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Yes, STC Components Group
is able to supply you with about
five times the number of
different types of components
shown—off the shelf. And the
range of components is being
extended all the time. If your
requirements are urgent, STC
Electronics Services Division
offers same day despatch.

Only one-fifth of the story!

Each STC Division maintains an
Applications Department with
Engineers ready to help you
choose the most suitable and
most economic components and
circuits for your equipments

or systems.

Wherever your location on the
map, STC Components Group,
made up of nine successful
Divisions and a single mobilized
field force, can put the finest
components service right on your

doorstep. The Group is
represented in practically

every country through ITT
(International Telephone and
Telegraph Corporation).

To obtain your copy of the STC
‘Designers Digest’ write, phone
or telex STC Components Group,
Footscray, Sidcup, Kent.
Telephone: FOOtscray 3333.
Telex: 21836.

high-grade components by

COMPONENTS GROUP

G512

Ww—001 FOR FURTHER DETAILS.



oo

Makrcti, 1966

WirsLESs WorLp

TAAINOR

The Avo Multiminor M&4 is the

of this

latest

version well-proven  multi-range
measuring instrument. Designed and ass-
embled to high standards of reliability, the
Avo Multiminor offers simple yet instant
range selection with a single rotary switch,
There is only one pair of sockets for all
measurements, and the scale plate is clearly

marked for easy reading.

Accuracy 1S within the limits laid down in
B.5.8. 88/1954 for up fo 33" scale length

indusirial portable instrumerts.

Panclimalic conslruction enables the Multiminor lo
be used n.all types of citmatic condilions. The
instrument js supplied in an allractive black carrying
case, compléte with interchangeable test prods and
clips, and a multi-language instruction booklel,

Inexpensive
Easy-to-use
Pocket Size

Write for full details.

ANV

30, "0 P AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON S.W.1 refeptione; viCtaria 340

MM e

WW-—003 FOR FURTHER DETAILS.
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First things first:

‘ARKLONE’ is a pure liquid,
boiling point 47°C,

chemical nomenclature

1.1.2. trichlorotrifluoroethane;
non-flammable, non-toxic.

w

Now for the graph. Well, tnere was tnls customer who converted his BEFORE
cleaning process from hand cleaning, using isopropyl alcohol and a team Hand cleaning, by girls using alconol:
of girls, to a total immersion process using ‘ARKLONE" ultrasonically’ _C__ S
irradiated in a suitably designed plant. Capital cost and depreciatiort il l
rv—— S5 DO B s O Labour charges 2083
12000+ i T Solvent consumption |
(4 gals. per week at 3/6 per aal.) | 36 8
Services nil !
Total/year ‘ 2119 8
|
AFTER
Immersion cleaning with "ARKLONE’,
cleaning in batches in an uitrasonic plant
operated by one man:
£ s
Capita! cost (plant written off I
in one year) 800
Labour charges 500
Solvent consumption
(1 gallon/weekK at
£4.13.9 per gallon) 234
t e o TR o o T Services (electricity and water) & _L .
1 ST nber ol et e b caned | s Total/year 1551

This customer saved £570 on the first year's working after deducting capital cost. And, in fact, probably rather more
than this, because the number of rejects formerly produced by harsh solvent action and handling was not known,
nor the cost of insurance premiums (isopropy! alcohol is highly flammable and toxic— ARKLONE' is neither, and
makes working conditions safer and more pleasant). His operations are concerned with cleaning printed circuit
boards, and ‘ARKLONE’ is particularly good at that, because it does not attack the metals, plastics, resins and
elastomers normally used in this kind of construction.

‘ARKLONE is also first-class at cleaning computer core memories, tape recording and nlay-back heads, and
other components consisting wholly or partly of plastics materials, or containing resins or elastomers—spectacle
frames, for instance.

We'll say it again : ‘ARKLONE’ is a costly cleaning solvent that would be cheap at twenty times the price !

If you want to work out the cost of changing your cleaning process to ‘ARKLONE —get in touch with ICI. One

of our representatives will be glad to assist you.

‘ARKLONE’ is the ICI registered
IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON SW.i trade name for ‘ARCTON’ 113 AR8S

WW—005 FOR FURTHER DETAILS,
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BY APPOINTMENT TO
H.RH. THE DUKE OF EOINBURGH

SUPPLIERS OF MOBILE
RAOIOTELEPHONE EQUIPMENT

2 GAMBRIDGE transis
Mobile Radiotelephone

A

A new high Standard in Mobile Radiotelephone design

W Fully transistorised receiver W Printed circuit sub-assemblies M Sealed LF. block filters M Dustproof and spiashproof
W GPO approved and meeting American and European specifications 100 Milliamps receiver drain B A.M. or F.M. versions
W 25 Kc/s or 50 Kcfs channelling B Single or six channe!

PYE TELECOMMUNICATIONS LIMITED

CAMBRIDGE - ENGLAND . TELEPHONE: TEVERSHAM (CAMBRIDGE) 3131 - TELEX No. 81168
WW-—006 FOR FURTHER DETAILS.

e a—y



Marcn, 1966 WIRELESS WORLD

THEQ'QBantam

TWO-WAY RADIOTELEPHONE

a Fully Transistorised
Walkie-Talkie!

In the tradition of the
outstanding Cambridge and
Vanguard Radiotelephones,
Pye have produced the
Bantam, abrilliant fully tran-
sistorised Walkie-Talkie.

M Fully transistorised Tr itter and i B Li i 41bs. (1.82kg.)
B Long endurance with Rechargeable W Frequency Band 25-174 Mc/s.
or Dry Battaries : M Weatherproof
B Crystal Filter selectivity M Air Registration Board approved for light
u ity and ibility of t: aircraft category 141
W Very high performance Receiver M Approved by G.P.O. to Spec. W6345

B Intrinsically safe version available

TEL : TEVERSHAM 3131

PYE TELECOMMUNICATIONS LTD. cameripge, encLanp. Teiex No. 81166

WW—007 FOR FURTHER DETAILS.
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Down to 300 pV

Nlrcuni Instruments
present a new
challenge in VHF

veitage imeasurement
VHF ELECTRONIC VOLMETER TYPE TF 2603

An entirely new, fully transistorised millivoltmeter for direct voltage
measurement from 300 pV to 3V at frequencies up to 1,500 Mc/s, and
up to 300V at 500 Mc/s. The 3-inch diameter probe uses a pair of fast
germanium diodes in a full-wave circuit. Response is close to r.m.s.
with inputs of fess than 30 mV and peak in the 0.5V to 3V region.
Accessories include a 100:1 muitiplier for measurements up to 300V.

WW-—008 FOR FURTHER DETAILS.
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Targeted for the veal
needs of the clectronic industry

Low-level signal measurement in semi-conductor
cireuits

Meusurement of transistor parameters
Voltage measurement on strip-line circuits
Measurements at locations remote Irom mains supplics

Flimination of measurement errors due to civenit
earth loops

Noise measurements, Distortion measurements

Linpedance measurements at low voltage using a
Circuit Magnification Meter

Detection of unwanted oscillations in wide-band

amplifiers
w'ﬁ Y ‘Taning narrow-band amyplifiers
Price: £290 including 100:1 multiplier Testing frequency respouse in filters

Null detection in widc-band bridge measurements

A GOOD NAME FOR GOOD MEASURE

MARCONI
lNSTRUMENTS

Marconi Instruments Limited
Longacres, St. Albans. ierts
Tel: St. Albans 58292 Telex: 23350

Please write or telephone for full

technical and commercial information about
this new instrument. On specification,
performance und value-for-money,
Marconi instruments challenge comparison
with any in the world.

rcses

WW—009 FOR FURTHER DETAILS.
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musical balance

All amplifiers—or nearly ali—have bass and treble controls.
All bass and treble controls, not unnaturally, increase and
reduce the bass and treble, but here the similarity ends!
The bass control on the QUAD varies both slope and turn-
over in four frequency discriminative networks of equal
impedance. The channels are locked to eliminate phase-
shift so that the stereo image-is maintained at all settings.
The treble operates midway between variable slope and
variable step so thatitis possible to adjust musical brilliance
while maintaining natural harmonic balance.

A Level position may be selected within 0-5 dB 20-20,000 ¢fs.
while other settings are guaranteed within 1.5 dB of the
published calibrations.

Of course, when programme sources become consistently
good, tone controls wiil not be necessary, but meanwhile
how is musical balance achieved on your ampfifier?

For the closest approach to the original sound,

Our slogan for fifteen years and our design objective for
1wice that long. Ask your dealer for details of the QUAD

range of high fidelity units or write direct to Ref. W.W.

Acoaustical Manufacturing Co. Ltd., Huntingdon. Hunting-
don 361.

o=

QUAD

wW—uid FOR FURTHER DETAILS.

Marey, 1966




March, 1966

WRELESS WORLD

everyene can mechanize and profit . . .

Business may be brisk, with everyone working ; but
where are all the profits ? Something is robbing
your company of its expected returns. Labour
costs are rising 8% a year; values of factory space
and production machinery are rising fantastically.
Under-utilization of these high-cost productive
elements through inefficient handiing operations
is your worst enemy, and British industry is
estimated to waste £800 million yearly in this way.
Even if your business is not arge, don't ignore the

mechanical
handling exhibition

10/20 MAY, 1966, EARLS COURT, LONDON

big savings possible with mechanized handling.
Many new ideas are discovered at every Mechani-
cal Handling Exhibition—a survey in 1964 revealed
that 47% of visitors had seen something new.
Mechanization is your best investment—simple
low -cost devices often produce remarkableresults.
See thousands of new ideas from over 300
exhibitors at the Mechanical Handling Exhibition,
Earls Court, 10-20 May. Don’t miss this important
event—mail the enquiry coupon now.

Mail this eeupen now for free tickets and further details

To the Manager, Mechanical Handling Exhibition,
Darset House, Stamford Street, London, S.E.1

NAME (picase print) .....
FIRM

ADDRESS .. pre—o

e ot m s s e i 2 )

WW—011 FOR FURTHER DETAILS.
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HERE'S VERSATILITY FOR YOU. . .

The

Twin recording
ampiifiers

V//Co/l0/B MONO/STEREO HI-FI TAPE LINK

Variable hias

=9
A
V("T"la .-.T
Rear sockets :
duplicated =]

on front panel

Twin playback pre-amplifiers

Push-pull biasferase
oscillator

0.C. heated
valves

Twin recording
level meters

PRICE
including

power unit
£46. 0. 0.

Instant comparison/ / Dual concentric
of original and gain controls for
recorded signals recording amplifiers and

i playback pre-amplifiers
Frequency correction
for 4 tape speeds

Designed for use with 2/2 or 2/4 track heads

Built to the same high standards as our tape recorders and decks
this HI-FI TAPE LINK has been developed for use with your
high fidelity equipment. It is capable of giving superb results when
matched to one of our Mark 5 Series 3 decks fitted with the
appropriate heads. Write for full details of this amplifier and deck
and complete range of tape recorders.

‘MARK 5
SERIES 3
MARK 5
MONO —HALF TRACK—TWO HEADS— f

MAGIC EYE TYPE M SERIES 3
(Available with recording fevel meter al extra
MONO — HALF TRACK — THREE HEADS —

High quality amplifier with power output of
24 watts r.m.s. and a frequency response of
40—20,000 ¢/s—can be used independently of
tape recorder — narrow gapped record/play-
back head for extended frequesncy response—
double gapped ferrite erase head to minimise
crase noise—headphone monitoring.

Brenell

RECORDING LEVEL METER

Separate rocord and playback heads — sepa-
rate record and playbhack amplifiers —ampli-
fier frequency response 25-26,000 ¢fs +3dB—
power output 2 waits r.m.s. — separaie bass
and treble controls — mizing of input signals
— speaker monitoring whilst recording.

BRENELL ENGINEERING CO. LTD.
231/5 Liverpoo! Road, London, N.1.
Telephone: NORth 8271 (5 lines)

WW—012 FOR FURTHER DETAILS.

MONQ/STEREO —HALF  TRACK (Record/
playback) — QUARTER TRACK (playback)
FOUR HEADS — TWO EDGEWISE METERS
Designed for use with high fidelity stereo
i i = on alt
input channels to ensure perfect matching
with all auxiliary equipment — dual concen-
tric recording level and playback leve! con-
trois—cathode follower output—four channel
mixing on mono programme sources — twin
recording and twin playback pre-amplifiers—
comparison of origimal and recorded signal—
adjustable bias level—recording facilities for
172 and 2/2 track—playhack facilities for 1/2,
22, 1j4 and 2'4 tracks —sound-on-sound
facilities — two edgewise meters for record-
ing tevel, tape output level and bias level.
Optional extra: stereo power amplifiers
and monitoring speakers.




Marcn, 1966 Winrtrss WORLD

GOODMANS ‘" RANGE

HIGH FIDELITY LOUDSPEAKER SYSTEMS

There is a Goodmans Complete High Fidelity Loudspeaker System to meet your
requirements—to fit unobtrusively into your living room—to blend with your furni-
shings—enabling you to enjoy the finest quality sound reproduction, whichever System

is your choice.

MAXIM

A tae High Fidelily Loudspeaker system complefe, the
size of a shoe box—104" » 53”5 72", The meticutously
finished cabinet n hind-ubbed teak {or walnut) houses.
10 liny precision direc tadiator drve unils wiich cover
the Irequency range—45-20,000 €5 with fess dewation
from level respoase than almost any ofher High Fdality
Loudspeaker —and handle 8 viatls of nawer eauly. o
problems in finding room for it—just move 2 couple of
ks

Spocitication
Dimensions,

Power
Impedance
Enish

Price: £17. 10. 6. (inc. P.T)

The styling

1047 x 517 x 78 deep
35 20.000 <is

8t
15746 otms
Teak or Vialnat

Handles 15 watls of power —yzt mieasires anly 103 x 1817
8 deep—ine MEZZO reall; wiff g3 oo your bookshelf.
is teslcained yel distinctive, making MEZZ0 2n

SR

g

Range.
Pawer

Finish

Pric
\

“easy add :
The frequency range s 2 ciear and clean 40 20.000 </s
with 2 control and smoothness accounted for by two n2x
specially developed and patented leudspeokers. The &°
bass unit s of very advanced design and construction, and
is particularly notable lor its very low distortion and
extraordinary smoothness of periormance. it 55 claimed to
be Ihe smoothiest bass reproducer of its size ever 9ro
duced. The treble unit completes ihe quality picture to
grve an overall perfoimiance unrivalled in a reproducer of
of this size. The L C crassover network operates al 2,200
¢/s. The dislortion level is extraodinasily low, The pelectly
controlied balance of the MEZZO sound make 11—The
Loudspeaker (o Live Vilh,
Specification
Dimenstans,

tmpedance
Pistoriian

scheme

1010 181 2 B deen

40 20,000 ¢ 5

15 watls

Suitabie far B ohr— 15 ahm am

tolal hatiame at 55

'8 and avose, fer sound preszore
feve ol 80 db a1 611

Tazk or Walnut to order

Price: £26.5. 0. (inc. PT}
MAGNUM-K

Oesigned to 2 vary high standatd for professional putpuses,
the MAGRUM-K brings this szme standard to the audio
enthusiast at home. (115 a three-vay system, and althourh
seasonably compact (15 x 247 x 1147} o perforniance
compromises have been accepled. Every detail that couid
contiibute la really accurate sound repraduction has been
includzd. A new and potenled 12° Bass reproducer giies
minimal distortion down to 20 ¢/s. The Mid-range and High
Frequency units are high efficiency disccl radiators out-
standingly smaoth in peiormance, Muluple-seclian cross
over aetaork operates at 1,500 and 5,000 ¢, 5 and constant
impedauce cantrols for both middie and bigh frequency
onits permit ndividual balancing of the system. Power
handling 15 25 walls, but for domestc use amplifiers from
610 12 walts ae quite adequate,
Specification

Dmenzians,

X157 % 1137 deen
30-70,000 c/3
25 walts

onms

Texor Naral 1o order

: £36. 15. 0.

185"

\ ELEGANZIA I

A tullsized 15 wott 2-speaker High Fidelity Loud
spuaker systom with the enonnous advantage of a
deplh of QHLY §1°, A classic example of shm gracetul
sticiency, s eceptionally accurate perfoimance was
desqned for the connoisseur, The 12° bass unit
Bnploys Goodmans esclusive SUPRFOAM Giaphragm.
An LG crossover netwark \ransters the electrical
drive above 900 ¢/s to 3 back-loaded mud-range and
higgh-frequency uait

Specification

Dumensions. 27732071 61° deep
Range 15,000 cr3
Funer i5 watts
Impezance 15-16 ohms
s Tesk or Wainut

Price: £27. 16. 0,

SEE AND HEAR them at
your Goodmans Dealer

I Flease send me 3 free copy of Goodmans
I High Fidehty Manual.

| o

I Address

L __

WW

e g

GOODMANS INDUSTRIES LIMITED AXiOM WORKS - WEMBLEY - MIDDLESEX - Tel: WEM 1200, & meser ot tne rentaset G-oup

WW-—013 FOR FURTHER DETAILS.
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NEW SHAPES OF SOUND

Goldring-Lenco
6L 68

The many proved features of Goldring-
Lenco transcription units such as in-
finitely variable speed adjustment, pick-
up lowering device, automatic idler
wheel disengagement are retained on
the GL 68, which is the first unit to
incorporate the new. G.65 arm. This is of
low mass tubular construction with
stylus pressure adjustment by sliding
counterweight, and provision for height
adjustment to suit any chosen cartridge.
The interchangeable head slide (taking all
cartridges with standard ” fixing centres)
makes use of self-cleaning wipercontacts.
Swiss precision motor. Continuously
variable speed adjustment. Less than 1%
speed variation for 13% mains voltage
variation. Adjustable click-in positions
for the four standard record speeds.
Pick-up raising/lowering device coupled
to on/off switch. Automatic disengage-
ment of idler wheel. Full 12" diameter
turntable. Wired for stereo.

GL 68 Transcription Unit £16.16.0d.--
£2.14.7 {T.

Recommended cartridges for the GL68
are: Pickering V15 (AM1 and AMET)
Pickering 380A, Goldring CS90 & CS91E,

e

Pickering V15 AMIT and AME1 Micro-
Magnetic Cartridge

Weighing only 5 gm., these high output, high
compliance stereo—mono cariridges are perfect
for low mass amms. 15° tracking angle gives
minimum  distortion. Hermetically sealed, Re-
placeable push-in diamond stylus assembly, with re-
tracting stylus arm for added protection 1o records.
(0.0007" tip radius for VI5/AM1 and elliptical,
with even higher compliance, for V15/AME3).
V15/AM1 £9.8.0d. + £1.108d. P.T.
V15/AME1 £13.15.0d. + £2.48d. P.T,

Pickering 380A Cartridge

Moving-magnet for exceptional mono or stereo
reproduction. Features the exclusive V-guard
push-in diomond stylus unit which prevents
domage through accidental dropping of arm on
record. The Pickering 3B0A ensutes high channel

WW—014 FOR FURTHER DETAILS.

separation and virtualiy eliminates needie talk, hiss
or distortion. Hermetically sealed. 1t tracks at 2 gm..
faultiessly reproduces the most exacting records.
£1212.0d.  £20.11d, P.T.

Goldring CS80 and CS91E Cartridges

These are slereo ceramic cartridges with excellent
frequency response and cross-talk  Seporation.
Low tip mass, replaccable diamond stylus (CS90
—0.0005” or 00007 tip radius: CS91E—
elliptical) coupled with high compliance enables
these cartridges ta be played at light tracking
weights. CS 90 £4.4.0d. + £0.13.8d. PT.
CS91E £6.6 0d. + £1.0.6d. P.T.

C68 Cabinet and Cover for GL68.
Elegant sapele mahogany cabinet with
removable, clear Perspex dust cover.
Size: 14" x 17" x 7".

£8.19.6d. -| £1.12.0d. P.T.

Goldiing Manufacturing Company (G.B.} Ltd.,
486-488 High Road, Leytonstone, London, E.11
Telephone: Leylonstone 8343
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INCREASE THE SENSITIVITY
OF YOUR OSCILLOSCOPE,
VOLTMETER OR

COUNTER

The TA40! is similar
to the TA601
as illustrated

TA605
ACTUAL
SI1ZE
SPECIFICATIONS | TYPE TA401 TYPE TA&0L TYPE TA605
GAIN | 40dB. 0.1dB '60dB-0.1dB 20, 30, 40, 50 and 60dB0.24B
"~ BANDWIDTH | lc/s-3Mcjs 3¢/s-1.2Mcs 20-40dB, Ic/s-3Mc/s;
43dB 50dB, 2¢fs-2Mc/s:
| 60dB, 4cfs-1.5Mc/s.
BANDWIDTH | 4c/s-1Mc/s 10c/s-300ke/s 20-40dB, 4c¢/s-1Mcfs;
o3 |  60dB, 10c/s-300kc/s.
INPUT | >>5Mt2< 40pF > MQ<50pF =>5MQ<240pF
IMPEDANCE | from 100c/s to IMc/fs N from 100c/s to 300kefs frovz\ 100¢/s to 300ke/fs
INPUT NOISE |<I5uV, zero source < 15V, zero source As TA401 and TA601
i< 501V, IOOIi.* source l < 40pV, 100k source at 40dB and 60dB
POWER SUPPLY ’\ PP3 battery, life 100 hours PP9 battery, life 1,000 hours, or A.C.
3 | - _ Power Unit
AVAILABLE 1V up to {Mc/s, 300mV at 3Mc/s, into load of 100k & S0pF | 1V up to 3Mc/s into 100kQ and S0pF
OQUTPUT
QUTPUT 100€Y in series with 6.4uF
IMPEDANCE
| SIZE & WEIGHT | 3in. % lin % |4in. 7 oz. 2%in. % 4in. X 5%in. 24lbs.
PRICE with battery i -

and input lead | £17 0 0 ¢ £17 0 0 £27 0 0

LEVELL| *

PORTABLE INSTRUMENTS

Fully detoiled ieaflets are available on our complete range of portable instruments.

LEVELL ELECTRONICS LTD.

PARK ROAD, HIGH BARNET, HERTS. Telephone: Barnet 5028

WW-—015 FOR FURTHER DETAILS.
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Radio e TV e Industrial
® Serviceman's Test
Instruments

® Factory Wired and Kits

VIVM-VOM Tube Testers » CRT Testers
and Rejuvenatars  Audio and RF Sig-
nal Generating Oscilloscopes s Capaci-
tor Tester-in-Circuit » Color TV Testers

RACON ﬁ

World’s foremost p 3
manufacturers of
public address and
loudspeaker equipment

Microphone stands

9 for floor, tabie and desk

HERMAN H. SMITH INC.

manufacturers of

Electronic components e Insulated Binding Posts » Phone tip Plugs
and acks » Banana Jacks e Test Lead Accessories » Microphone Con-
nectors e Alligatar Clips » Pilot Light Sockets » Teflon Terminals
» Terminal Strips « Knobs e Dials » Connectors » Toggle Switches
General Hardware, Accessories

Complete Line of Replacement Semicenductors

ORR , RONIC nmanvtacturers of

Continuous Background Music
for Home, Boat and Car

Y —aDRE e

manufacturers of
Citizens Band Transceivers

3 3 Highest Quality
irish  we
Recording Tape

Scries 270 — Low Print Through
Mastering Tapes for Broadcast
Stations — Professional Recording
Studios

Series 208~ Professional High Grade
Tapes

Series 190 — All Purpose Tapes

Shamrock — Economy Yapes — For
the Amateur and Experimenter

4-track Stereo Tapes o
Pre Recorded Tapes o Extensive Library e Most Labels
® Available From Stock e Immediate Delivery

GOL.DEN SHIELD CORPORATION,
Manufacturers of Stereo Phonographs and Tahle Radios

Quality & Design
AM-FM Radios

Automatic Record
Changer Phonographs

tram manufacturers of
Mobile Power Converters
from 12 Volt to 120 Voit AC
and
Battery Chargers

carporation

manufacturers of
Replacement Needles for ail car-
tridges — Diamond and Sapphire
® Record Accessories

Wil

electronics co, inc.

Blonder-Tongue Labs, Inc.

manufacturers ot
TV Boosters @ UHF Converters & Closed Circuit TV
e TV Antenna Systems and Instruments

WRITE OR CABLE FOR COMPLETE CATALOGS

DIRECT FACTORY EXPORT DIVISION

MORHAN EXPORTING CORP.

458 Broadway, New York, N.Y. 10013 .

Cable Address: Morhanex

WW-—016 FOR FURTHER DETAILS,
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ECC83/12AK7: 2D21/EN91: GAKSW/M8100: ECF82/6U8

We supply many thousands of these and similar everyday
valves to both small and large equipment manufacturers.

GAWGA . »0\6/8136 £642: 12BYIA

Users of American Instrumentation rely upon us to provide
a speedy replacement service in valves not easily obtainable

in this country.

T e
CV4010: CY2578: C¥2134

The special needs of Government Establishments aid Depart-
ments are regularly catered for by us. Our stocking policy
ensures positive ability to supply even obscure types.

g A.RB.: M.0.A
& We maintain stocks of vaives approved by the Air Registration
% Board and Ministry of Aviation making available an " off-the-
§ shelf " service in released items for the firsc time.

OUR ORGANISATION draws upon the resources of electronic valve manufacturers
all over the world. It responds immediately to your requirements. A catalogue
of over 1,000 specific types is available to bona-fide users through the Wireless World
reader service.

PINNACLE ELECTRONICS LTD

ACHILLES STREET * NEW CROSS * LONDON S.E.14
Tel: Tideway 7286

Pinnacle

WW—017 FOR FURTHER DETAILS.
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| WHARFEDALE SOUND

stereg/mono

WHARFEDALE

The DALESMAN two speaker slimline system is
listening tests the mid-range coloration ‘usually a:

IVA444YHM . @

aNnos 13

« big step forward in this type of enclosure. After much research and intensive
ssociated with slimline cabinets is now reduced to a minimum. Decsigned by

Wharfedale in association with consultant designer Robert Gutmann F.S.LA ., the Dalesman mects the emands of the quality conscious
sound cnthusiast and at the same time it occupies only a small amount of space and is a most attractive piece of sound cquipment.
The Dalesman features a newly developed 127 bass unit fitted with a Flexiprene surround to handle the frequency range from 35 c/s

@ ARTIGHT FIBRE DOME TO
ISOLATE TWEETER

$” HIGH EFFICIENCY TWEETER
CROSSOVER NETWOQRK

BRACING STRUT TO
REDUCE PANEL
RESONANCE

@ BONDED ACETATE FIBRE
‘WADDING

@ 12" BASS UNIT WIiTH
FLEXIPRENE SUSPENSION

® AIRTIGHT ENCLOSURE
OF MAN MADE TIMBER

Free technical folder on the Dalesmain Jrom Dept. W.3

to 1,700 efs. The magnet assembly with a 137 pole diameter has a fux
density of 11,000 oersteds. The 5* treble unit has been specially designed
for this particular enclosure. Where a free standing, compact, clean
looking cnclosure is required the Dalesman should certainly be heard
Frequency range 35 ¢fs—15,000 ¢fs.

Impedance 8{15 ohms.

Pawer Handling Capacity 15 watts (30 watts peak }

Size 25" x 20" x 61" - Weight 31} b,

i trare. nloga, £25.10.0
_BRANK' WHARFEDALE LIMITED
IDLE, BRADFORD, YORKSHIRE

Telephone Bradford 612552{3 Telegrams *Wharfdel' Bradford

WW-—0i8 FOR FURTHEKR Le1AallS.
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The hard-to-find man
Is the man with

advanced technical

knowledge

In the field of Electronics today the greatest demand is for
men to fill the positions of skilled technicians and support
engineers. These are the ‘hard-to-find" men for whom the
way ahead to rewarding and interesting jobs lies wide open.

CREI HOME STUDY COURSES offer advanced technical
education to the man who realises that technical knowledge
must be current and up-to-date if progress is 1o be made
in a world in which new ideas, new techniques and new
applications develop almost overnight.

CREI COURSES ARE AVAILABLE IN ;-

Electronic Engineering Technology
Automation & Industrial Electronic Engineering
Nuclear Engineering

Communications Engineering

Aeronautical & Computer Engineering
Televislon Engineering

Servomechanisms & Navigational Engineering
Space Data Systems

Radar & Servo Engineering

Mathematics for Electronic Engineers

City & Guilds of London Institute: Subject 49 and
Supplementary Studies Subject 300.

For further information write to :

C.R.E.l. (London) (Dept. WWE5)

WALPOLE HOUSE, 173/176 SLOANE STREET, LONDON, S.W.1
Telephone : BELgravia 8662

(INTERNATIONAL DIVISION OF CAPITOL RADIO ENGINEERING INSTITUTE, WASHINGYON, D.C.)
WW-—02] FOR FURTHER DE1AILS,

PLEASE SEND ME (FOR MY INFORMATION AND ENTIRELY
WITHOUT GBLIGATION) FULL DETAILS OF THE CITY & GUILDS
PROGRAMME. (C. & G. SUBJECT 49)

O sty 0O 20d yr. Osdyw. [ty
[ SUPPLEMENTARY STUDIES (SUBJECT 300)

NAME .

ADDRESS.

EDUCATIONAL AND TECHNICAL BACKGROUND

C.R.EL {LONDON) {BEPT. Wwe5}
WALPOLE HOUSE. 173/176 SLOANE STREET, S.W.1

PLEASE SEND ME (FOR MY INFORMATION AND ENTIRELY
WITHOUT OBLIGATION) FULL DETAILS CF THE EDUCATIONAL
PROGRAMMES OFFERED BY YOUR INSTITUTE

NAME .
ADDRESS.

C.R.E.L (LONDON) (DEPT. Wwe5)
WALPOLE HOUSE. 173/176-SLOANE STREET, S.W.1

—
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LARK

LOW PRICED

ELECTRICALLY OPERATED i
TELESCOPIC MAST |
]
1

In introducing this new SUPER.E Series
Tclescopic Mast Clark takes a stride
forward. This is the equipment for
which the World of Mobile VHF has
been waiting. Based on the well tried

QT and ST series, an entirely new ]

concept of operation revolutionises the L ]
b

field of application. These telescopic E %

masts provide the simple improvement
in communication reliability for which
Radio Telephone users have been
searching. The power source is the
vehicle battery. The control is a small
panel easily attached to the dashboard.

An  electrical interlock  makes it s

impossible for the mast to remain
extended if the vehicle ignition s
switched on—a great satety feature.

- Clark SUPER E Series

:  Masts are available with

+  extended heights from £
16 to 46 feet and head- I

load capacity up to 101b.

There is, of course, also

the full range of Clark

Accessories.  Send for

mcre details today.

for further details write to:

A.N. CLARK (ENGINEERS) LIMITED
BINSTEAD — ISLE OF WIGHT

Telephone: RYDE 3691 Telegrams: TELEMAST RYDE
WW—022 FOR FURTHER DETAILS.
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HOUSING HI-FI?

If the problem of finding room for alt your equipment
is just about sending you up the wall, then why not go
up the walll This way you can enjoy the open, full
range sound only a large enclosure can really give
you, unimpeded by any furniture; house about 250
records (bottles, telephone books, tape spools, etc.}
and operate your turntable, amplifier and tuner at
just the height that suits you personally. An extra
Hi-Flex shell will take your tape recorder, or ‘* shelf
mount ** your tuner and amplifier, if you prefer.
Each Hi-Flex Unit is 32in. wide. There is a choice of
teak, walnut or mahogany.

Even more space saving are the Scan Units; these are
20in. wide and cost a little over half the price of the
Hi-Flex. All these models and a dozen more are
illustrated in our latest brochure which is full of
bright ideas for housing hi-fi. Write now.

Hi-Flex 10/12
loudspeaker
enclosure
£11/19/-
sitting on
Hi-Flex shelf
£2/15/-.

Hi-Flex
record
storage
£12/19/-,

Hi-Raks
£8/15/-
per set

Hi-Flex
aquipment
cabinet
£16/15/-

recoro |QCHENNE

Depi. 5WW Brook Rd., N.22  Tel. BOWes Pk. 7487

WiwW—9023 FOil FURLIHER DEYAILS,
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Relays-—
immedla%@ Deiwery

MINI Q

ECONOMICAL MINIATURE PLUG-IN RELAY—TYPE

More  security  and reliability in  every  shillingsworth
PRIME DESIGN CONSIDERATIONS. | Eliminate contact failura.
2. Electrical longevity, 3. Functional confidence. 4. Utmost sensitivity.

TWIN SILVER BAR CONTACTS (Springs bifurcaced iull length)

*Constant Contact Area * Improved Dissipation =N
*Erosion and Welding Avoided /' )
* Switching Capacity la @ 100v. (100w.)

Centact m:de

SENSITIVITY. Special bobbin requires less mA at nom. volts. Operates
lower than any comparable 4 C/O relay-- 400/{90 mW-— [0K€/240mW,

WSS 5 COILS — 3to 125 VD€ — INTERCHANGEABLE '

“MINI G.P.”

$1500 PO. Miniature General Pur-
pose relay. Miniaturised version of
P.O. 600 type with identical speci—
fication. 24" plus tags % 14" » 27

- Continuous expansion now means
e lv& iﬁy 2 weeks delivery of standard 3000, 600,

" MINI G.P." types. Variants available: PLUG-IN,
of 3000, 600 TWIN RELAY, 30A, REMANENT, LATCHING, TIMER,

& “MINI G.P.” types TRANSISTORISED.

48 HOURS PROTOTYPE SERVICE

| Mark URGENT enquiries 'EM.S for 'EXPRESS MANUFACTURING SERVICE’
A.D.S. RELAYS LIMITED

97 ST. JOHN STREET, London, E.C.I. 'Phone: CLErkenwell 3393. Cables: ADSRELAYS, LONDON, E.C.J.

WW—024 FOR FURTHER DETAILS.
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We could show you the front...

..hut which front do you want?

Here at Anders we have hundreds of meters of all types. Immediate off-the-shelf delivery from the largest stocks
in the country——and a complete range of ancillaries, too. You need never be heid up fora meter again. That's part
of the Anders Meter Service which will meet the most urgent and unusual demands a customer can make—fast !
if you want a meter calibrated to your own special requirements Anders can do it . .. and Anders experts will solve
your metering problems in detail from just a broad outline. Whatever you want in metering —leave it to Anders.

M Meters of ali kinds from stock B Meter calibration/Meter modification/Ancillary equipment I Custom-designed
meter circuitry and components [1Sole UK. distributors of FRAHM vibrating reed frequency meters and tachometers

ANDERS METER SERVICE

ANDERS ELECTRONICS LTD 103 HAMPSTEAD ROAD LONDON NW1
TELEPHONE EUSTON 1639 MINISTRY OF AVIATION APPROVED

WW-—025 FOR FURTHER DETAILS.
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The Style 8133 Monobloc ceramicon
utilises an entirely new technology of
proprietary ceramic dielectric materials
in a layerised high reliability thin film
structure : Volumetric efficiencies of up
to 20 pf/eubic inch are now feasible
with temperature compensating (NPQ)
and relatively flat characteristic high
permittivity (£156% max. excursion)
ceramic dielectrics.

For example, with a moulded insulat-
ing case size of only 0.3" x 0.3" x 0.1”
the 8133 Monobloc is available in up
to 0.1 uf 5% for 100V d.c. operation
in ambients of —55°C to 4+125°C. Other
Monobloc styles are available.

Write for catalogue to:

ceptional!

Even by Erie's standards a unit such
as this is Exceptional: but Erie’s research
and design facilities are capable of
meeting almost every challenge to their
ingenuity. Years of applied practical
experience in the design and manu-
facture of conventional passive com-
ponents are of immense value when it
comes to fresh problems, requiring new
techniques. Erie’s versatility and flex-
ibility at times like this make the

exceptional appear to be almost
‘commonplace.
Monab z ae  Regis Trade Matks of Erig

Resistor Limited.

Erie take a pride in performance

ERIE RESISTOR LIMITED

Great Yarmouth, Norfolk, England
Telephone: Great Yarmouth 4911
Cables: Resistor Great Yarmouth. Telex: 97421

WW—ol6 FOR FURTHER DETAILS.
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LITESOLD SOLDERING INSTRUMENTS

SEVEN SiZES, FROM 16 WATTS TO 5% A
& SEV s RO TS TO 55 WATTS ’ LITESOLD instruments

@ REPLACEABLE BITS, COPPER AND PERMATIP are compact and nicely

ba'aiced. Bits are spring-collet

#® EXCELLENT TEMPERATURE REGULATION
mounted for firmness and easy removal.

§ COOL. UNBREAKABLE HANDLE Copper bits are standard, in sizes from
3/32in. to 13/32in. dia. PERMATIP bits are slightly

RAPID HEATING
® Ik siower, but eliminate bit face wear. LITESOLD

@ SIMPLE SERVICING clements are encased in speciaily pre-oxidised wire for

constant temperature regulation from new—less glamour but

® ALL VOLTAGES honest design, also apparent in the simple, unbreakable handle,
& LOW cost with the element unit secured by two self-tapping screws (servicing
couldn't be easier) and firm, spring-on clip. LITESOLD hollow-spindle
construction prevents heat loss into the handle (which DOES stay cool) and

improves performance. Useful LITESOLD accessories include HEAT GUARDS for
elements, and BENCH STANDS.

Froe details of the whele wide range of LITESOLD and ADAMIN soldering equipment in brochure SPS.

LIGHT SOLDERING DEVELOPMENTS LTD., 28 Sydenham Road, Croydon, Surrey. Tel.: CRO 8589.
WW-—027 FOR FURTHER DETAILS.

—e | SIVIEE

The best pick-up arm in the world

Either arm is now avaifable fittad with the Stiure M5SE
cartridge znd light weight shell 5.2 as illuscrated. Thin
combination provides highest quality reproduction frou:
Il records. Standard clliptical stylus for stereo and
mono L.P.s and an interchangeable stylus assembly
N4a.3 for 78s.

Only S.M.E. Frecision Pick-up Arms offer aii these features Choice of arm Iength Modei 3009 (3 in.) or Mode! 3012 {12in.) for still lewe
tracking error—of speciul importance with elliptical styli + Low inertia High precision ball races and knife-edge bearings for minimum
pivot friction - Linear offset chosen for lowest distorzion Automatic slow-descent with hydrautic control - Bias adjuster calibrated
for tracking force - Exact overhang adjustment with alignment protractor Precise tracking force from -5 grams applied without a
gauge - Shielded output socket Low capacity 4ft. connecting cable with quality plugs - Light-weight sheli - Camera finish in satin-
chrome, gun-black and anodised alloy Comprehensive instructions - Rational development—all improvements can be incorporated
in any existing Series W arm. For sales and service ring Steyning 2288.

¢.M.E. LIMITED - STEYNING - SUSSEX - ENGLAND

W\w—028 FOR FURTHER DETAILS,
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on the quality of the TEONEX range of valves.
Gnvernments all over the world have ordered
TEONEX valves requiring compliance %o £.v.3. or
M.LL. specifications.

Up to now, TEONEX valves have been available
only for Government contracts.

In"response to many enquiries, the TEONEX
range, incorporating the entire working range
of British-produced valves or their equivalents,
has now bheen made available for use ouiside
the U.K. only.

Price lists and technical specifi- REGD. TRADE MARX

cations may be abtained from:-

TEONEXLTD,, |[TEONEX]

Weslbourne Grove Mews,
London, W.11, Enaland
EXPQRT ENQUIRIES ONLY PLESE

WW—029 FOR FURTHER DETAIJLS,

ro
b
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Yes, direct from our vase stocks we can supply immediately: Sefram 5
channe! PEN RECORDERS at a mere £270. (Net list price £690.) 4
channel fully Porcable Systems £139 10. 0, an extensive range of TRANS-
DUCERS 11d ACCELEROMETERS for industrial control, Hydraulic
cquipment including MOOG SERVO VALVYES by Dowty for only £70.
We also hold at ieasc a hundred thousand British and American PLUGS,
SOCKETS and CONNECTORS including Cannon, Tharn, Amphenol,
Bendix, Pye, Plessay, Belling-Lee, McMurdo, SCF, Paincon, etc. 400 CYCLE
companonts, SYNCHROS, SERVOS, MAGSLIPS, TACHOGENE.
RATORS, RESOLVERS ctc. TRANSISTORS, DIODES, RECTI-
FIERS and VALVES, Smntclum CAPACITORS, metal oxlde RE-
SISTORS. Our MICROWAVE stock includes WAVEGUIDE plumbing
in all configurations, KLYSTRONS and MAGNETRONS, TR cells and
TWTs. RELAYS of all types, Panel METERS, Pressure GAUGES. Al
ac less than manufaccurers’ prices.

SEND AT ONCE FOR ILLUSTRATED LITERATURE:

LANED - AR LTI

53 Tottenham Court Road, London, W.I.
Telephone: LANgham 3653 (10 lines)
WW—030 FOR FURTHER DETAILS.
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illustrated

A Comprehensive,  fully
Catalogue of hawld 100ls, -and small
machine tools, for minigrure assembly.
and repair work.
Red plastic ring binder
Red card back cover
Please send cash with order.

5{— euch
216 cach

HENRI PICARD & FRERE LTD

[
rapusk; MANUFACTUNERS IMPORTERS & WOMD WIOE DISTRIBUTORS.
34/35 FURNIVAL STREET LONDON E.C4

FRaGRESS | §upCH OIFICES I8 SWITZERLAND FAANCE § GERMANY

Pl
-

TRANSVERTERS

(TRANSISTORISED D.C. CONVERTERS)
the D.C. conversion

specialists

since 1935

2 KW. Peak Starting.

750 W. Continuous.

50-60-400 ¢fs. or D.C. ’

from 12-24-50v. Bateery. -

Up to 939, Efficiency. Polarity Reversal Pro-
tection. Square or Sinewave. Up 1o 3009

Instant Overload Capacity. Manually Controlled
Frequency. Reed Type Indicator. Remote
Control Facilities.

Applications: Static * No-Break ™ Standby
Power Supplies: For Vital System(s) Protec-
tion, e.g. V.H.F. Transmitters: Industrial
Processes; Control-Alarm-Warning Systems:
Mobile Use of Counters; Sig./Gen. Recorders—
U/V Sound. Oscilloscopes and Lab. Gear in
Marine and Aircraft (K1E4).

Range of modeis available  Please write to department
with prices [rom £{-£94.10.0  C.10 o tronsverter leoflet

. VALRADIO LIMITED
BROWELLS LANE . FELTHAM . MIDDLESEX
ENGLAND Telephone: FELTHAM 4837.4242

Valradio and Stereosonoscope are the registered trade
marks of Yalradio Ltd.

WW—032 FOR FURTHER DETAILS.
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RRADIO VAL VES

&

LR
HALTRON

Although we carry a permanent stock of 4,000,000, with a range of 3,000
‘types of receiving, special purpose and transmitting tubes as well as
transistors, we offer an unparalleled service on ‘the difficult types' — on
those types which are sometimes hard to come by. Your enqulries for j
special types to CV, JAN and MiL specifications will have our immediate
attention. The'name HALTRON stands for a service unsurpassed in the ]
world to-day.

HALL ELECTRIC LIMITED
Haltron Hase. Auplers Lane, Loadon A5 Tel: Gultiver 8531 (16 lies) Telox 2-2573 Cables: “Hatlaetrie Londes LU

WW—635 FOR FURTHER DETAILS.
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NEW

BERCO |-
R EGAVOL‘-

 orang o

T R T A P,

, REGAVOLT

MODEL 31A

The smallest variahle transformer
made in the World for 0-250v service

Nearly 30 years experience lies betind this single
layer toroid capable of direct connection to a
250v A:C. supply to give reliability for industrial
service,

Only 37 in diameter and 2" deep this Regavolt
can contral Ioads of up to 1 amp when heat sink

mounted.

« RATED UP TO | AMP « TROUBLE-FREE
BRUSH GEAR = OTHER MODELS FOR 120 AND
230V INPUTS AVAILABLE » NOW IN FULL
PRODUCTION prease write for List /6250 for tull detaits

" TheBritish ElectricResistanceCo.Ltd.

3B

WwW—034 FOR FURTHER DETAILS,

RECTIFIER

Welding,
25¢ KVA
specialized
techniques.

other methods.

I PHASE
AND 100 W
3 PHASE FIXED OR
VARIABLE OUTPUT
i PHASE & 3 PHASE
0.5 KVA ElectroPlating, Plasma, Arc

TOo Electro - Magnets,
Carbon Arc, Battery Charg-

ing and othar uses.
Plasma Arc Sets and other
equipment  for

gas, vacuum and
Power Control

by saturable reactors and

SETS

150 kW

powder

Varlable Qutput
D.C. Sources

Low Voltage High Current Rectifier Sets

HIGH CURRENT
TRANSFORMERS

! Phase and 3 Phase

Qutput currents of
hundreds or thousands
ol amperes for Fur-
naces, Rectifier Sets,
Heat Runs, Short Cir-
cuit Testing and other
uses.

Examples: SVI00A.

AUTO-TRANSFORMERS
OQutput 1.69% to 1007,
or 125% of input volts
in é4 steps or 80 steps.
A control device for
many loads — resis-
tance furnaces, rec.
tifier  sets, battery
charging, anodising,
heating and other uses
| Phase and 3 Phase.
IB Models.

utpue currenu from
20 At 0 A.

We invite enquiries for
specific Transformers,
Rectificr Sets and related
equipment.

ULTMDBILE 64 STEP ON LOAD SWITCHING

10V1,000A. i
o HARMSWORTH, TOWNLEY & CO.
o 2 Harehill, Todmorden, Lancs. Telephone: Tadmarden 2601




MarcH, 1966

FOR RAPID
PRECISION
SOLDERING...

Phorograph by ~ourrasy of FLLIOTT AUT

WirrLESS Worip

CHOOSE ANTEX

* PRECISION

SOLDERING IRONS

-.used by experts everywhere !

ANTEX IS PURPOSE-DESIGNED

for speed and cfficiency in soldering Printed
Circuits, Transistors, Micro-Miniature Asscm-
blies, Deaf-Aid Equipment and similar products,

ANTEX INCREASES PRODUCTION

ANTEX Irons weigh only 2-3 ounces. Stream-
lined to give absolute finger-tip control and
ensure increased production of 5% to 10v,
compared with ordinary soldcring irons.

ANTEX CUTS PRODUCTION COSTS

So easy to use — ANTEX reduces operational
fatigue, with resulting drop in reject output,
ANTEX, having the lowcst leakage current of any
miniature iron, virtually eliminates all risk of
damagce to transistors.

ANTEX FOR RELIABILITY

Guaranteed for 1000 hours, continuous production
—on fine work giving a potential of well over a
quarter of 2 million trouble-frec soldcring points.
ANTEX BITS are really INTERCHANGEABLE
ANTEX patent design gives instant interchangc-
ability of bits—as often as you like—without
damaging the iron!

K Latest in the Antex Range is Model C240N—a glani
i power performance—a midget in compact constriction!
FITTED WITH LONG-LIFE “ FERRACLAD.™
BITS.

For more deraiis fill in and post this coupon TODAY!

W o § SPECIALISTS in
M FTED,

Soldering Appliances I

GROSVENOR HOUSE, CROYDON, 7
SURREY

Tel: MUNICIPAL 2774 ]

1

1

Please send details and prices of the ANT
Range of Precision Seldering frons.

NAME

f | sTaTUs

L S S ) A |

OMATION LIMITED

29

WW—035 FOR FURTHER DETAILS,
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iIts

¥ posE T
Model 16 A A: . 'ML"
e

£ 2.6.0.

Modet AB/I
£3.10.0.

Model 36'A
£ 4.16.0,

Ffind..

- small components in an

original €D cabinet

= see at a glance, avoids searching

m transparent dividable drawers in many sizes

m rigid steel frame will carey the heaviest of loads

m hangs up singularly or stacks in greater units

m range of 35 different space-saving storage cabinets
MODERN AND EFFICIENT STORAGE

OF ALL SMALL ITEMS

ask your dealer or write 10
RAACO (LONDON) LTD.,
for free illustrated brochure

WW—036 FOR FURTHER DETAILS,

Bath Houvse, 57/56 Holborn Viaduet,
London, E. C. 1.~ Tel: City 3410/3122

Marcr, 1966

JLEMCOK

MICA PLASTIC FILM
CERAMIC THE METALLISED
ecectrouyric | CAPACITOR § mouloeo
SPECIALISTS
LONDON ELECTRICAL MANUFACTURING COMPANY LIMITED

81 Bridges Place, Parsons Green Lane, London S.W.E. Tel: Renown 7071-6
vas/ew 2

WW—037 FOR FURTHER DETAILS.

COIL WINDING MACHINES

for coils up lo 61" diameter to 6” long. 20-47 S.W.G.

Mode! » Q" standard.

The feed is fully automatie and the nut is in copstant
contact with the lead-screw. The reversal of the carriaga
is obtained by reversing the lcad-screw rotation, Two
lead-screws are used to give ihe large range of feeds

and a lever on the carriage nut brings either into actio
This lever has a neutral position wiich enabies the ca
10 be put al any position on the lead-screws. Ball bearin
feed wheels are employed. This machine may be fitted
for double coil and double cnd drive, also for

“Pyramid Winding."

Engquiries are invited.

ETA TOOL CO. weicester) LTD.

29A, WELFORD ROAD, LEICESTER. Telephone 56386

Ww—038 FOR FURTHER DETAILS.
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SUBMINIATURE GO-ANIAL
CONNECTORS ez

SPECIFICATION
o. Designed to DEF 5322-A & A-4-
e Max. frequency : 3 Ge/s

® Temperature category T6 (—55°C to+-125°C)

Humidity category H6

50 ohms impedance

Field-serviceable, with improved cable clamping]
Push-on and screw-on types

Captivated centre contacts

EXAMPLES FROM OTHER
AMPHENOL CONNECTORS TO DEF 5322-A & A-1/3

I ppe— ‘. PATTERN 14
ﬂlﬂ_&!’.ﬁ'&’j .' (SEALED)

:ﬂ“}!“@f‘i L Illystrations actual size

(UNSEALED)

‘m@i“_ L i PATTERN 15

miniature co-axial connectors- compared PATTERN 16
with one-tenth watt resistors. lllustrations actual size (SEALED})

Space-saving, weight-saving Ampheno! ‘Subminax’ RF For full technical details, write ‘0!
Connectors are designed for easy fitting to cables 'in the field’
without special tools. They feature a new cable clamping fitment
to meet the higher pull-out strength now specified in DEF5322A
& A-4. Centre contacts are mechanically retained in position
and do not rely on a soldered joint to the centre conductor.  Thanetway, Tankeron, Whitstable, Kent (Whitstable 4345)

AMPHENOL LIMITED

OVERSEAS DENMARK FINLAND NORWAY PORTUGAL SPAIN SWEDEN
DISTRIBUTORS: Semler & Matthiassen Nores & Co. OY.  Acthur F. Ulrichsen, AjS E. Dias Seuas Lda. Ataio John C. Lagercrantz

WW—03% FOR FURTHER DETAILS.
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CHASSIS an

H.L.SMITH & CO. LTD.
ELECTRONIC COMPONENT DiSTRIBUTORS

287/289 EDG WARE ROAD, LONDON, W.2,
Tet: PADdington 5891/7595

We shall be pleased to quote for all your component requirements

BLANK CHASSIS

SAME DAY SERVICE
Of over 20 different forms made up to YOUR SIZE.
(Maximum length 35in., depth 4in.)
SEND FOR ILLUSTRATED LEAFLETS
or order straight away, working out rotal area of marerial
requircd and referring to rable below. which is for four-sided
chassis in 16 s g. sluminium
K

48'5q. in. 4/3 3 9~ 304sq.in. 13/6
80sq. in. 5/8 08 sq. 10/~ 336sq.in. 149
1i2sq.in. 86 240sq.in /S 368sq.in. 158
126 3 pro raca.
3

allers.
FLANGES (tin., 3in.). bd. per bend.

STRENGTHENED CORNERS I/ each corner.
PANELS: Any size up to 3fc. at 5/3 5q. fr. 16 s.w.g.: (1Bs.w.g.
4/6). Pius post and packing

d CASES

CASES

ALUMINIUM. SILVER HAMMERED

FINISH

Typ T
U Y

u M

u Y

u Y

w z

w Z  19x10x8f
w *Height

Plus post and packing
Type U has removable boitom or back. Typ2 W removable front, Type Y
alt-screwed construction, Type Z removable back and front.

THE

PEMBRIDGE
COLLEGE

OF ELEGTRONIGS
PROVIDES TRAINING
IN RADIO

AND TELEVISION

FULL-TIME COLLEGE COURSE
IN RADIO AND TELEVISION

Our Course has now been extended to sixteen
months’ duration to include theoretical and practical
instruction on transistor television receivers, U.H.F.
television receivers and colour television.

Next Course commences 19th April, 1966.

This Course is recognised by the Radio Trades
Examination Board (R.T.E.B.) for the Radio and
Television Servicing Certificate examinations.
Provides excellent practical experience on valve
and transistor radio receivers and all well-known
makes of television receivers.

To: |
The Pembridge Coliege of Electronics (Dept. P10)
34a Hereford Road, London, W.2.

Please send, without obligation, details of the
Fuli-time Course in Radio and Television.

Name. .

Address _

cnpy

WW—040 FOR FURTHER DETAILS.
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LANCON LS.

THE FIRST INTRINSICALLY SAFE VHF POCKET RADIOTELEPHONE §

As the firsi-ever pocket-sized 2-way
radiotelephone to be granted the Intrin-
sic Safety Certificate for use in hazard-
ous atmospheres. the new G.EC.
LANCON I.S. brings entirely new stand-
ards of efficiency and safety to mines,
oil refinenes, petro-chemical plant, etc.

The LANCON 1.S. s afully transistorised
3-channel VHF set—robust, compact,
reliable and designed for simple opera-
tion. It can be comfortably worn in an
inside pocket—or in a separate light-
weight harness—and the small micro-
phone and earpiece loudspeaker units
clip conveniently on the lapeis. The
| separate flexibie aerial system is com-

ELECTRONICS .

bined with the microphone lead. Thus,
the user has complete freedom of
movement and can operate the set in
very confined spaces

The LANCON |S. has been developed
from the extremely successful LANCON
—the largest selling all-British pocket
VHF radiotelephone.

LANCON t.S.

® Fully transistorised — single slim
case.

W Fuli proteclion against accidental
damage.

® Measures 77" x4§"x1 & —weighs
only 28 ozs

W Completely concezled. patented

For further information, please contact :
G.E.C. {(ELECTRONICS} LTD. Radio Communications Group, Spon Strost, Covenlry, Tul: Covantry 22027
A subsidiary of The General Electric Company Lid. of England

W—041 FOR FURTHER DETAILS.

aerial system--avoids dangers of con-

ventional trailing or exiending aerials. §
& Certificate No. 2735 covers Classes §

2a. 2¢, 2d

B Powered by rechargeable 12V
battery—range up 1o 5 miles.

One of a new range of VHF equipment
by G.E.C. Electronics

TA 3474
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THE SUBTLETY OF PERFECTION

»
The differcnios botween *iverge " and *bighest atlabable© peferimance i soimd re
prodiugtion is not abways as forerful awl sbslute as manotacturcra of bigh goality h-
wnent would like, 1t 18 very diffienlt even for experienced fisteniers to asess
qickly in untamitiar atening conditions, and prectically Inpusibie for begin
ndenstandable thew i the ubile parameters of extrs performnnce and the qual
it an itemn in  superior elas are overlosked an first evaluation.

Tt 50 alady pos-ess reprntucing exulpment and s dutewd to replace It 11 f v
1 30 sty carctully what o [
Incluliug the subtleties oo ensily
Finally get tw know sitat (o st
o for canimafiaon with sont oxisturs equipent ndfor the wie
i, speciication dnforniation In fespect of Badfunl products is etalled below

e

Wi
whleh

BOOKSHELF
£37-10

EXECUTIVE €35
MONITOR £47-10

1
‘

STA 15
£42-10
STA 25
£52-10

. £35-12-6
. £40- 7-6

£27-10
£35

Pre-Amplifters

Iigh signal to nakse ratlo {nn bum, no nolse at mashnun of any lstenioz I
tone, volume and bakmee controls with virtunlly utinite L
RIAA cqualiation far correst reaponse contour; accurate wne conlrol paten
for 1t Tesponse AU zerg pasitlom; ilexible input and gutput lovel handiig PRAT
enirirulows distortion Gudet afl conitions of e

Power Ampliflers

No huckground noise,
rouency bund from
withoul Tinging ot mm.ou

shrtuslls om0 gistortion it the rated power outpuL ouet (b whiole

ry large power Tescrve: fast trandent insponse

y i the st s of et sonnts In

compacisn wih ather smplille . \ Tk ulford anupli-

oo of bncite them inte Instability by continuaus overluad with any type of sighal into
O oot Lok Trom ehort clrsait 49 Gpen elreult or by kind of AL

P.M. Tunees

Itich semaitivits (Gyex), blgh captume zatlo (1 4b) anabling eception of ery wenk
ath wourues vitho t distortion; wh h ttor low lstortion a

om) y aclect xn(.u!hcmlc mml mmumm & woalk il

wvmrlul.h!x Vi practiabl; cor & of spuriotis res 3t
b {hout Taterferenioe e the eciver ItedH by

roea moduiation ith powertul incoming sigaals.

s
-
' to

Loud.welken
i reendinely smonth fesponse achleved by usng the best drive units obtai amnd
mu.mm e with complex networks (note the Jack of sten: ¢ fatigue after loug liston-
perioda, awl direetional sability In stercophon ¢ angsle response {eote that yon
th the ramo with pertect ntegratlon
= i voleo repraluction

on 1 sterea prosral
O rone ot ot b ow frequencies)
General
Equipment and lowdvpediera built to high
est materlals available to provide cunsdst
e ahvetec. polyebyrrnt, A vice olyiie
axbie, and sire wouril reaistora; and moub 1l tr ke potntiometers ; sre s, Lowdipanker
thick Stul Mrorgouin, 1igidly stressed and Tugsed

: eutionally
now about Eadford equipment !
, penuatly.

Why not see yoir & Sumplins ave heow seanve it

wlit be avdlabl

RADFORD ELECTRONICS LTD.,
ASHTON VALE ROAD, BRISTOL 3

Ww—042 FOR FURTHER DETAILS.

Put the best into If...
Get the best out of it!

yith WW/ V

There are no better output
transformers for the High
Fidelity constructor than
Partridge. They are in fact
specified for Mullard and
most other leading pub-
lished circuits.

Write now for full details of the range
of Hi-Fi Types

PARTRIDGE TRANSFORMERS LTD.
Roebuck Road, Surrey. Tel Lower Hook 4353/4/5

MarcH, 1966

PRECISION ”2
PRESSINGS%

’\
b2

Accurate

components at

prices

produced
by progressive

tooling and
multiform

methods

% . R R
JOHN SMITH LD,
209 SPON LANE - WEST BROMWICH - STAFFS
TELEFHONE: WES 2516 (3 lines)

WOODSLANE-CRADLEY HEATH: STAFFS. TELEPHONE: CR 592833 lines)

WW-—-043 FOR FURTHER DETAILS.

P5203 for use
with the Mullard
5-20 Amplifier.
Also available, the
TG 1073 for the
Mullard 10+10
Stereo. Relevant Data
Sheets available on ap-

¥

TRANSFORMERS

lication.

WW-—044 FOR FURTHER DETAILS.
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available to everyone at IR SEMICONDUCTOR CENTERS

TRANSISTORS . ZENER DIODES : SILICON CONTROLLED L
RECTIFIERS . GERMANIUM DIODES - SOLAR CELLS ’m‘ﬁ:é}'—i ?
SILICON RECTIFIERS . SELENIUM STACKS . BRIDGE MIBCOOTE 08, tewTRY |

RECTIFIERS - PHOTO CELLS - INSTRUMENT RECTIFIERS
DUAL DIODES - AUTOMOTIVE RECTIFIERS : MOUNTING
ACCESSORIES - PROJECT KITS - MANUALS

Over 100 items available, prepacked and prepriced, many with free
instruction manual and project and experiment details. Send to your
nearest IR Semiconductor Center for the full illustrated catalogue
and price list

0. Lun.
Te

"
FEE Sronen T T

Fully displayed and described. Take your pick! )

m+~u=2 semiconductor center

INTERNATIONAL RECTIFIER CO. (GREAT BRITAIN) LTD., HURST GREEN, OXTED, SURREY. PHONE OXTED 3215. TELEX RECTIFIER OXTED 8819

WW—045 FOR FURTHER DETAILS.
B

35



36 WIRELESS WORLD MaRrcH: 1966

THE AUDIO FIDELITY STERED-33

A High Fidelity, Al Transistor Stereo Amplifier providing 10 watts R.M.S. on each channel

OUTPUT PER CHANNEL Incorporation of the very latest Mullard TREBLE CONTROLS
HEwatts UMK, into 1 ol Ioad, Transistors has made pOSSib'e the reﬂlly 15 b, ta — 15 db. at 10 ke/s.
13 watts RALS. mto 3.75 olin oad.

outstanding performance figures of this EQUALISATION

TOTAL HARMONIC DISTORTION ATH A Gram to standard R.LAA. chard i
0L A dwatts R It brilliant design. i Tipe Flead 10 Standard C.C.1 1. chometoitie.
e o 0 s 1o Gompare them with other leading makes g7 ., "
1 b0 e.p.s. foalE currently available. st U
DAMPING FACTOR zo WEIGHT  124Ih.

FREQUENCY RESPONSE
T4 db. 20-20,000 c.p.s.

HUM AND NOISE

FILTER (Steep Cut) 7 kefs, Mke/s. 15 ke/s.

INPUT SELECTOR
8y Epan, T8 R, AUN., Mie, Tape Head.

-5 dl INPUT SOCKETS
CROSS TALK Magne'ic P.U., Cryseal/Ceramic Pick-up,
-42 gib. 10 —53 dh, Aux., Tape Head/Microphone.

MAINS INPUT SELECTION
FO0-110-120-200-230-220- 248 v,
30/60 €.

Designed for ease of fitting in
cabinet or for free standing use,
Tested for satisfactory operation in
temperatures of up to 50°C. {120°F.),

UCTORS (per clunnel
C4(3), ocslgf’), 043, ocx):rz RETAIL

2 PRICE
INPUT SENSITIVITIES

Built to highest standards employ-
A b THE PRE-AMPLIFIER 1S A ing latest materials and techniques.
Picktip Crystal/Ceratnie 90 v COMPLETELY NEW DESIGN PLEASE SEND S.A.E. FOR LEAFLET
‘l“i‘:’f,’}‘g;; b 1T ELIMINATES THE NECESSITY OF MATCHED

pe, Coramic PAJ. ete.) 1) . INPUTS  AND  COMPLICATED  SWITCHING EXPORT ENQUIRIES INVITED

(Abou::w sitivities will be doubled when ARRANGEMENTS. IT ALSO PRODUCES i .
output load is 3-4 ohns) CONDITIONS OF MINIMUM KOISE AY HIGHEST Designed and developedAby the Audio
BASS CONTROLS SENSITIVITIES, Fidelity Group of Companies.
£+ 14db o — 16 db. at 40 e.ps.

Have you sent for your copy? [\wuich Is YoUR M}“GM- INCLUDING -
N OPPORTUNITIES PR TOOLS! !
1s\ac1§11g§§v€nkflo§rganvc Is6-page guide to EETJSUBJECTIY EQ‘“PME T :

. s
Mechanical Eng.,

the best paid engineering posts. It tells Elscipical Eng . The spec
you how you can quickly prepare at home m:n Engllneerlng Bmcc Pram{(al;nd Theore- ;;WI’“I J
B Radio Enginaering, tic Courses for beginners in B B

for a recognised engineering qualification | - Aatto Enineering Radio, TV, Electronics, Btc. offers yon a real lab- 0]
and outlines 2 wonderful range of modern Aeronautical En., 'Y J. RUE. City & Guilds oer Ao |
Home Study Courses in all branches of Production Eng., Pmateurs Exam. e with practical
Engineering. This unique book also gives ll?'ulllcjﬂn“:a3 Plan'l‘&;s. RPTME et Cc:nlrutm o =
full details of the Practical Radio & Elec- Yelevision, eto. Practical Radio sk for derais. eas
tronics Courses, administered by our Radio & Television Servicing B}, E , T E
Specialist Electronics Training Division— GET SOME Practical Electronics -

; 5 Electronics Engincering ~ SCHOOL OF c
the B.LE.T. School of Electronics, cxplains | | ETTERS AFTER Automation ELECTRONICS £
the benefits of our Employment Dept. and YOUR NAME ! =

shows you how to qualify for five years:
promotion in onc year. k.AM.':ﬂ.Mzch.E.

BRITiISH INSTITUTE
OF ENGINEERING TECHNOGLOGY
(Dept. 303B), 29 Wright’s Lane, London, W.8

SATISFACTION Ok Please send me your FREE 156-page =
y ‘*ENGINEERING OPPORTUNITIES™ : v ]
REFU N D OF FE E A M E.R.:. (Write if you prefer not to cut page) = [}
Wh cannot afford Gity & G < (]
to ‘é‘ff&"rié’“fnZ;“u",ff‘r’}féii,';“bgé’x‘? Tyou e | gen clen o Eam..u.. NAME Z
carning less than send b ]
copy of ‘ENGXNBERLNG SRORTONT IS ADDRESS. a
today—IRE
- |
1]
[ |
|

SUBJECY OR EXAM.
THAT INYERESTS ME - oo

THE B.LE.T,

WW—047 FOR FURTHER DETAILS.
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IR[A[C/A]L] Digital counters

combine versatility
with economy

Racal SA.550 100 Mc/s
Digital Frequency Meter

Direct Frequency Measureménts
from signal levels as low as 100 mV
are possible without tuning or inter-
polation. Measurement capability
can be extended by the use of the
active probe unit type SA.544.

Q All Solid-State Design

O 8 Digit Inline Display

{1 0-55°C. operating Ambient

{0 D.C. Logic Switghing

O Digita! Printout Facilities

O Internal or External Standard

The SA.540 Universal Counter
Timer iltustrated below is for time,

period and frequency measurement
up to 11 Mg/s.

Write for fuller details to§
Racal Instruments Ltd.,
Dukes Ride, Crowthorne, Berks.
Tel: Crowthorne 22723 and
Telex 84166

RUAG4

WW-—048 FOR FURTHER DETAILS.
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Bullers GERAMICS
for the ELECTRONIC INDUSTRY
{and Electrical Appliance Manutfacture)

Bullers poreelain far general insulation purposes.

Meticulous care in manutacture, high quality mate-
rial, with particular attention applled to dimensional
precision and accuracy, explain the efficiency and
ease of assembly when using Bullers die pressed
products. Wrile taday for detailed particulars.

BULLERS LIMITED

Milton, Stoke-on-Trent, Staffs.
Phone: Stoke-on-Trent 54321 (5 lines)
Telegrams & Cablez: Bullers, Stoke-on-Trenz
Lendon Office: 6 Laurence Pountney Hill, E.C.4
Phone : MANsion House 9971

WW-—u1y FOR FURTHER DETAILS.
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[w Mark V
professional

by LEEVERS-RICH

Comprehensive Specifications
Very Competitive Prices!

The special feature of the new Mark V series of studio
recorders is the open head block for ease of editing.
Special screening ensures an excellent signai/noise ratio,
whilst the amplifiers have a bandwidth well above the
latest standards of magnetic tape available.
Ease of maintenance, which has always been a feature of
Leevers — Rich equipment, is now better than ever,
Other features of the new Mark V include :—
sk PARALLEL SYNCHRONISED PLAY-OFF
sk 4-TRACK VERSIONS

for master recordings on £“ ar 1” tape
52 MULTI-TRACK VERSIONS

for monitoring applications with up to 16 tracks on 1” tape
st SYNCHRONISED SYSTEMS

for multiple tape copying
PRICES
range-from £640 {or 1" recorders {'E' series) to 4-channel
recorders at £1,205 ('H” series)
Also available — Six band audio equalisers (Model 46X)
and a complete range of magnetic tape bulk erasers.
WRITE TODAY for full technical information, specifications
‘and guotatians to meet YOUR special requirements.
LEEVERS — RICH EQUIPMENTLTD
319 Trinity Road - London SW18 - VANdyke 9054

LEEVERS-RICH

WW—050 FUOR FUKTHER DETAILS.
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Maret,

BEARINGS.
s RO FRIES GRS BALL JOINTS ASSEMBLIES

IMIIEﬁ - MANOR ROYAL - CRAWLEY . SUSSEX
i Yelephone: Crawley 27733 Telegrams : Silentbloc Crawley Telex: 87177
Andre Rubber Co. Ltd. is another Silentbloc Company Silentbloc products are also by Silentblac (A ia) Pry. Led..

Broadivay/S507

. siLenTeLGC 1

WW—051 FOR FURTIIER DETAILS
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7 TEXAS INSTRUMENTS

P N P SILICON ALLOY

TRANSISTORS

TYPES BVceo Hee PRICE (IN 100’s)
28321-28301 -80v 10-45 61 FOR LARGER
28322-28302 -40v 15-60 55 QUANTITIES
28323-28303 -25v 25-85 9/3 ASK FOR A
28324-28304 -15v 45-150 13/6 QUOTATION

QUARNDON ELECTRONICS LTD

SLACK LANE, DERBY TELEPHONE 46695 TELEX 37163

WW—052 FOR FURTHER. DETAILS.

ELECTRONIC
| ENGINEERS
and TECHNICAL OFFICERS

to play a vital role in the

PROGRESS OF SPACE
ELECTRONICS IN AUSTRALIA

New stations are to be established and new equipment is to be installed at
existing stations. As it becomes necessary to augment our tracking station staff |
many attractive opportunities will be “available for professional and sub-
professignal men,

;
1 LOCATIONS: SALARIES: arranged -for  married  applicants. 1
I Toowoomba, Queensiand; Carnarvon, Basic salaries range from $A3,400 to Modern flats also available if desired. |
] Western Australia. $46,400 for Professional Engineers INTERVIEWS: I
1 QUALIFICATIONS: ) and from $42,500 to $A4,500 for Tech- A Superintending Engineer irom the |
] Degree of Diploma for Engincering R ey (] T Project will be in the UK. 1o con |
H positions and Cerlificate or equiva- sbruary, b = $A2). duct interviews early in March, 1966, i
H lent for Technical Officers, ALLOWANCES: . i APPLICATIONS: 1
| EXPERIENCE: Attractive allowances covering travel- ‘Please apply in writing to 1
i Sound cxperience in at least one of ling time, area allowances and tax MANAGER 1
1 the following fields:— concessions, extra duty payments, ete. AMALGAMATED L 1
1 Solid State Devices : Telemetry Micra | ACCOMMODATION: ALGAMATED WIRELESS |
1 Waves : Llogic Circuitty Radar - Single accommodation will be arranged (AUSTRALASIA) LIMITED
! Digital Computers : RF. : Communi- at moderate rates. Pleasant bungalow General Buildings, I
i cations : Servo Mechanisms. type houses with subsidised rents 99 ALDWYCH, LONDON, weC2,
e e e e e ——— i~ —— ———— e e et

WW--053 FOR FURTHER Dr'I AILS.
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WHITELEY

CABINETS FOR HIFI REPRODUGTION

THE NEW SLIMLINE

LC.92

e SLIM CABINET

only 67 deep: Height 29”. Width 24",

e A 97, 15 OHMS DRIVE UNIT

with graded cone and extended treble response.

e ACOUSTIC LABYRINTH CABINET

gives balanced response throughout the audio spectrum.

e CLEAN DESIGN

Walnut'cabinetwith satin melamine finish. Weight 253 Ibs.

THORESBY BASS REFLEX CONSOLE CABINET (CI5) }

“Fhig cabinet s desigued o Stengeian § ot 10° Loudspeakers and there is also pmusl\)n
or ftting tweeter unit if desired, Sze: Height 317 x Width 1987 x Depth 18

o TS G5

THORESBY HI-FI EQUIPMENT CONSOLE (CI6)

This tokes most o qp record player, amplifirs, pre-smplifier control unit

Width 193" % Depth

Specially designed 1o utitise the nac
properties of walls, it is ideally suituble for
use where space-saving is u consideration.
1t s sturdily constructed to take every advantage
of Stentorian B” or_10” units, with provision
for wwecter unig,  Sise: Height 317 % Width
1937 % Deptl

Manogany (Cip)’ Walnut (Cr1A)

THORESBY SLIM LINE CABINET (C17)

This enelosure has been desizned toaccommodate any of 1ne Stentorfun ranze
of 8” or 10" units. Provision 15 made for the addition of vither pressure or cone
type mu\u and i crossover muy be use

is substantially proportioned to give
a ba |lmccr.l reproduction with the chosen units, Siser Hu;,lu 31 % Width20”

pth 9f”
Abihowiny (C17) Walmut (€175

Ask your dealer for further details of the full range of
Whiteley High Fidelity cabinets, or write to address below.

VWHITELEY ELECTRICAL RADIO COMPANY LTD MANSFIELD NOTTS

Telephone: Mansfield 1762/5 London Office: 109 Kingsway, W.C.2

W w—054 FOR FURTHER DITAILS.
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NewLiving-NewListening

THE INTERNATIONAL

AUDIO

Festival & Fair

April 14-17 11am=9p.m.

Over the weekend—in the heart of the
West End—under one roof the finest
reproduction equipment from all over
the world demonstrated by carefully
chosen manufacturers who have been
invited to exhibit.
Musicians, Technicians, Professionals,
Amateurs—there is something new in
Sound you will hear when you visit the
1966 Audio Show, the acknowledged
top Exhibition of all, in this field.
Continuous demanstrations of Pickups, Micro-
phones, Styli, Turntables, Amplifiers, Speakers,
Tape, Tape Recorders and many accessories.

HOTEL RUSSELL

Russell Square, London, W.C.1.

To obtain complimentary Tickets

Just ask at your nearest Audio, Record, Radio or Music
Shop, or write direct (enclosing stamped and add ressed
envelope) to:

AUDIO HOUSE, 42 MANCHESTER ST., LONDON, W.I

Nowhere elso will you hear or see such a comprehensive Audio Exhibitien.
WW—055 FOR FURTHER DETAILS.

Marcn, 1966

MINIATURE PTFE TUBULAR CAPACITORS

A miniature tubular capacitor
of novel design utilising
P.T.F.E. as the dielectric
medium. Available in three
types for mounting vertically
on printed circuit board,
horizontally on printed circuit
board and for chassis
mounting. In ranges up to
16 pF.

Write for technical details of Oxley Products

Longlasting Precision

DEVELOPMENTS
COMPANY LIMITED

ULVERSTON
LANCASHIRE, ENGLAND
TELEPHONE: ULVERSTON 2567
CABLES: OXLEY ULVERSTON
WW—056 FOR FURTHER DETAILS,
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Y
FERRANTI ZS100 SERIES
SILICON DIODES
HAVE

MaRcH, 1966

-098 IN
INCH o

DIAMETER
.02 INCH
—

Z3 100 SERIES
— ACTUAL SIZE

FERRAN

First into the Future

A SPECIAL INERT ATMOSPHERE —HIGH VOLTAGE STABILITY

B INTIMATE METAL TO METAL CONTACT - HIGH SURGE RATING

€ METAL BUFFER PAD — REDUCED JUNCTION TEMPERATURE

D GLASS HERMETIC SEAL—LONG TERM ENVIRONMENTAL STABILITY
E ULTRA CLEAN SILICON DICE — POST ETCHED OUTSIDE PACKAGE

OTHER SPECIAL FEATURES :
. TTRaY (RITISH SERVICES. {25100 | zston | 70 | Eions| S | SV
* QUALIFIGATION APPROVAL
. . EAK INVERSE VOLTAGE
200, 400, 600 and 800 volt versions available COLTS SERO 50 100 200 400 600 800
to Ki007 issue 3 under CV7045, CV7013,
A ' i MAX, MEAN . CURREN
CV7046 and CV7356 respectively. N EANRECTIC e a0 | 400 | 400 | 400 | eco | a00
MAX. MEAN RECT. CUI
* DYNAMIC TESTING R RRENT 150 | 150 | s0 | s0 | 150 | 10
Reverse characteristics measurement co- MAX. REVERSE LEAKAGE oo oa 0B o8 o2 s
mcident with full forward current being CURRENT @ 25°C A
applied. MAX. OPERATING & STORAGE 175
TEMP. RANGE —§5 10 +175°C ALL TYPES

* INITIAL LIFE TEST

Each device is run at maximum ratings for
48 hours to eliminate potential faifure.

FERRANTI LTD-GEM MILL-CHADDERTON-OLDHAM-LANCS.Tel: (061} MAln 6661

London Office : Tel : ViCtoria 6611

wWiW—087 FOR FURTIHCR DETAILS.
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Alf gver the work! you can see Rustrak
recorders mounted on the cross-arms
oi telegraph poles, gathering depend-
able data day and night, winter and
summer.

Because Rustrak recorders use pres-
sure sensitive paper they mzinlain
optimum accuracy in temperatures
from sub-zero 10 160°F ; from sea feyel
ta 100,000 f. and under conditions of
high humidity.

In spite of fow costs Rustrak recorders
are precision instruments housed in
rugged die cast aluminivm cases.
Motor drive mechanism, galvanemeter
and writing sysiem all give years

are produced without ink, heated stylys
or voltage sensitive paper.

11 SPEEDS WITH ORE MOTOR. With any
one drive mofor 11 different chart
speeds are available by means of
rapidly inierchangeable gearboxes.
99 CHART SPEEDS. From 5 “ to 450
per hour on il analogue (galvano-
meter) recorders.

LARGE CHART CAPACITY. At 17 per hour
a standard chart rofl lasts a full
month.

AC, DC OR BATTERY DRIVE. Chart drive
powered by AC synchronous motors of
any standard voltage, BC motors which
consume only milliwat!s of power, or

of faithfut service under extremely
tough conditions.

Other impartant fsatures nclude:

N0 {RK. Smooth, high resolution fraces

N

by rechargeable baiteries.

RANGES. Models available to record
AG and DC current and voltage and
temperature,

" ’-‘ RUSTRAK MINIATURE RECORDERS engincered for years of rugged service

REROLL OR TEAR-OFF. The chartis re-
wound inside the unit or in the tear-
off type it feeds out of the recorder
and may be torn off as required.
EXPERT ADVICE. Our representatives
will be glad to ndvise you on any
application.

LOW COST. Prices from £53 — pori-
able unils or for panel mounting.
Write or phone for catalogue

ruskr

WEST instrument Limitea
A Division of

GULTON INOUSTRIES (BRITAIN) LTD
The Hyde -Brighton 7- Sussex-Engiand
Tel: Brighton 66271 - Yelex: 87171

\\

-——M R. SUPPLIES Ltd—-— |

(Established 1035)
~TO-DATI, MATERIAL,

Unlrsilly, recuguiied so sy lers of U which doca tha Jab
pruperly.  lnstant deliv

MINTATURE RI
remarkable
Cunnting up
dial, depth Tin
of any vieclrica! appara us—enay
SMALL SEARED, uomks
offer smaller ape
itk T e w160,
88/6

s for this
aytichronna.
X A ith eyelameter
Taantrial bl domentie apyications ta Judieate the fumaing Lin
y o lustall, 60~ (st paic).
fn sidition to our wallkiown ranze (List ou s
AL 4, 60 7.1 , appro;
Boiabte o iy work nl g st s OW

i we

lons,

SYNCHRONOUS TINE SWITCHES,

{Qur vory mplas spectaliy ﬂ/e.m . 50 . for

aecurite pre-t i tehlng eperatlons, Sangamo 8.251, proviing up 1T operitions
w2 chesen) i h d i mg evice (use pu»nan Capacily
Wit fnll instructlons. £5718/6 Gles.

ted with Li=mp. Pg for caxy
. Other ratinga of Tinie Swltches available for

pen by fnnction motar U
mmu meta liupellr, Leal for
teactors, ete., still only 28,6

Renmrkabls
L e gt 200/2:

MINIATURE VARIABLE TRANSFORMERS (I'likiy
offer from stock. ~ Open tpo—pancl mennt, only <
0/240 v. 0.5 Mnp. contintious. £3 186 tea 24
Highty oietont sl feed huduct o
,30 M tfree ain) to 1L

1 yery pol
Qutpnt

noter 20/
e Appox.

AR BLOWERS.

[
10 - ( lm. 5, ). Madel s CFM tfree al.m
. £11/15/6 (1 Mael BDEE,
Sy 21311',' 8l
MACHI\EMOTOR OUTFLTS. No ity foht ot .

nippent Conising mm-vr with fixh
it L for

cht with sy lbh, mn
wentiic £6'18:6 o
pepniler st N\\dem m«m mnnhlq
it m.m 2 0

Tollow g snecds
8/8 e 1. Also i

w &
B e “.
IMMEDIATE DE! ERY M Stuart Centrilugal Pumps, Jacleling stainless stoe! (wost
melels).  Philipa eriania Transtormers (all’ models),

M. R. SUPPLIES, Ld, 68 New Oxlord Strest, Londun, W.C.1
(Telephona : MUSeum 2958)

o
~HOWELL’S

TRANSFORMERS

MINISTRY OF AVIATION APPROVED INSPECTION.

TRANSFORMERS

STANDARD RANGE OR TO YOUR DESIGN
TOROIDAL — *C’ CORE — PULSE — MATRIX

CHASSIS — CABINEYS & PRECISION METALWORK
ELEGTRONIG ASSEMBLY

HOWELLS RADIO LTD.

MULBERRY STREET, MANCHESTER, 15
MOSS SIDE 2000-2434

WW-—059 FOR FURTHER DETAILS.
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THE VAalAac® variable transformer is the most useful and varsatile
avice ever developed for the control of a.c. voltage, or of current,
power, heat, light, speed. It provides smooth continuous adjustment
of output voitage from zero to line voltage and above, either hand-
operated or motor-driven.
Only Variac has Duratrak* —a patented track surface giving lander
life, increased overload and surge capacity and maximum economy
in maintenance.
There are over 600 Variac models and assemblies to suit virtually
every passible requirement, ranging from smail units for laboratory
or instrument use to large ganged assemblies for high power
3-phase operatjon. The range includes low-voltage, high-frequency,
dual-output and narrow-range types, open, covered, portable,
Iclad and oil-i d constructions, plus many special
models. This.is the largest range of variable transformers available
today.
The technical superiority and’ dependability of Variac are the result ( )

of over 30 years of development and refinement since the introduc-
tion of the first Variac models — the original variable transformers.
*Variac' and “Duratrak’ are registerad trade marks

Variacs are made in England by The Zenith Electric Co. Ltd. London, and exclus-
ively distrsbuted in the U.X., Eire and British Cotonies by Claude Lyons Lid.

Variac

REGO

variable transformers

—over 600 models
to suit every possible
requirement

| ASEE.

Exhibition

STAND
M15

Write for comprehensive catalogue to Publicity Depariment. Hoddesdon
G LAU E LYD N S LT D Valtey Works, Hoddesdon, Herts  Hoddesdon 4541 Telex 22724
76 Old Rall Street, Liverpool 3 MARitime 1761  Jelex 62181

WW—060 FOR FURTHER DETAILS. aue
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Smalf instrument .. . fits in the pocket

fip-top performance. It's the Salford
Minitest, a highly sensitive test meter
for the measurement of A.C. and D.C.
voits. currentand resistance. Wherever

. INTHE LAB

there's a measuring job to de — you
can rely on the Minitest. The clanty of
the scale is exceptional and the knife ;§:—\
edge pointer ensures accurate reading. 2 ]

/31>

F
1

Housed n a tough Melamine co
the movement is built info a pressed
sieel case which effectively screens it
from external magnetic fields

- IN THE TROUSLE
SHOOTER'S HANDS

MINITEST D.C. Amps D.C. Volis A.C. Valts -
Ohms 100 m o -2
0- 100 mA. o. 100 e. 100
0- 2.006 0- IomA. 0- 25 0- 25
0. 200000 G- | mA. 0. 1o 0. 10
0- 20 Megobms 0- 50 uA. 0. 25 0- 25

TRADE PRICE ONLY £7-17-6
(with leather case £8-12-6)

Al tanges are selected by a single twelva-position rotary switch A
separate slide switch is provided 1o change over rom A.C. tv D.C.
ranges.

At your finget-tips with the Minitest:-

D.C. sensitivity 20,000 ohms per valt
A.C. sensitivity 2,000 ohms per volt
D.C. accuracy 2{%F.S.D.
A.C.accuracy - 23% F.S.D.

A.C. accuracy maintained up to 20 kc/s
# Additional decibel scale

Smali size 53" x 33 x 24"

>+ Weight 18 02zs. ¥ 20 ranges.

ey

3%

Leaflet on request

SALFORD ELECTRICAL INSTRUMENTS LIMITED

Fea! Worke, Boston Lane, Eccles, Lancs. Tel: ECCles SUB), Telex 66711

Londan Sales Office: Brogh Gren  Mammeramith W6 Tel: Rierslce SM5
A Subsidlary ol THE GENFRAL ELECTRIC COMPANY LTD OF ENGLAND

WW 061 FOR FURTHER DETAILS,

Ma4RCH, 1966

Eddystone

SLOW MOTION DIALS

Catalogue No. 598 epicyclic dial

This full vision dial incorporates and giving a reduction ratio of
an epicyclic, bail-bearing drive  approximately 10 to 1. The move-
mechanism of improved dedign ment is smooth and free from

backlash. Dial escutcheon
6" long by 43" wide,
finished ripple black. Four fines
are provided on the semi-circutar
scale for individual calibrations,
the outer jine being marked from
0 to 100 over 180°. Supplied
complete with black instrument
knab 24" diameter.

Catalogue No. 898 gear driven dial

A high grade assembly for preci- instrument knob. Complete with
sion instrument applications. Gear  fixing screws and mounting
driven, flywheel-loaded mech- template.

anism, with a reduction ratio of
110 to 1, giving smooth, positive
control.

Pointer travel is 7°. A circular
vernier scale, marked 0 {o 100, is
read in conjunction with the lowest
line on the main scale, which has
five lines for indvidual calibration.
Overall dimensions 9" hy 53"
Diecast  escutcheon finished
glossy black to mateh 24° diameter

Eddystone Radio L|m|ted

Eddystone Works, Alvechurch Road, Birmingham 31
Telephone Priory 2231 Cables Eddysione Birmingham Telex 33708
WW—082 FOR FURTHER DETAILS. GuEE=0

Erecto
stores everything better

A S

Erecio Slotted Angle solves your storage problems~
economical in ihe space it uses, generous in the 5pace it
qives you. Erecto components and many accessories are
availabie locally with free design service, and erection at
mederate charges, if you wish. Ask your local Erecta
supplier-or wiite for litefature and name of nearest
stockist to Erecto Slotted Angle Co, Newport Road,
Hayes, Middiesex (HAYes 6581).

—
and it's av ble locally

WwW 063 FOR FURTHER DETAILS.
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thisis all the
space you need to
mount the

THORN 3-COLOUR
INDICATOR

47

- —— &
This very compact unit has an overali length 5 i
of approximately 2.230" and an outside t
diameter of approximately .812". It can be

installed into a single panel hole measuring
only 18/32" using a simple fixing ring and
lock nut, both of which are supplied. This
makes it suitabte for a variety of signalling
applications where space is at a premium.
The Thorn Three Colour Indicator contains
three internal coloured filters optically
positioned to project the selected colour
through an external front lens. Both lens and
filters are of glass. not plastic, and ‘there is,
therefore, no discoloration.

'

The unit is designed for use with a variety of
Atlas Midget Panel Lamps (6,12 or 28V) and
is supplied with either a black anodised or
bright chrome front nut, and solder or screw
terminals. The standard filter colours are
red, orange and green.

Pieaso write for full details to:

ThornSpecial Products Ltd

Great Cambnidge Road, Enfield, Middlesex
(Foward 2477)

§ A member of the Thorn Electrical Industrios Ltd
group of companics.

WW—064 FOR FURTHER DETAILS.
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YOU CAN

NOwW BUY THE
WORLD’S FINEST
SPEAKER VALUE
DIRECT FROM

A

The 700 Mark V Range

Specially designed to provide outstanding range,
smoothness and uniformity of frequency response
with freedom from self generated forms of distortion

The speakers in this range all have a highly developed
dual radiating system with optimum termination of
both cones — voice coil impedence 15 ohms.

Power handling capacity in appropriate enclosures :—

780 Mk. v Price £3.18 .6
8'in. 6 watts r.m.s. 12 watts peak. (inc.10/6 P.T.andP.&P.)

7100 Mk. vV Price f4.13.0
10 in. 8 watts rm.s. 15 watts peak. (inc.12/6P.T.and P.&P.)
7120 Mk. v Price £4.18 .6
12in.10 watts r.m.s. 18 watts peak. (No P.T. butinc. P. & P.).

Send for full technical data sheet with
suggestions for enclosures to:

REPRODUCERS AND AMPLIFIERS LTD.
m Frederick Street, Wolverhampton England

LOUD SPEAKER MANUFACTURERS TO THE

RADIO INDUSTRY SINCE 1930

up to levels more than adequate for domestic listening.

'SERCEL’

PDO—=nm—-Q—0

The DIOTESTOR simplifies production ling
checks by detecting faulty diodes and
transistors when still in circuit.

BRITEC LIMITED
17, Charing Cross Rd., London WC2 — WHItehall 3070

WW-—065 FOR FURTHER DETAILS,

WiV—066 FOR FURTHER DETAILS,

VARIABLE D.C. POWER UNIT WITH
ACCUMULATCR PERFORMANCE FROM

TYPE
EFFECTIVE
RESISTANCE ::::25;::’::
LESS THAN

PRIGE

1 ofim.
£131-5.0
FEATURES

0-30 YOLTS Variable up to 20 AMPS.

0-60 VOLTS Variable up to 10 AMPS also available.
RIPPLE CONTENT negligible, IMPEDANCE and REGULA.-
TION cquivalent to 1<<u|nulztor pcrformancc SILICON

RECTIFIERS. fnadvertent * protection,
OVERLOAD CAPACITY zour/., lar shore periods.
APPLICATIONS

Operating and Servicing transistorised equipment. |2v. Mobife
radioftel. operation, D.C. Motars, relays. industrial power. ctc.
from any point of A.C. WITHOUT THE USE OF
ACCUMULATORS.
12v. or 24v. FIXEQ OUTPUTS up to 24 Amps also available.

AVOID THE EXTRA EXPENSE OF SUPER REGULA-
TION YOU MAY NEVER NEED. Prices £14-16-0 to
£131-5.0,

LIMITED

Please write ta deportment C 3b. RN

for carrent licetoture. ENGLAND
Tel.: FEL 4837-4242

VALRADIO and STEREOSONOSCOPE are the registered trade
marks of VALRADIO LTD.

WW—067 FOR FURTHER DETAJLS.
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FOR BROAD DAYL/GHT V/EW/NG OF RADAR D/SPLAYS—
THE EEV HIGH BRIGHTNESS STORAGE TUBE E7I12A

Adding a new dimension to bright radar displays, the English Electric high brightness
11-inch diameter direct-view storage tube, type ET12A, gives a brightness 100 times
| greater than that available from normal long persistence cathode ray tubes. When used
in Air Traflic Control and the majority of other radar display applications, the outstand-
ingly significant increase in brightness of the IX712A permits the operator to observe a
large area display in broad-daylight, unencumbered hy the previously necessary view-
ing hood. Even with direct sunlight shining upon the face-plate full intelligence ean
still be attained through the use of a simple light filter.

Full information on the E7IZA and other high brightness storage tubes, together
with CRTs ol conventional design, is available on request.

ENGLISH ELECTRIC VALVE CO LTD cHELMSFORD ENGLAND

Telephone:Chelmsford3491, Ex 262, Telex99103 I AGENTS THROUGHOUT THE WORLD

WW-—068 FOR FURTHER DETAILS
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TRANSIPACK® THYRISTOR

STATIC INVERTERS AND

FREQUENCY CHANGERS

DESIGNED TO START AND RUN MOTORS
(Try it on your electric drill!)

IDEAL FOR PROFESSIONAL
TAPE RECORDING MACHINES

% 1/, ORBEVTERFREQUENCY | TYPICAL
STAB, AS STANDARD I PRICES
% SINUSOIDAL WAVEFORM | 100 VA £85
!
FOR USE AS 'FIELD' MAINS SUPPLY OR ko | 200 VA £130
i EX STOCK
s TA N D_B Y P o w E R U N IT % FREQUENCIES: 50, 60, 400 | 302x‘ls$o%169
(VARIABLE  IN  SQUARE
REE INOUSTRHIAL WAYE VERSION) I 600 V A £355
INSTHUMENTS % THYRISTOR SWITCHING | U:’ ?(\fgoﬁf\?A
ELEMENTS I ;
LIMITED !
Telephone: RAV 9212/3
STANLEY ROAD, BROMLEY, KENT Telegraphic Address: Transipack Bromley

WW—069 FOR FURTHER DETAILS.

TELEPRINTERS - PERFORATORS |
REPERFORATORS - TAPEREADERS }
EDITING & REPRODUCING SETS

Corivs: Int. No 2. Mercury/Pegasus, Elljot 803. |
" r Bners aul special parposa Codes,

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

TELEGKAPH, AUTOMATION  AND  GOMPUTER  PERIPHEKAL  ACCESSOKIES

Picture Teiegraph. Desk-Tax, Morse Eyuipment;
Pen Recorder, Switchboards; Convertors and Stabilised
Rectifiers; Tape Holders, Pullers and Rewinders;
Governed, Syachronous and Phonic Motors; Teles
printer Tables and Cabincts Silence B

tion and Relay Testers; Send;Re

Base Tilters; " Teloprinter,
Aors ltos Paper,
Tape and Ribbons;, Pola.
rised and <nccnhscd relays
and Bsess “Terminls V.
Tquipment:
Tekphonc Carriers _an
Repeaters; Mulnp]cx

Tronsmitters; 5

Frequenty Shifr, Keying Equipment;  Ling, M
ransformers anil Suppressors; Racis and (,ol oles;
Plugs, Sockers, Key Push Miniaturc and o

Cords, Wirgs, Cables and S :
“Teleprinter Toals; Stroboscapes and Elcctronic rom,
Cold Gathode Afatrics; Test Equipment; Oscilloscopes]
scellancous Accessorics and Spares.

W. BATEY & COMPANY

Gaiety Works, Akeman Street, Tring, Herts.
Tel.: Tring 3476 (3 Lines) Cables: RAHNO TRING

WW—070 FOR FURTHER DETAILS.

EDDYSTONE COMMUNICATION RECEIVERS

For the professionai or Amateur user who likes the Best.

i e il MASUFAC ING SPANDALDS

Sy 3
oF cirenit PREQUENCY

RANGE.
Range ¢ 20 Mein 480
Raoge 4 1M
Kangex & and e inebnle Une Tatsrs) al Dilsttess Freguengies.
HIRE PURCHASE TERMS
§ Total H.p.
Model Ko. Cash Price Deposit 12 Montbly Price oser
'ayments 12 months
Ecio. £8 £3/10/- £5
EB35 L9 £4/10- £83
g g@ogm g
EALZ . 35 £30 £1317/9 £188118-
 Year Period also aeatlable
CaASH 1RIC

Ok I ienh 1 bl S ITILS 8 MgaTis
CONFIDENTIAL TERMS, ¥ L SOLELY WITH Hp- RADIO.
Carvinsge i per pn T ‘TION

SEND FUR LITERATGRE 10
The Eddystone

Specialists

SERVICES LTD.

49/51 COUNTY ROAD
LIVERPOOL, 4

elaphane: AINTREE 1445 ESTAB. 193§

WW—07F FOR FURTHER DETAILS.
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GERAMICS

15 OUR BUSINE
LETS GET TOGETHER

Our extensive Research and Design laboratories informative literature. We will also be delighted
are continuously and successfully engaged in to supply you with samples for testing, and our
developing new products and improved designs. technical representatives are always on call to
H you would like to keep abreast of these exciting discuss your problems with you in detail.
advances then please ask for our factually

Hilose alumina ceramics

Low Loss Ceramics

Metallised Ceramics

Hermetic Seals

LT Insulators

Ceramic Dielectric. Materials

Thread Guides

Refractories and Foundry Products

If you are interested in any of the above, don’t hesitate to write or telephone.

v ELAIN PRODUCTS LIMITED
[ Morga“ goIpEmA-cIIS-eI:SnleVongerzig ggphol-ne: S(Erport 22071 UC

WW-072 FOR FURTHER DETAILS.




stop rumble at source
withouy impairing
bass response

... with the Decca Deram Anti-Rumble
Integrated pick-up. This pick-up uses the

superb Decca Deram ceramic cartridge (with the
fatest high compliance diamond stylus, of
course) and the arm has been integrally
designed with this cartridge so as to achieve a
mechanical filtering of rumble frequencies

at the point of excitation. Rumble is thus

filtered before ever it reaches the ampiifier.

while wanted bass frequencies which go

direct o the amplifier are unimpaired

The same mechanical filtering properties

are built into the pick-up on the Deccadec

and the Decca DD/1 turntable unit.

Hi-Fi News wrote of the ARI pick-up

“The anti-rumible system functions very well.. .. H
| consider this design has far-reaching
importance.” And The Gramophone wrote
"*, .. a distinct success in the achievement
of its objective.”

As a further refinement, the type A’ Decca
magnetic bias compensator, providing
precise neutralisation of the forces which
‘draw a pick-up towards the centre of

2 rotating record, 1s suitable for Use with
the Anti-Rumble Integrated pick-up.

For full details of both products, please
write to Decca Special Products.

DECCIA

Decca, Deram and Deccadec are registered

wademarks of the Decca Group

Decca Deram ARI pick-up complete 11 gns.

Decca magnetic bias compensator type ‘A" 1 gn.
ww—n73 FOR FURTHER DETAILS.
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RCHARD & IND LIMITED
RESENT A SELECTION OF

ELEPHONE: (OGLZ2) 28il1 (5 LINES)
ELEX' GLOUCESTER 3192

Www-—974 FOR FURTHER DETAILS.

ROTARY SWITCHES FOR
THE HGME CONSTRUGTOR

Writers of constructional articles for Wireless
World are reminded that readers often have
difficulty in obtaining rotary switches of special
type and contact arrangements. Consult us
before deciding upon the switches you incorpor-
ate in your designs and be assured that a switch
to any desired specification will then be immed-
jately available to your readers.

Design charts and details

{for writers and readers) from:
Specialist Switches Ltd.
23 Radnor Mews, London W.2,
PADdington 8866—7

ww_075 FOR FURTHER DETAILS
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Input Power = 1 Watt

l ' Ve =28 Volts
! ! |

Case Te:mp.‘(Tc) =25°C

AVAILABLE FROM YOUR RCA DISTRIBUTOR

Now for the first time, you can achieve frequency multiplication with power gain at
microwave frequencies with a single solid-state device, the new RCA-2N4012 silicon
transistor. With this new RCA “overlay" unit, you can greatly simplify circuit design

as well asseduce costs. At 1 Ge/s, one single 2N4012 can replace both the
power amplifier and varactor diode stages previously required.
Offering frequency multiplication with power gain in the 1 Gc/s region, the
RCA-2N4012 as a doubler, tripler, and even as a quadrupler, extends transistor
performance into the microwave region with watts of power! When used in a
common-emitter configuration, this transistor provides stable operation—power
output varies smoothly with changes in power input.
Talk to your RCA Distributor about how RCA-2N4012 can help you cut costs by
elimirating the varactor and reduce the size of hardware in space, military, and
commercial applications. Or write to: RCA International Division, Dept. 200,
Central & Terminal Avenues, Clark, New Jersey, U.S.A.
In Great Britain, contact: RCA Great Britain Lid.

Lincoln Way—Windmill Road

Sunbury-on-Thames

Middlesex, England

WW-—076 FOR FURTHER DETAILS.

Vegy 4Volls
Ic LS Amperes

2N3012 213012
DCUBLER | TRIFLER
[ Qutput Power 3tyn | 25(min) watts
Output Freguency | 800 1002 Mc/s
Input Frequency | 400 3 Mo
Conversion Gain 4.8 {typ) 4 (min) dB
Vego 65 Valts
w58 1
RATINGS Sev H

The Most Trusted Name in Electronics
Trudemark(s) ® Registered
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DSCILLATORS

% Wide frequency range | ¢/s—108 Kcfs.

* Sine or Square wave thermistor stabl
lised output.

& Output continuousiy variable from 200
micro volts—IZ volits peak to peal.

% Fully transistorised circuits.

& Suitable for mains or battery operation

Sales Engineers in London area and all parts of the U.A,

FARNELL INSTRUMENTS LTD.
SANDBECK WAY, WETHERBY, YORKS. Tel 2891/2/3/4

WW—077 FOR FURTHER DETALLS.
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a Whole World
of users
can’t he
wr@ng!

e
One of the really Du(slandmp microphones in the medium-pric
range, the DP/4 is enjoying unparalieled success. Small wondelr
for the DP{4 is wenderfully roliable and sensitive to an extreme/y
wide range of sounds. Uniform frequency response from 50 c

to 15 Kefs.

It is i world-wide uss for high-quality broadeasting, recording
and public address both by the amateur and profes

H0% Baratolis Refloatar. ‘its natural patner, focuses & distant
sound-source onto the microphone head, greatly amplifying it
without loss of realism and without unwanted side-noises.

The DP/4 comes in three impedances—Low, medium and high—
and s supplicd complete with connector and 18ft. screened lead. The
2ft. dia. Parabolic Reflector is complete with microphone holder,

Further details from your dealer or from:— )
GRAMPIAN REPRODUCERS LTD. ramplan
Hanworth Trading Estate, ScondreasIpMmET=
Feitham, Middx.  FELtham 2657 Tnegrity that you hear
WWwW—078 FOR FURTHER DETAILS.

SWITCHES

The new range of ELMA scud switches are now
available with such features as concentric spindles:
up to 12 waters: sub-miniacure sizes and ac tha lowese
Kknawn prices.

01 switch with |2 positions: sealed conscruc-

tion: ceramic waler; 200 V § A 'switching capacity.

03 switch with 24 positions; adjustable " stop *';

ceramic wafer: wafer dust covers: up te 6 poles

per wafer and [2 wafers,

30 switch with 26 positions; adjustable “ stop 5
: dust covers: up to |3 poles per
y duty swizching mechanism.

R A DIATRON
7 SHEEN PARK,RICHMOND, SURREY.
Tel: RIC 3785 or 9352

% W-—079 FOR FURTiER DETAILS.
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€35 MINIATURE METALLIZE
o POLYESTER CAPACITORS

These small moulded metallized polyester capacitors are
ideally suited to the applications of printed wiring panels and
transistorised circuits, The use of the new diclectric material
and unique construction combine the advantages of small 250 ¥. D.C. at BS'C. working

physical size and superior clectrical characteristics which mect .01 11/32in. Smm 7/32in. 5.5mm PMXI

Dimensions

Capacitance | T.C.C.
oF = ! S { Tree No.

0,

. e 0015 11'32in. om 732055 £MX7

the requirements of H.5 DEF.5011 Specification. 0.022 1 32 9mm 732 3.3mm FMX2

] 1320, 9mm | 7/32in. §5mm Fxs

0104 11/32in. 9me | 7/32in 5.5mm £1MX3

CONSTRUCTION 0.068 706 1imm | 93%in. 72mm | FrXs

The windings arc virtually non-induciive -and the wire o.! 76 Hlmm | "9/32in 72mm | FMX4
terminations arc soldered direct to rhe metal clectrodes 400 V. D.C. at B5'C. working

climinating contact resistanee and ensuring the minimum 0.0 1/32in. 9mm 7,32in. 5.5mm FrXa1

- § 0.022 1/32in. Smm [ 7:32in. 5.5mm F1IX42

possible inductance. 0.023 706in 1lmm | 9/32in. 72mm | EMX45

0.047 7:i6in. Limm | 932in 72mm £rX43
Cap. Tolerance: -+-20%. 5

Voltage Rating:  Peak ripple voltage and D.C. voltage
must not exceed rated D.C. voltage.

Power Factor: <0.01 at I kefs. at -+20°C.

Temperature Suitable for working at -+85°C. without
Rating: derating.

Insulation 10,000 megohms or 2,000 ohm farad,
Resistance: whichever is less.

Terminations: 22 SWG solder-coated parallel wires for

vertical mounting.

Finish: Insulated—special non-cracking heat re-
sisting thermosetting compound provid-
ing goed insulation and good protection
against the ingress of moisture.

THE TELEGRAPH CONDENSER CO. LTD.

Electronics Division: NORTH ACTON, W.3. Telephone: ACOrn 0061 (16 lines). Telex: 261383

also at CHESSINGTON ., SURREY and BATHGATE , SCOTLAND
WW—080 FOR FURTHER DETAILS.
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TiMER COUNTER
TYPE TC4

AR AP

1 Advance

DISPLAY TiME

SINGLE

MULTIPLE

-
PERIODS "‘f/

FREQ.Kcks

i

SLINE
countd sragr anuae stor

cHeck |

o ——
b Lt T OVERSPILL e uNIT LR e

| B9 Bp 58 © |
NORMAL = |, ourPur = SUPPLY u_"f

¥ 3
| e— i

the Advance 5Mc/sT=4

B FREQUENCY (0 to at least 5Mc/fs,  The new Advance TC4 timer counter offers the best

direct reading) value now obtainable in a four-digit 5Mc/s tran-
sistorised and fully portable instrument. The TC4 has

PERIOD (Singie andmultipleperiod many- features which places it ahead of similar

measurements up to 10° periods) instruments of its kind; it is outstanding in design,

specification flexibility and performance.

Frequency measurements to 40Mc/s or 100Mc/s

L7
. COUNT (1-9999. regular or random with TCD40 or TCD100 frequency dividers.
puises) PRICE £195 rx-works

TIME (3,8 - 10'S)

[\ ] Advance Electronics Ltd (Instrument Division})

’?"_{ezdvabc') ROEBUCK ROAD - HAINAULT - ILFORD - ESSEX

Write now for fully descriptive
leaflet and specification
Tel: HAINAULT 4444 . Telegrams : ATTENUATE, ILFORD

WW—082 FOR FURTHER DETAILS.
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3 NEW INSTRUMENTS jon LAVS7EAL

Robust construction — Attractively designed with clear front panels — Ease of Operation — Compact
Moderately Priced

£
2649 Q,

Type G.I. L.F. Signal Generator
10 ¢/s to {00 Kc/s in four decade ranges.
Scale 54" dia. 180" rotation.

Three outputs.
r.ms. SINE WAVE with fow
distortion.
0-9 v. peak to peak SQUARE WAVE with
no droop and good H.F. rise time.
0-1 watt into 3 ohms, 50 ¢fs to 20 K¢/s.

0-6 v.

WikreLESS WORLD

Type G.2 L.F. Signa! Generator
10 ¢/s to 100 Kcfs in four decade ranges.
Scale 44" dia. 330 rotation.
Three outputs.

0-6 r.m.s. SINE WAVE with low dis-
tortion.

0-9 peak to peak SQUARE WAVE with
no droop and good H.F. rise time.

0-! watt into 3. ohms 50 ¢fs to 20 K¢/s.
Step attenvator on output (1) and (2)
giving X1, X.1, X.0, X.001.

MarcH, 1966

54‘ .mlgsg},-

Type M.l Voltmeter
15 A.C. ranges ImV-500v.
Frequency 10 ¢/s—100 Kc/s.
Input impedance. {0 meg ohms.
Amplifier output available at low im-
pedance with voltage gain of approxi-
mately 80 times on most sensitive range.
D.C. range 0 to 400 v. in three ranges.
Isolated from case.
Impedance 20 Kilohms/vo't.
PRICE £24 nett UK.

PRICE £24 nett U.K.

PRICE £20 nett U.K. Further details from

LINSTEAD ELECTRONICS

35 NEWINGTON GREEN, LONDON. N16 Tel CLI 4825

WW-—083 FOR FURTHER DETAILS,

TRANSFORMERS

TYPE SBM
CQILS LARGE OR SMALL QUANTITIES

Now fitted with
stainless steel guides— ‘

| i CHOKES 7RADE ENQUIRIES WELCOMED
] SPECIALISTS IN

six times the life
FINE WIRE WINDINGS

Continuous 3§ Ib. at lin.
MINIATURE TRANSFORMERS

Instantaneous to 161b.
cr and smaller
RELAY AND INSTRUMENT COILS, ETC.
VACUUM TMPREGNATION TO APPROVED STANDARDS

sizes available ‘
ELECTRO-WINDS LTD.

Also—transiormers to
8kVA 3 phase.
CONTRACTORS TO G.P.O., AW.RE, LEB. BB.C, ETC.
123-5-7 PARGHMORE ROAD, THORNTON HEATH, SURREY

WLBB l‘ LTB. LIVINGSTONE 2261

-PHONE 63-7228/9

A.

CLAY IILL, BRISTOL.

R.

KNAPPS LANE,

W\V 084 FOR FURTHER DLTAILS.

—AUDIO AMPLIFIER

12 Volt with I5 W. Output -

Designed specially to give pleasing results on music and speech

WW--085 FOR FURTHER DETAILS.

Common emitter, class B output stages, with maximum efficiency choke
coupling to 15 ohm speaker lines; temperature stabilised and direct coupled
pre-amplifier stages with fberal feedback.

All output and input terminations are fulty floating. thus enabling fayman
or skilled engineer to be equally confident in the simple matter of coupling
up for use.

FULL DETAILS OF THIS AND EQUIPMENT BY RETURN OF POST

__—E K. ELECTRONICS (L.A) LTD: Brotherton, Knottingley, Yorks.

WwW—086 FOR FURTHER DETAILS,
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electrosil have
the resistor kit
that every
laboratory needs

g

S fin-acide ressters g

one small cabinet

gives you semi-precision,
high stability,

general purpose—because
each Electrosil resistor
does three jobs

The exclusive Electrosit triple-rating concept
now gives you a compact metal oxide resistor
kit which will be of the utmost use in every
electronics laboratory and experimental unit,
Thirty values of resistor gives a choice of
three operational modes in each value. The
normal cabinetcovers the E6 range of preferred
values. but special combinations of resistance
values can be suppiied to order.

Now you can build Elecirosil reliability into
your designs right irom the start, with the
resistors you need where you want them,
when you want them.

L

cut out the ‘bits and pieces’ and get the resistor situation under control

[ The Electrosil Laboraiory Kit gives many advan-
tages:—Immediale availability of the best metal
oxide film resistors currently available.

7] A compact stock because each resistor has three cairom
raiings making it suitable for semi-precision,
high stability or general purpose applications.

] Advanlageous prices.

[7] Savings in time and effort in stores requisitions C
and searching for required types and values.

[l Ease of stock replenishment—justuse the re-order
card.

I A permanent solidly construcled cabinel which is
either free-standing or wall-mounted as required.

WW-—087 FOR FURTHER DETAILS.

_Electrosil

ELECTROSIL LIMITED

FALLION SUNDERLAND. CO. DURRAM
Tel: Sunderiand 71480 (10 tines) Telex 53273
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A 35-watt amplifier
housed in top
campartmenL

B Dynamic
micrephone
fitted in foam-
lined metal case.

€ Pouch holds
microphang
stand clip.
jack-plug ete.

D Microphone
stand,

£ Clips for
micraphene
cable.

¥ Powss supply
unit.

G Povier supply
lead.

FOR ALL EVENTS

TH E WHARFEDALE Completely self contained — pull
X open the amplifier compartment—
e (s apel
o £

n the accessory compartment
— take out the microphone — plug
in — switch on and speak; it'sthe
greatest public address idea in
years.

Anyone can operate the PA30 —
no technical ability required.

PUBLIC ADDRESS SYSTEM

This completely portable sound system is housed
in & single durable tan leatherefte covered carrying
case with vinyl grille cloth, A special loudspeaker
system comprising six Wharfedale speakers is buiit
in the front section of the case. The robust and
powerful transistor amplifier operates from self
contained batteries-or mains at the turn of a switch.

Everything packs away neatly in sixty seconds —
ready for use again at a moments notice.

Size 362" x 73" deep x 9" plus 3" handle.

Weight 42 Ib.  £69.10.0.
N R
FOR FULLY ILLUSTRATED
LEAFLET AND DETAILS OF B RANK WHARFEDALE LTD

PAIY DEMONSTRATIONS
WRITE TO {Depr W‘,) IDLE . BRADFORD - YORKSHIRE

TELEPHONE BRADFORD 612552/8 .
TELEGRAMS ‘WHARFDEL' ERADFORD l
NAME..

ADDRESS. .
TOWN — I

WHARFEDALEcounw @
5/ W I Y

WW—088 FOR FURTHER DETAILS.
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ELECTROLUBE
24-X cuts
maintenance

TE0TROL

LUBRIGANY

costs and
ensures

electrical
reliability

Just the smallest squirt
Takes away the dirt.
Fraction of a bean

Keeps your contacts clean.

Look what good old friends
Bring you in their hands.
Get it anywhere

And you save a spare.

‘Global availability' and
tworld-wide NATO approvals

ELECTROLU

“ELECTROLUBE" and "SNORKEL" are Registored Trade Marks of Electrolube LTd. Engfand
ELECTROLUBE LTD.
OXFORD AVE., SLDUGH, BUCKS, ENGLAND. Tel: SLOUGH 25574
WW—089 FOR FURTHER DETAILS.
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How to
save time
& money
with packaged °
cireuit |

WIRELESS WORLD

TWO | NEW PRODUCTS
FROM AMPHENOL

Signal Commander. For ihe
firat time, a laboratory
quality field sirength meter
to accurately measure radio
frequency signals in air,
twin lead or coaxial cable.
Matched balun, Easily
carried in one hand.
1deal for TV servicemen

& cmen

Citizens Band Transceiver—s00
Series. This remarkable vnit can
withsland temperatures down
1025 Bbelow and up 10 150°
above Fahrenhest. Fealures
high-speed elecironic’ switching.
all solid-state advanced circuitsy,
Up 0 3.5 walls output with
outstanding modulation, dual

baltery operaled, weighs only
av: Ibs. All-band dipote
antennz allows one-man
operation, UHF and VHF-FM
plug-in modules.

IF. and 4 states of
amplification. Up to 23 channels
—crystal controlied.

Model §50-Built-in 12-14 V0BG
with plug-in pover cord.
Model 625-Built-in universal

| 1236 VDG and 110/220 VAC with
70 plug-in power cords.
Write for Complete Catatog and Prices

Amphenol/Cadre Div.

I Export Distributors

e Morhan Exporting Carporation

#58 Broadwav, N.Y. N.Y. 16013 z4le
WW—091 FOR FURTHER DETATLS.
The "Packaged Circuit ABC" tells you all about the
growing range of ready-made Newmarket transistor
amplifiers, pre-amplifiers and power supplies. You can
get them off the shelf for short development runs or
order them in quantity for production runs. Qutput load
and power, power gain, sensitivity, frequency response,
distortion, input impedance and current consumption—
everything's in the '"ABC". Imagine how these circuits
could have accelerated past projects. Plan how to use
them in the future!

Morharex

I.S.E.P. PRINTED
CIRCUIT CONNECTORS

British Post Office approved P.C.
Connectors, .17 spacing, up to 33 contacts.

Newmarket

TRANSISTORS LIMITED .
B

Use the coupon below to get your own copy of the
‘Packaged Circuit ABC" and Price List.

TO NEWMARKET TRANSISTORS LTD, EXNING ROAD, NEWMARKET, SUFFOLK. '
Fill in and enclose this coupon in unsezied envelope (3d stamp)
Please send me a ‘Packaged Circuit ABC and Price List

I NAME

I POSITION
I COMPANY
I

Cannon Electric
(Great Britain) Ltd.,

P ST
Lister Road, CANNUN
Basingstoke, Hants,

Tel: Basingstoke 3171 PLUGS

J Registered Trademark

~ CANNON

WW—082 FOR FURTHER DETAILS,

ADDRESS .

e

WW—097 FOR FURTHER DETAILS.

e



ONE-MIL

WIRELESS WORLD

LIVOLT

FULL SCALE T0

1.200Me

Frequency Range
10 kefs to 1,200 Mcfs

Voltage Ranges

8 ranges, 1 mV,—3 V. fuil scale;
with 100:1 divider to 300 V. full scale

Accuracy

+39%, 100 ke/s—80 Mc/s
+5%. 50 kefs—200 Mc/s
110%, 10 kg/s—1,200 Mc/s

Stability

No zero reset required over
8 hours except on most sensitive range

Response

RMS to 30 mV; peak calibrated

in terms of RMS above 30 mV; with
100:1 divider RMS-responsive to 3 V.

Input Impedance
High tmpedance—2 pf. and 75 KQ:

also 50¢) termination adapter (other
values on request)

Features

Temperature compensated probe

{inear scaie on all ranges

D.C. recorder output—1-5 V. at T mA,
Taut-band mirror scaled 67 galvanometer

Accessories Supplied

Probe with high-impedance tip, 500
BNC terminaticn adantor, output plug
Accessories Avaiiable

100:1 capacitative voltage divider,
BNC, N or GR terminations, type N
“Tee' adaptor

L

uz uTeus

! u..anwm |

pr e o W

MILLIVAC TYPE MV-28B
R.F. MICROVOLTMETER

Price  £220.
Delivery Normally Ex Stock

Also available, Type MV-38B, 7 ranges
3 mV.—3 V. F.S., price £180.

CLAUDE LYONS

CLAUDE LYONS LIMITED - INSTRUMENTS DIVISION
76 Old Hall Street, Liverpool 3. MARitime 1761
Southern Offices: Valley Works, Hoddesdon, Herts. (Hoddesdon 4541)

WW-—093 FOR FURTHER DETALILS

MarcH, 1966



MarcH, 1966

12 qood reasons
for using the
Wearite tape-deck

The Wearite tape-deck by Wright and Weaire is recog-
nised for its faultiess performance. Features contribu-
ting to this include:

1 Three motors—proved unsurpassed for reliability and
fast winding.

2 Synchronouscapstanmotor—suspended onneoprene
shock mounts to reduce mechanical noise to the absolute
minimum. Ball race bearings give greater reliability and
considerably longer maintenance-free operation.

3 Foolproof single knob operation is provided for link-
ing mechanical changeovers to the electrical amplifying
system. :
4 Automatic stop switch cuts off the tape drive at the
end of a reel or should the tape break.

5 Instantaneous mechanical stop and start of tape
transit prevents slurring.

6 Accurate cueing indicator (turns counter} isscaled in
revolutions of the take-up reel, and angled for easier
viewing.

7 Third head position for plug-in heads, either standard
or stereo, with an adjustment screw for gap alignment.
8 Record-lock button prevents accidental erasure of
recordings.

9 Ability to accept 84" reels (1750 feet of standard
tape).

10 Ability to take a continuous loop cassette in place of
standard reels.

11 90° hinge on head cover ensures easier tape loading.
12 Three tape speeds.

The Wearite tape-deck is designed for the serious
recordist who would prefer to use no instrument but
the best. The Wearite tape-deck has been proved in
use by Science bodies, Education authorities, and in
Entertainment.

For fuller details and specifications write or telephone

WRIGHT AND WEAIRE LTD

84 Blackfriars Road, London SE1. WATerloo 1981
Ww—094 FOR FURTHER DETAILS. wWw )t
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KONTAKT
60

=S
THE SPECIAL CLEANER
FOR INACCESSIBLE
LONTACTS

Y KONTAKT 60 cleans and
protects ali contacts

% Eliminates high transition
cosiseances

% Prevents ' croep * currents

% Does not affect plastic materials
Y Io spry can with Sin. spray
nozzie

Bas spantslle

Ruinlgunger®t

30 Kontalir

unruglnghd®!
StaMten

Dther Kontakt
products are:—

0 Protective Lacquer

72 Instaring Spray

75 Cold Spray for Fault Locatian
50 Special Siliconized Polish

100 Antistatic Agent for Plastics
Write for full details of above complete
range ¢f Kontakt products to:—

SPECIAL PRODUCTS DISTRIBUTORS LIMITED

381 Piccadilly, London, W.1. GROsvenor 5482

WW—095 FOR FURTHER DETAILS,

| XLRIEP AUDIO
CONNECTORS

Widely used Standard Audio/Vidco series with latch.
coupling. Up to 18 contacts in 15 shell styles.
Cannon Electric
{Great Britain) Ltd.,
Lister Road,
Basingstoke, Hants.

Tei: Basingstoke 3171

Regislered Trademark

" CANNON

—

WiW—096 FOR FURTHER DETAILS.
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ermacon
edge connectors

EH

These inexpensive edge connectors feature polypropylene
mouldings and brass or pliosphor bronze contacts with
a standard tinned finish. Silver plate, gold flash, or gold
plate finishes are available to special order. .100" contact
pitches provide a mazimum of 40 positions whilst the
150" contact pitch range provides for a maximum
of 26 positions. Contact tail variations (shown above)
include solder slot tails projecting either vertically
downwards or at 90° to the moulding, or tails for
direct niounting to a “mother” printed circuit board.
Mounting brackets provide *“‘closed” or “‘open-ended”
connectors or include contacts for direct earthing from
¢hie mating P.C. Board.
Electrical Ratings
Working voltage: 500 Volts D.C. or A.C. Peak (.150” pitch)

350 Volts D.€. or A.C. Peak (.100" pitch)
Current capacity: 5 amps max. per confact

CARR [FASTENER @0 LD

the firm with the best connections

MaARcH, 1966

lELMTA

COUNT
BATCH
CONTROL
The 4 ELMA single decade counters pictured above cost
less than most conventional four figure predetermining

counters. Yet they offer several distinct advantages over
normal counters, namely:—

=

. FIGURES nearly twice as large as on conventional counters—with
wide angular visibilicy.

PRESETTING by a rotary switch on the front panel, avoiding

the normal method of having to dpen a flap—thus excluding dirt

and dust.

. PLUG-IN digits which can be easily interchanged without having
to re-wire.

. ELECTRICAL READ.OUT which gives a separatc contact
closure for every aumber in addition to the predetermining signal—
cnabling direct print-out, ctc.

[

w

>

In addition to these features, the ELMA counters
will count at up to 25 impulses/sec.; have electrical
zero reset; can be forward or backward counting,
and can be wired in cascade to form a counter of
any number of digits.

Also available is a matched modular range of
power units; contro! relays; impulse transmitters;
pushbutton switches and mounting frames.

RADIATRON

7 SHEEN PARK, RICHMOND, SURREY RIC 3285—9352

WW.—098 FOR FURTHER DETAILS,

£0 YOU STILL USE A HAMMER AND GHISEL
TO CUT A SQUARE IN SHEET METAL?

Don't any more
We have a Hand-operated Tool now to cut any
straight sided shape. Square R/Angles slots for
Louvres. All you do is simply mark out your shape
and follow the lines. You can aiso convert the Tool
to a Punch-Louvre Forming and Riveting Tool.

NO DISTORTION OF METAL

ON EITHER SIDE OF CUT
Also @ number of Bench Type folding machines
EXPORT ORDERS DESPATCHED IMMEDIATELY

AVONLEA TOOLS, WODDEND MILL, MOSSLEY, LANCASHIRE.
MOSSLEY 2687

Staptefard, Hottingham. Telephane: Sandiacre 261, CARR FASTENER &Z//EJL
Sales Dlfices: Wembley, Sale, t_—’ =

WW—05) FOR FURTHER DETAILS.
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VITALITY BULBS

Tested and proven

A.LD. and A.R.B.
Miniature and Sub-miniature
indicator bulbs, from 1 to 50v,

in sizes from 4-0 mm.

Catalogue from:—Vifality Bulbs

Ltd., Neville House, Wood Green,

N. 22. MULberry 1931.
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Hanover: The Electrical Engineer's Market Place

To vislt the electrical englneering display at the Hanover Falr Is to take a
look at the whole panorama of tomorrow's technology and economy. The
International display mounted by more than 1,400 firms from {6 countrles
ranges from microelectronic components through heavy electrical engi-
neering equlpment to articles of everyday use in home, factory and office.
The coming -Hanover Falr wlll show thousands of examples of development,
refinement and innovation over the whole span of electrical technology. If’
there Is such a thing as a world market for electrical engineering - then
that market is Hanover. Speciallsts and techniclans can talk here with
colleagues from all polnts of the compass, and fact-finding and buying are
made easy. Hanover offers you nine days of comparison and evaiuation —
all within the bounds of a single composite Falr.

Hanover Fair 1966

extends to you a cordial invitation
FURTHER INFORMATION FROM: Schenkers Ltd., Royal London House, 13 Finsbury Sguare, London, E.C.2

WW—101 #OR FURTHER DETAILS.

Hanover Fair 1966
Saturday 30th Aprll to Sunday 8th May

{ important new books for all engaged in the elestronics industry

RELINBILITY
PRINGIPLES AND APPLICATIONS OF BOOLEAN ALGEBRA
FOR ELECTRONIC ENGINEERS

Salvatore A. Adelfio Inr., and Christine E. Nolan.

This new book is one of the few available that have heen written specifically for the
electronic engincer. It is a readily understood textbook—each stage leads easily to the
next and check problems are given at the end of cach chapter ‘o enable the student to
assess his progress. An invaluable introduction to rhe subject which will be welcomed
by all in the clectronics industry. .

45s. net by post 46s. 6d. 326 pp. 150 illuscrations.

of
nsemamc COMPONENTS
£ £ Jowslt

PRECEMES &

APPUICATIONS O RELIABILITY OF ELECTRONIC COMPONENTS
BMBN Awml 1o i C. E. Jowett.

FHECTRONI ;

Clarifies and presents all the relevant facts concerning the properties and siabilities of
arious classes of components and matcrials and secks to provide cach member of an
clectronics research team with a summury of information based on a wide experience
of testing and cvaluation.

42s. net by post 43s. 174 pp. illustrated.

obtainable from leading booksellers.

ILIFFE Books Ltd.
DORSET HOUSE STAMFORD STH
WW-—102 FOR FURTHER DETAILS.

TRANSISTORISED
NOMBHE INSTRUMENTATION

Y Signal Generator 27 .. 9169
% Power Supply Unit 61 .. £6.14.6
“ C.R. Bridge 62 . £8.01.9
% Audio Generator 63 el
% Inductance Bridge 66 ... £18. 49

Al prices include batfery, posi and packing. Prampl Detivery.

S.A.E. FOR TECHNICAL TRADE & EXPORT
LEAFLETS L] ENQUIRIES INVITED

INDUCTANCE
BRIDGE
MODEL &

SIGNAL -
% [NOMBREX LTD. ™ sy sommoen emnace,

WW—103 FOR FURTHER DETAILS.
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Bib

AGGESSORIES

NEW
INSTRUMENT CLEANER
is anti-static

Surfaces stay clean
longer, because
they do not become

Boat statically charged
and attract dust.
Specially formulated
T f for cleaning tape
=3 ‘Blb = heads, delicate instru-
g, ment panels, plastic,
. chrome, giass, printed
lnstrumeat | surfaces and the
i Cleaiiar ' exterior of all kinds of
-

- electronic equipment.
= “<%  non-flammable and
does not smear.

Size A

" 46 (subject)

THE PROFESSIONAL
TAPE SPLIGER

All metal— beautifully plated— compact in
size. Easily and permanently attached to a
fape recorder. Clamps held the magneticor
Jeader tapes in the precision cut channel—
no damage to the edges. Right angle and
obligue cutting slots.

Gomplete with Razor Cutter 18/ isubjecty

Bib wire striprer
AND CUTTER

= This efficient tool strips insu--
lation, cuts wires cleanly and
splits plastic twin flex, 1t is
adfustable to most wire thicks
nesses.

4/- {Subject)

If you have any difficulty In obtaining these
Rtems they will be sent post free. (11K, oniy

MULTIGORE SOLDERS LTD.
HEMEL HEMPSTEAD, HERTS.
TEL: HEMEL HEMPSTEAD 3636

WW—104 FOR FURTHER DETAILS,
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Radio and Electronic

Components
|

|
‘G. W. A. Dummer

|

This series of six books isl
designed to meet the needs of
the rapidly expanding electronic
industry for information about
specific components. The first
books of their kind in this field, |
|they fill a wide gap in present|
| technical literature. ‘
Sir Robert Renwick, K.B.E.,
President of the Radio and Elec-
tronic Components Manufac-|
‘turers Federation, says in his
foreword to Fixed Resistors|
“. .. 1 can imagine few people
more qualified to write these
'books than the author .. .”

Titles in the series are: |

Vol. 1. FIXED RESISTORS
28s net. ]

Vol. 2 VARIABLE RESIS-
TORS & POTENTIO-
| METERS 455 net. |

Vol. 3 FIXED CAPACI-
TORS 45s net.

Vol. 4 VARIABLE CAPACI-
TORS AND TRIM-
MERS 32s 6d net.

Vol. 5 WIRES AND R.F.
CABLES 47s 6d.

Vol. 6 CONNECTORS,
RELAYS AND
SWITCHES 50s net.

|

from all booksellers
Pitman Parker Street London WCZ}

WW—105 FOR FURTHER DETAILLS.

TELFORD

0SGILLOSCOPE
GAMERAS

@ Oscillograms in 10 secs.

@ Employs Polaroid®
Films up to 3,200 A.S.A,

@ Simple operation

@ Designed for the
smaller Oscilloscope

& Economy size film 24in.
X 3tin.

This camera has been specially
designed for selected Oscillo-
scopes of the smaller type.
It incorporates a Polaroid
Land processing unit which
enables a photographic record
to be produced in 10 seconds.
The camera provides for
viewing before exposure. No
focusing is necessary and
shutter operation is by simple
lever action.

% Registered trade mark of the Polaraid
Corporation. U.5.A.
Full details will be gladly supplied on request
TELFORD PRODUCTS LTD
TELFORD WAY, LONDON W3

CZIZYTA  cyeqherds Bush 1015 (S lines)

PRODUCT
GROUP

WW-—1056 FOR FURTHER DETAILS.

A MEMBER OF THE HENTIMA GROUP
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Keep your ey-e o Brish

Centre Frequency
Bandwidth
Insertion Loss
Impedance

Case Size
Operating

Temperature Range
Shape Factor 60/6 db

WIRELESS WORLD

TYPICAL SPECIFICATION

300 ta 600 kefs- 2 kefs
2 to 45 kefs at 6 db
1to 15 db (dependent on B/W)

Either 1200 or 1500 ohms in and
out, dependent on BfW

8 mm diameter
38 mm long

—40°C to 4-85°C

1.3:1to2.6: 1 Dependent on'B/W

IN DECIBELS

ATTENUATION

LTERS

ML ADVANTAGES

Fantastic'space saving

Excellent stability with time and temperature
Single or multiple resonant units

Curve below shows response
of our ladder filter type TL 10
D 16A. Note the outstanding

shape factor

) [hood

|

°
a

aan [[ [[5e

0 420 430 440 430 460 470 430 4%0

FREQUENCY IN KILOCYCLES/SEC

SIZE

I - ;i 5k

b vsin

This illustrales the typical dimensions
for a ladder fiiter. The case is a plated
brass cylinder with giass end seals and
Ppiglailleads. A1} inch lengthwill provide
sufficient volume to give 80 dh slop band
rejection.

G

2200
2.2k

sc) BRUSH CLEVITE..... ...

HYTHE SOUTHAMPTON PHONE HYTHE 303¢ GRAMS BRUDEV HYTHE SOUTHAMPTON TELEX 47687

WW-—107 FOR FURTHER DETAILS.
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COMBINED ERASE €EAD AND OSCILLATOR COIL
Tho tendency towards transistor portable tape recorders has received
our special attention as the necessity for improvements in heads for this
anplication has been an obvious reguirement.
“ A most amazing component!” is the reaction of most neople who
tes’ these, for in & space of only }in. diameter by #in. long, is contain-
ed n complete osciliator coil and erase head.
A simple oscillator circuit operates with a singte OC8L. or similar
tyn1 of transistor, and requires only 20mA at 9V from the battery.
Ag veell as acting as an ecase head, this component also providesthe
required bias supply to tho recordiny head and (if required) BT
for = recording level indicator of the DMYO, or similar type. Al-
thoueh DG flows within the oseillator coil inside the head there is
1o 1C flux whatsoever produced in the eraso section.
Wiiero un indicator of the DMY70 type is uscd the lieater may be
seciesed witli the circait, as shown below. This offers a further
economy of power. and in this ease a total of 25mA at 9V, there-
forz. supplies indicator heater, indicator HT, 30 kc bins supply

and erase power.

KFCSE .

—AWS
~5y
-0

ot | cone

L Ly <
cate -l
(Y L

Drtaifs of all the abave types
of freads arc evailable from =

CLOSE TOLERANCE ON RECORD AND REPLAY HEADS
As the tape recording art has developed, 5o manufscturers have quite rixitly
asked for closer tolerauces and higher performances in heads. How can you
produce an extremely high quality range of record and playback beads offerine the
marimum in performance, having fav closer tolerances in all mechauicel and
electrical characteristics than hitherto envisaged and a! t10 same time offex thece a3
R reasonabls price? That was the development and production problem we sel

ourzelves eighteen monlhs ago.
Some 75 beads from manufacturers througiiout the world were examined and tested.
Pertormanee features wero co-related to design Yactors applicable and so a design took
shape based upou the rejection ol 2!l known bad teatures and the incorporation ol
good. Our design and production experiencs o over 31 million heads over fourteen
years. including hends for practically every speciai purpose. enabied us to maintain »
realistic approach to the problem.  Wo purchased superb uew machinery and produced
many specinl purpose machines oursclves. numerous items ot special electronic test
wear werc developed to provide as comprehensive a systein ot quality contro} s could
e eavisaged. and las! but not lens!, we enguged many highly skilled personvel.
A compleie range of record, playback and erase lieads (‘X" series) is available with these
qualities for providing 21! the requirements of heads for }in, tape. Full track. ! trac
4 track stereo and 2 track sterec are all available and most of these in various imped-
ances. A special feature of the erase heads is their extremely low power requirement,
and that they can be operated at 100 kes without appreciable healing.
‘R* AND ‘DR’ RANGE OF ! 8§ has been redesigned and now sive
higher output with the masimum in top response and with greatly improved shielding.
Over 34 MILLION *R *and * DR * keads are in use throushout the world!
Sett-oscillatory. erase head circuit with Marriott © X *-type erase and recordiplay heuds.

Diagram reproduced by courtesy of Mullard Ltd.

ERASE HFAD
Tare X/ES/lL

RECORD/RIPLAY ~
MEAD TYFE X/REY/3b

TELEFHONE

MARRIOTT e
MAGNETICS LTD. BRIDGE WORKS, WATER ROAD, WEMBLEY, MIDDX,
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% Ultra-Small sizes.
% Close Tolerance Dimensions.
% Lead spacing to -~-015".

% High Reliability by close Quality Control
proven in the exacting U.S. Market.

% Surprisingly low cost,
% Fast Delivery.
% Ratings 3V to 350VVDC.

% Cap. Tol. to 100V —209%,+100%,.
» 1507 350V —20%,4-50%,.
Operating Temp.—20°C to +65°C,
—20°C to 4-85°C.
Extremely Low Dissipation Factor and D.C.
Leakage.

SHANNON AIRPORT, IRELAND.

% Hermetically sealed all-plastic encasement.

Types Available

Low Voltage Polar type Vertical and Horizonta}
Mounting 65° and 85°.

Low Voltage Non-Polar type Vertical and
Horizontal Mounting 65°C and 85°.

High Voltage Polar type Vertical and Horizontal
Mounting 65°C and 85°C,

l.E.l
Tantalum capacitors

Tantalum Foil 85°C per MIL-C-3965/2/3/13
and-/14.

Tanktalum Foil 125°C per MIL-C-3965.

Super Series 85°C Tantalum Foil.

High Voltage Tantalum Plain Foil Capacitors
per MIL-C-3965.

Tantalum Wet Slug Electrolytic capacitors

per MIL-C-3965/4.

Solid Tantalum Dry Slug Electrolytic Capacitors
per MIL-C-26655/2.

Callins International Limited

Tel. : SHANNON 61499/61558

See us at the L.LELA. EXHIBITION at OLYMPIA, LONDON,
from 23rd to 28th MAY—STAND No. 268.
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No oscilloscope is better than its tube. Build in all the circuis
refinements you like, if the tube suffers from (1) pin-cushion dis-
tortion (2) barrel distortion (3) large spot size (4) low brightness,
is restricted to an excessively small window (5) or suffers from (6)
deflection defocussing or any of a dozen other common ailments,
then your efforts are in vain.

Compare a Telequipment oscilloscope side by side with any other
instrument in the same price range. You'll take the point. Each
oscilloscope in the Telequipment range uses a specially developed
tube and is designed to exploit to the full its linearity of display
and brightness and fineness of trace. No other portable oscillo-
scopes today offer such potentiality per pound!

Tilustrated is the type D43 oscilloscope, fitted with type ‘A’ plug-in
amplifiers. This instrument costs £125 0s. 0d. and uses aluminized
PD2. doubie-gun tube with particularly fine geometry.

Send for literature describing Telequipment Serviscopes and portable
laboratory oscilloscopes.

MarcH, 1966
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*Serviscope is a registered trade mark of
Telequipment Limited, 313 Chase Road,
Southgate, Lundon, N.14. Fox Lane 1166
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What's
new from
MULLARD?

Transistors
for even higher

audio outputs without

transformers

All the advantages of transformer-
less circuits—extended frequency

response, improved bansient re-
sponse, easy application of nega-
tive feedback, reduced bulk and
weight, and simplified layout and
servicing—can now be applied to
audio output designs up to 8W.

Four new Mullard transistors make
transformerless circuits a practical
proposition for these higher out-
puts. They are the AC128 and
AC176 designed for audio outputs

|

irom 1W to 3W, and the AD161
and AD162 for outputs from 3 to
8W. With theii high gain and
good linearity they form part of
the Mullard ‘Harmonious’ range
of audio transistors, and are
being used in the latest mains-
powered record players, tape
recorders, table radios and con-
sole radiograms.

in a word . .. INTRINSICALITY

WW—l1l PUR FUCEHHER DECALLS.
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Radio Regulations: Need for Overhaul

IT is rumoured that plans arc afoot to split the existing Post Office into two and
create a new Department or Minisuy of Telecommunications responsible for the
“telecom ” side of the cxisting department, leaving the Post Office responsible for the
postal services. It was thought that the Minister of Telecommunications, as Mr.
Wedgwood Bean (the P.M.G.) has called himself on several occasions, would make
some reference to this proposal when speaking at the recent annual dinner of the
Telecommunication Engineering and Manufacturing Association, but we were dis-
appointed. Whether or not this severing of telecoms from the postal services is immi-
nent the P.M.G. has several iterns on his agenda which call for prompt legislation.

First therc is the question of the “ pirate ™ radio and TV stations, which now number
ten, around our coasts. A year ago this country was a signatory, with six other
European countries, to an agreement to prevent the operation of broadcasting stations
on vessels outside national territorial waters. Under the agreement signatories would
treat as punishable offences, not only the setting up of these stations, but also the
providing of supplies, equipment, transport or programmes to them. This meant, of
course, that legislation would have to be drawn up in each country, making provisions
necessary to take action against offenders. So far, nothing has been done in this
country and the number of “ pirate ” stations goes on increasing. Some positive action
must be taken—either that the operators are given the opportunity of becoming law-
abiding citizens by being offered licences, or that they should be made outlaws and
treated as such.

What may well be the biggest problem if the “ pirates” were offered licences, is the
question of operating frequencies. All the frequencies allocated to the U.K. under the
1948 Copenhagen Plan (the revision of which is long overdue) are in use. Would the
“pop ” stations be willing to operate on one of the two International Common Frequen-
cies—1484 and 1594 ke/s—or would they expect a share of the frequencies used by
B.B.C. stations?

On the purely programme side of their activities it may be that the “ pirates » prefer
to “fly the skull and crossbones” and brandish their cutlasses in the face of the
authorities which limit the B.B.C. stations to but a few hours of recorded music a day!

Another item on the P.M.G’s agenda is the question of Citizens’ Band radio, as it
is called in the U.S.A. Increasing imports of walkic-talkie transceivers, most of them
from the Far East, have prompted us to ask the Post Officc why these sets are permitted
into the country—and we are certain they are not smuggled in—if it is illegal to use
them. We were told blandly that the Post Office has no jurisdiction over imports! Is
this “head in the sand” attitude good enough? These transmitter-receivers, which
operate on a frequency of about 27 Mc/s and cause interference with licensed radio
users in this part of the spectrum, can be purchased for a few pounds, and can be seen
in use by youths in many parts of the country. If the P.M.G. has no intention of
granting licences for these scts, their import should be prohibited by the Board of
Trade and the Post Office should take action against their illegal use.
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Voltage-contirolied Amplifier-1

USING MODULATED PULSES TO GIVE VARIABLE GAIN AT AF.

The circuit described uses a direct voltage to control a pulse-

ratic modulated train which
switch.

HERE arc many applications, especially in analogue

circuitry, where a voltage - controlled amplitier is

required. In the past this has been achieved by
using the physical propertics of active clements such as
f.eas and ordinary transistors, as well as by using
thermistors, optical methods, and servo motor systems.
References 1, 2, 3 are representative of some of these
meathods, which all suffer from some form of inherent
rou-linearity, temperature dependence, narrow band of
operation, and lack of interchangeability of active cle-
ments. It is proposed in this article to illustrate a mode of
oscration which is purely clectronic, independent of the
amplifier element used, shows a large degree of lincarity
and stabity and is readily controlled by an applied
direct voitage. Further, it will be shown that the
circuit can be casily moditied to perform other analoguc
{unctions.

The system depends on an application of pulsc modu-
lation, the principles of which have been discussed else-
where + % % 7.5 Since, however, the basic pulsc generator
and its subsequent utilization might prove unfamiliar,
they will be given some consideration before the circuit
itseif is discussed.

Design philosophy

Most previous forms of pulse modulaton consist of
modulating either the pulse frequency or pulse duration
with incoming a.f. signal. The resulting pulse train js
then amplified and passed through some form of low-
pass fiiter to recover the original signal. A svstem of
pulse-duration modulation is outlined in Fig. 1 and

VARIABLE
PULSE
GENERATOR

PULSE LOV-PASS LOAD

0SCILLATOR AMPLIFIER FILTER

AUDIS
INPUT

Fig. I. Conventional pulse-width modulation system for a.f. aniplifica-
tion.

cxamination will show that there are practical difficultics
associated with this system which are not, at first, readily
apparent. In the first place, the required switching speeds
of the pulsc generator will normally preclude the use of

106

The result is an amplifier whose gain can be controlied
over a 26dB range and which may be used for a variety of pur-
poses, some of which will be outlined in Part 2,

in turn operates a transistor-diode By

.M. BRONZITE,
B.Sc.

M. Bronzite graduated in physics and chemistry at
Reading University in 1958 and after spending four years
in industry, first with B.7.H.
Rugby and then Plcssey's,
he went to lsrael in 1962.
He spent a short time in
the Weitzman Institute and
then worked in the Hebrew
University on the design of
equipmentfor Meteorological
studies. His article ona d.c,
transistor amplifier in the
March 1964 issuc arosc from
work at the University. After
returning to this country he
was with Kelvin Hughes
until last June when he emigrated to Canada and is now
with R.C.A. Victor on space electronics projects.

saturated switching circuity as the following cxample will
show. Let us assume that the upper end of the audio
pass band is 25 ke/s and that the pulse repetition ire-
quency (p.r.f.) of the oscillator is 100 ke/s. (This is
about the minimum p.r.f. desirable to maintain 2 high
signal-to-noise ratio on the audio output wirhout recourse
to an elaborate low-pass filter.) In order to maintain
good efficiency of the system it would be rcasonable to
permit 90% modulation with the incoming signal.

. The original pulse width is 5us (half the pulse cycle time)

and, with full modulation, this will vary from 1-9ps.
Now, in order to maintain good modulating linearity,
the pulsce shape must remain the same under all operating
pulse widths, which include 1ps, which in turn suggests a
rise and fall time of not greater than 100 ns for the pulse
generator, which is a far cry from audio frequencics.
The system is also very poor with regard to the effect of
overload. On one half-cycle the pulse width will become
extremely narrow, with loss of pulse shape while on the
other half cycle, lock-on > of the pulse gencrator will
otcur, resulting in u very high increase in distortion at
the output. Another practical difficulty ariscs over the
tracking of the pulsc generator timing network with that
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of the oscillator. That is to say, with no signal input,
the pulsc width generated must be exactly half the pulse
cycle time of the oscillator over the given temperaturc
range, and over the life of the equipment. If they do not,
a net d.c. shift will occur at the filtered output, which,
at minimum, will alter the operating conditions of the
last stage (see Fig. 2). This problem can be climinated
by the usc of high-stability components in the timing
networks, but the use of precision capacitors is neither
convenieat, nor cheap.

Pulse-ratio modulation.—These difficulties are sig-
nificantly alleviated by the use of pulse-ratio modulation”,
in which the frequency and pulse duration both vary
non-lincarly with input, but the duty ratio (pulse “on”
time to pulse cycle time) is proportional to the input.
Since the filtered output depends solcly on the duty
ratio, independent of which system of pulse modulation
is used, this hardly constitutes a problem! In the absence
of any input there is the usual 50% duty ratio on the
output of the pulse gencrator. With increasing modula-
tion (here  modulation ” is loosely used with respect to
only one cycle of the incoming signal and denotes a slowly
varying change from the initial conditions) the pulsc
width becomes larger and larger over one-quarter cycle
returnipg to its original value at onc-half cycle. From
there the pulsc width becomes smaller, reaching an
asymtotic value of half its original value. This is illus-
trated in Fig. 3. The frequency becomes smaller with
increasirg modulation and can (with signal overioad )
enter the audio band. The pertinent parameters of pulse
ratio modulation are as follows:

e = h)o- ll—a - oo Ll
Ha=1He(—a) . Y L2
dr), =4+ 1) % . .3

where 1,), is the pulse width with modulation level a;
1)y is the pulse width with no modulation; f), is the
frequency with modulation; d.r.), is the duty ratio and a
varies between —1 and VH. These results are derived in
Appendix 2. It will be seen that variation of the timing
network will have no cffect on these parameters, thus
completely eliminating the problem of drift of these
components, which in turn permits the use of cheap,
low-toleranced components.  With overload (i.c. a
approaches 41 or —1) the output signal will be distor-
ted but the original information will be detecrable. With
this form of modulation “lock-on” cannot occur providing
a does not equal + 1 or — 1, but the modulating frequency
will fall within the passband and this will be the sole source
of distortion.

It is of interest to note that equations 1, 2, aad 3 are
perfectly general, and cquations of a similar form could
be derived for a controlled conventional multivibrator,
or for the circuit used in ref. 9. The particular advantage
of the circuit to be considered here is that all the active
clements operate in an unsaturated state, which is neces-
sary for the high speed of operation that will be utilized.

Bowes oscillator.—The Bowes oscillator 19, shown in a
sumple form in Fig. 4, is an emitter-coupled multi-
vibrator with lincar charge and discharge rates, which
facilitates design and gives high stability. The description
that follows, along with Appendix 1, will only consider
first-order effects. Two current generators supply
current 7; and 7, to the emitters of the two transistors.
Assume that transistor Tr2 has just switched off. Then
current (7, 4 7;) passes through transistor Trl, part

WIRELESS WORLD, Marcu 1966
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Fig. 2. Effect of one timing netwark altering with life or temperature,
in o pulse-width modulated amplifier.
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Fig. 3. Effect of modulation on o pulse-ratio medulated train.

Fig. 4. The Bowes oscillator.
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CONTROL
VOLTAGE

SIGNAL

2R OUTPUT

SIGNAL

Fig. 6. Black diagram of the voltage-controllied amplifier.

direct, part through capacitor C. This provides a voltage
step at the collector of Trl which biases Tr2 off. The
voltage developed across C lincarly reduces, due to
the charging current, thus reducing the voltage at the
emitter of Tr2 until it becomes forward biased, and
regeneratively switches on again.  Since the value of
resistor R is sensibly low, the base, and thus the emitter,
of Tr2 passes rapidly up to voltage I/, This voliage
change is transmitted through C to back bias Trl and
now the total current is supplied to Tr2. The action of
the capacitor again reduces the back bias on Trl unril jt
switches on again, switching off Tr2 and completing the
cycle. The higher voltage, V., is required to prevent
saturation of Tr2. The waveforms for operation are
shown in Fig. 5 and the analysis of the cireuit is given in
Appendix 1. It has been shown'® that sccond-order
effecrs will aiter the performance of the oscillator by
about 3%,, and that variation with temperature is less

Fig. 8. Circuit of the complete voltage-
controfled amplifier.
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Fig. 7. Waveforms illustrating the change in output amplitude with
controf voltage in Figs. 6 and 8.
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Fig. 9. Low-pass filter design.

than 0-5% over an extended range, which suggests that it
will be an ideal vehicle for instrumentation circuits.

In oidz1 to use this oscillator for modulation purposes
it is necessary to modulate the current gencrators with
wo equal amplitude out-of-phasz signals.  This is
accomplished by using transistors as currcnt sources,
and voltage dtiving the bases of these transistors with
signals from a long-tailed pair amplifier. The output is
taken from the collector of Tr2, and Appendix 2 shows
how the output duty ratio will follow the conticl signal.

Voltage-controlled amplifier

Having shown at some length a mcthod of switching, it
might be politic to try and relate it now to the title of the
article!  The block diagram of a complete voltage-
countrolicd amplifier is shown in Fig. 6. The coutrolling
signal is amplified and then fed to the pulse-ratic modu-
lator which in turn controls the switching of cutrent
through a long-teiled-pair switch. The curreat itself
has been derived from the output ol the audio signal
amplifier and after passing through a filter in one arm of
the current switch, deveclops a voltage across tac load,
which constitutes the output. The manner in which
the coutrol voltage will alter the amplitude of the output
voltage is shown in Fig. 7.

The actual circuit is shown in Fig. 8. Transistors Trl
and Tr2 amplify the control voltage to provide equal
out-of-phase signals at the bases of Tr3 and Tr4, which
in turn constitute the current generators to the oscillator
Tr5 and Tr6. The voltage across R,, and R, is made
5V without modulation and thereforc for a 90% swing
the voltage at the bases of Tr3 and Tr4 may swing
+4.5V. Knowing the control voltage range of operation,
the gain of the first stagc is thus fixed. The frequency
of oscillation was made 500 kc/s, since with 90%, modula-
tion (a = 0.9) the minimum value of frequency derived
from cquation 2 approximately becomes:—

(1—0.8) 500 ke/s = 100ke/s

which, as explained earlier, is felt to be the lowest desirable
modulator frequency. R and 1/, shown in Fig. 4 arc
simulated by R, and R,, where V, Ve Ry [(R,+ Ry,
and R is Ry and R, in parallel. The output at Ry, 18
approximately a 2 V pulse train with rise and fall times of
about 15ns. The curtent switch consists of transistor
Tr8 and diode D3, and, while a transistor could have
been uscd in place of D3, there would be littlec advantage
since no second output signal is required. Diodes D1
and D2 provide a bias to the switch such that Tr8 is
cither fully on or fully off, depending on the output of the
modulator. The switch will pass current gencrated by
the audio signal amplifier {Tr7) through the filter o
develop the output signal across R,z If one excluded the
switch and filter it would bc apparent that the voltage
gain of the signal amplifier is approximately 2(R,:/R;q),
and in the absence of a control signal, i.c. 50% modula-
tion, the gain reverts to unity. This circuit has two
additional advantages: (1) variations of supply voltages
will not alter the duty ratio and (2) the amplifier can be
readily modified for usc with d.c. signals.

WireLESS WORLD, MARCH 1966

Low-pass filter

The sensitivity of the amplifier in the final analysis
depends on the noise level at the output. Since, in this
case, the noise is represcnted by pulse train information,
the action of the filter in suppressing the modulating
signal becomes somewhat important. For this rcason
an 18dBjoctave Butterworth filter was used with »
wrnover frequency of 20ke/s. The necessary design
information was abstracted from Ref. 11 and the approach
is indicated in Fig. 9. While this filter uses an inductor,
which is more inconvenient than a simple RC approach,
it is felt that the results warrant it, with approximately
40 dB attenuation at 100 ke/s. In order to calculate the
degree of “ breakthrough ” of a pulse train, it is first
necessary to do a Fourier analysis to determine the
amplitude of the fundamental sinusoidal component.
It should be sclf-cvident that with an 18 dB/octave filter,
all subsequent harmonics are at least an order of magnitude
lower. For the same reason only the lowest operating
p.r.f. need be considered. Ref. 12 shows the frequency
spectrum of a pulse train with a pulse width of 500 ns
and p.r.f. of 100 ke/s and gives the relative amplitude of
the 100 ke/s component as 10% of the original pulsc
amplitude. Thus with such a pulse with a height of
5V, the fundamental amplitude will be approximarely
0.5V and the resultng filtered outpur will be 5mV.
The measured output was 7mV pk-pk which suggests
that the approach is valid. For a signal-to-noise ratio of
20dB it becomes apparent that the signal at the output
must not be less than 70mV (with maximum modula-
tion), and to improve on this figure cither a lower level of
modulation must be used or the filter performance must
be improved.

Results

Becausc of the rapid rise and fall times of thc generated
pulses it proved expedient to locaily decouple all supply
rails, with 0.1;F capacitors, to the carth rail ar the point
where the load resistor was connected. The same was
found to be neccessary for the filter earth connections.
Once this had been done the circuit was surprisingly
well mannered and gave no further difficulty whatsocver.
The maximum output voltage was 9V pk-pk and the

T

N L
TR

X

7

T —>R30
il %% :
L] L EnER
| s
B
— +—1— 37200 T -
| (R |\ b
I | l
T\x l l
%
{ M
| || NJ
700 -600 -500-400 300200 <100 © 100 200 300 400 500 600 700 800

DEIRPUT (mV)

Fig. 10. Linearity of ampiifier, showing signal input vs. output.
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minimum was 20mV (depending on the degree of dis-
tortion that is tolerable). Anywhere within this band
the output could be varied over a 26 dB range, and the
response was 3dB down at 20ke/s which was due solely
te the filter response. It was observed that the inductor
caused ringing on the output at a frequency of 30 Mc/s
and with a peak amplitude of 20mV. This occurred
whenever the switch changed state and died away in about
300 ns. This should not prove a serjous problem since
it can be removed at a later stage if necessary, The
lincarity of the circuitry is shown in Fig. 10, the curvature
shown being due to common mode amplification in the
control voltage amplifier and can be readily improved.
It should not piove difficult to extend the frequency
responsc to 100ke/s. The unmodulated oscillator fre-
quency could be raised to 1 Me/s, and at the same time
the output duty ratio could be lowered to 90%, (currently
it is at 959,) which, at 1 Mc/s, would cause the minimum
frequency to be

1 Mgfs % (1—(0.8)%) = 360 ke/s.

This would be almost two octaves above the maximum
signal frequency. Finally, if necessary, the filter could be
improved using more clements,

Summary

A circuit has been described that uses pulsc-ratio modula-
tion to control the effective gain of an audio amplificr
over a 26 dB range, and since the circuit was only con-
structed to illustrate a principle there should be iitile
difficulty in extending its performance to mect any given
requirement. It should be noted that no trimmer or
 setting-up * is required, the active clements are readily
interchangeable with no loss of performance and variation
of supply rails and temperature will give only second
order effects.

Next month it is hoped to conclude this article with
some possible applications.

APPENDIX |
Operation of the Bowes Oscillator
(Figs. 4 & 5)

Assume Trl has just switched on.
Voltage step at collector of Tri:

V.=0{+ia)R oo ¢ - [¢)]
This step also represents the degree of back bias on transistor
T2 since the emitter cannot change instantaneously.
Thus, after time r, transistor Tt2 will conducr again, wherc:—

19=CV fis

Cli, +i)R
( 1{ .) ~ (2)

At this instant, transistor Trl switches off and is back biascd
by V. (via Tr2 and C). Trl switches on again after time 7,
where:—

{y+i2)R
Coti .. B
Ei
Total period (r;+22)=CR(y~+12) (/i + 1/is)
CR(iy +1)?
= R )
i17s
ie fi . 7 iifs &)
i.e. frequency, G iCR " aa oo (€
and if 1, =1, f=1/4CR go .- . ®
110

With no modulation. 7,

APPENDIX 2

Pulse ratio modulation with the Bowes Osciiltator

b=k

‘With instantancous level of modulation a, let

i\ —i—ai
p _m.} —l<a<+1
i iy=i(l—a) and i=i(1+a),
Now, from Appendix 1:—
Pulsc width, ORG++ie)
A
1)4=2CR without modulation
. CR. 2/ o e
1D ii—a) with modularion.
2CR
—a)
e
(- oa e P )]
From Appendix 1:—
i
requency, f- G+ ECR
thus [),=1/4CR
#2(1—a2)
d .
e ) 4i*.CR

1/4CR - (1—a?)
=fa—a) . a0 @

From Appendix 1:—

. : CRG, +iy Fiia
duty ratio, (d.r.) « 'l 5 (1,.' )| C_R(?U—; g
1T, 1 1Hia
fof(iy iz}
i(14a)
5 GHRY)- 2

5]

»

~

il
12.

- (1+a) - aa 00 3
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Silicon Transistor Millivoltmeter

WIDE RANGE VOLTMETER WITH GOOD FREQUENCY RESPONSE AND HIGH INPUT IMPEDANCE

NTIL fairly recently, the high price of silicon planar
transistors has precluded their use by the electronic
experimenter, particularly as similar performance,
with regard 10 gain and f,, has been obtainable from
the very much cheaper germanium alloy diffused tran-
sistor. However, the introduction, by several manufac-
turers, of plastic-encapsulated silicon planar transistors at
competitive prices, has made it possible for these to be
used more generally. Some of the advantages of thesc
transistors are : — .
Low leakage current—Iless than 0.5 rA (total)
Good performance at low coilector currents
Good frequency response
Low noise figure
Both n-p-n and p-n-p types are available.
These features make the use of silicon planar transistors
very attractive as the design can, to a large cxtent, ignore

STEP.
S HIGH LOY/ ATTENUATOR
!
HPUTi—T

——

Fig. I. Basic arrangement of the millivoltmeter.

INPUT
AMPLIFIER

AMPUF\ER/DETHITOR —(@

variations in the transistor parameters and control the
overall performance by the application of suitable nega-
tive fecedback techniques. The author has uscd them in
several home projects, of which the millivoltmeter is an
example.

General design

In the design of a millivoltmeter there arc two main
factors, namely, voltage range and frequency range, which
dictate what system should be used.

In order to obtain a good frequency response from an
attenuator, the simplest method is to operate at low im-
pedance where stray capacitance has least effect and, with
luck, there will be no need to apply compensation. This
conflicts with the common requirement for all voltmeters
i.e. that the input impedance should be high so that the
voltage being mcasured is disturbed as little as possible
by the test gear. Thus, it is expedient 1o use the system
shown in Fig. 1. Here, the first stage will have a high
input impedance and a low output impedance.  This
makes is possible for the low impedance attenuator to be
used without affecting the input. Howcver, as the
dynamic range of the input amplifier is limited both by
the maximum input signal which it can accept and by the
amount of power which it can accommodate, it is neces-
sary to include a range switch right at the input. As this
will necessarily be a high impedance, capacitive fre-
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By D. E. O'N. WADDINGTON, am.LE.R.E.

SPECIFICATION
Ranges
1mV, 3mV, 10mV, 30mV, 100mV, 3060 mV;
1V, 3V, 10V, 30V, 100V, 300V.
Accuracy
Better than +59,. The attenuator accuracy can be
improved if necessary.
Frequency response
+1°,, 50¢c/s o H0Qke/s
+109% (better than 1dB), 16¢/s to 1.5 Mc/s.
Noise Ievel
Around 10V with input open circuit.
Input resistance
Better than 1 MQ for 1mV-300 mV ranges.
10 MO for 1V-300V ranges.
Consumption
I1mA at 12V.

quency compensation circuits will be necessary. 'This
will not add much 1o the complication as it need only be
a two-position switch. The output from the low im-
pedance attenuator is fed 1o the main amplifier/detector
circuit and thence to the meter.

Input stage

Many forms of high input-impedance, low output-
impedance circuits could be used here with very little
change in overall performance. In this case the comple-
mentary feedback pair was chosen as it is economical and,
at the same time, provides adequate performance for the
application.

The use of a low noise, low leakage-current transistor
in the first stage made it possible to use high value
resistors (3.3 M(2) in the base bias chain without any fear
of adverse thermal cifects. Thus, an input impedance
of greater than 1 M was achieved without using boot-
strap circuits which increase the complexity. No over-

D. E. O’N. Waddington, who
was born ot Pietermaritzburg,
South Africa, received his early
training in light engineering at
the Natal Technical College.
He was for some time in the
Aircraft Division of Marconi
(South Africa) Ltd., and since
1957 has been in the develop-
ment department of Marconi
Instruments, Ltd., working on
semiconductor applications for
electronic  measuring  instru-
ments.
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[ SwiTON POSITAONS e [ _Vz ] i
Swis I MILLIVOLTS Swa: 1.1 G
2. VOLTS 2.3
| 310
Sw3t 1. OFF 4. 30
2. 08 5. 100
6 |
|
)
p: Tr2 iV
Sut | s ) o) |
, )
2 2 Cy | \
Trl - i |
NPUT
< 3 25. =0l
|
R !
= 3R, A
2 Sw3
Fig. 2. Circuit of the silicon transistor millivoltmeter.
Resistors R21 47k Q 10% 4W c9 2F 6V Tr3 TI415, 2N2925
Ri JOALO £ 30, 0W R22 5.6k0 -10% W Cio 2aF 6V Trd TIS04, HT101
R2 10k0 5% W R23 2.7k 0 109, jW C11 1000pF 12V Tr5 TI415, 2N2925
R3 3.3M0 10°,1W  R24 1000 109, 1W
R4 33Mu 2109 1W R25 3.3kQ 109 4W Semiconductor Devices Miscellancous
R5 33kQ =109, W R26F 5320Usc561 5% Di 1S44, INO14 M 100:A fs.d.
R6 1kQ 10, 1W shunted to give D2 1544, 1N914 S1 d.p.d.t. toggle swilch
R7 2.16k O 5, EWF correct calibraiion ZD1 OAZ206 S2 two-pole,  six-posi-
RS 6831¢) R27{  22Q 5% W Trl TL415, 2N2925 tion wafer switch
R9 216Q R28 39002 100, W Tr2 T1S04, HT101 S3 d.p.s.t. toggle switch
RIO 6830 .
R11 21.642 Capucitors {“3‘“: , e
Ri2 00 Cl 3-8pF  Philips %on-mducuvc Lypes _(cmbron)A .
Ri3 1700 [rimmer R7 2.16kQ Q in parallel with 120kQ (-10%)
Rl ]805 C2 001517 30V R9 2160 220 in paralle! with 12kQ (4-10%)
R15 6841 c3 01:F 350V RI1 .’%1,6!2 2211 in parallel with 1.2k Q@ (£10%)
R16 220 Ct 100.F 12V s The use of the nearest preferred value (i.c. 680 or 6802
R17 47k Q 1 c5 25.F 6V RI10 will introduce an crror of only 0.5% in addition to
R18 68k ) ! [ 5.F 6V { the normal component tolerance.
R10 6.8k (2 -100, 1W Cc7 100sF 6V It greater accuracy is required, the attenuator resistors can be
R20+ 220 5%, {W C8 500uF 6V aiven closer rolerances.

joad protection circuit was included in the original
voltmeter as it increases the input-capacitance, and may
also affect the overall frequency response.  (The modifica-
tion necessary to add this protection if it is required is
very simple and is shown in Fig. 3.)

Meter-range switch S.2
This is a simple volage-divider circuit with the values

chosen such that the steps are in the ratio /10:1 thus
making it possible to use the sume dB scale on all ranges

. Fiz. 3. Alterna-
FROM I——\“}g tive input circuit
Swl C 3k 1W with  protection
i diodes included.
IS4 Re
112

of the meter, The series resistors included in position 3
10 6 of the switch, serve to keep the output impedance
of the divider more or less constant. This minimizes
errors due to loading of the divider chain by the input
impedance of Tr3. In order to prevent large transients
during range switching, both the input and cutput of the
attenuator are isolated by means of capacitors.

Amplifier and detector

This scction consists of two common-cmitter amplificr
stages, coupled by an emitter follower. Overall d.c. feed-
back from the emitter of TrS5 to the base of Tr3 stabilizes
the working points of the transistors very cffectively. The
rectifier circuit, which is of the voltage doubling type, is
connected in the feedback loop from the collector of Tr5
to the emitter of Tr3. The cffect of this is two-fold: it
provides a high source-impedance feed for the rectifier
circuit thus ensuring a linear scale shape and it also stabi-
lises the gain of the amplificr. In building this circuit,
care must-be taken to ensure that R20, R26 and R27 are all
non-inductive as these resistors control both the gain and
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the frequency response. Silicon planar diodes are used
as rectifiers and, in order to help the signal to overcome
the pedestal voltage, a standing bias potential is 'lpphed
across them by means of R24. Meter protection is
accomplished by limiting the current through the output
transistor and thus the drive to the rectifier circuit.

Construction

The layout of the circuit is not very critical provided that
lead lengths are kept reasonably short and the input
circuitry is not mixed up with the output. In the experi-
mental model it was convenient to make the input ampli-
fier on one piece of “ Lektrokit” board and the amplifier-
detector on another. (Figs. 4 and 5.)

Setting up

There arc two adjustments (gain and frequency response)
which need to be made in order to ensure that the volt-
meter works correctly, To set up the gain, switch the
voltmeter to the 1V range, apply a signal having a fre-.
quency of approximately 400 ¢/s but with level set 1o 1V
as precisely as possible to the nput. Adjust the value of
R26, by shunting it with resistors having values in the
range from 330 € to 10k, until the meter reads exactly
full scale. The fquucncy response is not quite so casily
sct up as it requires the usc of a signal source capable of
providing an accurate volt at 100ke/s. If this is available,
the procedure is 10 use this as the input signal on the 1V
range and to adjust C1 for full scale deflection. The meter
scale will be identical with that given on p. 270 of the
June 1964 issuc.

Performance

The accuracy of a voltmeter, such as has been described,
is very dependent upon the accuracy with which the gain
may be set and also the accuracy of the resistors used in
the voltage divider chains. However, an accuracy of
better than +5% is fairly casily attainable with generally
available components. If a better accuracy is required,
the attenuator resistors can be given tighter tolerances.
The frequency response may be set to be flat to within
=+ 1% from 50 ¢/s to 100 ke/s. In the experimental model,
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the response was found to be +£10% from 15¢/s to 1-5
Mc/s. The noise level indicated on the mcter, with an
open circuit input but with the instrument installed in
its metal box, was of the order of 10pV. Batwery con-
sumption is approximatcly 11 mA.

CONFERENCES & EXHIBITIONS

Further details are obtainable from addresses in parentheses

Mar. 10-11 Burlington House
Circular Dichroism—Electtonic & Structural Principles
(Royal Socicty, Burlington House, W.1)
Mar. 15-17
Public Address Exhibition
(A. J. Walker, 394, Northolt Road, South Harrow, Middx.)
Mar. 28-3L Alexandra Palace
Physics Exliibitios
(Inst. of Physics & Phys. Soc., +7 Belgrave Sg., S.W.1)
Mar. 23-30 Earls Court
Electrical Engineers Exhibition
(A.S.E.E. Exhibition, 25 Aluscum Strect, W.C.1)

CRANFIELD

Mar, 21-24
Acrospace Instrumentation Symposium
(M. A. Perry, College of Acronautics, Cranfield, Beds.)

King’s Head, Harrow

College of Acronautics

EASTBOURNE

Mar, 22-23
Exploiting Instrument Devclopment
(Scientific Instrument Research Assoc., Chislehurst, Keat)

OXFORD

Mar. 30-Apr. 1
Nuelear and Particle Physics
(Inst. of Physics & Phys. Soc., 47 Belgrave Sq., London, S.W.1)

OVERSEAS

Grand Hotel

‘The University

Feb. 25-Mar. 6 Copenhagen
Internatignal Electronics Fair
( Julius Th Plads 1, C ) )

Mar. 2-4 Washington

intillation & Semicoud; Counter S,

(LEE.E, 345 East 47th St., New York, N.Y. 10017)

Mar. 10-15 Paris
Festival du Son
(S.ILE.R.E. 16 rue de Presles, Paris 15)

Mar. 28-31 Paris

Electronic Switching
(C)olloquc de Commutation Electronique, 16 ruc de Presles, Paris
15
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Digital Television Transmission

Why has there been a revival of interest

television signale by pulse code modulation ?

in transmitting
This article takes

a look at some of the experimental work in progress and the

incentives behind it

LTHOUGH the transmission of television pictures
by pulse code modulation has been the subject of
experiments for 15 years or more,' it is only recently

that this technique has been looked at seriously as a
means for satisfying practical needs. It has been a case
of a good idea waiting for applications. Onc of the
main problem, of course, has been that a pulse coded
television signal requires considerably more bandwidth
than the original video signal—although in exchange for
this one gains a valuable increase in signal/noise ratio.
There are several reasons for the current restirgence
of interest. In the first place, p.c.m. wclephony has shown
itself to be a practical proposition for use in public
services®,  Secondly, the advent of solid-state circuitry
has made it possible to design complex digital encoding,
decoding and regenerating cquipment that is reliable,
compact and ecogomical t© manufacture. Thirdly, the
wide-band transmission systems needed for transmitting
p.cm. signals are becoming cheaper and cheaper. Pre-
sent systems use coaxial cable, but there are possibilities
of even wider bandwidths with the long-haul wave-
guides and coherent light guides of the future.
Allowing that new e¢lectronic techniques—and the
practical experience gained with them—have put the
means of p.c.m. television in a morc atwractive light, what
arc the particular ends our systems engineers have in
mind in 19662 There are, of course, the spectacular
applications in the cxploration of space. The successful

transmission to Earth of pictures of the planet Mars

from the Mariner IV spacecraft’ showed what could be
done in overcoming extreme signal/noise ratio problems.
Military television applications arise from the possibility
of using secret codes for the p.c.m. signals. But the
widest use of p.c.m. television is likely to be in broad-
casting—in conveying signals between studio centres,
outside broadcasung sites and transmitters. Most of
this, of course, would be done through the communica-
tions network operated by the Post Office, and here it is
necessary 1o consider television signal transmissions as
merely one part of the whole communications pattern.
Forward thinking in this ficld envisages increasing use of
digital techniques, not only in conveving the information
but in switching as well. This means, in the first in-
stance, p.c.m. telephony and high-speed data transmis-
sion. First, a number of “digital areas” centred on the
large cities might well be developed, and then these
would be linked by digital trunk routes. Efficient use of
channel capacity depends on time division multiplexing
of the pulse trains representing different types of in-
formation. Thus, in the future it is likely that the trans-
mission of television signals would have to fit into some-
such comprehensive scheme of time division multiplex-
ing, and pulse codiug 1s necessary to enable this to
be donc.

Broudcasting organizations arc investigating the possi-
bility of using puisc coded signals within their own
wlevision studio centres. Tt is thought that this coding
will facilitate automatic methods of switching and control

Fig. I. Experimental encoding and decoding
equipment at Standard Telecommunication
Laboratories.
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fig. 2. Workers in the Research Laboratory of Electronics,
Massachusetts Institute ‘of Technology, U.S.A., have been studying
subjective ossessments of the quality of quantized still pictures,
using o computer-simulated p.c.m. system with vaoriable system
parameters and @ picture inputjoutput device. On the graphical
results shown here for two subjects, a face and @ crowd scene, the
solid lines are isopreference curves (curves of constant preference)
and these indicate how picture quality varies with the number of
brightness levels used (==2%) and with the spatial sampling rate
(number of samples in o picture = L X L). The number of bits per
picture is N — L x L x B, and for guidance, curves of constant N
are shown by the broken lines. (Further details in ™ PCM picture
transmission ' by Thomas S. Huang in the December 1965 issue of
IEEE Spectrum, to which acknowledgement is made.)

and so reduce the dependence of the final transmitted
picture on the skill of individual operators.

Pulse code modulation was invented in 1938 by Alec
H. Reeves, and it is only to be expected that the main
British work on p.c.m. television 1s being done in the
organization where he still works—Standard Tele-
communication Laboratories at Harlow, Essex. Here
cxperimental equipment has been developed by which
625-line television pictures can be transmitted over 960
yards of coaxial cable (see Fig. 1). Wireless World's

reporter found the received picture indistinguishable
from the original when both were viewed at the correct
Closer
showed that

distance on adjacent 23-inch K-B television sets.
examination of the reccived picture

cxtremely small flaws were being introduced by occa-
sional coding trrors in the transmission system. These
appeared as tiny black spots or slots in individual lines,
bur were so infrequent and so randomly distributed over
the picture as to be hardly discernible. S.T.L. statc
that these impairments will be almost completely era-
dicated in future equipment.

Code for sync pulses

As is well known, the principle of p.cm. is to take
samples of the analogue signal waveform at a rate at
least twice that of the highest component frequency to
be distinguished (the Nyquxst rate') and to encode each
amplitude value into a binary number represented by a
sequence of pulses. Whereas the analogue waveform is
a continuous function of time, the cncoding process in-
troduces quantization and consequently the p.cm.
representation of the waveform is constructed from a
finite number of amplitude levels. In the S.T.L. cquip-
ment the toral swing of the picture waveform. from peak
white to black levelf (excluding sync pulses) 1s divided
into 80 amplitude levels, and the rate at which these
levels arc sampled 1s 12.5 Mc/s. The sync pulses are
not treated as part of the waveform because, being cyclic
and of constant amplitude, they have a high degree of
redundancy, and it would be a waste of channel capacity
to use 30% of the available amplitude levels (and the
corresponding code characters) to represent them. Thus
the sync pulses are represented by one additional ampli-
tude level (making 81 levels altogether for the compo-
site waveform) and the presence of this amplitude level
is signalléd by one corresponding code character.
Choice of the sampling rate and number of amplitude
levels has been determined mainly by the spectrum of
the 625-line television signal, by the transmission
channel bandwidth available and by the limitations of
present-day pulse circuits. Other considerations may
enter into i, however, and, for example, a group at the
Massachuserts Institute of Technology, U.S.A,, is study-
ing how sampling rate and number of amplitude levels
affect subjective assessments of picture quality (sec Fig.

2).

Block diagrams of the S.T.L. encoding and decoding
equipment, which uses solid-state circuitry, are shown in
Figs. 3 and 4. In the encoder it will be seen that the
television sync sxgnal is separated at an early stage and
used to initiate the appropriate code character. The
picture waveform passes to the sampler and here the

amplitude samples are temporarily held as analogue

TIMING
DISTRIBUTOR

VIDEO SIGNAL

BLACK LEVEL
SAMPLER

SAMPLING PULSE

100 Meitfsec
DIGITAL CLTRUT
50Mbit/sec

IRITIATES.
SYNC CODE

fig. 3. Block diagram of the §.T.L.
encoder. Timing is provided by a
12.5-Mcfs crystal-controfléd mastér
clock.
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50Mbit/sec

100Mbitfsec
DIGITAL _IHPUT

HALF
DE-SERIALIZER

CODE DECODER
CONVERTER SUB-UNITS

WEIGHTING ¥ VIDEO SIGHAL

B

100Mes
TIMING
WAVEFORM

AUTOMATIC
CHARACTER
SYNC

TIMING
DISTRIBUTOR

Fig. 4. The S.T.L. decoding equipment.
Timing here is provided by a waveform
extracted in an ossociated regenerative
repeater (not shawn).

voltages for 50 nsec to allow time for the coder to operate.
At this point it is essential to ensure that the black level
of the picture is rcpresented by a constant analogue
voltage value—that is, the d.c. component must be main-
tained—otherwise, the coder will generate incorrect
characters. This is the function of the “black level
sampler,” which is part of a sampled-data control loop
providing a fvedback signal that adjusts the d.c. level of
the picture signal.

The next stage is the process of analogue-ro-digital
conversion. In order to represent 81 amplitude levels in
the type of signalling code employed, 8-digit binary
characters are necessary. With a sampling frequency of
12.5 Mc/s this means a final transmitted digit rate of
100 Mbit/sec. To achieve the high speed of analogue-
to-digital conversion necessary for this signalling rate,
the conversion is performed on a parallel basis—that is,

Dh-owt O o-per
DIGIT SEQUENCE
—

12345678

AMPLITUDE T
SUB-UNIT LEVELS

T ENCODER
SEQUENCE

L
e

| — )

2 A

1 £H

|

! | P

TV.SYNC CODE - i
PRTTERN (b)

CATTERMOLE. TERNARY-8ASED
CODE CODE

Fig. 5. Binary codes used in the S.T.L. encoding/decoding equip-
ment; (a) Cattermole unit-distance code; (b) ternary-based code
which can be translated into and from a balanced code.
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each amplitude sample is converted into a binary charac-
ter represented by eight bits appearing sinndraneously on
eight wires. It is not, however, possible 1o use a single
parallel coder to convert all the 81 amplitude levels as
this would raise considerable problems in drive, pro-
pagation time and instability as a result of interconnect-
ing large numbers of solid-state logic circuits. Instead
the total range of amplitude levels 1s first separated inio
14 groups of 6 levels each (except in two groups) and for
each of these 6-level groups a separate parallel coder
sub-unit is provided. The outputs of the 14 coder sub-
units are then combined. The separation into 6-level
groups is performed by a chain of voltage discriminators
set by appropriately graduated reference voltages.

In the encoder each amplitude level is converted into
a pattern of 8§ simultaneous digits according to the
scheme shown in Fig. 5 (a). This code was devised by
K. W. Cattermole of S.T.L. and its features will be
described later. Next the parallel code characters have
to be transformed into serial characters for transmission,
and for economy in transistor circuitry in the “balanced
code converter * this is done in two separately operating
sections of the *half-scrializer ”—one section producing
digits 1, 3, 5, 7 as a serial pulse train at the same time
as the other section produces digits 2, 4, 6, 8 as a similar
pulse train (e.g. digits 1 and 2 occur simultaneously).
The two resulting 50 Mbit/sec serial pulse trains then
pass through a code converter and are finally interleaved
in the “ full scrializer” to produce a 100 Mbit /sec output
which is transmitted through the 960-yd coaxial cable.

Need for balanced code

The function of the code converter in Fig. 3 is 0
achieve a type of code which simplifies the transmission
system  equipment—notably  the pulse-regenerating
repeaters needed to make up the losses and distortions in
long distance communications circuits. Pulse regenera-
tion is basically at matter of amplification followed by
amplitude slicing to restore the incoming distorted wave-
form 1o square-pulse form. If, however, the incoming
pulsc code waveform is unbalanced—that is, contains long
sequences of similar digits (all 1s or all 0s)—d.c. restorers
are necessary in the repeaters to ensure that the waveform
is sliced at the correct levels. If, however, a balanced
code can be used (waveform containing approximately
cequal numbers of Is and 0s) d.c. restoration is unnecessary
and the repeaters are consequently simplified. In addi-
tion, with a balanced code, the repeaters can work at lower
supply voltages, allowing more repeaters to be supplied in
series through the same cable; all amplifiers are uniformly
loaded and they nced not be linear; and the necessary
extraction of the pulse repetition frequency in the repeater
is simplified and the timing errors due to level changes

(Continted on page 117)
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The U.H.F. Watimeter Type 319 For carrier measurement no

is a light and compact instrument additional power is necessaryy
for measuring C.W. power, internal dry batteries provide
sideband power, and modulation power for sideband and

depth in the frequency range modulation measurement.
I-HOOMc/s. Carrier and sideband This instrument is one of the
powers are indicated directly units in the Airmec range of
on a 33" scale meter in two U.H.F. equipment which includes
ranges. Percentage modulation connectors, adaptors,

depth is shown ona attenuators, reactance lines,
potentiometer scale. siotted lines etc.

Al I“mec for peak performance consistently

LABCRATCRY INSTRUMENTS BIVISION

Oscilloscopes, Wave Analysers, Signal Generators, Phase Meters,
Valve Voltmeters, Frequency Standards, High Speed Counters, etc.
AIRMEC LIMITED, HIGH WYCOMBE, BUCKS, ENGLAND
TELEPHONE: HIGH WYCOMBE 21201 (10 LINES)

0 AP2864
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are reduced. The purpose of the code converter in Fig. 3
is therefore to transform the generated Cattermole code
into a balanced code providing these substantial advan-
tages.

This rransformation is performed on the basis of a
ternary code, as shown in the table below. A ternary
code is one in which numbers are represented in terms

Ternary code Binary coded Balanced code

version
[ 0 "ol | o1
| 00 00 or i
2 10 10

of three digits, 0, 1, 2, instead of the two digits of the
bmary scale or the ten of the decimal scale—the digit
positions in a ternary number having the weights of
powers of 3, that is, 3°, 3', 3%, 3" ¢cte. The three digits
of the ternary code can bL represented in binary form,
as shown. Here the ternary digit “1” is represented
by 00, but it could equally well have been 11 because this
combination is not used by either of the other two ternary
digits, 0 or 2. This fact is made usc of to produce a
balanced code, by representing the ternary “17 altern-
ately by 00 and 11. The waveform of the balanced code
has the properties that its mean value is always equal
10 half its peak-to-peak amplitude and that never more
than four Is or four Os follow each other.

The Cattermole code generated by the encoder is one
of a class of what are called “unit-distance codes.” A
more familiar member of the class, and also used in
p.c.m. television, is the reflected binary or Gray code.
In analogue-to-digital conversion these codes have the
property that, in handling a transition between adjacent
analoguc levels, only one digit changes. (This can be
seen from Fig. 5(x).) This property is valuable because
it avoids the encoding errors which might arise if several
digits changed simultancously, as they do in pure binary
(e.g. with a five-digit binary code a transition between
analogue values 15 and 16 would cause all five binary
digits to change simultaneously), and it is to avoid such
crrors that the Cattermole code is used in the Fig. 3
equipment. It is used in preference to the more familiar
Gray code because its particular cyclic pattern simplifies
the circuitry for the subsequent transformation into a

Fig. 6. Regencrative repaater used ot the receiving terminal of th:
$.T.L. experimental equipment.

WIRELESS WORLD, Marci 1966

balanced code. In this last-mentioned process the Cat-
termole code is first converted into a ternary based code,
of the type shown in the table above and in Fig. 5(b),
which is then transformed into the balanced code. All
these operations are performed by solid-state logic cir-
cuits.

In the decoder (Fig. 4) the incoming 100Mbit/sec pulse
train- is first divided into two 500Mbit/sec trains, each
of which is then converted back to the ternary-based code
of Fig. 5(b). Therc are cight decoder sub-units, one for
each digit position, and cach sub-unit produces a sequence
of analogue voltages corresponding to the arriving digits
in that position. These voltages then pass into a weight-
ing network where proportions of them are taken and
combined according to the weights of the digits in the
respective positions (the television sync pulse being also
restored by this process). The resulting sequence of
discrete voltages is then smoothed into a continuous
wave-form by the video filter and passes to the picture
display equipment.

Regenerative repeater

Synchronization of the decoder with the encoder is
achieved by a 100-Mc /s timing waveform extracted from
the 100Mbit/sec p.r.f. in a regenerative repeater at the
decoder terminal. This waveform is applied 1o the
“ automatic character sync™ unit which controls the
timing of the various decoding operations. The regenera-
tive repeater (Fig. 6) operates by sampling the incoming
distorted waveform—afier it has first been amplified by
65 dB—with accurately timed short pulses derived from
the 100Mbit/sec repetition rate of the input. These
short sampling pulses are obtained by amplifying, slicing
and differentiating the incoming signal and then applymg
the differentiated pulses, after further amplification, to
a filter with a high Q factor (400), the resulting 100 Mc/s
sinewave being then once again sliced and differcntiated.
The short code pulses resulting from the sampling pro-
cess have a duration of 4 nsec and have to be stretched to
restore them to their full width of 10 nsec as generated
by the encoder.

A certain amount of work on pulse coded television
has also been done by the Automatic Telephone and Elec-
tric Co. at Liverpool. At last vear’s Physics Exhibition
in Manchester they showed an experimental equipmant
for encoding signals with a bandwidth of 6.5Mc/s. It
used a 7-bit parallel code of the Gray type and the parallel
characters were subsequently serialized to give an output
digit rate of 91 Mbit/sec. The company claimed that
this type of encoder would allow full quality colour trans-
mission to be achieved.

In the U.S.A. the main work on pulse coded television
is being done at Bell Telephone Laboratories in Naw
York. Little need be said about it here as the cxperi-
mental equipment (see Fig. 7) is very fully described in
three papers in the Bell System Technical Fournal for
November 1965. Suffice to say that the equipment is not
for television transmission alone but muluplexes tele-
vision, telephony and high-speed data into a final puilse
code strecam of 224 Mbit/secc. The system will handle
two television pictures; 3,456 voice channels; or £64 voice
channels plus a television picture plus a composite signal
comprising 600 frequency division multiplexed voice
channels. The complete television waveform, including
the sync pulses, is quantized into 512 amplitude levels,
requiring a 9-bit unit-distance (Gray) code, and the
sampling rate is 12.352 Mc/s. Encoding is performed
by either a solid-state encoder or a special deflected-beam
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Fig. 7. Part of the Bell Telephone Laboratories experimental p.c.m.
cquipment. This urmit simulates the pulse jitter that would accuru-
lote over @ 4000-mile transmission system. Automatic compensation
for jitter is provided.

coding tube. At present the tube still gives a slightly
better performance, though it is expected that solid-state
circuitry will catch up soon.

In the time-division multiplexing of the different
signals, an interesting method of synchronization called

LITERATURE

A wall chart giving “A summary of Texas Instruments
silicon teansistors” has becn published by their stockists
Quarndon  Electronics (Semiconductors) Litd., Slack Lane,

Derby.
WW 301 for further details

Airpax Electronics Inc, have produced a G-page bulletin
(F-8) on “ Electromagnetic Pickups.” It contains details of
seven of their transducers and discusses the application of
magnetic pick-ups to tachometry, counting, positioning,
motion study, timing, vibration measurement and synchronis-
ing. Copies are available from the Seminote Division of
Airpax Electronics Incorporated, P.O. Box 8488, Fort
Lauderdale, Florida 33310.

WW 302 for further details

A short-form caralogue of the “ Medical Electronic Instru-
ments ” manufactured by San’ci Instrument Company, of
Tokyo, is available from Instrumentarium Ltd,, 28 Man-

chester Street, London, W.1.
WW 363 for further details

The complete range of Zemer and refercnce diodes cur~
rently made by Motorola Semiconductor Products Inc. are
included. in a sciection guide—which takes the form of a wall
chart—obrainable direct or from the UK. stockists, Celdis
Lid., Trafford Road, Richficld Estate, Reading, Berks.

WW 304 for further details
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“ pulse stuffing” is used to avoid the necessity of locking
the digit rate of the lower speed signals to that of the high
speed !mc. Furthermore, the technique also allows in-
formation to be readily added or taken off along the route.
Pulses from each coder (or from lower speed digital in-
puts) are written into # small digital store and then read
out at a slightly faster ratc which is an exact sub-
multiple of the line rate of the high speed system. Each
time the store is about to be cxhausted, an extra pulse
having no information-carrying value is generated and
“stuffed ” into the stream transmitted on the line. This
produces a pause in the read-out from the store and allows
it to refill. Thus, input sources whose rates differ by
small amounts are synchronized to the digit rate of the
high speed line. At the receiving terminal, the pulses
are _demul[iplcxcd and cach signal is written into its
receiving digital store and read out at the original rate
which that signal had. This is possible because the
transmitting terminal sends control signals to the receiver
to inhibit the writing of stuffed pulses into the receiving
store.

Pulses leaving the multiplexer are converted to a
balanced code, for the reasons explained above, but this
is a three-level code called paired selected ternary. In
this code, sequences of binary digits are grouped into
pairs and transmitted as combinations of positive pulses,
negative pulses and absence of pulses,

REFERENCES

1. One of the earliest accounts of work in this field was
«Television by Pulse Code Modulation,” by W. M. Goodall,
in Bell System Technical Fournal, Vol. 30, January 1951,
pp. 33-19.
2. See, for cxample, “P.C.M. for G.P.O. Tclephones,”
Wireless World, February 1965, p. 87.

3. “Picture transmission from Mars,”
August 1965, p. 385.
4. See “Information Theory and Pulse Communication,”
by D. N. Tilsley. Wireless World, June 1965, p. 265.
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RECEIVED

A 28-page catalogue on the range of Variac variable trans-
formers made in this country by the Zenith Electric Com-
pany (under licence from General Radio) has been sent 10
us by the exclusive UK. distributors, Claude Lyons Lid,, of
76 Old Hall Streer, Liverpool 3.

Ww 305 for further delails

Vibro-Meter Corporation, of Switzerland, have produced
4 shori-form catalogue on their transducers and associated
clectronic cquipment.  This is obtainable from the company’s
recently opcned  British Office at Haletop Civic Centre,
Wythenshawe, Manchester 22.

WW 306 for further detatls

Arcolectric Switches Ltd., of Central Avenue, West Mole-
sey, Surrey, announce that their 1966 catalogue (No. 136)
covering their range of switches, neon indicators and signal
lampholders is now available. A price list appears in the
front of this 62-page publication.

WW 307 for further details

Lind-Air (Supplies) Ltd., of 53 Tottenham Court Road,
London, W.l, announce that a new catalogue containing
details of over 100,000 different types of British and Ameri-
can plugs, sockets and conncctors is now available. A num-
ber of supplementary leaflets, on pen recorders, transducers
and accelerometers, microwave components, and semiconduc-
tor devices and valves, arc to be found within the catalogue.
WW 308 for further defails
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INTEGRATED CIRGUITS FLOOD INTO EUROPE

NEW LINEAR AND DIGITAL TYPES AT PARIS ELECTRONIC COMPONENTS SHOW

mercial invasion of Europe by Amecrican electronics

companies, it is only when one goes to a truly inter-
national exhibition like the Salon Inrernational des Com-
posanis  Electioniques (Paris, Parc des Expositions, 3-§
February) that one appreciates its full impact. Here one is
faced with the combined forces of the latest American pro-
duct technology before they have become absorbed into the
narive indusiry. his vear in Paris the latest invasion force
was obviously integrated circuits.* Of the 22 exhibitors of
these devices counted by our reporter, 16 were American, four
were French and two were British.  The Americans, it would
scem, are desperately anxious to capture as much of the
European market as possible. Integrated circuits only become
competitive with conventional circuits when they are made
in subiiciently large quantities. This means that there is room
for only a small number of manufacturers, and it has been
estimated than even the U.S.A. market may support only
about five companivs. Thus the question of who will sur-
vive and who will have to pull out in the U.S.A. may weli
depend on how much of the European market each manu-
facturer can secure.

In such an atmosphere the European producers of inte-
grated circuits, although well advanced in technology, have
their backs to the wall commercially. At the Salon, for
example, two major French companies, Cosem (controlled by
CS.F) and Sesco (controlled by CF.T.H.) revealed that
they were exploring the possibility of u co-operative agree-
ment to meet the American competition. In Britain, Fer-
ranti and Marconi are jointy manufacturing a range of cir-
cuits,.and in Holland, the Philips company have tied up with

ALT}IOUGH there is a great deal of talk about the com-

“Wireless World uses this term in the broadest sense 10
lithic semiconductor devices, thin-flm cirevits and hybrid

The semiconductor chip of a monolithic operatianal ampiifer
with a veltage gain of 45,300 recently introduced by SGS-Fairchiid.

Westinghouse Llectric International in a technolozy exciaange
ugreement.

A noticeable technical trend was the increasing number
of lincar integrated circuit devices coming on the markes.
These were mostly general-purpose amplifying devices—
operational amplifiers, video amplifiers, d.c. ampliiters, differ-
ential amplifters and the like. One of the latest was 2 mono-
lithic operational amplifier from SGS-Fairchild, the type
1y 709, which had a high voltage gain of 45,000 and an
output voltage excursion of +14V. An operational ampli-

Stoges in the construction of o hybrid integrated circuit os demonstrated by LCC-Steafix—
one of the many passive-component manufacturers who are going into the thin-film business.

Examples of Microwave Associotes’
miniature i.f., pulse and logarithmic
amplifiers using integrated  circuits.
Frequency range: 30 to 350 Mc/s. Bond-
widths: 5 to 100 Mc/s. Gain factors:
60 dB to 100 dB.

B

WIRELESS WORLD, MARCH 1966

- N
SR
7%




to 100 kefs.

This  English  Electric
w.h.f. klystron will oper-
ate ot the high peak
output power of 40 kW.

500 €2 to 220 ki),

fier in a TO-5 can shown by Motorola allowed a choice of
inpur impedance—20 ki! with conventional input circuit or
2 M with a Darlington circuit.

For higher frequency working several manufacturers were
offering wide-band amplifiers with —3 dB bandwidths of
100 Mc/s and voltage gains of the order of 10-15. The
Philco monolithic SA-20, for cxample, packaged in an 8-lead
TO-5 can, has an input impedance of 1,6 k%, an output imped-
ance of 51 and operates from a 24-V supply. Comprising
three direct-coupled transistors and six resistors, it has —65
dB inrermodulation distortion, a pulse response of 10ns and
provides terminals by which an external fesdback capacitor
or filter network can be connected into the second stage.
Other amplifiers had smaller bandwidths, up to 35 Mc/s, and
voltage gains in the range 10-50. Monolithic af. amplifiers
—particularly suitable for hearing-aid amplifiers carried in
the ear—included a three-transistor circuit made by La Radio-
technique, with a gain of 80dB and package dimensions
of 27%X2.7%1.1 millimetres, Noisc figures are about 4 dB.

Because of their small size and monolithic construction the
majority of lincar amplifiers now available are very low power
devices of not much more than 50mW dissipation, but
this is not a fundamental limitation. An a.f. amplifier eircuit
in a TO-5 can shown by Motorola, for example, gave an
output of 1 wartt (with 0.5 % total harmonic distortion). For
higher powers the hybrid integrated circuit technique is
necessary. A good example was a servo amplifier, shown by
C.S.F, with a power output of 3.5 watts. It comprised four
scparate transistor chips—a preamplifier, an amplificr and
two power wansistors—with thia-film tantalum or nickel-

120

Numerical indication of signol level in decibels with respe:t
to 0dB reference (1mVY into 600 () is given bythis Compagnie
des Compteurs instrument designed for the range 10 cs

A return to the multipic resistor clements of the 1950s?
Examples shown by Eina Denshi offer resistance values from

chrome resistors and aluminium inter-
connections on a silicon substrate, all
mounted in a transistor-type package of
about Yin diameter. The gain at 400¢/s
(the amplitier being designed to work in
synchro circuits at this frequency) was
60 dB. Another servo amplifier of
hybrid construction, this time with an
output of 5W was shown by Solitron.

Digital integrated circuits still domin-
ate the scene, however, in a variery of
circuit techniques with different power,
speed, loading and noise immunity
characteristies—DCTL. (direct coupled
transistor logic), DTL (diode/transistor
logic), RTL (resistor/transistor logic),
TTL (transistor/transistor logic) and
several others. Apart from the usual
gates (mostly NAND/NOR logic) and
flip flops, a whole host of more complex
functional units was 1o be seen, includ-
ing shift registers, code converters, mem-
ory scnsing amplifiers, counters, and
half adders. RCA, having entcred the
intcgrated circuit ficld rather late, came
out with a comprchensive range of digi-
tal and linear circuits, and these included
a family of exceptionally high speed OR/
NOR gates with propagation delay
times of only 3.6 ns. This company
were also showing monolithic ferrite
memory modules, using l-inch squarc
ferrite ‘wafers, each providing the
cquivalent of 4096 ferrite cores, with
associated integrated-circuit diode selec-
tion matrices. The type MF2100
module, for exampie, had a storage
capacity of 64 words with 64 bits per
word, used 128 diodes and had a
switching speed of 35 ns.

Another advanced technique, shown by General Micro-
electronics, was the use of the m.os. insulated-gate ficld-
effect transistor as the basic element in monolithic integrated
logic circuits, Because of the high input impedance of the
IGFET—the gate draws no input current—a very large
number of the clements can be driven from the output of
one clement, and clements can function as memory celis by
virtue of the charge storage cffcct. The IGFET elements
work in the enhancement mode and this is stated to give
good noise immunity because a threshold voltage must be
exceeded before current will flow through the device, The
number of clements per circuit can be 10 to 100 times
greater than with epitaxial junction integrated circuits and,
in fact, the cconomic competitiveness of the system depends
on having at least 30 NAND/NOR elements per package.

Other items noted.—A whole range of off-the-shelf colour
television receiver components and subsystems (OREGA)®
Artificial rcverberation introduced mechanically in loud-
speaker enclosures by coiled-spring resonant structures driven
by rods from the cone, reverberation times being 8-15 scc
over passbands between 50c¢/s and 16kc/s (Audax)®
Dircct-current  motors  without brushes and  synchro
sesolvers using the Hall effect (CSF) @ Small variable
autotransformers as alternatives to potentiometers in low
power circuits (Radiophon) @ Magnetrons for industrial
heating (Varian and CSF) and rod-type heating clements
heated by electron bombardment of a diode anode (Eimac)®
A water tap for hospitals, laboratorics, ctc., controlled with-
out touching by a proximity detection deviee (Hosiden
Electronics).
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A Graphical Method

T often happens that a quick harmonic analysis is re-

quired in circumstances where specd is more impor-

tant than a high order of accuracy. The following
mcthod is a ready means of determining the amplitude
and phase relationships in a complex waveform, provided
that the levels of the Sth and higher ordérs are relatively
low,

The accuracy obtainable depends upon the plotting
accuracy and the relative levels of harmonics and funda-
mental, with higher harmonic levels giving a greater
accuracy. It is possible to obtain values of +0.5dB
for harmonics at —20dB and -+3dB for harmonics at
—40dB, from the plotted curves.

Before proceeding with the description, however, it
must be mentioned that the method is not new. It was
devised by J. Harrison many years ago and has since
appeared in several text books, one of which is Castle’s
“Manual of Practical Mathematics * published as long ago
as 1920. A more theoretical explanation of the method
was given in Experimental Wircless in 1934'. Another
graphical method was also described in Wireless World
in 1962°. However, a recent sampling (admittedly a
small one) raken among younger engineers and students
seems 10 indicate that it has fallen into disuse—indeed,
it was quite unknown to them—which is a pity, for it
can often save valuable time.

Description of the method

Perhaps the simplest way of describing the process of
waveform analysis by this method is by practical illus-
tration.  Fig 1 is a plot of a complex waveform, the
main constituents being fundamental, 2nd harmonic and

Eil==
o= |
[

e

% o
Fig. I. A complex waveform with second and ol
third harmonic content. The points identified A
numerically every 30° on_the waveform are | oo 0 Kb

projected to determine the graduations on
the cord strip. i

of Harmonic Analysis

V. O. Stokes, joined the Mar-
coni Company in 1926, at the
age of 20, ofter two years with
Western Electric.  He spent
seven years in the Test Depart-
ment and in 1935 transferred to
research and development. In

i

1950 he took charge of the group = .
responsible for the design and (‘ -y @»
development  of transmitters. LY J
In 1963 he became assis- X 7

tont chief transmitter engineer e

and since last November has been -3

assistant to the chief engineer, -gf
telecommunications,  He is also J

editor of the Company’s journal m
Point-to-Point  Telecommuni-

cations.

3rd harmonic. Points 0 to 11 arc marked on the wave-
form at 30° intervals: 0 at 0%, 1 at 30°, 2 a1 60°, etc.

On a separate strip of paper, also shown in Fig. 1,
the amplitude of points 0 to 11 are marked with respect
to zero level. In practice, the paper strip is moved
along in 30° steps, 10 obtain the best accuracy.

This marked strip is used to plot curves—shown in
Fig. 2 and described later—of the constituent compo-
nents of the waveform, by substracting and adding the
amplitudes of the various points in accordance with
Table 1.

In Table 1, mathematical expressions representing
component parts of a Fourier expansion are given for
the three curves. As can be scen from these expressions
half the amplitude of curve A gives the peak amplitude
of the fundamental  3rd harmonic, ignoring the Sth,

TN O S
60 %0 | 120 150
1Y D_EGREES
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Fig. 3. The positions of the marked up poper strip which give points for curves

Fig. 2. The constitucnt components of Fig. | woveform
tlotced from the information given in Table 1. Note:
For clarity sub-divisions have not been shown on the
graph, but in the scale referred to in the text under the
heading Accuracy, one unit would be represented by
two small divisions.

TABLE |
i T 1 L — o p— -
{ A | B | =
5 | 2APund.+3rd - Sth) | 4(20d ++6th - 10th) | 6(3rd+9th+ 15th)
o 0— 6 | o—n+ie—9) 0 _2)- (4—6) - (8—10)
30° 1 7 (I —4)+ (7—10) 1—3) - (5—=7)+(9—I1)
602 2—8 2 5y (8—11) | (2—A)+(&—8)+(10-0)
90> 3—9 (3—6)+}9—O) (3—5)4-{7 -9+ (11 —1)
120° 410 @7+ +(B8—10)+(0--2)

10—-1) (4

7th, etc. One quarter of the amplitude of curve B gives
the peak amplitude of the 2nd harmonic, ignoring the
6th, 10th, etc. One sixth of the amplitude of curve C
gives the peak amplitude of the 3rd harmonic, ignoring
the 9th, 15th, etc.

The peak amplitude of the fundamental is obtained
by subtracting one third of the amplitude of curve C
from curve A, at every 10° point, giving curve D, which
is twice the fundamental amplitude.

The relative phase of the three components of the
original waveform is obvious from Fig. 2.

Because the peak amplitudes of curves A and C are
coincident at 90° in the example, both relative phase
and amplitude could be obtained without drawing curve
D, but in the general case it is necessary to plot curve
D for an accurate assessment.

Plotting the curves
To plot the curves, the strip is reversed and points

marked at 30° intervals, as shown in Fig. 3. The method

122

A. B and C fram the information in Table I.

of plotting the points for curves A, B and C is shown
in Fig. 3(a), (b) and (c) respectively. Points S, T, U
and V are points for curve A, with points L, M and N
for curve B, and points G and H for curve C, all at 30°
intervals.

Fig, 3 is used to give an explanation of the method of
using the inverted strip. The actual curves should be
plotted as shown in Fig. 3, in order that the relative
phase of harmonics and fundamentals can be determined.

From these points a rough approximation of curve A
could be drawn, but they are quite inadequate to draw
B and C

Additional points can be obtained at 30° intervals,
starting at 10° and 20°, by using two more paper strips.
On thesc strips, points 0 to 11 are marked, as before, but
with reference 1o new zero lines, 0° and 0” (sec Fig. 1).
Points on the 0’ strip are marked 0 at 10°, 1 at 40°, 2 at
70°, etc., giving points for curves A, B and C when in-
verted and transferred to Fig. 3, at 10°, 40°, 70°, ewc.

Similarly the other strip, 07, will give points at 20°,
50°, 80°, etc., when marked with reference to level 07.
It is seen that 0" is the baseline drawn at the level of the
complex waveform at 10°, and 0” is the level at 20°.

Accuracy

For a sccond harmonic level of —20dB and the scale used
(see Fig. 2 note), the limits of measurcment are about
+half of one small division in eight small divisions
(curve B), giving an accuracy of approximately *0.5dB.
Also the limit of measurement of about one small division
corresponds to a harmonic level of —40dB (one tenth
of curve B or C). At this harmonic level, + half of one
small division represents a tolerance of +3dB.
(Continued on page 123)
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high breaking capacity 500A

small size minimum

panel area

(illustration actual size)
choice of 9 ratings

03,05,07,1,2,3,5, 10,154,

0

P~

b
{ =
°

=

»IGE91 00067
3371-0N17738

[

suitable for 275Va.c.
and 50Vd.c. circuite

circuit profection
switching and indication in one unit

MINIATURE CIRCUIT-BREAKER
TYPE L5000

designed to meet applicable section of specification DEF. 5011

BELLING-LEE components

Wirite for leaflet E17-20 or telephone Miss Woolgar at Enficid 5393 Ext. 27
Belling & Lee Limited - Great Cambridge Road - Enfield - Middlesex - Telephone: Enfield 5393 - Telex: 263265

WW—I114 FOR FURTHER DETAILS.
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THE
FABULOUS
FOUR-O-EIGHT

WIRELESS WORLD

Every operatorusing the R.408 experi-
ences the unique satisfaction of an
expert handling a precision instru-
ment. Besides providing superlative
performance for all present maritime
communications requirements, the
R.408is primarily an SSBreceivertype
approved to the latest GPO specifica-
tion for a Ship's Main Receiver.
Completely transistorised with entire
no-gap frequency coverage from
13kc/s to 28Mcfs, italso has aswitched
pre-tuned 500kc/s Calling & Distress
Channel.

The 90inch tuning scale gives instant
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and accurate re-setting of frequency.
Handling qualities are as smooth as
the performance. Unprecedented
AGC, adjustable for variable attack
and decay times to combat the worst
receiving conditions.

Silicon planar transistors for utmost
reliability. Continuouslyvariableband-
width 800c/s to 8kc/s. Crystal filter
160c/s for razor-sharp CW reception.
AC and DC models for ship or shore
mains supplies.

Full technical information available on
request.
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Table 2 gives the amplitude of curve D at every 10°,
showing that in the.example the plot of the fundamental
does not depart from a sine wave by more than 2 .

It should be pointed out that these limits of accuracy
assume that the plot of the original waveform is in itself
correct within fine limits. In practical cases where the
method of obtaining the original waveform does not
cnable the plot to be very accurate, the results will not be
within such fine limits. For example, when the wave-
form is obtained from an oscilloscope, photographically
or by tracing, the initial error is of the order of 5 %.
Thus the results obtained will be less accurate by this
amount, giving total tolerances of approximately +1dB
for harmonics 20dB down and 31 5dB for harmonics
40dB down.

Applications

It is obvious that there are many applications for this
method of harmonic analysis, particularly in making
early assessments, where quick answers are of more
immediate importance than extreme accuracy.

One example is the determination of the harmonic
content to be cxpected from valves and transistors under
various operating conditions, based on the published
characteristics.

Another example is the measurement of the harmonic
content in a coaxial feeder at v.h.f.,, obtained from a

TABLE 2
Level from Rationalised
Fig. 2 tevel Sin @

0 0 0 o
10° 35 175 -1736
20° 67 335 342
30° 190 -5 -5
40° 126 -63 6428
50° 150 75 766
€0’ i7:0 -85 866
700 | 18:5 925 9397
800 | 195 975 9843
90° 200 ! 10 1.0.

plot of the feeder' voltage along a slotted line. In an
application of this nature several precautions are neces-
sary, but with a relatively high harmonic content and low

v.s.w.r, the results obtained can be substantially
correct.
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BOOKS RECEIVED

101 Ways to Use your Audio Test Equipment, by Robert
G. Middleton, A book which the home constructor of audio
equipment will find interesting. Test equipment used
includes an audio oscillator, squarc wave gencrator, audio
wattmeter, harmonic distortion meter, valve voltmeter and
multi-putpose  (current-chm-volt) meter. Initially, nine
checks are described for testing the test equipment.  The
remaining equipment tests are grouped under three main
sections—amplifiers, components and systems. Originally
published in America in 1959. Pp. 136; Figs. 150. Price
18s. W. Foulsham & Co. Ltd., Yeovil Road, Slough, Bucks.

Pick-ups: The Key to Hi-Fi, by J. Walton. In this book, the
author, who has spent many years on rescarch into the design
of pickups and whose name is familiar to W.W. rcaders,
presents practical advice based on the conclusions drawn
from his research. In the introductory chapters definitions
of fundamental terros are given, including compliance and
tracking weight, stylus mass and distortion and sterco pickup
separation.  Succeeding detailed chapters cover recording
characteristics, requirements from the pickup, pickup arms,
practical use of the pickup, and fault diagnosis. Thrce
appendices give details of calculations, record-reproduction
correlators, rcferences and further reading. Pp. 100; nearly
40 Figs. Price 10s. Sir Isaac Pitman & Sons Ltd., Pum‘m
House, Parker Street, Kingsway, London, W.C.2.

Musical Instruments and Audio, by G. A. Briggs. A compre-
hensive, lucidly written and sometimes humorous treatment
of audio characteristics, and the acoustic principles of musical
insttuments. The breadth of coverage is very wide and
includes aspects such as directional characteristics, formants,
distortion, clectronic instruments, harmonic structure and
tone gencration. Separate chapters arc devoted to the
piano and to the tuning of different instruments. Where the
humorous approach has been made. points in the text are
supported by cartoons, some of which are reproduced from
Punch. Pp. 240; Figs. 212. Price 32s 6d. Wharfedale
Wircless Works Ltd., dle, Bradford, Yorkshire.
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B.B.C. Handbook 1966. Contains facts, figures and general
information relating to the organization and services of the
B.B.C. These cover the radio ‘and television services includ-
ing analysis of programme material and audiences. Compre-
hensive scctions are also included on the external services and
engineering arr cments: the latter maps showing
the limits of television service areas and notcs on how to get
the best reeeption, local interference, erc. Pp. 239. Price
7s 6d. British Broadcasting Corporation, Broadcasung House,
London, W.1.

ITV 1966. The annual publication of the Independent Tele-
vision Authority which contains a wide variety of information
sanging from audience figures, programme popularity, adver-
tising conrol, staff organization and technical operation. In
a separaic scction covering I.T.A. transmitters, detils of
location, channel Ircqucncics, and e.r.p., together with maps
showing primary, secondary and fringe area coverage of each
station, is given. Another section gives details of each of
the programme compan Pp. 224, Price 7s 6d. Inde-
pendent Television Authority, 70 Brompton Road, London,

OUR NEXT ISSUE

The April issue of Wireless World,. which will bz
published on March 21st, will include a survey of com-
munications receiver techniques, together with tabulated
information on the receivers available in this country.
ft will also contain a preview of the Audio Festival and
Fair which is to be held at the Hotel Russell, London,
W.C.1, from April 14th to |7th,

There will also be the usual quota of technical articles
including one on the applications of the variable gain
amplifier discussed theoretically in this issue.
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WORLD OF WIRELESS

Moon Signals via Jodrell Bank

THE soft-landing of instruments on the moon for the first
time by the Russian Luna 9 on February 3rd enabled close-up
pictures of the moon’s surface to be wansmitted to carth.
The frequency of the transmitter, 183.6 Mc/s, was made
known by the Russians and signals were received by the
Manchester University 200 ft radio telescope at Jodrell Bank
at 10 dB above noise level. The frequency modulated carrier,
when demodulated gave af. signals which were recognized
to be facsimile transmissions and cfforts were then made 1o
locate a suitable photographic receiver. A Mufax machine,
similar to ncrmal newspaper photographic receivers, was
provided by the Dailv Express. The receiver required am.
signals of 1.3ke/s or 1.9ke/s (with bandwidths of 1ke/s or
1.5 ke/s respectively), but the information available took the
form of a 1.9 kc/s tone frequency modulated with a deviation
of +400c¢/s (the limits representing black and white) and
consequently an f.m. 1o a.m. converter was required—also a
Muirhead equipment and supplied by the Daily Express.
Recordings made prior to the acquisition of the receiver and
converter were found to be ol no value. Picture transmissions
continited, interposed with telemetry information, and eight
pictures were received, not all complete, some of which
appeared in the British Press before they were shown publicly
in the U.8.S.R. The cessation of transmissions a few days
later was reported to be duc tw failure of the supplies-
batteries and/or “solar” cells.

The Muirhead photographic receiver (a modified D700)
uses light from an intensity-modulated gas-discharge tube
focused on to a drum covered with photosensitive paper. The
drum is rotated at 60 rev/min (being controlled by a tuning
fork standard of 1,020c¢/s, amplilier and synchronous
hysteresis motor) and the light beam scans the drum helically
so that a density of 100 lines/in is obtained. The formation
of an § in picture would thus take about 14 min. The cxposed
photographic paper is then required to be developed in the
normal manner, The exact form of the scanning equipment
aboard Luna 9 is not known, and the © index of co-operation ”
(drum diamecter X scanning densiry) was not the same, result-
ing in distorted pictures.
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Results of Servicing Examinations

IN the annual report for the year ended February 28th 1965
of the Radio Trades Examination Board, the results of the
four practical cxaminations conducted by the Board late in
1964 are recorded, and these are shown in the table. 1963
results are given in brackets.

B 1
Examination Entered | Passed = Failed | Absent

Intermediate Radio and Television |  (.704 1.081 565 58
Servicing (2.110) | (1.450) (601) (59)
Final Radio and Television Ser- 698 462 226 10
vicing (547) (400} (139) ()
Intermediate Electronic Servicing 218 154 6l 3
(151) (89) (50 un

Final Electronic Servicing 21 4 5 |

[Uy) @ | ) | (0)

For three of the examinations the number of candidates has
been increasing but for the Intermediate Certificate in Radio
and Television Servicing the number has decreased. The
Council has been very concerned about this decrease and the
Report contains some of the possible reasons to explain the
decrease.  As pointed out in the Report, entry for the prac-
tical examination is dependent on the number of candidates
who pass written papers set by several institutes and there
has been a drop in the number of studenrs attending
approved courses of study. Another factor is the growing
popularity and interest in the wider aspects of clectronic
servicing rather than the limited ficld of radio and televi-
sion servicing. In addition, however, it appears that there
has been lack of support and encouragement from employers,
reflected by their reluctance to release staff for auendance
at courses.

Integrated Cireuils

THE increasing use of integrated circuits is reflected by
recent announcements from two American firms. The Radio
Corporation of America is now manufacturing colour tele-
vision receivers for marketing later this year with silicon chip
integrated sound circuits containing up to 26 components.
The sccond announcement was made by Motorola Semi-
conductor Products, Inc. The Company has started market-
ing inregrated circuits for use by the amatcur. Circuit con-
figurations available are a binary bias driver, two types of
flip-flop and a 3-input expundable gate.

Audio Fair

TICKETS for the International Audio Festival and Fair, to
be held at the Hotel Russell, Russell Square, London, W.C.1,
from April 14th to 17th, arc now available free. Requests to
the Editorial Office of Wireless World for tickets, which admit
wwo, should be accompanied by a stamped addressed
cnvelope. They are valid from 4-9 p.m. on the 14th, from
11 a.m.-9 p.m. on the 15th and 16th and from 11 a.m.-8 p.m.
on the 17th. A limited number of tickets arc avaiiable for
the trade session from 11 a.m. to 4 p.m. on the opening day
but requests for these must be made on business notepaper.

The illustrotion shows an experimental model of a video telephone
developed by the Automatic Electric Compony, o subsidiary of
General Telephane and Electronics Corparation in the United Stotes.
A 16 mm vidicon television camera is used, and voice communication
can be made either by a conventional telephone handset ar by o
microphone installed within the console.
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The number of cxhibitors at this year’s Fair is approxi-
nately the same as last year but many of the rooms being
ised for demonstrations arc larger. Most of the 85 exhibi-
ors will have demonstration rooms as well as boott

n (e
nain exhibition area. In our next issue we will include 2
review of the Show.

Help for the Housebound.—A ioint experiment by the
5.P.0., the Manchester Corporation Welfare Services De-
rartment, the North Western Electricity Board and the Post
Office Engineering Union is being conducted in Manchester
o investigate the usc of the clectricity mains wiring for
‘mergency communication betweer: an elderly houscbound
serson and a nearby neighbour. The system used is the
.abgear Portaphone, a loudspenking intercomumunications
wrrangement which utilizes mains wiring for interconnection
purposes. Communication is possible over a distance of
‘pproximately 4 milec depending on the complexities of the
nains distribution network. Two units, one at each end of
he communication path, are connected to any Imains points
m the samc phase and provide simple rwo-way voice
:ommunication controlled by a press-to-talk arrangement.
In the experiment, announced by the P.M.G. last December,
ibout 40 housebound people in selected districts on the
zastern side of Manchester are 1o be provided with equip-
ment by the Post Office and installation will be undertaken
n a voluntary basis by members of the Post Office Engineer-
ng Union.

An international hook-up for high-speed news transmission
vas used recently by Standard Telephores and Cables Lid.
vhen demonstrating its GH 205 telephone-speed data com-
nunication sysiem. The hook-up took place between the
WVashingtan Post. the Newspaper Socicty in London and
Agence France Press in Paris; the cquipment was installed
n the Council Room of the Newspaper Society. Using
rormal telephone speech channels copy was passed at speeds
up 10 1,250 words per minute—18 times faster than conven-
ional teleprinter speeds. In the system, messages are punched
n paper tape as for standard teleprinter ox automatic telex
ansmission.  Contact is then established by telephone, the
nformation on the 1ape is converted into pulses which are
ransmitted over the telephone line via suitable tone conver-
ion apparatus. At the receiving end, incoming tape is fed
nto reproducer sets to obtain printed copy which if necessary
n be transmitted to local offices over normal teleprinter
*hannels.

Broadcast Receiving Licences.—During the- list six months
f 1965 the number of combined tclevision and sound
icences in the UK. increased by 157,891 bringing the
otal to 13,515,894. Sound only licences fell by 88,719 1o
2,678,155; this figure includes 658,200 for receivers in cars
which represents an increase of 19,588,

Police Use New Facsimile Communication System.—
[nstead of using the conventional micthods of communica-
jon berween headquarters and  divisional offices, Bristol
solice are now using a facsimile system. By this method
he facsimile of any written or printed matter—for example.
naps, sketches, ideniikit pictures—can be transmirted to dif-
‘crent centres.  Advantages are a much higher speed of
rransmission of typed material, freedem of errors on the
received copy and the fact that the system cannot be tapped.
The system has been produced by Muirhead & Company in
rison with the Bristol Constabulary and with the assistance
of the General Post Office Advisory Service,

T.E.M.A. Awards.—For the eighth successive vear the
Telecommunication Engincering and Manufacturing Asso-
iation has held a competition for the best final-year appren-
ice of its eight member-firms. Awards of £25 were presented
o J. Daniel, B.Sc., graduate-in-training with G.E.C, P. S.
Casey, student apprentice (A.T. & E.) and P. G. Howard.
cchnician apprentice (A.T. & EJ), at the Association’s annual
linner on February Sth.
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Computer Presented to College.—A 10-year-old Ferranti
Pegasus computer has been presented to the Northampton
College of Advanced Technology, London, E.C.1, by the
National Research Development Corporation. During its
life the computer, which has always been based at the College,
has averaged a 12-hour day. The N.R.D.C. paid £45,600
for the computer bur they have recovered more than this
sum by charging industrial and commercial firms £30 an
hour for use of the computer. A great deal of work has?also
been done for universitics on a’nea-profit basis.

A new American 140-ft radio telestope can be sighted io
within 0.003° and will maintain this accuracy in winds up to 15
m.p.h. The celescope is in use at the U.S, National Radio Astronomy
Observatary, Green Bank, West Virginia. Shouldering the weight
of the massive yoke and dish are a 210 ton shoft and a 167 ton
mirror-finished bearing of 17 ft 6 in diameter, Five months were
spent in carefully grinding and polishing the bearing and the resultant
accuracy is such that the telescope rotates on a film_of ail only
0.005 in thick.

N.E.R.C.—The first annual report of the National Elec-
tronics Rescarch Council, presented by the chairman, Earl
Mountbatten, records a proposal to alter the Articles of
Association s0 as to incorporate in jts constitution *every
organization, Jarge and small, which is intercsted in the suc-
cess of the British clectronics research effort.” This change
has been necessitated by the need for increased income.

A pew L3550 studentship for rescarch purposes s
announced by the Deparunent of Electrical Enginecring at
the University of Newcastle-on-Tyne; normal period of
tenure will be two years but with the possibility of renewal
for a third year. The studentship has been cndowed by
Electrosil Ltd., of Pallion, Sunderland, Co. Durham.

A two-day course of lectures on Component Reliability,
under the leadership of G. W Dummgr, of RR.E,, is being
held at the Bristol College of Science and Technology, Ashley
Dovwn, Bristol 7, on March 8th and 9th. The fec, including
meals, is £3. B
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PERSONALITIES

The forty-fourth award of the LE.E.
Faraday Medal has been made 10 J. A,
Ratcliffe, C.B., C.B.E,, F.R.S., “in recog-
nition of his extensive researches on the
physics of the ionosphere, and of his
studies on the propagation of low-fre-
quency radio waves.” Mr. Ratcliffe, who
graduated at Sydney Sussex College,
Cambridge, remained ar the University,
apart from the war vears, unul his
appointment in 1960 as director of what
is now the Radio and Space Rescarch
Station at Slough. He is retiring ar the
end of I'ebruary. At Cambridge he divi-
ded his time between teaching physics
and research work on radio propagation.
During the war Mr. Rarcliffe was closely
concerned with  the development  of
radar at the Telecommunications Re-
scarch Establishment, where he formed

J. A. Ratcliffe.

the Post-Design Service which was in-
strumental in converting experimental
gear into radar equipment for service in
the RAF. Mr. Ratcliffe also founded
the radar school for the Army at Peter-
sham.

J. R. Brinkley, managing dircctor of
Pyve  Telecommunications
R, M. A. Jones, managing dircetor of
E. K. Cole Lid. and vice-chairman of
the Telephone Manufacturing Company,
have been appointed additional deputy
managing directors of Pye of Cambridge
Lid., the holding company of the Pye-
Fkco group. Mr. Brinkley was in the
Home Office Communications Director-
ate from 1942 until 1948 when he joined
Pye and a year later became technical
director of Pye Telecommunications, He
is a member of the board of the British
Space Development  Company.  Mr,
Jones, who was. a Licut. Colonel in
Royvat Signals during the war. joined Pye
in 1936 and has for many sears been
managing director of Pye 'I'V Manufac-
turing Co. at Lowestoft.

On the acquisition of Ekco by Pyc¢ in
1962 he also bucame managing director
of E. K. Cole Lid.
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R. J. Lees, M.A, B.Sc.. director of
the Ministry of Aviation Signals Re-
scarch & Development Establishment at
Christchurch, Hants, for the past three
vears, was Tecently appointed deputy
director (equipment) at the Royal Air-
craft Establishment, Farnborough. Mr.
Lees, who is 48, joined the Telecom-
munications Research  Establishment,
Malvern, in 1939 where he remained
until 1959 when he was appointed head
of the Instruments and Air Photography
Division at R.AE., Farnborough, While
at Malvern he was successwcly director
of scientific rescarch (guided ‘weapons)
and hcad of airborne radar.

Derek D. Arnold has been appointed
director of production for the Solartron
Electronic Group. He was formerly
works manager with Hewletr Packard
Ltd, and waus for three years manufac-
turing  manager with Tektronix in
Guernsey.

CBE, BSc

Sir Harold Blshop,
M.I director of

(Eng), F.CG
engineering of thc BB.C. from 1952
until his reticement in 1963, has been
clected an henorary member of the
1.EE. “for his contributions to the
science and art of sound and television
broadcasting and their appllcﬁuon both
at home and overscas.”” Sir Harold,
who received a knighthood in 1955,
started his profcssxoml career in thc
engineering division of the Office of
Works. He joined Marconi's in 1922
and was concerned with the setting up
and operation of the London 2LO
broadcasting station in Marconi House,
Swrand.  In 1923 he transferred to the
newly  formed  British  Broadcasting

i v
v e
N
<
Sir Harold Bishap.

Company as senior supcrintendent en-
gineer. Sir Harold is now a consultant
to BIC.C. and a director of Inter-
national Rescarch & Devclopment Com-
pany of Newcastle-upon-Tyne.

David D. Jones, B.Sc., M.Sc,, D.I.C
has been appointed head of the labora
tories  of Associated Semiconductor

D. D. jones.

Manufacturers Ltd.. in succession to the
late Dr. Ja‘m.s He joined the
Hirst Rescarch Centre in 1947. Dur-
ing 1951 and 1952 he was a post-
graduate student at Imperial College,
London, where hie obtained his diploma
in clectrical engincering. On return-
ing ro G.E.C. he helped to build up a
semiconductor applications team. Mr.
Jones, who is 44, studied at the Unive:
sitv College of Wales, Aberystwyth,
where he graduated \vuh an honours
degree in physics. He obtained his
M.Sc. in mathematics by evening study
at Chelsea Polytechnic, London. Asso-
ciated Semiconductor Manufacturers
Lid, is the joint Mullard-G.E.C.
company developing and manufactur-
ing Mullard semiconductor devices.

Graham D. Clifford, C.M.G., secretary
of the Institution of Elecuonic & Radio
Engineers since 1937, left London on
February 8th on a world tour. He will
be visiting Israel, India, Singapere,
Australia, New Zcaland, Fiji, FHawaii,
the U.S.A. and Canada with the object
of promoting the exchange of informa-
tion in clectronic and radio engincering.
Mr. Clifford will be in Canada when
Lord Mountbatten speaks in Ottawa on
April 14th on the work of the British
National Electronics Rescarch Council
{of which Mr. Clifford was honorary
secretary until last September) and the
selective dissemination of information,

J. P. Wykes, OB.E. AMIEE,
manager of the M aritime Division of
the Marconi Company since 1936, re-
tired on January 31st. After 11 years’
service as a radio operator with Mar-
coni Marine he worked as a design
engineer with the Marconi Comp'm\.
In 1946 he became assistant cnginecr-
in-chief (tesi), and was works manager
at Chelmsford from 1949 to 1936.
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Dr. G. G. Macfarlane, director of the
RO\al Radar Fs[ab]lshmum, Malvern,
since 1961, is to receive the honorary
degree of LL.D. from the University of
Glasgow on its Commemoration Day—
June 22nd. Dr. Macfarlane, who gradu-
ated at Glasgow in 1937 and then did
two years’ postgraduate rescarch  at
Dresden where he obtained his Dr. Ing.
degree, was throughout the war at
TR.E. (now RR.E) concentrating on
mathematical problems in radar and
microwave physics. He became head
of the mathematical group in 1945 and
from 1953 to 1960 was deputy chicf
scientific officer at RR.E. He then be-
came deputy director of the National
raysical Laborartory but returned to
RRE. the following year as director.

E. J. Jordan, Assoc.I.ER.E., recently
]omcd Audio & Design Lid, of
Maidenhead, as a director. He will be
responsible “far the development and
design of specialized professional and
domestic loudspeakers. After spending
six yecars in the scrvice department of
the G.E.C. he was for twelve years
with Goodmans Industries where from
1959 to 1964 he was senior engineer.

E. J. jordon

Since 1964 until his new appointment
Mr. Jordan has been technical director
of Jordan-Watts Ltd., of Hayes, M iddx.,
where he produced. the first “ modular ”
loudspeaker.

A. C. Robb, M Eng.,, Ph.D, MIEE,
has joined Counting Instruments Lid.,
of Borcham Wood, Herts, as chicf
engincer. Dr. Robb, who graduated at
Liverpool University where he obtained
2 master’s degree for postgraduate work,
had been with Belling & Lee since 1961,
first as technical manager and, since
1962, as technical director. Prior to join-
ing Belling & Lee he spent some time
at Glasgow University as a research fel-
low working on the design of high-vol-
tage particie accelerators where  he
gained his dociorate for related studies.
Tn 1963 Dr. Robb contributed an article
o Wireless World on the problems asso-
ciated with wh.f. television reception.
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The 40th enniversary of Baird's first demonstration of television to members of the Royal
Institution at his Frith Street, Soho, laboratory, was commemorated recently at a dinner
attended by members and guests of the Television Society. In the photograph, tcken in the
building in which the original demonstration was staged, W. C. Fox (left) The Times corres-
pondent who attended the demonstration, is describing the occasion to members and guests.
On the right is W. Taynton, the first man to be televised by Baird in 1926.

W. I. Flack, Assoc. LEE, a member
of the pancl whosc discussion on inte-
grated circuits we published in our Janu-
ary issue, has becn appointed technical
director of G.E.C. (Domestic Equip-
ment) Lid. Mr. Flack is also a mem-
ber of the management team of Radio
& Allied Industries, the radio and
television receiver manufacturing com-
pany in the G.E.C. Group. He joined
R.AL in 1957 after spending 14 years
with the Telegraph Condenser Com-
pany.

Roy F. Stevens, the new president of
the Radio Society of Great Britain,
which has a membership of some
13,500, is not in radio professionally but
has been a licensed amateur iransmitter
{(G2BVN) since 1937. Throughout the
war he was in the R.A.F. His special
intcrest in amateur transmitting is s.s.b.
operation in the h.f. band. The Socicty’s
executive vice-president is F. K. P‘u'l\cr
(G3FUR) who last year formed Park
Air Electronics, of Sramford, Lincoln-
shire, who market electronic aids for
aircraft.

R. F. Stevens

B. R. Coles, B.S¢., D.Phil,, reader in
physics at Imperial College, London,
has been appointed to the chair of solid
state physics at the College.

J. B. Race, AMIEL, has been
appointed gencral manager of the Cam-
bridge Instrument Company’s factory ar
Chesterton Road, Cambridge. He was
formerly  works director of EN.V.
Enginecring Ltd.  During the war he
served 1 the Fleet Air Arm, leaving
with the rank of Lieutenant Com-
mander.

CBITUARY

Edred Jefirey, AMIEE, who \
be known 1o many readers of Wireless
World as contributor of the articles on
a high-gain phase splitter in 1947 and
a low-cost sterco amplifier in 1961, died
on January 5th at the age of 49. Mr.
Jeffrey had been with the Sperry Gyro-
scope Company since 1956 prior to
which he was for a short time technical
cxecutive to Modern Telephones Lid.
At Sperry’s he was successively manager
engineering services and product group
manager guided weapons, In this latter
capacity he was responsible for all the
missile activitics in the company.

Gorden Scott Whale, who dicd on
board R.M.S. Andes on January 9th,
founded the North Waies Wireless
College in Colwyn Bay, of which his
son Neville is now principal. Mr,
Whale, who was 72, was an operator
with the Marconi Comp’\m at_their
stations in Clifden, Ircland and Caern-
arvon, N. Walcs, untxl 1918 when he
opened the Colwyn Bay college. He
also opened (in 1937) the Wireless
College, Southampton, which was closed
in 1940 duc to enemy hostilities.

James Norman Walker, technical
sales engineer with Fddystone Radio
since 1946, died on January 30th, aged
60. “Jerrv” Walker, as he was
affectionately  known, was an_active
radio amateur with the call G5JU. He
was commissioned in  the technical
branch of thc¢ R.AF. in 1940 and was
involved in the development and opera-
tion of “ Oboe.”
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NEWS FROM INDUSTRY

ELECTRONIC TELEPHONE
EXCHANGES

RECENTLY at the annual dinner of
the Telecommunications  Engineering
and Manufacturing  Association, the
Postmaster General stated that approxi-
mately £350M is to be spent during
the next four years on telephone ex-
change equipment. In addition, he has
decided that in future all new small and
medium sized telephone exchanges will
¢ clectronic,

Several British companies—Associated
Electrical Industries, the Plessey group
(including  Automatic Telephone and
Electric Company and Ericsson Tele-
phones) and Standard Telephone and
Cables—have collaborated  with  the
G.P.O., under the auspices of the Joint
ctronic Rescarch Committee, on the
development  of electronic  exchange
systemns.  These systems, REX (from
AEIL) and PENTEX (from Ericsson)
use only one eclectromechanical comn-
ponent.  This is a reed switch compris-
ing two blades of magnetic material
scaled in a glass envelope and actuated
by an external magnetic ficld

Advantages of clectronic exchanges are
the high speed of operation, high reli-
ability and low secrvicing charges, and
saving of space.

The basis of an clectronic exchange
as in, for example, the REX system, is
the control equipment which consists of
three main sections. These are:—scan-
ners and registers which determine the
source and destination of a call;
markers and interrogators which decide
swirching and speech paths: and com-
mon control which co-ordinates the
activities of the scanners, registers,
markers and interrogators in accordance
with stored programmec instructions to
casure that a call is routed by using the
available switching equipment as c¢ff-
ciently as possible.

SWISS DEFENCE
GONTRACTS

THE Swiss Government have signed a
multi-million dollar contract with the
Hughes Aircraft Company, of California,
for an air defence system coded Florida.
The value of this order is believed to be
about £15M.

The system will comprise a network
of military radar stations and a number
of air defence centres which will be used
to_control Switzerland’s surface-to-air
missiles and interceptor aircraft. The
majority of the equipment will be made
by Hughes and will include the com-
pany’s new long-range, threc-dimen-
sional radars. These  will  provide
simultancous range, height and bearing
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data, even under heavy pressure from
counter-measure apparatus.  The com-
puting will be on Hughes H-3324
general-purpose computers,

Ferranti Lid. are manufacturing the
data link cquipment, belicved to be
worth about £0.5M, for this project.

The Plessey Company have also
reccived a Swiss defence contract.  This
contract, which is inderstcod o be

worth over £1M, is for a comprehen-
sive uwhf. ground-to-air communica-
tions system for usc by the Swiss Air
Force.  Similar cquipment to that cailed
for in the contract is being used in the
armed forces of the U.K., the Common-
wealth and many other countrics
throughout the world.

Microelectronics Firms Join Forces—
Two major microclectronics companies
in  Brirain—Marconi Company and
Ferranti—have signed a  licensing
agreement under which Marconi®s will
manufacture and sell the advanced
range of silicon microcircuits designed
and sold by Ferranti uader the name of
Micronor II.  Extensive production
plant for Micronor I is being com-
missioned by Marconi’s microelectronics
division ar Witham, and by Ferranti at
their Manchester headquarters. Micro-
nor II is a new _range of ultra fast sili-
con integrated circuits designed for use
in computer and ‘other logic applica-
tions. Many different circuits are avail-
able including multiple gates, power
stages, J-K flip-flops, ctc. The full
range is already in quantity production
in Manchester. The wo companics
now manufacture more than 70 per cent
of the silicon integrated circuits made
in the United Kingdom and the riew
agreement  should further strengthen
their position in the UK. and also aid
them in overscas markets.  Marconi’s
microclectronics division will continue
to develop and manufacture micro-
electronic components and units. Up
to now, their range has been rather
specialized, mainly producing units [or
their Myriad and (E.EEL.M)) System 4
computers.

G.E.C. Win $3.5M Coatract.—G.E.C.
(Telecommunications) Lid., of Coven-
try, have received a contract worth over
£1IM for a complete semiconductor
microwave telecommunication  system
for the northern zone of Chile. It will
link Santiago—the capital—and Arica,
a distance of 1,120 miles, and will pro-
vide up to 960 two-way tclephone cir-
cuits. Twenty-seven repeaters are used
in the system and spur links are to be
provided to 21 towns en route. This
order is the ninth that G.E.C. bhave
received for its new range of semicon-
ductor microwave radio  cquipment,
which was introduced only a few months
ago. The first of these nine orders is

scheduled to be complered this year and
the Chile order in 1968.

Satellite-tracking Aerial Contract.—
“The British Aireraft Corporation have
received a contract from the SHAPE
Technical Centre for a 30-ft diameter
satellitc-tracking aerial, with a Casse-
grain sub-reflector.  The parabolic dish
is 0 be constructed out of stretch-
formed light-alloy sheer.  This method
of construction has resulted from the
company’s experience in the aircrafr
field. Profile accuracy using this method
of construction is maintained to within
0.lin. The acrial is 10 be delivered in
May of this ycar to the Technical
Centre in The Hague.

Rediffusion arc to provide a wired
television and sound network 1o all
Corporation owned homes of the
Webwyn Garden City and Hatfield
Development Corporation,  The net-
work will be installed and mainrained
as a Rediffusion Community Service
and, to quote the company, “ Mainicn-
ance will, of course, be by locally based
(cchmuans up to the full standard of a
pubhic service.” Four television and
four sound programmes will be supplied
initially with room for more at a later
date. Rediffusion are to install the
system at their own cost and the Cor-
poration will pay an annual premium
for this service.

£100,000 Bulgarian Order.—Standard
Telephones and Cables Ltd. have re-
ceived a contract worth more than
£100,000 from the People’s Republic of
Bulgaria for ground and air navigational
and communications ¢quipment. S.T.C.,
who are the prime contractors for this
contract, will supply v.hf. omni-direc-
tional ranging beacons (V.O.R.), v.h.f.
direction finders and v.hf. transmitters
and receivers.

Amalgamated Wircless (Australasia)
Lul, of Syvdney, have appointed Living-
ston Laboratories Lid.. of Greycaines
Estate, Bushey Mill Lane, North Wat-
ford, Herts, as sole U.K. representatives
for their range of telecommunication
test cquipment.

Radiotelevisione Italiana, the lalian
broadcasting organization, have placed
an order for 150 image orthicon camera
tubes with the English Electric Valve
Company, of Chelmstord. This follows

an carlier order for 250 E.E.V. image
orthicon tubes.
Microcircuits.—Electrosil  Lid, of

Pallion, Sunderland, arc to start manu-
facturing imegrated circuits later this
year. They are also to marker auto-
matic integrated circuit testers.
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RC ACTIVE FILTERS

active filters, i.e. filters using combinations of

R, C and active clements, is undcrstandable in
view of the scorn now placed upon the inductor. This
has arisen partly because the inductors required for low-
frequency selective filters are undesirably large. In
addition, the constraints placed upon components in the
field of microelectronics have left us with no alternative
but to scarch for methods of simulating cither the
inductor or tuned circuits. (Inductors have been used in
thin-film circuits, but there is a serious limitation in that
the Q of inductors decreases as the squarc of the scaling
factor.) Although it would be premature to forecast
the fate of the inductor, it would scem that the decline
has set in and for low frequencics, at least, RC filters can
be made which are as good as LC circuits.

The recent LE.E. colloquium on this subject was
mainly concerned with low frequencies, but some of the
techniques discussed can be extended to higher frequen-
cies, The subtitle is perhaps a little unfair because whilst
RC active filters are ousting the inductor at low fre-
quencies, it would appear that for high-frequency work
passive acoustic or mechanical resonators hold more
promisc than active filters.

THE interest created in the last decade or so in RC

Sensitivity and Q

1t was pointed out by R. C. Foss (Plessey) that some con-
figurations of active filter were no more complex than
some prescent-day integrated circuits which are available
quite cheaply in the U.S.A. There were problems, of
course, and in a common type of active filter (using high
gain amplifiers) the sensitivity (of Q, mainly) to com-
pontent variations and tolerances was a major headache,
particularly for intcgrated circuits. Howecver, the
situation was somewhat cased by the fact that resistor
ratios can be maintained fairly accurately—to better than
19%-—and gain was a commodity relatively casy to come
by. Gain is important, of course, because the Q of an
RC active filter is proportional to the square root of gain.
For example, for a Q of 100 with a stability of 5%,
the required gain is over 100dB. A relation connecting
these quantities has been derived by McVey! and is
Quar =/ A8 where Q,,,, represents the maximum Q
(quality factor) resulting from an amplifier gain of 4, and
8 is the maximum permissible departure of @ from its
required value (AQn,./Q). (For some applications
Dr. Foss felt thart this relation was more appropriate than
that giving the limiting value of Q,,,. = 4 4/ A since a
circuit operating with this would be unduly scnsitive to
variation in the unstabilized loop gain.)

Broadly speaking two general approaches to the synthe-
sis of RC active filters to give desired transfer funcrions
have been recognized since the early 1950°s. One uses R
and C elements, with amplifiers (of very high gain) as the
active elements, and the other uses negatve impedance
converters (n.i.cs) as the active clements to provide
simulaced inductance. A third, less common, approach
is referred to later.

R. J. A. Paul (University Colicge of North Wales) out-
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lined a new synthesis technique using amplifiers with
voltage gains of 2 {(and also —1 in some cases) and onc-
port or two-terminal RC networks. This is described
in detail in a recent paper®. The method also permits the
realization of transfer functions with adjustable coeffi-
cients.

A. G. J. Holt and J. I. Sewell (University of New-
castle-upon-Tyne) described a method employing mul-
tiple-loop feedback and a single operational amplifier,
based upon what is known as node introduction ina 2 X2
admitrance matrix—a procedure which involves a sub-
stantial amount of matrix algebra. Two approaches
for obtaining circuits to represent both voltage and
current-inversion n.i.cs using high-gain amplifiers were
outlined by A. G. J. Holt and J. Carey. Dr. Holt pointed
out that while designs for active filters using high-gain
operational amplifiers were made stable with a well-
defined gain by feedback, n.i.cs not using such high-gain
amplifiers tend to be somewhat dependent on transistor
characteristics.

R.R.E. approach

The Royal Radar Establishment was represented in
force—four out of the ten papers read were from Malvern
—by P. J. Baxandall, FF. E. J. Girling, E. F. Good and
R. L. Ford. Mr. Baxandall discussed generally various
active filters developed at RR.E. including symmetrical
twin-T fecdback types (the normal twin-T network is
not exactly symmetrical but is made so by addition of two
serics RC chains), integrator-plus-lag and two-integrator
types. He stressed the advantages in avoiding mathe-
matical complexity as much as possible and maintained
that comparatively simple, and perhaps more familiar,

1l
- ,WJ__., A r—Az

e

Fig. 1. Atwe-integrator type of active RC filter, requiring only two
reactances.
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techniques could be used to obtain the same results
as with some of the more sophisticated methods.

A scries LCR circuit may be simulated by providing
three voltages with the same phase relationship as the
voltages across the L, C and R elements. Girling showed
how two integrators plus feedback could be arranged to
give these voltages with respect to a common carth.
The ratio V /17, was equal to R/pL, in operator notation,
hence ¥y, could be obtained from ¥, by integration.
Similarly V could be obtained from V), by integration.
V', was clearly required and was derived by feedback
from V, = V,, — (Vg+V). This system could be
interpreted as shown in Fig. 1{a), but since it was not easy
10 adjust two integrators separately the arrangement of
Fig. 1(b) was adopted. (To achieve the correct signs
four amplifiers would be required.) Such a system might
appear as Fig. 1(c), requiring oply two rcactances. A
simple modification was deseribed by which corrections
could be made for the integrating amplificr gains. With
this approach any second-order transfer furction could
be provided, and such units could be used to produce
factors of higher-order functions. Mr. Girling stated
that high Q values and good stability could be so obtained
and also both frequency and @ could be independently
varied.

Good described a general second-order active filter
based on a single amplifier and the balanced twin-T
network plus an additional RC branch. The circuit
makes an cconomical building block for higher-order
filters and can provide low-pass, tuncd circuit, high-pass
or notch response. Even though this type of active filter

L.P. FILTER

T
B
(a) XL
¢ T' !
(b)
()

Fig. 2. The basis of the n-path, digital or sampled data type of
sactive filter.
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is more sensitive to component variations it is well suited

to some applications.

A form of active filter was outlined by Ford in which
integrators replaced the reactive elements used in passive
LC ladder networks. One advantage of this tcchnique
is the ease with which bandwidth and centre frequency
can be made continuously variable by a voltage-controlled
switching technique.

N-path filters

The third type of active filter referred to earlier is the
n-path filter, which is also known as a digital filter or
sampled-data filier. The essential difference between
this type and preceding types is that operation is depen-
dent on non-linear active elements rather than the usual
lincar elements.  The n-path filter falls in the general
category of time-varying circuits. Basic work in this field
was done in the 19:10’s and interest was stimulated again
in 19607 mainly becausc this method allows sensitivity
and high-O problems to be overcome.

A. R. Owens (University College of North Walcs) and
R. K. P. Galpin (A.E.1), gave scparate papers describing
such filters. Basically, a low-pass filter function is
arranged using passive clements only. N identical low-
pass filters are arranged in parallel, each operating
between input and outpui modulators.

The general case is shown in Fig. 2(a), where the
modulators (multipliers) A, B, . . . are supplied with
suitably phascd sine-waves of frequency 7. (A particular
casc was referred 1o in which only two paths are required,
the functions supplicd to A and B being in phase quadra-
ture.) The property of interest is that a band-pass
transfer function is obtained which is a translated version
of the low-pass characteristic and centred about the fre-
quency f (Fig. 3).

A particular system of interest was described in which
the modularing functions were achieved by the use of
a synchronous switch, operating at the frequency f, as
shown in Fig. 2(b). Fig. 2(c) shows partly how this
may be accomplished. Tuning of such a filter was by
simply varying the frequency f. By the use of such
techniques Qs in the order of thousands can be obtained
and centre frequencies of hundreds of kefs are quite
feasible.
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European Station Chart

UNFOLDED copies of the chart showing the operating
frequencies of Europe’s long-wave and medium-wave broad-
casting stations which was included in last month’s issue, are
obtainable from our Publishing Dept. price 2s including
postage and packing.
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Low-impedance Tape Pre-amplifier

HE output from a tape head is more often than not
treated as a voltage output to be fed into a sub-
stantally high impedance. If the output voltage is

monitored when replaying from a standard reference tape,
ar a speed of 3} in/sec with a constant current recording,
we arrive at the shape of Fig. 1. This is a curve familiar
1o most engineers. Normally the pre-amplifier would be
of high impedance, the compensation taking the form of
a low-frequency boost ‘“ mirroring >’ the curve of Fig. 1.
The use of a high impedance presents a difficulty in
maintaining good signal-to-noise ratio and is also con-
ducive to hum pick-up. As transistors are basically
low-immpedance, current-operated devices, they appear at
first sight an incompatible match to replay head char-
acteristics, as normally presented, i.c., as an open-
circuit e.m.f. ’

Advantage may, however, be taken of the change in
reactance with frequency characteristic below 1 kefs. If
the magnetic flux in the toroid is constant and a low
cnough resistance R is placed in series with L (Fig. 2a)
the current through R will remain relatively constant,
This in jtsclf is not quite so, as the d.c. resistance (r) of
the coil L (Fig. 2b) determines that the low-frequency
current response is down by 3dB when R -+ r = X,

+5 } ] | I ( [

o T TN =]

i Sadh el

LUl N
da_ls l/‘( 1] T i L |

e R |

.22(: 1 —! i Lill f_f : | I

S0c/s Tkers 10ke/s Skefs

FREQUENCY

Fig. I. Playback characteristic from 140 us ref. tape at 3% in/sec.

Replacing R by a transistor jin the common-base
configurarion is the basis of the circuit, shown in Fig. 3.
(The input impedance is equal w 30/, + r,,’, where
I, is in mA, for a post alloy-diffused device).

Input stage

In the circuit shown in Fig. 3, post alloy-diffused tran-
sistors (NKT 677) were used for the following reasons:—
(a) high (requency cut-off
(b) low noise
(c) low leakage (rypically 1pA)
(e) Tow ryy”

An [, of 3mA had been chosen for low-noisc operation.
Under this condition, the input resistance is about 100 Q.
In order to reduce the impcedance further, it would bave
becn necessary to increase I, thus dewracting from the
low-noise operating point.
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By R. HIRST

Robert Hirst, who recently joined Dictaphone Lid. where
he is working with the research and development team
on closed-circuit systems, was previously a senior engin-
eer with Newmarket Transistors Ltd. He is 31.

This low [, is also advantageous in allowing a large
collector load (22 k() to be used, so that the voltage gain
of Trl is substantial :—

R, 22 > 10°
R;, 10®

Should this be fed into a conventional grounded-
emitter stage with an input impedance of 1 k() then R,
would be modificd to 950 2 and the voliage zain modified
0 950/100 = 9.5 times.

= 220 approximately.

Second stage

In order to make usc of the voltage gain of Trl, a
grounded-emitter stage was used with an un-bypassed R,.

Re
22k

Fig. 3. Ciicuii of the tupe pre-ampiifier.
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A reasonably high-beta transistor (about 100) was used
50 that the load presented to Trl is around 220 kil
(B . R, the shunt cffect of R3 in series with C2, across R5,
being ncgligible. This value of input resistance was
sufficiently high to prevent any appreciable loading of
Trl collector load.

The voltage gain of Tr2 would normally have been
about 100, bui this is modified by the unbypassed emirtter
resistor to approximately—:

R, 82 % 10
R, 22100

In order to check the frequency response of the pre-
amplifier (less C3) a 1 H tope head in series with the input
was fed from a 10 Q soucz, the generator voliage being
constant at 10 mV. (The response is shown in Fig. 4.)

As the C.C.L.R, play-back curve at 3j in/sec indicates
an RC iime constam of 140us (Vig. 4) a further C was
connccted across R5 (C3, dotted in Fig. 3), so that the
amplifier turncver point was approximately 1.5 ke/s, this
being the point where the actual frequeney response was
3 dB below the required response (sce Fig. ). The
value of C3 was then calculated so that the amplifier gain
was increased by 3dB at 15kcfs, this being when

= 3.7.

Xg; — R,. Since f, = L5ke/s and X¢; = R, — 2.2 kO,
theri—
10¢
3 - = 0.047
C(uF) 20/, %, 0.0

This produced the final curve of Fig. 5 curve B. (The
peculiar small rise in frequency at 8 ke/s and then the
resuliant gradual fall as the frequency increased was duc
w0 the loading of Trl collector load, as the reactance of C3
in parallel with R5 modified the input impedance of Tr2.
At 15 kefs, X = 212 €, and

Rk 1 R2TTT

~15
50¢/s Ikefs
FREQUENCY

101 kc/s

Fig. 4. Curve A shaws response of pre-amplifier without C3. B shows
the required output with time-constant of 140 ps.
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Fig. 5. Response of pre-omipiifier including Cs fran: {0 LY source in
saries with [H tape head.
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Fig. 6. Response of pre-amplifier to 33 infsec 140 us ref. tape.
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Fig. 7. Response of pre-amplifier when measured from a constont
voltage source.

Without this loading of Tr1 collector, the treble response
curve would have continued rising (Fig. 3, curve A).
However, the decrease of R;, at high frequencies helps to
reduce high-frequency recording bias pick-up when the
pre-amplifier was used in a threc-head system and also
when used as a low-impedance microphone pre-amplifier
on record.

D.C. conditions

The d.c. conditions are relatively standard but careful
thought had to be given to the design, so that the following
conditions were met,

(@) Ve of Trl approximately 1V, for low noise
considerations.

(b) I of Trl to be small for low noise; also to accom-
modate a large collector load to implement high
voltage gain.

(c) Collector load and emitter resistor of Tr2 to be a
favourable rario for gain considerations.

(d) R, of Tr2 to bc large enough to:—

(1) effect high input impedance,
(1i) provide a direct voltage for feedback purposes.
(i) be complementary with C to provide adequate
wreble lift.

(¢) R3 1o be large cnough to obviate loading of R5

" " and yer sufficient to compensate for temperature
variation.

As a result of this the pre-amplifier will accept transistors
with a beta between 80 and 180 without any modifications.
As this range was thought to be substantial no further
measurements were made to accomumodate lower betas,
although a 220 k{} potentiometer in place of R3 and
setting Tr2 collecior to 4.3V would ensure that 2lmost
any transisior may be used in Trl position, even down
to a beta of 15.

The curves shown in Figs. 5 and 6 did not mcasurably
alter in the temperature range 15°C—43°C. Fig. 7 shows
the response of the pre-amplifier when fed from a
constant voltage source (¢.g. low-impedance microphone)
this could quite well be compatible with the treble-lift
response required in the record position of a tape recorder
operating at 3} in/scc, thus possibly obviating a necessity
for compensation swirching when used as a replay or
record pre-amplifier.
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ALL SYSTEMS 6

When it comes to the count-down you'll be glad you specified
McMurdo plugs, sockets and connectors. Reliable performance,
high quality construction and budget-conscious prices are the
features that lift McMurdo components into a sphere of their own.
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ideas into today's companents.

Probe inlo the McMurdo range by sending now for our data
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The outstanding rnew Mazda RiIMBAND 12° tube has been designed to reduce the cost,
size and weighi of personal transportable television . .. and provide a bigger picture!
RIMBAND is an entirely new method of construction. For the first time the metal band is
taken back fron. the screen. This enables the whole screen area of 74 sa. ins. to be pro-
jected from the cabinet and utilised for the picture.

No insulated covering of the rim is required. No imptosion guard is needed. The result—
= 1eally compact, lightweight and low-cost set.

The tube weighs 6 Ibs. with a depth of 9” and a scanning angle of 110 degrees. It operates
at an EHT voltage of 1075 to 135 kV. Light transmission of 50% and the high levels of
biightness obtainable on this tube, permit viewing in brightly lit surroundings.

Type No. CME 1201.
WW—117 FOR FURTHER DETAILS.
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Statistics in Electronics and Communications

3—Random Events and Variability

By D. A. BELL,* ™.A., B.Sc., Ph.D., M.IL.LE.E., F.Inst.P.

Question: “What is the similarity beteween the number qf
Prussian soldiers kicked to death by horses in
the years from 1875 to 1894 and the shot noise
in a thermionic valve?”’

Answer:

“Both phenomena can be described by Poisson
distributions.”

HE Poisson distribution is often described as the

distribution applicable to * rarc cvents,” but the

two cxamples given above indicate dramatieally
that the word * rare ” is meaningless unless a time scalc is
attached. An event is rare in the Poisson sense if two con-
ditions are satisficd. Firstly, it must be possible to choose
clememary intervals of time such thar the probability
of more than onc event occurring in such an interval is
ncgligibly small. This is what is meant by * rare events,”
but the appropriate clementary interval of time might be
a day for the Prussian soldiers and 10'** sccond for the
thermionic valve. Sccondly, the (small) probability of an
event must be the same for all equal intervals of time.
These conditions can be expressed by saying that the
events occur individually and randomly: individually
because we have ruled out the possibility of more than
one occurring simultaneously; and randomly because
the probability of an event is the same for all intervals of
time.

Deriving the Poisson formula

The formula for the Poisson distribution can be de-
rived as follows: there are two ways in which exactly
7 ¢vents can have happened .in total time ¢-|-dr: either »
had already happened at time ¢ and none has happened
in dt, or #—1 had happened up to 7 and onc in dr. If the
probability of an eveat is « per unit time (and therefore

Fig. 1. Full lines, Poisson distributions for m = 0-f and m — I;
dotted line for m == 10.
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the probability of no cvent is 1—a) and P(ut) stands

for the probability of exactly » events in time z, then
Pluyr4-d) =(1—a)dr. Pty +adt . P(a—1,1) . . .. . [€))]

This can be treated as a differential equation in time:

o g
21€t1:,(’1)t)71_,1m1[ {)(’l:l.dt) P(”:L)

T d—0 dr
=—aP(n)+-aPn—-1,0) . . > 2 (2
The relationship (2) is satisfied if the probability of
exactly n cvents after lapse of time ¢ is given by
Pr,y=c-% (u)/n!
or more generally, the probability of exactly r events when
the average number would be m is given by
PHy=e~"mrl. . . & . sl iR (3)
Note that time is not necessarily the variable involved,
and the Poisson distribution is also important in inspection
by sampling. Suppose the average defect rate in a certain
component is 8 per 1,000, then what are the chances of
finding 0, 1 or 2 defective specimens in a box containing
a gross? The average risk per component is 8/1,000, so
the average or ““ expecred ” number of defective com-
ponents per box of 144 is 144 x 8/1,000=1-152; and this
is the valuc to be given to # in formula (3). Putting r=0,
1 and 2 in turn, and remembering that r°=1 and 0!=1,
the values of the probabilities are found to be: PQ)=
0-316; P(1)=0364; P(2)=0-210. Since these three
probabilities add up to 0-890, subtraction from unity
shows that the probability of finding more than two defec-
144

_tive components in a gross; i.c. Z P(),is 0-11. Tables are

fr

availablet of the terms in the Poisson distribution (3)

for various values of m and r and of the “summed
(o2}

Poisson distribution,” Z P(r), for various values of m
e

and x. Fig. 1 shows the Poisson distributions for m=01,
1 and 10. The Poisson distribution for #1==10 has been
re-drawn to a larger scale in Fig. 2, and a corresponding
Gaussian distribution superimposed on it. The two dis-
tributions are fairly similar, and in the limit as m becomes
lugge the Poisson becomes identical with a Gaussian
distribution. Remembering that the condition for Poisson
to be applicable is not that events should be infrequent
but rather that they should occur individually at random,
there is no reason why m should not be large: returning
to the example of thermionic emission, a current of 1-6mA
corresponds 10 an average of 107 clectrons per nano-
sceond, so  in this case is likely to be large for any prac~
ticable time interval.

In Fig. 2 we said that “ a corresponding Gaussian was
superimposed on the Poisson ”: how, then, do we pick

*University of Huil,

tIn both Iy and Burington and May as listed in the bibliography last
month.  More extcasive tbles are given by E. C. Molina in © Borsons
cxponential binomial limit,” Van Nostrand, 1942,
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¥ig. 2. Comparison of Poisson and Gaussian distributions. Dotted
steps: Poisson with m — 10; points: Gaussian with x — 10 and

a -y 10,

the parameters of the Gaussian to correspond with the
Poisson? The characteristics of a probability distribution
¢an be summed up by its position along the axis, its spread,
and its shape, the first two being definable by a single num-
ber each while the shape is more complex.

At this point it is desirable to recapitulate the meaning
snd purposc of a “ probability distribution.” Supposc
we measure accurately the resistances of a large number of
carbon composition resistors of nominally 1k resistance,
and for the sake of illustration let us make the rather
doubtful assumption that the values will be spread at
random round the nominal according to the “ normal
law of errors,” i.e. a Gaussian distribution. If we measure
on a bridge using a decade resistance box, the values will
not be spread continuously in the mathematical sense,
but will be grouped in * classes > of extent corresponding
to the smallest step on the decade box. But even if the
decade box goes down to steps of 0-1Q we may decide to
use steps of 10 as our classcs, both because differences
of less than 1% are of little significance in this class of
resistor and because one needs as many as possible in cach
class to get a smooth distribution (*to minimize the
fluctuations due to sampling * is the formal stateraent);
and in order to obtain a sufficient number in cach class
without making an excessive number of measurements in
total, one must restrict the number of classes.

Probabilities of classes

The values will occur in random sequence, but hope-
fully when we count them up by class at the end there
will be most in the classes 990 to 999 and 1,000 to 1,009,
with decreasing numbers in the outer classes and only
the odd one or two below 800 or above 1,199. (Note that
the classes run from . .10 to . .09 so that they are mutually
exclusive and there is no doubt about placing the. .10
value in its proper class if measurements are taken to a
higher accuracy. To make the distribution exactly
symmetrical about 1,000 one would have to have a central
group of 995.00 to 1,004.99 but this would not arise
noturally from a Wheatstone bridge with decade ad-
justments). If the number in each class is divided by the
total number, this gives the fraction in a particular class
or the probability of that class. A histogram displaying
the probabilities of the classes corresponding to successive
values of the variable therefore represents a probability
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distribution ; and if the variable is continuous it is possible
by reducing the range of a class—narrowing the columns
in the histogram—to approach in the limit a continuous
probability distribution curve.

The obvious means of identifying the position of the
distriburion along the variable axis (resistance)-is to take
the value of the class which occurs most frequently,
and this value is known as the mode. This is easy, since
no further data-processing is required after counting the
number in each class; but it is inefficient since it discards
all data falling outside the one class having the highest
frequency. In practice one may arrive at a situation like
that shown in Fig. 3(2). With modest numbers the class
frequencics do not fall exactly on a smooth curve, and
one would like to interpolate the curve shown dotted,
but the mode automatically sclects the one largest peak.
Even if the curve is smooth it may be skew (asymmetric)
as shown in Fig. 3(b), and the mode is then towards onc
side of the distribution.

The simplest mcasure of position using all the dara
is the mean, and for symmetrical curves the mean and
mode coincide. But for skew curves they signify different
things: the mode is the position of the peak but the
mean indicates the position of the centre of gravity.
A third measure of position is the median. This is the
value of the variable such that equal numbers of objects
have values greater and less than the median. The
median is particularly uscful when the members of the
population arc considered in ranking order: ¢.g. in a class
list the student in the middle has the median mark, but
this neced not be equal to the average mark,

Mean values

If we have a collection of objects having various values
of x, we find the mecan value of x for this collection by
multiplying each value of x by the number of objects
having that value, adding together all such products,
and dividing by the total number of objects. But in a
probability distribution function the individual numbers
have already been divided by the total number, so as to
give the fraction of the population having any specified
value of x. Therefore the mean value of x is x= ZxP(x)
for discontinuous distributions like thc binomial or
Poisson, or f,\‘P(x)dx for continuous distributions like

the Gaussian. If P(x) is likened to a set of weights or
forces distributed at various distances from the origin,
then the mean is also the first moment abour the origin of
the system.

Of the various possible measurcs of spread or disper-
sion, the variance (and its square root, the standard
deviation) is by far the most generally used. It follows
from the definition of the mean that the average distance
of all members of the population from the mean is zero;
but the mean-square distance is always a positive quan-
tity, which is called the wvariance and denoted by o,
and the r.m.s. value o is called the srandard deviation.
In the Gaussian or normal-law-of-errors distribution,
68.26% of the area under the curve lics between limits
-+ o about thc mean; so these limits are rather wider
than the so-called “ probable error” which refers to
points at -0:6745¢ such that half the area under the
curve is between these points.

A good deal of labour is involved in computing the
variance, and for a rapid estimate of dispersion one might
fook at the range of a sample, i.e. the difference between
the largest and the smallest value in the sample.  For
example, statistical quality contiol (usually called simply
“ Quality Control ) is a technique of using samples
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drawn from production which is cither too large in
quantity for 100%, inspection or such that testing involves
destruction (e.g. testing the speed of a photographic
cmulsion). One deduces the probable characteristics of
the bulk production irom measurements on small samples,
and it is obviousty desirable to have rhe answer quickly
so that faulty production can be stopped or corrected.
Is it possible to take a handful out of a bin of nominally
similar resistors, and usc the difference between the
highest and lowest resistances found in the handful as a
measure of the variability of the whole batch? Under
certain conditions it is, but this method involves a dilemma.
The gencral rule is that large numbers or large samples
are necessury to securc statistical reliability, yet the larger
the sample taken {rom a given population the greater the
range is likely to be. Considering a Gaussian distribution,
the most probable values arc near the mean, and these
are the oncs we shall usually get in a small sample;
but in a very large sample we may get the odd one differ-
ing from the mean by more than 3o, since this has a
probability of abour 1 in 500.

The successful method is therefore to take a small
sample (less than 20 individuals in cach), determine the
range R in this sample, and then improve the statistical
1cliability by taking a number of such samples, finding
the range in cach, and evaluating R, the mean of R over
all the samples. Details will be found in text books on
quality control, but one of the best presentations is to be
found in B.S.600: “ The Application of Statistical
Methods to Industrial Standardization and Quality
Control,” by E. S. Pearson, published by the British
Standards Institution. The standard deviation may be
derived from the mean range by the formula

kR

where k, is a multlpher d:pcndmg ou the number of units
ina ssmpleA For example, for » = 2, 5 and 10, the valucs
of k, are 0.8862, 0.4299 and 0. 32/19

Relurnmg to [hu more theoretical aspect, the variance
is the second moment about the mean. Moments about
the mean are always denoted by r, while moments abou[
another point, such as the origin, may be denoted by ;/
or by an entirely diffcrent symbol such as », so the first
and second moments may be tabulated as follows:
w =0 g

variance =o? (ii1)
ae + (p7) @v)
The last rclatlon is 1dermcal with the rule of parallel

' i=

E

Fig. 3(c). Mode
taken from @
histogram. (b) The

© mean and mode
(@) in a skew distri
bution.
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Fig. 4. Mean ond standard deviation of rate of transit of electrons

through a thermionic valve correspond to d.c. ond r.m.s. a.c. com-
ponents of current.

axes in mechanics; and the variance could be found
without cvaluating the distance of cach point from the
mean by transposmo (iv) 1o read
pe = g1y

Usually p’ is no[ then zaken relative to the true origin,
but relative to a convenient point which will simplify
calculation, ¢.g. the whole number nearest to the mean.
;" is then the distance of the mean from this arbitrary
reference point.

Specifying curve shape

The remaining consideration is the shape of the curve,
and this can be partly defined by specifying the skewness
and the Awrrosis. Skewness is obvious—the degree of
asymmetry between the two sides of the curve—and
kurtosis indicates whether the distribution function® is.
sharply peaked (like the resonance curve of a single tuned
circuit) or flat-topped (like the resonance curve of a
critically coupled pair); and both these characteristics can
be quantitatively specified in terms of the various moments
of the distribution. All the odd moments about the
mean would vanish for a symmetrical distribution, so
conversely the third moment should give a measurce of
skewness; and 10 normalize the measure relative to the
spread the coefficient of skewness is defined as y, =
tyfo? (There is also Pearson’s measure of skewness
(mecan-mode) '¢.) Similarly the kurtosis is 8, = p,/o%.
Since the Gaussian distribution is for many purposes a
standard, and has a kurtosis of e\actly 3, the behaviour
oi other distributions is sometimes described by the
¢ cxcess kurtosis ”’ which is vy, = p,fe!—3.

Two distributions which have equal values of mean,
standard deviation, skewness and kurtosis must be pretty
similar, but they nced not be identical. However,
spcciﬁcation of the mean and all the moments fia, sy, 245

...... up to the highest which has a sxgmﬁcam value
w111 exactly define the distribution. An imporrant
property of variances is that if the random variations in
the quantities x and y are uncorrelated, the variance of
their sum is the sum of the individual variances: if 2 =

x - gsthen e = o - o)t

Now let us apply somce of this 1o the noise component
of a simple thermionic current] consisting of » electrons
per sccond. The mean current is 7e where e is the
charge on cach electron. Hence if we draw the Poisson
distribution of the rate of electron flow as in Fig. 4, the
mean value 7 gives a measure of the mean current which
would be indicated, for example, by a moving coil meter.
The spread of the curve indicates that the instantaneous
current will be sometimes greater and sometimes less

£The current is treated a 1 the
of Space-charge smoothing, and eleclron transit-time & ISAOFCL.
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than the mesn ; and it indicates ow often a particular value
of current will be found but not whern.

We know from experience, and could deduce from
the random nature of the phenomenon. that the various
values occur in random sequence and so produce the
familiar spikcy noisc waveform shown in Fig. 5(a).
If the waveform is produced on a cathode-ray tube and
a narrow slit is placed in front of it, the amount of light
passing through the slit will be proportional to the
frequency with which the waveform dcparts so far from
the mean, and if the slit is moved across the trace this
frequency should vary in accordance with the P()
shown in Fig. 4. This can be verified by placing a photo-
cell behind the slit as shown in Fig. 5(b) and plotting the
photocell current against slit position. But in centering
the trace on the screen, i.e. placing the mean on the
zero mark of our scale, we have in clectrical terms sup-
pressed the d.c. component and the noise deflection
represents the a.c. component. The larter is to be
measured by its r.m.s. valuc, which is none other than
the standard deviation of the statistical distribution.

If two thermionic currents are added, the variances
will be added, or in electrical terms the mean square
noise currents will add. Since the constituent currents
are no longer distinguishable after they have been added,
any current could be divided into hypothetical eompon-
ents; and it follows that the mean-square noise current
is linearly proportional to the mean current or d.c.
component.

Rule-of-thumb for variance

The Poisson distribution has the singular property
that its wariance is always equal to its mean. This is the
origin of a rule-of~thumb that in a statistical phenomenon
involving a large number, the variation in the number
is likely to be of the order of the square-root of thc
avcrage number—a rule which is exact if the Poisson
distribution applies. If 7 is the mean rate of arrival of
clectrons, the mean current is 7e where ¢ is the charge of
an electron. Let An be a fluctuation in n so that e Anis a
fluctuation in currecat. Then the mean-square noise
current is 7¥ = ¢*(An)®. But(An)* is the variance of »

SLIT
»

PHOTODETECTOR

~a————TRAVERSE OF UNIT———

™~

(®)

Fig. 5(a). Noise waveform, with slit for detecting the occurrence
of a particular level in the distribution. (b) Arrangement of cathode-
ray tube, slit and photodetector. Light passing through the slit
falls on a photomuitiplier, and the whole measuring unit can be
traversed across the tube face as indicated by the double-ended
arrow.
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Fig. 6. Logorithm of percentage survivors of thermionic valves

plotted against time. Point X can be regarded as the end of useful
valve life. The broken-line curve represents a uniform random
failure rate.

and from the property of the Poisson distribution must
be equal 10 7.

STt = Tet = e
The additional mathematical manipulation needed to
obtain the answer in the form of a spectrum can be
found in text-books on noise and the result is

I*df = Ziedf
where I%df is the mean-square noise current as measured
in a narrow bandwidth df.

If Poisson had been alive today he would no doubt
have worked on the statistics of fatal accidents on the
roads rather than those of equine accidents to cavalry-
men. The other modern application is to * reliability 7;
and in terms of reliability of passenger transport vehicles
and their associated traffic control systems, reliability of
electronic systems will have some relationship to accident
probabilitics if human error can be substantially elimin-
ated. There is a long range of time—some thousands of
hours for thermionic valves and tens of thousands of
hours or more for solid-state devices—over which clec-
tronic apparatus docs not seem to wear outs it just
has a small risk of * death by misadventure ” which is the
same throughout this long range of time. But a small but
uniform probability of an event in any time interval dz is
the basis of the Poisson distribution, so these random
failures follow a Poisson distribution. If the failure risk
is constant, the number of failures is proportional to the
number of items exposed to the risk. Hence the rate of
occurrence of failures at any time in a large group is
proportional to the number surviving up to that point,
and the decay in numbers is thercfore exponential:

N et
The mean life of a single item is 1/« and in a system con-
taining N items the mcan time before one of them fails is
1/Na.

Mean time between failures

In a $ystem which is repaired when a failure occurs,
so that N is comstant, the mean time to the next failure
will be the same, so 1/Nu is also the mecan time between
failures (m.t.b.f.). Unfortunately the mean in m.r.b.f.
indicates the mean over an ensemble, either of many svs-
tems or of the same system on many occasions. Therefore,
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when dealing with any single system, e.g., the instrument-
landing equipment on a particular aeroplanc, one wiil
probably want the m.t.b.f. to be much greater than the
operating life: this is because a single sample time before
faiture may be either greater or less than the m.t.b.f.

The constant failure risk of the Poisson law never
opplics cxactly and departures from it indicate some
systematic fault which should be capable of climination.
For example, instead of the dotted straight line in Fig. 6
which represents a uniform random failure rate, thermi-
onic valves often show a sharp initial fall, a long constant
slope, and then an increasing slope at the end. The eatly
failures of valves are usually the result of latent mechani-
cal defects such as cracks due to strain glass envelopes or
imperfect welds; and the increasing failure rate after a
long time represents wearing out, e.g. cathode exhaustion
by evaporation or barium or by poisoning. It is logieal
to regard the point X as the end of uscful life, and in the
Poisson regime preceding this point there is no advantage
in replacing a valve: a new valve will be just as likely
to fail as the old one, or in fact more likely unless it has
been aged through the early-failure period before being
put into use. Any attempt al preveutive maintenance
must therefore depend on detecting some symptom
of wear-out, such as decline in maximum cmission of a
thermionic valve or increase in leakage current I, of a
transistor. Components in general and solid-state devices

usually do not show such a clear-cut threc-part charac-
teristic, but the plot of logarithm of percentage survivors
against time will show a slight curvature indicating 2
failure rate which cither increases or decreases with time.
An analyrical expression which is often applicable is the
Weibull formula, which may be put in the form

N=N, exp.(—at)*
where the exponent w is greater or less than unity for
failures rates increasing or decreasing with time.

However, in most clectronic systems (such as com-
puters) the [ailures will be repaired; and therefore the
m.r.b.f. is more important than the survival rate. There
is some evidence that in computer installations there may
be a clustering of faults which will show up as a different
kind of departure from the Poisson distribution. Two
possible causes of this clustering are: (a) that an inter-
mittent fault may not be cleared by the first remedial
action, and so will reappear and be reported as another
fault repeatedly until the correct remedy has been found;
or (b) that the maintenance activity has disturbed other
components and so provoked additional faults.

So it was perhaps a Jucky coincidence that life tests on
thermionic valves provided a very good illustration of a
Poisson distribution of failures; the more reliable com-
ponents used now have failure characteristics which are
both more complex and more difficult to determine
because the times involved are so long.

H. F. PREDICTIONS — MARCH

MEDIAN STANDARD MUF
————— OPTIMUM TRAFFIC FREQUENCY

——:—— LOWESTUSABLE HF

LT

The prediction curves show the
median standard MUF, optimum traffic
frequency and the lowest usable fre-

quency (LUF) for reception in this
country. The MUY is, by definition,
the frequency at which communication
should be possible for 30 of the time.
Satisfactory communication will, of

course, be possible slightly above the
MUTF, but only for smaller percentages

of ime. The optimum traffic frequency

is usually taken as 85%. of the MUF.

Unlike the standard MUF, the LUF

is closcly dependent upon such factors
as transmitter power, aerials, local noisc

level and the type of modulation. The

LUF curves shown are those drawn by
Cable and Wircless Ltd. for commercial

telegraphy and assume the usc of trans-
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mirters of several kilowatts and acrials
of the rhombic type.
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LETTERS TO THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondents

** British Made

YOUR Editorial (October, 1965) and the subsequent
rash of letters would have us believe that there are
no hi-fi relevision sets on the market; this may be the
case with sets of British manufacture. Your edition for
December proves the absence of advanced design car
radios; not a single sct being capable of receiving v.h.f.
How many audio appliances are there available from
British sources equipped with reverberation, T wonder.

All these refinements are available through various
foreign agencics, at reasonable prices. For instance,
my 19 in television set (a medium-priced Japanesc model)
is equipped with a 10in bass speaker and a 3 in tweeter
crossover network with tone controls.

When will the British manufacturer wake up to the
fact that we are being left behind and that what might
have sutted “Gran” just will not gell with the modern

minded?
Singapore. E. H. DAVIES

Integrated Circuits Discussion

I FEAR that in publishing in the January issue such an
interesting, but rather restricted and misleading discus-
sion on integrated circuits, you may well stir up a hornet’s
nest. Perhaps this was vour intention!

Integrated electronics as a new art is not merely the
use of standard, mass-produced, *“ not quite right for our
application,” circuits put together to make systems.

It is an activity in which, at one cxtreme, a single
technology can be used 10 produce similar components
in connected groups, and at the other, where a variety of
technologies and materials are unified to make multiple
functions.

The unification has barely begun. To many working
in the field, the “writing on the wail ” is plain; one may
list the basic requirements of electronic circuitry and
realize that resistive paths, conducting paths, dielectrics,
magnetics, cryogenics, and semi-conducting juncrions
are ultimately more likely to achieve a successful “ housing
development” on passive subsirates rather than semi-
conductors.

Further, a simple truth languishes little-heeded in Mr.
Lawton’s statement : —In present day practice, 90 % of
all circuitry used in the electronics industry is analogue.”

For this 90 %, evaporated and screen-printed metal and
insulating “integrated circuit” films on glass or ceramic
have already assumed great importance. The 1965 sales
value of film circuits in the U.S.A. was double that of Mr.
Padwick’s little peltets! (sic).

Mr. Flack and the entertainment and professional parts
of the industry will soon be able to buy a “brick” of
ten stable, reliable integrated film resistors/capacitors for
a fraction more than they now pay for one component.

Certainly semiconductor integrated circuits will achieve
a miniscule inroad into the analogue tield; perhaps more
where miniaturization is important. But how does the
digital field look today? During a very recent visit 1o
the U.S.A., I was told that the largest compurer manu-
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facturer in the world was ordering more than 100 million
fibn civeuits in 1966/7, and that other large manufac-
turers in the field are following suit (I saw first hand
evidence of the latter).

For an expensive base material like silicon the process
currently used by most manufacturers scems very waste-
ful. Nearly 50% of the ingot (it costs about 8s per gram)
is lost in slicing, lapping and etching operations. Of the
parts actually used to make circuits, only the top 20
microns of a 100 micron thick chip are required; the rest
is both thermal and clectrical embarrassment. To cap
this, average overall vields run at about 15 %; though
many will feel this figure optimistic -except for simple
circuits produced in large quaniity. The idea is good but
“state of the art” execution is poor.

Only the most primitive natives still fashion canoes by
chiselling out logs!

Engincers accept the logic that it can be more economic
to put several components made by a unified technology
into one¢ package. Yet if an “active” component rech-
nique is bent to produce inferior and/or expensive * pas-
sive ” components—as often appears to be the case—the
logic no longer applics.

For a variety of reasons the passive components used
either in the silicon, or over the passivating oxide, have
tolerance and stability problems. Somec of these arise
from sheer small size and can be readily climinated only
by increasing arca, and hence price.

Resistors and capacitors in available monolithic semi-
conductor integrated circuits tend to exhibit poor elec-
trical isolation, poor lincarity, comparative lack of
stability, lack of space for power dissipation, lack of close
tolerance ability and high temperature cocfficients and be
high priced.

On the reliability issue it appears that the accepted
improvement for digital semiconductor integrated circuits
does not necessarily apply to the analogue ones. Analoguc
circuits are far more sensitive to parametric drift.

It should not be inferred from this letter that I am
of the opinion that semiconductor integrated circuits as
we now know them are poor devices. Far from it; the
message is simply that there is a strong probability that
they will be priced out of large areas of the marker by
improved integration techniques among their humbler
brethren—the passive components.

The techniques most likely to succeed in the long run
are those most suitable for component and circuit defin-
ition by computer control. In this respect one may fore-
cast that this yecar, Company A will be able to feed
punched tape into its Telex machine and dircetly control
a slave pattern generator in Company B, hundreds of
miles away. This will make a film integrated circuit within
a few seconds—with resistors and capacitors accurate 1o
+0.5 % or better.

I hazard a guess that by 1970 in the 90 % application,
we shall mainly have each passive and active component
technology producing integrated groups of its own par-
ticular kind; and optimized for lowest price and best
performance.

Finally, und with the greatest respect, W.W. will be
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guilty of neglect if it imagines it has generated, from so
learned a panel, an adequate discussion on integrated
circuits—mercly by dramartizing* the cffect of silicon
planar technology on 10 to 15 % of electronics. May I
suggest that carly in 1966 you reassemble your pancl.
Perhaps it could then be stiffencd with expertst from
the passive component ficlds and move on to discuss the
more important aspects of integrated electronics, i.e. the
90 % and the longer-term implications.
D. BOSWELL
(Manager, Film Circuit Unit).
Standard Telephones & Cables Ltd.,
Paxgmon

* It was not our mmnnon to ** dramatize.”—ED.
4 Lest ous choicc of * experts " should again be criticized we suggest
the di: i in the columns.—ED.

* Magnetic Frequency Divider

I READ with interest Mr. F. Butler's article “ Magnetic
Frequency Divider” in the January issue, and note that
he ascribes this device to Rakov and Shumkov, who
published a paper in 1965. In fact, to my own know-
ledge, the divider described was studled at length in
this country some twelve years ago by B. W. Glover,
with whom I had many discussions regarding this and
other forms of magnetic divider used for the production
of both even and odd order sub-harmonics.

The circuit shown in Fig. 1 of Mr. Butlcr’s article is
exactly that which we classified as the “transductor”
type of divider since almost any transductor could be
used as a divider by connecting in the manner shown.
Two identical transformers with primaries in serics
aiding and sccondaries in series opposition were often
used to avoid the overwinding of two separate coils with
one output winding which was regarded as the preferred
method of construction for transductors.

Prior to Glover’s work other forms of magnetic
divider for the production of even-order sub-harmonics
bad been developed, first by MacCreary® and later by
myself. All of these devices had the same basic require-
ments of diode input and capacitor output. MacCreary’s
original device used a lattice window type of magnetic
core wound as shown in Fig. 1

Two other forms of construction which were success~
fully developed by mysclf are shown in Fig. 2.

Fig. 2 (a) shows a magnetic toroid with a hollowed-
out channel in the centre, this channel containing a
winding orthogonally disposed with reference to the
second winding which was applied to the toroid in the
normal way. Fig. 2 (b) shows a tape wound toroid in
which the magnetic tape itself was used as onc of the
divider windings.

For those who may wish to experiment with any of
these devices I would add that MacCreary Cross Valves
can be most readily made by using double yoke lamina-
tions such as the Inter Service Pattern No. 324. If
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these laminations are inserted in the directions Nosth,
East, South, West cyclically the lattice window pattern
will appear.

Experience with these devices has shown that, as Mr.
Butler comments, the theory is very abstruse. As far
as I can recollect no really satisfactory design mathe-
matics werc evolved and design was based on data
obtained cmpirically. I have not yet had the oppor-
tunity of reading the Russian paper and it may be that
the theory of operation is now fully understood.

F. R. Davey" developed a divide-by-three system for
the generation of 16% cycles ringing tone for G.P.O.
tclephone systems as long ago as 1943 using saturated
magnetic cores. Transductor types of divider can also
be used for production of odd sub-harmonics, particu-
larly the third sub-harmonic, but ar¢ much more critical
than the simple divide-by-two circuits. For the pro-
duction of odd sub-harmonics the diode inpur circuit
is not used.

The principal objection to the application of any of
the forms of divider mentioned is that the drive power
required is considerable, a point which Mr. Butler has
emphasized.

J. W. McPHERSON
(Technical Manager)
Garnders Transformers Lid.
Somcrford, Hants.

‘. Glover, G.E.C. un-

Transductor quucncy Dividess.” 8.
pub‘xshcd report No. SL104.
The Magnetic Cross Vitos and its, application to Subfrequency
so\lu.g Generation,” H. I, MacCrears, Proc. Nar.. Electronizs Conf.,
4

Mains Frequency Convertor for Rinazinz Supplies,” F. R.
43,

A
Davey. Post Office Electrical Engincers Journal, Val. 36, 19

The author replies: —

Mr. McPherson’s letter is onc of a number which
have been received, all making the point that magnetic
frequency dividers of one sort or another have becn in
use for many years. The correspondence shows that
I was less than fair to the pioneer workers in this field
and I welcome an opportunity to set the record straight.

Considering only the generic type of circuit shown in
my Fig. 1, it is clear that there is nothing new in the
binary divider described by Rakov and Shumkov, but
their divide-by-four and divide-by-six circuits are new.
At the same time, it must be pointed out thar these
modcs are quite difficult to cxcite, although the simpler
divider presents no such problems.

The MacCreary Cross Valve and the two circuits
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developed by Mr. McPherson are of particular interest
and T would have welcomed a little more information
about the performance, frequency range, drive power
and suitability for transistor operation.

Another correspondent, Mr. N. G. Dobson, of York,
also points out that the circuit of my Fig. 1 is exactly
that of a low-frequency divider which has been. used
by the Post Officc since 1959. Presumably this equip-
ment is the same as, or is related to, that described by
B. W. Glover in 1954,

Finally, T have received from Mr. J. C. Barton a
reprint of his paper “Simple Core Scaling Circuits,”
published in Nuclear Instruments and Methods, Vol. 5,
1959, pp. 332-334. This describes a scale-of-two counter
which also employs two saturable cores associated with
diodes and capacitors. The two main windings are
placed in the collector circuit of a transistor. A third
(common) winding is connected betwecen base and
emitter, through a capacitor, the combination forming
a species of blocking oscillator. Thus the cores them-
selves determine the duration of the current pulse which
switches them. Mr. Barton’s paper continues with a
description of a scale-of-ten circuit and concludes by
discussing a high-speed scale-of-two circuit suitable for
driving other identical stages.

All correspondents stress the complexity of the under-
lying theory and a study of the Soviet paper which I
quoted will show how right they were to do so. This
neced not prevent the interested reader from developing
a satisfactory divider by empirical means. An intelligent
use of trial and error methods, backed by a qualitative
understanding of the basic mode of operation, is enough
to ensure success. The aim of my clementary descrip-
tive treatment of the topic was to supply this need.

Chelienham, Glos. J:. BUTLER

Topsional Stahility and the Unipivot

THERE were two points in Mr. J. Walton’s letter in the
February issue which interested me greatly, but first I
must say that although I accept without question the im-
portance of rumble reduction, I cannot accept that the
method advocated is necessarily the best.  As far as I can
see the only means of reducing rumble without risk of
compromising some aspect of pickup performance is to
fackle it ncar its source. One such method is to fix
lumps of metal at strategic points to the underside of the
motorboard. This has not the elegance of the anti-rumble
pickup but it is effective and is a means which the amateur
at least can quite easily usc.

Unlorunately, I did not see the article on the Hi-light
arm and consequently it was most interesting to read that
this pickup uses induced torsional motion to reduce verti-
cal inertia.

It was also interesting to learn the effects of (presum-
ably) small torsional movements on the stereo image as
T had no exact idea as to what this might be. On hunch,
I tzied to limit tilt due to the arm “ sticking ™ on its pivot
to within +1° from vertical so as to minimize any pos-
sible trouble .this might cause. Howecver, since any image
displacement in this casc would be more or less static, it
may well be that greater tilts would be acceptable and
the maximum pivot friction limit safely raised.

The reason for my attempting to prevent ail torsional
motion is that with an arm such as mine suspended close
to its centroid on a low-friction pivot and relying on
“dry” friction to limit ““ wobbles,” there is hardly any
alternative.  One could juggle with the arm’s reaction
movement and/or pivot friction in order to permit
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torsional motion with warp accelerations greater than a
predetermined value, but since the resultant wobbles
would tend to occur at the arm’s torsional resonance
rather than the warp frequency, there would be ne
guarantee they would occur in-phase. Apart from this
then offering no certain improvement in the ability of the
arm to track warps, there is a great risk that the wobbles
get out of control and result in the “elbow ™ of the arm
hitting the record.

Incidentally, it has been suggested on occasions that a
straight arm be used with the stylus situated on its longi-
tudinal axis. Whilst this would result in a slight overall
reduction in arm inertia, a more massive cartridge attach-
ment would likely be needed, so litle, if anything, could
be gained. (A bent shape offered a more simple means of
attaching the cartridge and was chosen mainly for this
reason.) However, one could probably get away with this
scheme withour stabilizing provided (a) somewhat higher
pivor frictions were used and (b) the centroid of the arm
was dropped to suit.

On the quesiion of low inertia, I go along whole-
heartedly with Mr. Walion, but from the point of view of
stability to shock rather than rumble reduction and it will
be noticed that the inertia of my woggle arm (should ir
be anti-woggle?) has been reduced to a practical mini-
mum (the stabilizers add only about 1.4 gm). The total
inertia with the Deram anti-rumble cartridge fitted would
be about 11 gm which, with the vertical stylus compliance
of 2.5 x10~" em/dync for this cartridge, should give a
resonance around 30c¢/s. So although the arm was not
specificially designed for this cartridge, a degree of rumble
reduction might be possible when used with it.

Finally, if I may, I would like to apologize for a number
of errors which were alinost certainly due to my atrocious
hand-writing. I think the omly error likely to cause
puzzlement is the counterweight’s “rubber back,” as
printed in Pt. 1, which should read, of course, rubter
bush. The lengths of the connecting wires between arm
and pivot assembly werce unfortunately omitted from Pu. 2
and these should be 11 in for each live lead and 2in for
the common E.  Lastly, the poiat S on the alignment
scale, referred to in Pt. 2, is at the intersection of the
middle guide line with the line from the spindle hole.

Appleby, Westmorland. ]. BICKERSTAFFE

Colour Television

A CONSIDERABLE amount of talking goes on about
the introduction of colour television, but we do not scem
to_get very much progress. There are those who think
we cannot afford it anyway, and they may be right.
Certainly the cost of a network of uw.h.f. stations for three
625-line programmes capable of providing a colour
service is formidable. It has been suggested that up-
wards of 4,000 transmitters would be needed, many of
course would be co-sited.

The problem for I.T.A. is particularly difficult, as they
would seem to need to spend a very large sum of money
for little or no immediate return.

There is thus no burning desire on the part of the
1.T.A. to start on the cstablishment of a 625 u.hf. net-
work, nor any reasonably quick profit if they did. In
any case it would be a vcry lengthy process.

During talks with a number of people who carn their
living in the television industry, it has seemed to the
writer that the objections to a dual-standard colour
system arc not very valid.

If colour programmes were made available on both

(Continued on page 141)
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communications

problem,
consult Ultra!

Ultra can give you so much more than conventional systems provide. Ultra miniature radio-
telephone networks can give you instant contact with key personnel on the move, 10 or 100
persons. selectively or altogether, in vehicles or on foot, dispersed over wide areas like docks,
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Better Performance.That means im-
proved Output Voltage Stability—
output voltage maintained within -
0.5% for input voitage changes of +
10% — 20%. Even when the voitage
fluctuation is as great as + 10% to —
30% the V.S.T. will maintain the out-
put voltage to within 4- 1%. @ Latest
Materials. High temperature (Class F)
materials give oplimum reliability and
increased safety margins on operating
temperalures. @ Low external field.
Thelatest technigues in magnetic core
design give improved performance,
coupled with high efficiency, while
still offering low external fields.
® Stable Voltage—Stable Prices.

ASTRALUX dynam/cs Jimited vunsonues owsin - saisatiases -

Ww—119 FOR FURTHER DETAILS

HERE'S WHY ASTRALUX V.S.T. IS REPLAGING C.V.I. IN INDUSTRY AFTER INDUSTRY:
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ASTRALUX prices don't vary over a
long time. So costing a job ahead is
easy with thisadvanced V.S.T. system.
®Over10,000models! The ASTRALUX
V.S.T. Standard Range consists of ten
basic models with over a thousand
variations on each. No other Manufac-
turer offers such a choice, or can offer
such economical prices. @ Low Cosi
Specials.YoucanorderV.S.T.'specials’
at little more than the cost of standard
units. Our design department will be
happy to prepare prototypes lo your
specification, for incorporation inlo
equipment under development.

Free illustrated bookiet giving full de-
tails of ASTRALUX V.S.T. from



405/v.h.f. and 625/u.h.f. we could at lcast get both the
B.B.C. and I.T.A. started without too much cost or pass-
ing of time, possibly sharing some colour programmecs.

Many, probably the most difficult, of the technical
problems of a dual-standard v.h.f./uh.f. receiver for
black and white or colour must be solved even if 405/
v.hf. colour is left out. Would the added complexity
created by including it be very great?

The really difficult colour receiver problem is to pro-
duce one capable of providing black and white pictures
comparable to those on a good monochrome receiver.

If a dual-standard colour system was accepted, then
we could sec a possibility of a National coverage of colour
television fairly quickly, and although receivers would be
more complicated, at lcast some of the cxtra cost would
be cancelled by the fact that since colour reception
would be available to many more people in a fairly short
period, production of sets would be much higher than
if 625/uh.f. only were used.

As 625/uh.f. coverage takes over, 405/v.hf. could
gradually go. Even without colour it looks as if it is
with us for a long time anyway.

Of course, extending the life of 405/v.h.f. may be con-
sidered undesirable, but we must find some way of start-
ing colour—I suggest this is a practical way

Northwood, Middlesex. C. H. BANTHORPE

I HAVE never becn ablc to locate in one document an
objective comparison between the N.T.5.C, PAL and
SECAM colour television systems. By this I mean a
direct point-by-point analysis of the advantages and dis-
advantages of each.

It is my belief that such a document covering both the
transmitting and receiving facilities and operating charac-
teristics would be very much appreciated by the industry.

Triangle Stations, HENRY E. RHEA

Philadelphia, Penn. Director of Engineering

**1812" Bass Booster

HAVING buiit the Dinsdale Transistor Audio Amplifier
(with “ “split earths  as suggested by C. Artus—Feb., 65)
1 found it very sausfactory, but for one thing—the b"nss
control gave a very “boomy” effect* on speech at maxi-

mum sctiing. I therefore developed my own booster,
which has caused so much interest to my acquaintences
(one of whom dubbed it the “1812™), that I am sub-
mitting it for your correspondence columns.

It has virtually no effect on speech frequencies, and
boosts only below about 120 ¢fs, giving a beautiful
“clean ™ bass effect.

It should be noted that great care must be taken io

avoid acoustic feedback when using this circuit.  Also
a large speaker must be used.
Peacehaven, Sussex. R. G. YOUNG

* This may be due to the loudspeuker Lmlﬂsure— En,

Loudspeaker Enclosures

MR. P. J. WALKER in his letter in the February issue
makes some very interesting points. I would, however,
like to disagreec with onc or two of his comments,
although I suspect that our differences are not wide.

First, there is no nccessity for the finite acoustic line
10 be resonant to obtain effective bass lift in the enclosurce
that I described. Theorctically, 2 maximum lift in the
bass response of 6 dB can be obtained when the port
output is in phase with that of the cone itself. This has
no relationship with resonance and is a time-delay effect.
In addirion, it is possible 1o obiain better cfficiency still
by a reduction in the wool density down the line and by
increasing the line cross-sectional area. This gives rise
to a type of bass horn loading.

I will agree that the line itself may tend to show half-
wave resonance effects, depending on its construction;
but this will add still more to the bass efficiency over
and above the amount previously mentioned. Incident-
ally, the resonances that I was particularly aiming at
reducing were the middle and lower middle frequency
ones. These are by far the most objectionable, and arc
very difficult to damp adequately in a normal bass-reflex
cabinet. It was for this reason that a longer absorbing
path was felt to offer better results. The resonance of
the line is, however, casily controlled by the wool density
towards the end of the linc. Non-resonant is perhaps a
misnomer, although the resonances are far lower than a
normal reflex cabinet.

By comparison, the standard bass-reflex cabinet has a
port cmission that is approximately in
quadrature with the cone output when

4Tk

I at resonance. This gives about 3 dB less

bass reinforcement than that of the
acoustic line (both assumed to0 be critiz-
ally damped) for ihe same cabinet
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| cfficiency. If due allowance (somewhat

less than 1.5 times) is made for the rela-
tive stored energy in the two systems,
and identical sized cabinets used, the
bass efficicncy of the bass reflex is still
not as good us that of the acoustic line.
As the design basis is radically different
(time delay rather than rcscnance) I
cannot see how BS2498 applies except
with suitable modifications. Incident-
ally the maximum efliciency given by
Mr., Walker can be exceeded quite casily
by the simple cxpcd]cnt of putting a
large aneroid capsule in the cabinet, al-
though this is cheating perhaps.

With regard to response curves in
general, T feel that although free-field
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response is best for theoretical compari-
sons, they can be very misleading to the
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listener.  First, “free-field” means that the speaker
must be several wavelengths away from any appreciable
reflecting surface. At 30c/s, three wavelengths is nearly
100 fcet and this gives rise to obvious difficulties in
measurement. In any case loudspeakers are normally
used in close proximity to the ground, this giving im-
proved bass loading and about 6 dI3 more bass output.

Again a rear wall is normally present along with a
ceiling, and the effect of these is 1o increase bass efficiency
to an even greater degree. If side walls are added as
well, then the bass cfficiency can be lifted even more, as
the higher frequencices are not reflected to the same extent
as the bass. Hence a “flat” free-field response will
sound intolcrably bass-heavy at the correct volume level
under domestic conditions. It was for this reason that I
used a room so as to approximate to domestic conditions.

In a lecture at the Northern Polytechnic, London, I
had an independent check on the speaker performance,
and it produced about 84 dB level at 24 ¢ /s with 20 watts
input. This was in a fair sized lecture room and was
definitely and rather painfully audible. Reduction of the
frequency to 22¢/s removed all audible sound, showing
that it was fundamenial radiation that was being pro-
duced.

Bradford. ARTHUR R. BAILEY

** Uncenventional Television Aerial™

IN your January 1966 issue Mr. V. Wilson presenis an
“unconventional » television acrial. One is tempted to
say that it is so unconventional it won’t work although

experience has shown me that this would be a dangerous
statement : all aerials work but some work better thaa
others.

While Mr. Wilson’s explanation of the input
impedance is broadly correct he makes no mention of the
polar diagram of a radiator one wavelength long. I need
only refer to Fig. 10.25 (a) of the Services Textbook of
Radio, Volume 5 which shows (above) that such an aerial
has a null in its pattern at right angles to the aerial axis.

Were it not for the facr that Mr. Wilson is presumab.y
obtaining a reasonable signal I would suggest that he tried
inclining the wire at 45° towards the transmitier.

Granger Associates Lid., P. A. C. MORRIS

‘Walton-on-Thames.

ELECTRONIC FILMING AID

A COMPACT electronic “ conversion pack ” that fits on the
side of a swmandard 35 mm film camera and provides the
instant monitoring and play-back facilities afforded by tele-
vision studio cameras has been produced by the Communica-
tions Division of the Livingsion Group at Watford. Known
as “ Add-a-Vision ™ it has been designed around a Plumbicon
pick-up tube and provides the cameraman with a 7in tele-
visen picture instead of that on the normal optical view-
finder.

A zoom lens with a prismatic light-splitting system has
been fitted to a standard Mirchell BN.C. camera, One of
the optical outputs forms the image on the film and the other
goes 1o the Plumbicon. The advantage of the Plumbicon
is that it requires only a very small amount of light being
bled from the optical system and therefore does not degrade
the film image. The ¢ 1p tube housing can be scen in
the larger photograph at right angles to the lens assembly.
To the rear of this hous s the unit containing the asso-
ciated equipment. The viewfinder is mounted on the opposite
side of the film camera, as can be seen in the inset.  This
clectronic viewfinder, which is said to facilitate accurate
focusing. is hinged to give unimpeded access 10 the film
loading doors.

The video processing unit, which with its associated power
supply is rack mounted, provides a video outlet which may
be used to feed 2 number of television display monitors thus
enabling production cxccutives to  watch action during
rehearsals to decide when a scenc is ready for shooting. No
film need be exposed until the sequence is ready to be taken,
and then the monitors relay exactly what the cameraman is
shooting.

The picture signals are to full broadcast television standards.
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Mobile Communications

SOME POINTS FROM THE RECENT LE.E.[I.ER.E CONFERENCE ON SYSTEMS AND EQUIPMENT

ACK in 1945, J. R. Brinkley (Pye) wrote the first
paper to be rcad before the Institution of Electrical
Engincers on the subject of mobile radio tclephony.

At the LEE. and LERE. conference “V.H.I. and
U.HF. Mobile Communication Systems and Equip-
ment,” held at the LLEE. on 12th and 13th January, it
was fitting that the same author opened the proccedings
by presenting a paper which dealt with the past, present
and future development of mobile communication
equipment.

In tracing the evolution of the cquipment over the
last twenty years it is obvious that channel spacing has
become a major problem. Twenty years ago the author
estimated that less than 1,000 civil equipments (used
mainly for police, fire and civil defence purposes) with
100 ke/s channel spacing were in use. Today, the author
estimates the figure to be 70,000 which are used for
every conceivable purpose, and channel spacing has now
been decreased 1o 25 ke/s and in some cases te 12.5 ke/s.

The ever-increasing demand for more channels has
dictated the development of equipment for operation in
the uh.f. bands, and within the auditorium the author
demonstrated a 430 Mc/s pocket radiotelephone by con-
tacting Millbank Tower just over one mile away and
holding a bricf conversanon.

The user

An extensive v.hf. mobile radio network covering
most parts of the country has been cstablished by the
Electricity, Gas and Coal Boards and an interesting
paper was presented by C. E. Dadson (Joint Radio Com-
mittee, nationalised power industries). Electricity is
the most extensive user having 377 basc stations and
7,369 mobiles. Channel requirement demands have been
a problem. In 1958, 22 v.h.f. channels with 25kc/s
spacing were allocated for the exclusive use of these
industriecs. However, the increasing use of mobilc equip-
ment has necessitated the recent allocation of four wh.f.
channels in the frequency range 450-470 Mc/s and six
additional v.hf. channels, but the latter are to be used
with 12.5kc/s spacing.

As regards the question of am. or f.m., an interesting
point was made by the author. When the industirics
were first considering the establishment of their mobile
communication networks, the advantages of a.m. were
greater because of the complexities of the f.m. equip-
ment then available. Once a.m. systems were established
it was obviously necessary to maintain compatibility as
the networks cxpanded. This could account for the
apparent increasing popularity of a.m., but the author
stated thar there is a tendency for new networks to be
developed with f.m, systems.

In considering the usc of selective calling with its
associated advantage of the increased number of opera-
tors in onc channel, Mr. Dadson mentioned that the
facility had not been widely used because of the
apparcnt reluctance of manufacturers to incorporate the
facility as a standard feature. He thought that the need
for a cheap form of digital pattern-recognition decoder
existed.
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In the January 1963 issue of Wireless World a detatled
description of the pilot scheme of the Netherlands Simo-
foon selective calling system was given. A paper pre-
sented by the same author, G. M. Uitermark
(Nctherlands PTT), described the systern which was
put into service in September, 1964. After being in
operation for a year it had about 2,000 subscribers.

Quartz crystals

One of the problems arising from rcduction of channel
spacing is the improved frequency stability required of
the local oscillator which in turn depends upon the
characteristics of the crystal. In a paper entitled “ Recent
Developments in Quariz Crystals” by N. C. Rolfe and
E. W. Kentley (Cathodeon Crystals) the authors con-
sidered that six main factors affect frequency stability
—variation of load reactance—level of crystal drive—
stability of other components—general environmental
conditions—temperaturc—long-term ageing. Only the
last two were considered in detail; the first four, the
authors considered, could be eliminated by careful design.

The problems associated with ageing, the authors
stated, were successfully mastered quite a few years ago
for specially processed high stability crystals. However,
the techniques were complicated, selective and costly, and
today the demand for bulk production of high stability
crystals with rigid specifications is a further problem.
However, the problem of ageing has been overcome by
the perfection of a glass seal which ensures both a high
degrec of cleanliness and the exclusion of flux vapours
and other volatile matter during the sealing process—two
factors which if ignored can accelerate ageing.

The temperature problem has bcen countered by
arrangements which compensate for the change occurring
in equivalent circuit paramcters during temperature
changes. One method described by the authors was that
by which temperature dependent d.c. voliage is applied
to a voltage dependent reactance, such as a silicon
capacitance diode forming part of the oscillator load
reactance. By using a thermistor network to obtain a
preselectable, temperature dependent voltage, different
“voltages can be obtained for compensation of individual
crystals, and factory set temperature compensated oscil-
lator modules have been developed which have a stability
of about —1 p.p.m. from —40°C to +70°C.

Microwave equipment

An unusual mobile communication system was the
subject of a paper by E. Goldbohm of the Netherlands
Radar Research Establishment. The paper described a
microwave tracking system for communication between
mobile vehicles. The author explained the arrangement
as a line-of-sight relay system (with many of the features
of a fixed microwave link) in which the aerials of two
identical equipments track with cach other. Both aerials
radiate narrow beams about 1-9° wide and have a for-
ward gain of about 29dB. The directivity decreases
effects of ghosting, multiple path propagation and other
signal distortions and also ensures a high degree of
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privacy.

However, if the system is to be used with a
base station controlling several vehicles, then the base
station would be equipped with an omnidirectional aerial
and the vehicles would operate as individual tracking
stations—bui with separately modulated carriers which
can be filtered out after demodulation of the r.f. signal.

Each equipment uses a reflex klystron for both trans-
mitter and local oscillator functions.
bandwidth of the klystron, the system is suitable for tele-
vision signals and the author stated that good quality
television pictures had been received at distances of up
to eight miles over land and 10 miles over water.

Because of the wide

INEXPENSIVE TAPE RECORDING

AMPLIFIER

By GEORGE WAREHAM

MCDIFICATION OF THE GRUNDY/COLLINS/WATSON DESIGNS TO ALLOW
USE OF CHEAP N-P-N SILICON PLANAR TRANSISTORS

N the August, 1965, issuc (p.403)
J. B. Watson prescnted a design
for a recording amplifier which

avoids the necd for high-voltage
transistors as used in the Ferranti
design (W.IW. July-Aug. 1965).

Watson’s circuit specified germanium
transistors and a negative collector
supply. However, it can be readily
adapted for use with n-p-n silicon
transistors and a positive collector
supply. The chuip epoxy-encapsu-

circuitry, such as the first two stages
of the Terrant design (July, 1965,
issue p.328, Fig. 5). For this reason
the last stages of the Watson circuit
have been redesigned as a complete
single unit,as shown in theaccompany-
ing diagram. Some simplification
has becn achicved in the interstage
coupling nerwork.  Overall a.c.
negative feedback has been increased
by increasing the size of the unby-
passed emitter resistors of the output

lated planar transistors now coming transistors from 5600 to 1500L),
on the British market can then be Lincarity is good.
used instead of cxpensive high- Typical performunce qata are as
voltage types. follows:—
Readers may wish to use Mr. Input impedance 100 kQ
Watson’s high-impedance transformer- Qutput impedance
less ourput stage in conjunction with (driven from 1 kO
cither his own. or some other input source) 180 kO
; 0 +18Y
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R; Ry
82k 33k
# SEE TEXT
Tri B!AS%AF
262926 %
i
| QUTPUT
3
o1t |
¢ 1
! )
I e
Trs Ty
RpUT R 2n2026% {8185 SHUNT
1
I Ry |
I'Bki I
o— ¢ 7 L —0pV

The redesigned circuit.
measured with a high resistance voltmeter.
Tr2 and Tr3.
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Al resistors are 4-5%,
R, is adjusted to obtain 9V at the coilectors of

tolerance.  Voltages boxed are d.c. voltages

Output. impedance
(driven from 10 k()
source) . .

Maximum undistorted
output current

=10) ‘i 1 mA rms.

Ma\lmum undlstorud
oulput voltage
@,=

Input volmgc Tor 125
A in 18 kQ load .

Input volrage for 4 v

r.as. (Z, = o)

Cut off frequenmes
(—3dB) 6¢/s and > 30 kefs

120 kL)

4V r.ms.
100 mV
20 mV

Silicon transistors type 2N2926 have
a wide range of current gain (35 10
470), but are divided into five narrow
gain groupings, identified by a colour
code. To obtain the stated per-
formance, Trl should preferably be a
“yellow ” wype (i, 150 to 300)
but an “ orange ” type (b, = 90 to
180) may also be used, thc main
effect being a reduction in output
impedance to abour 100 kQ. Tr3
may be either a “ yellow ”’, ““ orange ”
or “red” (h, = 55 to 110) type.
(Readers should note that at least
one manufacturer omits the colour-
code dot on the commonest type,
“ orange ”.) This transistor type may
also be used in both the Ferranid and

Watson low-level circuits.  Again,
“orange” or “yellow” types are
preferable.

The resistor R, is inserted to
protect Trl against excessively high
collector voltages. It has virwally
no effect on performance, but pro-
vides a possible pick-off point for the
signal supply to a recording level
indicator (500 mV when the amplifier
output current is 125 pA). C, may be
omitted if the signal-source impe-
dance is 1 kQ or less, since most of the
resuhing negative feedback volrage
is then lost across Rgand R

The bias trap must have a very
high impedance to be effective, since
it forms an inverted-L attenuator
with the output impedance of the
amplifier, which is itself high.

Transistors type 2N2926 are ob-
winable from Amatronix Ltd., 396
Sclsdon Road, Croydon, price 5s
cach.

WrELESS WORLD, Maucil 1966
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Marconi self-tuning H.F system—
the first in the world to be station
planned from input to output.

ImsTil breakthrougt

MST 30kW transmitter
type H1200

An h.flinear amplifier transmitter for high-grade telecommunications.
Frequency range: 4-27.5 Mc/s.

Qutput power: 30 kW p.e.p, 20 kW c.w,

Meets all CCIR Recommendations.

saves 80%
floor space

Transmitters can be mounted side by
side and back to back or against a
wall. Floor-ducts are eliminated and
all power supply components are
built-in. These features lead to
smaller, simpler, cheaper buitdings or
more services in existing buildings.

rugged reliability
R.F circuits have been simplified and 1
the number of mechanical parts re-
duced to a minimum. Highest engin-
ecring standards are applied to the
design of these parts: stainless steel
shafts in ball-bearings in heavy, ||
rigid, machined castings; stainless
steel spur gears meshing with silicon
bronze;. heavy r.f coil contacts with
high contact pressure. Specified
erformance is maintained with ample .
r’:'largins. P Self-tunlng
A . The H1200 has a frequency following servc
SImpl ICIty tuning system. Any frequency may be selected on
MST reliability allows continuous the synthesizer decade dials in the associated
unattended operation with extended ~ MST drive equipment; the unattended transmitter
or remote control, saving mainten- automatically tunes itself in an average time of
ance and operating staff. Any faultin  twenty seconds. Final stage tuning and loading
the servo control circuits can quickly  servos continuously ensure automatic compen-
be located with simple test routines.  sation for changes in aerial feeder impedance
Transistors and printed wiring give caused by weather conditions. Self-tuning gives
these circuits maximum reliability. one-man control of an entire transmitting station.

Marconi telecommunications systems

The Marconi Company Limited, Radio Communications Division, Chelmsford, Essex, England LTD/HS1
WW—120 FOR FURTHER DETAILS,
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0.1% at 1 Mc/s

—that’s the accuracy this new Wayne Kerr
R¥F Bridge B201 gives you, plus the ability to
measure conductance and capacitance
simultaneously over the 100ke/s to 6Me/s range.
It is completely self-contained, has a variely
of plug-in source and detector units,
adjustable level control, gain control, visual
and aural nulls, clear four-tigure readout,
und extremely wide measurement ranges:
10aF (10-5pF) to 0.1uF and 0.1n)Mho to 1Mho,
For details of ¢/l the many features with
which this remarkable new bridge speeds
and simplifies component testing,

however, you need the B201 leaflet,

Please ask for your copy.

WAYNE KERR

The Wayne Kerr Laboratories Limited

Sycamore Grove. New Malden, Surrey

Telephone: MALden 2202

Telegrams: Waynkerr New Malden. Telex: 262333
WW-—121 FOR FURTHER DETAILS. wern
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SURVIVAL TRANSCEIVER

A SOLID-STATE transceiver called
Safcom is being praduced by K. W.
Electronics Ltd,, for fitling to fishing
vessels liferafts. Last year the Merchant
Shipping Rules (17-8) were amended
making it compulsory for fishing vessels
of more than 60ft in length to carry
emsrgency rescue beacon eguipment.
This transcicver conforms to the 1egula-
tions and has received British P.O. type-
approval.

The wansceiver contains a crystal-con-
trolled transmitier and receiver operating
or the international marine distress fre-
quency of 2182 ke/s. The output of the

transmitter is in excess of 1W and the
receiver sensitivity is 14V for standard
output. Audio cuiput is quoted as 4 V pk-
pi: across the transducer.

‘Thirteen silicon planar n-p-n transistors

 ANTI-MAGNETIC TWEEZERS

are used in the transmitter section. Eight |

of these are employed in 4 tene gencra-
tor, which provides an altzrnating

WIRELESS WORLD, Marcil 1966

output of 1.3 and 2.2ke/s. Fight silicon
planar transistors are used in the re-
ceiver section which employs a superhet
circuit with a tuned r.f. stage and Class
B outpur for battery cconomy. All the
receiver circuits—and the ione genera-
tor and tone switching ecircuits—arc
valtage stabilized.

The transceiver is powered by two
mercury batteries that give a nominal
voliage of 16 V. Battery life, with a 1 10
9 transmit-receive ratio, is in excess of
100 hr.

The Safcom is contained in a cylindri-
cal watertight container measuring 24 in
long by 4in in diameter. An auxiliary
rube containing a telescopic aerial (74 in
extended) and  “ecarthing” lead s
bonded to the side of the main tube. The
end cap of the main tube houses the
microphone, loudspeaker and transmit
switch. (Even with the end cap re-
moved from the bedy of the main tube,
the transceiver is watertight.) A separate
switch is provided for radiating the two-
tone alarm signal.

The Safcom will float, even when
dropped into the water from a height of
20ft. It weighs 9% 1b.

Although cxclusively manufactured by
K.W. Electronics
Works, 1 Heath Strect, Dartford, Kent,
this transceiver is being distributed by
several companies including Marconi
International Marine, who are markcting
it under the name “Lifesaver,” and
Kelvin Hughes.

WW 300 for further details

STAINLESS  heat-resistant  alloy is
used for the tips of a pair of twezzers
recently introduced by Henri Picard
& Frere Lud, of 34 Furnival Street,
London, E.C.. These twcezers are
anti-magn:ztic and will withstand tem-
peratures in excess of 500° C (normal
Lardened steel becomes noticeably soft
above 300° C).

WW 310 for Juriher details

Lid, of Vanguard |

PHOTOMULTIPLIERS

TWO new devices have been added to
the Mullard range of photomultiplier
tubes, a four-stage device designated
XP1114 and the six-stage XP1113 whbe.
Both devices measure 68 mm by 19 mm
in diameter and have cathode sensili-
vities of 40 pA/lumen. The pheto-
cathadss are dzposited directly onto Lhe

inside of the end face of the tube and
focused by a dynode electrode system
giving an overall sensitivity of 4 mA/
lumen for the four-stage tube (illus-
trated) and 400 mA /lumen for the other.

The cathode material in both tubes is
entimony-cacsium and has a response
peaking in the blue region. At a lawer
date it is hoped to offer tubes that will
operate in the infra-red and ultra-violet

regions.
Both tubes are available in develop-
ment  quantities. The address of

Mullard  Lid. is Muilard House,
Torrington Place, London, W.C.1.
WW 311 tor further detalls

TRANSISTORS

QUANTITY price reductions of up to
50°, in a broad ra of silicon planar
and planar cpitaxial transisiors are
announced by Transitron Electronics
Ltd,, of Gardner Road, Maidenhead,
Borks.  As an example the 2N2784,
which is a hermetically sealed device
with an f; of 1Gc/s, is now under 10s
at 1,000 up. For small orders the price
has not been changed; the 2N2734
costing 18s 11d.

Units with relaxed specifications such
as the ISP6120, a general fast switching
device with an fu of 1Gc/s, are also
cheaper in quantity. At the 1.000 level,
the 1SP6120 costs 8s 6d; onc-off they
ave 15s 4d.
wwW 312

ior further details
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Loudspeaker Units

TWO 12watt loudspeaker units have
been introduced by Jordan-Watts
Lid., of Benlow Works, Silverdale Road,
Hayes, Middx. Both enclosures arc
fitted with their standard drive unit and
are suitable for use with amplifiers hav-
ing output impedances from 7.5 to 16¢2

The Juno, as onc is called, is an

0.6cu fr bass reflex unit and has a fre-
quency respoase of about 40 to 20,000 ¢/s

(+6dB). Although based on their cur-
rent enclosures, the Juno has been
stiffened and the port and tunnel

modified to improve the bass frequency
response. Distortion with a low input is
approximately 5% at 50 ¢/s and 11 % at
100 ¢/s. The external dimensions of the
unit are 243X 12X 5% in, and the price is
£24 10s.

The other unit, which measures 8X
16} X 3lin, is called the Jumbo. It is a
otally enclosed unit and has a frequency
response of about 70 to 20,000 c/s
(46dB). The price is £17 12s 6d.

Borh units arc finished in light teak.
A Vynair covering forms the fascia
panel.

WW 313 for further details

Milliwatt Test Set

REDESIGNED versions of Standard
Telephones and Cables 74166-A milli-
watt test set—an instrument for measur-
ing signal levels on unbalanced 758 cir-
cuits at frequencies up to 30 Mc/s—
have recently been introduced.  The
new instruments, the 74166-H and
74166-], are about half the size of the
carlier instrument, and incorporate push-
button switches.

The two models (H and J) are identi-
cal apart {rom their input connectors,
the H being fitted with Post Office
No. 1 co-axial plugs, and the J having
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B.N.C. conncetors (Amphenol 31-221).
They will make accurate terminated
level measurements of +1dB to —1dB
referred 10 1mV on 75{) unbalanced
circuits at frequencies up to 30 Mc/s,
and they will also measurc heater volt-
ages of 5.6 o 7.0V.

The instruments cannot be used for
measuring “ through levels ” as a wired-
in thermocouple is incorporated with
the heater impedance shunted down to
758 A miniature Weston standard ceil
is included to maintain a high measur-
ing accuracy; the measuring circuits be-
ing standardized by a serics of simple
switching and adjusting operations. A
further feature is that the standardizing
circuit can also be used 1o send a d.c.
power level of I mW into external 7502
circuits for calibrating other apparatus.
Both instruments are powered by three
internal 1.5V dry cells. The overall
dimensions are 123X8X7}in, weight
is 121b.

The address of S.T.C.’s Testing and
Apparatus Division is Corporation Road,
Newport, Monmeuthshire.

WW 314 for turther details

x

Transistor for Driving
Number-tubes

A BREAKDOWN voltage of 120V and
a d.c. gain of 35 (at an operating current
of 3 mA) are features of a new transistor
from SGS-Fairchild. Known as the
C407, it is a silicon planar device
designed for use as a high-voliage driver
for neon indicator tubes, such as the
Nixie.

Being a silicon planar device, the feak-
age current is less than 200nA and
thus will eliminate the soft glow effect
caused by a numeral other than the one
desired drawing current. The C 407 is
encapsuiated in epoxy .resin and has a
lead pin circle identical to that of the
popular TO-5 can.

The one-off cost of the C 407 is 6s 9d
and at 100 up the cost is 4s. The com-
pany’s address is 23 Stoncfield Way,
Ruislip, Middx.

WW 315 for further details

WIDE RANGE VOLTMETER

FIFTEEN ac. ranges and three d.c.
ranges are provided on the mew Type
M1 voltmeter now available from Lin-
stcad Electronics Ltd., 35c Newington
Green, London, N.16. The input
impedance is 10 M on all but the
lowest a.c. ranges where it is between
6 and 10 M{L The mV ranges pro-
vided are as follows: 1-10, 2-20, 5-50,
10-100, 20-200 and 50-300mV; and the
voltage ranges 0.1-1, 0.2-2, 0.5-5, 1-10,
2-20, 5-50, 10-100, 20-200 and 50-300 V.
The frequency range of the M1 is 10¢/s
to 100 ke/s.

The three d.c. ranges provided are
010 4, 10 40 and to 400V. The sensi-
tivity is 20k(/V.

The transistor instrument contains a
four-inch meter and is powered by an
internal 9V battery. An amplifier out-
put—at low impedance—is provided
with a voltage gain of approximately 80
on the most sensitive range.

The overall dimensions of the MI
arc 65X 81X 5in, the weight is 51b and
the price is £24.

WW 316 for further details




Multiple Capacitor
Units

FOUR types of multiple capacitor unit
for use in the manufacture of delay
lines are now being made by [ohason,
Matthey & Co. Ltd, of 73-83 Hartton
Garden, London, E.C.1. The units
contain a number of silver-mica capaci-
tors—with or without interconnection—
and are encapsulated in an epoxy resin
o give 2 high humidity resistance and a
wide operating temperature range.

Units with various combinations of
capacitance value will be made to
customers’ specifications from the four
standard types of unit. The available
capacitance ranges are as follows: 50V,
440 o 1,500 pF; 200V, 300 to 439 pF;
and 330V, 1 to 299 pF. The tempera-
wre range of the units is from —55
10 +100 °C. Temperature coefficient is
15%107°/°C at 1 ke/s and 5X10°°/° C
at I Mc/s.

WW 217 for Turther details

Standard Integrated Gircuit
Boards

TWO standard printed circuit boards
are being manufactured by the Triad
Division of Litton Industrics to enable
manufacturers to quickly assemble inte-
grated circuits. Both boards arc double-
sided with flat-pack mounting tabs on
one side and TO-5 pads on the other.
Up to six TO-3 cased components.or six
flat packs—or a combination of both—
may be mounted on each board. The
boards are designed for usc with either
25-contact or 18-contact double-sided
connecrors,

Litton products are handled in the
United Kingdom by Litton Precision
Products, 503 Uxbridge Road, Hayes,
Middx.

WW 318 for further details
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Aerial Changeover Relay

A NEW co-axial acrial changeover relay,
having no plugs or sockets on the body
of the relay, is now available from Mag-
netic Deviczs Lid,, of Newmarket,
Suffolk. Designated Series 951, it is a
d.c. operated device and is suitable for
switching signals at {requencics of the
order of 450 Mc/s. It can be used in
where low inter-contact
capacitance is important.

The telay contains a single change-
over contact enclosed in a brass housing
and is designed for use with UR. 43
cables—which are soldered directly to
the relay and secured by brass clamps.
The soldering operation doss not affect
the relay contact seuting and the brass
clamps provide continuity of screen-
ing and cable outlets in any three direc-
tions, Operate tme is 20ms and re-
lease time is $ms.

The maximum d.¢. working voltage of

DIGITAL VOLTMETER

THE range of instruments made by
G. & E. Bradlcy has been extended and
now includes a digital voltmeter. Desig-

nated Type 160, it covers 0 to 1,000 V
d.c. in four ranges and has an accuracy of
0.1%.

A four-digit in-line display is em-

the relay is 100 V; maximum coil wat-
tage is 1.5 W and masimum coil resist-

ance is 9.350f). The contact rating is
1A or 30 W mavimum with a nominal
impedance of 30 . Other specification
details include a voltage standing wave
ratio of uapproximately 1.1:1 at
430 Mc/s, and 2 cross talk figurc of
39dB.

WW 319 lor further details

ployed in this solid state instrument,
which contains a standard cell for cali-
bration. A filter is also provided that
can be switched into the mpu( circuits
t0 suppress superimposed noise or a.c.

The basic version of the 160 does not
have an outpur for driving printers and
costs £240. A version with a
printer output is available and
costs approximately £20 more.
The dimensions of the 160 are
4> 1148 in, and its weight is
8% 1b. :

The address of G. & E. Brad-
lev Lid. is Eleciral House

Neasden Lane, London, N.W.10.

WW 320 for jurther details

CO-AXIAL CONNECTORS

A.SERIES of small B.N.C. two-pin co-
axial connectors made by the French
company Radiall arc now available

through Lectropon Lid, of Kinbex
House, Wellington Strect, Slough,
Bucks. Designated B.R. 2, this scries

of conncctors is suitable for usc with
twin screened cables having -diameters
of 4, 5 or 6 mm.

The maximum current capacity is
3.5 A and the working voltage (at ground
Ievel) is 500V r.ms. Other elecerical
characteristics include an insulation resi-
stance at 500V d.c. of 100 G2, a contact
resistance of 1 m!? at 1 A, and a between

pin capacity of 1.7pF at lkc/s and
13 pF at 1Mec/s. Between pins and
case. the capacity is 4 pF at 1ke/s and
3.2pl7 at 1 Mc/s.

WW 321 for further delails
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PARAMETRIC A.F. PRE-AMPLIFIER

A HIGH input impedance, {ow noise
transistor pre-amplifier is announced by
Isleworth Elecironics, of Frederick St.,
Waddesdon, Bucks. Noise voltages re-
ferred 1o the input are 10 and 20 #V
pk-pk  with input short and open
circuted respettively, 100 k&2

With a

metal film resistor across the input the
noisc voltage is 25 #»V pk-pk. The high
input impedance of 10 MQ and the Jow
noise performance are achieved with a
10-stage differential amplifier, the first
stage of which is a parametric amplifier

using a varactor diode and operati
with a pump frequency of 10 Mc/s.
output of 1V pk-pk with a 10k load
is provided. Qutput iinpedance is less
than 5002, A switched gain of cither
100 or 1,000 times is provided and
common mode rejection is 120 dB.

The amplitude-frequency response is
variable, switched high- and low-pass
fifters heing provided—giving 3 dB-down
frequencies of 20kc/s, 10ke/s, 1ke/s,
200 ¢/s and 50 ¢/s for the low-pass filicr,
and 2c¢/s, 20c/s and 200c¢/s for the
high-pass filter.

Power supply units (type P101) are
available for the amplifier (designated
Al0L), giving a stabilized supply of
150mA ar 9V, which is sufficient 10
operate 10 amplifiers.  Operation from
an internal 8.4V mercury battery would
provide 40 hours of use. It is arranged
that the amplifier will automatically
switch to baitery operation in the event
of mains supply failure. A 19-in rack
mounting kit is available including a
drilled rack panel.

The ex-works price is £45.

WW 322 for turcher details

Conductive-plastic Potentiometers

A NEW serics of conductive-plastic
potentiometers have been added to the
extensive range of precision potentio-
meters made by the Markite Corpora-
tion, of New York. Non-lincar laws
—which prior to the advent of this track
material were considered impossible—
are included in the new series known as
the Slimline, Also included are units
with sine-cosine and rectilinear track
laws.

Stainless-steel bearings are used in
these multi-gang potentiometers, which
under test have performed without
failure for up to 200 million operations.
Accuracies of up to 0.01% are quoted for
the larger units in the series.

These potentiometers are-available in

the United Kingdom through Davies
Integrated Sales, 252 Kempshotr Lane,
Basingstoke, Hants.

WWw 323 for iwwther dedails

INFORMATION SERVICE FOR PROFESSIONAL READERS

To expedite requests for further information on products appearing in the editorial and
advertisement pages of Wireless World each month, a sheet of reader service cards is
included in this issue. The cards will be found between advertisement pages 16 and 19.

We invite professional readers to make use of these cards for all inquiries dealing
with specific products. Many editorial items and all advertisements are coded with a num-
ber. prefixed by WW.and it is then necessary only to enter the number(s) on the card.

Postage is free in the U.K. but cards must be stamped if posted overseas. This service
will enable professional readers to obtain the additional information they require quickly

and easily.
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VIBRATION & DISPLACEMENT
MEASURING INSTRUMENT

MEASURING complex vibration effecrs
in delicate structures where the measur-
ing device must not load the bedy being
measured, is one of many jobs wiihin
the scope of the Model DF/2 derector/
lilter unit now available from Asscciated
Enginceering Ltd,, Cawston, Warwicks.
The instrument has been designed for
use with matched pairs or double ver-
sions of A.E. displacement transducers
and will measure displacement or vibra-
tion at frequencies from zero to 10 kc/s
at a distance of 0.015in. Resolution is
up to 10 «in, depending on the material.
The overall temperature  siability,
including the transducers, is berter rhan
+2pin/°C when the transducers are
tzmperature cycled. Long-term stability
for static displacement measurement
over an 8 r period is better than 100 pin
for ferrous materials,
WW 323 for further details

Miniature Connectors

CIRCULAR connectors manufactured
by Sourian et Cie, of France, are avail-
able in the United Kingdom through
Leciropon Lid, of Kinbex Heuse,
Wellington Sureet, Slough, Bucks. The
range offered, called Miniphi, has six
shell sizes ranging from 0.43 10 0.93in
in overall diameter.  The number of pins
range from 7 to 61.

A nominal current rating of 3A is
quoted for the connectors, which will
operate in the temperature range —55°
w -+125°C. Reinforced diallyl phthalate
is used as the insulation mawrial and a
light metal alloy for the shell. The insu-
lation resistance is 10° Mt
WW 325 for further details

\
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— Vortexion
quality equipment

The 1201200 watt Amplifier can deliver its full power at any fre-
quency in the range of 30 to 20,000 c.p.s. for which the response
Is accurate within 1 db with less than 0.29 distortion at 1,000 c.p.s.
Noise level —90 db. It can be used to drive mechanical devices,
i.c., synchronous capstan or projector motors, etc., for which the
power is over 140 watts on continuous sine wave. A floating series
parallel output is provided for 100-120 v. or 200-250 v., and addi-
tional matching transformars for other impedances are available. The
input is for | mW. 600 chms.

30/50 WATT AMPLIFIER

The Vortexion 30/50 watt Amplifier can deliver 50 watts of speech
and music or over 30
watts of continuous sine
wave and the main
amplifier has a re-
sponse of 30 to 20,000
c.p.s. within 1 db at
0.1% distortion and
outputs for 4, 7.5,
I5 ohm and 100 volt
line.  Models are avail-
able with two, three or
faur mixed inputs which = &
may be low impedance balanced fine microphones, P.U. or Guitar
inputs. Price £70 with 4 mixed inputs. i

The 12-way electronic mixer has facilities for mixing
12 balanced line microphones. Each of the 12 lines
has its own potted mumetal shielded microphone
transformer and input valve, each control is

120/200 WATT AMPLIFIER

ELECTRONIC MIXER AMPLIFIER

This high fidelity 10/15 watt Uitra Linear Amplifier
has a built-in mixer and Baxandall tone controls,
The standard model has 4 inputs, two for bafanced
30 ohm microphones, one for pick-up C.C.LR.
compensated and one for tape or radio input.
Alternative or additional inputs are available to
special order. A feed direct out from the mixer is
standard and output impedance of 4-8-16 ohms or
100 volt line are to choice. All inputs and outputs
are at the rear and it has been designed for cool
continuous aperation either on 19 x 7in. rack panel
form or in standard ventilated steel case.

Size 18 x 7% x 94in. deep.

Price of standard model £49.

12-WAY ELECTRONIC MIXER

hermetically sealed. Muting switches are normally
fitted on each channel and the unit is fed from its

-

own mumetal shielded mains transformer and
metal rectifier,

Also 3-way mixers and Peak Programme Meters.
Price £60.
4-way Mixers from £40/8/6.
2 x 5-way sterco mixers with outputs for echo
chambers, etc., available,

Full details and prices of the above on request

Price of standard model £98.

VORTEXION LIMITED, 257-263 The Broadway, Wimbiedon, London, 3.W.19

Telephone: LiBerty 2814 and 6242-3

Telcgrams: ** Yortexion London S.W.19°*

WW—122 FOR FURTHER DETAILS.
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NnOowW you can monitor
VHF-UHF power and VSWR
without affecting transmitter output

With a primary line SWR less than 1.05 and negligible
insertion loss, this range of coaxial directional couplers
Type PRI gives you continuous monitoring of power
levels up to 300 watts, without interfering with your
transmitter, transmission line or aerial. Available for
frequency bands between 50 Mc/s and 500 Ma/s,
these couplers weigh only 8 ounces and measure only
5”x 24" x 1". They have sensitivities of 50 microamps
(DC) per watt (RF), nominal impedances of 50 or 75
ohms, and Type N connectors.

Type PRI directional couplers are also supplied incor-
porated into complete coaxial reflectometers Type
M2X, suitable for mounting in 19-inch racks or in
portable units. Both forward and reflected power can
be measured directly, and accuracy is independent of

WW—123 FOR FURTHER DETAILS,

line VSWR. Full-scale power readings of 10 watts and
100 watts are standard. as are direct readings of VSWR
from 1.0 to above 1C.0.

For easy-to-install, non-interfering, high-accuracy
VHF and UHF power measurements, the directional
couplers and coaxial reflectometers from AT&E provide
an ideal inexpensive solution. AT&E will be happy to
supply additional details; just write to AT&E
(Bridgnorth) Ltd., Bridgnorth, Shropshire, England.

PLESSEY
Electronics

@ rema



Subminiature Pressure  Miniature Charger Modules

Transducers

THE range of subminiature pressure
transducers made by Scientific Advances
Incorporated, of Ohio, are now avail-
able in the United Kingdom through
Wessex Electronics Lid., Royal London
Buildings, Baldwin Street, Bristol, 1.
There are a number of basic models in |
the range, cach covering a variety of
pressure ranges.  The models differ
mainly in the geometry of lead nttach-
ment—see illustration, (Model M-5 on
the left, M-6 centre and M-7F on ihe |
right.)

A four arm, bonded-foil strain gauge
is employed, to take maximum advaniage
of the strains on a flar diaphragm. and
is cemented 1o the inside surface of the
diaphragm. The transducer itself will,
through its smail dimensions, cause littie
interference in gas or liquid flow systems.

Typical of the physical and operating
characteristics of the range are those of
the Model M-5. This particular model
is available in four pressurc ranges—
from 0 1o 15, to 30, to 100 and to 150
p.s.i.—and its thickness ranges according
to pressure range from 0.02 to 0.035in.
‘The weight of the M-5 is 0.1 gm.

The recommended input voltage for
all models is 3V dc. or ac. and ihe
working temperature range is —40° o
+150°F.

WW 126 for further detaits

High- voltage TranSIstors

A RANGE of high-voltage silicon n-p-n
transistors, manufactured in the U.S.A. |
by Industro Tranmsistor Corpn., are
available from Lectropon Lid. of Kin- |
bex House, Wellington St., Slough.

The range includes types with V cr
and VCB of 100-800V (at 200 pA) with
an Lp,. of 20-30 at 25mA. Peak col- ]
Icctor currcnt is 400mA and dissipation
varies between 3W and 15W ar 25°C |
case temperature. Prices vary between
9s and £19 depending on ratings re-
quired.

WW 327 lfor Turtiier details

WIRELESS WORLD, MARCH. 1966

A RANGE of miniature constant-current
charger modules for use with nickel-
cadmium batteries is now available from
Kynmore Engineering Co. Lid, 19
Buckingham Street, London, W.C.2. The
range is based on an earlier module
developed for incorporation in recharge-
able torches and pocket larps.

Three- and four-lead modules are
available and, having low reverse
current figures, may be permanently con-
nected to the batteries they are 10 re-
charge. The three-lead modules use a
circuit similar to the original module for
the torches and pocket lamps (illu-
strated), while the four-lead modules
cmploy a bridge circuit.  As can be scen
from the illustrated cis it, @ capacitor is

fcatmn by a pair ()f L,old bonded
conductor diodes. Six different si:
available in the standard range,

capacitics ranging from 2 to 45 mA—
assuming a 239V a.c. supply. On 115V
supplies the current ratings are halved.
The maximum load is ten cells.

The smallest in the range measures
0.8in long by 0.6in diameter and the
largest 1.7in Jong by 1.25in diams
The price of the modules varies nccord—
ing to current rating. Hundred up
prices are from 10s, for a 2mA unit
suitable for driving up to five cells, w
195 6d for a 45mA unit, suitable for
driving up to ten cells.

WW 32§ for iurther details

V.H.F. HIGH-POWER TRANSISTORS

A NEW serics of high-power v.h.f.
silicon n-p-n transistors, from TRW
Semiconductors Inc., includes a device
which will detiver up o 40 W, with a
€dB power gain, at 175 Mc/s. Desig-

| nated PT3690, it is a silicone encap-

sulated device with the dice completely
isolated, It is mounted on a bersllium
cxide stud and has radially-mounted
leads making the device “suitable for
printed circuit board mounting. The
transistor geomelry makes use of a
unique symmetrical method of parallel-
ing devices on a single chip. The com-
plete wansistor comprises 24 transistor
clements arranged in four clusters of
six and each element contains a thin
film emitter resistor to balance the in-
put r.f. voltage characteristics of the
basc-cmitter diode. Other specification
details include a Vi, 60, Vego 40 and
a Vuun 3. Onc-off price is £44.

The other two in the series, available
in the United Kingdom through M.C.P.

Electronics Lid,, of Station Wharf
Works, Alperton, Wembley, Middx.,
are  both 150 Mc/s devices. The

PT5692 has a 6dB gain and will pro-

1

vide a 20 W output, and the PT5694 a |

power gain of 8dB and a 12'W outpur.
The respective prices are £22 and £12.
WW 329 for turther details

WL.H.F. TV Tuner

A TRANSISTOR quarter-wave tele-
vision tuner for the band 470-860 Mc/s
was announced by Plessey at the Paris
Components Show—a report of which
appears on p. 119, The tuner has four
push-buttons which operate dircctly a
60° tuning capacitor, thus eliminating
the more usual switches. Two versions
arc available, to cater for both 750 un-
balanced and 3002 balanced inputs, The
tuner is obtuinable from the Electro-
mechanical  Division, New  Lane,
Havant, Hampshire.

WW 330 for further detalls
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MARCH MEETINGS

Tickets are requived for some meetings :

readers are advised, therefore, to communicate

with the secretary of the sociery concerned

LONDON
Ist. LEE. & LER.E.—Discussion on
“Infra-red camera techniques ™ at 2.0 at
Sn\ny Pl v.C.2.
2nd. Colloquium on Micm-

phom.s ” ut 9 30 at Savoy Pl

7th, I E E.T.E—"*Control by compu:cr
by . Johnston at 6.0 at Savoy Pl,
\V.C.Z

7th. T.EE. Grads—* An m(rodun.t_mn 10
silicon controlled rectifiers " by P. N.
Norris at 6.30 at Savey Pl., CY 2.

8rh LEE. & Soc. of Insrmmmr Fech.

**A new approach to measurement and
dala transmission  for  process-control
systems ¥ by [ R. Young. A. T. Keefe and
G. Moss at 5.30 at Savoy PL, W.C.2.

th.  Radar & Electronics  Assoc.—
“\Where are we with radar?—some high-
lights in radar development_and achieve-
ment” by K. F. Slater at 7.0 ar R.S.A,
John Adam St., W.C.2,

9th. Ih, * Applications_of electro-
statics ” by A, W Bruzh( and P. L. Sccker
at 5.30 nt Swo PI
Sth. EE— Tm scanmng clectron
mlcroscopc md other clectron probe instru-
ments ” by Prof. C. W. Oatley at 6.0 at
Savoy PL. C.

9. S

Electronic organs 7 by
0 at the l.ondon School

hnnmg in a
P. Sollom (GaBGL) at
Adam St., W.C.2
—Anditorium acoustics”
by C. "C. Buckle ar 7.30 at CLX’l(l"’ll Office of
Informatien. Hercules Rd., S.

10th, stcussmn on “ hc
Multicarrier per i
satellite repeaters ™
Ww.C.2.

at 530 at Savoy Pl,

1ith. ILE.E—* Some recollections of the
carly days of radio research ” by Dr. R. L.
Siith-Rose at 5.30 at oy PL, W.C.2.
14th. —** The explanation of some
fundamental phenomena of mndcm physics
using 2 ballistic theory of light™ by R. A.
Waldron at 5.30 at Savoy PlL. W.C.2.

Tith, T “The ten-clement band-
pass_filter section 2nd its xpphcanom
S. Browr v PL, W,
Téth. b t
vision film department” at 7.30 at © entral
Office of Fuformation, Hercules Rd., S.E.1.
21st.  LE.E—* Electron-beam \w.!dmg

and machining” by H. N, G. King at 6.0
at Savoy X’l w.C.2.

22nd.  LE. Discussion on *“ Solid-
state switching—for better or for worse?”
at 6.0 at Savoy PL, W .

23rd. L.E.E.—Discussion on * Technical
information—a_new. teaching subject” at
5.30 at Savoy Pl o

23rd. LERE— c rcpaganon n[

sound through liquids” by Dr R. W. B.
0 at 9 Bedford Sg., W.C.1.

raham Clark Lec-

in socic!\- b
1 , W

== Scmlconducmrs in !elLvllell receivers
by P. L. Mothersole, R. Bndxzen and K. E.
\S artin at 5.30 at Savov Pl, W.C.2.

29th. LERE & 1
‘Compuru— control in industry: cqmpmem
dcsxzn and application engincering ™ at 2.30

the London Schooif of Hywiene and
Tromcnl Medicine, Keppel St, W.C.1.

30th. B.K.S.T.8.—" The use of magnetic
tape ” by P. T. Hobson at 7.30 at Central
Ofice of Information, Hercules Rd., S.E.1.

——Symposxum on
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3lst. LERE-—A sympesium on
“ Monitoring of ground and airborne 1.L.S.
equipment for automatic landing ” at 2.30 at
the London School of Hygiene and Tropical
Medicine, Keppel St., W.C.1.

ARBORFIE,LD
LER “ Random signal test-
o b P. Atkinson and A. Ley at 7.30 at
l ME School of Electronic Engineering.

M
- Rad1r—prcscnr position
nds ” by Dr. Glazier at

and future tres T.
Midlands 11Luncuy Board,

6.30 ar thc
Summer Lan

23rd. 8.
B. ]. Rogers ar
Technology:

28th. w of laser devices
and apnlications Forbes at 6.30 at
the Midlands Electricity Bd,, Summer Lane.

BRIGHTON

30th, L. —"“The radiophonic work-
shop of the B.B.C.” by F. C. Brooker at 6.30
at College of Technology, Moulsecoomb.

.—* Colour television ™ by
.30 at Collepe of Advanced
Gosm Gnen

A re

BRISTOL
'Hrd

LER.E. & Brit. Con.puter Soe.—
ed magnetic thin film memories
. I. Gibson a1 7.0 at University
Envineering Laboratories, University Walk,
Clifton.

CAM BRIDGE

—* A rralfic simularor by
D G “Heath at 8.0 at the University
Engineering Dept., Trumpington St

CARDIFF
7th. L

.E. & LE.E—"Tclemetry—
the presel osition and (uture trends™ by
R. L Young ar 6.0 at South Wales [nstirute
of Engineers.

CARSHALTON
30th. S.E.RT.—“The installation and
mammnnu of domestic colour reccivers
- D. J. Sea! at 7.0 at the College of Further
Ldumuon, Nightingale Rd.

CATTYR[CK
3

—* §pecch compression ” by

I cld at 6.30 at the Schoo! of
Sngn als, Cmunck Camp.

CHELMSFORD

22nd. LE aspects  of
microwave [ I “ by ]. A. Penney at
6.30 at the Technieal High School, Patch-
ing Hall Lane, Broomfield.

CHESTER

28th. LEE.-— Telemetry—the present
position and future trends ” by R, Young
at 6.30 at the College of Further Education.

CHRISTCHURCH

23rd. 1.E.E—* Radio interference prob-
lems in the oy:xI Navy ” by B. N. Amos
at 6.0 at the King’s Arms Hotel.

COVENTRY
14th. LE.R.E—*Radio astronomy ” by
H. Gent at 7.0 the Lanchester College

—* Various

of Technology, Priory St.
CRAWLEY

23rd. LEE.—"Systems engineering ™
by Sm at 6.30 at the College of

Further Education.

DORKING

tath, LEE.—* Applications of mascrs
—what they are and what they do ” by Dr:
K. Hozelitz at 7.0 at Star and Garter Hotel.

DERRY

31st. LEE.—“ The problems of block
release courses ™ by T. S. Hopkinson at 6.0
at College of Technology, Kedleston Rd.

EDINBURGH

9th. LERE., & LE.E~—“Laser range
finders—systems _analysis  and electronic
circuits * G. Hamilion and A. Fowler

v
at 7.0 at the Dept. of Natural Philosophy,
The Um»crsu), %xummnnd Street.

29th, LER.E .E.E.—Sy1 mpusxum on
“Tape recording of biological signals ™ at
9.30 at the Royal lnﬁrmary, Lauriston Pl

EVESHAM

29th. LER.E~—“UMHF. tuners” by R.
Bridgen at 7.0 at the B.B.C. Club, High
Street.

FARNBOROUGH
Ist.  LEE—*“Colour television trens-
mission_systems ” by W. Wharton at 6.30
at the Technical College, Boundary Rd.
31st.  LE.R.E~—"Random access com-
munication system ¥ by L. C. Walters at
7.15 at the Technical College.

GLASGOW

10th. LERE. & LE * Laser range
finders—systems analysis and  clectronic
circuits ¥ by G. Hamilton and A. Fowler
ar 7.0 ar the Institution of Engincers and

Shiphuilders. 39 Elmbank Cres.
1-tth, —Faraday Lecture ‘Ccmpu—
ters, col and automaiion * by D.

cox
Hall at 7.0 at the Concert Hall,

HARLOW

8th. LER.L—* Automatic  tracking
from surveillance radars ” by Dr. T. Buck-
ley at the Technical College, The High.

HUDDERSFIELD
ER.E— Automatic _tracking
from sur\cllhncc radars ” by Dr. T. Buck-

ley at the College of Technology.

LEICESTER
E —* Development of satellize

Commumc' s” by F. J. D. Taylor, W. J.
Bray and R \V White at 6.30 at the
College of 'Icchnolng

15th, ~—“ Lasers and direct
encrgy weapons Dr. R. C. Smith at
6.30 at the Univcrsixy.

15th.  Television  Soc.—* Pulse-width
modulated amplifiers ” by C. M. Sinclair at
7.15 at Vaughan College, St. Nicholas St

LIVERPOOL

16th. 1.E.R.E.—* Radiophony—the syn-
thesis of sound effects for radio and tele-
vision ” by F. C. Brooker at 6.30 at Walker
Art Gnucr) liam Brown St.
** Electronic  design ™ by
H. V Bcck at 6.30 at the Elcctrical Engin-
cering Department, The University.

25th & 26th, I.E.E.—Farad. Lecture,
“ Computers, conirol and automation ” by
P. D. Hall at 6.30 at Phitharmonic Hall.

LLANDAFF

18th. Television Soc—* TV  colour
systems ¥ by Sansom at 7.30 ot the
“echnical College.
MANCHEST[R

Ist. LEE.—Faraday Lecture, “ Com-

puters, conirol and automation ” by P. D.
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(students) and 7.30 at the

13
Frce l raJL Hall.

MIDDLESBROUGH

23rd.  LE = Cumlnunxcaunns satel-
lite systems ” C. Husband and
H. Stwanesby at 630 at Clwuhnd Scicatific
Institute.

NLWCASTLE UPON-TYNE
S.E.R.T.—* Industrial electronics ™

by E Sunus at 7.15 at Charles Trevclyan
Technical College, Maple Terrace.

8th. L.E.E.—Faraday Lecture “ Compu-
ters, control and automation” by P. D.
Hall at 7.15 at City Hall.

9th.  LER.E—“The application of
analogue computers ” by C. Cox at 6.0 at
Institute of Mining and Mechanical Engin-
eers, Westgate Rd.

NOTTINGHAM

29th.  S.E.R.T.—* Currenr trends. in
transistor radio design and servicing” by
D. E. A. Harvey at 7.30 at East Midlands
Gas Board, Lower Parliament St.

PLYMOUTH
22nd.  LE.R.E.—* Elecwronic  circuits ”

by G. King at 7.0 at City of Pl)momh
College of rec]molog\
PORTSMOUTH

Ind.  LE.R.E.—“ Proximity sensing by

magnetic induction applications and tech-

miques 7 by D. Burnard at 6.30 ar High-

bury Technical COHLEL, Cosham.
16th. -E. he future of auto-

nomics by Dr . Uttley at 6.30 at
¢ College of Fcchnoloey, Anglesea Rd.

READ!\G

28th. * Planning of communicarion satel-
lite systems” by J. K. S. Jowett at 7.30
at the Great Western Hotel!

SALISBURY

9th.  LE.E.—* Electronic circuits—past,
present and future™ by G. King at 6.30
at College of Further Education.

SCUNTHORPE

~—" Compurers in contro{ of
proussus " by Dr. D. N. Truscort at 7.0
at the Technical College,

SOUTHAMI‘TO\'

LERE. & LEE—% l'lec(ron mic-

roscopy and mtcﬂ\ -clectronics ”’ by W. C.
Nixon at 6 30 at University.

29th, E.R.T.—" Insulation_and carth

resistance measurcmems " by E. A. King

at 7.30 at the College of Technology.

STOKE-ON-TRENT

29th. LERE—* Mascr< and lasers ”
by Professor D. J. E. Ingram at 7.0 at
North Staffs College of Technology, Col-
lege Rd.

SWANSEA

17th.  LEE—“The application of
secondary surveillance radar to -air rraffic
control ” at 6.0 at University College.

THURSO

17th, LE.E.~— “—[LlemLKr\'—PrCSQn! posi-
tion and future wends” by R. E. Young
at 7.0 at the Technical College.

WHITLEY

Zith. LEE— Radar, present position
and future trends ” by Dr. E. D. Glazier
at 645 at Botham’s Cafe, Skinner St.
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choise #C 3

THE HOUSE OF BULGIN
AT YOUR SERVICE

A COMPLETE RANGCE OF PRECISION
MOULDED INSULATION SWITCHES

Produced on our highly automated plant- these switches are inexpensive but
completely reliable, giving a normal maximum life of 25,000 operations. Stricc
quality control during all production stages and top quality materials ensure
that the finished products are superbly finished in all respects.

TWO POSITION SINGLE POLE TYPES

List No.

S.M. 259/PD 5.M.] 3]5/PD/TERM
This series is based upon two basic switch units giving Change-Over, Make-Break either
biased or non-biased switching, which can be actuated by many different methods.
Lever-toggies are the normal means but Push-button, Push-pull and Push-successional
action are also available. Connections to tags or screw terminals.

TWO POSITION DOUBLE POLE TYPES

i List No. S.R.M.265/
List No. 5.M.443 TERM/S@.

List No. List No.
S$.M.270/PD S.R.M.270/5Q.

The basic switching arrangement in this range is Change-Over, which can, if desired be
wired for Make-brealc. Actuators are as for the Single Pole range above, but conncction
istotagsonly.

THREE POSITION SINGLE AND DOUBLE POLE TYPES

Sixtcen models, 8 Single Pole and 8 Double
Pole comprise this range. Rated at 250V.,
6-10A. {depending on circuit conditions), both
three position centre-off and two position,
biased and non-biased types are available.
Toggle operators and 4 BA. terminal screws
are standard, but AMP type tags can be-fitted
if required.

List No. S.M.446 | it No. s.R.M.270

List No. 5.790

b
List No. $.780
FULL DETAILS IN CATALOGUE
MANUFACTURERS AND SUPPLIERS OF RADIO
AND ELECTRONIC COMPONENTS TO
ACHIRALTY MINISTAY OF WORKS
AINISTAY OF AVIATION
MINISTAY OF sUrPLY
AESEARCH ZETABLISHMENTS

A. F. BULGIN & CO. LTD.,
Bye Pass Rd., ]§nl*king', Essex.
Tel: RIPpleway 5588 (12 lipeg'.)

mRc,

WAR OFHCE

AR MINIETRY
HONE OFFicE
hown ‘AcENTs




1000W LOUDSPEAKER

2-IN CONE DISPLACEMENT AND AIR-COOLED
VOICE COIL

WHAT is claimed to be the most powerful single acoustic
reproducer ever built has been developed by Stromberg-
Carlson, a division of General Dynamics, in the U.S.A,
on behalf of Convair. The loudspeaker, rated at 1kW and
weighing about 150 1b, will be installed in Convair's acoustical
laboratory, where it will be used in research into the effects
of high-intensity noise on components and structures of
missiles and jer aircraft.

A number ol unique design features are incorporated in
the speaker to make its remarkable acoustic capabilitics
possible.  The most unusual portion of it is the low-frequency
unit cxtending up to 300¢/s. This is driven by a powerful
24)-1b ring magnet of Alnico V, having a roral flux in
the air gap of 696,000 Maxwells, The heavy-duty cone is
specially mounted to allow excursions of up to two inches.
Because of the large amounts of power that must be dis-
sipated, the voice coil is made of materials to withstand high
temperatures, so that it is capable of continuous operation at
temperatures up to 500°F. A small fan blows air through
the voice coil while the loudspeaker is in use.

In addition to the big *“woofcr,” the loudspeaker also
includes -a high-powered acoustic compression driver and
coaxial horn for reproducing mid-range {requencies (300 to
2400 ¢/s). Thus the speaker reproduces the first six standard
octave bands, as defined by the American Standards
Assaciation.

Although, in the initial application of this loudspeaker, there
was no need for producing the extreme upper end of the

1 kW foudspeaker developed for investigating high-intensity acoustics.
The unit weighs | 50lb and is mounted in a frame [8in square. Cone
displacement can be 2in and the voice coil is air cooled.

audible frequency spectrum, Stromberg-Carlson has designed,
and is now producing, Ligh-frequency “tweeters™ which
will extend the range of the speaker to 15ke/s. For any
future application of the loudspeaker where this high-fre-
quency response is required, 13 of these tweeters will be
mounted in a ring around the mid-range horn.

The entire loudspeaker structure is mounted in a heavy
cast aluminium frame only 18in square, and has been de-
signed so that each of the various moving components, where
trouble is most likely ro develop, can be easily removed and
replaced without dismantling the entire speaker or removing
it from its mounting.

LOW-VOLTAGE TRANSISTOR CONVERTER

WITH the current interest in “ unconventional ™ sources of
clecirical power (thermionic and thermoelectric gencrators,
fuel cells, and solar cells) which produce high-current low-
voltage outputs, it has become necessary to develop low-
voltage d.c. 1o ac. converters which offer a high cfficiency.

Switching  con-
verter giving an
efficiency of 80Y%
ataninput of 1 V.

Normally, transistor converters give only a low efficiency
when operated at low input voltages, and to avoid this
the RIPPLE isotope-powered thermoelectric  converters
developed a1 Harwell use tunnel-diode converters.  The
problem is particularly rclevant to space vehicles, and a
iransistor design has been developed under a N.A.S.A. con-
tract, which provides an efficiency claimed to be about §0%
for a d.c. input of 20A at 1V. At an input of 3V the
efficiency is said to be increased 1o 94%.

This high efiiciency is, of course, obtained by operating
the transistors as switches. When an input voltage is
applied to the circuit shown one of the transistors will start
to conduct (Trl say). When the saturable-core transformer
becomes saturated, the base current in Trl will be turned
off. The cnergy stored in the transformer then causes Tr2
to turn on. The alternate saturation and desaturation of
the transformer causes the input voltage to appear alter-
nately across n, and »n,, thus providing a rectangular ourput
in the load.

The transistors should be reasonably well matched and
mounted on a common heat sink. However, a high degree of
mismatch can be tolerated between the base-emirter voltages
of the transistors by adjusting the relative number of turns
on the base-emitter windings of the saturnble-core trans-
former.

WIRELESS WORLD, Marce 1966
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A SUCCESSOR TO THE FAMOUS
“TROUGHLINE I : FM “TROUGHLINE 3"
Price £31 : 14 :6d.

HI-FI NEWS—"To sum up
the Leak Troughline ! belongs to the very limited class of aristocrats
in the tuner world."”

A MAJOR LOUDSPEAKER INVENTION
THE “SANDWICH" Price £39 : 18 : 0d.

AUDIO AND RECORD REVIEW—
.. . This design must be regarded as ¢
breakthrough of fundamenta! and far-
reaching importance.”

WIRELESS WORLD 85
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ANOTHER MILESTONE IN AUDIO ENGINEERING
“STEREO 30" TRANSISTORISED AMPLIFIER
Price: £49 :10:0d.

WIRELESS W ORLD Editorfal, May
1963—** Last gutumn during his presi=
dentigl address to the British Sound
Recording Association, H. [. Leak demonstrated a prototype high-
quality transistor amplifier which gave results indistinguishable from
those of his valve amplifiers . . .7

“ People sometimes ask why there is any necessity to change ta
transistors. The elimination of the output transformer is, in our view,
sufficient reasan now that solutions of the prablem of linearity in the
response of the rest of the transistor circuit have been found. As
additional bonuses we get smaller size, coaler running and the prosbect
af longer life.”

If you are interested in Hi-Fi equipment combining faultless presentation with audio engineeting to impeccable
standards offering studio quality reproduction at reasonable cost , . .

WRITE NOW FOR FULLY ILLUSTRATED AND DETAILED LITERATURE.

LE AK

. . . the first name in High Fidelity since 1934

H. J. LEAK & CO. LTD., BRUNEL ROAD, WESTWAY FACTORY ESTATE, LONDON, W.3.
Telephone: SHEpherds Bush 1173 (PBX). Telegrams: Sinusoidal, London, W.3,

WW-—125 FOR FURTHER DETAILS.



86 WIRELESS WORLD

THE \
WORLD’S

SMALLEST

FANTASTIC RANGE AND POWER

THE SINCLAIR MICRO-6 is proving more and more the modern way to
listen to radio. This fantastic set takes up less room in your pocket
than a box of matches. It has impressive power and selectivity, yet
can never interfere with the privacy of other people. Often you will find
your MICRO-6 giving satisfaction in places where other radio sets simply
cannot be heard at all. It is economical to run and most dependable
in use. The é&-stage circuit developed by Sinclair Rad:omts tentres
upon the use of special Micro-Alloy Transistor inclair T.5) to
achieve such phenomenal performance. Yet building is casy, and by
following the well-prepared instruction manual success is assured
even if you have never put a transistor set together before—so start
yours today. Over 30,000 constructors have now built the Micro-6.

REMARKABLE CIRGUITRY

Tn tho Sinclir Micro-6 three Micro-Alloy Transistors
are used 1n 2 unique and highly efficient 6-stage circuit
as follows: Two stages of RF amplification are fol-
lowed by an efficient double-diade detectar which
drives a high-gain 3-stagc AF Amplificr. Powerful
A.G.C. applicd to the first RF stage ensures fade-free
ceception from the most distant stations tuned in
on the medium waveband.  Everything including
ferrice rod acriat and pill-size batteries are contained
the clegant ciny whitc. gold and biack case.

smaller
than a
box of matches

MaRcH, 1966

@& S1ZE—if x 1% x 1.

& WEIGHT—One ounce, including
batteries.

& BANDSPREAD FOR LUXEM-
BOURG.

@ PLAYS ANYWHERE—IN CAR,
BUS, TRAIN, ETC.

Building is simple. Al
parts including transistors,
lightweight earpiece, casc
and dial, and 8-page instrusce
tion manual come t0

Mallory Mercury Cell Type

ZM312 (2 required), cach
Vil (Pack of 6 10/6.)

THE ULTIMATE IN SIZE, POWER,
QUALITY AND PRICE

AND
y Designed to [aboratory standards
PRE-AMP Ideal for 12v. battery operation

THE SINCLAIR Z.2isa umvers:lly ﬂextble amplifier,
werful, 1tis supplied
ready bullL and is very easily m:talled Intend:d as the ¥
Keart of any high quality system, its small size and
high cfficiency of the Z.12 make it equally applicable for a

;. A. system or any other application
highest possible quality is the first
requirement. The Z.I2 incorporates its own &
pre-amplifier to which you add the tone and
volume control system of your choice for mono |
or stereo as shown in the manual supplied with
every Z.12. The size, the performance, and the
price of the Sinclair Z.12 all favour the construce

g the plug of the earpiesc included, switches
the set on.

SINCLATR
COMBINED
AMPLIFIER

1 ';];‘”

SIZE 3" x1¥"x
WEIGHT — 3 oz

12w.

BR.M.S

GONTINUOUS for who wants the best in modern transistor
SINE WAVE equipment: in fact, the Z.12 is today's finest buy
(24 w. PEAK) in top grade high (idelity.
15w, R.M.S e criadk |
Music Power 0 i enesiend and is b0 . for us€
(30 w. PEAK} s ks oy 0t ot 3 @ For 620 v. D.C. opération; ideally suitable for us
16 ds far wore sensitive roduces @ rery ,rm..l,., with 12 v. battery.
ot i 4 5 o, u sgmad it ] e ® 8 special HF, Transistors in special circuit having

‘Ready built, tested
and guaranteed

39/6

Fecummend thia

ultradinear class B outp
@ Response from 15 to 50, 00 ers
@ Output suitable for 3,7.5 and 152 Twa 362 speakers
may be used in parallcl.
@ Input—2 mY. into 2K
@ Signal to noise ratio—I

detzet w molss whnteocces.

mariellout Litle ampdiner fo scoryone.”
MANUFACTURERS PLEASE NOTE
The Z.12 can be supplied in quantily from
wtinck at very artractive terms, . lmplifiers to
specification can also be supphcd promptly ur

ter th:n 60dB.

SINCLAIR PX. | R ‘ ] 6 —b h
s G LR el i o
£2.14. @ FULL SERVICE FACILITIES AVAILABLE TO ALL SINCLAIR CUSTOMERS

SINCLAIR RADIONICS LTD., COMBERTON, CAMBRIDGE

Telephone— COMBERTON 682

WWw—126 FOR FURTHER DETAILS
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SINCLAIR

POCKET SIZE_COMBINED F.M.TUNER

s WITH PULSE COUNTING DETECTOR 7 TRANSISTORS
® WITH LOW L.F. TO CUT OUT ALIGNING 2 DIODES
WITH TWO OUTPUTS FOR DOUBLE PURPOSE SUPERHET FM

OPERATION - 2 OUTPUTS

T0 INCORPORATE THESE AND MANY MORE ELEGANT
EXCLUSIVE FEATURES IN A POCKET SIZE PROFESSIONALLY
DESIGN OF OUTSTANDING EFFICIENCY STYLED CASE

® Size—243" - 1} - & plus aerial.  Once again Sinclair Radionics prove to constructors that very high 3
standards of efficiency can be successfully combined with micro- -
@ Tunes from 88 to 108 Mc/s. techniques. The Sinclair Micro FM is 20 outstanding exarnple. It =
@ One output for amplifier, recorder,  incorparates a number of advances over conventional practice to
etc., and ane far personal listeaing,  achieve amazing standards of performance. Despice its small size,

i " . this fully fledged 7-transistor 2 diode FM superhet has two outlets

@ In ncat black case with polished ¢ cnable it to be used both as a tuner for hi-fl or tape recorder

and brushed aluminium escutch-  and as an independent pocket receiver for persomal listening. Pulse
¢on and matching tuning control.  counting deteccion assures improved linearity and  therefore

N cecor audio quality: low LF. docs away with aliznment probloms.

® No alignment  problems. Such is the seositivity of this cuner that the telescopic acral is

sufiicient for good roception atmost everywhere. In styling. the
Sinclair Micro FM is the most elegant. professional looking design
ever offercd to constructors, yet with all these plus features, this
sec casts paunds less, so chat anyone can chjoy the advantages of
EM to the full today.

The Sinclair Micro F.M. is 2 complete Seven transistor, twa diode
F.M. superhet. An R.F. amplifier is followed by a scif-oscillating
mixer with low LF. This dispenses with the need for alignment
and bulky components. A three stage L.F. amplifier produces
2 square wave of conscant voltage which is eventually converted |
into uniform pulses, arranged so_that the original modulation is

BRIDGED TEGHNICAL
DESCRIPTION OF THE
FSINCLAIR MICRO F.M,

To: SINCLAIR RADIONICS LTD,

reproduced exactly. 'Akcr equalisation, the signal is fed to the | l
audio ovtput_socket for use with an amplifier or cecorder and
also to the receiver's own audio amplifying stage for COMBERTON CAMBRIDGE
the Micro FM to be used as an independent self-con- | I
tained receiver. Please send me
AL " locks " each station tuned in. ' I
THE SINCLAIR MICRO FM is completely scll-contained I I
within a neat black plastic case faced by an clogantly
designed frone panel of brushed and polished solid
p aluminium with spun aluminium tuning dial (o match. |
®”  The tuning scale is marked in I '
@ SUPPLY VOLTAGE—SY from self-contained staadard l ------------ e |
GUARANTEE: : atcery.
[5”);/011 l-'ﬁsrf':é @ CONSUMPTION—-SmA. | for which I enclose Cash|Gheque/ Money |
:':y;‘y:z;"p;;u Gomplete Kit of parts including Tels. © SENSITVITY—Typically 3 microvotcs. l Order walie £............s i ml d=tdk.. N
reccive i, re- SE3pic Aerial, T Transistors, Case, g SIGNAL TO NOISE RATIO-—30 dB ac 30 microvolts.
rorel’S, ' "5e Eargiece, Instructions, ete, NAME
when ﬂmr mona 5 19 6 ® Ag;mlodamsqu“cy RESPONSE—I0 to 20000 cfs I AME e o i B §erEmE T e e .
e will be re- - ADDRESS oot e
(i) B G £ L] L] ® A GUARANTEED SINCLAIR DESIGN |
- { COMBERTON CAMBRIDGE
— plese - mention WW 3
Telephone 682

WWwW—I27 FOR FURTHER DETAILS.
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 Belclere

TRANSFORMERS

M.S. Range of-

COMPACT MAINS TRANSFORMERS

Standard Range Or Designs to Specification

The M.S. Range of COMPACT MAINS TRANS-
FORMERS has been developed to meet the nceds of
engincers requiring maximum VA. density in miniature

clectronic circuitry.

of approximately 2.5 VA. per cubic inch.

Send for descriptive literature:

OXFORD, ENGLAND.

The power rating of 10.5 VA. represents an achievement

THE BELCLERE COMPANY LIMITED, 385/387 COWLEY ROAD,

IIIBININ]

‘__ 175"

Tel. OXFORD 77266/7

WW—I128 FOR FURTHER LDETAILS.

HEYWOOD

SCIENTIFIC AND
TECHNICAL BOOKS

Graded Problems for Electrical Engineers

D. W. Hinde, 8.5Sc., M.L.LE.E., and K. M. Smith, A.M.|.E.E.

An important collection of problems for Technical College
Courses covering the new National Certificate, Higher National
Diploma in Electrical, Mechanical and Chemical Engineering,
Elccerical Technicians and Electrical Installation.

35s. net by post-36s. 3d. 288 pp. illustrated.

Study of Flectric Circuits  Volume !

J. Lagasse, translated from the French by A. K. Godden.

“This is the first part of a two volume work which gives a com-
plete treatment of circuit theory developed on up-to-date lines.
“This first volume covers general analytical methods.

45s. net by post 46s. 6d. 222 pp. iflustrated.

Magnetic Tape Recording

H. G. M. Spratt, B.Sc.(Eng.), M.LE.E.

The new edition has been thoroughly reviscd and re-illustrated
and is a comprehensive, up-to-date reference on this important
subject.

63s. net by post 64s. 10d. 368 pp. illustrated. 2nd. edition,

Field Effect Transistor Applications
W. Gosling, B.Sc.. A.R.CS., A.lnst.P., Assoc. Member A.LE.E.
Describes the device and its applications to emplificrs, filters
and oscillators, demodulators and trequency converters, switches
and trigger circuits, control devices, voltage and current regu-
lators.

40s. net by post 40s. 10d. 143 pp. illustrated.

Transistor Circuits
K. W. Cattermole, B.Sc.
A valuable, casily undersiood introduction to the subject, suit-

able for radio and electrical technicians, students and interested
amateurs.

70s. net by post 73s. 470 pp. illus.

The Transistor  Volume |
E. Wolfendale, B.Sc.{(Eng.}, M.LE.E.

An introduction to the modern approach to semiconductors,
their equivalent cireuits, and applications. Mathematical equa-
tions are given when they are useful in designing circuits but
detailed mathematical analysis has been avoided.

40s. net by post 41s. 2d. (Students' paper-backed edition 2Is. net).
168 pp. illustrated.

i S R e R e ]
Obtainable from leading booksel
Published for ILIFFE Books, Ltd.,

DORSET HOUSE, STAMFORD STREET, LONDON, SEI

WW—129 FOR FURTHER DETAILS.
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aspects of | @emstzony

TUNING WITH PRECISION

not just somewhere near but with unerring accuracy.

We believe that a high quality tuner needs a method of
tuning which is simple and accurate; for it is only in this
way that its full benefits can be realised. Therefore, all
the tuners and tuner.amplifiers in our 200 range incorp-
orate a high grade precision tuning meter.

Itis practically impossible to mistune an Armstrong tuner
(except by intent). On FM you tune the meter to the
centre zero position, and this gives the exactly balanced
condition of the discriminator for any transmission. The
high standard of tuning accuracy, together with the ex-
treme sensitivity and wide band Foster Seeley discrimin-
ator contributes to an FM performance of outstanding tuners
quality. .

On AM you tune for maximum right hand deflection.
Again the accuracy and sensitivity of the meter is a great
aid to tuning, for it enables you to sort out the programme ope
you want with more than usual ease. A final word. When- tuner-amplifiers
ever you see a tuner with a precision meter for tuning
YOU can be fairly sure that it performs with a high degree
of stability, for with this type of tuner drift can actually be
seen as perceptible movement an the meter. It is for this
reason that we not only say Armstrong tuners are ex-
ceptionally stable, we can prove it as well.

amplifiers

For full details and technical specifications of all models,
plustist of over 300 stockists, post coupon or write, men-
tioning cade number shown in the coupon.

ARMSTRONG AUDIO LTD tel NORTH 3213
WARLTERS ROAD,LONDON,N7

WIW—130 FUR FURTHER DETAILS.
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Complete portability | |;
needs

high power batteries

The Tv1 HIGH POWER 12v BATTERY and the
Ever Ready range of HIGH POWER 13 vOLT
unit batteries, 1P2. HP7, HP11, HP16 have
been designed and manufactured for
applications requjring Heavy Current

Drains, such applications being :

D.C. Motors, Main Pack Transceivers,
Tape Recorders, Alarm Systems,

Flashing Beacons, etc.

We shall be pleased to advise you on the most
suitable battery for your application and provide

Data Sheets on the above units.

For further information contact :
TECHNICAL SALES DEPARTMENT
THE EVER READY CO. (G.B.) LTD.

Ever Ready House, 1255 High Rd., Whetstone
London N.20. Telephone: HlLIside 8877

LIND-AIR o LIND-AIR

TRANSDUGERS AND
ACCELEROMETERS
co

Grade A1A.C.
VOLTMETER

i s cart be read aee

Tha movement, 18 jeweled anl pi

micr and knlfo €350 ‘potader mae qaick
o readings

o:mu slze 8in. X Shu. X Gin. Suchuling

omml At the ghlienlous s of $8/5/--
T & PO

SMALL MAGNETIC
IMPULSE
COUNTER

10 Impnlses per
wlth 4 digerseomt:
ing from 0 t) 0,909
operating on
SPETNRE Mk wite metad vover,

Yote, diitiond dontels for continning
operation ar titted
918, vius 15 1 & 1

SELECTOR

nimerous  appli-

SEFRAM RAPIDGRAPH |
Five Channel
/ High Speed
3/» PEN
RECORDER
Sl duin, TS, e

O ¥, 50 cyele n.qmruuenu
Bl% i, dim.x e el 21 Kilos.

A et oo rotess
i ew cont o

mnkn.n. jce, -
ovcriptive feutat ov s

‘onal i
At well under

PEN REGORDER i
Baltery Operated

Migh  Bpeed— Chaunel  Tull
Tortuio Taitery Operated: BYI)\p“U\ in
e unita, 1. Recorder. 2, glmmlier,

BRICE £139/10/-.
or Latlet.

. MICROWAVE
»@'comonzms

Large solection of mlcm
v blumbing in man,
s "ol contienrations hebd in atocks
K Bund crystal ndxer @ 15(-
X Hand flexibie transition wiveguilo

. 40/-
) B:mrl dummy foad 500 watls, lwsnd
£15

¥. & P\ on obove 9,

s\- ND &2 For \uuuo“ AVE
UATALOGUE.
MARCONI TF 1020A/1

RF POWER METER

Range covering 0-500 watt 104 0-100 watt.
oluas

t an eleot;

pulies;
reairians o~ werica santact
continucus ton,  Absolutely idenl
for window displays, switching lampe or
Wodele, 13 ar 24 v. B.C,
Branl ) Boxed,
1218, ino. . & T

LEDEX
ROTARY
SOLENOIDS
intended for 24 v. D
operatlon but will work

19 v DG Bize 5,
dixmeter.

Adgitional
Yaslty m’e @ 1/8 to oriler.

. PRESSURE]
GAUGES

LARGL RANGE
[0 GATUGES
FROM 10 I, per
8. inch.

l‘ll]CL FROM 5/

end for st.

rand new.

SYNCHRONOUS
A.C. HOUR
MOTORS

Totaliy enclesci wxlh integra? gear chazse
and read out eycle window, S
. I)nl . fin, !pmdle

cvck'u o Hevjar. @ 35/

30 cyeles 10 Reviflr. (@ 21~
v. 50 eyeles 60 kes/NIT. @ 36~

25 c;

Transteriners to enble maimo nper'ﬂ.lon for |
110 v. wmotoss @ 716

MODEL MAKER'S
Miniature D.C. MOTOR

Hdeal for driving 8 guar system or enn b
Tachomctor, | fipeed 10,900

0. Sooia x,a o

bhick ebonite

Spinie .

96, 1. &P

tn. x lm dh
i alo.  FRICE

THERMOSTAT
Witk cipillury.  Dango mnwr
250 volis 10 ampa.
PRICE £8/10/-.

WW—131 FOR FURTHER DETAILS.
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IND-AIR  LIND-AIR <LIND

AIR « LIND-AIR

LABORATORY

STOPWATCH

“Waltham”’
(U.s.A)

A ususcdd bt most
fol matrument, the
dial takiug only 6 socs.
e revolution.

= thus providing a most ac-
corate meremsent Lo be iads withic this
rapge. Bultable for usa tn Ia and

pen .
soopee, tape taeporia. ol wicatific
eserth

e Bccroent 29/, plus - P. & 7.
POT CORE ASSEMBLIES

Stort selection of our stock:
42100

1218 ) bz .
1876 | 1.A7 &
126 | Wriess ' L 10
packing on above 1j-.

STANTELUM

OAPAGITORS BY S T.C.

u»cnlh!c electrolitic.
slectrolitle, 4/~

versible clectruiitic,

30 A 150 ¥ reversine slestretii 7

47 Wil 10 v, revemible electrolitic,
Tt 19

aper,

et cloctrolitc, 5.6,

PLESBEY CASTANETS o ncailehic
& F. on above 1f-.

Bend S.A.E. for o1l spocifications aud

comprehensive lists.

TRANSISTORS, DIODES,
RECTIFIERS & VALVES

A pelection frum ur labeat lita.
OAG F

@ 1/8
BX68 @ 28 \.uw @ 1/6
0AZ246 @ /8  OCT @ 36
GEX51 @3- OU73 @ 3=
532 G B8 0023 @ 478
B8X11 @ 6d. 170 3~
QAU @ §d. 0Cis 8/~
oC7l @10~  8LO3 @ 99

180 Mofs.

Hectifier 25 v RMB @ 190 ik, @ 1/-
“Bem tor complate Hlusirnted I8,

METER BARGAINS

.C.
}nc W et B
© 151-

M.C, o B
ety (¥ Tocket sottmeter tg, 2
05 10A. 0-3500 v. D.C. Bhin. with s}mﬁ

Without /
Eostage « Mui packing an the sbove’ 6.
Bend ¥.4.E. for latest meter i

Aooxo\

RELAYS
S |

i) PO

s ]3000

Sealed, Time 0 Dslay, Micro
Belection lmm our vaal vange:
l!agﬂk(lo bc:nlcd HMMI N73 ?-] V. 40

m.,mn ﬁemu BME-NIZ 9 v

5/~
Carpun(u “touble coit 1700 ohmw, 4 c/o
piady, Gontact amasgemsents b stock

0/8.
xayuon semicatuctor relay time deloy
300 a

from 1 pec
@ £4/10/-
v

E. tor latest fiae

@PLUGS
@ SOCKETS
AND

CONNECTORS

Yoy subuamial stocks
ald ‘Bl and

comeotpzs by

American
Bellin,

Greenpar, Jones, McMurda,
o P)I: ,Flossa. Thoru ‘Pigmy Transraio.

clor  aecessories
S\TEER‘E‘LFXl

FULLY RATED 24
cAMLoBUE ROW AVAILABLE.

TIMER AND REMOTE
CONTACTOR

PAGE

TIM]

cvery 174 revolution.  Dial and pointer
#haw positéon by means of knob on frant
dial. “Resistance of solenoki 10 olmns,
operating voltage #i.

BEMOTE CONTACTOR

Sprigg otor dilsivg heasy cscapensent
which opertes con-
Tacta at. 1a0/mih.  leater dnd Lot
type thermontat provides lemperutins
regulati s

sla of an impulse clock,
iy counter fur model

o 22/6 ver Sct.

GALVANOMETER
DETECTOR

Highly sepaltive twin
‘galvanamet e
ovemment (n

cars, ete.
Plus §j- P & L.

wvart
insulution teaer, tele-
houe eircuit cheek-
. ete.
PRICE 25~

ENGINEER'S
FAULT

FINDING
AlID

it lur T
motar

Juaccemaltle anots.

s frum 2. (0 4t
unly conllrlmtlon bt

Pomered by

a magnet

Extremely

¢ for testing

magnets on
ete.

not-ona ete.
oue standard U2

Our Price 241 YT &40
ROTARY
TRANSFORMER Type 72

!.n

ok

ompm 1iTi50

tor
radion,

356~

Lz, “S” BAND
@ SPECTRUM
ANALYSER

ARCONI
T pme—="C' Type TF-984/1

Spectrum | Awlyor

mylors
luded:

Tites of L
es are !upplled

o
s Al Deflectlon.

Tuterim Frequency 22,5
A Bamin weh 100 DO for
Lower Requiretuenta IS0 430:630. <fo

mensions 12, % 17hn. X Tijin.
\\el‘hls‘ll\v

PRICK £75.
Fuily Overbanled aud Guaranteed,
1f required. the inptrument cam be sup-
);Hed mmph:u Sl AC. uolis Fover
for 220 t ndditlonl cost

AUTO
TRANSFORMERS—
FULLY
SHROUDED

too% cats, brand

Now a simple Low

Cost Servo System

within everyane’s
reach

50-VOLT
SERVO
SYSTEM

A uniique offer of i pair of 50-volt, B-cyele
fervas that enalile zemote {ndiation of
angular position W be nude.

biead for monitorivg Wil irestions T
the comtort of the ho he position
of it erlal syatera for anuteue broad
cnsting enthusinsts, The exact position
te mhoe! could b - g

"l renily
Obtainabic, by dsing £he 200-350-volt 155
on iuy matns transformes
size of magslipmotor 3
Cosl of palr. 53;-, plus

SYNCHRO AND
SERVO MOTORS

base serva
0.8 uotors,
molors,  gear  boxes,
Lysteresis motore, tacho-
generators, control Lrang-
mibters aud transtorners,
toraue trnsaltiem, re!
eolvers, motor

x %in,
&

driven

vartable mhmrl chopper

relaya, gears

Vaetric 1i \s 235, Bizs
4 v. 100

@ £610 0

cle
s “Transcoll :moo. Blze 115 v. 400 cycles
B e | BT e 8 5
e ey "SC“‘A“ Fe g;(;r Skze 10, 10.2 7. stator 1%7 v.
: - ol G5
[ Bmhso Control Tran 0
8 a8 Tohn Oster, Rize o, SAILLE © 190 crcle
G €17 8 o0
@ £1710 0 Sond_tar tilly Tostrated cstalogue on
@ £2310 0
Post free.
“DUPLEX*’ MAGSLIPS
Yaut ran; of transmitts receivers,
PRESSURE Huntere. Tesolvers, ervo. ndaction and
GAUGE inlustion penero

A mzster gauge
for ealibrating
xlating

ane ganges and
for the ace

¥in. recelver 50 cycles 50 v,
5
A.P. 10872, 2in. hunter 50 cycles 0.1 oz,
hv Temna @ £116 0
6650, 2in. transmitter 50 cyelea
50/50

Bend for IDustrated catalogue,

Tneasmrenont of
preowares. tie s the Tiywon Improved
Bowedu type. dil” with 150 sales

aters callprated, 0.200 I per siiare
e Benered brass s

hexigon  shank for direct unting.
Supnlmd with varlous ‘Ohrended Biting
Coryl b tro

c:\rry Normal  prica £18.
IRICE
SOLARTRON
COMPONENT
RESOLVER

ANOTHER FIRST FOR LIND-AIR
EXPERIMENTAL
PRINTED
CIRCUIT KIT

This Kit for
*etch your

" diirerent eireutt
grams for  congtrusting eversthing
Radio control receivers to
Tocators, and aven a. manwomas s

r

Hurcly the bargain of the tonth at eals
/8 for the Kit. <

fantastic
. here. In oe unit bsihe s
tu tuoniter charactertstica of loudspe

ponents; 1as aual
TR 8 fo 1000
w Gn to 160
couple meters
and guadratire nlltpuh
autpnt for oncilascopes e peo
el, P requirement
o0

. or 200-250 3
e £150. “ o
etulls.

In for further

SWITCHES | . ..

2 pole 12 way 5t 2/6 poat free,

53 TOTTENHAM COURT ROAb,

Telephone LANgham 3653 (10 lines)

LONDON,

W.1.

VISIT THE

L@o:\lll

You'll find thousands of interes-
ting items all at well under
