cation. A further refinement is provided in
two quadrature-output versions, each con-
taining two internal photo-optic systems so
disposed that their outputs are phase dis-
placed by 90°. Examination of the phase
relationship of one output to the other
enables the direction of rotation to be deter-
mined, thus making these transducers
suitable for machine tool control. The
transducers are housed in rugged alu-
minium cases and are fitted with robust
low-torque bearings. Connections are
brought to a terminal block at the rear of
the unit. The transducers are capable of
operating at speeds up to 4,000 r.p.m.
Orbit Controls Ltd, P.O. Box 16, The
Runnings, Cheltenham, Glos. GLs51 9PL.
WW3rr for further details

Miniature Time-Delay Unit

A miniature time-delay unit designated
T.D.10 provides a time delay adjustable up
to 10 seconds. Operating voltages in the
range 12 to 60V d.c. can be used. Its small
size and printed circuit mounting make it
a suitable component for operation with
reed relays, solid state control schemes and

electro-mechanical devices. It is designed
to operate over a wide temperature range,
and is totally encapsulated. FR Electronics
(a division of Flight Refuelling Ltd.),
Wimborne, Dorset.

WW309 for further details

General Purpose Linear 1.Cs

Two new general-purpose linear integrated
circuits operating from d.c. to 120MHz are
now being offered by RCA. The CA3045
and CA3046 ‘building blocks’ each contain
five general purpose n—p-n transistors on a
common monolithic substrate, two of the
transistors being internally arranged to
form a differentially-connected pair. The
CA3045 is contained in a 14-lead dual in-
line ceramic package (photo) and is rated for
operation over the temperature range
—55°C to +125°C. The CA3046 (is elec-
trically identical to the CA304s, but-is con-
tained in a dual in-line plastic package for
applications requiring a limited tempera-
ture range, between o°C and -+85°C.
Other features include a wide operating
current range and a low noise figure,

l -

2 p——

3-2dB being typical at tkHz. The CA3046
is available at 13s 9d each for quantities of
100 and over from RCA’s three distribu-
tors: Semicomps Northern Ltd, Robert
Electronics Ltd, and Electronic Component
Supplies (Slough) Ltd. RCA Ltd, Sunbury-
on-Thames, Middlesex.

WW31i4 for further details

High-power Moulded Capsule
Thyristors

Westinghouse are now marketing nine
moulded-capsule type converter-grade high
power thyristors for single- or double-side
cooling. Being generally symmetrical in
shape, the capsule may be mounted either
anode face or cathode face to heat sink.
They are available either as devices or com-
plete stacks. Current ratings are 75A to
370A single-side cooled and 110A to 550A
double-side cooled. Semiconductor Divi-
sion, Westinghouse Brake and Signal Co.
Ltd, 82 York Way, Kings Cross, London
N.1.

WW3o03 for further details

Slide-rule Component Bridge

An unusual feature of Wayne Kerr’s
Logarithmic LCR Bridge Bsoo is a slide-
rule scale for balancing and reading. The
bridge is balanced by sliding a cursor along
a logarithmic scale to give a null indication
on a meter. The final setting gives the
L, C or R value, and a scale on the cursor
itself indicates tolerance limits from - 15%
to +15% at all settings. The main scale
of the slide-rule has a span of 1 to 16, which
gives a good overlap from range to range
(the ranges being selected by a rotary
switch).

Overall coverage is: 10 nanohenrys to
16 kilohenrys; 10 femtofarads to 16 milli-
farads; and 100 micro-ohms to 160 meg-
ohms. Accuracy is claimed to be 1% on all
ten ranges. There is also a calibrated
control, operated when balancing, for
measuring phase angle—range o to 45 deg-
rees. The bridge is energized from 1kHz
or 100 (or 120) Hz internal sources, selected
by a switch. Detector sensitivity auto-
matically rises as the balance point is
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approached, but there is also a control fc
varying the sensitivity.

Four terminals are provided, caterin
for normal 2-wire components, in situ an
screened components, and precise measure
ments of very low impedances. A ‘“‘subtrac
1" button extends the effective range of th
logarithmic scale from 1 to 0. Price is £12:
The Wayne Kerr Company Ltd, Ner
Malden, Surrey.

WW3o04 for further details

Picosecond Pulse Diode

Microwave Associates have developed
picosecond pulse switching diode, the firs
of a new series of charge control devices
The MA4-B20o diodes perform over
wide temperature range and have a mini
mum breakdown voltage of 70 volts, and
capacitance range of 3-5pF. Typical turn a
and turn off times are soops and 75p
respectively. Typical circuit application
are in pulse conversion circuits, variabl
pulse delays, impulse generation, an
extremely wide band pulse counting dis
crimination. Microwave Associates Ltc
Cradock Road, Luton, Beds.

WW307 for further details

Core-Driver Transistors

Motorola announces six multiple core
driver transistors that are compatible wit
i.cs in size and construction, and comple
ment i.cs by performing a task that presen
i.cs cannot handle well. Their compac
construction saves space and permits shor
leads, which are vital for fast high-curren
core driving. They can also be used as r.t
drivers at frequencies up to 200MHz. Th
new devices are multiple versions of th
2N3762 and 2N3467 fast, high-curren
p-n-p switches. Like the single transistors
the new devices have high current handling
ability, low saturation voltage, low capacit
ance (11pF, C.,) and extremely fast switch
ing time (22ns typical turn-on time, 46n
turn-off time, at rated current). Th
Vo is 40V. The MD3467 dual transistx
in a TOs type case, the MD3467F dual in ¢
small 6-pin ceramic flat pack, and the
MQ3467 quad in a standard 14-pin czramic
flat pack, are o:5A transistors. The TO<
cases can dissipate a total of 6oomW
(soomW maximum per transistor) at
25°C ambient temperature. The small flat-
pack duals are rated at 350mW total
25omW per transistor, and the 14-pin flat
packs containing four transistors soomW
total, goomW per transistor. For popular
complementary circuitry, the MD3725,
MD3725F and MQ3725 dual and quad
transistors are n-p-n complements in
similar packages. Motorola Semiconductors
Ltd, York House, Wembley, Middlesex.
WW321 for further details

Collapsible Cabinets

A new range of instrument cabinets that will
shortly be available will be delivered
“packed flat”. The component parts quickly
slot together to produce the required cabinet.
The main objects of this design are to ensure
fast delivery by reducing handling problems
and to reduce the storage space that needs to
be set aside by users of the range. Bedco Lid,
Datum Division, Colne Way, Watford,
WD2 4NE.

WW502 for further details.
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digital Picoammeter

=here are two versions of this Keithley instru-
ent, the model 445, which has fully auto-
atic range changing, and the 440, which has
manual range<change switch. The 445 has
full scale range from 10° to 1072A with

Y '2A resolution. The 440 is one range more
nsitive  having a 107'° resolution. Apart
om these differences the two models are
isically similar. On the most sensitive range
xcuracy is +0.5% + 1 digit and on the
ghest range +0.2% + 1 digit. Stability with
mperature is better than 0.05% per °C and,
—t constant temperature, drift will not exceed
ne digit per day. A front-panel control is
rovided to compensate for any small drift.

he m.o.s.fie.t. input stage is provided with
verload protection that even a 1kV trans-
:nt will not damage the instrument. To
revent inaccurate measurements being
btained the display is blanked during periods
—f overload. In no circumstances must the
wput current be allowed to exceed 125mA.
‘ommon mode rejection is such that 100V
.c. or 200V peak-to-peak at mains frequency
vill not affect the reading. When properly
‘eroed the input voltage drop is less than
{mV for f.s.d. The display rate is adjustable
om 20 readings per second to 1 reading
very two seconds. Sockets on the rear of the
astruments allow connection to a printer
nd external control circuits. Keithley
Instruments, Reading.
“"YW501 for further details

Aerial Rotator

. Beam Engineering Ltd, are British agents
-or Stolle automatic aerial rotators. Each
otator system is made up of a transistor
ontrol unit and an aerial drive unit. The
'ontrol unit has a single selector knob set in
dial marked with compass points. When the
erial is still the whole system is switched off.
=esetting the selector causes the aernal to
otate until it ‘reaches’ the dial position. The
sirive unit has a carrying capacity of 25kg and
:onsumes approximately 65 watts (at 20V)
during operation. Speed of rotation is one
revolution in 50 seconds. A magnetic disc
orake and self-restraining worm gear drive
10ld the aerial in its chosen position. Two
nodels are available with different positioning
accuracy. J. Beam Engineering Ltd, Rothers-
‘horpe Crescent, Northampton.
WW508 for further details

Cathode-ray Tubes

An inexpensive 3-inch flying-spot scanner
tube (Brimar Q8-100AA) giving good resolu-
tion and a high light output has been
introduced by Thorn Radio Valves & Tubes.

The deflection angle of 58° coupled with a
carefully engineered gun. construction, en-
sures that uniform focus of the 0.08mm
spot can be maintained over the whole use-
ful screen area of 53 X 38mm. The overall
length of the tube is 245mm. Typical operat-
ing voltages are: final anode 20kV, first
anode 1kV, and grid-tocathode voltage for
cut-off is —20 to —S0V. Heater voltage is
6.3V at 0.3A. Thorn Radio Valves & Tubes
Ltd, 7 Soho Square, London, W.1.

WW503 for further details

Transistor Coolers

Rastra Electronics Ltd, offers new. types of
Bentron-coolers for TOS and TO18 transistor
cans in five different colours (blue, tlack,
yellow, red and green). The coolers come in
two pieces which are clamped to the transistor
can very easily with a single spring. The differ-
ent colours are useful for marking various
stages in a circuit. Order numbersare BC 105A,
BC 118A (normal 5.5mm) and BC 105B,
BC 118B (high 10mm). Rastra Electronics
Ltd, 275 King St., Hammersmith, London,
W.6.

WW316 for further details

Sine-wave Inverters

Avel Products Ltd, introduce the XKnud
Lindberg range of sine-wave static inverters
to the U.K. Available in three types for 24V,
110V or 220V d.c. input, these units provide
a stabilized output at 220V, SOHz, with a low-
distortion sinusoidal waveform. The inverters
use thyristors as the switching elements pro-
viding wide margins of safety under all con-
ditions of input voltage and current. Qutput
voltage stabilization is achieved by the use of

| .\ ) ¢
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constant voltage transformers giving overall
efficiency of 70% and output frequency is
maintained at SOHz+ 1%. Effective protec-
tion is provided against overload and also
against over-voltage on the input to the
inverter. Reliable operation is guaranteed
under any load condition up to the maximum
of 200V A. Priced between £75 and £80, these
inverters are available from Avel Products
Ltd, South Ockendon, Essex.

WW315 for further details

Adjustable High-Stability

Inductors

High-stability inductors designed to provide
smooth adjustment of inductance within very
close limits have been released by Oxley
Developments. A silver conductor coil is fixed
at high temperature on to a low-cxpansion

glass tube to give high mechanical adhesion,
and inductance is adjustable +10% from
nominal value by movement of a piston within
the tube. Inductance values are from 0.03uH
to 0.15uH and a typical Q for 0.04uH at
180MHz is 150. Oxley Developments Co.
Ltd, Priory Park, Ulverston, North Lancs.
WW330 for further details

Flexible Coaxial Fittings

Coaxial fittings which allow movement in
three dimensions in hook-ups using rigid co-
axial lines are released by Hewlett-Packard.
The electrical stability of rigid lines is main-
tained. Insertion loss is less than 0.5dB over

V g

the frequency range d.c. to 12.4GHz and the
effect of rotation during reflection measure-
ments is more than 52dB below a full reflection.
The coaxial rotary joint (model 11588A)
costs £82 and the coaxial rotary air line
(model 11606A) costs £53. Hewlett-Packard
Ltd., 224 Bath Road, Slough, Bucks.

WW324 for further details
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World of Amateur Radio

V.H.F. news

An Icelandic amateur, Finar Palsson,
TF3EA, has successfully received 70-MHz
signals from the GB3GM beacon station at
Thurso in the north of Scotland, and has
also heard the Irish station, EI4RF. These
are believed to be the first British Isles
stations on 70 MHz to be logged in Iceland.
The times of reception (about 23.55 to 00.55
G.M.T.) suggest that this may be due to an
auroral E pattern opening. A few days later,
on the morning of June 27th, the Icelandic
amateur succeeded in making the first
amateur two-way v.h.f. contacts. from Ice-
land when he was in communication with
Mike Walters, G3JVL, of Hayling Island,
and Miss Constance Hall, G8LY, of Lee-
on-Solent, on 70.25 MHz, probably the
result of sporadic E. It is hoped that a 70-
MHz beacon station (TF2VHF) will be estab-
lished in Iceland. The Gibraltar beacon
station (ZB2VHF) is now operating on
50.09, 70.31 and 145.13 MHz. During wide-
spread sporadic E openings in June, the
effects of which extended as high in frequency
as the 144-MHz band, P. W. Haylett,
G3IPV, of Norfolk, was in coptact on two
metres with HGS5SAIR near Budapest.

Amateurs’ role in Arctic Trek
The recent successful completion of the
464-day, 3500-mile transarctic expedition
led by Wally Herbert has underlined the
valuable communications assistance provided
by two British amateurs—Dennis Collins,
G2FLB (Mintech) and Rowley Shears,
G8KW (KW Electronics). These two
amateurs, with occasional help from others,
have taken over each weekend (for over 16
months) from Cove Radio (MPO) of the
Royal Aircraft Establishment the task of
maintaining radio contact with the expedi-
ton’s base station (MPE) operated by S /Ldr
Freddie Church. This base station, after
some months at Point Barrow, Alaska, moved
to the floating ice station T3 (85° N, 125° W).
MPE was thus always within the Polar Cap
absorption zone recognized as presenting
many problems for h.f. point-to-point opera-
tion. This is believed to be first time that a
British radio link to this zone has been.
maintained over such a long period, and has
provided R.A.E. with valuable radio propa-
gation information.

The two amateurs, using the callsign
G7AE on 13999 kHz, passed over 160
official messages for the expedition as well

as handling many technical enquiries. They
achieved a success rate approaching 95 per
cent compared with the 96.2 per cent of Cove
Radio with its large, sloping vee aerials and
3-kW linear amplifier. Almost all contacts
were made on manual Morse, and both the
amateurs and R.A.E. attribute the remark-
able success of this difficult h.f. radio link to
the use of this mode.

In the Arctic, S/Ldr Church used simple
aerials and amateur-type equipment (Collins
KWM2A transceiver, backed up with Plessey
PR155 receiver) and kept in telephony con-
tact with the sledge party who carried Redi-
fon 15-waty s.s.b. GR345 packsets. Both
Rowley Shears and Dennis Collins used
amateur equipment from the standard range
of KW Electronics. By using a four-element
Yagi, 60-ft high, the G7AE signals were

“often reported as exceptionally strong in the

Arctic—the high-gain aerial gave an effective
radiated power approaching 7.5 kW.

Contrary to expectations, the link was
maintained throughout the period using the
single twenty-metre channel. The results
have shown clear]y, that for weak but read-
able Morse signals, the path stays open far
longer than might seem likely from the offi-
cial propagation predictions.

New secretary for I.A.R.U. Region I

To fill the vacancy resulting from the death
of John Clarricoats, G6CL, the British
amateur Roy F. Stevens, G2BVN, has been
elected secretary of the Region | (Europe and
Africa) Division of the International
Amateur Radio Union. Roy (‘‘Steve’’) Stevens
was the 1966 president of the R.S.G.B. and
has been closely associated with national and
internatonal amateur radio activities for
many years. He is an amateur enthusiast
whose profession—surveyor for a major in-
surance group—has no connection with
radio or ¢lectronics, although in 1939 as a
young member of the old Civilian Wireless
Reserve, he was one of the group of “Early
Birds” rushed to France on the outbreak of
war for wireless duties.

Long-delay echoes

Amateur assistance in the investigation of
the 40-year-old mystery of long-delay h.f.
echoes (of the order of 8 seconds delay or
even more)—often called “cosmic echoes”
—is being sought by a team at the Radio-
science Laboratory of Stanford University,
California. These strange echoes first attract-
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ed attention in the late 1920s (Stormer a
Van der Pol) and were followed up wi
experimental work in the early 1930s whi
appeared to verify that such echoes c:
occur on h.f. signals, if only rarely. Howeve
a year-long investigation at Cavendish Labc
atory, Cambridge, just after World War
failed to find positive proof of any echoe
Little work has been done in this field fi
some time, despite occasional reports
amateurs hearing their own closing remar
(quite strongly and with relatively litt
distortion) when switching over to receptio
Now the American team, which believes th
new work in plasma physics could accou
for the existence of long-delay echoes, a
appealing for exact details of any furth
amateur experience of this phenomenon.

Some August events

R.S.GB. v.hf. contests: 144 MHz ss.
August 4th; 432 MHz open contest Augu
10th; 70 MHz cw. August 16th-17
(23.00 10 07.00 GM.T.).

Mobile rallies include the R.S.G.B. nati
nal mobile rally at Woburn Abbey ¢
August 10th; Derby and District (Rykniel
School, Bedford Street) on August 17
(details Tom Darn, Sandham Lodge,
Sandham Lane, Ripley DE5 3HE); Augu
24th Torbay and Swindon; August 31
Hartlebury Castle, near Kidderminster ar
Kimberley Barracks, Preston.

Contest results

The main, high-power section of the 32n
BERU Contest, held in March, was won t

A. R. W. Cake 9H1BL, of Malta with a scor
of 6336 points from a record 819 contac

with Commonwealth stations. Over 1(

stations submitted entries and some 120F
stations are believe to have participate
Leading British entrant was D. L. Courtie

Dutton, G3FPQ, with 6142 points from 34
contacts—he used a home-made receive

100-watt transmitter and two-element qua
aerials on 14 MHz and above. During th
1969 R.S.G.B. low-power 3.5-MHz contes

the winner, R. A. Wybrow (G3]JV]), mac
50 contacts using 0.45-watt input. On
entrant J. J. R. McDonnell (G3DOP), mac
almost 30 contacts using an all-fe.
transmitter with three small signal 2N381
devices and an input power of 176 milliwatt

In Brief: A special-event amateur statior
using the call GB3SMG will be operatin;
during the International Stoke Mandevill
Games for the Paralysed (July 27th
August 2nd) . . . the International Amateu.
Radio Club is holding a convention ir
Geneva from September 12th—14th (detail
LAR.C, P.O. Box 6, 1211 Geneva 20, Swit
zerland) . . . Lerwick Radio Club plan to rur
a special exhibition station during August t
mark the 500th anniversary of the pledging
of the Shetland Islands by the King o
Denmark to the Scottish Crown. . . . The
prefix C3A has been allotted for amateu
operation in Andorra . . . Ray Folgate
G3KDY, is using the call ZD9BE fron
Tristan da Cunha where he is now Master o
Posts and Telegraphs. . . . It is hoped that the
frequencies 3500-3510 and 3790-3800 kH;
may be reserved for inter~continenta
amateur working.

PATHAWKER, G3V2
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Answers to
““Test Your
Knowledge’ —15

Questions on page 387

1. (d)

2. (a) The *“threshold” voltage for a diode is dependent
on the energy gap of the material. Of the materials listed
germanium has the smallest energy gap and thus the
lowest threshold voltage.

3. (@) With respect to the other three factors p-n
junction diodes are generally better than point-contact
diodes. Point-contact diodes also have the advantage of
cheapness.

4. (b) The light energy acts as a source of em.f. In the
absence of light there is a balance in the diode between
minority carriers from each side “drifting”’ through the
depletion layer, and majority carriers from each side
diffusing in the opposite direction. The optically-gener-
ated minority carriers increase the drift current, where-
as the generated majority carriers have negligible effect.
Thus a reverse current flows through the diode.

S. (b) 1If load-lines for a high resistance are drawn on a
set of photodiode characteristics it will be seen that an
output voltage proportional to light intensity requires
the diode to be reverse-biased.

6. (b) The materials on each side of the junction must
be degenerate, ie. the Fermi level pust lie in the
conduction band on the n side and in the valence band
on the p side. In addition, to allow the tunnelling to
occur, the depletion layer must not be much wider than
100 A.

7. (¢) The diode must be biased to the point on its
characteristic where it has the largest value of negative
a.c. resistance. For germanium this is about 0.1 V
forward bias.

8. (¢) A backward diode is similar in construction to a
tunnel diode; there is, however, little tunnelling for
forward voltage, only for reverse voltages.

9. (@)
10. (@)
11. (b)

12. (¢) For forward applied voltage the electrons enter
the metal at a high energy. They rapidly come into
thermodynamic equilibrium with the lattice, however,
and are thus not able to return across the Schottky
barrier when the applied voltage is reversed.

13. (a) A pulse of current generated by avalanching in
the depletion layer takes a finite time to drift through
the bulk material. An alternating voltage is induced
which is in antiphase with the alternating component of
the current so that the device acts as a negative
resistance. Special structures, such as the IMPATT
diode, are made for this purpose, but in principle any
p-n junction diode can be used.

14. (b) The mechanisms of Gunn diode oscillations
depend on properties of the structure of the conduction
band which are only possessed by direct-energy-gap
semiconductors (p-n junctions play no part).

15. (¢) A diode operating in the Limited Spacecharge
Accumulation mode is so arranged that for part of each
r.f. cycle the voltage drops below the critical value so
that any dipole domains which have started to form will
disperse.

16. (a) The step-recovery diode has a doping profile
which causes the current due to stored carriers to end
abruptly a short time after the applied potential is
changed from forward to reverse. In consequence when
an alternating potential is applied the output is nich in
harmonics.
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THE CHOICE

BULGIN

INSTRUMENT KNOBS

OF CRITICS
NOW STANDARDISED BY WORLD FAMOUS MANUFACTURERS

Adequate stocks of standard knobs ensures quick delivery and specialised production enables us
to give fast delivery to special knobs at competitive prices for quantity requirements.

List No. K.546/K.C.1

List No. K.522 List No. K.523

A=*

List No. K.60

List No. K.462

&

List No. K.528

\""ﬂ‘w

List No. K.421 List No. K.531

List No. K.464 List No. K.463

List No. K.482 List No. K.442 List No. K.430

FOR DETAILS OF THE COMPLETE RANGE SEND FOR BROCHURE 1500/G
A.F.BULGIN & CO. LTD., BYE-PASS ROAD, BARKING, ESSEX

MANUFACTURERS OF PRECISION ELECTRONIC & ELECTRICAL COMPONENTS

TELEPHONE: 01-594 5588 (12 LINES) Private Branch Exchange
WW—095 FOR FURTHER DETAILS
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Literature Received

CATALOGUES

The range of semiconductors manufactured by Newmarket Transistors Ltd
(St. Andrews Rd., Cambridge CB4 1DP) is described in five broadsheets.
(1) germanium devices, (2) silicon devices, (3) packaged circuits, (4) film
attachment devices and (5) hybrid microcircuits. (1)—WW 401, (2)—WW
402, (3)—WW 403, (4—WW 404 and (5—WW 405 for further details.

Pergamon Press (Headington Hill Hall, Oxford OX3 0BW) have produced
two catalogues which list the range of techmical books they publish.
(1) mathematics and (2) engineering science and technology. (1) —WW 406
and (2)—WW 407 for further details.

A six-page f.e.t. selector guide and cross reference chart (SG-15) is
obtainable from Motorola (York House, Empire Way, Wembley, Middlesex).
Equivalents lists are included. WW 408 for further details.

Semiconductors, including e.cl, and m.os. devices, from the Siemens
range are described in a short-form catalogue available from Cole Electronics
(Components Division, Lansdowne Rd., Croydon CR9 2HB). WW 409 for
further details.

Amendment No. 11 for the Hivac Ltd. (Stonefield Way, South Ruislip,
Middlesex) loose leaf catalogue is available. WW 411 for further details.

Additions 10 the catalogue of Erie Electronic Lid. (South Denes, Great
Yarmouth, Norfolk) are also available. WW 412 for further details.

Brimar Industrial Cathode Ray Tubes catalogue 1969-70 lists more than
160 types (Thorn Radio Valves and Tubes Lid., 7, Soho Square, London
W.1). WW 413 for further details.

APPLICATION NOTES

The Application of Linear Microcircuits (Vol. 1, 144 pages, price 30s.;
Vol. 2, 36 pages, price 12s 6d) is the title of two soft cover books that are
mines of information. Vol. 1 deals with the applications of the uA/ -702A,
-709, -710, and -711 while Vol. 2 covers types L/ -103, -123, -127, -141,
-/T2. The booklets may be obtained from SGS (United Kingdom) Ltd,
Planar House, Walton Street, Aylesbury, Bucks.

(1) A.C. Voltage Regulators using Thyristors (AN-3886) and (2)
U.H.F. Power Generation using r.f. Power Transistors (AN-3755)
are two new titles from R.C.A. Electronic Components, Harrison, New
Jersey. (1) —WW 414, (2}—WW 436 for further details.

The Dual Photocell is the title of a booklet which shows how analogue
multpliers and low-noise choppers can be built with this component. Hewlett
Packard, 224, Bath Rd., Slough, Bucks. WW 415 for further details.

Power Module Users Handbook published by Advanced Industrial
Electronics (Raynham Rd., Bishop's Stortford, Herts.) contains data, advice
and circuits showing how the Advance range of modular power supplies can
be used to best advantage. WW 416 for further details.

The Advanced Products Department of the Corning Glass Company have
produced a number of application notes concerned with glass delay-lines
which are available from Elecirosil Ltd., Pallion, Sunderland, Co. Durham.
They are (1) Paraliel operation of digital glass memories, (2) Glass memories
bibliography, (3) Time multiplex operation of digital glass memories,
(4) Sharpening TV pictures with glass memories, (5) Glass memories in
low-cost computer driven displays, and (6) Digital memory modules in
high-speed buffers. (1)}—WW 417, (2 —WW 418, (3)—WW 419, (4)—
WW 420, (5)—WW 421 and (6)—WW 422 for further details.

PRODUCT LITERATURE
Magnetic proximity switch, type MPS 16 is described in a leaflet from

Herbert-BSA Electrics Ltd, Shaftmoor Lane, Birmingham 28. WW 423 for
further details.

Wireless World, August 196¢

Paper-tape reader series 119 manufactured by Oohr-tronics of Americ
is described in literature available from Data Recognition Ltd., 7 Loveroc
Rd., Battle Farm Estate, Reading, Berks. WW 424 for further details.

Aluminium electrolytic capacitors, turret terminal style, are describe
in an engineering bulletin 3430 from Sprague Electric Company, Nort
Adams, Mass., US.A. WW 432 for further details.

GENERAL INFORMATION

Adhesives Directory 1969 contains much valuable information such a
manufacturers’ addresses, trade names, glossary of terms and a “who’
who”. It is available from A. S. O’Connor & Co. Lid.,, 30 Paradise Rd.
Richmond, Surrey. Price 20s.

LE.A. Purchasing Directory 1969, fifth edition, is prepared by th
publishers of Control & Instrumentation and Electronic Engineering. It cover
the instruments, electronics and automation industry and contains a compre
hensive buyers’ guide, manufacturers’ addresses and lists many trade names. I
can be obtained from Morgan-Grampian (publishers) Ltd, Summit House
Globe Way, West Wickham, Kent. Price 100s.

Two new supplements (Nos. 2 and 3) have been produced by Motorola for th
Semiconductor Data Book. Motorola Ltd, Empire House, York Way, Wem
bley, Middlesex. WW 434 for further details.

The 1969-70 prospectus of full- and part-time courses is now available from
Northern Polytechnic, Holloway, London N.7.

Government Surplus Wireless Handbook gives circuits and descriptions o
a wide range of equipment on the surplus market. Giltext Ltd, 23, Stansfiel
Chambers, St. Georges St., Leeds 1. Price 45s.

H.F. Predictions—August
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The upsurge of solar activity in March has been maintained to date.
Current activity is on a par with that of twelve months ago, which was
considered a maximum in the sunspot cycle.

Though not unexpected, such trends are masked in the predictions which
are based on smoothed values of recent observed activity as well as comparison
with corresponding periods of previous cycles. Seasonal trend, coupled
with continued high solar activity, would produce median MUFs up to 10%
higher than shown.

Frequency usage for the month will be the same as last year with magnetic-
ally disturbed days totalling about seven, but an increase in the number of fade-
outs is expected; about six in the northern hemisphere.
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Direct frequency
to120MHz...3-3

A6l

counting

GHz with plug-in

units...and 90-second warm-up

MARCONI INSTRUMENTS ® ENGLAND

MADR W ENGLAND,

—

120MHz FREQUENCY COUNTER

T™ 94
TF 2410

Duploy Teme

Freq A Count A Remots

‘ B g 2 -

Gate Gate Time

il O:m:\ e (13 o 1o - wops -

ir ‘ —-v—-“'r: '2 *

Adjust Freq Std

Semrtreity

o T
e°
t
e

FREQUENCY COUNT

Why settle forless?

Direct reading from 10 Hz to 120 MHz, plug-in units
to extend both sensitivity and frequency, and an
extremely fast warm-up internal standard, characterize
this outstanding frequency meter.

TF 2410, which makes extensive use of integrated
circuits, incorporates a completely new type of
reference standard which reaches within 4 x 1077 of
its final frequency in less than 90 seconds, overcoming
the need. to leave the instrument switched on or on
‘standby’.

Other advantages: an 8-digit readout with
genuine memory display and automatic decimal
points and units indication; input level monitor;
facilities for driving peripheral units; straightforward

Member of GEC-Marconi Electronics Limited

operation and servicing — all at the highly competitive
price of £830 f.0.b. U.K. including basic plug-in unit
(illustrated).

Why settle for less?

Write for fully descriptive literature.

TM 8094 extends
frequency to 3.3 GHz.

TM 8517 extends sensi- TM 8334 extends
tivity to 1 mV r.m.s. frequency to 800 MHz.

MARCONI INSTRUMENTS LIMITED

Langacres - St. Albans - Hertfordshire - England - Telephone: St. Albans 59292 - Telex 23350

TA 10030

WW—096 FOR FURTHER DETAILS
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THE
IC-403 7

ERCLUSIV

INTEGRATED CIRCUIT AMPLIFIER MODULE

NOwW!

AVAILABLE

Originally developed for computer
and space projects—these tiny
modules—size only 25 x 10 x 5
millimetres—represent the most
amazing breskthrough in circuit
design since the introduction of
the transistor. The 1C-403 is an
Integrated power and pre-amplifier
requiring only the addition of tone
and volume controls, power source and speaker to form a complete audio amplifier
of 3W output.

SPECIFICATION (ratings at 25°C) : Output power typlcally 3W from 250mV Input.
Frequency response 20Hz to 80KHz +3d8. Max operating voltage 21V. Min operating
load 7.5 ohms. Pre-amp. input imp. 2M/Ohms. Pre-amp. D.C. input current 50nA.
THE IC-403 IS AVAILABLE FROM STOCK EXCLUSIVELY FROM LASKY'S—COM-
PLETE WITH INSTRUCTION DATA AND SUGGESTED CIRCUIT APPLICATIONS
FREE INSTRUCTION DATA LEAFLET ON REQUEST. JUST SEND S.A.E.

LASKY'S PRICE B2/6 rosTrree
DENSHI BOARD KITS &Rt sverem

The DENSHI BOARD system P —
enables the young experimenter
and electronics hobbyist to pro-
duce a wide range of transistor
circuits of increasing sophistica-
tion—without soldering or the use
of any tools at all | Basically the
system compilses a slotted circuit
board into which plug-in com-
ponents and bridge pieces are set
to produce up to 30 different cir-
cuits. The components are
incapsulated in transparent plas-
tic blocks bearing the appropriate
chrcuit symbol and velue thus
ensbling even the complete
Novice to visuvally grasp the fun-
damentals of circuitry afteronly a
few moments study. Each DENSHI
BOARD KIT comes complete with B0-page manual of clrcuits and data.
THESE ARE JUST A FEW OF THE CIRCUITS YOU CAN BUILD IN MINUTES;
VARIOUS RADIO RECEIVERS, AMPLIFIERS, MORSE CODE PRACTICE DEVICE,
SIGNAL INJECTOR, SIGNAL TRACER, WIRELESS MICROPHONE, ETC.
DENSHI BOARD KIT SR-1A comprises: Base board; tuner block; 4 resistors ;
choke coil transformer; 2SA transistor for RF ; 2 diodes; 3 capacitors; battery block ;
morse key; antenna lead; crystal earphone; various bridge and connecting pieces
and 80 page manual. This kit permits the building of 16 basic circults.

LASKY'S PRICE £4.19.6 =Y

DENSHI BOARD KIT SR-2A as SR-7A plus: 2SB transistor for AF; 2 resistors;
1 capacitor; crystal microphone: test probes; electrode; additional connecting
pleces; 9V battery. This kit permits the building of 30 clrcuits.

LASKY'S PRICE £7.2.6 3¢
NEW! Izne ASTRAD “ORION’’

THE WORLD'S SMALLEST 6 TRANSISTOR TWO WAVEBAND RADIO

RECEIVER

% Made to highest Russian Space Age standards,

% Super sensitive—fully tunable over Medium
and Long Waves,

+ Built-in aerial—automatic volume adjustment

* Uses a miniature battery—available anywhere

% Ample volume from clear-tone personal
earpiece.

+% Size only 111/16 x 13/16 x 5/16in.
welghs less than 1 oz.

% Complete with earpiece, battery AND attrac-
tive presentation/pocket carrying .case in
black and ivory.

LASKYIS PRICE 39/6 PS%T Extra batt. 3/6

GET YOUR LASKY'S AUDIO-TRONICS PICTORIAL
16 colour pages in large 16 x 11in. format packed with
1,000's of items from our vast stocks. Hi-Fi Radio, Elec-
tronics, Test equipment, Components, etc.
Send 1/- for post only and inclusion on our regular. maliing list (5/- overseas)

Branches

207 EDGWARE ROAD, LONDON, W.2

33 TOTTENHAM CT. RO, LONDON, W.1 Tel.: 01-636 2605
Open all day, 9 a.m.—6 p.m. Monday to Satutday

152/3 FLEET STREET,LONDON,EC.4  Tel: 01-353 2833

Open all day Thursday, early closing 1 p.m. Saturday
High Fidelity Audio Centres
42-45 TOTTENHAM CT. RO, LONDON, W.1  Tel.: 01-580 2573

Open all day, 9 a.m.—6 p.m. Monday to Saturday

118 EDGWARE ROAD, LONDON, W.2 Tel.: 01-723 9789

Open all day Saturday. early closing 1 p.m. Thursday

ALL MAIL ORDERS AND CORRESPONDENCE TO:
3-15 CAVELL ST., LONDON, E.1 Tel.: 01-790 4821
WW—097 FOR FURTHER DETAILS

Tel.: 01-723 3271
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Kinver for Integrated Gircuits

Two Audio Power Amplifiers. each in dual-in-line package with heat transfertab

G.E. type PA 234 1 Watt output 23/-
G.E. type PA 237 2 Watt output 34/-
D.C. coupled Wide-Band power amplifier in multitead TO-5 case

RCA type CA3020 4§ watt output 32/
Ultra High Gain Amplifier in multilead TO-5 case

RCA type CA3035 typically 129 dB voltage gain at 40 kHz 30/-
Speclal Tape Recorder Record/playback pre-amplifier In multilead TO-5

case Mullard type TAA3 10 32/-
Low cost General Purpose A.F. Amplifierin 4 lead TO-18 case

Mullard type TAA263 15/9
Low level. low nolse pre-amplifier dual-in-line package

G.E. type PA230 21/-
MOS L.F. Pre-amplifier with 100 Gohm Gate-source resistance

Mullard type TAA320 13/5
Darlington Pair with hgp=7.000 (min) and f;=60 MHz (min} at le=2mA
G.E. type 2N5306 11/6
Programmable Unijunction Transistor

G.E. type D13T1 10/8

DATA SHEETS are available for the above at 1/- each or, if purchased separately
1/6 each. post free

TEXAS SILECT TRANSISTORS FOR LOWEST COST

NPN Types PNP Types
2N3704 Med. power 3/9 2N3702 Med. power 3/6 TIS44 NPN Fast switch 1/9
2N3705 Med. power 3/4  2N3703 Med. power 3/3  TIS49 NPN Fast switch 2/6
2N3707 Low level 4/~ 2N4058 Low level 4/6  TIS50 PNP Fast swilch 3/9

2N3708 Low level 2/5 2N4059 Low level 3/5 2N3819 N-Channel. FET 9/-
B8C182L Low level 3/3 BC212L Low level 3/9 2N3820P-Channel, FET  18/9
B8C183L Low level 2/5  BC213L Low level 3/9
BC184L Low level 3/2 BC214L Low level 4/

PROFESSIONAL COMPONENTS AT REALISTIC PRICES!
Send NOW for our new Components Catalogue. at only 2/- post free. This
catalogue is packed with information on a host of up-to-the-minute components
by leading manufacturers. Included are Integrated Circuits. Silicon and
Germanium Transistors. Diodes. Rectifiers. Resistors. Capacitors. Plugs and
Sockets. etc. Please note that all goods supplied by us are brand new and
guaranteed to fuily conform to the manufacturer's published specifications.
DISCOUNTS: Order value over £5—10 per cent: Order value over £10—16

per cent. Cash with order please. Post and packing 1/6 per order.
Overseas orders weicome. Carriage at Cost.

ELECTRONICS LTD
STONE LANE ' KINVER
STOURBRIDGE - WORCS
Telephone: KINVER 2099

TRANSISTOR D.C. CONVERTORS

R GILFILLAN AND CO LTD
SOUTHDOWN VIEW ROAD
WORTHING SUSSEX
WORTHING 31587/8

WW—098 FOR FURTHER DETAILS

LONDON microphones

Quality sound—at low cost

The London Microphone range offers you quality microphones,
good characteristics—and good looks, too, at remarkably little
cost. Made in Britain.

NEW to the range: LM300 dynamic cardioid
microphone incorporating top-quality moving-
coil capsule. Gives maximum front-to-back ratio
over a frequency range of 50-15,000 Hz. Elegant
styling, robust metal case, natural anodised finish.

Low imp. Dual imp.
LM 300 (Cardioid) €11 10 O £1210 O
LM 2008 ) £519 6 €615 0
LM 200 x £4 19 6 €515 0
LM 100 (Omni) £3 3 0 £318 6

Home or overseas trade enquiries welcome. Write or ring for details

LONDON MICROPHONE CO. LTD.
182/4 Campden Hill Road, London, W.8.

Tel: 01-727 0711. 24 Hr. Answering Service. Telex 23894

WW—099 FOR FURTHER DETAILS
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RACAL RA-17

First ministry release of these
world famous communication
receivers. Frequency range
500 Kc/s.—-30 Mc/s. Available in
excellent condition fully tested
and guaranteed. (|§ Carr-

CLASS D. WAVEM ETERS

A crystal controlled hetero-
dyne trequency meter covers
ing 1.7-8 Mc/s. Operation «n
6 v. D.C. Ideal for amateur
use. Available in good used
condition £5.19.6 Carr. 7/6.
Or brand new with accessories
£7.19.8 Carr. 7/6.

CLASS D WAVEMETERS No. 2
Crystal contmﬂed 1.2-19 Mc/- Mnlmor 12v. D.O.
charts.

with
Excellent condmon 212/10/0 Carr. 30/-.

MARCONI CT44
TF95é AF
ABSORPTION
WATTMETER

1 uwwatt to 6 watta
£20. Carr, 20/-.

LELAND MODEL 27 BEAT
FREQUENCY OSCILLATORS
SRl ?ju:.‘;:ut 551 or"bOO :hml_ 200/260 v,

L. lere: X Co ition, -
e e ent condition, £12/10/:

UNR-30 4 BAND

COMMUNICATION RECEIVER
Covering 550 Kc/s-30 Mc/s. Incorporates BFO.

Built-in speaker and phone jack, Metal
Operation 220/240 v. A.C. Supplied bra
guaranteed with instructions. 13gns, C

cabinet.
nd new,
arr. 7/6.

TRIO COMMUNICATION RECEIVER MODEL 9R-59DE

4 band receiver covering 500 K

and electrical bandspread on 10 i, 40 and 80

8 valve plus 7 diode circuit. 4/% -lun output and phone
jack. 88B-CW @ ANL @ Varisble BFO @ 8 meter. ®

8ep. Bandspread dial @ IF 455 Ke/s @ audio
1.5 w. ® Variable RF and AF gains controls.

v. A.C. mains. Beautifully designed. Bizxe 7 x15 x 10in,
With instructlon m.nml and service d.u 242 10.0.

Carriage pald Tri

1t Mc/s. continucus

metres.

output
115/280

Normally £5.19.6. Our price £3.15.0 lf pumhued with

above recelver.

TRIO JR-500SE 10-80 Metre
AMATEUR RECEIVER

Covers all the amateur bands In 7 separate ranges between
3.5 and 29.7 Mc/s, 7 valves, 2 transistors and 5 diodes plus

8 crystals: output 8 and 500 ohm and 5,000 ohm
Jack, Crystal controlled osclllator. Variable BFO.
AVC. ANL. B meter. B8B-CW. Btand-by switch.
double gear dial drive with direct reading down to
Remote control socket for connection to a trans

Audjo output 1 watt. 115/250 v. A.C. mains. Buperb modern
styling. Bixe 7x13x10in. with instruction manual and

service data. £69.10.0. Carr. Paid.

phone
VFO.
Bpecial
1 kHs.
mitter.

TO:2 PORTABLE
OSCILLOSCOPE

A general purpose low coat
eoconomy oscilloscope for every-
day use. Y amp. Bandwiith
2 CP8—1 MHZ. Input imp.
2 meg . 25 PF. {lluminated
scale, 2° tube, 115 x 180 x
230 mm. Weight 8lbs. 220/
240v. A.C. Bupplied brand new
with handbook. £22/10/-.
Carr. 10/-.

FIELD TELEPHONES TYPE L. Generatorringing,
metal casea. Operate on 2 1.5 v. batteriea (not
supplied.) Excellent condition. £4.10.0 per pair.
Carr. 10{-.

T.E.40
HIGH SENSITIVITY
A.C. VOLTMETER

10 meg. input 10 ranges:
.01/ os/ 1. 3/1/3/10/30/100/300
R.M.8. 4 cps.-1.2 Mc/s.
Dedbela —40 to +50 dB.
8upplied brand new complete
with leads and Instructions.
Operation 230 v. A.C.
£17/10/-. Carr. B/-.

AUTO TRANSFORMERS
0/115/230v, Btep up or step down. Fully shrouded.
1503 32/6. P. & P. 3/6

7.500 W. £15/10/0, P. & P. 20/-.

SPECIAL BONUS
OFFER!

TRIO SPSD Mat
cation Head,
with every

nes, Normal Value £10.7.0, FREE OF CHARGE
.S008E purchased.

ching Speaker Mate and TRIO H84 Communi-

AVOMETERS

Supplied in excellent
condition fully tested
and checked. Com-
plete  with prods,
leads and instruc-
# tions.

Model 47A £9/19/8
P. & P. 7/6.

SOLARTRON CD. I0}6.
OSCILLOSCOPE
Double beam. D.C. To 6 Mc/s. Excellent condi-
tion . £55 each. Carr,20/-.

AM[FM SIGNAL GENERATORS
Olcuhwr Teat
No. 3. A high
quality precision
instrument made
for the Ministry
by Alrmec. Fre-
qQuency coverage
20-80 Mc/a. AM/}
CW/FM. Incor-

porates precision
dial, leve] meter, precision attenuator luV-100Mv.
Operation from 12 voit D.C. or 0/110/200/250 v.
A.C. Bize 12 x 84 x 9ln. Bupplled in brand new
condition complete with all connectors, fully
tested, £45. Carr. 20/-.

GEARED MAINS MOTORS
Paralux type BD19 230/260 v. A.C. Reversible.
30 r.p.m. 40 1b. ins. Compiete with capacitor,
Excellent condition. 89/g. Carr.10/-.

AMERICAN RECORDING TAPES
in. 226ft. L.P. Acetate .3/6

First grade  34in. 600ft. T.P. Mylar.. 10/-
quality Sin. 8001t. Btd. plastic. . 8/6
American 6in. 9001t. L.P. acetate.. 10/-
tapes Sin. 1,200tt. D.P. Mylar 15/-
Brand new .1,2001t. L.P.
and
guaranteed.
Discounts for tt. T.P. Mylar 39/8
quantities.  7in, ll.zoou. swP. acetate 1&/]8
718, 1,8001t. L.P. acetate -
Postage 2/-.  gyn 1 800ft. L.P. Myiar £0/-
Over £3 post 7y, 9 400ft. D.P. Mylar 25/-

paid. 7in. 3,600 ft. T.P. Mylar

SINCLAIR EQUIPMENT
Z12. 12 watt amplifier 89/6.
PZ4. Power supply Unit 89/
8TEREO 25, Premmpll.ﬂer £9/19/G
Q.14 Bpeakers £7/19/
Micromatic Radio Kit 49/0 Bullt 59/6.
ALL POBT PAID.
SPECIAL OFFER
2 Z12 ampas. PZ4 Power Supply, Btereo 285,
Preamplifier ......
orwltht'oQNS v
'W SINCLAIR 2000 8YSTE
35 watt lntegnwd Amplifier, £29 Carr. 5/-
Belf-powered FM Tuner, £25, Carr. 5/-.

ECHO HS-606 STEREO
HEADPHONES

‘Wonderfully com-
fortable. Ligbt-
welght adjustable
vinyl headband, 6ft.
cable and stereo
jack plug, 26-17,000
cps., 80 imp. 67/6.
P. & P. 2/6.

NOW OPEN IN
EDGWARE RD.

Our new walk around shop is now open at
811 Edgware Road, fully stocked with &ll
HI-Fi, C jcation and Test

Call into your nearest thop— Edgwore Rd. for
all Equipment— Lisle Street for all Equipment
and Componenis,

HAMMARLUND SP600JX

COMMUNICATION RECEIVER

High quality teani

1 dual

recelvers available once agaln [n this country

reasonable price. Frequency range 540 Kc/s-54

bunds, variable tuning or 6 channel! crystal controlled. 2.5
watt ontput into 600 ohms. Input 110/230 v, A.C. 20 valve
Xtal filter, B.F.O.,, A.N.L,, Xtal
calibrator, B meter etc. Bize 18 x12x22 in. (List £520).
Offered in excellent condition fully teated and checked.

circuit Incorporating:

£100 each. Few only.

at &
Mcjs in 6

High quality ceramic construction. Windings embedded In vitreous enamel.

Heavy duty brush wiper. Continuous rating. Wide
8ingle hole fixing, }in. dia. ahafta.

Bulk quantitiea available.
25 WATT, 10/25/50A100/250/500/1000/1500,2500 or 5000 ohma. 14/8. P. & P.1/8.
50 WATT, 10/25/50/100/250/500/1000/2500 or 5000 ohms, 21/-. P. & P. 1/6.

range available ex-stock.

100 WATT. 1/6/10/25/60/100/250/500/1000 or 2500 ochms, 27/8. P. & P. 1/6.

LAFAYETTE LA.224T TRANSIS

LAF.
100 EgQ/VOLT
scale.

100/500 MA/2.5/10 Amp.

4dB.

LAFAYETTE 57 Range Super
S0KQ/V. Multimeter. D.C.
volta 125mv—1000v. A.C
volts 1.5v—1000v. D.C. Cur-

<+ 81 db. Overload'pmucuon,
£12/10/-, P. & P. 3/8.

T E
M ULT[TEBTEB Auto:

n. mirror scal
1/10/50/250/500/1 000 v.
D.C. and AC. Q-bOOuA. 10mA, A, Current:
0/20K, 200K

2mego
£5/19/6. P. & P. 2/6.

MODEL TE-90 50,000 O.P.V"
Mirror soale overload protec-
tion. 0/3/12/60/300/600/1,200
. .C.0I5130Il?01300/l.‘200 v

—20 — 4 63db. £7/10/0
P. & P. 8/~

MODEL TE-80. 20,000 0.P.V.
(l))/u%/uomao/soo/l 000

olex/ooxleoox/a meg.
£4/17/8. P. & P. 3/,

AYETTE DE-LUXE
“LAB
TESTER.™ Glant 6iin,
Built In meter
0/.5/2.8/10}

0

v. A.C. 0f 10/

0/1K/10K /100K {10M |
100M 0. —10 to 48.

PBOPEBGIONAL 20,000
O.F.V. YP

mntlu overioad protec-
e. Ranges

hm, Decibels:—20 to + 22db.

0/10/50{100/500/1. 000 v. A.C.
A, 5/60/600!1:‘.

TOR STEREO AMPLIFIER

19 transistors, 8 diodes, IHF music power 30 watta
at 8 ohms. Res. 30-20,000 32 dB at 1 w. Distor
tion 1% orless. l.npuu 3 mV and 250 mV. Output
3-16 ol 8eparute L and R volume controls.
Treble llld bass controls. Stereo phone jack.
Brushed aluminjum, gold nnodlned extruded front
panel with metal case. 8ize 104in. [n. X 7 # in.
Operation 115/230 volt A.C. . 716.

TE-800 £0.0000/VOLT
GIANT MULTIMETER
Mirror scale and over-
load protection. 6in.
full view meter. 2
colour scale. 0/2.5{10/
260/1,000/5,000

v. AC.
OI%IJQOIIOIOO/
250/1.000, v. D.C.
OIOOuAIIIOIIOO/bOOmA(
10 amp. D.C.
200K/20 MEG. OHM
P. & P. 5.

£15/~/-.
MODEL AS8-100D. 100KQ/
Volt. 8in., mirror scale. Buiit-
in meter protectlon 0/3/12/60/ B
120/300/600/1,200 v. D.

0/6/30/120/300/600 v. A.C.
0/1044A/6/60/300MA/12 Amp.
0/2K/200K/2M/200M g, —20
w +17dB £12/10/-. P. & P.

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.  0/30u4A/3/30/300mA.
0/16K/160K/1.6M/16 MegQ.
£5/10/-. P. & P. 3/-.

MODEL TE-12. 20,000 0.P.V.
olo 6/6/30/120/600/1,200]

3,000/6,000 v. D.C. 0/6/30/120/
600/1,200 v. A.C. 0/60uA/6/
60/600 mA., O/GK/GOOK[ﬂM og./
60 Meg.g. 50 PF. .2 MFD
£5/18/8. P. & P. 3/6.

MODEL PT-34. 1,000
0.P.V.0/10/50 /250 /
500/1,000V. a.c. and
d.c. 0/1/100/5600 mA.
d.c. 0/100 K @ 39/6-
P. & P. 1/6.

TE22 SINE SQUARE WAVE
AUDIO GENERATORS

20 cps to 200 ke/s. on 4 bands, Bquare
20 cpa to 30 kefa.
Output impedance
5,000 ohms, 200/
250 rv. A.C. opera-
tion. 8upplied brand
new sad guaran-
teed with inetruce.
tion manual and
leads, £16.10.0.
Carr. 7/6.

Blne:

RECORDING HEADS
Reuter §-track. As ftted to Coliaro Mk. IV
and Btudlo Decks, High imp. record playback,
low Imp erase. Lower track onjy. Brund new
19/8 pa

Connooord t track heads:

Record/replny. High imp.... ... 85/=
Erase. Low imp =TT i 20/-
Marriott § track heads:

Record/Pisyback, high Imp PR ——

Ersse, low bmp.......... - eaee. 20/
Post extra.

TE-65 YALVE YVOLTMETER

High quality instrument
with 28 ranges.

D.C. volts 1.5-1,500 v.
AC. volta 1.8-1,500 v.
Resistance up to 1,000
megohms.

220/240v. A.C. opersation.
Complete with probe and
Instructions £17/10/0. P.
) B,

& P. 8f-,

Addllk{bnal Probes avall
able; R.F. 35/~ H.V.
42/8.

TEIII DECADE RESISTANCE ATTENUATOR
Variablerange0-111
db. Connections.
Unbalanced T and
Bridge T. Imped.
ance 600 ohms.
Range (0.1 db x
10) + (1 db x 10)
4+ 10 4 20 + 30 +
40 db. Frequency: DC to 200 KHZ (—3db).
Accuracy: 0.05 db. + Indication db x 0.0
Maximum fnput less than 4 watta (50 volte).
Built In 600 @ load resistance with internal/
external switch. Brand new £27/10/=. P. & P. 5.

SOLARTRON CD.7115.2
OSCILLOSCOPES
Double Beam. D.C. to 9 Mc/s. Perfect order.
£85. Carr. 50/-.

EDDYSTONE V.H.F. RECEIVERS
770R. 19-185 Mc/s. £150.
770U. 150-600 Mc/s. £100.
Both types in excellent condltion.
CAR LIGHT FLASHERS
Heavy duty light tlasher
employs s condenser
discharge principle oper-
N, ting on electro mechani-
cal relay. (A8 inset.)
\ Housed in strong plastic
| case. Flashing rate
i between  60-120 per
minute, 13 volt D.C.
operation. Maximum
load 6 amps. Bize 3 in.
dla. by d4in, Bupplled
brand new at & lncuon
of original cost. 6/8 each,
P.&aP. 2/8 (3lor 17/6,
P. & P.

FULL RANGE OF .

@ Components @ Valves @ Semi-

Conductors @ Test Equn ment
Receivers @

AT DISCOUNT PRICES

G. W. SMITH

& Co. (Radio) Ltd.

ALSO SEE OPPOSITE PAGE
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A6S

Nearly 200 pages giving full details of a
comprehensive range of COMPONENTS,

*8P25 MKII IH .18.8

TEST EQUIPMENT, COMMUNICATION SIP22 Bloreo R, La30%
EQUIPMENT and HI-Fl EQUIPMENT. S mere,  $150 Ao wkn 23423
Each section greatly enlarged and fully 22?35”5‘5';1.,0,'“"'“ e ti717%
illustrated. Thousands of items, many Sierup U U I

at bargain prices. FREE DISCOUNT TS0 Btereo E8108 Shas

COUPONS VALUE 10/-.

Carriage/insurance 7/6 extm any model.
WB4 Bases £3/19/6. Perapex cover £3/10/0,

*Bpeciai offer base and cover available for these
models at £4.15.0. Carr. 5/
Full range of Garrard sccessories avallable

GARRARD

Full current range offered brand new and guaranteed at fantastic savings

TYPE 13A DOUBLE BEAM
OSCILLOSCOPES BARGAIN

An excellent general purpose
& D/B oscilloacope. T.B. 2 cps-
] 750 Ko/s. Bandwidth 5.5 Mc/s
Sensitivity 33 Mv/cm. Oper-
ating voltage 0/110/200/250 v.
A.C. Bupplied In excellent
working condition. £82/10/-.
Or complete with all acces-
sories, probe, leads, lid, etc.
£85. Carriage 30/-.

ADMIRALTY B.40 RECEIVERS High
quality 10 valve
recelver manufac-
tured by Murphy.
Coverage In § bands
650 Kc/s-30 Me/s.
L.P. 500/Kc/s. In-
corporates 2 R.F.
and 3 LP, stages,
bandpass tilter,
noise limiter, crys-
tal controlled
.+ callbrator
LF. output, etc.
Bullt-in  speaker,
output for phones.
Operatlon 150/230
volt A.C. Bize 19| x 13} x 16in. Welght
114ib. Oflered In good working condition.
£22/10/0, carr. 30/-. With circult disgrams. Also
available B4l L.F. version of above. 16 Ke/s-700
Kc/s. £17/10/~ Carr. 30/,

R209 Mk. 1l GOMMUNICATION RECEIVER

11 valve high
grade com-
munication
recelver sult-
able for tropi-
cal use. 1-20
Mc/s. on

bands. AM[
CW/FM opera:
uon l.noorpor-

'ernler drive,
B.F.0. Aerlal trimmer, Internal speaker and
l2v.uD.0. lnt;ml power supply. Bupplied In
exc t tion, ful (<
ellent condition, Iully £|5-0-0 10‘;3."

tested nnd checked.
TRANSISTORISED L.C.R. A.C MEASURING
BRIDGE.

A new portable
bridge offering ex- |
cellent runge and
accuracy at low cost.
Ranges: R. 10
110 MEG 0 6 |
Ranges + 1%.
L. 1uH—111 HEN.
RIES. 6 Ranges

2%. 10FFP
lllo\lH) 6 Ranges
+ 2%. TUENS8 RATIO 1:1/1000—1:11100.
6 Ranges £ 1%. Bridge voltage st 1,000 CP8.
Operuted from P volts, 100uA. Meter indication.
Attractive 2 tone metal case. Bize 7§~ x 5° x 2°
£20.P. & P. 5/~

ADVANCE TEST EQUIPMENT
Brand new and boxed in original sealed cartons.
VM.76. VALVE VOLTMETER. R.F. measure-
ments in excess of 100 Mc/s and D.C. measure-
ments up to 1000 v. with accuracy of £2%. D.C.
range 300 MV to | KV. A.C. range 300 MV to 300
V RMB. Resis"ance 0.02—500 M. Price £72.
VM.78. A.C. MILLIVOLT METER. Transistorised.
1 Mv—300V, Frequency 1 ¢/sto 1 Me/s. Price £565.
VM.?9. UHF MILLIVOLT METER. Transistorised.
A.C.range 10 Mr—3V. D.C. current range 0.01/A—
0.3 Ma. Resistance 1 ohin—10 megohms. £125.
H1B. AUDIO 5IGNAL GENERATOR. 15 cfs—
B0 Kc/s. sine or square wave. Price £30.

J1B. AUDIO SIGNAL GENERATOR. 15 ¢/s—50
Kc/e. Price £30.

J2B. AUDIO S8IGNAL GENERATOR. As per J1B
except fitted with output meter £35.

TT18. TRANSISTOR TESTER. £37/10/-.
Carriage 10/- per ltem.

SOLARTRON MONITOR
OSCILLOSCOPE TYPE 101
An extremely bhigh quality oscilloscope with time
base of 10 pt/sec. to 20 m/sec. Internal Y amplitier
8eparate mains power supply, 200/250 V. Suppucd
in exceilent condition with cables. probe, ¢
received from Ministry. £8/19/8. Carr. 30/

RCA COMMUNICATIONS
RECEIVERS AR88D

Latest release by ministry BRAND NEW in original cases,
110-250v. A.C. operition. Frequency in 6 Bands. 535 Ke/e—
32 Mc/s Output imped 2.5-600 ohms.
lnmrpornung crystal filter, noise limiter, variable BFO,
variable selectivity, etc. Price £87.10.0. Carr. £2.

LAFAYETTE SOLID STATE HA400
RECEIVER

5 BAND AM/CW/SSB AMATEUR AND SHORT WAVE.
150 ke/s-400 Keo/s AND 350 Ke/s-30 Me/s. F.E.T. tron
end ® 2 mechanical filters @ Huge dial @ Product
detector @ Variable BFO @ Noiselimiter
@® 24jin. Bnnd!pnud ® 230 v. AC/12 v. D.C. neg earth

RF gain control. Sise 15in. x 81in. x 8iin.
b EXCEP‘HONAL VALUE £45. CARR. 10/-.
S.A.E. FOR FULL DETAILS.

Brand new, guaranteed and carriage paid.
High quahty construction. Input 230 v. 50-80 cycles.

Output full variable from 0-260 volts. Bulk quantities available.

1 amp.— £5/10/=; 2.6 amp.— £6/15/-; b amp.— £9/15/=;
8amp.—£14/10/-; 10 amnp.—£18/10/-; 12 amp.—£21; 20 amp.—£37

Send S.A.E. for full lists. Other ranges available. Please include postage.
Special quotations for quantities.

e o =

SRS petar

4 LAl
= Toma Y8 | RV /
‘ = CLEAR 80mA .. 7/8 300V.A.C. .... 37/
{ 100mA . 7/6 | B Meter ImA .. 39/
o - PLASTIC S00mA  ...... 378 | VU Meter /
i r et -, lamp ........ {3 i
-y g ol 8 amp . .. 3718 !
. METERS 10V. D.C. 16 1
20V.D.C....... 37/ i
80V.D.C... /6 | 30amp.AC  37/8
Type MR.ISP. 1 21/32in. square tronts.  Type i R 85P. 4lin.x 4fin. tronts.
80-0-50uA . 35/= lamp ........ 25/- BOuA . .... 69/8 15 amp. ...... 49/6
1o e | gimb g stk oove | dembo g8
100-0-1004A .. 32/8 | gy Do, il 9o/ 100-0-100uA Y 50V.D.C.. ... I
200uA . ...... 32/6 10V.DC...... /o 200uA 55/« 150V. D.C. ... /
BO0uA . 27/6 20V.D.C....... /- 500uA . /8 300V. D.C 49/
500-0-500uA .. 25/- 600-0-500uA .. 49/8 | 15v. A.C. 49/
ImA .. 25/ 100V.D.C. .... 25/~ 1mA 49/6 300V. A.C 49/
1:0-lmA .. 25/- 150V.DC. .... e 1-0-1mA 49/6 8 Meter ImA .. 55/~
2mA .. 25/- 300V.D.C. .... 25/- SmA 49/6 VU meter 89/6
SmA . 25/- 500V. D.C. e lomA 49/6 | 1amp.A.C.* .. 49/8
10mA 26/~ | 780V. D.C. -  GOmA 48/6 | samp. A.C.° .. 49/8
aoma 2or | lov.ACT B8 mA o 4918 | oL ace aole
m - | 80V.AC....... 25/- m s
100mA 25/« 150V. A.C. . ;. 1 amp 49/ 20 amp. A.C.°.. 49/6
133::.: %g.- 300V. A.C. 95/~  bamp. 49/8 | 30 amp. A.C.*.. 49/6
200m /- | soov.A.C. = 4
300mA 25/- | 8 meter ImA .. 2295/3 Type MR.65F. 3}in.x3tin. fronts.
500mA 25/ | VU meter 39/8 50uA 85/- 20V. D.C.. /i
Type MR.45P. 2in. square fronts. 50-0-50A 52/8 | %0V.D.C. /
it B8 | dVRE o i e | v 5o
-} 20V.D.C... -
TOOIE 38 100-0-100uA .. 49/8
100-0-100pA .. 35/«
800uA . 29/8
1ImA 271
BmA 271
10mA 27/6
5OmA 27/8
100 mA 27/8
800mA 27/6
1amp 27/8 27,
5 amp 27/8 | 30amp.A.C*.. 37/8
Type MR.52P. 2}in. square fronts. 9
BOpA. . .. .. 50/6 | 100-0-100uA .. 45/- | 10 amp. AC.* /
50-0-50uA .... 49/8 | 500uA 42/@ b0 amp. 39/6 | 20amp.A.C.*.. 39
100pA ........ 49/8 | 1mA 37/6 10v.D.C 39/8 | 30 amp. A.C.*.. 39/6

* Moving irom. sl

others moving coil

VU meter

(RADIO) LIMITED

3and 34,LISLE STREET,
LEICESTER SQ.,.LONDON ,W.C.2 0I1-437 9155

6 TRANBISTOR
HIGH QUALITY
TUNER BIZE
ONLY 6in. x 4in. x
24in. 3 L.F. stages.
Double tuned dis-
criminator., sample
output to feed nost
amplitiers. Operates
on 9 volt battery. Coverage 88-108 Mc/s. Ready
bullt ready for .se. Fantastic value (or money.,
£6/7/6. P. & P. 2/6.

BTEREO MULTIPLEX ADAPTORS, 99/6.

TRANSISTORISED
TWO-WAY
TELEPHONE
INTERCOM
Operative aver amazingly long
distances. Beparate call and
presa to talk buttons. 2 wire
connectlon.  1000°'s of appil-
catlonn, Beautltully ﬂnhhed
in ebony. Bupplied complete
with hatteries atd wall brackets.

£6/19/6 pair. P. & P. 3/6.

TE-I6A TRANSISTORISED
SIGNAL GENERATOR

5 Ranges 400 KHZ-30
MHZ. An Inexpensive
Instrument for the handy«
man. Operates on 9v.
battery. Wide easny to
read scale. 800 KHZ
modulation. 5§ x §i°
x 3§°, Complete with
instructions and leads.
£7/19/6. P/P 4/-.

MODEL ZQM
TRANSISTOR
CHECKER

It has the tullest capa-
clty for checking on
A, B and Ico.

Equally adaptable for
checking divdes, etc.
Bpec.: A: 0.7-0.9967.
B: 5-200. leo: 0/50
micro-amps. 0.3 mA. Resistance for dlode
2000 41 MEG. Bupplied complete with Instruc-
tions. battecry snd leads. £5/19/8. P. & P. 2/8.

TE-20RF SIGNAL GENERATOR

Aoccurate wide range
signal generator covers
Ing 120 kc/s-260 Mc/s.
on 6 bands. Directly
callbrated.
R.F. attenuator. Op-
eration 200/240 v. A.C.
Brand new with lostruc-

tions. £15.
P. & P.7/8. B.A.E. tor details.
LAFAYETTE TE-46 RESISTANCE
CAPACITY ANALYSER

2 pf-2.000 mid.
2 obms-200 meg-

ohma. Also checka
ltnpedance turns
ratio insulation.

200/250 v. A.C.
Brand New, £17. 10
Carr. 7/8.

ARF-100 COMBINED AF-RF
SIGNAL GENERATOR
AF, SINE WAVE
20-200.000 cpa. Bquare
wave 20-30,000 cps. O/P
HIGH IMP. 21 v. P/P
6000 3.8 v. P/P.
R.F. 100 kc/s-300 Mc/s.
Varisble R.F. attenua-
tion. Int./Ext. Modula-
tion. Incorporates dual purpose meter to monitor.
AF output and 2, mod. on R.F. 320240 v, A.C.
£30. Carr. /€.

COSSOFR 1049 DOUBLE BEAM
OSCILLOSCOPES

D.C. coupled. Imnd width 1 Kc/s. Perfect order.

£26. Carr. 30/~

OPEN

9 a.m. o 6 p.m.
every day Mon.
to Sac. (Edgware
Rd. } day Thurs.)
Trade supplied.

01-437 8204

gt Vb i
Saths '. ’. - .“.32
\\\\\\\\‘\\‘ [F YN @ . >

] 311, EDGWARE RD.,LONDON,W.2 0i-262 0387
222200 NN

(ALL MAIL ORDERS TO ;- 3, LISLE STREET,LEICESTER SQUARE,LONDON, W.C.2)
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EYSL  7/-, PU 9/8, QBi0/20 U25 13/~ 2N3968 10/ BCY33 8- GETII0 4/, OC28 /=
BEN ﬂ I EY A] O l IS [l ][! EY83 8/3/PCS88  9/6 U26  11/9/28323 10/-| BCY34 4i6) AAZ13 8/6| 0C29 23/6
EY84 7/6 PCO5  8/3,QS150/15 | U3l 8/~ AA1l9 3/- BCY38 &/-| GET573 7/8/ OC30 b/
R A N BY88 6/- PCO7T 88 9/8! U33  29/8/ AA120 3/- BCY39 4/8{ GET587 8/6| OC35  B/-
I ° Egs; ;/; PC900  8/3 QVO47 8/-| U35 18/6VAA129 3/~ BCZIl 3/8| GET87210/-| OC38 7/
38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1  |5vol 3/°p0css 6/ BRIl 1o/ Uss 188 acils & Botes os aerers ¥-| 0S8 18
THE VALVE SPECIALISTS Telephone 01-722-9090 g% ;/I; mg 919 R18 34/11 U47  13/-|AC114 8/-) BCl113 &/ 023/5 0C43 12/8
GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX. Lilchompion 6740|780 72 FCciRe o/ Bis  alg. bay o Aeiz 2= BCllS Y| OETeer ve| oots i
Please forward all mail orders to Littlehampton EZ80 ”g Pchg :;s Rl9 8/8 U52 4/3|AC155 6/8 BC113 4/ | GETB89 4/8| OC44PM 8/3
EZ81 PCF - R20  11/9| UT6  4/9| AC166 4/ ~| GET890 4/8
_ Save postal costa! Cash and carry by callers weicome. _____|Ezs0 3/8'PCFBs 8/~ Rs2  7/8/ U8 3/8|ACi5T /- ‘;‘,3,‘,‘;;‘, :ﬁ_ GET805 4/8' 0Geam %,53
0A3  L/9i6BRS  8/-168Q7GT 4/~ 1487 18/ |150B2 14/6 DKI1 5/6 ECF86 5/~ FW4/6006/6| PCPAS 9/~ RK34 7/8 UL07 18/3| ACI6S B/~ DEwoy 4/~| GETS97 4/8| 0C48 3/
083 6/-|AB87 168/6 6U4GT 12/-(18 12/8/150C2 5/9'DK92 7/9 ECF804 |FW4/800 | PCP801 7/-| 8P13C 12/6 Ul81 12/@/ AC166 5|~ BFY52 4/6 OEX13 3/8/ 0ces g2/8
0z4 43 6BW8 12/9 U706  7/-|19 10/4/ 301 20/~ DK98 7/- /= | 10/-|PCF802 9/~ 8P43 12/6| U261 16/-| AC167 12/ Bpise 5/~ GEX35 4/8/ 0C70 23
1A3  4/86BW7 1L-(gv6q  B/¢|19AQ5 A4/9(302  16/6 DL33 6/~ ECH21 12/8 GZ30  7/- [PCF805 /9 8Pl /3 U1  8/-|AC168 /8| bhios 5/~ GEX36 10/~ O0C71  '2/-
1 8- 6ce 2/9/6V6GT - 19H1 40/~ 6U4GT 12/- DL35  4/9 ECH3S 69 G232 8/~ PCFB0611/6| TDD2A12/8| U283  8/-| AC169 6/6| Drso 4/~ GEX45 6/8/ 0C72 /-
1A7GT  7/-/6C8 3/9/6X4  3/6/20D1 13/-303  15/-/DL92 4/9 ECH42 10/~ GZ33 12/6 12/6 TDD4  8/3 U301 11/-|AC176 11/~ piigo 12/-| OEXG8515/~ O0C73 18/~
165 41960 11 6XsaT 5/-/20D4 20/5305  19/6/ DL94  5/6 ECHSL §/3/G234 10/~ PCL81 §/-| TH4B 10/~ U329 18/-|ACI77 5/8 pr o0 85_ GT. - O0CT4 g/8
D5 6/p|6CDEG 19/6. 6Y6G 8/ 20F3  14/- 308 13/~ DL96 7/~ ECHB3 8/- G237 14/6|PCLS2 7/~ TH233 7/- U403  6/8| ACY17 3/~ BEiSL gi— M1 2/10|0C75  8/-
1D§ 9/6 6CH6 6/-|gy7q 12/8/20L1 18/-- 80T 11/9, DM70 8/~ ECH84 7/-| HABCS08/- | PCL83 9/~ TP2620 8/ U404 7/8| ACY18 8/8 BTX34/400 M3 2/10| oCc78 218
1FD1  6/-'6CL6  8/6i78g  10/9/20P1 17/6'9566 2/-/DM71  7/8 ECLBO 6/6| HL2 7/8| PCL84 7/6| UABCS0 59| U4020 8/9| ACY19 3/9] 40/-| OAS 58| oc7s 3/~
1FD9  3/9 6CW4 12/-|7B7 7/-/20P3  18/-|1821  10/6 DW4/350  ECLS2 6/-|HLI3C 4/- PCLB5 8/3) UAF42 9/6 VP2  3/8 ACY20 3/8/ BYloo 3/6 OA? 218/ oCrep 3/-
166 @/~ 6D3  7/8 708 6/~|20P4  18/8)5763  10/-| 8/6| ECL83 /- HL2 10/6/ PCL38 §/8 UB4l1  6/8| VP2B /8| ACY21 3/9 pyiot 11/ OAS7 &/~ oGre . 8/-
IH3GT 7/-|6D6  3/-7g7  gg|20P0  18/-/6060  5/8 DW4/500 |ECLS4 12/-|HL23DDS/-| PCLSS 15/~ UBCAL 7/6 VP4B 108 ACYZ2 /8 Bui0} 10/8| OA70  3/-[ocs) /-
114 2/8|6F) 8/817R7  1g/-|20L6GT 5/8/7193  10/8 8/8 ECL85 11/~ HL41DD PEN4S 7/~ UBC81 7?/-/ VP13C 7/-/ACY28 4/- BY114 6/8| OAT3  3/-| oCq1p 9/-
1LDS  §/-|6F6  12/6/qy7; g/ (20¥5  6/~/7476  4/- DY86 58 ECLSS 8/~ 19/6 |PEN4SDD | UBP80 5/9 VP23 B/6/ADI40 7/8| gylog §/. OAT9 18| olaim 5/~
1LNG  8/-|6F66G  Ai-iqyq  47/25Y5G 8/6/A1834 20/~ DY87 8/p ECLL300 | HL42DD8/- 12/-| UBF89 6/8 VR7S 24/- ADI49 8/~ gyiyy g/ OASL 19| oGay 33
INSGT 7/9 8F12  3/8/9pwg 7/~ 20246 /- A2134 10/- ESOF 84/- 30/-| HN309 27/4|PEN46_4/-| UBL21 9/-| VRI05 B5/~(ADI61 9/-| pyyus o/| OABS  1/8| 0ceon /3
IRS  6/6\6F10  3/6|qn; o (2528 7/= A3042 15/-|ESSF 24/~ EF22 12/6/HVR2 8/9| PEN453DD UCS2  5/6| VR150 5/~ ADI63 9/ BYZI0 5. OA88 4/~ gegsd g7
184 4/9/6F14  18/-|100)  1p/g 25260  §/6| ACZPEN 12/- EF36  3/8 HVR2A 8/8) 19/6 UCCB4 8/=| VT61A 7/~ AF102 18/~ gy7) 5| OA®0 2/6. ocay 3/
188 39 6F15 9/ 1509 1) 30C1 /6| E180F 17/6 EFSTA 7/-|IW3 = B/8| PENA419/8 UCCS5 8/8 VTs0l 3/-|AF1l4 4/~ By7ia -1 0A91 190 55103 g8
104 5/9 8¥18 7/8| 10D1 8/~ 30C15 13/8 AC2ZPEN/ |E1148 10/ EF3% 5/~ IW4/350 5/8 PEN/DD UCF80 8/3| VU111 97/3|AF115 3/- BYZ13 &/ A8  1/9 OC13H 12/
1U5  8/9/6F23 13/8|10pq 14/7/30C17 12/8 DD 10/8 EAS0 1/6 EF40 8/ IW4/500 8/~| 4020 17/6| UCH21 9/~ VU120 12/- AF119 3/~ | OA183 2/~ ac15q 19/-
aD21  8/8|6F24  11/9|,0p) 15| S0CL 8/9 ACGPEN4/9 EA76 13/- EF4l  9/6| KBC32 20/8 PPL200 18/- UCH42 9/9  VU120A12/- AF124 7/8) BYZ1S 38/=| ga200 1) 0c165 318
34 3/8.6F25 118 |1gpg g |30F5  13/8(AC/PEN (5) EABCS0 6/~ EF42  3/8 KFS5 1%/6(PL33 19/8 UCHS1 6/6| VU133 7/-|AF125 3/8 COI2E 4/~ ga049 g/-
A5 10/- 6F28 10/8|10p)g 7/ SOFL1 15/~ 19/6| EAC91 8/~ EFs4 10/~ KL35 11/8 PL38 9/8 UCL82 7/~ W76  8/9 AF126 7/- COS4H 4/- 0,910 g/g| OC172 4/~
3B7 8/-|8K32 3/ )00 11110/ | SOFL12168/-|AC/PEN (7) EAF42 8/ EF73  6/6 KLLS2 21/7| PL81  7/3| UCLS3 10/-| W8IM 6/  AF139 11/~ GD4  8/8] g0y 13,4) OC200 4/4
D6 3/9 6G6G  2/8/ 2y 1a/-'3°”‘“ 12/¢ 19/6 EB34 7/6/EF80 4/6 KT2 5/~|PL8IA 10/8 UP4l 9/6) W107 7/-| AF178 13/8 GDS  B/8) g,790012/.| OC201 B/8
34 68 6HEGT 1/9))00,0 1970130L1  8/-|AC/THI ' |EB4l 4/6 EFS3  9/6 KT8 34/8(PLe2  6/8 UF42 8/~ w729 10/-|AFI79 13/8 OD8 558/ 5aya 10/5 OC202 4/8
3950T &~ /638G 3810004 138 soLls 1319 10/- EBS1 2/3 EP85  6/3/ KT32 '5/8 PL83 /6| UFS0 6/9 XES 25/ AF180 8/8 OD8  4/-| g47000 g;_ OC203  4/8
384 4/9 88 3/=12a08 7,.)30L17 13/ AC/TP 19/6 EBC3 20/6 EF86 6/ KT41 19/6 PL84 /3 UF85 8/9 XFY12 9/, AF181 14/~ OD9  8/=/ 927503 g/g| QC204 58
Ve /6|6J70  4/9 1000 §17|30P4 12/ AC/VP210/8 EBCAl 8/8 EF89 4/ KT44 20/ PL302 12/- UFS6 9/- XHLS 6/8| AFZ12 5/ OP10 4= o755 g/ OC205 778
SRAGY 8/9|6J7GT 6/6 (000 N0 |30PAMR  |ARP3  7/- EBCSI 5/9 EF9l  3/3 KT8l 1%/-|PL300 12/  UPS® 6/3 X41 10/~ ABY27 8/a| ODI1  4/=| gizogs o7 | 00208 10/-
§UdG 479 eKeGT 8- 1248 18 17/6 ATP4  2/3 EBCO0 4/- EF92  2/6/ KT63 4/~ pL504 12/6| UL41  9/8| X61  §/9| ABY28 6/6 GD12 4/-| 0AZ206 9/~ OC813 8/~
6V4G  7/8 6K7G £/ 19AT7 3,g|30"1‘1 13/-| AZ1 8/~ EBCO1 6/ EF97 10/-|KT66 17/3| PL509 28/9 UL46 12/8| Xé5 5/~ ABY29 10/~ GD14 10/-| 0z20710/8 OCP71 £7/6
SY3GT B/6 6KTOT 4/8 15yt o/30P10 12/-/AZ31 8/ EBF80 6/- EF98 10/6 KT74 12/8pLsoa 15/~ ULS4 6/d| X66 7/8|AY100 26/~ GD15  8/-| gaZ210 7/~ BX1/6 3/8
873 8/- 6K8G 3/~ 12AU7 30PL1 158/-/A241 7/6 EBF83 8/- EF183 6/-|KT76 7/8 PMa4 7/8 UM8O b/~ X8IM 30/6)Bilst 10/- GD18  4/-| gA7Z213 7/- XAl03 15/~
5240  8/8|6K8GT 7/- 12AVS 30PL13 18/~ BL63 10/- EBF89 6/3 EF184 6/« KT88 29/~ px4 14/~ URIO 10/8 Z329 13/8(BA102 8/- GET105 OAZ22416/6 MAT100 7/9
8/30L3 12/6 6L1 19/8 o x7 48,30 L1415/-/CLSs 18/6 EBL21 11/~ ' EH9% 6/6 KTW6l 8/6| PY32 8/6| UUS 7/~ Transistors |BAllS 2/8 18/~ OC19 25/~ MAT101 8/8
6A8G  §/8 6LOGT 7/3( (24007 0/0|30FL1S16/~(CV6  10/6 ECo3 12/6 [EL32  3/8 KTW6210/~|PY33 96| UUB  14/-! and diodes |BA118 9/~ GETI1 = | 0CZ2 8/~ MATI20 7/9
8ACT  3/-|8L7GT 12/8 12BAG 6/~ 885A3  9/-/CY10 10/8'EC54 6/~ EL33 12/- KTW63 5/9/pYso 5/3 UUl2 4/8 2G225 10/6|BA129 £/8 16/8 OC28 5/~ MATI2! 8/8
8AGS /6 6LI8  B/-|1oppg oo|35AS  18/-ICY31  7/6|ECT0 4/ EL3¢  9/6 KTZ4l 8/-(pYsl &3 UYIN 9/- 2N404 6/~ BAI30 /- GETI11S 4/~ OC24 /- BM1036 10/~
6AKS 4/6 6L19 19/ 38D5 19/ D63  B/-/ECR8 10/3|EL35 10/- L63 3/9| PYB2  §/-| UY2l 9/8' 2N1756 10/-|BCY10 8/~ GET11617/~  OC25 /- | 8T1276 10/~
SAKS &/-/6LD20 88 12BH7 _6/-3516GT 8/-/D77 /3 EC92  6/6|EL37 17/8/ LN152 6/6(PYs3 6/6, UY4l 6/9 2N2147 17/~ BCY12 b5/~ GET116 6/8 OC28 5§/~ ZE12VT 1/9
€ALs  £/86N7GT 6/8 12E1 17/-135we  4/6/DACS2? 7/-|ECC31 15/6 EL41  9/3 LN309 8/-|PY8R ¢/3 UYss 5/8| 2N2297 4/8| wATOHED TRANSISTOR SETS:— -~ =
6AM4 16/6/6P1 18/~ 12J7GT 6/8/3573 10/~ DAPS1 3/9|ECC32 4/6/EL42  8/9 LN319 18/~ py3ol 12/8 U0 8/~ | GN2359A 4/3 LP15 (ACI13, AC164, AC167. AA120). 10/8
SAMS 3/ 6P28  18/-112K5 10/~ S5Z4GT 4/9| DAFOS 8/~ ECCS3 20/ ELS1 8/~ LN330 15/~ PY800 6/6| Ul2/14 /6| 2N2613 1/9 1 et any s oois /8. S
6AQs  Aj9ieru8  1%/-|12K70T 59 35Z0GT 6/~ DCCO0 10/~ EOC34 2/8 EL83  6/9| MEI40014/3 PYRO1 6/6| Ule 15/ 2N3053 6/8 | ocest mos oot 776
SARS 20/~ 6Pu8  25/-|12K8GT 7/8/60A5 21/10/DD4 ~ 10/6|[ECC40 9/8 EL8¢  4/6/1.2320 6/6 PZ30 /8| UIT b/~  2N3121 80/~ 1 _ocann ooa 2 ocmr’ oro;
6ATS  4/-/6Q7G 8- /12Q7GT 4/6/50B5  €/3 DDT &3 ECCS1 /9| ELSS  7/6 MHD4 8/3(QP21 8/~ UL8/20 10/-] 2N3703 3/ 3 —gcarn 20g 3—3C82. 816
Tl T I L T o R e
e Y .l ‘ . N c8TC 1 -
6B3G  2/8/6R7 11/~ 128C7T 4/-|BOLGGT 9/~ DF96 6/-|ECCSB4 8/6 EL95 6/~ ML6 6= 2 /91 2X3865 201-3.6v.. 435, 13v., 15v., 16v.. 18V., SOv.. /6 each.
6BAS8  4/6 68A7QT 7/-1128Q7 3/-173 6/6 | DF97 10/=| ECC85 &/= EM71 14/-| MU12/14 4/-| All goods 8re new and subject to the standard 90 day guarantee. We do not handle manufacturers®
6BES  4/% 68C7GT 6/6/128H7 3/-|85A2  8/6 DH6S 6/~ FCC88 7/~ EMSO 5/0 MX40 12/8!seconds norrejects, which are often described as““new and tested™ but have & limited and unreliable
6BHG  7/6/68G7  §/-(128J7 4/6/90AG 62/6 DH78 4/8 ECCI89 /6 EMSl 6/9/N78  38/4 life. Business hours Mon.-Fri, 8.5.30 p.m. Sats. 9-1 p.m.
6BJ6  6/0|68H7 3/~ 128K7 4/8 BOAV 67/8 DH77 _4&/- ECC80412/6 EM84 6/~ N108 27/10 Terms of business, Cash with order only. Post/packing 6d. per ftem. Orders over 25 post/
6BQD  4/6/88J7  6/¢ 128Q7GT7/6 90CG 34/ DHB1 10/9| ECCB0727/—| EM85 11/~ N339 25/~ packing free. All orders cleared on day of receipt. Any parcel insured against damage in transit
6BQ7A 7/-/68K7 4/6:12Y4 2/- 90CV 33/6 DK32 7/-!ECF80 6/6 EM87 ' 7/3 P6l 2/8!for only 6d. extra. Complete catalogue of valves, transistors and components with conditions of
SBR7 _8/8 ARN7GT 48 14H7 _ 9/6 90C1 16/~ DK40 10/- ECF82 6/6 EY51 _6/3 PABCSO 7/3)ale, price 10d. post free. No enquiries answered unless 8.A.E. enclosed fof reply.
NEW 48" FULDING MABH'NES ONE GOO
SHEET METAL BENCH MODEL BY PARKER OR 100,000 GOOD TURNS
S omowsoensl || WE CAN WIND THEM
- — down to 45 degrees which
can be flattened to givesafe . T
edge. Depth of fold accor- Torouds, Wavewindings or on Formers or
ding to height of bench. in Bobbins with wire down to 52 swg
48" x 18 gauge capacity.............. £40 0 0 g"e year’s xu(aran!ee- LET uUs DO YOU A GOOD TURN
: one . - H
367X I8 gavge Capacity.............. €27 10 0 i Backiitieg’t atistied by quoting for your requirements
24" 16 gauge capacity.............. €26 10 O | Send for details:
Carriage free TESSIER WINDINGS LTD
A. B. PARKER .
Also the well-known vice models of
367X 18 gauge capacity............... £14 0 0 | FOLDING MACHINE WORKS, INDUSTRIAL ESTATE,
24" % 18 gauge capacity.............. £8 0 © PPER GEORGE STREET,
18" x 16 gauge capacity.............. £8 0 0 HECKMONDWIKE, YORKS. ST. IVES, HUNTS- Te'. 2978
Carriage Free Telephone 3997

WW—101 FOR FURTHER DETAILS

WW—102 FOR FURTHER DETAILS

r PriOnlY
£7/15/0

Solve your communication problems with this
new 4-8tation Transistor Intercom system
(1 master and 3 subs), in de luxe plastic
‘cabinets for desk or wall mounting. Call/talk/
listen from Master to 8ubs and Subs to Master.
Operates on one 9 v. battery. On/off switch.
Volume control. Ideally suitable to modernise
Office, Factory, Workshop, Warehouse, Hos-
pital, Shop, etc., for instant inter-departmental
contacts. Complete with 3 connecting wires,
each 66ft. and other accessories. Nothing
else to buy. P. & P. 7/6 in U.K.

Why not increase efficiency of Office, Shop
and Warehouse with this incredible De-Luxe
Pcrtable Transistor
FIER which enables

TELEPHONE AMPLI-
you to take down long

Same as 4-Station Intercom for two-way instant con- telephone messages or converse without
versation from MASTER to SUB and SUB to MASTER.  holding the handset. A useful office aid. A
Ideal as Baby Alarm and Door Phone. Complete with must for every telephone user. Useful for
66{t. connecting wire. Battery 2/6. P. & P. 4/6. hard of hearing persons. Onfoff switch.

Volume Control.
battery which lasts for months.
operate.

7-STATION INTERCOM

Operates on one ¢ V.
Ready to
P. & P. 3/6 in U.K. Add z/6 for

Battery.

(1t MASTER & 6 SUB-STATIONS) in strong metal
cabinets.  Fully transistorised.  3}in. Speakers.
Call on Master identified by tone and Pilot lamp. Ideally
suitable for Office, Hotel, Hosgital and Factory.

Price 27 gns. P. & P. 14/6 in U.K.

wWww.americanradiohistorv.com

Full price refunded if returned in 7 days.

WEST LONDON DIRECT SUPPLIES (W.W.),
169 Kensington High Street, London, W.8
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ENGLANDS LEADING COMPONENT & EQUIPMENT CENTRES

other profescional equipment selling
at much higher prices.

COMPLETE SYSTEMS
FROM

£15.5.0

CHOOSE A SYSTEM TO SUIT YOUR
NEEDS AND SAVE POUNDS

SOLID STATE-HIGH FIDELITY

AUDIO EQUIPMENT

Mono or Stereo Audio, Equipment devel-
oped from Dinsdale Mk.ll—each unit or
system will compare favourably with

THE FINEST VALUE IN HIGH FIDELITY—

All units available separately.

SEND FOR FREE BROCHURE (No. 21) TODAY !
DEMONSTRATIONS DAILY AT '303° EDGWARE ROAD

KITS TO'BUILD YOURSELF

ELEGTRONIG ORGAN AND COMPLETE UNITS
Acclaimed by everyone

The MAYFAIR

A completely new development n
porable electromic musical instru
menis and 8 new held for the home
constructor.  The "MAYFAIR® oro
duces s muliitude of the mosi
pleasing sounds with 8 wide tsnge THE MAYFAIR 99 GNS
of tone colours suitabie lor classic 12 monthly payments of BROCHURE 9
or populsr music The organ is  £9. Toral £144.8.0
fully polyohonic. that ie full corda can be Disyed over the sntire kevybosrd. Supplied as s kit ol parts which
Includes 165 transistors. printed Circunts Danel. special fully sprung end depth of touch adjusted keyboasrd, stiractive
vynsi covered cabinet with carry’ hindie, A detailed and manual 18 Drovided wilh
cuils and full parts st All items may be purchased separatoly. All Darts supOiied are IVlly guaranteed, Full after sales

The GROSVENOR [

W designed 101 the more ambitious musiCu and has 8 much widef range
than most commercial organs It comprises two four-octave (49 note)
keyboards and @ thirtaen-note pedal boerd. Il has four pitches (1.
8f1. #11. 211, 1h) on the upper of 5010 keybosrd. three pitches {i.a. 16 8t
41t) on the lower or accompaniment keyboatd, two pitches {l.e.. 16t 8t)
on the pedal board. Vauable susiam on the solo keyboard and varabio
wibrato on both kevboards tt has 15 voices in the solo 1ona-forming unit.
10 vowces in accompanimeni tona- lonnmo unh and 4 voices in the pedal
tone.forming unit. All

separetely including the Osk Cen-ol- -l CGE 18.0.

Deterred terms available
COMPLETE KT
Deposit £29.18.0

12 monihty payments ol
£7. Total £113.19.0
BUILT AND TESTED
Deposit £36.8.0 anq

=

INTEGRATED TRANSISTOR AMPLIFIERS
MASBS 12 WATTS STEREOQ

We are pleased to offer two new designs with the
choice of either mono or stereo systems. Thase BRITISH
DESIGNED UNITS favour the user in so many ways—
with fantastic powe: and quality with far greater
ndnplabllltv with freedom for battery or mains operation,

choose either the—

MA7 MONO OR THE STSREO MABE
COILS ANO CHOKES - REVERBERATION SPRINGS AND UNITS - STOP. TABS AND ASSEMBLIES - PEDAL BOARDS - RHOOIUM
£8.10.0 POST PACKING 5/- £16.10.0 OFIT'ONAL MAINS UNIT ANO GOLO CLAD WIRE. ALSO PRINTED CIRCUITS ETC, COMPLETE RANGES FOR TRANSISTORISED DRGANS. ASK FOR NEW
BITHER MODEL o WY PS20 62/6d. pp. 4/- PRICE LISTS WITH DETAILS. LEAFLET 86 ALL ENQUIRIES TO: ORGAN OEPT. - MR, ELVINS
lllustrated leaflets 12 and 14 FAEE on request,
fe——

A detailed and } o manual is provided with
circunts and full parts list. All items may be purchased sepsrately. All
parts supplied are fully guaranteed. Full after sales service and adwvice
freoly avalable,

Once bullt the ‘MAYFAIR" or ‘GROSVENOR' will then provide h
yoars of anjOyable entertsinment KITS FROM £220 terms available
Call in—Seea them for yourself. BROCHURE 38

PRACTICAL ELECTRONICS - ELECTRONIC ORGAN KIT
We are able to supply Parts as described in this saries. Details on request.

ORGAN COMPONENTS: COMPLETE AANGE IN STOCK - 43 ANO 61 NOTE KEYBOARDS - 2 TO 5 AMP GOLO CONTACTS

THE GRQSVENOR

PORTABLE
GEIGER COUNTERS

FOR MEASUREMENT OF

NEW MODELS

€| NOMBREX

TRANSISTORISED
Test Equipment

Tha Ostectar Unit consists
essentially of a highly sensitive
9314 photo-electric cell combin-
od with 8 firing tircunt. Incorpor-
ates a single cold cathade
alectronic relsy. capatitors and

GRAVINER FIRE
DETECTOR UNIT

“SCOOP! STAAR RECORD PLAYER
Deck. Plays 33. 45, 78 records 8 volt
operated. With mono cartridge Brand
new. As

illustrated. $9/8 post 3/6

TAPE RECORDER

To get the best out of Your MAGNAVOX DECK. you need &
MARTIN RECORDAKIT. This comprses a specisi high
Quality 8 valve amplifier and pre-amplifier which comas to
you assembled on its printed cwcuit bosrd—in fact every
thing needed down to the last screw FOR MAKING A
SUPERB TAPE RECORDER. which. when built, will com-
pare favourably with Instruments costing twice as much. yet
You need no Sxperience or technitsl skill 1o bring this sbout.
THE INSTRUCTIONS MANUAL MAKES BUILDING EASY
AND SUCCESS ASSURED

4 Track 39 gns.
P.P. 22/8 elther modet

Kit comprises : Deck. Amplifier, Cabinet and spesker, with
MICROPHONE 7 1n 1,200 h. 1ape. spare 50001
ALL UNITS AVAILABLE SEPARATELY.

ASK FOR BROCHURE 6.

Today's
Vslus £60.

for all leading makes
AMPLIFIERS
TUNERS

DECKS

SPEAKERS
MICROPHONES
TEST EQUIPMENT
HEADPHONES
CARTRIDGES, etc.

All with
Terrific Savings

It will PAY YOU
to pay us a VISIT!

A ¢
5 ,'.)n'?...'.‘c".‘,'f:'- ctons PRICE Leaflet tesistors designed to feil 10 1 :_"“Alu'm"m
cables and probe Lis safaty it axternal wirtng I3 open WATT AMPLI

£70. OUR PRICE, NEW, € s d No or short circuited. Encepsulated 9 voit 5 tanmstor

TESTED COMPLETE 21 0 0 35 Tn & ra3in which fully insulates unit compiste with volume

WITH BATTERIES A 2210 0 36 the unit slactrically and provides L control, Output to 3 ohms.

£7. 10 0 30 Audio Generator 1910 0 24 a high degrae of mechanical snd Ideal for use with Stasr

y 31 A.F. Generator 1210 o 28 thermal shockgroofing. Driginat Record Deck. 484 post 3/-

: SPARE BATV!RI(S |5 PAIR 32 C.R. Bridge 1010 0 26 price’£74. OUR PRICE. BAAND  SIZE 4x 3x 2} in Send for Iealler 2
33 lnductance Bridge 20 00 29 NEW £6each, with data sheat Uim(ted quentity availabdie. S Lol
—
BUILD A QUALITY VHF FM SUPERHET TUNER MKIl | NEW — MALLORY LONG LIFE

“5-MULLARD TRANSISTORS & 4 DIODES
BANDWIDTH ° PRINTED CIRCUIT CONSTRUCTION
HIGH FIDELITY REPRODUCTION MONO_AND STEREO
A popuiar VHF FM Tuner
now used throughout the
cauntry for quality reception
of monophonic and, with the
decoder stereophonic broad
casts There 8 no doubt
about H—VHF FM gives the
the el sound. Eacelient
stability economically priced
PARTS TOTAL COST £6.19.6.
DECODER £5.19.8.
(CABINET 20/. EXTRA) ASK FOR LEAFLET 3.

GARRARD
RECORD

MERCURY BATTERIES
50°, OFF LIST PRICES

*AM12 1.35 vohs 3600 m/sH OUR PRICE Sl'EaCh

size 2° xf dus DECKS
* AMB25 10.35 voits 350 m/aH P
=\: Pack of 8. Sae 24 x § dis BRAND NEW
All Below

OUR PR|CE 10/- each

MANUFACTURERS—DISTRIBUTORS
We pubish s QUANTITY. SEMI-CONDUCTOR
BULLETIN liting over 500 different devices available
FROM STOCK in medium to ‘arge quantities at KEEN
PRICES coupled with PAOMPT DELIVERIES.
TO OBTAIN YOUR COPY. WRITE TO US (on Company
Headed NOtepaper piease) requesting  our  SEMI.
CONDUCTOR BULLETIN. For TELEPHONE QUOTATIONS,
PHONE (01) 723 1008/9 Extn. 4 (01) 723 0401 Extn. 4

We purchase medium to large quantities of
Transistors and Devices excess to Manufacturers
and Distributors requirements.

Write or phone 723 0401 extn. 8.

S Easily split into eight 1.35v. cells. § 1ISt price ‘ = s. d
) TM'u £l Ay ldse&'A(:v s;g; 2026 Mono/Sterec GKS 25 8 8 0
OpETEIIoN FRs® 3000 LM Mono/Stereo 3 TANC 916 6
L CAPACITY and LONG §'Sp2g MKkl 1119 6
QUANTITIES AVAILABLE, ATB0 Mk II 13 0
APT6 19 0
TRANSISTORS — | st s
SEM|CONDUCTORS SL78 29 0
COMPLETELY NEW 1969 LIST OF | SL98 EL
1000 types. Send for your FREE COPY :sh UA25 M 5
: D .S.R. ono 19
TODAY. (list 36) MABS g 19 8
. MA70 12 12
S.C.R.’s from 5/- NiATe 15 8
Field Effect Transistors from 7/6 401 Garrard 28 10
Carriage/Packing 7/6d alt models.

Power Transistors from 5/- —
Diodes and Rectifiers from 1/6

range of

VISIT OUR NEW HI-FI CENTRE at 309 EDGWARE ROAD
AND SAVE UP TO £25 ON SEPARATE UNITS OR THE SYSTEM OF YOUR CHOICE

COMPLETE SYSTEMS from £46 — Saves £12.10.0!
Send tor new 8-page illusteated Ki-Fi list 16/17.

HENRY'S RADIO LT

OPEN MON.-SAT. 9 a.m.—6 ©.m. THURS. 9 o.m.~l p.m:

Fully '

COMPLETELY NEW 9th EDITION (1969)

The most COMPREHENSIVE—

CONCISE—CLEAR COMPONENTS

CATALOGUE

Complete with 10/- worth discount vouchers

FREE WITH EVERY COPY

» 32 pages of transistors and semi-conductor
devices, valves and crystals.

* 210 pages of components and equipment.

* 70 pages of microphones, decks and Hi-Fi
equipment.

6,500 ITEMS

AL Send today7°6::.

303 Edgware Road, London, W.2. Mail Order Dept.

all types of Components, Organ Dept. (01) 723-1008/9

309 Edgware Road, London, W.2. High Fidelity
Sales, P.A. and Test Equipment, Record Decks(01) 723 6963
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ORGAN BUILDERS !

SILICON N.P.N. TRANSISTORS SUITABLE FOR FREQUENCY
DIVIDER CIRCUITS 1/6d. each or £5 per 100.

Latest list of transistor stock. All brand-new and to manufacturers specifications.

NKTI11 8/3 NKT401 18/~ BFX84 68/6  2N2219 10/9
NKTI12 7/3 NKT402 19, BFX85 8/-  2N2219A 12/8
NKT72 5/~ NKT403 16/- BFX86 6/6  2N2220 7/3
NKT73 5/~ NKT404 13/3 BFX87 8/- 2N2221 8/6
NKTI124 8/6 NKT405 14/9 BFX88 7/3  2N2221A 10/
NKTI25 5 NKT406 13/3 BFY50 S/=  2N2222 10/9
NKTI126 /= NKT420 40/- BFY51 4/6  2N2222A 12/6
NKTI135 S5/- NKT451 13/3 BFY52 §/- 2N2297 9/3
NKTI137 6/6 NKT452 12/6 BFY53 4/6 2N2368 4/6
NKT210 5/ NKT453 8/6 BFY90 29/6 2N2369 4/6
NKT211 5/~ NKT603F 6 BSX19 4/6  2N2369A -
NKT212 §/- NKT613F 7/3 BSX20 4/6  2N2483 8/6
NKT213 6/6 NKT674F 5/- BSX60 16/8 2N2484 10/9

NKT216 10/- NKT717 8/~ 2N696 5/- 2N2904A  12/-
NKT217 10/9 NKT734 5/- 2N697 5/= 2N2905 15/6
NKT219 /= NKT736 6/8 2N706 3/-  2N2905A  18/-
NKT223 5/8 NKT773 4/6 2N706A 3]/- 2N2906 12/8
NKT224 4/8 NKT781 5/~ 2 4/6 2N2906A 13/3
NKT225 4/6 NKTI10419 5/- 2N709 11/6  2N2907 14/-
NKT229 /- NKTI10519 5 2N914 5/  2N2907A 20/9
NKT237 7/3 NKTI10339 6/6 2N918 11/6  2N3053 5/9
NKT238 4/6 NKTI10439 7/3 2N929 7/3  2N3055 20/9
NKT239 §/- NKTI12329 11/6 2N930 8/- 2G345 /=
NKT240 4/6 NKTI12429 14/- 2N1131 8/6 2G371 4/-
NKT241 5/- NKTI13329 5/- 2N1132 10/- 2G378 4/-
NKT242 3/- NKTI13429 5/- 2N1302 4/8 0C22 10/-
NKT243 14/- NKT35219 22/3 2N1303 4/6 0OC204 6/-
NKT244 3/- NKTI16229 11/6 2N1304 5/~ OC44 8/-
NKT245 3/9 NKT20329 12/6 2N1305 6/- OC45 8/~
NKT261 3/9 NKT20339 8/6 2N1306 6/8 ASZ17 lol-
NKT262 3/8 BC107 4/6  2N1307 6/6 .
NKT264 3/ BCl108 3/-  2N1308 8/8 Quantity
NKT271 3/8 BCI109 4 2N1309 8/6 Discount:
NKT272 3/9 BCY55 70/~ 2N1613 59 55140 59
NKT274 3/9 BCY70 5/~ 2N1711 86 590 . 10%
NKT275 3/9 BCY7l 9/3 2N1893 128 00/209 | 159
NKT281 5(- BCY72 4/8 2N2217 73 300/099 .. 20%
NKT302 16/6 BDY20 22/3  2N2217A  15/8 {5457 T 950
NKT304 13/3 BFX29 11/8  2N2218 8/6 . °
NKT351 11/6 BFX30 13/3 2N2218A 10/- all one type.

Unmarked transistors (tested) similar

2N753 1/8, BSY28 1/6, BSY65 1/6, OCM 1/8, OC71 1/-, OC72 1/-.

LIGHT SENSITIVE TRANSITORS (similar to OCP71), 2/- each.

?RPIZ CADMIUM SULPHIDE LIGHT-SENS"WE RESISTORS
/= each.

GIANT-SIZE SELENIUM SOLAR CELLS—PRODUCE UP TO
6ma AT 06 VOLTS FROM DAYLIGHT!
67mm. diameter 10/- each, 50mm. X 37mm: 2 for 10/-.

MULLARD POLYESTER CAPACITORS FAR BELOW COST PRICEI

0-001pF 400V 3d. 0-15uF 160V

0-0015uF 400V .. ore 3d. 0:22uF 160V 5o .n 6d.
0-0018F 400V .. on 3d. 0-27uF 160V . .. 6d.
0-0022pF 400V .. a0 3d. 1uF 125V 5 o 1/-
0-01pF 400V .. . 3d.

RECORD PLAYER CARTRIDGES. COMPLETE WITH NEEDLES.
GP 67/2 Mono 15/-, GP 91/3 Compatible £1, GP 93/1 Crystal Stereo 25/-,
GP 94/1 Ceramic 25/-.

TRANSISTORISED SIGNAL INJECTOR KIT 10/-, SIGNAL TRACER
KIT 10/-, CAR REV. COUNTER KIT 10/-.

VEROBOARD

2} in. x 1in. 0-15 matrix 1/3 17 in. x 3 in. 0-15 matrix 14/8
3§ in. X 24 in. 0-15 matrix 3/3 3}in. X 2‘ in. 0-1 matrix 4/2
31 in. X 3% in. 0-15 matrix 3/11 31 in. x 3% in. 0-1 matrix 4/9
5in. X 2f in. 0-15 matrix 3/11  5in, X 2} in. 0-1 matrix 4/7
5In. x 3] in. 0-15 matrix 5/8 5in. X 3§ in. 0-1 matrix 5/8

17 in. x 2§ in. 0-15 matrix 11/-
Spot Face Cutter 7/8 Pin Insert Tool 9/8 Terminal Pins 3/6—36
Special Offer! Spot Face Cutter and 5 24 in. X 1 in. boards, 9/9 only!

PAPER CONDENSERS, Mixed bags 0:001uF to 0-5uF, 12/6 per 100.
SILVER-MICA, Ceramic, Polystyrene Condensers. Well assorted. Mixed
;{Ecs ‘and values, 10/- per 100.
SISTORS. Mixed types and values, } to 1 watt. 6/6 per 100, 55/- per
1,000. Wire-wound resistors. 1 watt to 10 watts. Mixed values. 20 for 10/-.
Transistors. Mixed, unmarked, mainly O.K. 7/8 for 50.

12 VOLT TRANSISTORISED FLUORESCENT LIGHTS. HALF
NORMAL PRICE! 8 watt 12 in. tube. Reflector type £2/19/6. 15 watt
18 in. Batten type £3/19/8

IDEAL FOR CAMPING OR CARAVAN HOLIDAYS! A BRIGHT
LIGHT FOR VERY LITTLE CURRENT!

ELECTROLYTIC CONDENSERS

0:25uF 3 volt 4uF 12 volt 25uF 6 volt 320uF 10 volt
1uF 6 volt 4uF 25 volt 25uF 12 volt 400uF 64 volt
1uF 20 voit 5uF 6 volt 25uF 25 volt

1-:25uF 16 volt 6uF 6 volt 30uF 6 volt

2uF 3 volt s8uF 3 volt 30uF 10 volt

2uF 350 volt 8uF 12 volt 50uF 6 volt All at 1/- each.
2:5uF 16 volt 8uF 50 volt 64uF  2:5volt

3uF 25 volt 10uF 6 volt 64uF 9 volt 20 assorted
3-2uF 64 volt 10uF 25 volt 100uF 9 volt (our selection)
4uF 4 volt 20uF 6 volt 320uF 4 volt 10/-

Orders by post to:

G. F. MILWARD
DRAYTON BASSETT, NEAR TAMWORTH, STAFFS.

Please include suitable amount to cover post and packing. Minimum 2/-,
Stamped addressed envelope must accompany any enquiries.

For customers in Birmingham area goods may be obtained from Rock
Exchanges, 231 Alum Rock Road, Birmingham 8.

Vari-Light
LIQUID CRYSTAL
KITS AND SOLUTIONS

for use in

* Studying load temperature distributions on elec-
tronic circuits

Microwave energy determinations

Infra-red and visible light energy measurements
Laser output measurements

* Thermal conductivity tests

* On-off indicators for operating parts

* Performance of insulating materials

* Non-destructive testing of metals

* Cutaneous Thermography

L

*

Kits supplied for versatile use or, solutions prepared
to your requirements for use over specified tem-
perature ranges.

All requests for price details and technical literature
to:

PEBOC LIMITED
BELVUE ROAD, NORTHOLT, MIDDLESEX Tel. 01-845 3411

Sole U.X. Distributors for Vari-Light Liquid Crystal Products

TRANSFORMERS

COILS LARGE OR SMALL QUANTITIES

CHUKES TRADE ENQUIRIES WELCOMED
SPECIALISTS IN
FINE WIRE WINDINGS

MINIATURE TRANSFORMERS
RELAY AND INSTRUMENT COILS, ETC.
YACUUM IMPREGNATION TO APPROVED STANDARDS

ELECTRO-WINDS LTD.

CONTRACTORS TO G.P.O., AW.RE., L.E.B., 88.C, ETC.

123 PARCHMORE ROAD, THORNTON HEATH, SURREY
01-653 226} EST. 1933

WW—103 FOR FURTHER DETAILS

We supply B.A. Screws, etc. in brass, steel, stainless,
phosphor bronze and nylon to laboratories throughout
the Commonwealth.

We can also offer early delivery for many sizes
of screws, etc. with Metric Threads

Please send for List W2[69 (WW)
WALKER-SPENCER COMPONENTS L.

5, High Street, Kings Heath, Birmingham, 14.
Telephone: 021-444 3155 (Sales) and 5278

WW—104 FOR FURTHER DETAILS
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Unique devices in a brand new electronic field that can be exploited in a wide range
of applications. Miniaturized construction and solid state circuit design is combined
with outstanding modulation and switching capabilities to provide infinite possibili-
ties as short distance speech and data links, ramote relay controls, safety devices,
burgtar alarms, batch counters, level detectors. etc., etc.

INFRA-RED PHOTO RECEIVER — MSP3

Ultra sensitive detector/amplifier for infra-red (Gallium Arsenide) or visible light optical links
reception. Spectral response 9500 A. Robust. cylindrical package is coaxlal with incident light to
facilitate optical alignment and heat sinking.

85/' post free
MAX RATINGS

Total dissipation (in free air, Tomp» — 25°C.)
Output Current Intensity 100mA. Voltage
—30"to +1725°C.

Supplied complete with suitable lenses, full Technical Data and Application Sheets,
including Line of Sight Speech Link.

100mW. Derating Factor.
25V. Operating Temperature from

2mwi*C.

A69

(LIELEGTRONICS from PROOPS

New Science Projects combine fascination of Optics with Electronics.

INFRA-RED TRANSMITTERS &

RECEIVERS

GALLIUM ARSENIDE LIGHT SOURCE—MGA 100

Filamentless. infra-red emitter in a robust, sealed cylinder coaxial with beam to facilitate optical
alignment and heat sinking
' 35/-
o post free

400mA. Forward peak current |r max." (pk) 64
7.5mw/*C.

MAX RATINGS

Forward current |F max." D.C.
Power dissipation* 600mW. Derating factor for Tams greater than 25°C
Reverse voltage VR max  1-0V.

*When mounted on an aluminium heat sink Vin. x }in. x Yin

Supplied complete with suitable lenses, full Technical Data and Application Sheets,
including Line of Sight Speech Link.

MICRO-MINIATURE INFRA-RED DETECTOR — 31F2

Silicon NPN photo-diode of passivated planar construction, suitable for punched card readers,
counters. film sound track. etc.
— 2 8/6 post free

Infra-red devices (except 31F2) are supplied complete with

suitable lenses, technical data

PHOTOCONDUCTIVE CELLS

CADMIUM SULPHIDE CELLS (Cds)

Inexpensive light sensitive resistors which require only simple circuitry to work as
fight triggering units in a wide range of devices. such as: flashing or breakdown
lights, exposure meters. brightnass controls, automatic porch lights, etc. Not polarity
conscious — use with A.C. or D.C. Spectral response covers whole visible light range.

MKY251

Epoxy sealed 1} in. diam. x  in. thick. Resistance at 100 Lux — 700 to
3,000 ohms. Maximum voitage 200 A.C. or D.C. Maximum current
500 mW, 12/6 post free
MKY101-C

Epoxy sealed. § in. diam. x § In. thick, Resistance at 100 Lux - 500 to
2.000 ohms. Maximum voltage 150 A.C. or D.C. Maximum current
150 mw. 10/6 post free
MKY71

Glass sealed with M.E.S. base. Glass envelope & in. diam., overail
length 1 In. Resistance at 100 Lux — 50 Kohms t0 150 Kohms. Maximum

voltage 150 A.C. or D.C. Maximum current 76 mw. 8/6 post free

CADMIUM SELENIDE CELLS (Cdse)

These have a higher dark resistance in a given period than Cadmium Sulphide Cells,
indicating much faster response. Suitable for all Cds applications pius applications In
chopper, slectronic musical instruments, computer and other sophisticated circuitry.
Time response shown in megohms is dark resistance measured 10 secs. after 400 Lux
light intensity is intercepted.

O—
——

Hermetically metal sealed. } in. diam. x § in. thick. Time response
100 megohms. Resistance at 1.000 Lux—1 Kohm to 10 Kohms.
Resistance at 10 Lux — 50 Kohms to 1 megohm. Maximum voltage
50 A.C. or D.C. Maximum current 10 mW. Continuous current 5 mw,

16/6 post free
MKB12H

Hermetically metal sealed § in. diam. x & In. thick. Time response
100 megohms. Resistance at 1,000 Lux — 100 ohms to 1,000 ohms.
Resistance at 10 Lux—1 Kohm to 10 Kohms. Maximum voltage
50 A C. or D.C. Maximum current 80 mW. Continuous 30 mW.

16/6 post free

PHOTOGENERATIVE CELLS

Selenlum cells in which light energy is converted into electricity directly measurable
on microammeter or used with amplifier as light trigger for alarm and counting
devices, luminous fl ers, exp e meters, colorimeters, etc.. Spectral response
covers visible light range.

Type T—14 x 1% in. Output 1 mA at 0.6 volts at 1,000
Lux 5/- post free

Type 2—28 x 18 mm. Output 500 HMA at 0.6 volts at
1.000 Lux 3/6 post free

Type 3—100 x 50 mm. Output 4 mA at 0.6 volt at 1,000
Lux 22/6 post free

Proops Bros. Ltd.,

and typical application information.

FIBRE OPTICS

Highly flexible light guides that transmit light to inaccessible places as easily as
electricity is cortfducted by copper wires. Fibre optics make it possible to control,
miniaturize. split, reflect or transfer light from one source to many places at once
and to operate photo devices, logic circuits. or HHluminate in ways never before pos-
sible. Proops offer both glass fibre optics or Inexpensive Crofon plastic fibres for
hundreds of experlments or serious applications in a fascinating new science.

RANK TAYLOR-HOBSON ENGINEERS KITS

All the basic components needed to demonstrate
new ways to use light in serious applications
with glass fibre optics consisting of thousands of
fibres tightly bundled In a flexible sheath with
ferruled. optically polished ends Kit includes 12,
18, and 24 inch standard light guldes in 1.5, 3
and 6 mm widths, 24 Inch twin exit guide with
2 x 1 mm. outputs. Non-random ‘Y’ guide with
2 x 3 mm. outputs. adaptors and battery operated
liaht source. Supplied complete with card
wallets containing technical data and

illustrated applications,
£1 6 post free

LOW-COST CROFON FLEXIBLE UIGHT GUIDE

Newly developed plastic light transmitting media made by
Du Pont and consisting of 64 special plastic fibres, each
.010 in. diam. and bundled together In a tough, flexible
sheatf® Can be used for many sefious projects and inex-
pensive prototype work. Ends can be ground flat, dved or
capped with Epoxy resin. Temp. range ——40* to 176°F
No loss of light through bending 12-page data and

applications booklet supplied.
8/6 per foot post free

OV 000s 4y

Minimum order—2 ft.

RCA INTEGRATED CIRCUIT — CA3020

Complete Audio or Servo Amplifier in one tiny package |

Preamp. phase invertor, driver and power output function in a single package
only § in. diam. and & in. high. Operates from single D.C. supply of 3 to 9 volts:
gives maximum output of more than } watt for 22 mA consumption. Low distortion,
high gain is coupled with built-in temperature compensation (—55° to 123°C)
and widebarmd operation. Complete with data and circuit applications.
42]- post free

RCA TRIAC — CA40432

Suitable for light dimming and motor control circuits

Gate-controlied, full-wave, A.C. silicon switch with integral tri ger that blocks
or conducts instantly by applying reverse polarity voltage. Stitable for A.C.
operation up to 250 volts; controls currents up 10 1440 watts. Size only § In.
diam. x ¢ in. high. Complete with heat sink. data and applications
information.

45/- post free

52 Tottenham Court Road, London WIP OBA
Telephone: 01-580 0141
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CURRENT RANGE OF BRAND NEW L.T.

TRANSFORMERS. FULLY  SHROUDED

(*excepted) TERMINAL BLOCK CONNEC-
TIONS. ALL PRIMARIES 220/240v.

CInsSorns

(ELECTRONICS) LTD.

9 & 10 CHAPEL ST., LONDON, N.W.|

01-262-5125

Note: By using the intermediate taps many
other voltages can be obtained.
Example: No. I.7-8-10-15-17-25-33-40-50V.
o 2. 4-8-12-16-20-24-32V.

w 5. 3-6-9-12-15-18V,

AUTO TRANSFORMERS

240v.-l10v. or [00v. Completely Shrouded fitted

AMERICAN HIGHLY STABILISED
POWER SUPPLY UNIT

Regulation between 7-15 volts D.C. at 20 amps. Fitted
0-30 D.C. ammeter, 0-15 D.C. voltmeter and overload pro-
tection switch. Built to a very high specification. Bench or
rack mounting. Size 19 X 8 X 17 ins. A.C. input [10v.
50 cycles. Ex equipment but guaranteed in perfect condition.
Maker's price in excess of £200. Our price £28. Carr. 30/-
240/110 volt, 400 watts, Mains Transformer available if

No. SEC. TAPS AMPS PRICE  CARR.

1A .. 25-33-40-50.... 15 €010 0 10/6

(B .. 25-3340-50.... 10 619 6 8/6

(C .. 25-3340-50.... 6 c; 19 6 8/6

ID .. 25-3340-50. ... 3 €312 6 7/6 771
: 3 a5 1o\ 706 01-723-7851

€417 6 7/6

€3 5 0 6/—

€2 2 6 5/

Qe 1?1 6 15

€9 71 6 9/6

€610 0 76

€15 0 6/6

€215 0 6/6

€115 o 10/~

10 0 8/6

€415 0 716

€ 5 0 6/6

€815 0 7/6

€610 0 7/6

€317 6 6/6

€212 6 6/6

€3 5 0 5/6

£ 7 6 5/6

€09 7 6 9/6

€510 0 776

€310 0 6/6

€210 0 576

£ 9 6 5/6

€512 6 5/6

€1 5 0 5/6

PG N g € 5 0 5/6
2A.. 30-25-0-25-30.. 2 € 5 0 5/6 | required. £3 extra.

SPECIAL OFFER OF L.T. TRANSFORMERS
Pri 110-120v.-200-240v. Sec. tapped 12, 18, 24, 30 v. 8a.
Table top connections. Fully tropicalised. 75/-. Carr. 7/6,
As above 5 amp rating. 59/6. Carr. é/-. Supplied brand new
manufactured for the Phoenix Telephone Co.

Wireless World, August 1969

SPECIAL OFFER OF A.E.R.E. TRANSFORMERS
Manufactured by famous makers. Offered at a fraction of
List Prices, all Primaries tapped 200-240v. Tabie Top con-
nects “C" core type. No. | sec. 600v. 220 m/a. 52/6 carr. 7/6.
No. 2 Sec Tapped 630-650v. 150 m/a 52/6 carr. 7/6.

No. 3 Sec 25v. 265 m/a Twice 35/-, P. & P. 5/-.

No. 4 Sec Tapped 760-700, 40.20v. 50 m/a 27/6, P. & P. 4/6
No. 5 Sec Tapped S00-450-0-450-500v. 215 m/a 55/- P, & P. 8/6
No. 6 Sec 450-350-350-450v. 100 m/a 27/6, P. & P. 4/6

No. 7 Sec Tapped 370-390-410v. 6 m/a 12/6, P. & P. 3/6

No. 8 Sec Tapped 300-0-300v. 66 m/a. 6.3v. 4a. 17/6 P, & F. 5/
No. 9 Sec Tapped 27-0-27v. 0.3a Twice 6.3v. la. 6.3v. 0.3a.
6.3v. 0.62. 29/6 P. & P. 4/6

No. 10 Sec 45v. 90 m/a. 6.3v. la. 6.3v. 0.5a. 17/6, P. & P. 3/6
No. Il Sec 400v. 25 m/a. 25v. 25 m/a 15/-, P. & P. 3/6

No. 12 Sec 208v. 1.1a. 136v. 0.14a. 65/-, Carr. 10/-.

2,000 “C” Core, Potted Type HT Transformers and
Chokes by famous manufacturers in stock, callers only.
FRACTION OF MAKER'S PRICE.

ONE ONLY ZENITH L.T. TRANSFORMER Pri 230v.
Sec 10 volts 170 amps Twice. Conservatively rated £35
Ex Warehouse.

DIGITAL HOUR METERS

6 figs inc. 1/10ths, 1/100ths
40v. A.C. but complete with
transformer for 240v. A.C.
operation. Allin plastic case.
Size 64 X 64 X 3in. Condi-
tion as new 45/-. P. & P, §/-.

] 2 .:‘I’
BTy

TRANSFORMERS, VARIABLE TRANSFORMERS, CHOKES.
CAPACITORS, L.T. SUPPLY UNITS. Send 6éd. stamp for
tatest 12-page Price List.

with Two-pin American Sockets or terminal

blocks. Please state which type required.

Type Watts Approx. Weight Price Carr.
| 80 2} b £ 17 6 4 6
2 150 41b £2 7 6 50
3 300 6} Ib £3 7 6 6 0
4 500 8l b €415 0 6 6
S 1000 15 b €6 12 6 7 6
6° 1750 25 Ib £13 10 0 10 6
7* 2250 301b £16 10 © 12 6

*Completely enclosed In beautifully finished metal case
fitted with two 2-pin Amerlcan sockets, neon indicator,
on/off switch, and carrying handle.

Terminal

Pri tapped !10v. 220-250v. Sec. 55v. 24a., |4v.
All windings very conservatively rated. Tropically finished.
connections.
£10.19.6. Carr. 15/-.

Pri tapped 200-250v. Sec. 46v. Very conservatively rated at
29 amps. Size |1 X 7x7ins. Weight 75 lbs. approx. Manu-
factured by Partridge. £12.19.6. Carr.

15/-.
10a., 60v. 2a.

Size 9% 73x7ins. Weight 65ibs.

40MFD, 3,000 v. D.C. Wkg. size.
Carr. 20/-.

HIGH VOLTRONIC LTD.
RAPID DISCHARGE CAPACITORS
12 X 8 X 6} ins. £7.10.0.

Size2 X 2 X | in. Complete with

LONDEX PLUG-IN RELAYS
Sealed type, 28 v. D.C. Three heavy duty silver contacts.

base 8/6 P. & P. 2/-.

NO EXCUSES!

NO DELAYS!

FROM STOCK!

INPUT 230 v. A.C. 50/60 e B A e o
BRAND NEW. Keenest prices in (’ Double wound " SPEEDIVAC 5Amp.ACIDC
the country. All Types (and spares) 4 . ‘) VARIABLE
from § to 50 amp. available from stock. ) Va rlable )
3 | HIGH VOLTAGE | \ o TaGE
| 0-260 v. at | amp. £5 10 g 1’ Transformers "
| g:%gg : :: i-in:g‘sps- a0 2: Ig 0 :’ Fully isrl:ted, Iolw tenlzizoon Se:og- :» HIGH FREQUENCY OUTPUT UNIT
3 % dld o dary winding. Input v. A.
0-260 v.at Samps. .... £9 15 0 q: OUTPUT ' CONTINUOUSLY 0 GENERATOR 'g;s;‘;mﬁ‘;éo'; s
0-260 v.at 8 amps. .... £14 10 0 |  VARIABLE 036 v. A. b, Output 0-240 v. D.C.
| 10 £18 10 0 ) 0-36v.at5 amp. £9.12.6— ) Input 100/110 voles or 200/250 voles | £7o0 Dy Intge ccale am-
0-260 v. at 10 amps. ... S g T . s § | ACIOC. Outpur 19KV vartable. | ool S Cmeter.
0-260 v. at 12 amps. ... £21 0 0 1’ p. & p. 8/ “ |deal for testing insulation, vacuum, | Neon indicator, fully
0-260 v. at IS amps. ... £28 0 O [ 0-36 v. at 20 amp. £21.0.0— ‘} leakage path, gas discharge lamps, | fused. Strong attrac-
0-260 v. at 20 amps. ... £37 0 0 (’ 15/-p. & ¢c. " neon etc. A useful ozone and HF EiVI‘ me;?' case _ISin.;(4
50 AMPS 0-260 v. at 37.5amps. . £712 0 O 1: These dmlly shrouded. ‘r.—amrfo.—- ‘P supply. Manu(a:t:reg byd Edwards Ib} "'I:ﬁ,":“'el;’vf;fi":ble
¥ , desi ifica- High V. . Br i : .
g 0260 V-2t 50 amps. ... €92 0 0 | @ Eions ety hitad (08 Educa: § | miker's polahod wouden cacrying | mocthstepless voltago
n 20 DIFFERENT TYPES AVAILABLE :p :'.‘;'.‘"' Industrial and Laboratory 1, case Offered at fraction of maker's | Similar In appearance
I AMP. < FOR IMMEDIATE DELIVERY. b‘"v‘vA'A"'A'AvAvAvA'Av"A' price. £|.0.0.0 plus 7/6d. p. & p. | to illustration below.
OPEN TYPES oy LATEST TYPE SOLID STATE | AAAAAAAAAAAA
VARIABLE VOLTAGE ¢ [
Designed for  Panel Taanseommia - | VOLTAGE VARIABLE CONTROLLER 1: 36 volt 30 amp. A.C. or D.C. 1:
[} t 230 v. A.C. 50/60 |Inpuc 230 v. A.C. Ouc- Ideal for lighti d heati ir H s
npsutputvvarnble/ o"utu varia;le 0-260 v. TRANSFORMER c.ﬁ:s.cz';np'fc:L';ieal':nouffuigfeﬁ'aﬂ ' 1: varlahle LT' s"PP'Y umt :’
0-260 v. ,:.C.la_; Ilis a'_mp.hﬁ;:e:! mI e in fuse plrottchon CONTINUOUS- " INPUT (e ‘D
tamp ..... g :g g c::: IC:mYpleTelsw?lh svt':els- h\Y;;X:A;38vBAC output 25-230v AC / " 2201240 v. A.C. ‘Q' J "
I amp. .... meter, pilot lamp, fuse, 5 amp model £8, 7. 6 v [ OUTPUT o,s 0
2 amp. .... £6 12 6 |swicch, carrying handle. | Inpue 10 amp model £13. 5. © b4 : . PP )
P. & P. 7/6 £9/5/-. P.& C. 10/-. | 185-250 - 2 CONTINUOUSLY a2 1’
t AMP, | AMP, Also 2.5 amp. as above. | ¥2 A-C. 4 T TESS;I;ECRS (:f“z)ed b VARIABLE 0-36 v. %
llijrjes P& GRI0E0 | =Eabre metal construction, suitable for " Fully isolated. Fitted In robust ‘)
at,230 v. AC. Capacity bench or field work, consunt ? metal case with Voltmeter, Am- ‘)
ADVANCE VOLSTAT 250 watt. Ateractive speed clutch. Size L. 8in.,, W. 1, mater, Panel Indicator and chrome §
LT constant voltage | metal case. Fitted red 4in., H. 6in.  Weight 6lb.] € handles. Input and Output fully "
Transformer. Input 205/ | signal lamp. Rubber 500 volts, 500 megohms. Price 1’ fused. Ideally suited for Lab. or
250 volts. Output 6.3 | feet. Weight [7lbs. £22 carrlage paid. 1,000 yolts,| ¥ industrial use. £55 plus 40/- p. & c. "
volts. RMS Load 7-10 | Price £||I|0/., P. & P. "'ﬁ 1,000 megohms, €28 carriage " [
amps. £3. 6/6 p.p. 10/-. paid. PRSP N P S T RIS N

SERVICE TRADING COMPANY

WwWWWwW.americanradiohistorv.com
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SERVICE TRADING CO

LIGHT SENSITIVE SWITCHES
Kit and parts including ORP.12 Cadmium
Sulphide Photocell. Relay Transistor and
Circuit. Now supplied with new Slemens
High Speed Relay for 6 or 12 volt oper-
ations. Price 25/-, plus 2/6 P. & P.
ORP 12 and Circuit 10/- post paid.
220/240 A.C. MAINS MODEL
incorporates mains transformer rectifier and special
relay with 2 X 5 amp. mains c/o contacts. Price inc.
<|r<u|t 47/6 plus 3/6 P. & P
—— —
LIGHT SOURCE AND PHOTO CELL
MO'IJNTIdNIG m
Precision engineered light source =
with adjustable lens assembly and mé
ventilated lamp housing to take
MBC bulb. Separate photo cell mounting assembly for
ORP.12 or similar cell with optic window. Both units
are single hole fixing. Price per pair £2/15/0 plus 3/6
B e i i e
VAN DE GRAAF ELECTROSTATIC
GENERATOR, fitted with motor drive for
230 v. A.C. giving a potential of approx.
50,000 volts. Supplied absolutely complete
including accessories for carrying out a
number of interesting experlmenu. and full
instructions. This  instrument is
completely safe, and ideally suited
for School demonstrations.  Price
£7[T/-, plus 4/- P. & P, L°t. on req.
— — ——— — — — —— — =
RADIO ALTIMETER
T “ g™ -
This precision Instrument is \ W\
based on a 24 v. D.C. LOW | I
INERTIA (Integrating) Motor. / | i
The Motor drives two i 5,
precision pots through close =
tolerance gear-trains, mcludmg slipping clutch. Offered
at fraction of manufacturer’s price: 32/6, plus 6/- P. & P,
— s D e S e o E—— — — —
LATEST TYPE SELENIUM BRIDGE RECTIFIERS
30 volt 3 amp., 11/-, plus 2/6 P. & P.
30 volt S amp., 16/-, plus 2/6 P. & P.

— — — — e— — — —
NICKEL CADMIUM BATTERY
Sintered Cadmium Type 1.2 v. TAH. Size: height
3}in., width 2§in. % |4in. Weight: approx. 13 oxs.

Ex-R.A.F. Tested 12/6. P. & P. 2/é.

I —— — — — — — — —
2 % lamp Dry Reeds (makes contacts) mounted in 870
ohm 9-18v coil. Size 3in. x 3}in. % }in. New. Price
8/6 per pair. Post Paid.

6 of the above mentioned units (12 Reeds, 6 coils) fitted in
metal box. Size 4in. X 3}in. X 1}in. Mfgz. by Elliote Bros.
New 45/- each. Post Paid.

- e — e — — = m——
Telenhone Dlals (New) 14/6d. Post Paid,
o —— — e — e — — —
230/250 v. A.C. SOLENOID

Heavy duty type Approx. 3ib. pull.

17/6 plus 2/6 P. & P.

12/24 v. D.C. SOLENOID
Approx 8 oz. push 8/6 plus I/6P &P.

et — e — — et ot st et e e
AUTO TRANSFORMERS Scep up, step down.
110-200-220-240 v. Fully shrouded. New. 300 watt
type tl‘ 10/- each, P. & P. 4/6. 500 watt type £4/12/6 each,

P. & P. 6/6.
e

1,000 {000 wate ate type (5/|5/- ea:h P & P. 7/6

®

LEVER MICRO SWITCH
Brand new lever operated micro switch.
20 amp. A.C. Price 4/6 eachplus | /6 P. & P.
5 for £1 pos: pald

——— o ——— — -
COPPER LAMlNATE PRINTED CIRCUIT
BOARD, Large sheet 15} x 5}in. 3 for 10/- post paid.
(3 minimum order).

——— — — — — — — — — —

SEM|-AUTOMATIC “BUG"” SUPER SPEED
MORSE KEY V.

7 adjustments, tooled

speed adjustable
high as desired.

precision
10 w.p.m.
Welght Z}Ib (4/[1/6 post paid.

NEW MODEL HIGH FREQUENCY
TRANSISTORISED MORSE OSCILLATOR
Ad;usnble tone control. Fitted with movml coil speaker,
also earpiece for personal monitoring. Complete with
morse key. 45/- plus 3/6d. p. & p.

34R SILICON SOLAR CELL

4 X .5 volt unit series con-
nected, output up to 2 v,
at 20 mA. in sunlight,
30 cimes the efficlency of
selenlum. As used In power
Earth Satellltes. 45/- P. & P. 1/6d.

CONDENSERS
New at a fraction of maker's price.
2,500 mfd. 100 v... 12/6 4,000 mfd. 25 v... 10/

IOOOO mfd. 35 v... 15/~ 4.000 mfd. 50 v... IS/

ALL MAIL ORDERS.

ALSO CALLERS AT:

ST BRIDGMAN ROAD,

LONDON, W.4. Phonc: 995 1560

Closed Saturdays.

A7l

Postage and Carriage shown
below are inland only. For
Overseas ploase ask for
quotation. We do not
inne ) cl!llo(ul or | Im

220/240v. A.C. COOLING UNIT Ve

2,300 r.p.m. 6in. blade size. Smooth
powerful motor. All metal construc-
tion. Continuously rated. Individually |
tested. Oﬂered at fractlon of maker’s
price, €2/15/-. P, & P, 7/6.

(NEW) Ceramic construction, wind-
ing embedded in Vitreous
Enamel, heavy duty brush assembly designed
for continuous duty. AVAILABLE FROM
STOCK IN THE FOLLOWING Il VALUES :
100 WATT | ohm 10a.,5 ohm 4.7a., 10 ohm 3a.,
25 ohm 2a., 50 ohm |. 4a 100 ohm la., 250 ohm
Ta., 500 ohm 45a., 1,000 ohm 280mA., | 500 ohm
230mA., 2,500 ohm .2:. Diameter 3}in Shaft
length }m dia. 3jin., 27, P. & P. 1/6.

50 WATT |/ /IO{lS SO/IOOIISO/SOOII 000/1,500/
2,500 ohm, ZIV- &P, 1/6

25 WATT 0/25/50/I00/250/500/I 000/1,500/2,500
ohm, 14/6, P.
Black Silver Sk-ned knob calibrated in Nos. 1-9. 1}
in. dla. brass bush. Ideal for above Rheostats. 3/6 each.

THREE EASY TO BUILD KITS USING XENON WHITE ¥
LIGHT FLASH TUBES. SOLID STATE TIMING + %
PROVISION FOR EX-
TERNAL TRIGGERING. 230-250v. A.C. OPERATION.
The Strobe is ona of the most useful and Interesting
instruments in the laboratory or workshop. It is
invaluable for the study of movement and checking
of speeds. Many uses can be found In the psychiatric
and photozrap ic fields, also m the entertainment
business. It is used a great deal in the motor industry
and is a real tool as well as an interesting sclentific

I to 36 Flash per sec. All electronic components
including Veroboard S.C.R. Um;uncuon Xenon Tube
+ muru:uom £5.5.0 plus 5/- P, & P,

EW INDUSTRIAL KIT
IdeallY suitable for schools, laboratories etc.
tin prmud circuit. New trigzer coil, plastic thyristor
1-80 f.p.s. Price 9 gns. 7/6 P. & P,
HY.LYGHT STROBE
This strobe has been designed and produced In
response to wide public demand, for use in large
rooms, halls and the photo’rayhlc field. It has 4 times
the llght output at 30 and utilizes a silica
tube for longer life expectancy, printed circuit for easy
assembly, also a special trigger coil and output capacitor.
Light outputapprox 4 joules. Price £10.17.6.P. & P. 7/6. «

**********************t****

Roller

»

»

»

§

»

; device.
: EXPERIMENTERS "ECONOMY” KIT
i

*

i

»

*

*

******************h*

Latest American. New. Plastic THYRISTOR
400 P.L.V. 8 amp. Data sheet. 19/6 post paid.

SEALED RELAY

230 volt AC Coil, Three c/o 5 amp.
contacts, 17/6 Post Paid.

Londex four c/o 3 amp contacts.
18/6. Post Paid. incl. base. Post Paid.

MINIATURE UNISELECTOR

3 banks of Il positions, plus
5 homing bank. 40 ohm coll.
24-36v. D.C.operation. Carefully
removed from equipment and
% tested. 22/6, plus 2/6 P, & P.
S NN SR N SASEED G SN D G S W
UNISELECTOR. SWITCHES NEW
4 BANK 25 WAY FULL WIPER

25 ohm coil, 24 v. D.C. operation. ; ‘ >

£5/17/6, plus 2/6.P. & P
8-BANK 25-WAY FULL

WIPER = VNG

24 v. D.C. operation, £7/12/6, Plus 4/- P & P.

RELAYS

BULK PURCHASE ENABLES US
TO OFFER THE FOLLOWING
NEW SIEMENS PLESSEY, etc.
MINIATURE PLUG IN RELAYS
COMPLETE WITH BASE. AT A
HIGHLY COMPETITIVE PRICE

COIL  WORKING

Q VOLTAGE CONTACTS PRICE
280 6—12 2¢/o 14/6
280 9—I8 4 c/o 15/6
700 12—24 2c/o 12/6
700 16—24 4 clo 15/6
700 16—24 4M 2B 12/6

1250 20--40 2 ¢/o Heavy Duty 12/6
2500 30—50 2 ¢/o Heavy Duty 12/6
9000 40--70 10/-

2 ¢/o
POST PAID
e S et St St ey SR S S S S—

p INSULATED TERMINALS

Available in black, red, white.
yellow, blue and green. New
17/~ per doz. P. & P. 2/-.

SANGAMO WESTON

Dual range voltmeter. 0-S and 0-100 v.
D.C. FSD | mA. In carrying case with
tests prods and leads. 32/6. P. & P. 3/6

— — — e
AC AMMETERS o-1, 0-5 0-10, 0-|5 0-10 amp. FR
24in. dia. Allac 21/- each.

A.C. YOLTMETERS 0-25 v., 0-50 v., 0-150 v. M.I
2{in. Flush round ali at 21/- each. P. & P. extra.

0-300 v. A.C. Rect. M-Coil 2fin. .............00e 29/~

PARVALUX TYPE SD19 2301250 vOLT

AC REVERSIBLE ,

GEARED MOTORS ¢/
b3

30 r.p:m. 40 Ib. ins. Position of
drive spindle adjustable to 3
different angles. Mounted on sub-
stantlal case aluminium base. Ex-
equipment. Tested and In firse-
class running order. A really
powerful motor offered at a

fraction of maker’s price. 6 gns. P. & P. 10/-.

BODINE TYPE N.C.1

GEARED MOTOR

(Type 1) 71 r.p.m. torque 10 b, in.
Reversible 1/70th h.p. 50 cycle.38 amp.
(Type 2) 28 r.p. m torque 20 [b. in
reversible 1/80th h.p. 50 cycle .28 amp.

The above two predslon made U.S.A. motors are
offered in ‘as new’ condltion. Input voltage of motor
115v A.C. Supplied complete with transformer for
230/240v A.C. input

Price, either type £2.17.6 plus 6/6 P. & P. or less trans-
former £2.2.6 plus 4/6d. P, & P

These motors are ideal for routm; aerials, drawling
curtains, display stands, vending machines etc.

© S e E— G ST S S S E— —— S S —

A.C. CONTACTOR

2 make and 2 break (or 2 c/o) 15 amp.
contacts.  230/240 v. A.C. operation.
Brand new. 22/é plus 1/- P, & P,

CT82 NOISE GENERATOR

Ideal for alignment of all types of com-
munication and VHF receivers. Self con-
tained audio and output meter and mains
power supply. [00Ke/s o 160 Mc/s
Frequency range. 43 ohm or 75 ohm
Noise figure range to 20 db. In rugged alloy
Offered un(eued but in
€7.19.6. P, & P, 10/-,

impedance.
case with instructions for use.
excellent condition, less malns lead.

SERVICE TRADING CO.

SHOWROOMS NOW OPEN
AMPLE PARKING

wWww.americanradiohistorv.com

From 0-30 seconds (repetitive). Jewelled
balanced movement. Lever re-set.
Operates 230 v. A.C. 5 amp. ¢fo micro-
switch. Brand New 17/6 plus 2/6 P. & P,

— e e | S e St S— S— — — — —

‘AVO’ MODEL 47A
Ex-Admiralty in firse class condition, com- B¢
plece with instructions, leads and case.
£9/19/6, P. & P. 10/-.

‘AVO’ MODEL 48A

Ex-Admiralty in good condition with instructions, leads,
plus D.C. Shunts for 120 Amp and 480 Amp. A.C. Trans-
former for 60 Amp. and 240 Amp. Multiplier for 3600 volt.
Complete outfic m ﬁtted :ase (IS/O[O P. & B |0/-

(STENZYL TYPE)
Two removable coils are
tapped at O, 110, 220 voles,
and 6, |2, 36 volts respec-
tively. A composite appar-
atus designed for class demon-
stration. Electro magnetic
induction, jumping ring,
Induction lamp, relationship
between field intensity and
ampere turns, induction
melting, are just a few of the possible experiments. New
modaﬁed model €14/10/-. P. & P. 10/-.
—— ——— e — — o
“LT. TRANSFORMERS

All primaries 220-240 volts.

Type No. Sec. Taps Carr.
1 30, 32, 34, 36 v. at 5 amps. 0 6/~

30, 40, 50 v. at 5 amps. .. ..... 0 &/6
3 10,17, 18 v. at 10 amps. 0 4/6
4 6,12v.at20amps. ....... 6 6/6
5 |7 18, 20 v, ac 20 amps. 6 6/6
6 6,12, 20 v. 2¢ 20 amps. ..... 0 7/6
7 24 v, at 10 ampsei . voosiesns 0 5/6
8 4,6,24,32 v. at 12 amps. 0 6/6

PERSONAL CALLERS_ONLY

———— e
TTLE NEWPORT STREET,
LONDON, w.C.2.
Tel.: GER 0576
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PAIK GUARRNTEE SATISHCTIONOR MONEY BA

-
WA HD WO RRRDDIO 0T h AR TOAMNA ED DI AE D D
1

KING OF THE PAKS

SUPER PAK

Unequalled Value and Quality
BI-PAK NEW—UNTESTED
SEMICONDUCTORS

Satisfaction GUARANTEED in Every Pak, or money back.

PAK NO.

Ul 120 Glass Sub-min. General Purpose Germanium onda 10/-
U2 60 Mixed Germantum Transistors AF/RF ............ .. -
U3 75 Germanium Gold Bonded Diodes sim. OA5, OA47 10/-
U4 40 Germanium Transistors like OC81, AC128 ... 10/~
U5 60 200mA Submin. Sil. Diodes .. .. 3 oo 10/
Us 40 Silicon Planar Transistors NPN sim. BSY95A 2N706 10/-
U7 16 Silicon Rectifiers Top-Hat 750mA up to 1000V.. 10/-
US 50 Sil. Planar Diodes 250mA OA/200/202

U9 20 Mixed Volts 1 Watt Zener Diodes ......

Uil 30 PNP Silicon Planar Transistors TO-6 sim. 2N1132

U12 12 Silicon Rectifiers EPOXY BY126/127

U183 30 PNP-NPN Sil. Transistors OC200 & 25104

Ul4 150 Mixed Silicon and Germanium Diodes

U15 30 NPN Silicon I Planar Transistors TO-5 sim. 2N6897 10/-
U186 10 3-Amp Silicon Rectifiers Stud Type up , to 1000 PIV 10/-
U17 30 Germanium PNP AF Transistors T0-5 like ACY 17-22 10/-
U188 6-Amp Silicon Rectifiers BYZI3 Type up to 600 PIV_10/-
U19 30 Silicon NPN Transistors like BCI08 .............. 10/-
U20 12 1.5 Amp Silicon Rectifiers Top Hat up to 1000 PIV.. 10/-
U2l 30 A.F.Germanium alloy Transistors 2G300 Series & 0C71 10/-
U22 10 1-Amp Glass Min. Silicon Rectifiers, High Volts .. 10/-
U28 30 Madt's like MAT Series PNP Transistors ..... ... 104-
U24 20 Germanium 1-Amp Rectifiers GJM up to 300 PIV.. 10/
U25 25 300 Mc/s NPN Silicon Transistors 2N708, BSY27 .. 10/-
U26 30 Fast Switching Silicon Diodes like INO14 Micro-min _ 10/-

Uz2s Experimenters’ Assortment of Integrated Circuits, un-
tested. Gates, Flip-Flops, Registers, etc. 8 Assorted

Pieces

029 101 Amp mp SCR’s TO-5 can  up to 600 PIV CRSI '25 600 20/-
U3o 15 Plastic Silicon Planar trans. NPN 2N2924-2N2926.. 10/~
U3l1 20 Silicon Planar NPN trans. low noise 2N3707 10/-

Us2 25 Zener diodes 400 mW DO-7 case mixed VIts. 3- 18 10/-

U3ss

15 Plastic case 1 Amp silicon rectifiers W4000 series.

10/.

Code Nos. mentioned above are given as a guide to the type of
device in the Pak. The devices themselves are normally unmarked

QUALITY-TESTED PAKS

6 Matched Trana. 0064/‘5[81[810 . lo/-
20 Red 8pot AF Trans. PNP ..... - 10/-
16 White 8pot RF Trana. PNP . O/~

5 8ilicon Rects. 3 A 100-400 PlV Of=

2 10 A Bllicon Rects. 100 PIV .. .. 0/=

2 OC1 140 Trans, NPN Bwitching 0i=

1 12 A 8CR 100 PIV . 0/-

3 84l Trans. 28303 PNP 0/~

4 Zener Diodes 250mW 3 0/

3 200 Mc/s Bil. Trans. NPN BBY28/27 0/=

8 Zener Diodes IW 33V 6% Tol......... 10/-

4 High Current Trans. 0C42 Eqvt. 10/-

2 Power Transistors 1 OC26 1 OC38 10/-

8 Bilicon Rects. 400 P1V 250mA 0Of=

4 OC75 Transistors  ............ 0/-

1 Power Trans. 0C20 lDOV saue 0/~
10 0A202 8ll. Diodes Bub-m . 0/=

Low Noise Trans. NPN )N?‘ZQ/SO . Of=
8il. Trans. NPN VCB 100 ZT86 0/
OABL Diodes........... . 0/~
0C73 Transistors . £ .10/~
OC?7 Transistors ....... . .10/
8iL. Rects. 400 P1V 500mA 0/-
GET884 Trans. Eqvt. 0C44 . O/-
GETS83 Trans. Eqvt. 0C40 ceees 10/
2N708 8U. Trans. 300 Mc/s. NPN 10/-

OT31 LF Low Noise Germ Trans.
I e ey WmmEEm AL B
IN914 811, Diodes 76 PIV 76mA. ... 10
OA95 Germ. Diodes Bub-min. ING9 ..
NPN Germ. Trans. NKT?78 Eqvt.

AC130

0C22 Power Trans. Germ.

0OC2) Power Trana. Germ. ..

AC128 Trans. PNP High Ga

AC127/128 Comp. pair PNP/NPN
2N1307 PNP 8witching Trans. o
CG62H Germ. Diodes Eqvt. OAT7L.. 10/-
AF118 Type Trans................. [i %
Assorted Germ. Dlodc‘ Marked . /-
AC126 Germ. PNP Trans. -y 0/=
8llicon Rects, 100 PIV 750mA . 10/-
ARII? T8 coosigrasnite .10/
OC81 Type Trans. ...... 10/~
0OC17} Trans. ...... wer .10/-
2N2926 8il. Epoxy Trln- v 0/~
QC71 Type Trana. 0/~
28701 Bﬂ Tracs. Texas ...... 0/~
12 Volt Zenera 400mW .. 0/-
10 A 600 PIV 8il. Recta. IB(GR 0O/~
BC108 84. NPN High Gain Trans... 10/~
2N910 NPN Bil. Trans. VCB100 10/-
1000 PIV Sil. Rect. 1.5 A R53310 AF 10/

BAY96A Bil. Trans. NPN 200 Mc/s...
0C200 BiL Trans. ..
Bil. Power Rects. BYZ13 ..........
84l. Power Trans. NPN 100mc/s.
TK201A.
Zener Diodes 3-15V 8ub-min. ...... 15/
2N1132 PNP Epitaxial Pianar 8il. 15/-
2N697 Epitaxial Planar Traos. 8il... 15/-
Qerm. Power Trans. Eqvt. 0016 15/-
Unljunction Trans. 2N2646
811, Trans. 200 Mc/s. 60Vch ZT83/84. . 15/-
Tunnel Diode AEY1l 1050 Mc[i. 15/
2N2712 8ii. Epoxy Planar HFE225 15/-
BY 100 Type 8Ul. Recta 20/
8. and Germ. Trans. Mixed, all
marked, New

»
A =

FULL RANGE OF ZENER DIODES
VOLTAGE RANGE £-18V.

400mW (DO-7 Case)
1-:0W (Top-Hat)..
10W (BO-10 Btud).
All tully tested 5%
state voltage required.

TRANSISTOR EQVT: BOOK

52 pages of cross references for
truns. and diodes, types include
British, European, American and
Japanese. spechlly imported by
BI-PAK . 10/- each

BRAND NEW TEXAS
GERM. TRANSISTORS

Coded and Guaranteed

Pak No EQVT
T1 8 2G3710 OC71 .. 10/-
T2 8 2G374 s .. 10/
T3 8 2G3744A OCS1D .. 10/-
T4 8 2G381A OC81 .. 10/-
T5 8 2G382T 0C82 .. 10/-
T6 B 2G344A OC44 .. 10/-
T7 8 2G345A OC46 .. 10/~
T8 8 2G3718 0C78 .. 10/~
T9 8 2G399A 2N1302 .. 10/-
T10 8 26417  AF117 .. 10/~
FREE

One 10/- Pack o! your own
choice with  orders
valued £4 or over.

GERM. RECTIFIER SINGLE-
PHASE BRIDGE. Mullard type.
GEX541-B.P. Output Vits. 48v.
Output 1.0. 5A. List Price 58/-.
OUR PRICE 12/6 EACH

INTEGRATED
CIRCUITS

BI-PAK MONOLITHIC

DIGITAL CIRCUITS
(10 lead TO-5)

6-Input AND

NOR gate (expandable),
ach

/8 each.

BP320A, J- K-Blmry ele-

ment. 11/8

BP3324, Dunl 3 lnpu'. OR
gate. §/6 each.

BI-PAK MONOLITHIC
AMPLIFIERS
(TO-5 8 lead)

BP709C, Operational amp-
lifier, 15/~ esch.

BP701C, Operationa) amp-
liffier (with Zener out-
put), 12/6 each.

BP702C, Operational amp-
liffler (with direct out-
put), 12/6 each.

BP501, Wide hnnd ampli-
fler, 18/- e

BP5S2I, bl)xnrithlnlu wide
b;nd amp., 14/- each.

P210C, General purpose

nmpllﬂor {TO:5 8 Jead).

{voltage or current amp.),

182/8 each.

OTHER MONOLITHIC

DEVICES
BP424, Zero voltage switch,

8/6 each.

This device ls a monolithic
L1.C. that acts & combined
threshold detector and
trigger clrcuit for control-
ling s triac. It ls designed
to pulse the gate of =
thyristor st the point of
zero supply voltage, and
therefore eiiminate radio
frequency Interference
when used with resistive
loads.

DisD1 S8ilicon Unilateral
switch 10/~ each.

integrated circuit
having thyristor electrical
characteristics. but with an
anode gate snd a bullit-in
“Zener” diode between
gate and cathode. Fuil
data and application cir-
cults avallable on nque.t.

FAIRCHILD (U.S.A.
RTUL MICBOLOGIO
INTEGRATED CIRCUITS
Epoxy case TB8-0 lead
temp. range 16°C. to 56°C.
UL800, Buffer, 10/6 each.
ULS14, Dual two-lnpu'.

gate, 10/6 eac!
UL923 J-K- ﬂlp-llop, 14/-
each,
Complete data and circults
for the Fairchild 1.C.s
svailable in booklet form
priced 1/6.
MULLARD L.C.
AMPLIFIERS
TAA243. Opentlonnl amp-
Itier, 70/~ &

TAA263, Llnear AF ampli-
fier, 18/6 each

TAA293, Otnenl purpose
amplifier, 21/- esch.

CA3020 RCA (U.8.A.)

LINEAR INTEGRATED
CUITS

Andio Power Amplifier,

30/~ each.
Owing to the mass of L.C.
printed matter often re-
quired by customers in
conpection with the L.C.s
themselves we ask you to
belp us in the cost of
reproducing this litersture
by adding 2s. towards
same. This is only necee-
eary when s number of
different sheets are
r

2N2060 NPN SIL. DUAL TRANS.
CODE D1699 TEXAS. OUR
PRICE 5/- each.

120 VCB NIXIE DRIVER TRAN-
SISTOR 8im. B8X2l & C407.
2N1883 FULLY TEBTED AND
CODED ND120. 1.24 3/8 each.
To-8 N.P.N. 23 up 3/» each.

PLEASE NOTE. To avoid any
further Increased Postal Charges to
our Customers and enable us to
keep our “By Return Postal
service’* which is second to none,
we have re-organized and stream-
lined our Despatch Order Depart-
ment and we now request you to
send all your orders together with
your remittance, direct to our
Warehouse and Despatch Degc
ment, postal addrees: AK
SEHWONDUOTOBS Dewltch
Dept,, P.O. WA
HERTS. Posh«a nnd Plcklna stﬂl
1/- per order. Minimum order 10/-.

BI-PAK SEMICONDUCTOR

(DEPT. WW)
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Wilkinson

P.O. TYPE 3000
AND 600

for RELAY

BUILT TO YOUR SPECIFICATION

Contacts up to 8 changeover

*
*

KEY SWITCHES. 3 POSITION Type

212 2C 1ock/2C lock 12/6. Type
4C lock/4C lock 1776,

Type 290 2C non, Nock 6C lock 1T/~
Type 295 4C non/lock 6C lock 20/-
Many other types available. Knobs 8d.
ALL BRITISH METERS GUARANTEED. Complete list available,

198

EST.
1921

QUICK DELIVERY
KEEN PRICES

VISCONOL CATHODRAY CONDENSERS. 001 mfd 10KV 5/-.
05 mfd. SKV 9/-. 01 mfd 4KV 9/-. 6KV 17/6. 0-5 mfd

02 mfd 10KV 10/-, -025 2°5KV 8/~
2-S KV 17/6. | mid 2 KV 17/6.

LEDEX ROTARY SOLENOIDS AND CIRCUIT SELECTORS. size 55. 4 pole
i1 way and off 110/-. 24 pole 11 way and off 210/-. 54 pole On/OH |

FREQUENCY METERS. 45/55 c.p.s. 230 V AC 6° dia. flush round (lo 10.0d.
SUB-MINIATURE LAMPS. Flying leads 0.75 volts 50/- per 100.

JACK PLUGS. 2 point screw on cover, 2/6, post 1/-. PO 200 3/- each, post 2/-.
ELCOM WINKLER SWITCHES. 12 pole 2 or 3 way types on 3 Banks 60/~ each.
AIR BLOWERS. 200/250 voit A.C. eylindrical 7° x7° suitable or intake or extraction,

1/50th h.p. €10, 1/15th h.p. €10, 1/10¢
HIGH SPEED COUNTERS. 3}"x

following D.C. voltages are available: év.,
YEEDER ROOT MAGNETIC COUNTERS with zero reset 800 counts per minute,
counting to 999,999, 110 voles or 125 voles A.C. or 110 volts D.C., 65/= each, post 3/-.

PHOTOGRAPHIC LAMP HOUSES with pair of 6° lanses mounted in a square case.

Ideal spotlight, 70/ each, post 10/-.

MINIATURE SILVER ZINC ACCUMULATOR. |5 volt |-5 ampera size 2° X |-13°
%0-63%, only |} oz. quantities available, 12/6 each, 120/- doz., post (/6.

BRIDGE MEGGERS 1000 Volts 0/100 Megohms Resistance Box 0/9999 Ohms, £60.
P O STANDARD RACKS 6t U channel sides drilled for 19° panals heavy angle base,
=. cg@ 20/-. Desk Units for Racks 30/, cge 10/-.

h.p. £14.

1°. 10 counts per second with 4 figures. The
24v., 50v. or 100v. 358/- each.

I2v.,

002 mfd ISKV 9/

CONNECTING WIRE /024, 7/0076 & (40048 PYC COVERED (00 &
200 YARD REELS 80/- PER 100 YARDS, POST 6/-.

L. WILKINSON (CROYDON) LTD.
LONGLEY HOUSE LONGLEY RD. CROYDON SURREY

Phone: THO 023¢

Grams: WILCO CROYDON

OFF OUR

TEREO
SYSTEMS

W s

SENSATIONAI. STE

As

Garrard,

Arena, Philips, Wharfedale, etc., etc.—
at unbelievably low prices.
over 30 Hi-Fi Stereo Systems utilising
famous
substantial savings off our normal list

these

prices.

A Nusound Stereo System
finest value for money available today. Every

system s

Carrying  full

backed by

Hlustrated literature and technical data
sent by return of post (Dept. WW/AT)

Britain's Largest Specialists our
tremendous purchasing power enables
us to offer you the famous makes—

REQ OFFERS!

Goldring, Rogers, Decca,

We offer

makes and showing

represents the

complete with all leads. plugs. etc.
manutfacturer's guarantee and
100% Nusound after sales service.

24 OXFORD ST., LONDON, W.1
Tel:01-5804638,4639, 5755

50 vyards

Tube—Open 6 days a week.

from Tottenham Court Road

TESTED SCR'S
PIVlA TA  16A 30A
26 76 — 30/
50 716 8/6 10/6 35/-
100 8/6 10/~ 15/~ 45/
200 30 85

. 95/-
35/- 80/~
o 45/- 95/~
600 50/-

SIL. RECTS TESTED

PIV750mA 3A 10A 30A
50 2 /

40/-

- 219 4/3 8/
100 1/3 3/3 4/8 15/-
200 1/9 4/- 4/9 20/-
300 2/3 4/6 8/6 22/-
400 2/8 5/8 7/6 25/-
500 3/- 8/- 8/6 30/-
600 3/3 6&/9 8/- 37/-

3/6 7/8 11/- 40/-

5/- 8/3 12/8 50/-
1200 6/8 11/8 15/~ —

500 Chesham House
150 Regent Street
London, W.1

SYDNEY HOUSE, 35 VILLIERS ROAD, WATFORD

W.H.M.

WOW AND
FLUTTER
METER
(RM.S)
MODEL |11

WDI-4AL

wWwWw.americanradiohistorv.com
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Contil cases are mass-produced to give lowest
prices yet. In 2l-gauge steel. Finished hammer

caded

blue, with 18-gauge front panel supplied with easy-to-strip protective covering for easy marking out.
For ease of ordering Contil cases are described by their dimensions, l.e. 755is 7 x 5 x 5. Individually

packed, including feet and screws.

CASE PRICES (All supplied with protective coated steel panels)

: Nos. denote size in inches 5 10 25
Contil cases are 755 a6 46 406 396
also available 867/975 45/6 44/~ 436 4I/6
with aluminium 1277 white or black panel 49/6  47/- 46/~  45/-

) 1277 unpainced 40/6 396  38/6 36/
panalé and Con 1277 nylon-coated &6 79~  TI6  T6)-
tilcote, which is 16127 96/6  94/6 9276  91/6
appliedafterdrill- 161278 129/-  127/- 125/~ 124/~
; . 191010 130/6 1276 125/- 123/~
ing and cutting. 1910100 185/6  182/6 180/ 178)-

Postage and packing extra
Kit of five cases £11 19s. 0d. including postage and packing extra, normally £14 12s, 0d.

50 100 200
38/6  36)- 35—
40/6 386 37)-
43/6 43~ 4l/6
35/~ 326 316
7306 736 736
§9/6 88/~  86/-

122/~ 119/~ 116/
122/- 121~ 119/~
176/~ 173/6  173/6

%m thind band
The ONTOS UNIVERSAL VICE is a2 new type of multi-purpose, multi-position
light engineering vice and stand, fully adjustable for any angle and location in
any desired plane. Applications are virtually limitless within its size capacity;
i.e. holding P.C. boards for assembly or testing, building up modules, as a
micrometer or gauge stand, as a light general purpose vice, in the chemical
faboratory, or in fact for all those occasions when you could use a third hand!
The ONTOS TWIN TWO-IN-ONE UNIVERSAL VICE is a unique two-in-one
version of the Ontos vice, with two sets of jaws, each capable of rotation
through 360 deg. of every plane Independently of each other. Positlve locking

enables any such setting to be maintained for repetition work. Ideal for copying
P.C. boards, assembly, soldering, bonding, welding, laboratory testing, etc.

ONTOS: 67/6 plus P&P 4/6.
ONTOS TWIN £5 18 0 plus P&P 4/6

\ ) ’ Vi
£
NEONS

25,000 hour average life. PC type }* dia-
meter, 67 leads with resistor inside. Nine
different caps available, 160-260 V, 102¢2/10
each, 100 at 2/6 each, 1,000 at 2/2 each,
10,000 at 2/~ each. Also available with 30°
leads; 110 volt resistor values. PP type }°
diameter also supplied with 30° leads and
110 volt variants. 10 at 2/10 each, 100 at 2/6
each, 1,000 at 2/2 each, 10,000 at 2/~ each.
Neon/resistor assemblies, 100 at 9d. each,
10,000 at 8d. each. Neons only, 100 at 9d.
each, 10,000 at éd. each. Neons driven by
neon oscillator for 6 to 24 volt input down to
50 mW input. Neons driven by transistors
with or without alphanumeric caps.

\}\

sSUB-
MINIA-
TURE

NEONS
-

The smallest yet, type
“Q". Overall diameter
4, body .7°, resistor
mounted externally,
medium intensity. Mini-
mum quantity 10 at 3/10
each, 100 at 3/4 cach, 500
at 3/2 each.

REED SWITCH

The West Hyde reed
switch works up to 2,000
operations per second
with a life of up to
50,000,000,000 opera-
tions when used in the
recommended  circuit.
The hermetically sealed
switch is protected in a
brass tube and moulded
into a polypropylene
block giving accurate
placing of the contents
in relation to the mount-
Ing screws. 30" nominal
leads fitted. Used for
Rev. Counters, flow-

meters, burglar alarms,
under and over speed
monitors, etc. | at {5/-,
10 at 12/6 each, 100 at
9/6 each.

ACCESSORIES
Flexible insulated test
prods, colour red or

black, at 13/- each with
fine steel ciips at the tip,
opened by button on top.
High speed resetting
counter including bezel
and socket with speed of
over 40 operations per
second 165/-. Plug in oc-
tal relay, 24 voits, with
two changeovers 17/6.

WEST HYDE DEVELOPMENTS LTD.
30 HIGH STREET NORTHWOOD MIDDX.
Telephone: Northwood 24941

WW-—105 FOR FURTHER DETAILS
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CONTIL LOW COST PRINTED
CIRCUIT BOARDS

[} 10 50

Standard transistor
board “A” 99 9/- 8/6
Half board “B* 7/6 T~ 66
Connectors 20-way “'M" 96 9/- 8-
Connectors |0-way “N" 6/~ 5/6 5/-
“Q"” Chassis 42/6 41/6 39/-

Printed chassis kit: including case, normally £14- 8s. éd.
for only £11 19s. 6d.

We also stock Veroboard as below | 20 100
.2 Pitch, 18" x 43° 17 15/9 15/~
A5 Pitch, 173 x 33° 14/2 12/8 121
.| Pitch, 17° x 33° 16/5 14/9 14/~
*“A’" board shown plugged into
*‘M” 20-way connector with *'S”
board supports.
Note: Power supply rails at right
angles to signal rails.
1
TRANSFORMERS

West Hyde have three trans-
formers for transistorised
equipment. TRA which
provides low voltages at 2
Amps. and high voltages at
*| Amp. for driving neons or
number ctubes. TRB which
provides 2 Amps. and TRC, a
| Amp. transformer. The low
voltages on TRA, TRB are 6, 10,
IS, 18, 30 which can of course
be connected to give 3, 4, 5, 6,
8, 9, 10, 12, 15, 18, 24 and
30 with 12-0-12 and 15-0-15.

The 1 Amp. trans-
former gives 6, 10,
18 voltage outputs.
The TRA also gives
150-80-0-80-150.
TRA at 57/6 each.
TRB at 47/~ each
TRC at 35/6 each,

PIDAM (Plug-in Digital and Analogue Modules)
perform all the usual logic functions, but, uniike other
units, can be plugged in, using their B9A bases and
can be quickly connected to the required configura-
tion. To help learning, the module covers are easily
removable for circuit examination and sets of com-
ponents are available,

The 22 modules have an enormous range of use, from a
single MONO for a tachometer, to over 300 units in &
computer interface; nevertheless, thelr greatest asset
is extreme simplicity, Design time is cut and elaborate
breadboards superseded and any reader of “Wireless
World” could with PIDAM, bulid up a low cost
system for his own needs.

6 NEW modules—send for free information.

PIDAM PLUG-IN

MODULES - PRICES NEW

Prices range per module from 10/~ to 28/~ and all
necessary accessories are suppiied. A complete
starting kit is only £2} 19s. 0d. (normally £24 6s. 0d.).

PIDAM
BROCHURE

Send for this com-
plete explanatory
booklet showing
detailed examples
and circuit dia-
grams of all mo-
dules. Examples
and circuits given
include voice-
operated switch,
alarms, flashers,
tachometer,
timers, batch
counters, etc.

PLEASE

NOTE
All products ex-
stock for normal
quantities. Re-
turn of post ser-
vice. Minimum
order £1. Fully
detailed leaflets
available.
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R.S.T. VALVE MAIL ORDER CO.

BLACKWOOD HALL, 16A WELLFIELD ROAD
STREATHAM, S.W.16

A8l 9/8
ACT9 500/-
ARP38 13/~
AZ3l  10/-
BT19 60/~
BT9 67/~
BTse

CV315 80/-
CV354 110/~
CV370 300/~
Cvare 87/~

CVv2155 32/8
Cv23o04

CV2312 88/~

CV4014 7/~
CV4015 10/~
CV4024 8/~
CV4025 7/-

CV4044 12/-
CV4045 10/~
CV 4046 80/~

OV4048 12/8
CV406217/8

E180F 17/6
EBIOF 50/~
£1820C 22/6
EABCS0
6/6
o/-

8/-
EBC33 8/
EBC41 9/8

EAF42 1
EB#1

ECLS:
ECL83 10/3
ECL88 8/-
ECLL800

EH®0
EL3s
EL34 10/6
EL38 9/8
EL41 10/8

KTs.

(GEC) 35/~
‘KT88 30/~
KTwel 8/6
KTwe2

ME140016/-
ME150126/-
Ml4  17/6

8/9
PCF806 18/~
PCH200

12/8
PCLS2 7/9
PCL8S 10/3
PCL84 §/8
PCL85 93
PCL36 /3
PD500 28/~
PENB4 20/~
PEN4SDD

PFL200
PL36 10/8

L84
PL50S 28/~
PLO0Y 28/~

Valves tested and rel

PL8G3 16/6 120/~ | 12AD6 11/~ | 20414 6/-
PTIS 16/~ | z66 16/~ | 12AE8 96 | 2416 6/-
PX4 14/~ | 2319 86/- | 12AT6 4/0 | 2G4le 6/8
PX25 12/8 | 2759 28/~ | 12AT7 6/~ | 26417 6/~
PY32 109 | Z 20/~ | 12AU7 5/ | 2NU7 9/8
PYSS 10/ | 2801 30/~ | 13AX? €/8 | 2Nbs5 12/8
PYS1 6/9 | Z803U 18/~ | 12BA6 6/~ | AClo7 10/-
PYS2 4/ | 0A2 &3 | 12BE6 6 ACl127  7/8
PY8S3 7/~ | OB2 6/~ | 12E1 20/~ | AC128 #6/8
PY500 1 o4 4/86 | 13K7GT 7/~ | ACY1l9 6/8
PYSOO 9/6 1CP31 120/~ 12K8GT 8/~ ACY20 5/-
PYS01 9/8 1B3GT 7/3 12Q7GT 8/- ACY21 6/~
PZs0 10/~ | 122 - | 13E1 190/~ | AD140 13/8
QP41 400/~ | 2D21 6/6 | 20P4 20/~ | AF1I4 T/~
QQvo2/s 2C39A 140/~ | 24B1 110/- | AF1IE 7/
45]- | 2c43 70/~ | 2524 6/8 | AFPLIE 7/~
QQV03/10 2E26 20/- 25Z8GT 8/= AFN17 /-
/6 | 2K25 160/~ | 25Z6GT 8/8 | BY100 b5/6
QQV03/20 SA/187TM 2IM1  72/8 GET571 5/~
108/- 80/~ 30C15 18/~ GETS85 8/~
QQV04/15 SA3 20/~ | 30C17 18/~ | NKT2118/~
106/~ | 3B24 10/~ | 30FS 17/~ | NKT2144/-
QQV06-40A 3B240M S0FL1 16/~ | NKT2187/8
h 00/- - | SoL15 17/- | NKT2178/=
QQV08/40 3B241M 30L17 17/~ | NKT218 6/~
80/~ . 110/~ 30P19 18/~ NKT228 6/~
QQO5/10 3B28 40/~ 80PL1 16/- NKT404
70/~ 3C24 60/ 30PL1S 18/8 12/8
Q870/20 6/6 | JC45 85/~ | FOPLI4 18/~ | NKTE756/-
Q875/20 5/ | 3D21A 36/~ | 3518 9/~ | NKT677 6/~
Q875/80 3E20 7/~ 35LAGT §/= NKT7137/8
20/= 4C35 300/~ 35W4  4/8 0C16 20/~
Q883/3 7/3 4CX250B 8574GT 8/6 ocCl19 17/68
QB892/10 4/~ 40/~ 4X150D. 0C20 15/~
Qs95/10 8js | 4X150A 200/~ | 0C24 15/~
Q8108/45 50C5 8/3 oCc28  11/-
16/~ | 4X130D 80CD6G ocze U8
Q8150/15 200/~ 81/- 0C28 18/~
- | 4X250B 80 7/8 | 0C29 15/~
Q8150/30 180/ 85A1 28/- 0C35  11/6
- 5B/254M 85A2 .73 OC44  4/8
Q8150/36 87/~ 88L 160/~ OC4S  4/-
0/~ 5B/256M 90AG 46/~ oC71  4/8
Q8150/48 37/8 B0AV  48/= 0C72  6/-
20/~ | 5C22 320/~ | soCL 12/~ | OC?4 6/~
Q8150/80 S5R4GY 10/8 90CG  26/= oC?s 8/~
20/6 seG  8/8 90CV  25/- oC8 8/~
Q81209 7/3 | SV4G_ 8/~ | 150B2 11/8 | 0CI7 8/~
QV03-12 3YSGT 6/- 150B3  8/8 oct8 8-
18- | 5246 7/~ | 801 9/6 | OC8l 4/~
QV04-712/8 6/30L32 18/~ 803 88/~ 0C81D 4/~
QVo05-25 8/~ | SAKS  B/- | 807 9/~ | OC81M 8/8
QV08-20 6AKS 12/8 | 811 36/~ | OCBIDM
I 6ALS  8/- 3 76j= 8/~
QY3-126 6AM8 3/8 813UB. 0Ccs2  6/-
180/~ 8ANS 10/~ 120/- 0C82D 8/~
R10  18/- 6AQ4 4/~ 705A 10/~ 0Css 8/~
R17 8/- | 6AQs 83 23, 0C189 B/~
R18 718 6AS6  6/— 160/~ 0C170 7/~
R19 779 BA87 18/~ 725A 240/~ 0C171 8/~
RG5/500 8ATE 4/9 820B 80/~ 00 7/6
0/~ | BAUSGT 833A 860/~ | 8X642 3/8
RG3/1250 20/~ 7 17/ XA101 8/6
120/- | 6B4G 20/~ | 886A 15/~ | XAlll 8/6
81M2 32/ | 6BA8 &/~ | 8724 87/ | Xallz /8
811E1270/- | 6BE6 b/~ { 931A 782/8 | XA128 b/
8130 40/~ | 6BH6 9/~ | 954 53 | XAl 7/~
8130P 40/- 6BJ8  9j— 958 3/~ XAl2 8/~
8P4l 5/6 6BK4 21/6 2050 16/- XAl3 8/
8P61 - N6 B64s 40/
BTV280/40 6BQTA 7/- | ©881 73 TUBES
- R7 17/- | 6654 8- | 1CP3l 120/
8TV280/80 6BR8 12/8 | 5872 7= | 2aP1 80/~
88/~ | eBs7 #8/- | ses7 10/~ | aBP1 65—
8U216012/6 | 6Bwe 14/6 | 5601 28/- | SDP1 40/~
8U2130A 6BwW7 13/- | 5694 30/~ | SEGL 65/~
12/6 6C4 8/~ 5702 18/ SFP7 29/
T4 1%/8 6CBs 5/~ | 5749 10/~ | 3gP1 40/~
TDO03-B 6CD6G 24/~ | 5763 12/~ | 5BP1 80/~
110/~ 6CH8 /8 5784  38/- | BCP1 B85/~
TDO03-10 6CL6 8/6 | 5842 85/~ | sFp? 35/
110/- 6CW4 18/= 6878 60/ 88L  80/-
TH4l 32/6 | 6D4 15/- | 5879 12/~ | gsD 200/~
TZ40 40/~ | 6DK6 /- | 5808 180/ ACR22 80/~
U9 85/~ | eF2s 16/~ | 0899 10/~ | Ca7A 160/-
U4 24/- | ePs2 2/ | 6903 17/~ | Cv9s0 76/
U2 18/6 6F33  19/6 5963 10/= 9686 36/~
U26  16/8 | 8J5G - | 6087 10/= | CV1526 40/~
Us?  20/- | eJe 3/6 | 6058 10/~ | Cv158750/-
U191 139 687G 8/- 6069 18/~ CV15688 85/~
U404 7/6 | oK7 1/9 | 6080 8/~ | DH3/o1
Usol 28/6 | ex7G /- | 6061 1%/- 120/~
UABCS0 8/8 6K8 2/9 6063 14/~ E4504/B/16
UAF42 10/6 | 6K8G @/~ | 6063 7/~ 76/~
UCH42 10/8 | aL8G 6064 7/ | ECRS0 38/~
UCHS1 7/- SL6WGB 6065 8/- ECR35 50/~
UCL82 89 17/6 | 6067 10/~ | MWe&.2 60/~
UCLS3 10/~ | 68Q7M 7/6 | 6080 28— | Ooop 80/~
UL4l 1%/~ | 6Q7G &/~ | 6072 18/ 09G 80/~
UL8¢ 7/~ | esGg? &~ | 6111 128 | oor 80/~
uUs 21/~ | esy7M 7/~ | 6148 27/8 VCR97 35/
UU7 2l- | 6BL7GT 6/~ | 7475 14~ | yCRISS
vuUs  2l/- 6BN7GT 6/8 2003 8= 50/~
UY4l 88 | eve@ 4/8 | 9004  2/6 | VCRI38A
UY8s B8/6 | eX4 48 Diodes 80/~
VL8631 30/~ 6X50 4/8 Transistors VCR139A
VP4B 25/~ | 7B7 7/8 | 18113 4/8 35/~
VR105/30 7c5  28/6 | 18113 4/8 | VCRBEle
66 | 706 18/~ | 18131 4/8 80/~
VR150/30 7H7  6/6 | 2162 4/ | VCRSI17A
6/~ 787 48/~ | 2G210 18/8 46/~
wsiM 12/8 774 8/8 2G381  §/= VCR517B
XH8/100 10P1  14/8 | 2G382 6/- 48/=
300/~ | 11E3 70/~ | 26401 &/~ | VCR517C
XR13/200 12AC6 10/= 2G402 6/= 46/-
d to A.R.B. tlon Y required

Express postage 9d. per valve,
Ordinary postage 6d. per valve.
Over £5 postage free.

Tel. 01-769 0199/1649

Monday to Saturday
9 a.m.—5.30 p.m.
Closed Sat 1-30—2-30 p.m.
Complete range of TV Tubes
available from €4.5.0.

SEND S.A.E. FOR LIST of 6,000 TYPES

SPECIALIST SUPPLIERS OF
TRANSISTORS IN TYPES T0
SUIT ALMOST ALL NEEDS

@ HIGHLY COMPETITIVE PRICES
@ WIDE RANGE OF COMPONENTS
@ BAILEY AMPLIFIER PARTS—KIT—BUILT

©® POWER SUPPLY KIT

@ PEAK SOUND PRODUCTS

AS ADVERTISED

EVERYTHING BRAND NEW AND TO
THE ADVERTISED SPECIFICATION

NO SURPLUS

1969 CATALOGUE now ready. Send 1/6 for your copy.
COMPONENT DISCOUNTS. 0% on total order over £3.0.0.
15% on total order over €£10.0.0. unless stated otherwise.

POSTAGE AND PACKING on orders up to £1, add 1/+; over, post

free in U.K.

OVERSEAS ORDERS WELCOMED, Carriage charged at cost.

ELECTROVALUE

(Dept. WWS5)

32A ST. JUDES RdAD. ENGLEFIELD GREEN, EGHAM, SURREY
Telephone: Egham 5533 (STD 0784-3)
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DIODES. Ex eapt

MICRO SWITCHES.
Miniature button type.

Silicon. 150 PIV. 10 amp. 10/- doz. P. & P. 1/8.
4 for 10/-. 150 PIV. 20 | THERMOSTATS.
amp. 4 for £1. X §° x 11", O.C. above

120°F. 1§a. 250v. §/- ea.

TOGGLE SWITCHES

LONG ARM ex eqpt.
SPST 13/6 doz., DPST
15/-doz.. DPDT 22/6 doz.
P. & P. all types 2/- doz.

COMPUTER PANELS (as
shown) 2in. X 4in. 10 for 10/- +
/8 p. & p. Guaranteed min. 35
ransistors: 25 for £1 p. & p. 3/6
min. 85 transistors: 100 for 65/-.
p. & p. 6/8, min. 350 transistors;
1.000 for £30 + carr.

GIANT PANELS 5} x 4" min.
20 transistors ® X 56 wH. In-
ductors, resistors. capacitors etc.
8 for £1 + 2/-p. & p.

TRANSISTORS

POWER TRANSISTORS sim.

eqpt. on Finned Heat Sink. £1 for 4 + 6/- p. & p.

PANELS with 2 power transistors sim. to OC28 on
-+ components. 2 boards (4 x QC28)

each board
10/-, p. & p. 2/-.

to 2N174 ex.

CAPACITORS

LARGE CAPACITY
ELECTROLYTICS. 4iin,
2in diam. Screw terminals.

All at &/- each .. 1/6 each
P. & P. 4.000mF 72V d.c.
wkg. 10.000mF 25V d.c.
wkg. 25.000mF 12V d.c.
wkg. 16.000mF 12V d.c.
wkg.

NEW SPRAGUE CAP-

ACITORS. 0.22uF 250V
small capacitors.

ELECTROLYTICS. 4u1F
150V. Both types §/- doz.
P.&P.1/..

SPECIAL OFFER: 300 TO18
transistors + 200 8i. diode gates
on boards for £4 + 4/6 p. & p.

MINIATURE GLASS NEONS.

12/6 doz.

TRIMMER POTS on 2° x 4 bds,

+ Ta. caps. and
other components. 100 0, 500 3. 15K, 20K. Please
state requirements. 5 for 10/- + 2/- p. & p.

OVERLOAD CUT OUTS,. Panel mounting in the
following values §/- each: 2, 3, 4. 10 amp.

EXTRACTOR/BLOWER FANS
(PAPST) 100 C.F.M. 44 x 44 x 2in.
2800 R.P.M. 200/250 volt A.C.

Very clean, smooth
running fans, guaran-
teed working. 50/-
ea. post free.

MAIL ORDER ONLY

all applications.

39/6 post free. Fo

Not new but work-
Suitable for

19/6 each.
p. & p. 5/-. Two for

for 70/- post free.

TELEPHONE SP
DIALS not new but working. Only 6/- each.
P. & p. 1/8. Four for £1 post frge. Telephone
bells. Not new but working. 5/- each, p. & p.
5/-. HANDSETS—15/- per pair, p. & p. 6/8.

KEYTRONICS

52 Earls Court Road, London, W.8.

DESK TELEPHONES
Complete with dial, mag-
neto, cradle, line, connec-
tion block, receiver etc.

ur

ARES

01.478.8499

www americanradiohistorv com
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A7S

R.S.C. SENSATIONAL HIGH FIDELITY STEREO PACKAGE OFFERS

Matching as recommended for optimum per-
formance. Compare prices with equipment and
cabinets purchased individually.

30 Watt Output
% Goldring Transcription Turntable on Plinth.
% Shure or Goldring Magnetic Pick-up Cartridye.
Y Super 30 Amplifier in veneered housing.
% Pair of Stanton Loudspeaker Units.
8 t;:(iinl total p(;ioe. Fm:r fully
w units ready to ‘“‘plug-in’’.
Really superb performance 86 Gnsl
Send 8.A.E. for leaflet. Carr. 25/-

Bpecial  total rice.
. TAELel b TENT, = Four fuly wired nits 13 Watt Output
] readfit oIt % Garrard SP25 M. II 4-speed Player Unit,

76 Gns_ on plinth.

% Goldring CS890 Ceramic P.U. Cartridge.

Carr.25/- % TA12 Amplifier in veneered housing.
5::::3::: = % Pair of Dorchester Loudspeaker Units.
* n Special total price.
Output Versatile Plinths Transparent Plastic cover 3 gns extra.. Or Dep.

finished in Teak
Garrard SP25 M. II Turntable on Plinth, Afrormosis veneer.| £10and9monthly oy L 51 Gns.

*
% Goldring CS60 Ceramic P.U. Cartridge. Tved BEaneegpel)' (TORURIEG)

% Super 30 Amplifier in veneered housing. cover, wiih EwMn BLACKPOO AGENT APPOINTED

% Pair of Stanton Loudspeaker Units. chrome handle. See addresses
AUD'OTR' NE HIGH FIDELITY | AUDIOTRINE HI-FI SPEAKER SYSTEMS
3 Consisting of matched 12in. 11,000 line 15 watt ‘L’
LOUDSPEAKERS Beavy con 4’ 15 ohm high quality speaker, cross-over :nn l:ld R s C TA 2 ’3 WATr STEREOAMPIIFIER
A - tweeter. Bmooth response and extended fre. FUL D. ATE CONSTRUCTION H PIDELITY
i struction. Latest high efficiency ceramic J Quency range ensure surprisingly realistic repro- ovr‘i{y%}'&‘frgﬁ% yggng{::.gb g L
magnets. Treated Cone surround giving duction. ‘5 |s 0 Designed for optimum performance with
[ low fundamental resonance, D Or Senior 15 watt inc. HF 126 - o any crystal or ceramic Gram P.U. cartridge,
indicates Tweeter Cone providing 13,000 line Bpeaker £8/15. Carr. 6/6. Carr. 5/9 Radio tuner, Tape recorder, * Mike '’ etec.
\ extended frequency range 40-15,000 = Y 3 separate switched input sockets on each
c.p.s. Exceptional performance at low Hi-Fi SPEAKER ENCLOSURES channel yr Beparate Bass and Treble controls
coat. Impedance 3 or 15 ohms. Teak or Afrormoeia veneer finish. Modern design. % Slide Bwitch for mono use ¥ Speaker Y
Prices include carriage. PLEASE STATE IMPEDANCE Acoustically lined.  Prices inc. carr. Output 3-15 ohms s For 200-250 v. Y
HF 510L 6° 10W  57/0 HF 138 13" x 8° 10W 84/- JE8 8ize 16 x 11 x 9in. Pressurised. Gives A.C. mains % Frequency Response 30-
HF 801D 8° 8W 59/9 HF 120 12 15W 79/9 Ppleasing results with any 8in. Hi-FI £4.10 20,000 c.p.s. —2dB v Harmonic Distortion 0.83% at 1000 ¢.p.s. Hum and Nolse
HF 811D 8- 10W  £4/4 HF 120D 12- 15W 89/9 speaker. g —70dB +# Sensitivitles (1) 300 mV (2) 50 mV (3) 100 mV (4) 2 mV % Handsome
HF 102D 10 10W  @5/- HF 126 12 18W £5/5/- S8ES8 For optimum performance with any £s |0 brushed silver finish Facia and Knobs. Output rating L. H.F.M. Compiete kit of
HF 100D 10° 15W 15 'HF 128D 12° 15W £5/15/- gi;:'i om]l:‘ -w-t:‘: ?l: 15!m~ Por‘tt;d . parta with full wiring disgrams and lnstructions. 12} GNS. Carr. 7/9. Pactory
'or oul nding results w " oy
c_ﬁuliﬂﬁfl'ﬁﬁ' ['lii SLIOUP;PEAA"(ER liJ.Nlig 215 por igtloM B Flepeaer 24 19 x 10k, Portea £5.15 | fplkyrien \mih aniee. 16ONS. Of Dep. 25/2/6 s o mibly prmta, 31/8
n. atest styling Satin Teak or Afrormosia veneer. or performance wi n. Hi-Fi speaker [ thly. pymts. = (Total £23/1/6.
Acoustlcally lined or filled with woollen d i e and Tweeter. 8ize 25 x 16 x 10}in. Pressurised. £6' l s E6/10/CSad[9lmskly S8/- 1T ranlic)

Ported where appropriate. Credit terms available.

= DORCHESTER 8ize 16 x 11 x 9in. Appr.
Range 45-15,000 c.p.s. Rating 8.10 watts.
Fitted High fluz 13 x &in. m 19 9
Dual cone speaker. Impe- . .
dance 3 or 15 ohms. Carr. 7/6
STANTON IS sizc 18 x 11 x 1010, Rat.

ing 10 watts. Incorporating Fane #03b
speaker with roll rubber cone surround
and 15,000 line magnet. ligh fux tweeter.
Handsome Bcandinavian design cabinet.
Range 30-20,000 c.p.s. Impedance 15¢. 16G
Glvessmooth realistic sound output. Inc.carr. nS.
GLOUCESTER size 25 x16x10in. 12in. High fux
12.000 iine speaker. Cross-over unit and Twecter.
Rating 10 watts. PFrequency range 12[ G
40-20,000 &.p.». Impedance 15 ohms. ns-
R3.C. TAG & Wate HIGH FIDEL”; SOLID
STATE AMPLIFIER
— 200-250v. A.C. mains operated
= = hﬁequmcy Response  30-
GO Q.. 20000 cps —218. Hae
D “®° ... monic Distortion 0,3% at
1,000 0.p.5. Beparate Bass and
Treble "1ift * and ‘cut’ controls. 3 input sockets for
Mike, Gram. Radio or Tape. Input selector switch.
Output for 3-15 ohm speskers. Max. gensitivity 5mV.

—_— e ———— -
THE‘YORK’ HIGH FIDELITY 3’'SPEAKER SYSTEM | R.5.C. BATTERY/MAINS CONVERSION UNITS
*Moderate size approx. 25 x 14 x 10 in. * Range 30-20,000 Complete kit. Type BM1. An all-dry battery eiiminator.

¢.p.s. Impedance 15 ochms. * Performance comparable 2 Bize 5} x4} x2in. approx.  Completely

with unita costing considernbly more. Consistsof (1) 12 in. OGHS. replaces batteries supplying 1.5 v. and 80 v. -

15 watt Bass unit with cast chassis, Roll rubber cone surround for whereA.C.mains 200/250 v.80 c/s. is available. -
ultra low resonance, and ceramic magnet. (2) 3-way quurter section Complete kit with diagram

series cross-over system. (3) 8 x 5in. high flux middle range speaker 8/11 or. Ready for use, 59/11.

{4) High efficlency tweeter. (5) Measured weight of woollen acoustic
dsmping material. (6) Teak veneered cabinet. (7) Circuit and full
lnstructions. HEAR IT AT ANY BRANCH.

RS.C. Al0 30 WATT UL FULLY GUARANTEED. Interieaved and Improe-

Highly eensitive. Push-Pull high
Hl-Fl AMPL'F'ER output, with Pre-amnp./Tone Cou- nlla%nrréﬂmg?ro;aogv,‘gga ;ﬂn Screened
trol Stages. Performance figures: Hum level —70dB. Frequency .”mo v..60 mA; 6.3 v. 2 a, .| ol '. . 181

response +3dB 30-20,000c/s. Bectionally wound output trana. o

former, All bigh grade components. Valves EF86, EF86, ECC83. g‘:’o&%”:"'- 8%;1;’8;:1‘3“ AT 16/1
807 .807, GZ34. Beparate Bass and Treble Controls. Bensitivity 250_0_”01'11?&0"' o T sﬂvlmh e1s
36 millivoits. Buitable for High Impedance mic. or pick-ups. %0_0'250; lOOmK 6‘! o - » 0'54{1 . u- - 5718
Desigued for Clubs, Schools, Theatres, Dance Halls or Outdoor 300-0-300v. 100mA. 6~3V- 4:."0-5-6"3:. SR e
Funotions, etc. For use with Electronic Organ, Guitar, 8tring Bass, 300-0-300+. 130$A' 6.!:. St TR

ete. Gram. Radio or Tape. Reserve L.T. and H.T. for Radio Tuner. Two inputs with associated o - 6.3v. 4., C. B

F.W.
148

Bri
"R

B
dged 6/12v. .C. O/P input Max, 18v. AC. la., 4/3.
2a.. §/11: 3a.. §/9: 4a.. 12/9: 6a_. 15/9.

Output rating [.H.F.M. In fully 1 d case,

9} x 31 X 5}in. Attractive brushed silver finish facis
piate 104 x 3tin, and matching knobs. Compiete kit of
parts with full wiring diagrama and instructions. Carr. 7/8.

Or_factory built with 12 months’ guarantee. £5.19.5. £6.19.9

volume controls so that two separate inputa such as Gram and "Mike' can be mixed. 200-250 v., 355%23,%05;&‘"'5'!“:' Sy ;g?g
50 o/s. A.C. mains. Por 3 and 15 ohm speakers. comylztegxlt Darts :-mxlu dhg;.. instructions.{ g ‘ k 9
Twin-handled perforated cover 27/8. Or factory bullt with EL34 output valvesan e o q :
l‘:mnn'.h-‘ guarantee for 17 gna. Tech. figs. apply 10 factory bullt units. Carr. 12/6 14 Gns' :gg:g: %::' 633: ": c"'a'v’f'“":' -2 gg’?
TERMS: Deposit £8 and 9 monthly payrients of 32/- (Total /8/0.) 8end 8.A.E. for Jeaflet. 450-0-450v. 250mA. 6.8v. it A 8719
INTEREST S REFUNDED on Credit sales settied in 3 montha. ToP SHROUDED DEOP-THROUOH TIPE Y
-0-2 - 70mA, §.3v. 2a., 0-5-8.3v. 2a, ..
R.S.C. A11 HIGH FIDELITY 12-1 A 250-0-250v. 100mA. 8.3v. 3.5, .. .. 2509
Push-pull ultrs linear output “built-in” tone control] 250-0-230v.100mA, 6.3v. 2a.. 6.3v. 1a 26/9
pre-amp. Two input sockets with associated controlsf 350-0-350v. 80mA, 6.3v. 2., 0-5-6.3v, 2a .. li

27/9
allowing miting of “"mike” and gram, etc. etc. Highl 250-0-250v. 100mA. 6.3v. 4a., 0-5-6.8v. 3a. 379
sensitivity. 5 valves—EOC83 (2), EL84 (2), EZ81.| 300-0-300v.100mA, 6.3v. 4a., 0-5-6.3v. 3a.  37/9

R.S.C. COLUMN SPEAKERS 0-
tone Rexine/Vynair, idesal for voculn(l;:v::: h}l’:;ha
Address. 13 ohm tuatching. Type C57 16 watts inc. five 7 x
Ain. spkes. £7/18/11. Type C485, 30 watts. Fitted
four 8in. high tux 8 watt speakers. Overall size approx.
42x10x5in. 16 Gns.  Or deposit §7/- and 8 mthly
pmte. 34/9 (Totsl £18/19/9). Carr. 10/..

Type C4lPs. 50 watts. Fitted four 12in. 11.000 lines 15

High quality sectionslly wound output transformer.| 300-0-300v. 130mA, 8.3v. 4a.. 0-5-6.3v. la.
IND. BASS AND TREBLE CONTROLS. Frequency Buitable for Mullard 510 Amplifier ... ... 44/
response  +3dB  30-20,000 c/e. Hum level—60dB.| 350-0-350v. 100mA., 6.9v. 4a.,0-5-6.8v. 3a. 37/
BENSITIVITY 40 millivolta. For Crystal or Ceramlc] 350-0-350v. 150mA., 6.3v. 4a.. 0-5-8.3v. Sa. /1
PUs. Bigh Impedance “mikes””. For Musical Instru-| FILAMENT or TRANSISTOR POWER PACK
ments such as String Bass, Eléd;mn‘ic Guitars. etc.| 6.3 v.’ljgn. 7[9;:!.37. 2:.l8/9: 4.3v. 3a. 10/9: 6.3v.
ize a x. 12 x 8 % 7in. For AC mains 200-230v. 50 ¢ps. Outpu! 6a. 21/9; 12v. 1s. §/9; 12v. 3a. or 24v. 1.5a. 21/9;
for 3 2 15 ohun aplere. AR for leafiet. Complete Kit. 9 Gns. | 0% BhoL 0 B0 e S e

v g - 5 factory built | CHARGER TRANSFORMERS 0-9-15v. 11a. 14/11;
watt speakers. Overalisize 56 x 14 Full instructions and point-to-point wiring diagrama. Carr. 11/6 (or
Or deposit 5/1718 aud 9 monthly payimems oo Sor. | 18 Onsy Toin handied metar corer 27/8, Terme on siacubled ualts, Deponlt 97/6 and| 24a-17/8: 38 19/11: 5a. 23/9; 8. £7/9; o 339,
1 X ’ 9 monthl ts of 22/~ (Tota i ansis J !
o S48 Tonl EB0%-. sbove complete kit  Gase{ ssembied 13 gi0 ) 858l oesu pown raassroneas
-110/120v.-200-230-250v. 50-80 watta .. ..
Total cust of parts R-S.C. TFM1 SOLID STATE VHF/FM RADIO R [, et Gy LIS 160 watte. 20711 : 250 watte 49/9: 500 watts  9O/9
with  detalled  wiring SSmee.. % High-sensitivity 4 200-250v. A.C. Muins opera- | tosenk Of & IAmORS VeOEeres OUTPUT TRANSFORMERS
4 ms &  Instruc- g T - tion. # Bhsrp A.M. Rejsction. s Drift-tree recep- | Jo wast Model. Gauss 10,000 Standard Pentode 5.000Q or 7,0000 to 30 /
tions. 14 —— tion. 4 Output ample for any amplifier (approx.500 m.v.). | jjea: 3 or 16 ohms £4/19/9 Push-Pull 8 watts EL84 to 30} or 180 ...
Ine. Gns. = ° Smgle Sbgntment lnsirietions. - & Datbok 6ve Ll 3.0 LpoHms. /19] Push-Pull 10 watta 6V6 ECL36 t0 3, 5, 8 or 150
Carr. or leeding tuning meter. v Output for feeding Stereo [ 119 19- 50 Want Model Push-Pull EL84 to 3 or 150 10-12 watte
Or factory built 161 W aw .--J Malliplexer. % Tuner head using silicon Planar Tran- | 15 ohm. Bize 18 % 18 x 10in. Push-Pull Ultra Linear for Mullard 810. eto. 39/
gos.  Or in Teak Ba- W' — sistors. + Designed lor standard 80 ohm co-axial input. mg_. 'xol.f)oo Tinee. Resing: Push-Pull 15-18 watta. sectionally wound 6L8

lahed cabinet as lllus-  Visually matching our Super 15

trated 19} gos. Terms: performance and reliability. The pre-wired tuning head facllitates speed and alm-

and 30 amplifiers and of the same high standard of § (V00 10/ extra: Carr. ara £8/19/9 rul.‘:;r.%%lft;é' forke (;’r“l:t:wu; po e 35/9

Depoalt -~ £5 and 9  pilicity of construction. Printed circuitry. Only high grade translstors and com- O-WAY 'PHONE LIFIE! wound EL34, 6L8. KT66, etc. to S or 150 $9/9

monthly payments £8. ponents used. A quality product at considerably less than the cost of comparable | Listen and speak with both
Total £23. unhta. Btereo version. All parts 20 fus. Inc. Carr. Assembled 224 §23. Inc. Carr, | hands tree. Handsome black cane. Q)

FULLY TRANSISTORISED 200/250v. A.C. Malns.
OUTPUT 10 WATTS R.M 8. continuous into 15 chma.
15 WATTS R.M S. continuous into 3-4 ohms.

SMOOTHING CHOKES
150mA.7-10H, 2500 12/9;100m A, 10H. 2000 10/9;
80mA, 10H, 3500, §/9; 60mA,

Battery operated.

T = - e 10H. 4000 4/11
. .
.S.C. SUPER 15 WIFI AMPUFIER BEF R R.S.C.SUPER 30  TERED AMPLIFIER\ K rrra T
SPECIFICATIONS A DUAL CHANNEL VERSION OF THE SUPER 15. Employing :&fy"“; glﬁ:{n'u? A!‘L:ll‘;;
COMPARABLE WITH UNITS Twin Printed Ctrcun.n._ High qu;ll[go Ganged Pots. Matched Com- RPZOonllntlnx of  Garrard
COSTING CONSIDERABLY MORE %lf;i‘ofagﬁzﬁlﬁf&ﬁckr ch.:.(lontrol. Treble Control. 8P25 Mk. [T (with heavy

TRANSISTORS. 9 current types of high quality by leading

manufacturers.
8 POSITION INPUT SELECTOR SWITCH EQUALISATION
to Standard R.1.A.A. and C.C.I.R. Cbaracteristics for Gram
and Tape Heads.

TAPE MONITORING FACILITIES
SENSITIVITIES: Magnetic P.U. 4 mV. Crvstal or Ceramlc
P.U. 400 mV. Microphone 4.5 mV. Tape Head 2.6 mV.
Radio/Aux. or Ceramic P.U. 110 mV.
FREQUENCY RESPONSE: 42 dB 20-20.000 c.p.s.

TREBLE CONTROL: +15dB to -—14dB at 10 Kc/a. NEG, FEEDBACK: 524B.
BASS CONTROL: +17dB to —13dB at 50 ¢/s. HUM LEVEL; —75dB.

HARMONIC DISTORTION at 10 watts 1,000 c.p.s. 0.2
Complete Kit of parts with full constructional details and

point to polnt wiring diagrams. Carr. 12/6
Bupplied factory built, 16} Gns. Carr. 12/6. Terms: Deposit 4 Gns. and 9 monthly
payments 31/] (Total £18/3/9). Or in Teak or Afrormosia veneer housing as liL 19 Gus.

COMPONENTS ETC. ARE OF A HIGH STANDARD AND §!
MA.IUPA(.'I’URELS,

Volume Control. Balance Control. Stereo/Mono Bwitch. Tape Monitor | turntable)  ftted  Goldring
Bwitch. Mains witch. INPUT SOCKETS (Matched Palirs). (1) Magnetic gﬁ’&fg:nommrr':- oer:r‘nt:
P.U. (2) Ceramlic or Cryetal P.U. (3) Radio/Aux. (4) Tape Heau/ a i e rl IOM

Microphone. Operation of the Input 8elector Bwitch assures appropri- 'lhmoln thn T. ylus. tmm ou
ate equalisation. Rigid 18 s.w.g. Chassis. Bize approx. 12in. wide, Dm tl.(k:mll.n,‘l"dned 22

3in. high and 8in. deep. Neon Panel indicator. Attractive Pacia rm: ic.Coverincluded. Gns.
Plate and 8pun 8liver Matching Knobs. Above facllities, etc., except “"’;- 5o _
for Ganging and Balance control, apply also to Buper 15. RP3 Gzldnng"unco o

ol
THESE UNITS ARE EMINENTLY SUITABLE FOR USE WITH ANY MAKE OF | Transcription unit and CS
1 PIOK-UP OR MICROPHONE (Crystal, Cersmic. Magnetic, Moving Coll, Ribbon) | Cartridge.  Cover Included.
| CURRENTLY AVAILABLE. SUPERB SOUND OUTPUT QUALITY CAN BE OB- | 1nc carr. 28Gns.
TAINED BY USING WITH FIRST RATE ANCILLARY y
| EQUIPMENT. ~All required parta. point to point wiring 21 Gns. Various other types
Carr. 15/
|

124 Gns.

req
diagrams and detalled instructions. . 18/ with Magnetic P.U, Cartridges
Unit factory bullt 28 Gns. or deposit £7/5/- and 9 mouthly payments 56/3.] and ‘Lift off or ‘Roll over
(Total £32/13/3). Or In Teak or Afrormosia Veneered housing. 31 Gns. Carr. 15/ or transparent ocovers st lowest

UPPLIED BY LEADING
Deposit £7/3/6 and 9 monthly paymta.. §4/- (Total £36/18/6). Send S.A.E. for leaflet | prices.

BRADFORD !0 North Parade (Half-day Wed.). Tel.25349

. M de, Bri
BLACKPOOL (Agent) O & C Electronics 227 Church St. 57 County (Mecca) A'icﬁlﬁ_dsa;'%'::.) Tel. 28252 LEEDS
30/31 Gt. Western Arcade, opp. Snow 73 Dale St. (Half-day Wed.).
BIRMINGHAMHEIIS(a!ion 021-236 1279. Half-day Wed. Tel. CENtral 3573 LIVERPOOL
26 Osmaston Rd. The Spot (Half-day Wed.). . N 238 Edgware Road, W.2 (Half-day Thurs.).
DERBY { ¥ed-): 361 MAIL ORDERS to: 102-106 2y Thurs.). ., LONDON

H B
DARLINGTON 18 Priescgate (Hali-day Wed.). Tel.68043 Luads 13 Mo €O D musas 60A Oldham Street (Halfday Wed.) MANCHESTER

EDINBURGH !33 Leith St. (Half-day Wed.).

32 High Street (Half-day Thurs.). Tel. 56420 LE'CESTER R.S.C. PLINTHS (or
- Record

Tel. CENtral 2778 3000, ATS, AT60, BPZ5 etc. ete.

£1. Terms C.W.O. or C.O.D.

T Waverley 5766 Postage 4/6 extra under €2, 106 Newport Rd. (Haifday  MIDDLESBROUGH | Avaiisbic ' win' " Trasepiceat

GLA 326 Argyle St. (Malf-day Tues.). Tel.C|
sGow 403 Sauchiehal) St. (opp- Locarno)

astic cover. 1

5/9 extra under £5. Trade Wed.). Tel. 47096 94 » .
1Ty 4158 ,{,pp.,ed.s,}&f‘g, with enquiries 4! Blackett Strect (opp. Fenwicks NEW CASTLE UPON :“;::’ i A?ng:f_
please. Open all day Sats. Store)(Half-day Wed.). Tel. 21469 TYNE Min. size battery operated. For

(Half-day Tues.). Tel. 3321572 M.if orders MUST NOT I3 Exchange Street (Castle Market Blds.) 35
o ] akers. Brand
HULL 9! Paragon Street (Half-day Thurs.). Tel. 20505 isEisent Eojibopis e ey Thury Tat 20716 SHEFFIELD | §30, Lirpeakers. "Brand sex

WW-—108 FOR FURTHER DETAILS
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COMPUTER MULTI-CORE CABLE
12, 14/0076 copper cores, each one Insulated by coloured
P.V.C. then separately screened, the 12 metal braided cores
Iaid together and P.V.C. covered overall making a cable just
under ¢ In. dia. but quite pliable. Price 7/ per ft. Any

length cut,

FLEX BARGAINS
Bereened 3 Core Flex. Each core 14/0076 Copper P.V.C.
insuiated and coloured, the 3 cores laid together and metal
braided overall. Price £3.15 per 100 yds. coll.
15 Amp 3 Core Non-kink Flex. 70/7076 Insulated coloured
cores, protected by tough rubber sheath, then black cotton
braided with white tracer. A normal domestic flex aa fitted
to 3 Kw fires. Regular price 3/6 per yd. 50 yd. coll £4.10,
of cut to your length 2/@ per yd.
10 Amp 3 Core Non-kink Flex. As above but cores are
20/0076 Copper. Normal price 2/6 per yd, 100 yd. coi! £7.10,
or cut to your length 1/9 per yard.

COMBINATION DIAL SWITCH

3 eeparute settings of the dial are necessary before this can be switched on
or off. Combi can be ch d as required. A useful S8witch for
security or novelty. Contacts rated at 1 Amp. 35/- each.

Electric clock with 20 amp switch

Made by 8mith’s these units are as fitted to many top quality
cookers to control the oven. The clock is malns driven and
frequency controlled so it |s extremely accurate. The two small
dials ennble switch on and off times to be accurately set—also
on the left is another time or alarm—this may he set in minutes
up to 1 hour. Attheend of the period a bell will sound. QOffered
at only a fraction of the regular price—45/-, less than the

Wireless World, August 1969

MINIATURE WAFER SWITCHES

2 pole, 2 way—4 pole,2 way—3 pole, 3 way—
4 pole, 3 way—2 pole, { way—3 pole, { way —
2 pole, 6 way—1 pole, 12 way. All at 3/6
each, 36/~ dozen, your assortment.

WATERPROOF HEATING
ELEMENT
26 yarde length 70W. Self-regulating
temperature control. 10/- post free.

AC FAN
8mall but very powerful

malns motor with 6} in.
blades. Ideal for cooling
equipment or as extrac-
tor. 8ilent but very
eflicient. 17/8, post 4/6.
Mounts from back or
front with 4BA screws.

CONTROL
DRILL
SPEEDS

8 Amp 2 Core Flex. As above, but 2 cores each 23/0076 as VAlue of the clock alone—post and ins. 2/9.

used for Vacuum Cleaners, Electric Blankets, etc., 39/68
100 yd. coil. NICAD RECHARGEABLE BATTERIES

3-8V 500mA size 1} X 1tin. dis. really powerful will deliver 1 amp for
4 hour. Regular price 32/6 our price 17/8 each. New and guaranteed.
Other voltages availahle, single cell 1.2V 6/68. 5 cell 6V 20/8. 10 cell
12 volt 85/-

ISA FOOT SWITCH
Buitable for B8ewing Machine
Motor, Drilling Machine or in fact
to switch any job where both hands
are to be left free. Rated at
13 amps, 250 volts. Price 22/8.

THIS MONTH'’S SNIP

Horstmann ‘Time & Set’ Switch
{A 15 Amp Bwitch). Just the thing if you want to come home to a
warm house without it costing you & fortune. You can delay the
switch on time of your electric fires, etc., up to 14 hours from
setting time or you can use the awitch to give a boost on period
of up to 8 hours. Equally suitable to control processing. Regular
fﬂce‘/pmbably around £5. Bpecial snip price 29/@ post and
ns. 4/6.

DRILL CONTROLLER

Electronically changes speed
from approximately 10 revs.
to maximum. Full powerat alt
speeds by finger-tlp control.
Kit includes all parts, case,
everything and full instruce
tions 19/8, plus 2/6 post and
quumxln’ce. Or available made up
- /@. Plus 2/6 post.
TRANSDUCER MOTORISED CAM SWITCH B A
MAINS MOTOR

\ m:ﬂm‘:“xb:{g;m:‘f 0;'%:0‘?:;;“’; Made by the famous meter company Chamberlaln and Hookham, these
conjuncti - TG R. have 4 normal mains 200-240v motor which drives a rachet mechanism so
ction with “G" Meter. Regular = Precision made—as used In record
rice £5. Our price 48/8. Brand new and 3 geared to give one rachet action per minute on a wheel with 60 teeth thus a rd deal al
P! J g 377 a complete revolution of the cam takes place in one hour. The cam operates dectififod] tapel recordersro el /RIED,

3 DIGIT COUNTER

For Tape Recorder or other application,
re-settable by depressing button. Price 8/8.

*A" unused. . « for extractor fans, blower, heater, etc.
= 1 8 switches (6 changeover and 2 on/off thus 480 circuit changes per hour are ore b 0 3
4 “‘ ) Possible). Contacts, rated at 15 amps have been set for certain switch Newlind perfectyfiip st g/ Pormgs
| < COmbinations but can, no doubt, be altered to sult a special job. Also other 3/- tor ﬂn‘t one then -t?r each one
ISOLATION SWITCH =¥ switch wafers or devices can be attached to the shaft which extends ap- ordered. 12 and over post free.

20 Amp D.P. 250 Volts. Ideal to control 3" prosimately one inch. 476 p. & ins. 4/5.
‘Water Heater or any other appliance. Neon
indicator shows when current is on, 4/8

48/- per dozen.

QUICK CUPPA

Minl Immersion Heater, 350w. 200/240v.
Boils full cup in about two minutes.
Use any socket or lamp holder. Have at
bedside for tea, baby’s food, etc. 18/8,
post and Insurance 1/6. 12v. car model
also available.

DISTRIBUTION PANELS

Just what you need for work bench or lab. 4 % 13 amp
sockets in metal box to take standard 13 amp fused
plugs. Bupplied compjete with 6 feet of heavy cable and 13 amp plug. Similar panels
advertised at £5. Our price 39/8, plus 3/6 post and insurance.

G.E.C. I13A SOCKETS
“ Opportunity to re-equip your house or workshop, or If a contractor, to
stock up for future jobs. We offer bakelite 13A sockets for flush or surface

) mounting made by the famous G.E.C. company, and listed trom 6/6 each.
YOU CAN HAVE A BOX OF 12 flush type 24/-, surface type 29/6,
post and ins. ‘/6. {Grose or more carr. free.}

e 1-!

—
728 LIGHT CELL

= Almost zero remistant in sunlight

Increasee t0 10 K. Ohms In dark or dul

1ight, epoxy resin sealed. 8ize approx. lin. dia. by {in. thick.
Rated at 500 MW. wire ended. 8/8 with circuit.

INSTRUMENT BUZZER
6-12 volts, adjustable tone, a very neat metal cased U.8.A.
made unit approx. ljin. x lin. x {in. thick. 8/ each.

You never need buy another battery for your transistor radio,
Stupendous offer this month—a 6.9V Nickei Cadmium
battery stack together with a mains operated charger which
you mount on the back of your set. The mains flex unplugs
80 the set remains completely portable. Offered for less than
the cost of the hatteries alone. ONLY 29/8 plus 3/6 post.

ELECTRONICS (CROYDON) LTD

Dept. WW, 266 London Road, Croydon CRO-2TH
Also 102/3 Tamworth Road, Croydon

12 YOLT SOLENOID

For energizing Reed Bwitches, etc., size
approx. 1%in. long by 1{in. diameter. Hole
through Bolenoid approx. jin. 8/@ each.

Where postage is not stated then orders
over £3 are post free. Below £3 add 2/9,
Semi-conductors add |/- post. Over £I|
post free. S.A.E. with enquiries please.

LATEST RELEASE OF
RCA COMMUNICATION RECEIVERS ARS8

MARCONI SIGNAL GENERATORS

BRAND NEW and in original cases—A.C. mains input. 110V
or 250V. Freq. in 6 bands 535 Kc/s-32 Mc/s. Output impedance
2.5-600 ohms. Complete with crystal filter, noise limiter, B.F.O.,
H.F. tone control, R.F. & A.F. variable controls. Price £87/10/=~
each, carr. £2.

Same model as above in secondhand cond. (guaranteed working
order), from £45 to £60, carr. £2.

*SET OF VALVES: new, £3/10/- a set, post 7/6; SPEAKERS:
new, £3 each, post 10/-. *HEADPHONES: new, £1/5/- a pair,
600 ohms impedance. Post 5/-.

ARS8 SPARES. Antenna Coils L5 and 6 and L7 and 8. Oscil-
lator coil L.55. Price 10/- each, post 2/6. RF Coils 13 & 14;

TYPE TF-144G

Freq. 85Kc/s-25Mc/s in 8 ranges. Incremental: -+ /— 19, at 1Mc/s.
Output: continuously variable 1 microvolt to 1 volt. Output
Impedance: 1 microvolt to 100 millivolts, 10 ohms 100mV-1 volt-
52.5 ohms. Internal Modulation: 400 c/s sinewave 75% depth.
External Modulation: Direct or via internal amplifier. A.C. mains
200/250V, 40-100 c/s. Consumption approx. 40 watts. Measure-

17 & 18; 23 & 24; and 27 and 28. Price 12/6 each. 2/6 post.
By-pass Capacitor K.98034-1, 3x0.05 mfd. and M.980344,
3x0.01 mfd., 3 for 10/-, post 2/6. Trimmers 95534-502, 2-20 p.f.
Box of 3, 10/-, post 2/6. Block Condenser, 3 x4 mfd., 600 v.,
£2 each, 4/- post. Output transformers 901666-501 27/8 each,

4/=- post

ments: 19} x 12} x 10 in. The above come complete with Mains
Leads, Dummy Aerial with screened lead, and plugs. As New, in
Manufacturer’s cases, £40 each. Carr. 30/-. DISCOUNT OF
10% FOR SCHOOLS, TECHNICAL COLLEGES, etc.

L Avaz‘lal;le with Recetver only.

If wishing to call at
appointment.

S.A.E. for all enquiries.

Stores, please telephone for

W. MILL

3-B TRULOCK ROAD, TOTTENHAM, N.17
Phone : Tottenham 9213

-
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HRO RECEIVER. Model 5T. This is a famous American High Frequency
superhet, suitable for CW, and MCW, reception crystal filter, with phasing
control. AVC and signal strength meter. Freq. range 50 kc/s. to 30 mc/s.,
with set of nine coils. Complete HRO 5T SET (Receiver, Coils and Power
Unit) for £30, plus 30/- carr.

COh;’hiAND RECEIVERS; Model 6-9 Mc/s., as new, price £5/10/- each,
post 5/-.

COMMAND TRANSMITTERS, BC-458: 5.3-7 Mc/s., approx. 25W
output, directly calibrated. Valves 2 x 1625 PA; 1 x 1626 osc.; 1 X 1629
Tuning Indicator; Crystal 6,200 Kc/s. New condition—£3/10/- cach, 10/-
post.

(Conversion as per “Surglus Radio Conversion Manual, Vol. No. 2,” by
R. C. Evenson and O. R. Beach.)

AIRCRAFT RECEIVER ARR. 2: Valve line-up 7 X 9001;3 % 6AKS5; and
1 X 12A6. Switch tuned 234-258 Mc/s. Rec. only £3 each, 7/6 post; or Rec.
with 24 v. power unit and mounting tray £3/10/- each, 10/- post.

RECEIVERS: Type BC-348, operates from 24 v D.C., freq. range 200-500
Kc/s, 1.5-18 Mc/s. (New) £35.0.0 each; (second hand) £20.0.0 cach, good
condition, carr. 15/- both types.

MARCONI RECEIVER 1475 type 88: 1.5-20 Mc¢/s, second-hand condition
£10.0.0 cach. New condition £25.0.0 cach, carr. 15/-.

RACAL EQUIPMENT: RA. 17 Outer Mectal case for receiver available, as
new, £10 each, carr. £1. Frequency Meter type SA20: £35 cach, carr. £1.
Frequency Counter type SA21: £85 cach, carr. 30/~. Diversity Switching Unit
type MA, 168: £35 each, post 10/-. Receiver Converter SA.80: 25 Mc/s-
160 Mc/s, £40 each, carr. £1

ROTARY CONVERTERS: Type 8a, 24 v D.C, 115 v A.C. @ 1.8 amps,
400 c/s 3 phase, £6/10/- each, 8/- post. 24 v D.C. input, 175 v D.C. @ 40mA
output, 25/- each, post 2/-.

CONDENSERS: 150 mfd, 300 v A.C., £7/10/- each, carr. 15/-. 40 mfd, 440 v
A.C. wkg., £5 each, 10/- post. 30 mfd, 600 v wkg. D.C., £3/10/- each, post 10/-.
15 mfd, 330 v A.C. wkg., 15/~ each, post 5/-. 10 mfd, 1000 v, 12/6 each, post 2/6.
10 mfd, 600 v, 8/6 each, post 5/-. 8 mfd, 1200 v, 12/6 each, post 3/-. 8 mfd, 600 v,
8/8 each, post 2/6. 4 mfd, 3000 v wkg., £3 each, post 7/6. 2 mfd, 3000 v wkg., £2
each, post 7/6. 0.25 mfd, 32,000 v, £7/10/- each, carr. 15/~. 0.25 mfd, 2Kv, 4/~
each, 1/6 post. 0.01 mfd. MICA 2.5 Kv. Price £1 for 5. Post 2/6. Capacitor:
0.125 mfd, 27,000v wkg. £3.15.0 each, 10/~ post.

AVO MULTIRANGE No. 1 ELECTRONIC TEST SET: £25 each, carr. £1.

OSCILLOSCOPE Type 13A, 100/250 v. A.C. Time base 2 c¢/s.-750 Kcfs.
Bandwidth up to 5 Mc/s. Calibration markers 100 Kc/s. and 1 Mc/s. Double
Beam tube. Reliable general purpose scope, £22/10/- each, 30/- carr.

COSSAR 1035 OSCILLOSCOPE, £30 each, 30/- carr.

COSSAR 1049 Mk. 111, £45 each, 30/- carr.

RELAYS: GPO Type 600, 10 relays @ 300 ohms with 2M and 10 relays @
50 ohms with 1M,, each, 6/- cFost.
12 Small American Relays, mixed types £2, post 4/-.

Many types of American Relays available, i.¢., Sigma; Allied Controls; Leach;
etc. Prices and further details on request 6d.

CALIBRATION TACHOMETER Mk. II: Maxwell Bridge Type 6C/869,
£25 cach, £2 carr.

ROTAX VARIAC & METER UNIT: Type 5G.3281. Reading 0-40 v., 0-40 mA
and 0.5 amps., all on 275 deg. scales, £30 cach, £2 carr.

HEWLETT PACKARD TYPE 400C: 115 v.{ﬁlo v. input 50/60 c/s. Freq.
range 20 c/s-2 Mc/s. Voltage range: ImV-300 v. in 12 ranges. Input impedance
10 h

ns. D: d for rack ing, £30 each, carr. 15/-.

TCS MODULATION TRANSFORMERS, 20 watts, pr. 6,000 C.T., secc.
6,000 ohms. Price 25/-, post 5/-.

AUTOMATIC PILOT UNIT Mk. 2. This complex unit of diodes and valves,
relays, magnetic clutches, motors and plug-in amplifiers, with many other items,
price £7/10/-, £1 carriage.

FOR EXPORT ONLY: B.44 Trans-ceiver Mk. III. Crystal control, 60-
95 Mc/s. RICAN EQUIPMENT: BC-640 Transmitter, 100-156
Mc/s., 50 watt output. For 110 or 230 v. operation. ARC 27 trans-ceivers,
28 v. D.C. input. Also have associated equipment. BC-375 Transmitter.
BC-778 Dinghy transmitter. SCR-522 trans-ceiver. Power supply, PP893/
GRC 32A; Filter D.C. Power Supply F-170/GRC 32A: Cabinet Electrical
CcY 1288/GRC 32A; Antenna Box Base and Cables CY 728/GRC; Mast
Erection Kits, 1186/GRC; Directional Antenna CRD.6; Comparator Unit,
.23; Directional Control CRD.6, 564'{!CRD and 568/CRD; Azimuth
%nlroi; Units, 260/CRD. Test Set URM.44, complete with Signal Generator
.622/U.

VARIABLE POWER UNIT: complete with Zenith variac 0-230 v., 9 amps.;
2ii/n. scale meter reading 0-250 v. Unit is mounted in 19in. rack, £16/10/- each,
30/~ carr.

SOLF7NOID UNIT: 230 v. A.C. input, 2 pole, 15 amp contacts, £2/10/- each
post 6/-.
CONTROL PANEL: 230 v. A.C, 24 v. D.C. @ 2 amps., £2/10/- each, carr. 12/6.

AUTO TRANSFORMER: 230-115 v.; 1,000 w. £5 each, carr. 12/6. 230-115 v.;
300VA, £3 each, carr. 10/-.

OHMITE VARIABLE RESISTOR: 5 ohms, 5} amps; or 2.6 ochms at 4 amps.
Price (either type) £2 each, 4/6 post each.

POWER SUPPLY UNIT PN-12B: 230 v. A.C. input, 395-0-395 v. output @
300 mA. Complete with two x 9H chokes and 10 mfd. oil filled capacitors.
Mounted in 19in. panel, £6/10/- each, £1 carr.

TX DRIVER UNIT: Freq. 100-156 Mc/s. Valves 3 x 3C24’s; complete with
filament transformer 230 v. A.C. Mounted in 19in. panel, £4/10/- each, 15/- carr.

ALL GOODS OFFERED WHILST STOCKS LAST IN “AS IS’ CONDITION UNLESS OTHERWISE STATED

POWER UNIT: 110 v. or 230 v. input switched; 28 v. @ 45 amps. D.C. output.
Wt. approx. 100 Ibs., £17/10/- each, 30/- carr. SMOOTHING UNITS suitable
for above £7/10/- each, 15/- carr.

DE-ICER CONTROLLER MK. IIL; Contains 10 relays D.P. changeover hea
duty contacts, 1 relay 4P, C/O. (235 ohms coil). Stud switch 30-way relay operated,
one five-way ditto, D.C. timing motor with Chronometric governor 20-30 v.,
12 r.p.m.; geared to two 30-way stud switcher and two Ledex solenoids, 1 delay
relay etc., sealed in steel case (4 X 5 X 7ins.) £3 each, post 7/6.
MODULATOR UNIT: 50 watt, part of BC-640, complete with 2 X 811 valves,
microphone and modulator transformers etc. £7/10/- each, 15/- carr,

-

ADVANCE TEST EQUIPMENT: VM78 A.C. Millivoltmeter (transistorised)
£55 each; TT1S Transistor Tester (CT472) £37/10 each. Carr. 10/-, cxtra
per item.

NIFE BATTERIES: 4 v. 160 amps, new, in cases, £20 each, £1 10/~ carr.

FUEL INDICATOR Type 113R: 24 v. complete with 2 magnetic counters
0-9999, with locking and reset controls mounted in a 3in. diameter case. Price
30/- each, postage 5/-.

UNISELECTORS (ex equipment): 5 Bank, 50 Way, 75 ohm Coil, alternate wipe,
£2/5/- each, post 4/-.

FREQUENCY METERS: BC-221, meter only £30 each, BC-221 complete with
stabilised power supply £35 each, carr. 15/-. LM13, 125-20,000 Kc/s., each,
carr. 15/-."TS.175/U, £75 cach, carr. £1. TS323/UR, 20-450 Mc/s., £75 each, carr.
15/-. FR-67/U: This instrument is direct reading and the results are presented
directly in digital form. Counting rate: 20-100,000 events per sec. Time Base Crystal
Freq.: 100 Kc/s. per sec. Power supply: 115 v., 50/60 c/s., £100 each, carr. £1,

CT.49 ABSORPTION AUDIO FREQUENCY METER: freq. range 450 cfs-
%gchls., directly calibrated. Power supply 1.5 v.-22 v. D.C. £12/10/- each, carr.
CATHODE RAY TUBE UNIT: With 3in. tube, colour green, medium persis-

tence complete with nu-metal screen, £3/10/- each, post 7/6.

APNI ALTIMETER TRANS./REC., suitable for conversion 420 Mc/s., com-
plete with all valves 28 v. D.C. 3 relays, 11 valves, price £3 each, carr. 10/-.

GEARED MOTORS: 24 v. D.C,, current 150 mA, output 1 r.p.m., 30/- each,
4/- post. Assembly unit with Letcherbar Tuning Mechanism and potentio-
meter, 3 r.p.m., £2 each, 5/- post.

Actuator Type SR-43: 28 v. D.C. 2,000 r.p.m., output 26 watts, 5 inch
screw thrust, reversible, torque approx. 25 lbs., rating intermittent, price £3
each, post 5/-.

SYNCHROS: and other ?ecial purpose motors available. British and American
ex stock. List available 6d.

MARCONI NOISE GENERATOR TF-987/1; Used to determine noise factor
of a.m. and f.m. receivers. Designed for 230 v. a.c.” operation. In used condition,
£20 each, carr. £1.

MARCONI  TF-956 (CT.44) AUDIO FREQUENCY ABSORPTION
WATTMETER; Large clear 6in. scale. 1 microW. to 6W. £25 each. Carr. 15/-.

MARCONI DIVERSITY RECEIVERS; Consisting of 2 x CR.150°s and
associated equipment. £175 each. Carr. £5.

MARCONI DEVIATION TEST SET TF-934: Freq. 2.5-100Mc/s. Can be
extended to 500Mc/s. Deviation range 0-5, 0-25 and 0-65 Kc/s. £35 each, carr. £1

CANADIAN C52 TRANS/REC.: Freq. 1.75-16 Mc/s on 3 bands. R.T.,
M.C.W. and C.W. Crystal calibrator etc., power input 12V. D.C., new cond.,
complete set £50. Used condition working order £25. Carr. on both types £2/10/-,
Transmincn::‘lr £7/10/- (few only) Carr. 15/-. Power Unit for Rec., new £3/5/-,
Used power ts in working order £2/5/-. Carr 10/-.

AVOMETERS: Model 47A, £10 each, 10/- post. Excellent secondhand cond.
(meters only).

DECADE RESISTOR SWITCH: 0.1 ohm per step. 10 positions. 3 Gang, each
0.9 ohms. Tolerance +1% £3 each, 5/- post. 90 ohms per step. 10 positions,
total value 900 ohms. 3 Gang. Tolerance £1% £3/10/- each, 5/- post.

TELESCOPIC ANTENNA: In 4 sections, adjustable to any height up to 20 ft.
Closed measures 6 ft. Diameter 2 in. tapering to 1 in. £5 each + 10/- carr. Or
£9 for two + £1 carr. (brand new condition).

COAXIAL TEST EQUIPMENT: COAXWITCH—Mnftrs. Bird Electronic
Corp. Model 72RS; two-circuit reversing switch, 75 ohms, type “N” female
connectors fitted to receive UG-21/U series plugs. New in ctns., £8/10/- each,
st 7/6. CO-AXIAL SWITCH—Mnftrs. Transco Products Inc., Type
1460-22, 2 pole, 2 throw. (New) £6/10/- cach, 4/6 post. 1 pole, 4 throw,
Type M1460-4. (New) £6/10/- each, 4/6 post.

TERMALINE RESISTOR UNITS: type 82A/U 500W, 5000W, freq. 0-3.3
KMC Max VSWR 1.2 Type “N” female connectors, etc. Brand new, £30
each, carr. 15/-.

PRD Electronic Inc. Equipment: FREQUENCY METER: T
0.250-1.0 KMC/SEC. (New) £75 each, post 12/6. FIXED ATTENUATOR:
Type 130¢, 2.0-10.0 KMC/SEC. (New3 £5 cach, post 4/-. FIXED ATTENU.
ATOR: Type 1157S-1, (new) £6 each, post §/-.

e 587-A,

CALLERS BY TELEPHONE
APPOINTMENT ONLY

W. MILLS

3-B TRULOCK ROAD, TOTTENHAM, N.I7
Phone: Tottenham 9213
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s E M I CO N D U CTO R s All overseas enquiries & orders please address to:
BRAND NEW FULLY GUARANTEED COLOMOR (ELECTRONICS) I'TD'

DIODES 170 Goldhawk Rd., London, W.12. Tel. 01-743 0899

&
RECTIFIERS TRANSISTORS

26371 3/-| ,. Orange 1/6 40253 8/6|BFIB0O  7/6|NKT216 7/6
IN461 1/6 12G374  8/6[2N3011  5/-|40254 10/6|BFI8I 6/6|NKT217 6/6
IN914 1761 12G381  4/6[2N os: 6/6(40360  12/6|BFIB2 7/ |NKT26| 4/6
IN916 16| 12N696 5/-{2N3054 12/6|4036] i2,6(BFI84 7/6[NKT262 4/6
IN4007  4/6| |IN697  5/-|2N3055 15/-|40362 146|BFI94  6/6| NKT264 4/6
15010 3/-1 [IN706  2/6[2N3133  6/—[40370 8/6|BFXI2  5/6/NKT272 4/6
15021 4/-| |2N706A 2/6|2N3134 10/6|40467 16/6{BFXI3  S/6/NKT274 4/6

5025 S/—| |2N708  4/—[2N3135 6/-|40468  16/6|BFX29 12/6|NKT28 S5/6
15113 3/-[ |12N753  S/6|2N3136 6/-[ACI07  6/—[BFX30  9/-|NKT403 I5/—
15120 1;° IN9I14  3/6/2N3390 10/6[ACI26  4/—|BFX43  8/6|NKT404 12/6
15121 2/6| [2N916  3/6[2N3391 ACI27  3/-|BFX44  B8/6NKT40S 15/
15130 2/6| 12N929  5/6/2N339IA 6/-(ACI76  5/6|BFXB4  8/3|NKT603 6/6
15132 2/6| |2N930  6/6|2N3392  6/6|ACIBY 12/-|BFX8S 10/—|NKT613
15131 3/-| |12N987  10/6|2N3393  6/6(ACI88 12/-[BFXB6  8/—|NKT674F 5/
AALI9  2/-| I2NI131  8/6[2N3394 S/6|ACYI7  5/-[BFX87 10/-|NKT6TTF 5/-
AAZI3  2/-| [IN1132 8/6|2N3402 8/6/ACYI8 S5/-|BFXBS  S/—(NKT7I3 5/8
AAZIS 2/6| [2N1302 4/6|2N3403 9/-|ACYI9 5/-|BFYI7T  4/6|NKT736 6/6
AAZIT 2/6] |2N1303 4/6|2N3404 12/6(ACY20 S/-[BFYI8  4/6NKT781 6/-
BAIOO  2/~| |2N1304 5/6/2N3405 12/6(ACY2!  5/-[BFYI9  4/6|NKT10419
BA102 4/- |2N1305 5/6|2N3414 6/6/ACY222 4/-|BFY20 12/6 6/—
BAINS  V/6| |2N1306 6/6|2N341S  7/6/ACY28° 4/~[BFY2I  8/6|NKT10439
BAXI3  2/6| |12N1307 6/6|2N3416 7/6|ACY40 4/-|(BFY24  9/- 6/~
BAXI6  2/6| 12N(308 8/-{2N3417 9/6|AD140  8/~[BFY25  S/-[NKTI0519
BAYI8 /6| |2NI1309 8/-|2N3570 12/6|ADI49  8/-|BFY26  4/- -
BAY3l /6| [2N1420 7/6/2N3572 12/6|ADI61  7/6|BFY29 10/~|NKT20329
BAY3B  2/6| [2N1507 7/6(2N3605S S/6{ADI62  T/6|BFY30 10/~ 8/6
BYI00  4/6]| |2N1527 7/6|2N3606 S/6|AFI1i4  5/~|BFY36  4/-|NKT20339
BYI03  4/6] |12NI1605 9/6(2N3607 4/6|AFII6  5/-|BFY37 S/ 10/6
BYI122  7/6| 12N1613 6/6[2N3662 1I/6(AF117  5/—(BFY41 10/—|NKTBOII 15/6
BYI124  3/-| |2NI1711 6/6[2N3663 12/6/AFIIB 12/6|BFY43  13/6|NKT80I12
BYXIO 5/6| |2N1889 8/-{2N3702 4 -|AF124  S/-|BFY50  4/6 19/6
BYZIO  9/-| |12N1893 8/—|2N3703 4/6|AFI25 S/-|BFYSI 4/6| NKT80113
BYZI1  7/6| |12N2147 17/6|2N3704 5/6/AFI26 S/-|BFYS2  4/6 22/6
BYZI12  6/6[ |12N2148 12/6|2N3705 4/6|AF(27 $/—|BFYS3 $/6|NKT80211
BYZI3  S/-| [2N2160 14/6|2N37 4/-|AF181 8/6|BFYS6A 11/~ 8/6
FST3/4  4/6| |2N2193 S$/6{2N3707 4/-|AF186 1V/-|BF /-|NKT80212
FST3/8  6/~| [2N2193IA 5/6|2N3708 4/-|AF239  7/6|BFY76  6/-

AS 2/6| [2N2194A 4/6{2NI709 4/-[AFZII  S5/6{BF 11/6/NKTB80213
OAS 2/-1 [2N2217  6/—{2N23710 ~-|AFZ12  6/6|BFY90 12/6 18/6
OA47  2/-| |2N2218  6/~[2N3711 4/-|ASY26  5/6|B5X19  5/6(NKTB0214
OA70 1/6| |2N2219  6/-[2N3721  7/6|ASY27  8/6|B5X20  5/6 18/
QA73 2/-| 12N2220 S/-|2N3B19 9 -|ASY28  5/6|BSX2I 8/6|NKT80215
QA79 119] [2N2221  §/-|2N3820 20-|ASY29  4/6|BSX76  4/6 18/6
oAsl| 1/61 |12N2222 _5/-|2N3823 21/6]ASZ20  7/6|BSX77  6/6| NKT80216
OABS 1/6[ 12N2287 21/6]2N3900 10/6(ASZ21 _4/6|BSX78  6/6 18/6
OA90 1/6| |12N2297  6/-|2N3900A AUYI0 20/-1BSY26  4/-]|OC26 6/6
OA9N 1/6] 12N2302 12/6 11/6|BC107  3/61BSY27  4/-|OC28 8/-
OA9S 1/6| [2N2303 13/6[2N390% 19/6 BCI08  3/6|8SY28  4/-[OC30 8/—
OA182 2/-| [2N2368 8/6(2N3903 8 -|BCI109  3/6(BSY29  4/-|OC35 6/6
OA200 2/- 369 N3904 8/6(BCII3  6/6|BSY3B  4/6/OC36 6/6
OA202 2/-| [2N2369A 5/-|2N3905 86(BCII8 6/6|BSYI9  4/6/OC4l 4/-

2N2411  6/6|2N3906 8/6|BCI2S 13/6(B5Y40  5/6|OC44 4/

SILICON [2N2412 6/6/2N4058 6/6|BCI26 13/6|BSYSI 10/6|/OC45  2/6

POWER |2N2483 5/6|2N4059 S5/-|BCI45 13/6|B5YS2  6/-|OC7I 2/6

TRAN- 2N2484 5/6[2N4060 $/-[BCI47  5/-[BSY95A 3,6/OC72  4/8

SISTORS [2N2539 4/6(2N4061 5/-|BC148  4/6|DI6PY 12/-(OC75  4/6
2N3055 N2540 4/6/2N4062 5/6|BCI49  S5/-|DI16P2  12/6|OC8I 4/~

2IN2613  7/9]2N4244  8/6|8BCI 3/6|DI6P3  13/-|OCBI 3~

1-24 15/- 1IN2614  7/6]12N4284 3/6|BC212L 5/-|DI6P4  13/6|OCBIDM 3/-
25.99 12/6 |2N2645  6/-[2N4285 3/6|BCY30  7/6(/GETII3 4/-|OC83 6
100 + 11/~ |2N2646 11/612N4286 3/6|BCY32  4/6|GETII4 4/-|OCI39 6
FAIRCHILD [2N2696 6/6|2N4287 3/6(BCY32  7/6|GET873 3/-{OCl40 6/6
C.s 2N271)  8/6|2N429) 3/6(BCY33  3/6|GET880 6/-|OCI170 6/
2N2712  B/6|2N4292 3/6|BCYI4 5/6|GET88I 4/6(OCI17]1 6/

L709C 2IN2713  9/-|2N4433  6/-[BCY3I8  S5/6[MATIO0 6/~(OC200 §/6
1-9 27/6 |2N2714  9/-|2N4434  6/-|BCYI9  6/6| MATIOI 6/~|OC201 5/6
10-24 23/- |2N2904  B/-|2N5305 10,6(BCY40  7/6(MATI20 6/-(OC202 8/6
25-49 21/~ |2N2904A 8/-|2NS306 11/-[BCY42  S/—|MATI2I _6/—{OCP7} 8/6
50-99 20/~ |2N290S 8/~ (25102 6/6|BCY4)  5/-1MI4B0  20/6|ORPI2  8/6
1004 18/- |2N2905A 8/-{25103 6:6{BCYS4  7/6/MJ4BI  27/6]ORP60 10/
SIST 2N2906  8/-|25104 6,6|BCY70  5/6|MJ490 22/6|ORP6I 10/
RESISTORS [9N2906A 8/-[3NI28  18/6|BCYTI  9/6|MI491  29/6{P346A  5/6
10% § w. 4d., [2N2907 8/-|3NI40  21'6|BCY72  5/~|MPFI02 8/6|TISI4A 17/6
6d. |2N2923  4/-|3N141  19/6|BDI2I 19/6|MPFI03 7/6|TiS43 8/6

o [2N2924 4/6|3N142  16/6{BDI24 12/-|MPFI04 7/6|TIS44 3/~

1w, 6d., & w. [2N2925 S5/-[3NI43 196/BFII5S  4/6|/MPFI0S 8/~|ZTX300 4/~
1/9, [2N2926: 40152 24/-|BFl117 10/6|MPS3638 6/6| ZTX301 4/-

3 w. 1/6, 5 w. |, Green 3/-|40250 16/6|BFI67  6/6|NKT00I3 8/6|ZTX302 $/-
» . Yeliow 2/9140251  17/6|BFI173 7/6|NKT212 5/6|ZTX303 S/

INTEGRATED CIRCUITS EAIRCHILD 1.C's
ACA 900 i1/~ Buffer
CA3005 30/- CA30288 30/~ L9114 11/~ Dual Gate
€A on %g‘/- _g:gggg ;‘S)ﬁ 1923 14/~ JK Flip Flop
- » 285/~
GANI  Jon  TEARE 3 | SENERAL ELECTRIC LCh
CA30l8 28/ CA3042 32/6 PA230 Low Level Amplifier 27/6
CA3019 25/~ CA3043 35)= PA234 Audio Amplifier 26/6
CA3020 276 CA3044 32/6 PA237 2 Watt Audio Amplifier 45/-
CA3021 426 CA3045 32/ DATA SHEETS 6d4. EACH TYPE
CA3022 35/ CA3046 25/-
CA3023 32/6 CA30sl 15/- MULLARD 1.C’s
CA3026 27/6 TAA263 18/6 Linear AF Amplifier
AT A NG APPLICATION  SHEETS | TAA24] Ja/g Concr! purpose Amplifier
A A24 /6
FOR RCA DEVICES 2/~ PER TYPE TAA320 15/6 M.O.S. Pre Amplificr
THYnlsTons X
av 50 100 200 300 400 MOTOROLA I.C's
IA . 5= 5/6 :'6 8/- 9/6 MC724P Quad 2 Input Gates 19/6
gﬁ “— ?L_ gff 94: 9/- :g:’: MC789P Hex Inverter .. 19/6
7A ve = ;I I;;— I4 - 19/6 MC790P Dual JK Flip Flops 32/6
25A 27 I 0= 37/6 "
Ao 12 Amp 100 Piv 15/~ 600 Piv 35/6 (€736 OURIBuHZ, v 29/6
PANEL METERS
38 Series—FACE SIZE 42 x 42 mm. | CAPACITORS
Al prices for 1-9 pieces, A large range available.
133 Flccodmp Electrolytic, Polyester, Sflvered Micas, Poly-
200 - sEtyrene Cerami€, disc (see cat. for full Wst),
-t xamples:

580-0-50 - 1000 mid 50V 7/6 2000 mfd 25V 8/6
180-0-100 - 2500 mfd 25V 9/6 5000 mfd 25V 12/6
500-0-500 .

1 Milliamp

5 » VEROBOARD

;3 e All sizes stocked. Available .1 or .15 matrix and
100 :: also without copper strips. 177 x 31° .15 17/=
300 = 17° x 2}" .15 Blanks 13/~

i

5

1] A LARGE RANGE OF PRESETS POTEN-
20 TIOMETERS, THERMISTORS, SPEAKERS,
50 ETC. AVAILABLE SEND 6d. STAMP FOR
ggg CATALOGUE.

POST & PACKING 1/6d. PER ORDER (OVERSEA EXTRA)

A. MARSHALL & SONS (LONDON) LTD

218
01452 0l6l/2/3

CRICKLEWOOD BROADWAY,

LONDON.
CA LLERS WELCOME

BRUEL & KJAER

The following two instruments are
supplied with all leads, accessories,
spares and comprehensive instruction
and maintenance manuals.

B & K LEVEL RECORDER TYPE
2304. A high speed recording instru-
ment designed for the measurement of
reverberation time, noise level and the
frequency response of microphone and
loudspeakers. £265.

B. & K. B.F.O. Type 1013. Frequency
200-200,000 Hz, Accuracy |5, Matching
6;60;600;6,000 ohm. Output 2.2W at
6,000 ohm and 1.5W at 6 ohm. Output
Antenuator 0.4mV to 12.5v in 10
ranges, Continucusly variable in each
range of Potentiometer. Otherfeatures;
Mirror type voltmeter, incremental
frequency scale. Frequency scanning,
Automatic output regulator, F.M.
£155. Carriage paid.

TELEMETRY STATION
We are able to offer. one only,
Telemetry Station of very recent
American manufacture. Compris-
ing Helical Antenna, oscilloscope
receiver and associated units,
Ampex tape recorder and power
supply for the entire installation.
Interested clients with a knowledge
of this type of equipment are in-
vited to phone or write for further
particulars.

HEWLETT-PACKARD MODEL
524B ELECTRONIC COUNTER.
Without plug in unit this instrument
will measure frequencles from 10 ¢/s to
10°) mc/s and periods o( from 0-10 kefs.
Frequencies are read in kec/s with to
decimal point autommcally posmoned
and time is read in seconds, milliseconds
or microseconds again with the decimal
point automatically positioned. Registra-
tion is in eight places, first six on neon
lamp decades, last two on meters. Self
check facility from Internal 100 kc/s and
10 mc/s frequency standards. Full decails
and price on request. Plug in unit for
extra range, 100/220 mc/s, is an optional
extra. £22/10/-. Carriage 15/~
COSSOR OSCILLOSCOPE TYPE
1049. £45. Carriage 30/-.

Fuller descriptions of the following 3
instruments upon request.
SOLATRON STORAGE OSCIL-
LOSCOPE TYPE Q@D 910.
MICROWAVE SPECTRUM ANA-
LYZER TYPE SA 18 MANUFAC-
TURED BY RACAL.

DAWE STORAGE OSCILLO-
SCOPE TOGETHER WITH
TRACE SHIFTER.

“§"" BAND SIGNAL GENERATOR
No. 16 MADE BY SPERRY. 7.9-l1
cma (2727-3797 mcs.). Power output
.00l micro wates—I mw. at 72 ohms.
Modulation: A unmodulated CVw, B
square wave modulated by internal free
running modulator with PRF variable
from 400c to 4kc. C Square wave
modulated by internal modulator
triggered by external source either sine
or square, 20-100v. sine or 20-100v. p. to
p. £85.P. & P. 3

BOONTON “Q" METER TYPE

160A. Frequency range 50 kc/s to
S0 mefs. Q" range 0-250 with mul-
tiplier of 2.5. Main tuning capacitor

30-500pF with separate + 3pF inter-
polating capacitor. Power supply
220/280vAC, £75. Carriage 30/-.
AVO VALVE TESTER MODEL 3.
Measurement of mutual conductance
0-100mA[fV in four ranges. Screen
0-300v., panelled 0-400v., grid OI-IOOV.
Filament 0/126v, Insulation O/iOm
ohms. Rectifying valves and signal
diodes can be tested under load con-
ditions, short circuiting of electrodes
and cathode insulation can also be
measured. Complete with data book
£45. Carriage 30/-,

RANK STUDIO WOW AND
FLUTTER METER TYPE 1740. £105.
Carriage 7/6.

MARCONI VIDEO OSCILLATOR
TF 885A. Sine wave output 25 ¢/s
to 5 Mc/s in 2 bands, Squarewave output
50 ¢/s to 150 ¢/s In 2 bands. Freq. accur,
+29%+2 ¢/s. Power supply 100, 25/
200/250 v. A.C. £85. (Ditto but 25/12

mc/s in 3 bands/885A/1). £85. Carriage
MARCONI! SIGNAL GENERA-
TOR TYPE TF 144G. 85 kc/s.-25 Mc/s.
Excellent laboratory tested condition.
with all necessary accessories with in-
struction manual, £45. P. & P. 15/
MARCONI SIGNAL GENERA-
TOR TF 80I/A. 10-300 Mc/s. in 4
bands. Internal at 400 c¢fs. | kcfs.
External 50 ¢/s to 10 kefs. Output
0-100 db below 200 mV from 75 ohms
source. £85. DITTO but 801/A/l with
additional high level output. £89. Both
P. &. P. 20/-, including necessary con-
nectors, plugs. and instruction manual.
MARCONI AM/FM SIGNAL GEN-
ERATOR TYPE TF 937 (CT 218).
Frequency range 85kHz to 30MHz in 8
bands (Séft Film type scale). Modula-

tion:—internal 400Hz, l1kHz, 1.6 kHz, |

IkHz-AM.
FM.  External
Output:

15kHz-90kHz deviation—
50Hz—i2kHz. R.F.

JuV-100mV at 75 ohm with |

additional high level of IV, Voltages at |

E/I0 at 7.5 ohm are provided at an
additional terminal. Buift in Cryseal
calibrator. £95. Carriage 30/-.

MARCONI! AM/FM SIGNAL GEN-
ERATOR TYPE TF 948. Frequency
range:——20-80MHz in 2 bands (Film type
scale). Modulation:—AM as for TF 937.
FM up to 600kHz deviation. RF Output
as for TF 937. Built in crystal calibrator.
£105. Carriage 30/-.

MARCONI NOISE GENERATOR
TYPE TF 987/). Frequency range:—
100kHz-200MHz. Noise factor calibra-
tion:—~0-30 In four ranges, directly
calibrated, Impedance 71 ohm. £40.

Carriage 30/-.

MARCONI WAVE ANALYSER
TYPE TF 455d/1. Frequency 20-16,000
Hz. Input:—Audio 30uV-300V, Radlo:
1-10v AM up to 80%,. Level +-5% of the
reading above } F.S.D. over normal
range. Selectivity: the S50kHz pass
system has a flat covering about 4Hz.
£55. Carriage 18/-.

MARCONI| AM/FM SIGNAL GEN-
ERATOR TYPE TF 995/a/3/S (No.
18, CT402). Military version of TF 99S
Serles, with additional increased output
for L.F. Measurements. Frequency:-
1.5-220MHz. New, complete with all
leads, adaptors etc. £150. Carriage 30/-.
MARCONI IMPEDANCE BRIDGE
TYPE TF 936 (No. 5). For measure-
ment of inductance, capacitance, resis-
tance, coil magnification and capacitor
loss at audlo frequencies. Ranges:i—
luH-100 H in 7 ranges, |pF-100uF in 7
ranges, 0. ohm-100Mohm in 10 ranges.
AF Bridge Frequency:—80Hz. |kHz,
10kHz Q-0.0008-101. Capacitor loss as
for Q. £105. Carriage 30/-.
MARCONI VTVM TYPE TF 958
(No. 3, CT 208). Ranges:—AC 0-150v
in 5 ranges; 0-1500v with multiplier,
DC 100-0-100v in 5 ranges. Frequency:
20Hz-100MHz. £95. Carriage 18/~
SOLATRON PRECISION MiLLI-
VOLTMETER TYPE VF 252. A
laboratory type instrument with 67
dlameter. Voltage range:—|.5mV-15V
in 9 ranges. A 10:1 attenuator input
extends the range to 150V. Inputs:—
Normal, attenuated; Transformer (I:1)
Output for external meter and connec-
tion to’ scope for monitoring purposes
£35. Carriage 18/-.

SOLATRON OSCILLOSCOPE
TYPE CD 643.2. Laboratory type
screen dia. Sin., band width DC 12
mc/s Rise time approx. 30u  secs,
sensitivity approx. 100 cm/s—&5v./cm,
with X1, %10, X100 multipliers and
fine expansion control. Controlled
bright up, Z modulation. £130. Carriage

40/-.

SOLATRON OSCILLOSCOPE
TYPECD7115.2. Frequency range up to
7 mc/s, maximum sensitivity 3 mV/em.
The time base circuit gives swltch
speeds from 3 cm pfsecs. to 0.3 cm/s
without expansion and variable expan-
sion of up to X |0 is also incorporated.
Planastron circuit in the time base pro-
vides further delay variable for 10
w/secs. to |0 m/seconds. The double
beam display is obtained by a beam
switching technique providing single
beam, alternate switch or chotter
switching. £85, Carriage 30/-.
TELEPHONE ENQUIRIES relating
to TEST EQUIPMENT should be
made go 01-748 8006 Extension 23.

P. C. RADIO LTD.
170 GOLDHAWK ROAD, W.12
SHEpherd’'s Bush 4946
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3500V 3in. round proj............... oo 45/
8KV 3in. round flash. . e
37.5KV 3}in. round ﬂ:sh
R.F. METERS

120 mA. 2} in. round panel
3 amp 2!} in. round flash

microvolt for |W, output at all fre-
quencies at 10Db S/N and PTC 931
60W Transmitter for RT, CW and
MCW operation with push-button
control for selection of any onec of four
pre-set channels. Full details and
specification on request.

LT. SUPPLY UNIT RECTIFIER
No. 19. Consists of two separate 12V
DC circuits each rated at 3 amp, which
may be used independently, giving two
separate outputs of 12V at 3 amps,
connected in parallel giving 12V 6 amps
or connected in series giving 24V at

Zircless World, August 1969 A79
Q1/370K PYB0O 9/8 | U26  14/8 | VRIS0B0 | 3Q4 76 | GAME 3/ 6EA8 9/~ | 6817  6/-
20/- PYSO1 9/8 u27 8/- 8/— 3Q5GT 6/- GANS 20/- 6KEU7  7/- 68J7GT 6/6 |
as50126 20/~ | GQV03-10 Us2 48 | vu3zg  7/- 381 5/9 | 6ANS 10/~ 6P23 13- 63J7Y  6/6
a120/1B 25, USl 8/~ | WII8 8- | 3ve 8/~ | 6AQS 5/8 6F3GT 8/- o
35/~ | QQvo6-40 Ulsl 14/~ | W19 9/- | 4D) 4/~ | BAQSW 9/- | 6F6G  4/- K7 -
; . 3 85/ U404 [ X6d 5/= BA173GQ 5/- BABE 8/= a¥7 8/- 88LIGT 68
oM 5/~ | QQvon<0a | UBOL 19/6 | X86  2/8 | BALT4G 5/- | GABTG 14/- 6F8G /- 68N7GT 6/~ ]
GU50 28/ 100/~ | UaBCsos- | XM 7/~ | 5B251M40/- T6  4/8 6FI1Z  4/- 68Q7GT 7/8 THE VALVE WITH A
ARS8  b/- EOC82 5/8 Qz32 96 | Q815015 UAP42 10j6 | X118 8/- | BB252M35/- | 6AUG 5/ 6PI3  5/- 6887 2/ GUARANTEE
ARPS  3/- EOC83  5/6 Gzas 118 78 | uBcal g | X145 B~ | 5B254M36/- | 6AX4 8/- 6F17  §/-
ARP12 3/8 EOCS4 6/~ H30  3/8 | Q89510 5/~ | yppse eg | Y03  &/6 | 8B/235M 6B7  B/8 6F32 /- 6V6a  3/8 | o8p7 6/~ 957 5/~
ARTP} s/- ECC85  5/6 ML23DD Q81200 10/- UBP8Y 7/ Y65 4/ 3 6B4Q  15/- 6F33 20/~ 6V6GT 6/- 30C15 15/~ 958A 4/~
ATPs 23 ECC86 8- 5- | Q81202 8/- 3 Z800U 29/ mmv 108 | eBsa 2/ 606G 2/6 aVeM  8/- | 30CI7T 16/ 991 8-
BD78 40/ ECCB8  7/- HL4l 4/ QVO4/7 8/- UCF80 /6 78010 25/- 5T 7/~ | 6BAG 4/ 6H6GT 1/9 6X4 49 30Ct8  15/- 1622 17/-
BL63 10/~ ECCo1  4/- HVRZ 9/- | QQz04-15 UCH42 Z900T 12/- 51740 4/6 | 6BA7 12/8 6H6M  3/- 6X5G /- | 30P5 18/- 1625 6/-
BT35 15/ ECC189 9/9 KT6C 32/8 57/6 10/6 | 1B23 30/~ | 5V4G 76 | ABEG 5 6I4WA 12/~ 6X5GT 5/8 | 3JOFL1 18/- 1629  4/6
BT45 150/- ECF80 6/6 KTE3 4/- RIO 15/ UCHS8I 7/- 1G6GT 6/- | 6X4G 8/6 | 6BJ6 8/8 A5 - 6Y6G 8/~ | 30FL1219/- 2051 B/
BTS3 35/~ KCF83 6/8 Y RI7 8 UCLE2 7/6 | 1DBGT /- | 5Y3GT 5/6 | 6BJ7 7/- 615GT  5/- | 6-30L2 14/- | SOFL13 9/3 2729 25/-
cvion 8- ECH35 11/- e I UCLA3 11/6 | 1G6GT 6/~ | 5Y3WGB 6BLIGTA 66 3/6 624  5/- | 30FL14 158 4043C 35/
ovies 4- | BCHez 10 KT6T 43/c | Bl 78 | UFa 106 | 1L4 28 1y- | 6J6w 6~ | 7B7 7~ | 30LI5 17/~ | 4313C 20/-
ovaLs ECHS8I 5/8 xg; 7;_ RG1-240A UF80  7/- | 1LA6 6/~ | 5Y3WGQTB 6BQIA  6/9 617G 5/- 7C5 148 | S0L17 17/ 5678  10/-
(mateped ECHS3 8/6 B 28/~ | Urse 69 | N 7)- - | 6BR7 18/ 6J7M 8/ 708 6/~ | soP12 18/ 5678  10/-
pain 120/~ ECLS0 8@ | {oUR. P 1w ok || sapit 14- | slon w-
cvs peLe O 163 36 TRANSISTORS, ZENER DIODES, ETC. iEew 1§;g %Pl L N S e
(-inxle) 570;— ECLSS  8/6 MH4  B/- OA5 2/8 oc28  12/8 oCcCI72  7/8 AD149 18/- BYZ16 15/- JKIOB 15/— 7Q7 - 18/6 5933  22/6
Cyal EF38  3/8 MHAL 8/~ | Qa7 4/~ | gu2s 15~ | OC200 /6 | AEYII1S/- | crsuio 8- | JK1IA 128 | 7v7 8- ssanoik 6057  10/-
pa 33 EF37A 8- VHLDS 7/e OA10  3/- | ocss 10/- | OC201 10/~ | AEYI212/8 | Crsizoee | JK20A 17/6 ¥4 93 8060 78
D77 3= EF39  6/- ML& 0A47 2/ 4 ocar2 8/6 | AFi14 5/ JK21A 12/6 774 In 35L6GT a/- 6064 7/-
DAIOO 28 | pugg  gip N3¢ 8- oA70 - | OUs8 806 | GCuo3 10/8 | Aplis e~ | CBBMOMO- | yiaomisi- | ome 26 | 3swa  5- | 6065 8)-
DAros 7/8 EF4l 109 N78  28/- | OA71 2/ OC4l 8/~ | oco4 17/6 | AFlle 6/6 | CRBU3S MAT100 6/~ 109 o/~ | 3523 10/~ | 6080 278
DD41 4/ EP42  13/8 0A2  6/- OA73 2/ ocar  5/- | OC206 17/8 | Apni7 5. 1/8 | MaTI01 86 10P14 17/3 | 35Z4GT 8/8 8146 28/~
DET20 2/~ | kpyo 4/6 o2 6/~ | OA74 2/- | OCA &/ | IN2L 3/8 | Apips 10/~ | CKBVO ; 1E2 30/~ | 35Z0GT 6/- | 8013A 38/-
DET26 10/~ | Epas 48 o3  9- | oa79 19 | 0Cas 28 | INZIB 8~ | Apize 756 lere | MELIRLSS ) d2aa we | 87 4- | 820 30/~
DKol 3/= EF856 6/6 ocs 8/6 0OA8]  1/6 oC70 4/~ IN25  12/- AF125 5/_ CRS83/05 6/~ MPITIM 9/8 15ATE 46 38 4~ 9001 3=
DF92  2/8 EP8G  6/3 ob3 6/~ 0A9 1/6 | OC7)  2/6 | IN43 4/ CR83/20 MPF10410/- 19AT7 4/- | 43 §/- 2002  4/8
DKo 7/6 | e 5”0 0zaa 8- | oa20 s | 0Ci2 46 | IN7o 4~ | AKI26 8/ 10/~ | MPF10510/8 | 15477waA 50CDEG2T/E | 9003 8/8
Dkvs 9 | gegr g | P4 - | OA2ez g~ | OCT3 1/~ | 2N4seA 7. | ATIZT 810 | cRssso RAS508AF 6/6 | S0ENG 12/~ | 2004  2/8
DK 7/8 EF92  2/8 PABCS0 7/6 0A210 7/6 | OC?5 6/- | 2N585 7/8 Of 12/8 12AU7 4/3 | 50L6GT 8/8 9008  2/8
DL63 8/ | Epy; g pcss 103 | oa311 98 | OC76  5/- | 2N10s0 78 | AF178 12/8 | gReggigen RAS310AF 12Av6 B8 | 57 8- | C.R. Tubes
DLY2 48 EFI83  6/8 Pce7  9/- | OAz20011/- | OC8I 4 2N1091 8/6 | AFYI9 £2/6 5/~ ] 12AX7 6/~ | 58 /- EMI04/B/1E
DL93 4/~ EFI81 7/ PCo00  9/6 | 04Zz20110/- | OCBID 3/- | 2N1306 6/6 | ABY26 5/6 | CR83/40 X8I0l 15/- qu-nu 59 8/ 70/~
DL94  8/8 EH% 7/8 POCS4  6/6 0AZ202 to OCBIDM 3/~ | 2N1j07 6/6 | ABY28 5/6 12/8 | ZRI1 &/ o- | 75 5/6 093 75/
DL96 8/ EL3l  15/- POCSS  9/6 OAZ206 8/6 | OC82 b/~ | 28303 10/- | ABZ21 12/8 | cgep 95/~ | Z Range 12AY7 10/~ | 78 /= VCR97 32/6
DIS10 12/ KEL32  3/9 PCC18910/9 0AZ207 9/6 | OCE2DM3/- | AAZIZ 4/ ABZ23 20/~ | QETI03 4/ Zener diodea 12BA8 6/~ | 77 6/ VCR51750/
DY86 6/ EL34 103 80 6/8 OAZ208 to OCA:  4/6 | AC126 6/6 | BCIO7T 3/6 | gETi5 9/- 3/6 ea. 12BEG 6/ 78 5/~ VCR517B
Dys? 6/ EL35 5/- PCPB2 6/9 | OAZ213 6/6 | OCS3B 3/- | ACI27 7/8 | BCY3l 8/6 | QETII6 8/~ | Z2A range 12BH7 3/6 | 80 718 55/~
EBOF 18/~ EL41 10/3 PCF84 9/3 OAZ223 to 0C84  5/- ACI28  6/6 BFY51 4/8 GETS872 6/- 7/8 ea 12c8  3/- 81 9/- VCR517C
E88CC  8/- EL42 11/- PCF86  9/3 OAZ22510/- 0c122 10/~ ACI78  7/8 BFY52 4/8 GEX54 2/8 Z3B Range 12E1  17/- 83 14/- 45/~
ES0CC 8- ELSO 8- PCF801 9/9 ocls 15— | VClaw 68 ACY17 88 | BBY27 5/- | qieM 4/6 5/-ea. 12He 3/- | 84 §/- SFP?7  26/7
E9lH  7/- EISI  9/8 PCFB02 9/- - aCl40  9/8 ACY18 5/ B8Y28 B&/- aT43  5/- ZL range 12J7GT 8/6 85A2 718 Photo Tubes
Ew2CC  7/6 EiL84 49 14;- 0C22 10/~ | 0C169 /- | ACY1s /8 | BSYS! 7/¢ | aTios 10/- 5/- en. 12K7GT 7/6 | 2824  £5 asle  12/8
E1800C 7/- ELSS  7/8 PCF80614/8 oc2s 78 0c170  §/- ACY28 4/- BYZ13 5/- HG5001 2/- | Z8 range 12K8M 8/- | 307A  5/8 CMQa25 45/~
E1820C18/- ELOl  5/- PCFR0814/8 | 0C26 5/ oC171 6/- | AD140 13/ BYZI5 20/~ | JKI0A 15/- 776 ea. nqm-r 5/6 | 313C 25/- 9314 62/
ELI48  2/6 PL95  5/8 PCL8L  9/- 128C7 i 3574 70/- 8097C 350/—
EA76 7/~ EL360 22/ PCL82 7/~ Br6é1  3/3 UL4t 118 1LH4  4/- | 574G 27 6BR8  10/- 6KAGT B/~ | 128G7 4/6 368A8 30/- Special Vivs,
EABCSO 6/— EM3L  5/— PCL83 13/ 8TV280/40 ULS4  6/8 | 1R6 8/~ | 6ABT 4/- | 6BwWe 18/8 6K7 8/ 12817 3/- | 393A 27/ ACTé 18
EAC8]l 3/- EMBO  7/- PCL84 8/6 - uyus - 184 5/= 6ACT7 3/- 6BW7 13/- 6K7G 2/~ 128J7  4/- 446 8/= ACT9 £18
EAR42 9/3 EM84  7/- PCL85 9/3 | BTV280/80 UY21 10/8 | 185 4/6 | BAG5 2/6 [ 6C4 3/6 6K7GT 4/9 128L7GT7/~ | 703A  30/- CY1031 70/~
EB91  g/- EM87 11/~ IL86  8/6 90/~ | UY4L 3 | 1T4 3/~ | 6AGT /- | 6COG_ 2/8 6KBG _ 4/- 128N70T6/8 | 705A 20/~ Cv2339 £20
EBC33 8/- ENY2  5/- PFL20013/~ SU2160A uvss  5/9 2A3 5/~ GAHG6 11/6 6Cs8GT 6/ 6KX8GT 7/3 128R7 5/~ 7158 80/~ K301 £4
EBC4l 9/8 E8SU7¢ 80/~ PL38 10/9 - V246A/1K I 2D21 8/ 6AJT 3/- 6CH 4/~ 6K25G 16/~ 13D1 4/~ 217A 3/= K305 212
EBCS1 6/8 EV5l 78 PLBI 88 | TDO420 190/~ | 3A4  4/- | SAK5 5/~ | 6C8G 6/ 615G 6/ 13D5  6/6 | 803  30/- K308 212
EBFS0 7/6 EVRe  6/8 PL82 8- 70/~ | VIS8A3135/- | SREWGA 6AKAG 12/6 | gCHE 7/- 6LEWGB 187 /- | so7 9/ K337 f12
EBFS3 86 EY8S8 86 PLB3  7/- | TP23 8/~ | VP23 3/8 27/6 | 6AK? 6/~ | oo g0 18/~ 19AQs b/ | 808 8/- KRN2A70/-
/ EY9l 28 PL8t 6/6 | TP2s &/— | VP133 9/- | 3m? 5/ | 6AKS 6/~ 6L7G 4/ 19E2 12/6 | 13 78/ 2J22 £2/10/-
EBF8) 6/~ | pyy 83 | PL500 13/6 | TTI1 3/~ | YR99 76 | 3B24 14/~ | 6ALs 3j- | SCWe 13- | gra g 1903 60/~ | 813 35/~ | WL417A
EC53  8/- EZ41  8/8 PX4 14/- | TTi5 55/- | VR108/30 | 3Ds 3/~ | 6ALSW 7/- | 6D8 3= 6N7G /9 10G6  20/- | 829B 50/ -
ECI0  4/- EZ80 5/ PX25 12/6 | TTR31 45/~ 6/- | 3E29 50/~ | saMB - | 6Kz 8- I 6P25 13/ 19H4 70/- | BI2A 48/ 33/92/%
EC90 4/ EZ8] 5/ PY33 10/9 | TZ0502 4/- i 687 - 20A1 35/~ | 843 5/- Lo 287~
ECol 8- FW4/5006/- PYBO  6/- | pgz99 18/- MANY OTHERS IN STOCK include Cathode 6HAT 7/~ 20P4 20/ | 866A 18/~ | 5C22 - £15
Eocas 1g. | FWARL Evel B8 | uiye 7 Ray Tubes and Special Valves. UK. P. & P. up poaronioe. || aathar o ] St o AN AT
- Ayt vy J . - 5 -
ECC3S 156 | a3k Bysy o[ vt @ LY e R0 e ol S oven £ 2/ iadll ove 3 jpoat | s8C7arT 5- | 2525 86 | as5 e | 725a
ECC81 6/ 87/ PY8S8 7/~ U2s  14/8 L st = ! 63807  6/- 25Z6GT 11/- 956 2/~ £10
“S” METER FOR H.R.O. RECEIVERS. 3 amps. ldeal for battery charging,
Brand new, £2/10)-, Carriage paid UK. ELECTRONIC ANTENNA CHANGEOVER SWITCH bc power supply, etc. Joo2sov” AC
i : : J ith con~
SUB-MINIATURE ““PENNY SI1ZE’ | Automatically transfers antenna for TX to RX and vice versa without the Dput: Erancimehy;icomplareiwit
METERS. lin. round, flush ring nut mounted | use of relay or any moving part. Operates from 3.5 mcs to 28 mes. No loss | nectors. £6/19/-. Carriage 9/-.
500uA FSD, calibrated 0-1 mA. 20/-. P. & P. 3/-. ] ©f transmitting power and provides gain of 2 6Db in receiving sensitivity, | SPARES FOR AR.88D. RECEIVERS.
with built-in power supply unit for 220/250v AC. Our own manufacture. Ask for your needs from our huge
MOVING IRON METERS Full description and price upon request. selection.
;5 VACC2§in. round panel ....... e ;.7/6 SMALL 28V MOTORS. 150/200mA
00 VAC 24in. round clip fix . 3 5/- approx. 4,000 r.p.m. Ideal for small
50 amp 2} in. round panel ... 19/~ MINI_ATL_JRE METERS. General PYE R_ANG_ER TYPE PTC 8002, fy3p, running models, miniature drills,
100 amp 33 in. flash «....oonooriniinii. 19/~ Electric | }in. round flush, clip mounted: FM mobile radio telephone. Frequency grinders, etc. 12/, P, 2/-
[ mA D.C., 20/-. P. & P. range 68-174mHz on any spot, fre- \yreia NICAL TIMED DELAY
D.C. MOVING COIL METERS 75 mA. D.C,, 18/, 3/-. quency in five bands, transmitter output RELAYS. Coil B 150 ohms
300mA 2} in. square pane! ......... 150 mA. D.C., I15/-. 7-10W into 50 ohms. Double superhet 1o 5% ollz_;eosvlsl;rge Adiustable
20-20mA 2 in, Round panel . - VOLUME METER (YU). 20-0-43 receiver. Power supply 6, 12, 24v DC. del g:h' i £ 1 A0 dl 17/-
30~0~320*mA 2} in. round pam:l a inberga‘l resistance 3900 ohms at “O”" Positive or negative earth, £45, e;ly :' aAGangelOGIZRASERANCs o
250v 2} in. round panel .. ....... VU, 3iin. square, flash £10, post paid. P. & P, 30/-. ==
2004:A. 2in. round panel, scaled calibro-30 22/6 BETTA GAMMA Probe type L314. INSET MICROPHONE for tele- HIGH SPEED ULTRA SENSITIVE
200pA. 2in. round panel....... iiei.... 22/6 Without connector £2.10.0. phone handset, 2/6. P. & P. 2/- PLUG IN RELAYS with two
| mA. 2}in. round panel ..... ..... 30/- BOONTONSTANDARDSIGNAL FIELD TELEPHONES TYPE “F" scparate windings each of 1685 ohms.
| mA. 2in. round panel sealed .. 27/6 GENERATOR MODEL TS497. Housed In portable wooden cases. 12/-. P. & P. 2/~
5 mA. 2in. round clip-fix panel or proj. .. 20/- (Military version of civil model 80.) Excellent for communication in- and UMNIVERSAL GALVANOMETER
0-30 mA. 24in. round panel ............ |17/6 Frequency 2-400 mc/s in 6 ranges. AM., out-doors for up to 10 miles. For pair SHUNTS., 25/.. P. &, -
75 mA. 24in. plugin  ...... ... 14/— 400 and 1,000 ¢/s and external modula- including batteries and 1/6th mile field
100 mA. 1}in. round panel ... 17/6 tion. Provision for pulsco rlnodlula!ion. cable on drum. Slightly used, £7/10/-. FOR EXPORT ONLY
100 mA. 2}in. round panel .. ... 19/- Piston type attenuator 0.1p-100 mV Carriage 10/-. i i 210 Sets
500 mA. 2} in. round panel.. 17/6 separate meter for modulation level and HARMNESS “A™ & “B™ controf units, Isrz\s?';l‘a‘:osnnil(#;:rmc;:/: to “'as
25 amp. 3}in. round proj. 27/6 carrier level. Precision flywheel tuning. junction boxes, headphones, micro- hew ™ smndacd. All slmres gvailable
50 amp. 2}in. round panel ... ......... 27/6 17v A.C. input. With instruction phones, etc. g Al 2 P . " a
20 VDC 2in. square panel 19/~ manual, £95. Carriage 30/ 29/41FT. AERIALS each consisting of COLLINS TCS. Complete instalfa-
100 V 4in. round panel .. 25/~ PRECISION VHF FREQUENCY ten 3ft., jin. dia. tubular screw-in tions and spare parts.
150 VDC 4in. round panel .............. 25/- METER TYPE 183. 20-300 Mc/s with sections. llift. (6-section) whip aeriai POWER SUPPLY UNITS FOR
100pA 24in. round Proj. ...o.oooonen... 27/6 accuracy 0.03% and 300-1,000 Mc/s with adaptor to fit the 7in. rod, insu- ©42 & C45. 12v and 24v.
1.5mA 2in. square flash | veens (28 with accuracy 0.3%. Additional band lated base, stay plate and stay assemblies, RECEIVERS R 210.
S5mA 2}in. square flash tropl: - 27/6 on harmonics 5.0-6.25 Mc/s with ac- pegs, reamer, hammer, etc. Absolutely R.C.A. TRANSMITTER TYPE ET
20-0-20mA 2in. round flash . 17/6 curacy + 2x 1074, lncorporuing brand new ind complete ready to erect, 4336. 2-20 Mc/s., complete with M.O.,
100mA 2in. square flash 18/~ :allbraung quartz 100 kefs + in canvas bag, £3/9/6. P. & P. 10/6. Cryst. mult. and speech ampl.
25A 2}in. round flash 25/~ 107 120/220v. A.C. mains. £8S. Carr. (2 300W ISV JAP Petrol Generator Fully tested and guaranteed. All spares
10V 2in. round flash ...... 19/— PYE 4 CHANNEL H.F. TRANS- (Charging set). £35. Carriage 15/-. available.
1 00- O-IOOV 2}in. square flash . 27/6 MITTEB RECEIVER STATION. [1260W 35V CHARGING SET. Com- BC 6I0E & BC 6101 TRANS-
10/200V (C/W ext. res.) ........... .. 2§/- Comprising PTC 941 Crystal-controlled plete with switchboard. New £45. MITTERS. Complete with _speech
15/600V 2in. round (.—equ..—g; cx! .—c;),_ .. 17/6 Receiver [1.6-14 mes. Sensitivity | Carriage 40/-. amplifier BC 614E. Aerial tuning unit

C 939A, exciter units, tank coils, ect.

Fully tested and guaranteed. All spares
available.
No. 19 HIGH POWER SETS.
By introducing RF Amplifier the output
increased to 25 watts. Complete instal-
lations supplied.

All overseas enquiries & orders please address to:

ALLTEST& COMMUNICATION EQUIP-
MENT has been thoroughly prepared in our
Laboratories by fully qualified Electronic
Engineers.

P. C. RADIO LTD.
170 GOLDHAWK RD., W.12

01-743 4946
Open 9-12.30, 1.30-5.30 p.m. except Thursday 9-1 p.m.

COLOM OR (ELECTRONICS

170 Goldhawk Rd., London, W.I12
Tel. 0l -743 0899

BUSINESS HOURS
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- coppenﬁummne PRINTED CIRCUIT BOARD
{84 x54x in.), 2/8 sheet, 5 for 10/-.
MIGH SPEED MAGNETIC
1 COUNTERS (4x1x1 in.) 4 digit Aleo W xSin., &/ ¢al, 3 for 0/=s
- 6/12v. 24/4Bv. (state which), 6/6 -

ULTRASONIC | goea PP.1/-

CLEANERS BULK COMPONENT OFFERS

(Burndept B.E.352) 60 watt model. Supplied 8rand
New complete with stainless steel tank 93 x 63 x 4% in.
£60. Carr. 20/-.

2. FAST NEUTRON MONITORS (Burndept 1407C)
for measuring neutrons in the energy range 0.15-15
meV. £100.

3. Radlation Monitors (Burndept 8N 110 MK. V)
0-5/50/500/5k. €.p.s. Brand new. £100. Alpha and
Beta Gamma probes available at extra cost.

4. PORTABLE RAOIATION MONITORS (Burn-
dept BN 132) 0-5/50/500/5k c.p.s. With built-in
Gamma probe. Brand new. £50 pl with

PYE OHMMETER TYPE 10B. 500v. test. .3 meg. ohm—
20 k.3rgeg. ohm. 200/250v. A.C. Brand new instrument £30.
P.P -

POT CORES TYPE LA 3. 10/- ea.

71 WAY PLUG & SOCKET (Painton Serles 159). Gold
plated contacts with hood & retaining clips. 30/- pair.

50 WAY PLUG & SOCKET (U.C.L. miniature). Gold plated
contacts 20/- pair. 34 way version 15/- pair.

VALVE MILLIVOLTMETER (Marconli TF899) 0-2v.

carrying harness.

S.A.E. for literature. 10% discount for
Educational Authorities.

LARGE CAPACITY ELECTROLYTICS. 2,000 yF. 30v.;
2,500 uF. 25v.; 2,500 uF. S50v.; 4,000 uF. 90v.; 5,000 yF.
25v.: 7/6 3. 5,000 1uF. 50v.; 10,000 1oF. 30v.; 16,000 yiF,
10v. 10/- ea. p.p. 1/+

SPEAKER BARGAINS. EM.L
Tweeters 15 ohm, 65/-, P.P. 5/-. As above less tweeters
3 or 15 ohm, 45/- ea., P.P. 5/-.

FANE 12 in. 20 watt (Dual Cone), £5. P.P. 5/-.
CAR RADIO SPEAKER 7 x4 in. 3/5 chm. 15/- ea. P.P. 2/6

13x8 In. with double

lete with R.F. probe £8/10/- pp. 10/-.

LOGIC BOAROS with 31 ACY40s—38 diodes etc. 20/- ea
P.P. 2/6.

CO-AX. RELAYS (magnetic devices) 1 change-over 12 v.w,
20/- ea.

SOLARTRON PULSE GENERATORS
50c/s-1m/c. £60 each. Carriage 50/-

(OPS 100C)

WOBBULATORS TYPE 210 (Metrix) 0-220 M/c. Sweep
width 1/2/5/10/20 m/c. £40. Carriage 30/-.

100 Capacitors (latest types) S50pF to .SpF.
250 Resistors § and 1 watt.
250 Resistors 3 and 1 watt.
150 Hi-Stab Resistors, 1, 3 and 1 watt.
25 Vitreous W/W Resistors, 5%.

12 Precision Resistors .1% (several standards
included).
12 Precision Capacitors 1 and 2% (several standards
included)

12 Electrolytics (minlature and standard sizes).
ANY ITEM 12/6. ANY 5 ITEMS 50/-,

TELEPHONE DIALS (New) 20/ ea.
Amplified TELEPHONE HANOSET 3
(706) 27/6. P.P. 2/6.

EXTENSION TELEPHONE (Type 706)
Black or 2 tone Grey. 65/-. P.P. 5/-,
UNISELECTORS (Brand new) 25-way

75 ohm. 8 bank % wipe 65/-. 10 bank
+ wipe 75/-.

REED RELAYS 4 make 9/12v. (1,000 ohm.) 12/6 ea.
2 make 7/6 ea. 1 make 5/- ea. Reed Switches (1% in.) 2/-

ea. £1 perdoz.

EXTRACTOR/BLOWER
FANS (Papst)
100 c.fm. 4% x41x2 in.

2800 r.p.m. Wonderful buy at
50/- ea. 240v. A.C.

SPEAKER SYSTEM (20x10x10 in.). Made to spec.
from % In. board. Finished in black leathercioth. 13 x 8 in.
speaker with twin tweeters complete with cross-over
50c/s-20k/c. £7.10. P.P.10/-.

PHOTOMULTIPLIERS 6262 and 6262b. £15 ea.
RELAYS H.D. 2 pole 3 way 10 amp. contacts. 12v.w. 7/6 ea.

LIGHTWEIGHT RELAYS (with dust-proof covers)
4 c/o contacts. 12v. 100 ohm. or 24v. 500 ohm 7/6 ea.

TRANSFORMERS

H.T. TRANSFORMER (Parmeko °Neptune’) Prim. 200/
250v. Sec. 350-0-350v. 150 m.a. 6.3v. @ 1/2/6 amp. 35/-.
P.P. 5/-. Matching Choke 10h 180 m.a. 12/8

E.H.T. TRANSFORMER (Parmeko °Neptune’) 3,000v
280 m.a. £12/10/0. P.P. 50/-.

L.T. TRANSFORMERS Prim. 200/250v. Sec. 0-1/0-

3/0-9/0-27v. 30 amp. £7.10. 15 amp. £5. P.P. 15/-.

L.T. TRANSFORMER Prim. 200/250v. Sec. 0/25/35v

30 amp. £7.10. P.P. 20/-.

STEP-DOWN TRANSFORMERS Prim. 200/250v. Sec.

115v. 1.25 amps, 28/- ea. P.P. 5/-.

L.T. TRANSFORMERS Prim. 240v. Sec 8/12/20/25v.

3.5 amp models 20/-; 5 amp model 25/-. P.P. 5/6.

L.T. TRANSFORMERS Prim. 240v. Sec 14v 1 amp 10/

ea. P.P. 2/6.

ELECTRIC SLOTMETERS (1/-) 25 amp. L.R. 240v. A.C.

88/- ea. P.P. 5/-.

QUARTERLY ELECTRIC CHECK METERS, 40 amp

240v. A.C, 20/- ea. P.P. 5/-.

CONTINUOUS LEVEL MONITORS (Burndept BE307)
complete with Sensing Probe. £25.

Transistorised PROXIMITY SWITCHES (Burndept
BE315) sensing speed 120 per min. £16.

LEVEL CONTROLLER (Burndept BE305). £8.

(Burndept BE230) 750
Light Soutce, Sensing

LIGHT SWITCH. COUNTER.
interruption per min..
Head. Control Unit.

S.A.E. Literature.

comprises:
£15.

PATTRICK & KINNIE

81 PARK LANE - ROMFORD - ESSEX
ROMFORD 44473

12 0/10
Pol)st)'mne filmn, 'lubular. A‘inl leads. Unencapsulated £5% or <1pf tolerance,

NEW PRICES ON NEW COMPONENTS

RESISTORS Prices—per ohmic value 10 off 25 off 100 off
High stability. carbon film, Jow nolse. Capless construction. molecular termination | Miniature (0-8W) [ I 8/9 18/9 66/8
bonding. Subminiature (0-1W) .. lod 7/ I4/7 46/8
Dimensions (mm.}: Body: {W; 8x2-8 ELECTROLYTIC CAPACITORS (Mullard ) —10% to +50%
1W:10x4'8 Submlnlature {nll values in uF)
TLeads: 35 4V 8 32 64 125 250 400
10% ranges: 10 Ohms to 10 Megohms (E12 Renard Series). 64V 6 4 25 50 100 200 320
5% ranges; 4'7 Ohms to 1 Megohm (E24 Renard Series). 10V - - 16 32 684 125 200
Prices—per Ohmic value. 18V " e 2 10 20 40 80 125
each 10 off 25 off 100 off 25V .. 16 6-4 125 25 50 80
w 10% 2d. 1/6 3/3 10/4 40V b o 1 4 8 16 32 b0
W 5% 2id. 1/9 3/8 1/8 84V p .. 064 2-5 5 10 20 32
W 10% 2id 1/9 3/8 mna Price 1/4 1/3 /2 L} (H /2
W 5% 3d. 2/- 4/- 12/10 Small (nII vnlues In uF)
CAPACITORS "N 800 1.250 2,000 3.200
Subminiature Polyester film, Modular for P.C. mounting. Hard epoxy resin encapsula- | 6° g 640 1,000 1,600 2.500
tion. Radial leads. lov 400 840 1,000 1.600
210% tolerance. 100 Volt working. 18V 250 400 640 1.000
Prices—per Capacitance value (uF) § 25V 160 250 400 80
eac) 10 off 25 off 100 off 40V 5 s [ 100 160 250 400
0-001, 0-002, 0-005, 001, 0-02..  éd. 4/3 8/4 30/~ | 64V T 64 100 160 260
005 r 5 = .. &d. &/- 12/6 41/8 | Price 1/6 2/~ 2/6 3/-
01 1od. m 15/6 51/ POLYESTER CAPACITORS (Mullard)
0-2 10/- 68/6 Tubular 10%. 160V : 0-01. 0-015. 0-022F, 7d. 0-033, 0-047 uF, 8d. 0-068, 0-1 uF, 9d.

0:15 uF, l1d. 022 uF, 1/~

. 0-33 uF, 1/3. 0-47 uk, 1/6. 0-68 uF, 2/3. 1 uF, /8

160 Volt Working.
Prices—per Capacitance value (uuF)

10, 12. 15. 18, 22, 27, 33, 39, 47, each 10 off 25 off 100 off
56, 68, 82. 100, 120, 180, 220.

270, 330. 390 A 5d. 7 79 24/-
470, 560, 680, 820 1,000, 1,500 éd. 4/~ 8/8 26/8
2.200. 3,300, 4,700, 5,600 .. 1d. 5/- 10/10 3)/4
6800 8,200, 10,000, 15,000 . Bd. 6/ 13/~ 40/~
22.000 9d. 6/9 18/~ 45/4

POTENTIOMETERS (Carbon)

Superior grade enclosed controls. Low rotational noise. Body dia., 1in. Spindle,
2in. x }in. Tolerance, 20%.

Linear: 1K to 2M. (} W at 40°C).

Logarithmic: 5K to 2M. (1 W at 40°C).

Prices per ohmic value each 10 off 25 off 100 off
2/ 18/4 41/8 150/-

GANGED STEREO POTENTIOMETERS (Carbon)

W at 70°C. Lonz Spindle.

Logarithmic and Linear: 5k +5k to 1M +1M.

Prices per ohmic value each 10 off 25 off 100 off
8/- 70/- 162/6 578/~

SKELETON PRE-SET POTENTIOMETERS (Carbon)

High quality pre-sets suitable for printed circuit boards of 0°-1in. P.C.M. 100 ohms to
5 Megohms (Linear only). Miniature: 0-3W at 70°C. +20% below }M, +30% above {M.
Horizontal (0-7in +0-4in. P.C.M.) or Vertical (0-4in.x0-2in. P.C.M.). Subminiature:
0-1W at 70°C. £20% below 2:5M, +30% above.

400V: 1,000, 1,500, 2,200, 3.300, 4,700pF, 6d. 6.800pF. 0-01. 0-015, 0-022 u.F 7d.
0033 pF. 8d. 0047 nF, 9d. 0068, 0'1 uF. I1d. 0'15 uF, 1/2. 0-22 uF, 1/6. 033 uF,
2/3. 0-47 uF, 2/8.

SEMICONDUCTORS: OA5. OAS1, 1/9. 0C44, 0C45, OC71, OC81, OC81D, 0C82D.
2/=. 0C70, 0C72, /3. AC107, OC75, OC170, OCI171, 2/6. AF115, AF116. AF117,

ACY19