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STANFAST 30kW H.F. TRANSMITTER AMPLIFIER
[} Qr.8-A/1
[] ' This self-tuning linear amplifier—for i.s.b. and d.s.b.
It J telephony, and for single or multi-channel tele-
graphy—covers the frequency range 4-28MHz and
b accepts a low level modulated signal at final fre-
quency prnduced by external drive equipment.

MULTICOUPLERS
AERIAL SWITCHING

T !.I.LI.LLLI..I

ON STATION REMOTE
 ahiSETI) RECEIVER CONTROL
ey CONTROL CENTRE

CONTROL

Cut the operational and maintenance

costs of your HF radio station right now
~with STANFAST

Here’s how

STANFAST Systems—the STC concept of auto- STANFAST Systems use the latest techniques in

mated h.f. radio stations—permit transmitting and radio design, demand smaller sites and require less
receiving installation to be controlled completely by maintenance than hitherto. Initial capital cost is
one man from a central location. lower and return on investment is greater.
STANFAST Systems provide high speed frequency

changing, automatic performance monitoring and Standard Telephones and Cables Limited, Com-
rapid fault location affordingoptimum traffic handling munications Division, New Southgate, London N.11.
capability and maximum revenue. Telephone: 01-368 1200. Telex: 261912,

world-wide telecommunications and electronics

WW-—001 FOR FURTHER DETAILS
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When is an Avo meter not an Avometer?

When it tests nuvistors, compactrons & 13-pin valves

The new Avo VCM163 Valve Characteristic Meter is one of the most versatile

valve testers ever developed. With facilities for testing valves with as many as 13

pin connections (and 2 top caps), plus recently introduced types such as nuvistors

and compactrons, the VCM163 provides both rapid fault diagnosis and compre-

hensive static/dynamic characteristics data. Nevertheless, it is even simpler to

use than previous models — no backing-off is required. A separate meter displays

mutual conductance values continuously during testing, and there is pushbutton

monitoring of screen parameters. The full range of h.t. voltage -12.6V

to 400V - can be applied to anode and screen, heater voltage is adjust-

able in 0.1V steps from 0 to 119.9 and grid voltage may be varied con-

tinuously from 0 to 100V (calibrated). Get complete information about

the VCM 163 from your local dealer or Avo Ltd, Avocet House, Dover,

Kent. Telephone Dover 2626. Telex 96283. .

AVQ MEANS BASIC MEASUREMENTS ALL OVER THE WORLP
1
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Ferrograph Series 7 -
a lifetime of recording

Ferrograph Tape Recorders have been
famous ever since 1949. A lifetime’s exper-
ience of making fine recorders goes into
every one of Ferrograph’s brilliant new
Series 7.

And there isa lifetime’s recording /n every
Ferrograph instrument. Many of the carliest
Ferrographs are giving perfect service
today, nearly twenty years later. You can be
sure your Ferrograph will do the same for
you. It will give dependable service for
many, many years to come. It will keep its
value. K will need the minimum of service.
Spare parts will remain available for a
lifetime’s recording. That's how Ferrograph
got Its name.

Available in Mono, and in Stereo with
and without end amplifiers: combining a
unique range of 30 recording facilities,
including:

@ All silicon solid-state electronics with FET
input stages and wide input overload margins.
@ Vertical or horizontal operation.

@ Unit construction: The 3 individual units i.e.
tape deck, power unit and amplifier complex are
mounted on a single frame easily removable from
cabinet for service or installation in other cabinets
or racks.

@ 3 motors (no belts). 3 tape speeds.

@ Variable speed spooling control for easy
indexing and editing.

@ Electrical deck operation allowing pre-setting
for time-switch starting without need for mach-
ine to be previously powered.

@ Provision for insfantaneous stop/start by
electrical remote control.

@ Single lever-knob deck operation with pause
position.

@ Independent press-to-record hutton for safety
and to permit click-free recording and insertions.
@ 81 reel capacity.

@ Endless loop cassette facility.

@ Internal loud speakers (2)——1 each channel on
stereo, 2 phased on mono.

@ 4 digit, one-press re-set, gear-driven index
counter.

@ 2 inputs per channel with independent mixing
(ability to mix 4 inputs into one channel on
stereo machine).

@ Signal level meter for each channel operative
on playback as well as record.

@ Tape/original switching through to output
stages.

@ Re-record facitity on stereo models for muiti-
play, echo effects etc, without external connec-
tions.

@ Meters switchable to read 100 kHz bias and
erase supply with accessible preset adjustment.
@ Three outputs per channel i.e. (1) line out—
level response. (2) line out—after tone controls.
(3) power output—8-15 ohms.

@ Power output 10W per channel.

@ Independent tone controls giving full lift and
cut to both bass and trcble each channel.

@ Retractable carrying handle permitting carry-
ing by one or two persons.

U.K. Retail prices from £150 incl. P.T. -
Siell e divere Shafiingl. [T, the tape recorder with

the hearing-is-believing sound
See and hear Ferrograph Series 7 recorders
at your local Ferrograph stockist, or post
coupon for details and* address of nearest
Ferrograph specialist (or ring 01-589 4485)

FERROGRAPH

i ey 1l B F P rrr . rr I I |
To the Ferrograph Co Ltd, Mercury House, 195 Knightsbridge, London SW7

l Please send me FREE brochure on Ferrograph Series 7 Tape Recorders (] piease l
. OR send me the new Ferrograph Manual, for which I enclose £1 O tick l
. NAME .
| ADDRESs E

ww
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Don't take our word for it—test EEV flash tubes a
against the equivalents you're now using and utsta n I ng
learn why other users think so highly of those

made by EEV. incorporating extra heavy duty i n q u a I ity,

electrodes, EEV flash tubes are renowned for their

reliability, tong life (up to 10° flashes) and high rel ia bi I ity

conversion efficiency. EEV liquid-cooled and

air-cooled xenon flash tubes for pumping laser a n d

rods offer a wide range of input energy levels and

::::;'are capable of operation at high repetition pe rform a nce

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

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

for you.
Typical operating conditions

Energy

input per Arc Bore Series Trigger

flash max. length diameter Voltage inductance Flash voltage
Type (J) {(mm) (mm) (kV) (uH) rate (kV)
XL615/7/3 600 76 7.0 25 400 Tper15sec. 12-16
XL615/9/4 1500 102 9.0 2.8 400 1 per30sec. 12-16
XL615/10/5.5 3500 140 10.0 2.5 400 1 per30sec. 16-20
XL615/10/6.5 5000 165 10.0 2.5 800 1 per2 min. 20-25
XL615/13/6.5 10000 165 13.0 2.5 800 1 per 2 min. 25

English Electric Valve Co Ltd

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

I am interested in EEV flash tubes for (application).
Please send me data sheets on your full range.

NAME POSITION

COMPANY

ADDRESS

TELEPHONE NUMBER EXTENSION wWwi1

oy — = ap 35
WW—008 FOR FURTHER DETAILS 00

wWWW. americanradiohistorv.com


www.americanradiohistory.com

4 Wireless World, February 1969

|

i
T
>

111

FPERFORNANC
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GARDNERS

Exceptionally wide band
microphone and audio line
matching transformers

FREQUENCY RANGE For professional recording and broadcast

100 K.ohm models +1 dB 30 c/s to 20 kc/s. . X

All other models +0.5 dB 30 c/s to 20 kc/s. transmission equipment, these Octal-based

MAXIMUM AUDIO LEVEL +12 dBm (16mW). plug-in transformers have a frequency

INPUT IMPEDANCE maintained 1o within +10% ( +20% j)

at all frequencies within the range 50 c/s to 8 kc/s (to 5 kc/s response extending well beyond the audio

only for 100 K.ohm models). 2 g :

e e range. The design achieves dynamic per-

—50 dB reduction in hum pick up. formance with minimum distortionatalllevels
Input 2 Output 2 Sec./Pri.

Type No. Ohms Pin Nos.t Ohms Pin Nos. Turns Ratio Applications

MU.7521 3-75/15* 1-3, 2-4 600 (C.T.) 6-7-8 6:32:1/12-64:1 Low Z. Mic/Line

MU.7522 3-75/15* 1-3,2-4 100K. 6-8 82:1/164:1 Low Z. Mic/Grid

MU.7523 75/300* 1-3, 2-4 600 (C.T.) 6-7-8 1-41:1/2:8211 Line/Line

MU.7524 150/600* 1-3,2-4 600 (C.T.) 6-7-8 1:1/21 Mixing :Bal./Unbal.

MU.7525 600 (C.T.) 6-7-8 300/1-2K* 1-3024 1+1:1:41 (CT) Mixing : Hybrid} ‘

MU.7526 600 (C.T.) 6-7-8 2-5k/10k. * 1-3,2-4 2-04:1/4-08:1 Line/Grid

MU.7527 150/600* 143; 2-4 100K. 6-8 13:1/26:1 Line/Grid

MU.7528 7:5/30* 1.3, 2-4 600 (C.T.) 6-7-8 4-47:1/8-94:1 Low Z. Mic./Line

MU.7529 50/200* 1-3, 2-4 600 (C.T.) 6-7-8 1-73:1/3:46 11 Mic. or Line/Line

MU.7530 10K. (C.T.) 6-7-8 10K. 1-4 1(CT)A 600 Line Bridging

MU.7532 7:5/30* 1.-3,2-4 100K. 6-8 58:1/116:1 Low Z. Mic./Grid

MU.7534 50/200* 1-3,2-4 100K. 6-8 22:4:1/44-8 1 Mic. or Line/Grid

Type MU.7525 may be used in “Hybrid" circuits, as shown, to establish
2 to 4 wire operation in telephony. Accurate balancing of the windings
epable guaranteed rejection of better than — 55 dB from 50 ¢/s to 10 kc/s.
Up to — 75 dB may be expected for normal rejection levels.

WRITE FOR A.F. BROCHURE GTJ4

glving full details of these and other types of A.F. transformers

GARDNERS TRANSFORMERS LIMITED

Christchurch, Hampshire BH23 3PN. Tel. Christchurch 2284
TELEX 41276 A. B. GARDNERS CHRISTCHURCH

WW—009 FOR FURTHER DETAILS
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Brief data on some
of the ceramic types
available.

Send for full details
of the complete range
of EEV thyratrons.

| am particularly
interested in using a
thyratron with the
following parameters :

Application
Peak power output
Peak forward voltage

Peak anode current

EEV glass and ceramic hydrogen thyratrons are
extensively used to provide more precise and
efficient high speed switching. Here are some of
the reasons why :

1 Their short anode delay time of between 20
and 120 nanoseconds depending on triggering
method.

2 Low jitter generally of 1 to 2 nanoseconds but
down to less than 1 nanosecond depending on
heater supply.

3 The negligible change in anode delay time—
typically only 10 nanoseconds over a long period
of use.

4 A high peak inverse voltage capability of 20kV
immediately following pulse.

5 The low trigger power required.

6 The wide operating voltage range of 1kV-120kV
with four tubes.

7 The ability to control anode delay time and rise
time of current, using reservoir.

8 The wide reservoir range for maintenance of
gas pressure typically 4.5V to 5.7V.

The standard range plus EEV's ability to meet
special requirements means that virtually any
high speed switching application can be met.
Here are a few :

Radar modulators with a system output power
of 10kW —10MW.

Medical linear accelerators with RF
accelerating powers up to 15MW.

Particle linear accelerators with RF
accelerating powers up to 50MW. They may also
be used in first-stage particle beam choppers.
Particle beam benders where a network of
stored energy needs to be discharged into a
deflection coil or other device somewhere on the
accelerating ring.

Spark chambers

For pulsing light shutters such as Kerr or

EEV thyratrons-
for better

high speed
switching

l
.

Pockel cells.
Electronic crowbars and energy diverters oll |
Peak Peak Peak Mean
power forward anode anode
output Heating voltage current current
Type max Factor max max max
(MW) (V.A.p.p.s.) (kV) (A) (A)
CX1154 50.0 30x10° 40 2500 3.0
CX1157 35 7x10° 20 350 035
Cx1168 100.0 70x10° 80 - 2500 25
CX1171 150 70 x10° 120 ) 2500 2.5
Cx1174 120 60 x 10° 40 6000 6.0
CX1175 200 140 x 10° 80 5000 6.0
Cx1180 125 9x10° 25 1000 125

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

Please send me full data on your complete range of glass and ceramic hydrogen thyratrons

NAME - ______POSITION

COMPANY -

ADDRESS -

TELEPHONE NUMBER EXTENSION  ww?

WW—010 FOR FURTHER DETAILS
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Comprehensive range for civil and military authorities
as well as domestic users in more than 50 countries.

Teonex now supplies a full range of British made valves and semi-conductors (or their
Continental equivalents) to authorities operating sfringent quality control, and to
private individuals right across the world. Current price list and further particulars

available on request from:
TEONER LIMITED

TRADE MAR

2a WESTBOURNE GROVE MEWS TGE 0_ N E X AVAILABLE ONLY

LONDON - W11 - ENGLAND FOR EXPORT

WW—011 FOR FURTHER DETAILS
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The secret is in the fixing qf the Brewster window
—the angled glass plate at each end of the tube.
In many tubes the seal is made with an epoxy
resin which eventually cracks and ruins efficiency
by letting in air. EEV, on the other hand, use
fusion sealed windows where the seal is as
strong as any other part of the tube. Fusion
sealing allows the tube to be heated to a very high
temperature during manufacture, driving out all
the gases in the tube surface which would
otherwise contaminate the helium-neon filling.
EEV tubes have been life tested up to 6000 hours
which is two or three times the life generally
expected from tubes employing epoxy sealing
techniques. There is a standard range of EEV laser
tubes available, full details of which can be
obtained by filling in the coupon. If your laser
design calls for a special tube give us brief details
of what you need as we can probably meet your
requirements.

Why EEV gas laser tubes

\—_—-—-‘-“é

Output

power at Bore Active

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

R.F.

XL607 (27MHz) 3.0 i 7.0 . 483
XL609 D.C. 2.5 3.0 229
XL612 0)]CH 6.0 7.0 457
XL614 D.C. 8.0 7.0 584

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

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

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

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

NAME - ) - ____POSITION -
COMPANY 3 § _ H  mwes
ADDRESS

TELEPHONE NUMBER EXTENSION 1 WW3
WW—012 FOR FURTHER DETAILS Gl
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offer 48 Volt DC operation

The CT85 is the latest model to be added to the wide long term reliability the motor is an AC type driven
range of Plessey endless loop cartridge recorders. through an electronic switching module. Solid state
This unit provides emergency interception services silicon devices are utilized throughout.

i Telephone Exchanges and other special services The CT85 is supplied in a portable cabinet that can be
where 48 Volt D.C. operation is required. locked to prevent access to the cartridge, circuit

The CT85 is suitable for continuous or intermittent boards and operating controls by unauthorised
service. Audio output is 2 watts into 50 ohms for personnel. The unit can also be supplied for desk top,
multiple telephone line distribution. A second track is built-in and rack mounting.

used for stop cues together with an auxiliary cue for For full details of Plessey broadcast standard CT80
other functions such as redirecting telephone traffic recorders contact your local Plessey office now.

from non-operative numbers. Start can be local or by

an external earth signal. pLESSEv

In common with all CT80 cartridge recorders the CT85
operates from an exclusive integral direct drive -
capstan motor, solénoid and puck wheel assembly. For ElECtI‘O“ICS

Sales and Service — Rola Recor 1ing Products Department|Garrard Engineering Limited Newcastle Street Swindon Wiltshire Telephone Swindon 5381
Telex 44271lor the manufacturer ase~y Australia Rola Unit The Boulevard Richmond Australia 3121 Telex 30383 Cables ROLA Metbourne

WW—013 FOR FURTHER DETAILS 120-AR9
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Choose your duplexer devices

from EEV’s extensive range

BS310 BS458 BS452 BS460

Frequency Peak
range power
Product Type No Band (MH2z) (kW)
Brief data on some of
Pre TR cells BS834 2000-12000 2500
the many types i e e —— _
available. BS870 1240-1365 2500
TR cells BS390 s 2925-3075 1250
BS800 S 2840-3100 1250
BS824* 8 2700-3100 259
BS156 X 9000-9600 200
BS452 X 9310-9510 100
BS810 X 9250-9550 75
BS850 X 9300-9500 50
T8 cells BS310 X 9375 5-200
TR limiter cells BS814 X 9000-9700 200
BS828 X 9325-9425 50
Solid state microwave switches BS392 S 2925-3075 0.5
BS460 X 8500-12000 0.5

Send for this booklet
giving full details of the
complete range of EEV
duplexer devices and
waveguide switches.

ENGLISH I

ELECTAIC

=k E
|

DUPLEXER DEVICES

*For protection of travelling waveguide amplifiers

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

Please send me a copy of “Duplexer Devices”. | am interested in a tube with the following parameters :

Frequency range Power Type of cell

NAME ____POSITION

COMPANY - I S —
ADDRESS - o —

TELEPHONE NUMBER EXTENSION wwa .

WW—014 FOR FURTHER DETAILS
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Cameras a plenty... but how quickly can you find
- the right low cost tube?

. There is a growing range of closed-circuit equipment
p— l%!l‘.l available,ranging from the simple black and white camera
“eaes to sophisticated full-colour facilities. The time inevitably
[ = arrives when a replacement vidicon tube is needed quickly
% hisis the service EMI sets out to provide. Our vidicon range

% provides a type for virtually every camera, where reliability,
good resolution and high sensitivity are required.
v Send for the EMI Vidicon replacement chart. Then,when

you need a tube, simply EM/E[EL’M”IIES

I contact your distributor or EMI. "
m L |[EMI] .
WW—015 FOR FURTHER DETAILS

WwWWW.americanradiohistorv.com


www.americanradiohistory.com

Wireless World, February 1969 11

g i g

places:
-cdon’t!

GEC-AEI Remote Control @ and Telemetry

Systems are helping industry’s key personnel to stay put while controlling distant
out-stations.

The equipment covers transmission of information between out-stations and control
rooms by various forms of telemetry, including: Tele-
data; Teleshift; Telecode and Teleducer, and provides
visual presentation of conditions of controlled equip-
ment on mimic diagrams, using the well-known GEC-
AEI Modular Mimic Systems.

Write today for telemetry literature/ modular mimic systems literature.

.C9r.nmunications
Division

Information Centre. GEC-AEI (Electronics) Limited Communications Division Spon Street Coventry CVI 3BR
Telephone: Coventry 24155 A management company of The General Electric Company Ltd. of England
WW—016 FOR FURTHER DETAILS
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BREAK THE SOUND BARRIER

MODEL 488 SONO-BAR

SETTING THE WDRLD'S

WITH PROVED [ Rl oo

NOISE CANCELLING MICROPHONES

When the chips are down, and noise levels are high, Shure Noise Cancelling
microphones with their exclusive Controlled Magnetic cartridges, distance-
discrimination design, and specially tailored response get the message through

. even when noise level js so high the operator cannot hear himself! They
have been field-tested and proved in such ear-shattering environments as: drop
forges, helicopters, police power boats, “hard surface” gyms among cheering
crowds, motorcycles, jets revving up, fire engines, etc.

MODEL 419 RANGER II

SHURE

SHURE MODEL 488 SONO-BAR

Rugged, impact resistant “Armo-Dur”
case. Four types: High or low impedance;
transistorized for direct replacement of
carbon microphone; and FAA Certified
Transistorized Aircraft version.

SHURE MODEL 419 RANGER Ii

New small size. Only about half the
size and weight of conventional mobile
communications microphones. Unsur-
passed for use with portable or miniatur-
1zed equipment.

SHURE MICROPHONES—WORLD STANDARD WHEREVER
RELIABILITY AND SOUND QUALITY ARE PARAMOUNT

WW—017 FOR FURTHER DETAILS
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VALUABLE NEW HANDBOO

Rf[ ENGINEERS

13

]

K

T0 AMBITIOUS

Have you had your copy of “Engineering Opportunities”?

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

On
REFUND OF

‘SATISFACTION OR

FEE' terms

THIS BOOK TELLS YOU

J HOW to get a better paid, more interesting job.

4 HOW to qualify for rapid promotion.

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

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

v HOW yau can take advantage of the chonces
you are now missing.
J HOW, irrespective of your age, education or

experience, YOU can succeed in any branch of
Engineering.

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

WHICH OF THESE IS

YOUR PET

ELECTRONIC ENG.

Advanced Electronic Eng.
Gen. Electronic Eng. — Applied
Electronics Practical Elec-
tromes — Radar Tech. —
Frequency Modulation —
Transistors.

ELECTRICAL ENG.

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

lations —  Draughtsmanship
— Illuminating Eng. — Refrig-
eration — Elem. Electrical

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

CIVIL ENG.

Advanced Civil Eng. — Gen.
Civil Eng.—Municipal Eng.—

Structural Eng. — Sanitary
Eng. — Road Eng. — Hy-
drawdics — Mining — Water

Supply — Petrol Tech.

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN-
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU-

SUBJECT?
RADIO ENG.

Advanced Radio — Gen. Radio
Radio & TV Servicing —
TV Eng. Telecommunica-
tions — Sound Recording —
Automation — Practical Radio
—Radio Amateurs’ Exam.

MECHANICAL ENG.

Advanced Mechanical Eng. —
Gen, Mechanical Eng. —
Maintenance Eng. — Diesel
Eng. — Press Tool Design —
Sheet Metal Work — Welding
— Eng. Pattern Making —
In.xection—Draughlsmansth—
—Merallurgy Production
Eng.

AUTOMOBILE ENG.

Advanced Automobile Eng. —
Gen. Automobile Eng. — Auto-
mobile Maintenance — Repair
—Automobile Diesel Mainten-
ance Automobile Electrical
Equipment — Garage Manage-
ment.

MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

Which qualification would Increase your_ _earning powerl
A.M.LE.R.E., B.Sc. (Eng.), A.M.S.E. R.T.E.B., AM.LP
AM.LM.L, A.R.LB.A,, A.LLO.B., P.M.G., A.RIC.S
M.R.S.H., A.M.LE.D., A.M.|.Mun.E. C.ENG., CITY & GUILDS,
GEN. CERT. OF EDUCATION, ETC.

446A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE

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

132 PAGES OF EXPERT
CAREER-GUIDANCE

PRACTICAL
EQUIPMENT

Basic Practical and Theo-
retic Courses for begin-
ners in Radlo, T.V., Elec-
tronics, etc. A.M.LE.R.E.
Clty & Guilds Radio
Amateurs’ Exam., R.T.E.B,
Certificate, P.M.G. Cer-
tificate, Practical Radio,

INCLUDING
TOOLS

The specialist  Elec-
tronics Division  of

NOW offers you a
real laboratory train-
ing at home with
practical  equipment.
Ask for details.

Radio & Television Ser-
vicing, Practical Elec-
tronics, Electronics
Engineering, Automation.

B.L.E.T.

You are bound to benefit from reading
“ENGINEERING OPPORTUNI-
TIES.” Send for your copy now—FREE
and without obligation.

POST COUPON NOW!

TO B.I.E.T., 446A ALDERMASTON COURT,
ALDERMASTON, BERKSHIRE.

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

ENGINEERING OPPORTUNITIES

NAME cin: it wi'tasiabisee ies N advasbsadse . aeeweis st oon

| WRITE IF YOU PREFER NOT TO CUT THIS PAGE

WW—018 FOR FURTHER DETAILS
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ALL GHANGE..

THE ELREMCO SUB-MINIATURE SOLDERING IRON
TYPE MS1

Revolutionary heating element design—1" long, fitting
into 1/10” dia. hole. Long life. High efficiency.

Easily interchangeable bits.

Bit tips down to 1/32” diameter.

Develops power up to 20 watts.

Inputs up to 240 V.

Outstanding performance— will solder up to 14 swg.
Copper conductors.

Weight, less than 3/4 ozs.

Low cost.

For further details send for List ADS.601 from

ELECTRICAL REMOTE CONTROL COMPANY LIMITED

P.O. Box 10, Bush Fair, Harlow, Essex. Telephone: Harlnw 24285 Cabhles: ABA control Harlow. Telex 81284
WW—019 FOR FURTHER DETAILS
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CcesS)> Resistor Service

aves you money

Standardise on 5% tolerance

for all your requirements

“TUAL SIZE
L - 15;\\:"\/ TWO
—gms- w PACKS
1W NE D
= a5 — gDUCE
R“TWG voA':.TJLcs"‘erNerE‘ PACKOI PAC‘ OF PACK OF PACK OF
1/8Wx5% 5.1Q to 330KQ) - 2/2d 4/9d 16/- FULL SPECIFICATION OF

WAYCOM CARBON FILM RESISTORS

1/2Wx5%/10Q to 10MQ —_— 2/2 4/9 16/
: oy = IS CONTAINED IN OUR NEW 150 PAGE
1W£6%[1002 10 10MQ| — 340, B 3/ ELECTRONIC COMPONENTS CATALOGUE.
2w £5% 100 to 10MQ| 3/ 59 | 14/ 45/ COMPLETE COUPON FOR YOUR COPY.

Tel: 01-686 7311 for orders
Tel: 01-688 7722 for other business
Telex: 262308

To: COMBINED ELECTRONIC SERVICES LYD. (ormerya7s)
Queensway, Waddon Factory Estate, CROYDON, CR9 4DR

Please send me your new catalogue of components available ‘by return’

1

i

i

NAME. |
i

'

-

ADDRESS

% ® ® B K ® N B B ®F R B B B _°B B _°B O3 §B B N N § N §N )
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Has red tape been
complicating your procurement of
electronic components

from the U.S.A.?

For whatever you may need in electronic components
from the U.S.A., Milo International can satisfy your re-
quirements with prompt delivery, at direct factory prices,

Procurement of ' ‘

. partial listing:
American-made elec- Ampeirex
tronic components used to be thought of as a complex, time- Amphenol
consuming procedure with a myriad of red tape details and Arrow-Hart &
problems. Not anymore — now you can join the growing list of Hegeman
companies that rely on the technical skills and services of Milo gg‘r’";:s
International, world-wide distributors of electronic components. G
Our team of experienced specialists will process your order with Centralab
speed and efficiency from start to finish — immediate price and Cinch-Jones
availability quotations, product information, application data, g'afoslfa' ol
import certificates, export licenses, declarations, export pack- cg::ienéo“ iller
aging, delivery expediting, etc. And this all-inclusive service is Dale Electronics
provided for each order, no matter how small or large. Delco Radio

from a huge in-stock inventory of thousands of components
made by the leading American manufacturers including this

Eimac

Electrons, Inc.
Erie

General Electric
Hardwick Hindle
Hickok

I.T.T.

J.F.D.

Kings

Littelfuse

Mallory

Oak

Ohmite-Allen Bradley
Potter & Brumfield

R.C.A.

Raytheon

Simpson

Sola

Solitron

Sprague

Stancor

Superior

Sylvania

Texas [nstruments
Transitron

United Transformer
Vector

Xcelite

Forimmediate price and delivery quotations, contact Milo by mail, phone, cable or International Telex.

1 LO International

World-Wide Electronic Component Suppliers

325 Hudson St., New York, N.Y. 10013/ Tel 212-924-5000/ Cable MILOLECTRO, N.Y./Int’l. Telex 62528 or 620715

WW—021 FOR FURTHER DETAILS

www.americanradiohistorv.com


www.americanradiohistory.com

Wireless World, February 1969

17

Tnvest in

rie

Blue Chips

Erie Blue Chips are resistors. Thick film,
metal glaze resistors built to satisfy

the circuit designer’s need for reduced
physical size and increased reliabllity.
Designed specifically for printed circuit
boards, Blue Chips, with radial
terminations at 0.2 in centres, make
possible a packaging density up to double
that of conventional cylindrical resistors.

Resistance range :

1 ohm to 1 megohm with tolerances of
1%, 2%, 5% and 10%,.

Wattage ratings :

& W, 2w, ¥ w, with maximum

voltage 350V d.c.

Temperature range :

-55°C to 125°C with no derating, and an
average TCR of 4+ 300 ppm/°C.
Closer T.C.s. available.

‘And this is their
average size’

With these specifications it's no surprise
that Erie Blue Chips are setting the pace
in resistor design and further advancing

the rapid progress in circuit dependability.

WW-—022 FOR FURTHER DETAILS
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ELECTRONICS

LIMITED

|
3

For further
details contact :

ERIE ELECTRONICS LIMITED.,
Great Yarmouth, Norfolk.
Telephone: 0493 4911
Telex: 97421
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Newmarket
microcircuits have

several distinguishing
features ijjji;

Rational production J ..;
the only UK custom-built A TR f" N \\\\
4 N \\\\

thickfilm hybrid . ; ~ N N\
microcircuit manufacturer also I I ' ' NN
producing the active devices for . N g&\\\ . N \\\

built batches for full production " 4 - ?’
(only 6 weeks to prototype b
production).

\ /
Reasonable quantities A /
typical annual requirement is

§00—4,000 off : v f
no multi-million runs required. . / /

hybrids in house. ?/ pe 4

) ) s : \
Reliable delivery \ 7 f:
12 actual weeks from first “7" < \
enquiry to delivery of custom- i W 5 /

Radical costing el
just enquire—you’ll probably
find the complete Newmarket
microcircuit costs no more than
your own real discrete component .
assembly costs. ] . /
/
o~

Newmarket Transistors prove again that it pays to deal with
specialists. Not every-electronic-device giants but experts
constantly contributing to progress in their own field. Newmarket
are the experts in industrial semiconductors and have led the

field for two years in custom-built microcircuits. So deal with

the team (and the distinguished distributors) in tune with tomorrow.

face tomorrows pacewith #
Newmarket Transistors

the specialist semiconductor engineers with the distinguished personal service network:

NATIONAL

Combined Electronic Services Ltd., Queensway, Waddon Factory Estate, Croydon, CR9 4DR. Call 01-688 3699
REGIONAL

LONDON Lugton & Co. Ltd., 209-212 Tottenham Court Road, W.1. Call MUSeum 3261/9

COVENTRY Coventry Factors Ltd., Coronet House, Upper Well Street. Call 21051/§

GLASGOW James Scott (Electronic Agencies) Ltd., 9o West Campbell Street, C.2. Call CENtral 3866

HARLOW Standard Telephones & Cables Ltd., Electronic Services Division, Edinburgh Way. Call 26777

HARROGATE G.S.P K. (Electronics; Ltd., Hookstone Park Trading Estate. Call 85415

TRANSISTORS LIMITED  HOUNSLOW Eastern Aero Electrical Services Ltd., Building 44, London (Heathrow) Airport, North. Call SKYport 1314
PORTSMOUTH S.D.S. (Portsmouth) Ltd., Hilsea Industrial Estate. Call 62332

Force Three/Cambric

Newmarket Transistors Limited, Exning Road, Newmarket, Suffolk. Call 0638-3381/4. Telex 81358
WW—023 FOR FURTHER DETAILS
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METERS
ISSTNG

Whether your products are individually assembled or on aflow line, missing components
spell loss of time, delayed deliveries — and maybe tied-up capital. When it comes to
meters, there’s no excuse. Anders carry the largest stocks of meters in the U.K. Standard
meters are off-the-shelf and on their way to you within 24 hours of your order. Non-
standard instruments take very little longer. Anders have a fast moving production team
of well-equipped specialists in assembly, calibration, and even hand- Ietterlng of dials.

In fact the only things missing from the Anders’ service are excuses: we take care to see
that we don’t have to make them. So when it comes to meters, come to Anders

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

Manufacture and distribution of electrical measuring instruments

and electronic equipment. The largest stocks in the U K.
for off-the-shelf delivery. Prompt supply of non-standard
instruments and ancillaries. Sole U.K. distribution

of FRAHM vibrating reed frequency meters

and tachometers.

L
o E—

‘-f-'l

T A

Anders Electronics Ltd., 48-56 Bayham Place,
Bayham Street, London, N.W.1
Telephone: 01-387 9092

— ANDERS METER SERVICE

WW—024 FOR FURTHER DETAILS
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LEVELL
VOLTMETERS

measurepV’sfrom

Wireless World, February 1969

TYPE TM3A

£49

Complete with
battery and in-
put lead.

OPTIONAL
EXTRAS
Leather case
£4/10/-.
A.C.Power Unit

TRANSISTOR AC.
MICROVOLTMETERS

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

L3
TRARGISION o€ MiCPOVDL (g tee Ll TS
T

A€ SOV Tt
@ Teo 1,
. L

TYPE TM3B

£63

Complete with
battery and in-
put lead.

OPTIONAL
EXTRAS
Leather Case

€1/10/-.

VOLTMETER RANGES

15uV, 50uV, 150V . . .. SO0V fs.d.
Accuracy £ 1% 1% f.s.d. £ 1uVaclkHz.

FREQUENCY RESPONSE

Above 500u:V: 4 3dB from |Hz to 3MHz.
+0-3dB from 4Hz to IMHz.

A.C. Power Unit
€7/10/-,

AMPLIFIER OUTPUT

150mV at f.s.d. on all ranges. Will drive
2 load of 200kf2 and 50pF without loss.

On 500iV: 4 3dB from 2Hz to 2MHz.

On 150:V:+3dB from 4Hz to |MHz.
On 50uV: 4 3dB from 7Hz to 500kHz.
On 15uV: 4 3dB from 20Hz to 200kHz.

* K Kk ok ok ok ok ok %k

BROADBAND
VOLTMETERS

As A.C. Microvoltmeters plus H.F. probe
to extend response to 450MHz. Two ver- ] sosoamo VLTI TYRE tusy
sions differ only in meter size and L.F. ] —_—
bandwidth switch on type TM6B.

dB RANGES

100dB to + 50dB in 10dB steps. Scale
—20dB to + 6dB. 0dB = ImW into 60002

POWER SUPPLY

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

bt Y
LB S

— S w.on

TYPE TMéA

£85

Complete with
battery and in-
put lead.
OPTIONAL
EXTRAS

Leather Case
£4/10/-.

A.C. Power Unit
£7/10/-,

H.F. VOLTAGE RANGES
ImV, 3mV, [0mV . . .. 3V f.s.d. Square
law scales. Accuracy +49% of reading
+1% of f.s.d. at 30MHz.

H.F. dB RANGES

—50dB, —40dB, —30dB , . . . +20dB.
Scale —[0dB to +3dB. 0dB = ImW
into 50¢2.

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

H.F. RESPONSE

+0-7dB from IMHz to 50MHz.
+3dB from 300kHz to 400MHz.
+6dB from 400MHz to 450MHz.

L.F. RANGES

As TM3A and TM3B except for the omls-
sion of I15uY and [50.V.

LEVELL

PORTABLE INSTRUMENTS

WW—025 FOR FURTHER DETAILS
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TYPE TMéB

£99

Complete with
battery and In-
put lead.

OPTIONAL
EXTRAS

Leather Case

€5.
A.C. Power Unit
€7/10/.,

POWER SUPPLY

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

LEVELL ELECTRONICS LTD., Park Road,
High Barnet, Herts. Tel.: 01-449 5028
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Sounds exactly
what
you want

Here's a professional tape recorder
that you can use in the studio and

in outside broadcast vans.

Philips Pro’12 meets a long standing
requirement of studio sound engineers
This portable two-channel recorder is

designed to meet the high standards LfL e

of sound quality and versatility expe
ted of professional equipment, yet it Js
small and competitively priced.
Recording and playback quality of the
Pro’i2 is of a very high standard.
Tapes prepared on a Pro’12 are sui»
table for immediate broadcasting.
Even at the lowest tape speed of 3,3/,
in/s, the sound quality is at least equal
to the DIN 45511 studio equipmehnt
specification.

It features: « Twin-track stereo, twin-
track mono and dual-track mono
operation on 6.25 mm (/s in) wide tape
(standard version). « Extra quarter-
track stereo (special version). « Tape
speeds of 9.5 and 19 cm/s (3 3/; and

7 /2 in/s). « Unique “constant/load”
tape transport. « Microphone; diode
and line inputs for each channel.

« Facilities for mixing input signals of
both channels. « Multiplay, sound on
sound and echo effect. « Fade in and
out and dubbing facilities. « Cueing
and pause keys. « Line and monito-
ring outputs for each channel. « Moni-
toring with stereo headset or built-in
loudspeaker, before or after tape.

« VU-control of either channel. « End-
of-tape switch. « Remote control
connection. « Horizontal or vertical
operation.

Technical data

Tape speeds

33/ and 7Y/2 in/s (9.5 and 19 cm/s)
Tape

longplay (1800 ft — 540 m) or
doubleplay (2400 ft — 720 m)
Reels

Ciné type, max. 7 in (180 mm)
Playing time

for longplay tape on 7-inch reel:
at 7 Y2 in/s: 45 min

for doubleplay tape on 7-inch reel:
at 7 '3 in/s: 60 min

Deviation 'on absolute tape speed
less than 0.8%

Wow and flutter

measured acc. to DIN 45507 withEMT 420,
at 7 V2 in/s: 0.08%

at 3 3/s in/s: 0.1%

Frequency response

acc. to DIN 45511, playback

at 7 Yz in/s: 60 ... 12000 Hz, 0-1.5 dB

—~

at 72 in/s: 40 . .. 18000 Hz, 0-2.5 dB

at 3 3/ in/s: 60 ... 10000 Hz, 0-1.5.dB

at 33/ in/s: 40 ... 15000 Hz, 0-2.5 dB

overall at 7 V2 in/s:

60 ...12000 Hz, 0-3 dB

overall at 7 /2 in/s:

40 ... 18000 Hz, 0-5 dB.

overall at 3 /4 in/s:

60 ...10000 Hz, 0-3 dB

overall at 3 ¥4 in/s:

40 ... 15000 Hz, 0-5 dB

Signal-to-noise ratio

acc. to DIN 45405, weighted,

at 7 Y2 in/s: — 56 dB

at 334 in/s: — 52 dB

Inputs

a. line: 100 mV, 100 k{2

b. microphone: <1 mV (unbalanced),
suitable for microphones from 50
to 2000 2

c. diode: 2-40 mV, 20 k@2
Other inputs are av-ilable op ionally

PHILIPS

WW—026 FOR FURTHER DETAILS
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Outputs
a. line:

nom. 0.775 V, max. 4 V, 10000 2
b. monitor (stereo):

nom. 0.775 V, max. 4 V, 10000
c. diode: 0.5 — 2V, 100k &

Other outputs available optionally.
Power supply
110-117-127-220-245 V, 50 or 60 Hz
Power consumption: 80 W
Dimensions and -weight
52 x 34 x 24 cm
(20 5/s x 13 34 x 9 %5 in);
23 kg (50.6 1b)

For detailed information please write
for our 8 page Pro't2 brochure.

Electro-acoustics Division of
Philips Industries,

N.V. Philips’ Gloeilampenfabrieken,
Eindhoven, the Netherlands

21
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Faithful
Reproduction

with the
Grampian TC12 loudspeaker

The Grampian TC12 loudspeaker is a high
quality twin cone unit at areasonable price. The
loudspeaker is built of high quality materials to
a rigid specification and is eminently suitable
for good quality sound reproduction. Let us
send you full details or better still go and hear
one at your local dealers now

Design for suitable cabinet available

Grampian manufacture high grade micro-
phcnes, parabolic reflectors, windshields
and accessories, also mixers and amplifiers.

@rampian )SOUND EQUIPMENT
Integrity that you hear

Send for leaflet giving full details

GRAMPIAN REPRODUCERS LTD

Hanworth Trading Estate, Feltham, Middlesex
Tel: 01-894-9141/3 Cables REAMP, FELTHAM

WW—027 FOR FURTHER DETAILS
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SOLDERING
INSTRUMENTS

DESIGN
CENTRE
LONDON

Have a look at your present solder-
ing irons. Are they really giving you
the performance and service you're
paying for? Is there really a model
suitable for your size of work? Or
are you making do with a tiny bit
in a big iron? Or vice versa? Do
they have the cool, comfortable feel,
the elegance, of a LITESOLD? Drop
one on a concrete floor—does it
survive? Can you easily and cheaply
replace the bits? Can you service
it yourself? Are the models you
want available for any voltage? Are
they listed at 32 shillings or so each,
with discounts for quantity?

Yes? Then we must be preaching
to the converted, for you are surely
a LITESOLD user already.

Well, if you are, or even if you're
not, you may be interested in the new
PHILIPS ELECTROLYTICALLY IRON
COATED BITS. They last up to
75 times longer than copper, and are
a big advance ori all previous iron
coatings.

Please ask for colour catalogue LS.

LIGHT SOLDERING

DEVELOPMENTS LTD

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

L
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prepare
NOW ,
for tom Crrow S
WOI

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

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

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

23

No standard text books are used — these are often considerably out-of-date when printed.
C.R.E.l. Lesson Material contains information not published elsewhere and is kept up-to-date

continuously. (Over £50,000 is spent annually in revising text material.).

Step-by-step progress is assured by the concise, simply written and easily understood lessons.
Each programme of study is based on the practical applications to, and specific needs of,

Industry.

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

Study Courses.
C.R.E.I. PROGRAMMES ARE AVAILABLE IN:

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

Engineering * Radar and Servo Engineering
City and Guilds of London Institute: Subject No. 49 and Advanced Studies No. 300.

POST THIS COUPON TODAY FOR A BETTER FUTURE

To C.R.E.l. (London), Walpole House, 173-176 Sloane Street, London, S.W.1.

A P | [
Please send me (for my information and entirely without obligation) full details of the Educational
UR E i , ! Programmes offered by your Institute.
My interest is City and Guilds D RERCETE, General r:]

e - mEamiy NAME

Member of the
Association of British ADDRESS

Correspondence

Colleges EDUCATIONAL BACKGROUND

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

ELECTRONICS EXPERIENCE
173-176 Sloane Street, London S.W.1.

WW115

A subsidiary of McGraw-Hill Inc.
WW—029 FOR FURTHER DETAILS
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The best pick-up arm
in the world

Write to SME Limited - Steyning - Sussex - England
WW-—030 FOR FURTHER DETAILS
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STANSTED
ESSEX

::) Stansted
3132
3437

“

g ~_A25 AND A80 AMPLIFIERS
Of similardesign
] d t - Output 15 ohm or 8 ohm and 100V line with full output protection.
l SOUND CONTROL ! "SI oy

tion, Audix A25 Harmonic Distortion

CONSO I_Es and A80 fully Signal to Noise Ratio Better than — 60db.

o b + — ]
silicon transis- Frequency Response  + 1db 20Hz — 20KHz

. lNTE G RATE D M |XE R woriged Eipll input Facilities  Channel 1. Mic. 100 micro V 20-50 ohm balanced.

Channel 2. Mic. 100 micro V 20-50 ohm balanced.

AMPLIFIERS fiers provide out- Auxiliary. Mic. 8mV at 50Kohms.

puts of 25 watts Gram. 150mV at 1Mohm.
B COMPLETE SOUND and 60 watts Tape 80mV at 100Kshms.
r-m.s. respec- Tone Controls  Treble and Bass {ift and cut.

SYSTE M s tively. Volume Controls  Each channel and overall master gain control.

WW—031 FOR FURTHER DETAILS
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d ire c'l'ly —

| giants, 89 large
® manufacturers, 392
s u I e smaller manufacturers,
all three Armed Services,
most government
departments including 10 Ministries, 23
public corporations, 43 educational authorities
and Universities and countless radio and

television retailers in 1,162 cities, towns
and villages in 38 counties.

Pinnacle

the largest
single valve
independent

PINNACLE ELECTRONICS LIMITED ACHILLES STREET * NEW CROSS - LONDON S.E.14

Telephone: All departments—01-692 7285 Direct orders — 01-692 7714

WW-—032 FOR FURTHER DETAILS
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the
sensitive

Armstrong

the high fidelity sound

A STEREO
TUNER-AMPLIFIER
for the
BUDGET SYSTEM

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

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

The 10 watts power output, 5 from each channel, won't
fill a hall, but it is more than adequate for most domestic
g ‘ purposes. The AM-FM Tuner incorporated is doubly

- attractive because, as well as covering the medium wave-

P
=" * band, it has a performance on FM which is good enough
to give excellent results on stereo radio once you add the
optional M5 stereo radio decoder.
There are of course the usual facilities; pickup and
- tape inputs, tape recording outputs, bass and treble tone
S controls.

pH I ll ps As we said at the outset, if you are after top-class hi-fi

you don’t want the 127, what you want is the Armstrong
series 400 or series 500 models.

Every aspect of microphone manufacture is covered by ' . -

the makers of ten million of them—Philips. Presentation For details and technical specifications of all models,
A ol de to suit requirements In fact plus list of stockists, post coupon or write, mentioning
n irectivity are made 1 ..q‘ g L , 2WW69.

whatever your needs, there’s one in ten million for

you. Please ask for full information. ARMSTRONG AUDIO LTD., WARLTERS ROAD N.7

Telephone 01-607 3213

. PYE TVT LI M ITED L Ty pam—. R

PHILIPS SOUND address
Addlestone Road, Weybridge
Tel: Weybridge (97) 45511. Telex: London 262319 | i veecieeriieiene T T
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FOR SUPERB QUALITY AND WORLD
WIDE DISTRIBUTION HALTRON
OFFER A VAST SELECTION OF
VALVES FOR ALL AREAS OF
RESEARCH AND INDUSTRY

FOR QUALITY, RELIABILITY AND WORLD-WIDE AVAILABILITY, RELY
ON HALL ELECTRIC'S SPEED, INTELLIGENCE AND REPUTATION

MHALTRON

RADIO VALVES & TUBES

All enquiries to:

Hall Electric Ltd., Haltron House, Anglers Lane, London, N.W.5.

Telephone: 01-4858531 (10 lines). Telex: 2-2573. Cables: Hallectric, London, N.W.5.
WW—035 FOR FURTHER DETAILS
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VALVES FOR:

Radio and Television Manufacturers.
Radio and Television Service Departments.
Radio Relay Companies.

Audio Equipment.

Electronic Equipment.

Instrumentation.

Computers.

Marine Radar.

Communication Equipment.

Research and Development.

Government Departments.

Aircraft Military and Civil.

Ministry of Aviation Approved Inspection.
Air Registration Board Approved
Inspection.

27


www.americanradiohistory.com

28 Wireless World, February 1969

The Goldring caress...
we call it transduction seduction

Smooth, breathing, open and graceful stylus assembly. It is as light as the
that’s the sound of Goldring True  cantilever itself — no massy magnets
Transduction. The ability of a cartridge or coils to move! This design approach
to track properly at low forces é provides a texture of
is only the first stage of design, sound transparency previously
and from that point Goldring associated with direct-coupled pickups.
engineers continued development Excessive de-coupling techniques are
through to achieve their rendered unnecessary and
True Transduction. A micro-element tight coupling is employed to ensure
of tubular permeable material lies that every motion of the sensing
in a ‘Free-Field’ generated from a fixed element is identical to that of
source away from the removable the stylus — at all frequencies.

Full technical details of these new era cartridges from
Desk HF, Goldring Manufacturing Co. (Great Britain) Led.,

L&

486-488 High Road, Leytonstone, London, E.11,
or from your nearest dealer.

WW—036 FOR FURTHER DETAILS

ready in use in ei een countries,
THE DOLBY A301 AUDIO NOISE REDUGTION SYSTEM  [RREERAIRRE A
recordings which will withstand the
test of time.

The system provides a full 10 dB re-
duction of print-through and a 10-15
dB reduction of hiss. These im-
provements, of breakthrough magni-
tude, are valid at any time—even after
years of tape storage. This is why
record companies with an eye to the

Maklng the future are now adopting this new
Master revolutionary recording technique.

Recordlngs A301 features: Easy, plug-in installation -

Of the solid state circuitry - modular, printed circuit

construction -« high reliability, hands-oft

Future operation. Performance parameters such as

distortion, frequency response, transient
response, and nolse level meet highest
quality professional standards

NEW Remote Changeover option cuts costs,
enables one A301 unit to do the work of two.

NEW NAB and OIN level setting meters
simplify recorder gain calibration

DOLBY LABORATOR'ES ING. 333 Avenue of the Americas - NewYork - N.Y. 10014

(212) 243-2525 Cables: Dolbylabs New York
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DO YOU
NEED 1O
CALIBRANE
CURRENT
SENSTIIYE
INSTRUMENTS?

DO YOY NEED
AN ACCURATE
CURRENL
SOURCE FOR
SEMICONDUCTOR
TESTINC?

NPT n\ii
030 Qoo ]

The Bradley D.C. Current Calibrator 132
provides an extremely stable D.C. current
source up to 100 milliamperes at an accuracy
of 0.05%. An add-on unit, the Current Multiplier
144, extends the range to 10 amperes.

The 132 is used extensively by meter manufacturers because of its high accuracy and
ease of use—just dial up the current required—and also because of its unique
percentage deviation measuring device. Semi-conductor and thin film component
manufacturers have found it invaluable for the evolution and production line testing of
their products . . . Further the 132-144 combination with its unrivalled output of
10 amperes covers the testing of most types of meters.

We shall be pleased to send further details.

BRADLEY IGEGENENE

G. & E. Bradley Ltd., Electral House, Neasden Lane, London, N.W.10. Tel: 01-450 7811. Telex: 25583
WW—038 FOR FURTHER DETAILS
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TELECOMMUNICATION

J. Beam telecommunication aerial equipment is backed by
a quarter of a century of design leadership in many aspects
of aerial technology. From our superbly equipped labora-
tories many important advances in aerial design have been
achieved, and we are able to undertake the design and
development of all types of VHF and UHF arrays to
customer’s specifications in our new factory, which is
equipped with the latest techniques for specialised aerial
manufacture. Stringent inspection at all points of manu-
facture guarantee the superb quality of our aerials and
accessories, which are produced at highly competitive
prices.

These new Telecommunication Aerials incorporate
ADVANCED DESIGNS WITH COMPLETELY NEW
TECHNIQUES FOR:

i % BASE STATIONS

% POINT-TO-POINT LINKS
* MARINE TV RECEPTION

IRy BEAM,

L‘W'Nuam“,

* DOCK CONTROL
SYSTEMS

{ % MISSILE & SATELLITE
] TRACKING

* GROUND TO AIR—
SHIP TO SHORE

% OIL RIG TELEMETRY

The new J. Beam Engineering Factory is situated opposite
J. Beam Aerials and is 5 minutes from the M.1. Intersection

New literature and full details of Aerial Advisory
Services available from

J BEAM ENGINEERINGLTD
ROTHERSTHORPE CRESCENT

0 f/—\ NORTHAMPTON
B&AM Telephone: NORTHAMPTON 62147 (STD ON04)
ENGINEERING LTD A member of the J. BEAM Group of Companies

WW—039 FOR FURTHER DETAILS
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AHUJA

P.A.SYSTEVI

PRESENTS - 1369 - RANGE
PROFESSIONAL QUALITY
PUBLIC ADDRESS AT AMAZINGLY
COMPETITIVE PRICES.

060’@0‘0

PO i

Model 50 - ATR -50 Watts
8 Models in all Transistor A. C. Mains and
Battery- Operation, Power Output from 15 - Watts
to 50'- Watts. Built to International Standards.
Also Mixer & Pre - Amplifiers.

Model A - 100
6 Models in AC.operated Tube Amplifiers. Power
Outputs from 20- Watts to 100 -'Watts. High
Fidelity Performance. Absolute reliability in
extreme working conditions.

Wide Range of unidi-
rectional Microphones

Breakdown Proof
Driver Units, Reflex
Horns and Sound

Column  Speakers.

AHUJA P. A. SYSTEM are manufactured in India's
largest and most well equipped Plant. These are highly
popular in over 25 countries on account of high quality
and rugged construction and most competitive inter-
national prices.

AHUJA RADIOS,13- DARYA GAN])
(INDIA)

Issued by Engineering Export Promotion Council
Calcutta (India)

DELHI-6.

%
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TIMER

MICRO SWITCHES

IMMEDIATE DESPATCH

NEW sys MINI-TIMER W NEW
Solid State SYNCHRONOUS MOTOR & '
_ Procéss CLUTCH
Timer type S 10 MILLION OPERATIONS
LATEST CIRCUIT % Instantaneous & Timed
i gl 300 out 3 AMP contacts.
ACCURACY

% Repeat Accuracy +419%. —_——
10 secs to 28 Hrs. May also | TEMPERATURE CONTROLLER TYPE THP

i @ THERMISTOR OPERATED OCTAL BASE PLUG IN
be used as impulse start g ®

@ 1% REPEAT ACCURACY
@ OCTAL BASE PLUG-IN
@ CIRCUIT CONTAINS BUILT-IN VOLTAGE STABILISER

® CONTACTS: Timed out § amp O instan. and automatic reset. Temperature ranges up to 280°
30 sec and 60 sec Linear dials . guspoticoniets -;o‘"“"" .
110 and 240 VAC operated _ £11.0.0 approx. dependent on quantity. i o R g
Approximately £10 dependent on guantity Approni;nately £15 dependent on quantity
STP Sub-Mini Process Timer
VV-15-1A FLOATLESS LIQUID LEVEL CONTROL SYNCHRONOUS MOTOR & CLUTCH
_ % § amp. OUTPUT CONTROL CONTACTS A :’1“?‘:’0* size
- :‘fﬁ“" Y Solid State rontal area.
" - Gt B ih Automatic re-set.
Y PLUG-IN OCTAL

- R

BASE
Y INSTANTANEOUS
AND TIMED OUT 2
AMP CONTACTS
YeRANGES: 10 SECS.
TOr 36 MINS.

approx. £5, 0.0 each.

The most compact unit avallable, meas-
ures only 24 % 24" % 3"

spprox. £4.0.0.

dependent on quantity.

SINGLE AND TREBLE STAINLESS
ELECTRODES AVAILABLE.

Y 15/10 AMPS. c/o
Y 100,000 ops.

{{ each per 1,000
1/11 Single Tll:row 1/6 each

YL2 GPA ¥ For Batching, Conveyors, SLB CAPACITY PROXI MITY
Machine Tool Control,
’ Packaging, Sorting, etc. SWITCH
: 3 - < +r Senses ferrous objects. 3 "
Y Needs no mechanical force Senses any object :
& or pressure to operate. PACKETS BOTTLES
\L Y Solid state sensing head CARTONS BO XES
4 iqclufies constant voltage CANS
circuit.
S Mains operated. empty or full, ferrous and non-ferrous
approx. £12.10.0 dep;ndent on quantity.LA fi materials.
OTHER INDUCTIVE AND CAPACITY TYPES AVAILABLE 4
STAINLESS PROBE
$5G X'AI% - remote from 240v AC Power
. — A
PUSH BUTTON Pack which
Panel mounting. Incorporates own 5 amp relay.
Buttons in six . ! ;
% | MILLION OPS. coloare. Suitable for and level control of
5 amp. ¢/o Sub-minia- CONVEYOR SYSTEMS GRANULES
ture Micro-switch. ¥ 4/4 each PACKING MACHINERY POWDERS
"~ | 2/6 each per 1,000 per 1,000. PRESS GUARDS LiQuUIDS
Approximately £20.0.0 complete dependent on quantity.

LIMIT SWITCH

WL 10 FNJ

Y 10 AMP 2 CIRCUIT
Y 5 INCH FLEXIBLE

v-10-18
% | MILLION
OPERATIONS.
Y 10 amp.c/o.
% COMPARE OURSPEC.
& OUR PRICES WIT

ACTUATOR OTHER SIMILAR TYPES.
AS ILLUSTRATED . Screw Terms. 3/1 each per 1,000 PUSH-BUTTON SWITCHES
AS LOW AS 53/9 EACH. Chrome rimmed flush square and flush round. Up to 4
V-10-1A Solder Tags 2/3 each per 1,000 switch blocks can be fitted. Slow break and make. 10 amps.

FIVE OTHER STANDARD TYPES .
AVAILABLE VV-15 1C2 187 Amp Tags 2/6 each per 1,000

U.L. APPROVED (Appr. No. 32667) - “ = U.S. MILITARY SPECIFICATION

Stockists: B.P.G. Ltd., Leicester 61460; Edmundsons Electronics Ltd., London, New X 9731; A. C. Farnell Ltd., Leeds 35ii1;
Gordon Wilson Ltd., Blackburn 59921; G.D.S. Ltd., Bucks. Slough 30211
DISTRIBUTORS FOR EIRE: SOUTHERN ELECTRONICS LTD. CORK 26488

OMRON PRECISION CONTROLS

DIVISION OF L.M.O. PRECISION CONTROLS LTD. v
(Dept. W.W.9), 313 Edgware Road, London, W.2 Tel. 01-723 2231

Latest addition—Hluminated version.
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The A
Microphone
with

a Message

EV 635A

...asimple message. |f you're looking for professional
results, use a professional microphone.

Radio and TV media, film units and recording studios
throughout the world demand the best and getit—in
an EV 635A Omnidirectional dynamic microphone. It
can be used on a stand, hand-held or as a lavalier and
is practically indestructible under normal conditions
of use. An internal shock absorber greatly reduces the
pick-up of cable or other noises generated by external
contact, and the steel casing provides excellent
magnetic shielding. Used outdoors, the 635A with-
stands the effects of high humidity and temperature
extremes, salt air and severe mechanical shocks. A
four-stage pop and dust filter eliminates the need for
an external windscreen.

Specifications

Element: Dynamic
Frequency response: 80-13,000 Hz
Polar Pattern Omnidirectional

Finish
Non-reflecting matt satin nickel
Net weight: 6 ounces without cable

Impedance Low (150 ohms$) Cable connector:

Output tevel: Cannon XLR-3-12 complete
55dB (O dB = 1mw/10dynes/cm?) with 18’ 2-conductor shielded

ElA sensitivity rating: 149 d8B broadcast type cable
Diaphram: EV Acoustaltoy Accessories:

Case material Steel Lavalier neck cord assembly

Dimensions 6" x13" dia. and model 310 clamp

For more information about the EV 635A, write the sole U.K.

distributors:

KEF Electronics Ltd.
Tovil - Maidstone - Kent
L Telephone Maidstone 57258

WW-—045 FOR FURTHER DETAILS

Wireless World, February 1969

Accurate and direct
measurement of speed

without coupling to moving
parts

§fon ~ree-o awscse

FRAHM
Resonant Reed TACHOMETERS

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

Descriptive literature on FRAHM Tachometers and Frequency
Meters is freely available from the Sole U.K. distributors:

ANDERS METER SERVICE

ANDERS ELECTRONICS LTD. 48/56 BAYHAM PLACE, BAYHAM STREET
LONDON NW1 TEL: 01-387 9092.
WW—046 FOR FURTHER DETAILS

! TRANSIREG , |

iil (Patents Pending, Registered Trade Mark) i"
jil SOLID STATE, CONSTANT VOLTAGE j|
il HIGH POWER FLOAT BATTERY il
W CHARGERS WITH AUTOMATIC -
iil CURRENT LIMITING iil

(1] L L]

iil il

-

'“ % Will charge batteries and feed |

. external DC loads such as

ﬂl telemetry, logic, instrumenta-

iil tion, data processing.

s ¥ Wide range of units, up to

ill 400V. and 1000 amp.

“I % Sealed space for accumulators

!' provided.

'il * Will act as DC emergency
I power supply.

" % Prevents overcharging.

i' * Accumulator life prolonged. Typical  Transireg iil
iil % Float or boost charging. with  accumulator iil
W & 1deally suitable for use with e o=
“l Transipack Inverters as emer: "I
m gency AC supply. i"
il EmgINODUSTRIAL il
il INSTRUMENTS il
iﬂ L IMITED STANLEY RD., BROMLEY, KENT III
Tel: 01-460 9212 Grams: Transipack Bromley oo

il il
——
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variable
transformers?

From Claude Lyons -leaders in voltage control
for over 30 years - an extensive new range of
variable transformers employing the latest design
techniques and providing unit ratings from 0-5 to
40 amperes.

The Regulac® range of hundreds of models
includes ganged assemblies for parallel and
three-phase operation, dual-output, portable and
oil-immersed models plus many high-frequency
and special types, for manual operation or with
motor drive.

37

(Inude

Rapid delivery from Southern or Northern works.
Send now for comprehensive new catalogue and
rating guide to Publicity Department, Hoddesdon.

R' Registered Trade Mark of Claude Lyons Limited

l’l-;CLAUDE LYONS

Claude Lyons Limited
Hoddesdon. Herts. Hoddesdon 671671 Telex 22724
L___ 76 Old Hall Street, Liverpool L3 9PX. 051-227 1761 Telex 62181
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Choose HEATHKIT instrumentation

(Heathkit models available Ready-to-use, as well as in easy-to-build kit form)

Ready-to-use A[/IM-25

£59.0.0 rr.10/6

KIT K/IM-25
£48.10.0 rr.10/6

KIT K/IM-16

£28.8.0

Ready-to-use A[/IM-16

£35.8.0 rr.10/6

P.P.10/6

KIT K/IP-17

£37.4.0

Ready-to-use A[IP-17

£46.0.0 rr.10/6

P.P. 10/6

KIT K/IP-27

£46.12.0 rr.10/6

Ready-to-use A[IP-27

£55.0.0

P.P.10/6

The Latest and most practical innovation in electronic instrumentation
is the exciting ultra-functional styling format from Heath. The
instruments feature a unique cabinet frame consisting of the front
and rear panels and side rails which completely supports the component
chassis independently from the top and bottom cabinet shells. This
allows complete freedom from assembly, check-out, and calibration.
The sturdy side rails conceal retractable carrying handles. The die-cast
front panel bezel styled in chrome and black, the black side rails, and
the beige front panels and cabinet shells give the instruments an
appearance as up-to-date as their functional performance.

Latest Solid - State High - Impedance Volt - Ohm
Milliammeter ... [IM-25

® 9 AC. and 9 D.C. voltage ranges from 150 millivolts to 1500
volts full scale @ 7 resistance ranges, |0 ohms centre scale with
multipliers x 1, x 10, x 100, x Ik, X |0k, X [00k, and X | meg ...
measures from one ohm to 1000 megohms @ || current ranges
from |5uA full scale to 1.5A full scale ® |1 megohm input impedance
on D.C. @ [0 megohm Input impedance on A.C. @ A.C. response
to 100 kHz @ 6in. 200.A meter with zero-centre scales for positive
and negative voltage measurements without switching @ Internal
battery power or 120/240 volt A.C., 50 Hz e Circuit board
construction for extra-rugged durability.

Latest Solid-State Volt-Ohm Meter, IM-16

® 8 A.C. and 8 D.C. ranges from 0.5 volts to 1500 volts full scale
® 7 ohm-meter ranges with 10 ohms at centre scale and multipliers
of x I, x 10, x 100, x Ik, x [0k, X 100k, and X | megohm @ [| meg-
ohm input on D.C. ranges, | megohm on A.C. ranges e Operates
on either built-in battery power or 120/240 volt A.C., 50 Hz
® Circuit-board construction.

Latest Variable Control Regulated High Voltage
Power Supply ... IP-17

® Furnishes 0 to 400 volts D.C. @ 100 mA maximum with better
than 1% regulation for 0 to full load and + 10 volt line variation
® Furnishes 6 volt A.C. @ 4 amperes and |12 volt A.C. @ 2 amperes
for tube filaments ® Provides 0 to — 100 volts D.C. bias @ | milli-
ampere maximum @ Features separate panel meters for continuous
monitor for output current and voltage @ Terminals are isolated
from chassis for safety ® High voltage and bias may be switched
" off " while filament voltage is “on" ® Modern circuit board
and wiring harness construction © 120/240 volt A.C., 50 Hz
operdtion.

Latest Improved Version of the famous Heathkit
Solid-State, Voltage-Regulated, Current-Limited
Power Supply . . . IP-27

® Zener reference ® Improved circuitry is virtually immune
to overload due to exotlc transients @® 0.5 to 50 volts D.C.
with better than - |5 millivolts regulation ® Four current ranges
50 mA, 150 mA, 500 mA and |.5 amperes @ Adjustable current
limiter: 30 to 1009, on all ranges @ Panel meter shows output
voltage or current ® * Pin-ball "’ lights, indicate * voltage " or
‘‘current ' meter reading ® Up-to-date construction ¢ Un-
equalled performance in a laboratory power supply.

Many other instruments in range
SERVO CHART RECORDERS

SINE-SQUARE GENERATORS
DECADE R and C BOXES, etc.

SEND FOR FREE 36-page CATALOGUE

The latest catalogue contains details of models for the Hi-fi and Audio Enthusiast, the music Lover, the Tape
recordist and the Hobbyist. Models for communications, Amateur radio and short-wave listening. Models for education.
Test and Service Dept. There is something for everyone in this catalogue.
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~[HERMOSTATIC:

SOLDERING IRONS

Two new and unique thermostatic soldering irons with
closely controlled bit temperatures to suit all types of
soldering. WG thermostatically controlled soldering irons
cannot overheat enabling high wattage elements to be
used and making soldering infinitely more efficient than
ever before. Inexpensively priced these irons represent a
major advance in heat controlled soldering

MODEL WGH50. For use on very small to medium
size electronic circuits. Power rating 50 watts.
Voltages available 12v., 24v., 100/120v., 210/250v.

Five bit sizes from %" to 3" 59/6

MODEL WG150. For use on all circuits requiring a
large number of joints. Power rating 150 watts.
Voltages available 100/120v., 210/250v. Four bit

sizes from %" to % 89/6

. GREENWOOD ELEGTRONIG LTD.

21, Germain Street, Chesham, Bucks. Tel: Chesham 4808 /9
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THE NEW WHITELEY g]Z’/Z/ZI‘iJII
INTEGRATED AMPLIFIER SYSTEM

A fully transistorized integrated amplifier
designed for use with all types of pickup
cartridges, it has facilities for tape and micro-
phone inputs and the bass, treble, volume and
balance controls are included. Input selection
and mode of operation is by push-button
switches. Available in its own specially designed
teak veneered cabinet for shelf or bookcase
mounting or in the new compact equipment
cabinet illustrated. Come and see the full range
of Whiteley Stentorian speakers and cabinets
and discuss your particular hi-fi problems with
our technical representatives.

LOUDSPEAKER SYSTEMS

LC93

A 197 x 123" x 831" completely enclosed acoustically loaded cabinet housing a 9~
graded Melamine paper cone with siliconized cambric suspension giving a frequency
response of 60 Hz to 20 KHz.

LC94

A 293" x 233" x B)" acoustic Labyrinth enclosure fitted with acoustic resistance in
the pipe. using the same highly efficient 9 speaker unit used in the LC93. Frequency
response 45 Hz to 20KHz.

LC95

The LC95 loudspeaker system is-an acoustically loaded Bass Reflex cabinet, measuring
3137 x 203" x 133", fitted with two loudspeakers and a crossover network. The
bass foudspeaker being used is a newly developed 12" unit having a Melamine treated
paper cone with a cambric surround. The middle and high frequency unit is a8 new
8" loudspeaker having a Melamine treated paper ribbed cone and surround.

WHITELEY ELECTRICAL RADIO CO. LTD.  MANSFIELD, NOTTS.

Telephone: Mansfield 24762 London Office: 109 Kingsway, W.C.2 Tel. HOLborn 3074
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Get across

loud and clear

with AKG

microphones !

AKG C-451

Quality condenser
microphone with new
CK1 capsule (inter-
changeable with other
AKG microphones).
Other capsules are
available built into
wind-shield with ‘rifle’
tube attachment. Supp-
lied with battery power
unit and/or mains unit
which can feed two
microphones.

AKG D-109
Dynamic

miniature
microphone —

the smallest

Lavalier on the

market. High-quality
reproduction compares
well with others costing
several times more.
With 60 or 200 Ohm imp-
edance. 3 metres cable.
Use it wherever a mike
is to be heard but not
seen— interviewing,
films, conferences, etc.

AKG D-224

Advanced studio micro-
phone, employing two-
way cardioid principle—
the latest in microphone
technolo%y— in slim,
elegant form.

High-quality dynamic
microphone ideal for all
broadcasting and studio
work. Incorporates bass
attenuation switch and
pivoted stand attachment.

Find out more about AKG mikes from

Politechna (London) Litd. 182-184 Campden Hill Road,

{ London.W.8. 24 Hr.Telephone: 01-727 0711 Telex: 23804
s A ILE microphones

WW-—056 FOR FURTHER DETAILS

NEW IMPROVED

oOLDER
REMOVER

Model SR2

o Now with Safe Loalirg Mechanism
which does not recoil on release.

® Adjustable Suction Control.

®Re-positioned Razlease:; Button
for better handling of tool.

Instantly removes unwanted

solder from prirted circuits
and all other solder joints
without dameg€e to unit
or component. Saves
valuable tim2 result
ing in increased
production.

Availabke from

ELEGTRONIG LTD

21 GERMAIN STREET,
CHESHAM, BUCKS

Chasham
4808/9
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How do you
measure the
extra quality

of EMI

Listen!

(NS OUND

EMI are famous throughout the world
for High Quality sound reproduction.
Now our audio design engineers have
developed loudspeaker systems suitable
for home use.

These EMI Loudspeaker Systems, spec-
ially matched, produce every detail of
the original sound over the full audio
spectrum, at high and low listening
levels.

They have many exclusive features. The
range includes the unique 950 system
with a 19 inches x 14 inches bass unit,
power output 50 watts R.M.S.

Send for literature and price lists to

EMI

EMI| SOUND PRODUCTS LTD., HAYES, MIDDX TF| 01-573-3888 EXT. 667
WW—058 FOR FURTHER DETAILS
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Printed Circuits |
Plate holes in |

Printed Circuits

Plating through holes is just one of the
many facilities offered by Printed Circuits Ltd.

The production of all
types of printed circuits
to customers’ exact requirements
is covered by a fast, efficient
design or prototype service.

Short runs present no problem,
but capacity is available for fast quantity
production, and the assembly of components.
If your project demands quality, quantity, speed
and price control — ring Coventry 24155 today.

Printed Circuits Ltd.,
Spon Street Coventry CV1 3BR
Tel: Coventry 24155

A subsidiary of The General Electric Co. Ltd. of England

WW—059 FOR FURTHER DETAILS

STRONGHOLD
steel shelving
that adjusts
every inchof
its height!

Immensely strong— completely
adjustable, every inch. Delivered
free, mainland, with spanner

provided for erection in minutes 4
Buy 1t by the bay! 4
(cash with order) s
L
73” high x 34" wide x 12"
deep unit with six shelves in 'n‘"n "Ew
heavy-gauge steel, stove camage free #
enamelled grey or green! on mainiand

£3.15s.—Brand New! See the
rest of the N.C. Brown range!

3 N.C. BROWN LTD.

=23 pacesetters in storage equipment
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THE

MESSAGE IS
PERFECTRY
CLEAN: T-R-I-O

Model JR-SO0OSE
CRYSTAL CONTROL TYPE DOUBLE CONVERSION
COMMUNICATION RECEIVER

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

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

* Hi-Sensitivity: 1.5uV for 10dB S/N Ratio (at 14 MH2)

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

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

JR-SOOSE

Model 9R-S9DE
BUILT IN MECHANICAL FILTER
8 TUBES COMMUNICATION RECEIVER

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

* A mechanical filter enabling superb selectivity with ordi
nary IF transformers.

* Frequency Range: 550 KHz to 30 MHz (4 Bands

* Sensitivity: 2uV for 10dB S/N Ratio (at 10 MHz

* Selectivity: T 5KHz at —60dB(+1.3KHz at - 6dB)
When use the Mechanical Filter

* Dimensions: Width 15", Height 7", Depth 10"

the sound approach to quality

TRIO

TRIO ELECTRONICS,INC.

TOKYO. JAPAN

TO: B.H. Morris & Co.. (Radio)Ltd

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

TRIO KENWOOD ELECTRONICS S.A.
160 AVE., Brugmann, Bruxelles 6, Belgium

Phone: 01-790 4824

Send me information on TRIO COMMUNICATION

RECEIVERS & name of nearest TRIO retailer

I\i{xME: AGE:

ADDRESS:
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at work and at home!

Jack Peters knows the quality and reliability of the
Weller soldering equipment he uses during the day—
so he naturally chooses Weller for all the soldering jobs
around the house. The same technical know-how and
perfection go into both.

The world’s widest range of quality soldering tools
offers :

TEMPERATURE CONTROLLED IRONS with iron
plated tips which control temperature without limiting

Wireless World, February 1969

Jack Peters
uses a WELLER

performance. For mains or low voltage.

RAPID SOLDERING GUNS. Instant heat models. Just
reach for the solder . . . 4 seconds and the job's
done.

LOW INITIAL COST. The range of Marksman lrons—
25, 40, 80, 120 & 175 watt,—all have pretinned
nickel plated tips.

There’'s a Weller soldering tool for every job and every
pocket. Send for full details of our range.

Weller Electric Limited

REDKILN WAY - HORSHAM - SUSSEX. Telephone: 0403 61747
WW—062 FOR FURTHER DETAILS

P.O. TYPE 3000

HAVE YOU A

from

1t0 100 dB
ATTENUATION

INSTANT
SELECTION

ATTENUATION 983

attenuation from
1 to 100 dB in steps of 1 dB over the range
0-300 MHz. this new Hatfield RF Attenuator

Providing precise. switched BRIEF SPECIFICATION:

Attenuation: O to 100 dB in

is lly neat and and is housed steps of 1.d8

RELAY PROBLEM?

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

MICRO-SWITCH - TRANSISTORISED - HEAVY-DUTY . A/C
LATCHING - ‘SPECIALS’ MADE TO YOUR OWN DRAWINGS

No order is too small or too large for Dependable; the only thing
we worry about is you, the customer. Send for a free quotation
now and compare our prices our delivery. Prototypes within
seven days.

DEPENDABLE RELAY COMPANY LTD.
157 REGENTS PARK RDAD LONDON N.W.1. 01-722 8161
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in a die-cast aluminium box fitted with nine
switches. nine attenuator pads and two BNC co-
axial sockets. Only 5%in. x 1pn. x 2%in. it
is small enough to used in multiples, If
quired. without occupying excessive bench
space. and offers a versatile and accurate tool
for the engineer and laboratory. Type 6B7/A
(50 ohms impedance). Type 687/B (75 ohms
impedance). Type 687/E {600 ohms impedance
unbalanced). Type 687/G (600 ohms impedance
balanced)
Write or phone for further details and ask for
a copy of the new Hatfieid Short Form Catalogue.

HATFIELD - INSTRUMENTS LTD.,
Dept. W.W., Burrington Way, Plymouth, Devon.

Telephone: Plymouth (0752) 72773/4.

HATFIELD BALUN

Switch Sequence: 1, 2 2 5

10. 20. 20. 20. 20
Step Accuracy: 1, 2, 5, and
10 dB steps: +0.1 dB at

300 MHz above residual
20 dB steps: +0.2 dB at
300 MHz above residual
Insertion Loss: 0.15 dB at 50
MHz, 0.25 dB at 100 MHz
0.4 dB a1t 250 MHz,
Frequency Range: D.C. 1o
300 MHz. Max. input 0.5W
(Type E D.C. 10 1 MHz)

Grams: Sigjen, Plymouth.
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—Vortexion
STEREO MIXERS

2 42
Mixer

These electronic Stereo Mixers range from 242 to 5-+5 input channels, with left and
right outputs at 500 millivolts into 20K ohms up to infinity.

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

A single knob ganged Master Volume control is fitted, plus a pilot indicator.
The units are mains powered and have the same overall dimensions as monaural mixers.

Also available Monaural Electronic Mixers:—

4 Way Monaural Mixers .. = o s . . . Price £50
6 Way Monaural Mixers o o - e o 5 . Price £71
8 Way Monaural Mixers .. v'e - As s . i Price £92
10 Way Monaural Mixers .. . = ol o - . Price £112
12 Way Monaural Mixers .. - i a’ e 3 .y Price £124
3 Way Monaural Mixers with P.P.M. Ze va “a - - Price £75
4 Way Monaural Mixers with P.P.M. .. - - .. .. Price £86
6 Way Monaural Mixers with P.P.M. of5 of 75 3 T Price £107
8 Way Monaural Mixers with P.P.M. 'l o - ‘s e Price £128

VORTEXION LIMITED
291-263 The Broadway, Wimbledon, London, S.W.19

Telephone: 01-542 2814. 01-542 6242/3/4 Telegrams: ‘““Vortexioin London S.W.19"
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felcon
soft magnetic
materials give
{oday’s circuits

Zoreorron's

nertnrmam:_e

Ten Supermumetal

100 cores installed

in an Inductively
Coupled Double Ratio
Bridge manufactured by
H. Tinsley & Co. Ltd.

Please send
for-further
details of
Telcon

soft magnetic
materials.

TELCON METALS LTD.. Manor Royal. Crawley.

felepne b “ BiCC ]
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WELWYN TOOLS

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

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

WelwynTool Co. Ltd. .

STONEHILLS HOUSE WELWYN GARDEN CITY
WELWYN GARDEN 25403
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TELEPRINTERS *PERFORATORS
REPERFORATORS - TAPEREADERS
I]ATA PROCESSING EQUIPMENT

e U] Codes: Int. No, 2 Mercury/Peuasus, Elliot 803,
Binery and special purpose Codes.

I3 { 2-5-6-7-8- TRACK AND
L% MULTIWIRE EQUIPMENT

TELEGRAPH AUTOMATION AND COMPUTER PERIPHERAL ACCESSORIES
DATEL MDDEM CDNVERTERS, TELEPRINTER SWITCHBDARDS

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

W. BATEY & COMPANY

Gaiety Works, Akeman Street, Tring, Herts.
Tel.: Tring 3476 (3 lines) Cables: RAHNO TRING
STD: 0442 81 TELEX 82362

WW—068 FOR FURTHIUR DITAILS

Wwww.americanradiohistorv.com


www.americanradiohistory.com

Wireless World, February 1969

A0

revised
2nd_Edition now available

(including 250 types added since original publication)

The widest ranging and most
-4 1 comprehensive valve catalogue
lnnac e available from any independent

supplier.

PINNACLE ELECTRONICS LTD ACHILLES STREET - NEW CROSS - LONDON S.E.14
Telephone: All Departments—01-692 7285 Direct orders—01-692 7714
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IRWIN [Es
ENGINEERS
POWER SUPPLY E.J.32

For low voltage high current sources. from 200-250

volt 50-60Hz. Mains input w
Oulpul voltages 0-18 D.C. and 0-12 A.C.. are \
y variable. Sep. scales for D.C.
and A.C.. calibrated at 230 volts input.

Maximum Current available Is 8 amps on D.C.

or A.C. With A.C. output there is no etfective

reduction in voltage as currem demand increases

With D.C. outputs normal regulation exists and """"
there is some voltage reduction m }

The ripple content for currents used in mMost
transistor circuitry Is effectively nil. A graph
showing regulation and ripple content is mounted

Y

on the side. ’
The robust attractive metal case is 9" x 6" x 4 >
The unit and app toitarep d

by internal fuses.

£19.10.0
L mm—"_ S|GNAL GENERATOR

v - E E.A.30
e ey ———— . .
® T . . ‘
- general purpose. mains operated. solid state
4 frequency generator with a frequency range of less
o than 1 Hz to 150 KHz in six switched ranges.
Maximum output voltage is 2.2V r.m.s. into 600
=¥ ohms. Protection is by an internal 60mA fuse..On
the fromt are a frequency range Switch, ON/OFF
' n ’. E output cantrol, sweep frequency control with a
= large clear scaie, 4 mm output sockets and a

three-way socket 10 supply a separate ‘} watt
amplifier/loudspeaket (E.A.34 below).

he strong and attractive metal case is 9" x 6" x 4"

£23.10.0
CURRENT AMPLIFIER E.A.34 £7.6.0

Plugs into the above Signal Generator. It has a current ampiifier output stage and
loud-speaker, speaker cut-out switch and 4 mm output sockets. The frequency range is
+3-db trom 18 Hz 150 K.Hz. The cable and plug 8re to connect to E.A.30.

IRWIN & PARTNERS LTD.

294 PURLEY WAY, CROYDON, CR9. 4QL 01-686 6441
WW—071 FOR FURTHER DETAILS

Please write for
ILLUSTRATED
TECHNICAL

KIEL GERMANY LEAFLETS

SPECIFICATION TO DIN 45 500.

ANTI-SKATING. BIAS COMPENSATION.
BUILT-IN CUEING DEVICE.
ELAC AUTOMATIC CHANGING MAGIC SPINDLE
NO TORSIONAL RESONANCES.

PARK ROYAL PORCELAIN CO LTD | || g piasies s e

GORST ROAD Telephones: BRITISH INDUSTRIAL AGENTS:
g -1 ELGAR 14117 MITCHELL ENTERPRISES LTD
Telex: 7 CUMBERLAND PLACE
LONDON, N.W.10 London 25589 SOUTHAMPTON -~ HANTS - Phone 21225
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Switch to the biggest single
switching source in Britain!

E— |
W aleetios g

Whatever your switching needs, Elliotts can supply them—from the bigge-sm
centre af switching technology in Britain. Under one roof, we produce a
comprehensive range of switchss and relays for every purpose—proximity
and stepping switches, relays far all communication and control purposes,
from D.C. to R.F., from dry circuits to 250 VA. Plus Britain’s outstanding
applications engineering service to help you make the choice you need.

One enquiry on/y—for all your relay needs. So—ask Elliott-Automation !

1. Mercury Wetted Relays bounce-tree
relays for low-noise and low-level to 260VA
switching.

2. Dry Reed Relays hermetically-saaled
switches, in both minjature and standard
sizes ; packaged to give 1 1o 12 pole relays.
3. Proximity Switches a range of prox-
imity switches for both industrial and aero
nautical applications.

SEALED CONTACT REED RELAY
TYPE ERTNPT. No. A

BROT

JE—
s A o 0l

4. Stepping switches up to 25 ways,
8 banks, homing or non-homing.

5. Hermetically Sealed Relays 5A to
10A switching, 2 and 4 pole, available in a
wide range of mounting styles.

6. Telephone/Telegraph Relays a range
of low-noise conventional relays. specially
designed for telephone/telegraph and data-
switching applications.

r
!
'
'
|
|
|
!
)
'
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-

.

To: Relay Division,
Elliott-Automation Limited,

70 Dudden Hill Lane, London NW10.
Telephone : 01-459 8070.

Please send me your fully illustrated
literature on (iick box applicablg)

1 [J2 s [la [Lds Le

NAME. —

COMPANY__ =

ADDRESS

r-’------‘----1

=y

L--—-—-
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I' RADFORD |

In an article in the Journal of the Audio Engineering Society
for July 1967, Bart N. Locanthi, Vice-President, J. B. Lansing
Sound Inc. describes the development of an ultra low dis-
tortion direct current audio amplifier. In it he says “. . . to
get the highest accuracy possible, an English made RADFORD
Low Distortion Oscillator was used which has less than
0.019%, harmonic distortion at 20kHz.”

LOW DISTORTION OSCILLATOR (Series 2)

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

Specification
Frequency Range:
Output Impedance:
Output Voltage:
Output Attenuation:
Sine Wave Distortion:

5 Hz-500 kHz (5 ranges).

600 Ohms.

10 Volts r.m.s. max.

0-110 dB continuously variable.

0.005%, from 200 Mz to 20 kHz increasing to
0.0159% at 10 Hz and 100 kHz.,

Square Wave Rise Time: Less than 0.1 microseconds.

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

Mains Input: 100 V.-250 V. 50/60 Hz.
Size: 174 x 11 x 8in.
Weight: 251,

Price: £150.

DISTORTION MEASURING SET (Series 2)

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

Specification

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

Distortion Range: 0.01%-1009%, {.5.d. (9 ranges).

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

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

Input Resistance: 100 kOhms.

High Pass Filter: 3 dB down ac 350 Hz.

30 dB down at 45 Hz.

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

Included bactery.

Frequency Response:

Power Requirements:

Size: 174 x 1l X 8in.
Weight: 15 1b.
Price: £120.

Descriptive technical leaflets are available on request.

RADFORD LABORATORY INSTRUMENTS LTD.
ASHTON VALE ROAD, BRISTOL 3

Telephone: 6623013

EDDYSTONE COMMUNICATION
RECEIVERS

For the Professional or Amateur user who [ikes the Best.

ECI0 £64; EB35 £66.13.4; EB36 £56.5.0; 840C £70; 940 £143;
EAI2 £195; 830/7 £275.

FREE GIFT OFFER

Lightweight Telephone Headset value £4.6.6 to all
Cash Buyers.

(Note. All these receivers have internal Loud Speakers,

but Telephone Headset is very useful for private
operation.)

H.P. Terms gladly arranged.
‘Carriage Paid.

Used models occasionally available

Quick Delivery.

SEND 6d STAMP FOR LITERATURE TO

The Edd ystone
Specialists

SERVICES LTD.

51 COUNTY ROAD,
LIVERPOOL, 4
ESTAB. 1935

Telephone: AINTREE [445
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STOCKISTS

MULTIMINOR MK, IV

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

Release notes and certifi-
cates of accuracy on request.

MODEL 8 MK. 11I

Suppliers of Elliott, Cambridge and Pye instruments

LEDON INSTRUMENTS LTD

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

E.l.D. & G.P.0. APPROVED CONTRACTOR TO H.M. GOVT.
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PYE SPANS THE WORLD

the vital contact

Pye Telecommunications is the world’s largest exporter of
radiotelephone equipment. Pye Radiotelephones are used
all over the world to ensure /instant contact. Pye research

evelopment and quality control really do keep in touch
with tomorrow. So what more do you want ?

& [ —
" |3 e (Y

Pys UHF Radiotelephone
Fixed Station
Solid state

Pys ‘Pocketfone’ Personal
Radiotelephons VHF

New battery economy circuit Ex-
tremely light-weight and compact
Reception free from nolse and inter-
ference ‘- Minimum of controls
Transmit button automatically ex-
tends antenna - Hearing aid sochet
Easily accessible batteries.

Pye VHF Radiotelephone

Fixed Station

Solid-state receiver and transmitter and

10-15W R.F. output Field-eftect B-10W R.F. output Very high R.F.

transistors used in receiver Suitable selectivity using field-effect tran- switching {lluminated channel indi-

for all climates Electronic squelch sistors Very low noise factor cator Suitable for all chmates

D to maeet all relevant speci- Electronic squelich - 'A C. or 24V d.c. Meets all relevant specifications
Sultable fo

Pys ‘Westminster’
R ™ 4 leph

lephons

Fully transistorised transmitier and
receiver Very high performagce
receiver - Crystai tilter selectivity
0:5W transmitter output - 250mwW
audio power - Long with
rechargeable or dry batteries - Can
be used with external antenna to give
greater range - Weetherproof.

[of ly sohd state 5-8W R.F.
output 1-10 channels with solid state

fications.
Designed to meet all relevant speci-
fications.

PYE

- equipment
gives you

E——
anwh Q.h,

Pys ‘Westminster
Front Mounted Radioteleph

Pye Single-Sideband

Completely solid state - 5-8W R.F.
output - 1-10 channels with solld
state switching - Suitable for all
climates - Meets all relevant speci-
fications.

125W (p.e.p.) R.F. output Fully
transistorised recelver - C.W. faci-

Pyes ‘Pionser’
Radiotelsphone
Fully transistorised For use with

Pye 5-Circuit UHF
Radiotelephone

Compact S-circuit radio terminal
Fully - P 1]

automatic. CB manual. or

by crystal filter - Carrier insertion for
a.m. compatibility - Fixed or mobile
icati -

- Waeetherproo! cabinet
Unattended operation over l0ng
periods »_Fn:lllly for fitting privacy

design.

- Optional single antenna
operation.

Cont ttended operstion 1n
all parts of the world Twelve
standard plans for terminals and
repeaters

instant-contact
with mobility

PYE TH.EI:OMMUN":A"ONS LTD. Cambridge England Telephone : Cambridge (0223) 61222 Telegrams : Pyetelecom Cambridge Telex: 81166
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WEYRAD

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

P9 SERIES 10 mm.x10 mm.xX 14 mm. Ferrite cores 6 mm.

. : 472 kc/s operation.
Single-tuned L.F.s and Oscillator Coils.

P.55 SERIES 12 mm.x 12 mm.x20 mm. Ferrite cores 4 mm.

. 472 ke/s operation.
Single-tuned I.F.s and Oscillator Coils.

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

diode and by-pass capacitor.

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

OUR WINDING CAPACITY NOW EXCEEDS
50,000 ITEMS PER WEEK

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

WEYRAD (ELECTRONICS) LIMITED, SCHOOL ST., WEYMOUTH, DORSET
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TECHNICAL TRAINING by

IN RADIO, TELEVISION AND
l C S ELECTRONIC ENGINEERING

First-class opportunities in Radio and Electronics await the | € S-trained
man. Let 1 CS train YOU for a well-paid post In this expanding field.

ICS courses offer the keen, ambitious man the opportunity to acquire, quickly
and easily, the specialized training so essential to success.

Diploma courses in Radio/TV Engineering and Servicing, Electronics, Computers,
etc. Expert coaching for:

C. & G. TELECOMMUNICATION TECHNICIANS’ CERTS.

C. & G. ELECTRONIC SERVICING.

R.T.E.B. RADIO AND TV SERVICING CERTIFICATE.

RADIO AMATEUR’'S EXAMINATION.

P.M.G. CERTIFICATES IN RADIOTELEGRAPHY.

Examination Students Coached until-Successful.

M. R. SUPPLIES, LTD,,

(Established 1935)

Uni lly ised as ) of UP-TO-DATE MATERIAL, which does the Job properly.
Instant delivery. Batlsfaction assured. Prices nett.

FAN FLOW EXTRACTOR FANS. Undoubtedly today’s greatest hargain for domestic or industrial
use. For 900/250 volts A.C. 7,500 cu. ft. per hour. Easily installed, fitted weatherproof louvrea
which open when motor is ewitched on and close when off. Only 6} in. dia. Our nett price
only £7/8/0. (despatch 5/-).

MINIATURE RUNNING TIME METERS (Bangamo). We have great demands for this remarkable
unit and now can supply immedistely from stoek, 200/250 v. 50 c. synchronous. Counting up to
9,998 hours, with 1/10th indicator. Only 1} ins. square, with cyclometer dial, depth 2 ins. Many
industrial and d A Hcatk to indicate the running time of any electrical apparatus, easy
to install, 83/~ (des. 1/6).

SYNCHRONOUS TIME SWITCHES. (Another one of our popular specialities) 200/240 v. 50c., for

pre=set switching i 8.254. providing up to 3 on-off operations per
24 hours at any chosen times, with day-omitting device (use optional). Capacity 20-amps. Com«
pactly housed 4 in. dia.. 34 in. deep, £6/4/6 (des. 4/6). Also same excellent make new domestic
model. no wiring and easy setting und installation. Portable with lead and 13-amp plug, same
duty as above (iess day-omitting), £4/14/0 (des. 4/6). Full inatructions with each.

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

SMALL GEARED MOTORS. In addition to our well-known range (List GM.564), we offer small
open type 8.P. Units 200/250 v. A.C.. L, 6, 12, 24, 60 r.p.m,, approx. Sin. long, with 1in. shaft
projection each side and enclosed gearbox. Bultabie for display work and many industrial uses.
Only 69/6 (des. 3/-).

NEW SELF-BUILD RADIO COURSES
Learn as you build. You can learn both the theory and practice of valve and

MINIATURE COOLING PANS. 200/250 v. A.C. With open type induction motor (no interference),
Overail 4in. x 3jin. x 2{in. Fitted 8-bladed metal impelier. Ideal for projection lamp cooling,
light duty extractors, etc., still only 28/6 {des. 4/6).

AIR BLOWERS. Highiy efficient units fitted induction totally enclosed motor 230/260 v. 50 c.
1 ph. Model 8D.26, 60 CFM (free alr) to 11.5 CFM at .15 WG (size approx.) 8 x 6 x 7in. Outleta
24in, square, £8/10/- (des. 5{-). Model 8D27, 120 CFM (free air)'to 40 CFM it 1.2 WG, 8 x 7
% 9in. outlet 2iin. sq.. £11/15/6 (des. §/-). Modei 8D28, 260 CFM (iree air) to 127 CFM at
1.5 WG, 11 x 8 x 9in., outlet 3n. ¢q., £13/17/8 (des. U.K. 7/6).

SYNCHROKOUS ELECTRIC CLOCK MOVEMENTS (as mentioned and recommended in many
national journals). 200/250 v. 50 c. Self-starting. Fitted spindies for hours. minutes and central
sweep second hands. Central one-hole fixing. Dia. 2¢in. Depth behlnd dial only 1in. With
back dust cover, 35/« (des. 1/6). Set of three brasa hands in good plain style. For §/7in. dia. 2/6
For 8/10 dia. 3/6 set.

SYKCHROKOUS TIMER MOTORS (S8angamo). 200/250 v. 50 c/s. Beli-starting 2in. dis. x 1}in.
deep. Choice of following apeeds: 1 r.p.m., 13 r.p.b., 1 r.p.h., 1 rev. 12 hours, 1 rev. per day.
Any one 39/6 (des. 1/6). Also high-torque model (G.E.C.), 2}in. x 2in. x 11in. 6 r.p.m., 57/6
(des. 1/6).

SMALL BEKCH GRINDERS. 200/260 v. A.C./D.C. With two 3in. dlameter wheels (coarse and
fine surfaces). Bench mount, very useful household or industrial units. £7/1718 (des. 6/-).
EXTRACTOR FANS. Ring mounted all metal construction. T/E induction motor, silent opera.
tion, 8in. blade, 10in. max. dia.. 400 CFM, £5/15/- (des. 5{-). Same model 10in. blade, 12in.
max. dia., 500 CFM. £8/8/- (des. 6/-).

IMMEDIATE DELIVERY of Stuart Centril

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

| Pumps, § steel (moat dels)
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transistor circuits, and servicing work while building your own S-valve receiver,
transistor pornble._snznal generator, multi-test meter, and valve volt meter—
all under expert guidance. Transistor Portable available as separate course.

POST THIS COUPON TODAY and find out how I C S can help YOU in your
career. Full decails of | C S courses in Radio, Television and Electronics will
be sent to you by return mail.

MEMBER OF THE ASSOCIATION
OF BRITISH CORRESPONDENCE COLLEGES.

F——————————

International Correspondence Schools
| (Depr. 222) Intertext House, Parkgate Road, London, I
S.W.lI

INTERNATIONAL
CORRESPONDENCE

I NAME. .....cp-cconsmevee-ap-r gmpmnnnmn rroererons

SCHOOLS

A WHOLE WORLD|
OF KNOWLEDGE
AWAITS YOU! | _
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Muriel’s book
50 ppm TC
+ 0.5, tolerance

meains...

off-the-shelf-delivery for designers

Ring Muriel for off-the-shelf delivery of Filmet Resistance range: 1000 to 360KQ E24 series.
Resistors in development quantities. You'll get them Power Rating: tw, iw, iw Mulu-Rating.
— and fast. Temperature range: —55°C to + 125°C.
The new standard Filmet range meets all the require-
ments of DEF s115-1 Style RFG7—o0.5...andata
price that’s below standard forabovestandard stability.
. ' A 3 /
Ring Muriel to get yourself in the book for fast delivery. /o
/a°
7
. /S
metal film resistors
/ ;\Sm
/.l A
u MORGANITE RESISTORS LIMITED, & /< >
M orga n Bede Industrial Estate, Jarrow, Co. Durham. % y >
: Telephone: Jarrow 897771. Telex: 53353. YA
/ Q\Q L wwa4
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oRADIONIC

Simple
versatile
exciting to use

®RADIONIC

¢
i
v

A No.4 SET and 6-TRANSISTOR SUPERHET

Clear. simple and rugged this unique system can buiid
almost any electronic circuit. It is used by two thousand
academic and industrial teaching establishments through-
out the U.K. and by hundreds on the Continent and
world-wide. Selected by the Council of industrial design
for all British Design Centres.

RADIO SETS NOS.1to 4.

Provide a continuous course from simple diode detector
through audio amplifiers to 6-transistor Superhet.

ELECTRONICS SET: (4 STUDENTS)

For practical study. demonstration or experiment over
a wide range of the basic electronic circuits.

108
£ET MO
iC cmeyt® L= %
N
D10 s

-~

THEORETICAL CIRCUIT PRACTICAL LAYOUT
E/106 V.LF. OSCILLATOR FOR METER DEMONSTRATION OF A.C. PRINCIPALS

RADID SETS No.1 £7 10 O
No.2 £9 0 O
No.3 £13 10 O POST FREE
No.4 £18 10 O
ElectronicsSet £19 7 O

FULL DETAILS FROM

RADIONIC PRODUCTS LTD., wwe)

ST. LAWRENCE HOUSE, 29/31 BROAD ST.,
BRISTOL. BS1 2HF

Telephone: 0272 25351
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UXW» TRANSVERTORS |

(TRANSISTORISED D.C. CONVERTORS/INVERTORS)

(TECHNICAL BULLETIN No.l. HOW THEY WORK)
“‘S SERIES OF TRANSVERTORS
The °'S" series of Transvertors have been deslgned for operating waveform
and frequency sensitive equipment. They are ideally suitable for operating
sound cameras, video tape recorders, Professional tape recorders, etc.;
from 12v to | 10v battery supplies. The input/output efficiency can be as high
as 80°% on some models.

The circuit developed for the S range consists of a very stable flip flop
oscillator DC coupled to the intermediate amplifier stage and then trans-
former coupled to the output transistors, chosen to pass the peak current
required to drive the ferro-resonant transformer which achieves a low
harmonic distortion sine wave output and a high degree of voltage regulation
against changes of input voltage and load. The frequency stability of the
resultant output is better than $ HZ.

The transistors used in this range of transvertors have been selected after
the performance and reliability was proved under all conditions likely to be
met in practice. Generally, for voltages below 24v, Germanium transistors
are used and for 30v and over Silicon transistors.

Send for free information brochure glving ratings specification and applica-
tion suggestions of the standard range of VALRADIO transvertors together
with information giving circuit and details of emergency stand-by systems.

—VWW"

—

TYPE BI12/200S

Input: 12v — 10% +25%

Qutput: 115-230v + 10%. 50+ 1Hz. 200w -
PRICE £67.12.0

OTHER SINEWAVE UNITS ranging from 30w up to 200w are also
available.

VALRADIO LIMITED, Dept. CI9 Tel: 01-890 4242
BROWELLS LANE < FELTHAM MIDDLESEX < ENGLAND

AVAVAVAY AVAVAV) VIR VAV ) V—
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All these products are moulded in thermoplastic. They may be
used with any of the standard range of Rendar Jack Sockets.

Further information available.

RENDAR

INSTRUMENTS LTD
BURGESS HILL, SUSSEX, ENGLAND
TELEPHONES: BURGESS HILL 2642-3
CABLES: RENDAR, BURGESS HILL
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Morganite killed it

The deceased would have become
one of Morganite’s Cermet Trimming
Potentiometers — one, in fact, of the
popular type 80 with a power rating
of 0.75W at 70°C.

Butit never made it. The crunch
came when we examined all its tiny
component parts at 500 times life
size. That's quite a test. Imagine,
for instance. the imperfections

is a dead one of
these

you mightfind in a 40 yard
cigarette. So it's not surprising
thatevery once in a while we
detect a spanner in the ointment.
And the penalty is death.

The survivors are the most reliable
trrmming potentiometers you can
find — and finding them couldn’t be
easier. Samples for evaluation or for
development projects are waiting In
stock, ready for your ‘phone call.

We are the only British company
which offers ohmic values from
10ohmsto 1M ohmsinthe E6
range as well as the MIL-R-22097C
series.

Put our Cermet trimming
potentiometers through your test
routine and watch how they stand
up to it. Any that couldn’tare

iong since dead.

MORGANITE RESISTORS LIMITED

Bede Industrial Estate, Jarrow, County Durham

Telephone: Jarrow 897771
V|
g Morgan
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PANEL MOUNTING.
ALSO AVAILABLE

AMPLIFIER. BUILT AND TESTED.
MONO AMP 103 £8-0-0.

PRICE £48 compLETELY ENCLOSED

TEAK CABINET £4 EXTRA.

AMPLIFIER P.C.B. MODULES AS USED IN THE ABOVE

THE WELBROOK

ALL-SILICON INTEGRATED STEREO AMPLIFIER

INTRODUCING A NEW ALL SILICON
TRANSISTORISED HI-FI  AMPLIFIER
INCORPORATING TWO INDEPENDENT
POWER SUPPLIES TO GIVE VERY LOW
CROSSTALK AND A UNIQUE DE-
SIGNED CIRCUIT WHICH ELIMINATES
DISTORTION RISE AT LOW LEVELS.
POWER-OUTPUT IS 15 WATTS R.M.S.
INTO A 802 LOAD AND 10 WATTSR.M.S.
INTO A 150 LOAD. INPUT FACILITIES TO
COVER ALL TYPES OF PICK-UP, TUNER
AND TAPE.

SPECIFICATION AND PERFORMANCE
FAR IN EXCESS OF PRICE RANGE.

DETAILED ILLUSTRATED LITERATURE
AVAILABLE ON REQUEST.

TRADE ENQUIRIES INVITED.

STEREO AMP 103 £15-0-0.
ENGINEERING

WE LBROOK ELECTRONICS

BROOKS STREET, HIGHER HILLGATE,
STOCKPORT, CHESHIRE. 061-480 4268.

LTD

FERRANTI! HI-FI AUD!O DESIGN
BOOKLET AVAILABLE 5/- EACH.
COMPLETE WITH WELBROOK
PRICE-LIST.
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QVAVAVAY: MWW __
ACCUMULATOR PERFORMANCE.
DIRECT FROM A.C. MAINS.

.-y S

CONTINUOUSLY VARIABLE l ‘

AVAVAVAV: ’

o

HIGH CURRENT POWER SUPPLIES.

—
—

% % TYPE: o "' %
250VRU/30/20. . PRICE: £131 5 0.
FEATURES APPLICATIONS

¥ Production testing and ser-
% 0-30V. Continuously variable. vicing to 6-12-24-28 v. equip-
ments.
% 20A. over the voltage range. % Fuel pumps—D C. motors—
heaters — relays — wind-
% Fully smoothed—Ilow imped- screen wipers, etc., etc. in:
ance. % Vehicle and Boat "electrical
systems.
% Output voltage stabilised. Simulated 12 and 28 v. aircraft
electrical supply.
% Complete with v/amp. meters. Y% Servicing V.H.F. raduo tele-
phone within B.C.A.R."s.
% Suitable for [9in. racking. % Widely used by Mumstry of
Technology. {Ref.
% Incorporates heavy duty sili- 10K/CA3035) and alrhne op-
con rectifiers. erators
Fixed outputs of 12 or 24 v. up % 0-60: 0 120: 0-240 v. also avail-

Avoid the extra expense of super regulatlon you may never need.
We shall be happy to assist with your power conversion problems.
Call, write or telephone 01-890 4837.

VALRADIO LTD., DEPT. PUI§, BROWELLS LANE, FELTHAM,

to 24 amps aiso available. able ’ ,
MIDDLESEX ENGLAND. Tel. 01-890 Q42 %

|

Export enquiries invited. Demandes concernant Fexportation solicités.
Se invitan consultas sobre exportacion. Exportanfragen erbeten.

—VWW\__"T"VWW_T"T"VVW\
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SPECIALIST SWITCHES
are again giving

the fastest switch
service in the world

FROM THEIR NEW AND LARGER
PREMISES IN CHARD, SOMERSET

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

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

Please note our address:

SPECIALIST SWITCHES
P.O. Box 3,
CHARD, SOMERSET

Write for desigh charts and prices or

TELEPHONE—CHARD 3439
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Take nine modules and Solartron's
CD 1400 main frames. Build any scope
you need. It's that simple. And that ver-
satile. The first oscilloscope with plan-
ned anti-obsolescence.

The modules at present available
give you a choice of 3 amplifiers. Three
time bases. And an X-Y plotter.

You can have wide band width

S

differential input. Ultra-high gain, sweep
delay or single shot.

And there are more transistorised
modules in the pipeline. Modules that
will keep your CD 1400 scope up to date-
right into the 70’s.

If you need any more information,
drop us a line. We'll send you literature.
Answer your questions.

There's no limit to what we'll do for

. a customer.

A Schiumberger Company

A force to reckon with

The Solartron Electronic Group Ltd. Farnborough Hampshire England Telephone 44433
WW-—093 FOR FURTHER DETAILS
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HOWELLS RADIO LTD.
MINISTRY OF AVIATION INSPECTION APPROVED

TRANSFORMERS

STANDARD RANGE OR DESIGNED TO YOUR
SPECIFICATION,.

0-50KVA, “C” CORE, PULSE, 3 PHASE, 6 PHASE,
TOROIDS, ETC.

Transformers for 20W Transistor Amplifier (W.W., Nov. 1966).
Driver 22/6 Carr. 2/-

Mains 29/6 Carr. 4/6

L.P. Filter, Chassis Mounting 11/6. Carr. 1/-.

L.P. Filter, Printed Circuit Mounting 14/6. Carr. 1/-.

REGORD MAINTENANGE TAKES
ANOTHER BIG STEP FORWARD!

With these latest advanced products . . .

NEW HI-FI PARASTAT

{Reg'd.) Pat. App. 58216/67
Gramophone
Record
Maintenance
and Stylus
Cleaning Kit

*MAINS TRANSFORMERS

350-0-350 v. 60 mA., 6.3 v. 2 A. £1/15/-. Carr. 4/6.

500 v. 300 mA. 6.3v. 4 A.,6.3 v.1A. £3/12/6. Carr. 5/6.
500-0-500 v. 0.25 A.,, 6.3 v. 4 Act., 6.3 v. 3 Act.,, 5 v. 3 A.
£4/10/6. Carr. 6/6.

525-0-525 v. 0.5 A., 6.3 v., 6 Act., 6.3 v., 6 Act., 5 v. 6 A.
£5/5/-. Carr. 6/6.

Designed for use on NEW
records or records in new
conditien which are to be
played with pick-ups re-
quiring very tow tracking §
pressures. The 30,000 finely
pointed tips of the Hi-Fi
Parastat Brush positively
explore every detail in the
record _groove to provide
the high degree of record
cleanliness necessary when
using ultra lightweight pick-ups tracking at 2 grammes or
less. The cover pad in the lid of the case is provided for the
purpose of cleaning and activating the brush which when
enclosed within the case is kept at the correct level of
humidity required to controt all static at the working surface.

*LOW VOLTAGE

30-0-30 v. 4 A. £2/12/6. Carr. 5/6.

28v.1A., 28v.1A, 28v.1A, 28v.1A. 30v.250m A.,
£4/5/6. Carr. 5/6.

*PRIMARIES 10-0-200-220-240 v.

70V LINE MATCHING TRANSFORMERS

Fitted with terminal panel, taps at 0.5, 2, 4 and 8W into 15 ohms
17/-. Carr. 2/-

Flying leads, taps at }, 4, 1, 2 and 4W into 3 ohms 14/6d. Carr. 2/-

NEW STYLUS
CLEANER

Available separately
complete with instruc

CHASSIS, CABINETS & PRECISION METALWORK

nons
crvius anct an intearel port of the K 2 The new Warts Styies | Pee® ELECTRONICS —DEVELOPMENT &  ASSEMBLY
((:ZII::rr:ienrg m:zr:wzr:wdes a safe and efficient method of :Z;‘::;d 4 CASH WITH ORDERS PLEASE
Sispancer. Drsuiied water Grapensor. spare. pad coner ana | &V Cnflesty Suraet, Nestchestar 16 Luricastive
ribbons P.nce 42/6 plus 1s 3d P.T 'l-' TEL. (STD 06') 226-3411

Replacements: 1 0z New Formula dispenser 4/6. Distilled
Water Dispenser 4/-. Pad Cover and Ribbons 1/9.

‘PARASTAT' ..., Manual Model Mk.IIA
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A dual purpose record maintenance device
Keeps new racords in perfect condition. Restores

fidelity to older discs. Complete with 1 oz. New
Formula dispenser and instructions. Price 45/
Replacements: Pad Covers 2/~ each. Brush 8/6
Sponge Cover Pad 1 1 oz New Formula
Dispenseér 4/6

Humid Mop. Recommended for use in conjunc
tion with the Manual Parastat and Preener. Cleans
and conditons the bristles and velvet pads
Ensures correct degree of humidity a1 the time of
use. Complete with spare sponges and instructions.
Price 4/6, Replacements: Set of Sponges 2/6

A GUIDE TO THE BETTER CARE OF LP
ANO STEREO RECORDS S E

2 6 Post Free

Automatic Record Cleaner, Easily fitted to any
transcnption type turntable. Provides a simple and
effective method of removing static and dust while
the record is being played. Surfsce noise and
tecord and stylus wear is reduced. resulting in
cleaner reproduction, Complete with } oz New
Formuls Dispenser and instructions. Price 18/9.
plus 4/5SP.T

Replacements: Nylon Bristle and Plush Pad 1/9
4 02. New Formula Dispenser 2/6

‘PARASTATIK' ..., DISC PREENER

Keeps new records like new. Expressly
designed for use with records which have
not hdd previous antistatic treatment
Complete with instructions. Price 6/9
Replacements: Packet of 4 wicks 2/

ALL OBTAINABLE FROM YOUR
LOCAL SPECIALIST OR DIRECT:

To CECIL E. WATTS LTD.
DARBY HOUSE, SUNBURY ON THAMES, MIDDLESEX.I

I Please send (Post Free U.K. and Commonwealth)

.Disc Preeners @6/9
Dust Bugs*@18/9 plus 4/5 P.T
..48-page Booklets @2/6

Replacement Parts

I enclose cheque/P.Q. value £
(Do not send postage stamps)
Name

Address

Hi-Fi Parastats @42/6 plus 1/3 P.T.
..Stylus Cleaners @5/- plus 1/3 P.T.
Manual Parastats @ 45/
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6mm tubular midget
flange S6/8 cap
over-all length

It is one of the many Vitality Instru-
14.5 mm.

ment_and Indicator Lamps that are
made in an unusually large number
of types, ratings and sizes. It may be
just what you need for an existing
or new project. If not, another from
the hundreds of types and ratings
detailed in the Vitality Catalogue
may well be.

*Many a product owes its success to the
intelligent addition of an indicator light.

VITALITY BULBS

VITALITY BULBS LTD MINIATURE AND SUB-MINIATURE LAMP SPECIALISTS
BEETONS WAY, BURY ST.EDMUNDS, SUFFOLK. TEL. BURY 2071.5.7.0.0284 2071

WW-—096 FOR FURTHER DETAILS
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QUARNDON

HOLD

LARGE STOCKS

OF

(@]

D TEXAS
INSTRUMENTS

SILECT TRANSISTORS
NPN PNP TRANSISTORS, UNIJUNCTIONS & F.E.T.s

SN 7400N SERIES TTL

INCLUDING THE NEW SN74121N MONOSTABLE

FOR

QUICKEST DELIVERY

CONTACT

QUARNDON ELECTRONICS

(SEMICONDUCTORS) LTD.
SLACK LANE, DERBY. Telephone (0332) 43492 - 46695
SEND FOR TECHNICAL DATA AND PRICES

WW—097 FOR FURTHER DETAILS
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Get where
theaction

s ga

o

Beamongst &
themany °
whoare
experiencing
the Decca

the cartridge with extra
sensory perception at
thetip, — where the
actionis

The C4E, specifically
designed to meet the need

for an extrémely sophisticated
cartridge for use in head shells
fitted to arms other than the
Decca ffss range. If you would
like further details on this
outstanding cartridge
please complete the
coupon and postitto

e

1y .

ODNDON Sw8g

I NAM

I ADDRESS

SR ) E(C C A

e A S |
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TACHOMETERS

% High linear output

% Low driving torque

% Bidirectional output to ! of ¢
tolerance

Y% Brush life 100,000 hrs. or 10 years
continuous operation

Y Temperature compensated

% ldeal as speed transducers

Send for full details of these and other electronics pro-
ductsincluding speed control, speed indicators, etc., to: e

NECO ELECTRONICS (EUROPE) LTD

WALTON RD., EASTERN RD., LONDON OFFICE: NORTH ST.,
COSHAM, HANTS. CLAPHAM, LONDON, S.W .4
COSHAM 71711/5 TEL: 01-622 0141/3 & 3211/5
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[ B AVONCEL TROLLEYS
: ’ FOR HOME AND EXPORT

LARGE RANGE OF STANDARD
MODELS from £10. Also
ﬁ‘ CUSTOM BUILT

TO SUIT YOUR EXACT REQUIREMENTS

LOW COST » TOP QUALITY + QUICK DELIVERY

' QUANTITIES: | OFF TO 1,000 OR MORE

Y < o AVONCEL —

AVON COMMUNICATIONS AND ELECTRONICS LTD.

318 BOURNEMOUTH (HURN) AIRPORT, CHRISTCHURCH, HAMPSHIRE
TEL: NORTHBOURNE 3774 TELEG: AVONCEL CHRISTCHURCH
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DIOTESTOR IN-CIRCUIT TRANSISTOR TESTER

BRITEC LIMITED, 17 Charing Cross Road, London, W.C.2

Tel: 01-930-3070
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LONDON microphones

Quality sound—at low cost

The London Microphone range offers you quality microphones,
good characteristics—and good looks, too, at remarkably little
cost. Made in Britain.

NEW to the range: LM300 dynamic cardioid
microphone Incorporating top-quality moving-
coil capsule, Gives maximum front-to-back ratio
over a frequency range of 50-15,000 Hz. Elegant
styling, robust metal case, natura! anodised finish.

Low imp. Dual imp.
LM 300 (Cardioid) £11 10 0 £12 10 O
LM 2008 2 £519 6 £6 15 0
LM 200 » £419 6 £515 0
LM 100 (Omni) £3 3 0 £3 18 6

Home or overseas trade enquiries welcome. Write or ring for details

LONDON MICROPHONE CO. LTD.
182/4 Campden Hill Road, London, W.8.
Tel: 01-727 0711. 24 Hr. Answering Service. Telex 23894
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Marconi puts
Q-Measurement
onth

Gold Standard

The new Marconi TF 1245A gives gilt-edged
confidence in Q-measurement! By gold-plating the
complete test-circuit and tuning capacitor,
Marconi have cut inherent loss, increased
long-term stability - factors which have always
reduced the certainty of Q-measurement,
especially at high frequencies.

TF 1245A covers the frequency-range, 1 kHz -
300 MHz, providing direct measurement of
Q-factors from 5 to 1,000. Capacitance range is
7.5 to 500 pF. Delta-Q and Q multiplier facilities.
Two specially designed oscillator units, TF 1246
and TF 1247, cover the ranges, 40 kHz - 50 MHz
and 20 MHz - 300 MHz, respectively. You may
select either or both, according to your
individual needs.

MARCONI INSTRUMENTS LTD
Longacres, St. Albans, Herts., England
Telephone : St. Albans 59292 Telex: 23350

WW—104 FOR FURTHER DETAILS
www.americanradiohistorv.com


www.americanradiohistory.com

66

wide bandwidth (DC 256MHz) | and high sensitivity
(100uV/cm) for general o oscope applications.
With a choice of 7 plug-ins (8 amplifiers and 2 time bases)
it is possible to assemble an oscilloscope capable of
meeting almost any measurement requirement. Combining such
versatility with excellent tube geometry and high
writing speeds makes the D.43 illustrated
outstanding value for money.
Write for full details Now ! !

The 43"%eries of - ﬁ‘oscilloscopes offer both
ST

TELEQUIPMENT B

Wireless World, February 1969

Telequipment Limited, 313 Chase Road. - Southgate - N.14. Telephone: 01-882 1166. Telex 262004
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Electronics, Television, Radio, Audio

Fifty-eighth year of publication February 1969 Volume 75 Number 1400

WirelessWorld Contents

Operational amplifiers 53 R&Dand {s d
S 54 Operational Amplifiers—1 by G. B. Clayton
59 The Notions of ‘““‘State” by J. Franklin

62 Some other Measuring Rectifiers by ‘“Cathode Ray”
64 News of the Month

Giant electronics merger

Watt output convention?

Domestic monochrome-to-colour converter

67 High-impedance Multimeter by V. R. Krause

71 Faster Mask-making for i.cs

s wena

72 Electronics and Apollo-8
74 Letters to the Editor

76  Electronic Speech Recognition—2 by W. D. Gilmour
The front cover design introduces a short

series of articles on operational amplifiers,

beginning in this issue. Combined with the 81 Circuit Ideas

familiar triangular graphical symbol for an

opera[i()nal amp]iﬁer 1s a magniﬁed phOIO— 82 Wireless World Colour Television Receiver—9

graph of Fhe . semiconductor chip of an 85 Point-to-Point Review, 1968 by D. Wilkinson

integrated-circuit type of op.amp.—actually

the ZLD709 made by Ferranti. This d.c. linear 86 Personalities

amplifier has differential inputs and a Class .
87 World of Amateur Radio

B outpurt stage.
88 New Products

90 A Folded Exponential Horn Loudspeaker

o

0 Announcements

91 February Meetings

92 Literature Received

92 H. F. Predictions

93 Test Your Knowledge questions and answers by L. [bbotson

94 Lett '
lliffe Technical Publications Ltd., GHIEE Feofy, igeriea

Managing Director: Kenneth Tett COMPONENT BRIDGE SURVEY
Editorial Director: George H. Mansell . .

C. A.C. Bridges by T. D. T
Advertisement Director: George Fowkes iy ID.Cs Gitlgee by & D Totaiss
Dorset House, Stamford Street, London, SE1 vii  Recent Products

PUBLISHED MONTHLY (3rd Monday of preceding month). Telephone: 01-928 3333 (70 lines). Telegrams/Telex:
Wiworld Iliffepres 25137 London. Cables: “Ethaworld, London, S.E.1.”" Annual Subscriptions: Home; (2 15s 0d
Overseas; 1 year {2 15s 0d. Canada and U.S.A.;$6.75; 3 years £7 Os 0d. Canada and U.S.A.; $17.50 Second-Class

C IDliffe Technical Publications Ltd., 1968 mail privileges authorised at New York N.Y. Subscribers are requested to notify a change of address four weeks in
Permission in writing from the Editor must first be advance and to return wrapper bearing previous address. BRANCH OFFICES: BIRMINGHAM: 401, Lynton House,
obtained before letterpress or illustrations are Walsall Road, 22b. Telephone: 021-356 4838. BRISTOL: 11 Marsh Street, 1. Telephone: 0272 21491/2. COVENTRY:
reproduced from this journal. Brief extracts or 8-10, Corporation Street. Telephone: 0203 25210. GLASGOW: 3 Clairmont Gardens, C.3. Telephone: 041-332 3792.
comments are allowed provided acknowledgement to MANCHESTER: 260, Deansgate, 3. Telephone: 061-834 4412. NEW YORK OFFICE U.S.A.: 300 East 42nd Street,
the journal is given. New York 10017. Telephone: 867-3900.
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Why we decided

to make every
part in this

PAL delay line

The PAL delay line is a precision
item. But it also has to be inexpensive,
and therefore mass-produced. The
problems involved in getting the delay
time of 63-94ps—an adjustment toa
few thousandths of a microsecond—for
just one, are quite formidable. To achieve
it on an assembly line is practically
impossible, unless you have everything
under your own control.

When the PAL system was being
developed, we found ourselves in an
excellent position to develop the special
glass delay line needed for the
chrominance decoder. Delay lines
weren’t new to us. For the previous five
years we'd been producing them for the
computer industry. We therefore had
considerable experience. Experience
which few others in the television
industry had and which enabied us to
develop our delay line in paralie] with
the development of colour television
itself.

Critical factors. The set designer’s
demands pose problems in design and in
production (remember we’re concerned
with price too!). Our considerable
experience gained in the computing
industry made the design problems

relatively easy to overcome. But
marrying them to mass-production was
something quite new. Again we were
fortunate in having vast experience in
mass producing complex items for
other areas of the electronics industry.

Any old glass? The Mullard delay
line is made of glass and works on an
electromechanical principle.

The glass is specially compounded to
ensure consistent behaviour propagation
velocities and good stability with
changes in temperature. The blocks are
cast to ensure complete uniformity and
an absence of any internal stressing.
One end is ground with two optically
flat faces which are at a slight angle to
each other and to which two transducers
are connected. The electrical television
colour signal enters one transducer and
is converted into vibrations. These
vibrations travel through the glass until
they are reflected back from the end face
to the second transducer. This converts
them back into an electrical signal. In
this way we halve the size of the delay
line and help save space within the set.

Ground away. The end of the glass
block opposite the transducers is then
ground away under automatic control
until the response is exactly right. We
have found that this construction-
apart from saving space—greatly
simplifies the problem of delay time.
adjustment to 63-943us at 4-433619MHz.

Insertion loss. While the glass has
some effect on the insertion loss, the
major loss is in the transducer and the
coupling to the glass. The transducers
themselves have been developed from

WW-—106 FOR FURTHER DETAILS
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ceramics selected for their long term
stability as well as good mechanical
properties. We have further reduced
insertion loss by developing a new metal
deposition technique and adhesives
which create an intimate bond. Asa
result the overall insertion loss is only
about 13dB over the bandwidth

3-43to 5-23MHz.

The final step is the assembly of the
delay line on its mounting plate with the
associated input and output coils before
final testing and inspection.

Worth it? Right from the beginning
we've had everything under our control.
So we can be sure that the product will
give consistent service. And that we're
producing it at the best possible price.

Consistently achieving these two aims
with all our products has helped us build
our reputation. A reputation which
stretches across the electronics industry.
Before we embark on any new project
we can draw on the insight and
experience we have gained—sometimes
from unusual areas. We can employ our
resources to provide the technically
excellent products our customers
demand.

components for
consumer electronics

Mullard Limited

Consumer Electronics Division
Mullard House, Torrington Place
London W.C.1.
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Wireless World

R&Dand £sd

Closer collaboration between the three “components” trade associations (R.E.CM.F,,
V.A.S.C.A. and B.V.A)) is foreseen by the announcement elsewhere in this issue that
they are now together under one roof (even if not the same ceiling!). With the
Electronics Components Board overlord, Sir Alan Dudley, in the role of matchmaker
it augers well for an eventual marriage. With the increasing use of integrated
circuits and therefore a gradual decline in the number of discreet components used
in equipment it would seem a logical step. Otherwise we can foresee a situation
arising calling for a judicial pronouncement on ‘“‘what is a component?”

It is not without significance that Dr. F. E. Jones is the current chairman of three
of the four bodies mentioned, i.e. E.C.B., R.E.CM.F. and V.A.S.C.A. He certainly has
some strong views on many of the problems which beset our industry (and indeed
the whole country) and, since the publication of the report on the manpower
committee, of which he was chairman, his knowledge and advice is much sought
after.

He recently had some trenchant things to say about the reasons for the
“technological gap” which exists between this country (and indeed the whole of
Europe) and the U.S.A. This gap is not, in fact, due to our inability to create new
and worthwhile technical advances in the various fields of technology, but because
of our apparent inability to make full use of them industrially. This, says F.E.]J,, is
why the average output of, or wealth created by, each employee in this country in
1967 was only £1,300 whereas in the United States it was four times this figure.

An instance of our tardiness to make capital out of new ideas is mentioned by one
of our contributors in this issue (p. 85) who comments on the fact that although
Piccolo—the refined teleprinter transmitting system—was developed by the
Diplomatic Wireless Service ten years ago it is only just being exploited com-
mercially.

To get back to the title we have given to this month’s leader. One of the major
factors affecting our industry today, and not ours only, is the vast expenditure on
R & D which in many instances appears to bear little relationship to the eventual
profitability of the end product. It is interesting to note that the cost of R & D in both
the UK. and the U.S.A. over the past ten years or so has increased threefold, but,
the overall figure in America is in fact some six times the U.K. total of £1,000M.
However, the wealth created per employee in America makes the return on this
expenditure considerably higher than in this country. What then is the answer? Dr.
Jones has stressed that the only way of obtaining effective correlation between the
cost of R & D and the creation of wealth, is to ensure that research is “‘conducted
under pressure from the market”. This problem has already been explored by the
Central Advisory Council for Science and Technology of which Dr. Jones is a member.
In the Council’s report “Technological Innovation in Britain’ it recommends ‘“the
direct linkage of R & D, production and marketing into a single interacting
operation, and, planned programmes of innovation related to market opportunities”.

No longer is it practicable, as in the past, to have one or two backroom boys “on
the strength” in the hope that one day they will come up with a bright idea. R & D
must be geared to production. Over the past few years the curve for R & D has risen
sharply in this country but that for the gross national product is fairly flat.

wWWW. americanradiohistorv.com
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Operational Amplifiers

Wireless World, February 1969

Device characteristics and what they mean: Methods of testing

commercial units

[)}" G. B. C[(l}’fOll,* B.Sc., A.Inst.P.

An operational amplifier is basically a
very high gain d.c. coupled amplifier which

makes use of feedback to control its re-
sponse characteristics. The term ‘opera-
tional amplifier’ was in fact originally

introduced by workers in the analogue
computer field to denote an amplifier circuit
which performed various mathematical
operations such as integration, differentia-
tion, summation and subtraction. Opera-
tional amplifiers are still widely used for
analogue computation but their range of
applications has now been vastly extended
to include a great number of other fields,
for example in the many branches of in-
strumentation and control. Non-linear
applications of operational amplifiers are
also now quite common; voltage compara-
tors, non-linear function generators, and
ultra lirtear rectifiers are but a few examples
of their use in this last category.

Early operational amplifiers used ther-
mionic valve circuitry, but these have now
largely been replaced by solid state circuits.
A wide range of solid state amplifier
modules is commercially available, including
f.e.t.,, chopper stabilized, and parametric
amplifiers in discrete-component, thin-
film hybrid integrated circuit, thick-film
hybrid integrated circuit and monolithic
integrated circuit forms.

Discrete-component amplifiers are assem-
bled on printed circuit boards and are often
supplied 1n epoxy encapsulated modules
which may be either soldered directly to a
printed circuit board or plugged into a
suitable mating socket. They can be
economically produced in small quantities.
In general thin-film hybrid integrated
circuits are used for highly complex, close
tolerance analogue applications requiring
extreme resistor stability. Thick-film hybrid
integrated circuits are widely used for high
production requirements where a large
number of circuit types is needed but where
the quantty of circuits produced per type
may be small.

Semiconductor integrated circuits find
most applications where highly repetitive
requirements exist and where relatively few
circuit types are involved.

The manufacture of electronic systems in
integrated form dates from about 1959 and
attention was initially focused on digital

* Liverpool College of Technology

systems; it is only comparatively recently
that a variety of linear integrated circuits
have become available at moderate prices. An
important characteristic of the i.c. manu-
facturing process is that the tooling cost for
each individual circuit is high and circuits
can only be produced economically if large
numbers of the same circuit are made. The
electronic designer accustomed to selecting
individual components that exactly meet his
requirements must now adopt rather a
different approach if he is to make use of
i.cs. He must accept the available mass-
produced circuits and modify them as
necessary to fulfil his requirements by
connecting external discrete components to
them.

One may well ask the advantages of
making this change over to i.cs and the
reasons that may be put forward are those
of reliability, cost, performance, size and
weight—all quite formidable reasons. The
improved reliability results from factors
such as fewer connections of dissimilar
materials, therefore less connection failure,
and less handling of individual component
parts and therefore more uniformity of
product. The cost advantage is not always
immediately apparent. The actual cost of an
1.c. may be more than the cost of the dis-
crete components that would be required to
make a similar circuit; however, if one takes
into account the reduction in design and
construction time the i.c. usually turns out
to be the more economical. The superior
performance characteristics of i.cs result
from the close matching of components and
the very short interconnections between
components that are possible in these
circuits. Size and weight reductions that are
obtained are obvious although not always
necessary.

The actual silicon chip on which an
integrated-circuit operational amplifier is
formed (see front cover) is very little bigger
than a single transistor chip, one milli-
metre square being fairly typical. There are
several different methods of packaging the
chip. Mounting in a transistor-type metal
can is one method (Fig. 1(a) ), another is the
ten-lead flat pack (Fig. 1(b)), and more
recently the dual-in-line plastics package
has been introduced (Fig. 1(c)). Many
manufacturers produce economy versions
of their amplifiers in the last style of package.
The dual-in-line plastics pack has fourteen
pin-like connections arranged to mate up

WwWWWw.americanradiohistorv.com

conveniently with a printed circuit board
although once these pins are soldered into
position it is somewhat difficult to remove
the amplifier. To overcome this difficulty it
is often convenient to use one of the dual-
in-line sockets that are available, and these
eliminate the need for soldering the i.c.
leads. The sockets themselves may be
printed-circuit or chassis mounted; they are
made with solder or wire wrap terminations.

It is not essential that the user of i.c. op.
amps be familiar with the intricacies of the
internal circuit details of the amplifier (he
can’t get at them!), but he must understand
the function of the external connections
provided by the manufacturer and he must
understand the terms used to specify the
amplifier’s performance if he is to be able to
select the best device for a particular appli-
cation. The desired response of an op. amp.
is normally obtained by connecting feed-
back components externally to the input
terminals of the amplifier. An amplifier
with a differential input allows a greater
flexibility in the choice of feedback con-
figuration and most i.c. op. amps are made
with differential input and single-ended
output. In fact most direct coupled ampli-
fiers invariably use the differential con-
figuration because of the superior drift
performance that can be obtained by the
matching of characteristics. Op. amps are
generally designed to operate from sym-
metrical positive and negative power sup-
plies to permit an output voltage which may
be positive or negative with respect to earth
and a frequency response extending down to
zero. The functions mentioned require five
external connections to the amplifier. Most
amplifiers are provided with several other
external connections, the purpose of which
will be discussed later. It is possible to
operate the amplifiers with a single power
supply if the particular application does nhot
require a d.c. response!.

I.C. op. amp. characteristics

The graphical symbol commonly used for an
op. amp. is a triangle indicating the direction
of signal flow (Fig. 2(a) ). Ignoring certain
important errors which will be discussed
later the output of the amplifier is related to
its inputs by the transfer curve shown in

1. Motorola Information Note AN-403.
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Fig. 2(b), and with open loop gains greater
than 10° being quite typical only a very small
voltage between the two input terminals is
needed to cause saturation of the amplifier
output.

The open loop voltage gain, Avos, is
defined as the ratio of the change in output
voltage Aeo to the change in voltage Je
between the two input terminals; it is
normnally specified for d.c. and may be
determined from the slope of the non-
saturated portion of the transfer curve.

Op. amps are in fact seldom used open
loop, but are used with negative feedback to
improve accuracy. The significance of the
open loop gain is that it determines the
accuracy limits in such applications. The two
basic feedback configurations are the invert-
ing (Fig. 3) and non inverting (Fig. 4)
circuits,

The closed-loop voltage gain, Ay ¢y, of
the inverting amplifier is defined as the ratio
of the change in output voltage to the change
in the input voltage applied to the input
resistor R,. If the amplifier is considered to
be ideal, i.e. infinite input impedance, zero
output impedance, infinite open-loop gain
and bandwidth, feedback maintains the
error voltage e, between the two input
terminals zero at all times and a simple
analysis shows that the closed-loop gain
R,

R,

If the amplifier is ideal except for finite

open-loop gain, the closed-loop gain,

Avcr

R,
Aver = R_[ ey s (1)
l B Avor AVOL
(see Appendix 1)
where
Rl
=R+ R

The quantity # Avovr is called the loop gain,
and it is a most important factor in deter-
mining closed-loop performance. The error
in closed-loop gain due to finite open-loop
gain may be expressed by the error factor

B Avol
which is approximately

|
B AvoL
for fi Avor much greater than 1. The per-
centage error due to finite open-loop gain

thus 9., which is a direct function of

100

B Avor
loop gain. The error in closed-loop gain is
not in itself very significant since the ratio
R,/R, can always be adjusted to compensate
for this error, but the closed-loop gain
stability, the closed-loop output impedance
and closed-loop distortion are all directly
related to loop gain.

Closed-loop gain stability:

Adver.  dAvor 1
Act Avor B AvoL

Closed-loop output impedance:

Zool
e
ot B Avou
Closed-loop distortion ;
Do
Dcy,
B Avo.

The closed-loop gain of the non-inverting
amplifier assuming ideal amplifier per-
formance, is

A |+ R
VeL R,

If the amplifier is ideal except for finite
open-loop gain

I e rerad(l)
l+f3f4V01,

(sce Appendix 2)

f
Ave 1 -
ver l Rl’
where again

and as in the case of the inverting amplifier
the loop gain ff AvoL plays an important
part in determining closed-loop charac-
teristics.

In the case of both amplifier configura-
tions if the closed-loop gain is greater than
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Fig. 1. Types of encapsulation for

integrated-circuit operational amplifiers:
(a) “ transistor outline”’, (b) < flar-pack >,
(¢) ““ dual-in-line ™.
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one, i.e. if R,/R, > 1 then f is approxi-
mately equal to R,/R, and the loop gain

Avol

A A
B AvoL o
If as is usual gains are measured in dB we
have the relationship: loop gain (dB)

open-loop gain (dB)— closed-loop gain (dB).

The maximum output voltage swing,
Vomaz. This is the maximum output
voltage . swing (positive and negative)
measured with respect to earth that can be
achieved without clipping of the signal
waveform.

An ideal differential amplifier with equal
voltages applied to its input terminals
would give zero output voltage, but under
these circumstances real amplifiers are
found to give a non-zero output voltage
called an ‘offset voltage’. In many amplifiers
provision is made for zeroing the amplifier
output voltage with an external trim poten-
tiometer.

Input offset voltage, Vi,. This is the
difference in the d.c. voltages which must be
applied to the input terminals to obtain a
zero quiescent output. It is indicative of the
degree of matching in the differential
amplifier stages of thg integrated circuit, and
in general represents the main source of
offset error when the amplifier is used with
low source impedances. Integrated-circuit
op. amps with the smallest input offset
voltages in general ¢xhibit the smallest out-
put drift with temperature variations.

All i.c. op. amps require some small and
relatively constant current at each input.

B % Positive
——————e‘—— 1 saturation
T Al T
eFl P 7 2% —_— - -
1 £ l (ea— 2p)
Y
—.J.-,. Negative
saturation

(@) (b)

Fig. 2. (a) Graphical symbol for an

operational amplifier; (b) ideal transfer curve
for an op. amp.

Ry
) PR
e e__Re
e R,
v y
Fig. 3. Inverting amplifier feedback

configuration.

Non-inverting amplifier feedback

Fig. 4.
configuration.
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Input bias current, /;, is defined as the
average value (half the sum) of the currents
at the two input terminals with the quiescent
output voltage zero. It constitutes the bias
currents drawn by the transistors in the
differential input stage of the i.c. and if these
were perfectly matched the two currents
would be equal. It is normal practice to use
balanced impedances at each input so that
offset due to bias current is cancelled at the
output. In practice some degree of mis-
match alwa_ys exists.

Input offset current, [, is defined as
the difference in the input bias currents into
the two input terminals. With equal source
impedances connected to the two inputs it is
only this mismatch or difference current
which causes an offset error. The effects of
I;, tend to overshadow the effects of input
offset voltage when the input source im-
pedances are high.

Temperature drift. The output voltage
of all d.c. coupled solid-state amplifiers
changes or ‘drifts’ from its initial value if the
temperature changes. The temperature
drift of i.c. op. amps is specified by the
temperature coefficients of input offset
voltage, input bias current and input offset
current.

Supply voltage sensitivity. The out-
put voltage of an i.c. op. amp changes if the
supply voltages are changed. The effect
1s usually specified by the effect of supply
voltages on input offset voltage, input bias
current, and input offset current. With well
regulated power supplies offset errors due to
this effect are usually negligible compared to
temperature drift.

It is very instructive for the new user of
i.c. op. amps to gain an initial familiarity with
the devices by wherever possible setting up
test circuits to measure their characteristics.
A simple test circuit for measuring the
transfer curve of an op. amp. is shown in
Fig. 5.

An oscilloscope with d.c. coupled X and Y
channels is used to obtain a visual display of
the transfer curve. The same signal is used
to drive both the input of the amplifier and
the horizontal sweep. Op. amps will norm-
ally be found to have gains in excess of 1000
and a resistive divider is placed at the input
of the amplifier in order that the amplitudes
of the X and Y inputs presented to the
oscilloscope shall be of the same order. A
low frequency sinusoid (f < 20 Hz) may be
used as the drive signal. If a low frequency
signal generator is not available or if the
amplifier under test shows appreciable
hysteresis effects it may be found con-
venient to use a low frequency ramp as the
drive signal. A circuit that has been found
quite suitable for producing a ramp drive is
shown in Fig. 6. If this ramp drive i1s used
it will be found that the retrace sweep rate is
so much faster than the trace rate that the
retrace is effectively blanked off from visual
presentation.

In order to obtain the display the oscillo-
scope inputs are initially earthed and the
spot centred in order to establish the vertical
and horizontal references. The oscillo-
scope is then connected into circuit and the

=1
—J
Horizontal
zero ref
viO — [ et
| +
‘ ] Vo max
|
I
Vertical
zero ref
Y
_X
AvoL= ¥

Fig. 5. Test circuit for obtaining a transfer
curve; significant parameters of the transfer
curve.

+Vsl

100k

UJT
T1543

2N 3709

0-47u "
T s<>|u— M

Fig. 6. Circuit for generating a ramp
Sfunction for test purposes.

amplitude of the input drive is turned up
until the amplifier is in saturation. The max-
imum positive and negative output voltage
swing (V' ,.q2) is read directly from the trace;
Avor is calculated from the slope of the
transfer curve. The horizontal displace-
ment from the horizontal zero reference to
the point where the curve crosses the vertical
zero reference gives the input offset voltage
Vio. Any departure from linearity shown
by the device is also readily apparent from
the display. If supply voltages are changed
the dependence of these parameters on
supply voltages can be measured. The
oscillograms (Fig. 7) were obtained using the
test circuit and show the transfer curve of
R.C.A. type CA3029 amplifier for different
values of supply voltage.

A circuit suitable for the measurement of
input bias current I», and input offset
current /;, is shown in Fig. 8. The effects
of input offset voltage are swamped by the
use of the large input source resistors
(100 k). The measurement procedure
consists of adjusting the voltage Vp to
bring the output voltage of the amplifier to
zero and then measuring the voltages Vi,
and V), with a high input resistance d.c.

voltmeter. The bias current is calculated
Vi .
from I, —"! amperes; the input offset
10k ()
. Ve
current Is calculated from I;, = ——
100k (2

amperes.
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Maximum voltage between inputs.
The voltage between the input terminals of
an op. amp. is maintained at a very small
value under most operating conditions by the
feedback circuit in which the amplifier is
used. If the application is such that the
voltage between the input terminals might
be appreciable care must be taken to ensure
that it does not exceed the maximum
allowable value for the particular amplifier,
otherwise permanent damage may be caused.
The connection of parallel back-to-back
diodes across the input termiinals is one
way of protecting the circuit.

Maximum common mode voltage.
The voltage at both inputs of a differential
amplifier can be raised above earth potential.
The input common mode voltage (e.n)
is defined as the voltage above earth at each
input when both inputs are at the same
voltage. The maximum common mode
voltage E., is the maximum value of this
voltage which can be applied without pro-
ducing clipping or excessive non-linearity
at the output.

If an amplifier is to be used under con-
ditions in which excessive common mode
voltage might cause permanent damage,
protection can be provided by the use of a
suitable pair of zener diodes. The circuit
of Fig. g illustrates protection both against
excessive voltage between inputs and ex-
cessive common mode voltage.

Common mode rejection. An ideal
differential amplifier responds only to the
difference in ‘the voltages applied to its
input terminals and produces no output for
a common mode voltage. In practical
amplifiers, because of slightly different gains
between the inverting and non-inverting
inputs, common mode input voltages are
not entirely subtracted at the output. The
gain of an amplifier for common mode
voltages is known as the common mode
response and the ratio of the gain with the
signal applied differentially to the common
mode response is called the common
mode rejection ratio (c.m.r.r.). It is
often expressed in dB by taking 20 times
log (base 10) of the ratio. An alternative
way of defining c.m.r.r. is as the ratio of
input common mode voltage eq, to the
output common mode error voltage referred
to the input ec. (divided by the differential
gain). A little consideration will show that
the two definitions are of coutrse identical.

Common mode rejection presents no
problems in the case of amplifiers used in
the inverting configuration (Fig. 3), for
with one input earthed the input common
mode voltage e.,, must be zero. In the case
of the non-inverting circuit (Fig. 4) feed-
back causes the voltage at the inverting
input to follow that at the non-inverting
input. The input common mode voltage
thus varies directly with the input signal.
This introduces a basic error which affects
the overall circuit accuracy. For example,
consider an amplifier with c.m.r.r. of 1000,
used in the non-inverting configuration.
With an input signal of say 1 V, the input
common mode voltage eg, would also be
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L&

Fig. 7. Illustrating supply voltage sensitivity: transfer curves of CA3029 i.c. amplifier with different supply voltages. Left: positive supply + 4V,

negative supply

1V and the common mode error voltage
(referred to the input) would be éeenm
eem/c.m.r.r. equals 1mV and representing
a 019, measuring error. If common mode
error voltage ¢e¢cm varies linearly with
common mode voltage this error is not very
important, since it can be compensated for
by adjustment of closed-loop gain (adjust-
ment of R,/R,). Linearity of common
mode error voltage with common mode
voltage is thus in many applications more
important than the value of c.m.r.r., and a
graph of the type shown in Fig. 10 i1s
particularly useful in specifying the common
mode behaviour of an amplifier.

A suitable test circuit for practically ob-
taining such a graph is shown in Fig. 11. An
oscilloscope with d.c. coupled X and Y
channels is used for the visual display; the

lyy = o1
b1~ 100k
+ supply fis Wb
1 100k
b1
Y S (e
( e [, >—p—
y Sk 00k ‘
n
Ve a0
A/ Vln2 ot

<>
100kS
>

1 v v ‘ Y
f e

— supply
Fig. 8. Test circuit for determining input
bias current and input offset current,

BEN
et

| Zener
i Diodes

Fig. 9. Method for protection against
excessive common mode voltage and excessive
input voltage

A% cm

E
M ecm
Input common
mode voltage

Ccm

Fig. 10. Graph of input common mode input
voltage vs. input common mode voltage.

4V. Middle: + 4V, —sV. Right: +3V,

oscilloscope may be single-ended provided,
as shown in the diagram, the power supply
is floated. A low frequency signal generator
is used to provide both the input common
mode voltage and the oscilloscope horizontal
sweep. The amplifier output, which is equal
to the closed loop gain multiplied by the
equivalent input common mode error

voltage
R,
I P R‘] - €ecm

provides the oscilloscope vertical sweep. A
variable d.c. bias is included in addition to
the signal generator to provide the common
mode input voltage e.» for amplifiers
in which the positive and negative values of
maximum common mode voltage differ
appreciably. To allow a measurement of
this parameter to be made directly from the
trace the horizontal zero reference is estab-
lished by earthing the oscilloscope horizon-
tal input and aligning the trace with the
central vertical graticule line. The vertical
position of the trace is not of significance
in the measurements. The oscillogram
shows a result obtained with the test circuit;
the polarity of the horizontal scale has the
opposite sense to that of the graph in Fig. 10.
For the particular amplifier tested, positive
and negative values of maximum common
mode voltage are seen to be +1V and

2:5 V respectively. The trace is fairly
linear between these limits; its average
slope is used to give the c.m.r.r. from the
relationship

X (l R,
C.m.rr o= 5 R,

The effects of power supply voltage on
cm.r.r. and maximum common mode
voltage can easily be measured by changing
the power supply voltages and observing
any changes in the trace.

Open loop bandwidth and frequency
response. The importance of open-loop
gain AyoL, and loop gain f# AvoL in deter-
mining the closed-loop performance of an
op. amp. has already been discussed, but the
assumption was made that the amplifier
had an infinite bandwidth. Practical ampli-
fiers have, of course, a finite bandwidth,
and the effect of this on closed-loop per-
formance must be taken into account.
The open loop bandwidth is defined as
the frequency at which the open-loop gain

www.americanradiohistorv.com

4V. (Vertical scales: 1V/division. Horizontal scales: 1mV diwision).

Power supply

L .‘ - _‘. J
L.F.signal + - .
generator, ™\ ICom ~

£ f\//

Fig. 11. (a) Test circuit for determining
commion mode rejection ratio. (b) Oscillogram
showing result obtained with test circuit.
Vertical scale(o-1V|division) represents
100€eem. Horizontal scale (1V/division)
represents ec.

is 3 dB down on its value at low frequencies.
Many applications of op. amps require
closed-loop gains over bandwidths of only a
few hundred hertz, nevertheless the open-
loop gain characteristics at much higher
frequencies are of great importance. Ampli-
fier gain attenuation with frequency 1s
always accompanied by phase shift and
because of this phase shift a negative feed-
back circuit may in fact provide positive
feedback at high frequencies resulting in
peaking of closed-loop gain or in high
frequency oscillations.

A typical operational amplifier open-loop
frequency response together with a closed
loop response for a gain of 40dB is shown in
Fig. 12. A response of this type can be
represented mathematically by the equation:

A
AvoLiw) ok . 3)

w
1 +j—
w

This equation describes what is known as a
first order high frequency response;
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1s called the break frequency. The function
is conveniently approximated by its asymp-
totes (see Appendix 3) and this approxima-
tion has been made in Fig. 12. An amplifier
having an open-loop response of this form
with a 6 dB per octave (20 dB per decade)
roll off will be stable (will not oscillate) for
all values of resistive feedback, for the
amplifier phase shift never exceeds 9o and
the feedback is negative at all frequencies.
An expression showing the effect of the
frequency dependence of open-loop gain on
closed-loop gain is obtained by inserting
equation (3) into the equation for closed
loop gain (eq. 1), thus

Ave Liw) %12 {]+ I
' B AV()L(w)l
R |
Ave Liw) 'RTT ‘m‘ .. (4)
] B Avor '

The closed loop 3 dB frequency is ob-
tained by equating real and imaginary
parts of the denominator, giving

(1 +B8Avor)w, . . . (2)

The closed-loop bandwidth is greater than
the open-loop bandwidth by the amount
g .AvoL.wm, At frequencies higher than
wocr, closed-loop and open-loop gains
become equal. This may be seen from
inspection of eq. (4) remembering that
£ x R,/R,. These points are illustrated in
Fig. 12 and also the fact that loop gain in dB
is the difference between open-loop gain
and closed-loop gain. Loop gain decrtases
with increase in frequency because of the
attenuation of open-loop gain, and con-
sequently closed-loop gain stability, linearity
and other parameters that depend on loop
gain are degraded at higher frequencies.

Not all op. amps are designed with a 6 dB
per octave attenuation. Some are designed
with a much faster roll-off, and these
fast roll-off amplifiers allow an improved
closed-loop performance at the higher
frequencies, but without compensation they
arc not stable under all conditions of resistive
feedoack. Consider an amplifier having an
open-loop response of the form shown in
Tig. 13, with a 6 dB per octave roll-off
breaking at wo,, and a second break at w,,
followed by a 12 dB per octave roll-off.
Mathematically this is represented by a
combination of two first-order high fre-
quency response functions with break
frequencies w,, and ®,,; where the slope
reaches 12 dB per octave the amplifier phase
shift approaches 180". With resistive feed-
back this amplifier would give stable closed-
loop operation for closed-loop gains in
excess of 60 dB, and at frequencies above the
closed-loop bandwidth open-loop and
closed-loop gains would become equal as
before. If feedback components were
changed in order to obtain a closed-loop
gain less than 60 dB instability would occur.
The criterion for stable closed-loop opera-
tion is simply that the rate of closure
between the open-loop and closed-loop
response curves should be less than 12 dB
per octave.

WoC L

oL = (1+BA G oy

B
dace Open loop gain

Closed loop gain
/
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B GO; BAoL I, 20dB /decade
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Fig. 12.  Amplifier with 6dB|octave
of open-loop gain.
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Fig. 13.  Amplifier with attenuation of

open-loop gain greater than 6dB [octave.

Appendices
1. Inverting amplifier
With ideal amplifier, i.c., infinite input im-

pedance, infinite open loop gain, infinite band-
with, zero output impedance

€o
e
Avol
and iy ir
B . € A, Co
ut |/ — an i —
TR TR
which gives
€o R,
AvoL - g
voL — o R,

With ideal amplifier except for finite open loop
gain

Co
Ci
P Rl P Avor,
! R, R,
e, .
. e, — € Avol ’
o R R
2 2
! |
e 1
“|Avor J
R,

As before #; = 17, and substitution and re-
arrangement gives,

|
e R,| ———
Ao =%~ — TR,
‘ . Avor R,

... (A
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2. Non inverting amplifier

With ideal amplifier, ¢, = 0 and
€ €o B -
L (] R, R2
which gives
€o R,
Av = 1 afa,
VoL e R‘

With ideal amplifier except for finite open loop
gain

Rl
e — e e ——
R, + R,
Co
but e
¢ AvoL

Substitution and rearrangement gives

€o
Aver = —
c &

. . . (A2)

3. First order systems
Consider the function

1
Avo

1 J aTc-

Avw)

At low frequencies the straight line given by
[ Av(w| = Avie is an asymptote and at high
frequencies the curve is asymptotic to

we
[ Aviw)| = Avor -

The high frequency asymptote has a slope of
20 dB per decade, i.c. if the frequency is in-
creased ten times | Av g | is reduced by 20 dB.
(If the frequency is doubled | Avigy)| is reduced
by 6 dB, i.e. 6 dB per octave.)

The asymptotes intersect at « €quals we and
here

Av0)
Ay o
V(we) 1 +]|
which gives
| Avwe| = Awo).—=
V2
| Av(wey| is 3 dB down on Avo) The angle

(phase) as well as the magnitude of Ai(y) is
of importance. It may be sketched as a function
of w by noting the following: 1. As w -+ 0,
Aviw) Ay 0y, which is real, therefore the
phase shift produced by the amplifier is zero at
low frequencies 2. As w — 00, Avw) becomes
imaginary corresponding to a 9o” phase lag.
3. At w = wey, AViyey has real and imaginary
parts equal, and the phase shift is thus 45°.
The two plots of magnitude and angle of
Aviw) are referred to as the Bode plot. The
magnitude of Ay, Is usually expressed in dB
and is plotted against a log (base 10) scale of
frequency.
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The Notion of ‘*State”’

59

A unifying concept in the diverse world of electronics

/)y James Franklin

Some of the older readers of Wireless World
tend to be worried by the fact that the
contents of a typical 1960s issue do not
seem to reflect a well-defined area of
technology—say ‘“‘radio’” as it was in the
'20s and ’30s. To them, and perhaps some
younger people too, it is disturbing to find
articles on computers and switching circuits
cheek-by-jowl with articles on receivers and
audio amplifiers. It is not enough to say
“well, all these things are embraced by
electronics’ and explain that there is now
one body of engineering theory which is
equally relevant to television sets and
industrial process-control systems. Within
clectronics the techniques, and the languages
used by their practitioners, often seem
worlds apart, and it may certainly be
difficult for a particular reader to under-
stand two adjacent articles in Wireless
World.*

One of the fundamental divisions in
electronics is, of course, between what we
call continuous or analogue techniques and
digital techniques, and this has arisen
largely because analysis and design is done
mainly in the frequency domain for the first
and in the time domain for the second. In
reality, of course, all events take place in the
time domain, and the frequency approach,
depending on the convention that all signals
are made up of pure sine waves, is a
specialized, blinkered view which avoids the
direct handling of time relationships because
it is convenient to do so. At the basis of the
frequency approach, however, are
differential equations which express the
behaviour of circuits and systems with
respect to time. It is these differential
equations which enable us to predict what
will happen after a specified interval of time
in, say, an LCR circuit with the same sort of
certainty that we can predict what will
happen after a specified interval of time in,
say, a shift register of a digital computer
(given the initial conditions and input
signals in both cases, of course).

In Fig. 1 this common dimension of time
1s used to comparc the action of an analogue
circuit with that of a digital circuit. This
diagram may be rather obvious and
elementary, but it is intended to bring out
the fact that both the behaviour of the
analogue circuit and the behaviour of the
digital circuit can be considered in terms of

* Although we do our best to find 'a lingua franca
that will help matters.—ED.

I

their having a srare which changes from
instant to instant (indicated on the two
graphs by the dots at ¢, 7, . . . .. r,). As
another example imagine the mechanical
“system’’ of a ball being propelled through
the air by the foot of a small boy (see Fig. 2).
The state of the system can be defined as the
position of the ball with respect to a threc-
dimensional frame of reference, and the x,
y and z distances giving this position are a
set of variables—the srare variables—which,
of course, change from instant to instant
during the flight of the ball.

In an electrical system the principal
variables which define its state are, of
course, the charges, voltages and currents at
various points. Again, the values of these
variables change from instant to instant
during the operation of the system. In
Fig. 1(a) we have selected for examination
one state variable which tells us practically
everything we want to know about the
behaviour of the circuit—the voltage across
the capacitor, V.. This variable has a
sequence of values, each of which is different
from the previous ones. In Fig. 1(b) a
significant state variable is the voltage Vg
representing the binary condition at the
output of the register. Here again the state
variable has a sequence of values at ?
Pre e 1 but at each instant it can be only
one or the other of two possible values.

In more complex dynamical systems the
number of state variables necessary to
describe behaviour will obviously be greater.
For example, in an LCR circuit one must
know about the movement of charge
through the inductor (e.g. current through

A
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it) and the accumulation of charge in the
capacitor (e.g. voltage across it). It is not
necessary, however, to know anything about
any variable associated with the resistance
because R is non-reactive and has no
memory and does not irself produce any
change with time in the flow of charge
through it. What are significant as state
variables in systems, then, are variables
associated with elements producing opera-
tions in the time domain—stores or delays
in digital systems, reactive or energy-storing
clements in continuous systems.

This view of system behaviour as a state
which changes from moment to moment is
by no means new. For example, Newton
talks about the state of rest or statc of
uniform motion of a body in the laws of
motion he propounded in the 17th century.
A more conscious use of state, in analysing
dynamical systems, was made in the 19th
century by the French mathematician and
philosopher Henri Poincaré who introduced
the whole mathematical basis of what are
now called state space techniques in his
three-volume work “Les  Méthodes
Nouvelles de la Mécanique Céleste’”. Also
in the 19th century the Russian mathe-
matician Liapunov (well known to students
of control theory) used the concept of state
in analysing the conditions for stability in a
dynamical system. During the past decade
there have emerged various methods for
applying these ideas to engineering systems.
The remainder of this article is intended to
provide no more than an introduction to the
many learned works that have been written
on the subject.

Fig. 1. lllustrating the idea that
any system—here an analogue one
in (a) and a digital one in (b)—
can be considered as having a
state, which changes with
successive instants of time, 1y, 1,,

. g ali s etc.

— = Vg vV, |
[ Register — 8
— — Reod-out |
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Fig. 3 is a block diagram of an electrical or
mechanical system. As already explained
its state can be represented by a set of
variables, which here we shall call x,, x,,
[ & A . Xu. Similarly, its input will
consist of another set of variables which we
shall call u, uyy te5. ... .. 1, and its output
yet another set of variables y;, ¥4, Y5 . . . .Va.
(In many electronic systems, of course,
there is only one input variable, u,, and one
output variable, y,.) For convenience these
sets of variables are represented by single
symbols in heavy type, x, u and y, on the
diagram.

Now if Fig. 3 is an analogue system we are
interested in its state (and input and output)
continuously, and in graphical representa-
tions we use a continuous time scale ¢ as in
Fig. 4(a). But if Fig. 3 is a digital system,
although time is still a continuum we are
only interested in what happens at particular
instants on the Fig. 4(a) scale, 1, 1,,
By ale » »s etc. We will call these discrete
instants of time r+, where k ranges over the
integers. In most digital systems the
interval between the discrete instants 7 is
constant, and here we will call it 7. Thus
the actual time at which an event takes place
in the digital system is given by a value T
(with respect to 7,). But since T is a constant
it is k which is the significant factor and
we can then use a discrete-time scale as in
Fig. 4(b). Of course, the scale in Fig. 4(b)
could also be used for a continuous system if
it is assumed that T is infinitesimally small.

We can now use the symbology of
Figs. 3 and 4 to write down generalized
equatons for the two types of system. In the
case of the continuous or analogue system
we can say first that the state x is a function
of time, which is expressed formally as x (z).
At any instant the state of a system depends
on its initial condition when switched on or
otherwise started—an instant we shall
define as r,—and on the input during the
period between 1, and the present instant, ¢.
This can be written in algebraic form as

X(t)=fIx(x):u(te. )] ... (1)

where f is some function.

The output of the system can be con-
sidered as one or more of the internal state
variables which have been made available
externally for observation, measurement or
further use in some way. Thus y (¢), the
present output, depends on x(z) the
present state, and algebraically we can
write

y()y=glx(l ... Q

where g is some function.

Equations (1) and (2) are what are called
the ‘“state equations” for a continuous
system.

With a digital or discrete-time system we
are concerned with the state x in Fig. 3 at
particular instants of time, so using the
symbology of Fig. 4(b) the present state is
represented by x (k). Consider, for
example, a simple digital system such as a
bistable, with an input consisting of a
triggering voltage and an output consisting
of a voltage taken from one side of the
circuit. It has two possible states,
expressible in binary symbols as “o 1 and

y
o~
A ke
2
\ tn
\
! L A
o
\
\
Y,
! \J tn

Fig. 4. Two scales for representing |
events in the time domain ‘

graphically : (a) for a continuous f ‘

system; (b) for a “discrete-time’ ¢
v

system, where we are only >

interested in what happens at
particular instants.
2

“1 0”. Which state it occupies at any given
instant depends on (a) its state at a previous
ume and (b) the presence or absence
of a triggering voltage at that instant. Thus
x (k) depends on x (¢ — 1) and u (k). This
can be expressed algebraically as

x (k) =qglx(k — 1):u(k)] ... (3)
where ¢ is some function. And since the
present output y (k) is an observable part of
the present state

yk)=r[x®)] ...@4)

where r is some function.

Equations (3) and (4) are the correspond-
ing state equations for the discrete-time
system.

At this point the reader may have become
rather lost in the abstractness and generality
of this form of system representation, so a
look at some concrete examples may be
helpful. Let us, for an example, consider the
simple LCR system in Fig. § in terms of the
state concept. Here the input is a single
variable, a voltage e¢,. The output is also a
single variable, the voltage e, developed
across R. We must now decide how the
state of the system is to be represented and
what are the state variables. Earlier it was
stated that the state variables are those
variables associated with the elements
which cause changes in the time domain—in
particular energy-storage elements in con-
tinuous systems. Here, then, the state
variables are clearly linked with L and C. In
an inductance the energy stored is given by
4 Li% so an obvious variable to choose as a
state variable is the current : flowing
through the inductance. Similarly with the
capacitance, the energy stored is given by
} Cv? and the most obvious state variable is
the voltage v across the capacitor. A further,
practical, reason for choosing these two
particular variables is that when the
differential equations for such circuits are
being solved the initial conditions necessary
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Fig. 2. The state of this mechanical
“system is the position of the ball within
the frame of reference—given here by the
distances Xiny Yen and 2in which fix it at the
instant 1, “frozen” in the picture.

Fig. 3. Block schematic of any system.
Each of the symbols u, x and y represents a
complete set of variables. In many
electronic systems there is only one input
variable and one ourput variable.

State X
100Gt = e o System e @OutRUL
u |
S
(a) T | (b)
v
T
*
1]
————— — — X
4 2
L W
for solution are wusually most readily

obtainable in terms of inductor current or
capacitor vojtage. But in practice other
variables can be chosen, provided that they
are linearly related to the basic state
variables, the i and v in this case. For
example, another possible pair of state
variables in Fig. 5 would be e,, which is
obviously derivable from :, and de,/d:t
which is related to v.

Since we wish to examine the state of the
Fig. s system in the time domain, we must
use differential equations to represent the
rates of change of the variables concerned.
In fact the general rule for expressing the
behaviour of continuous dynamic systems in
“state”” form, developed from Poincaré’s
work, is to derive from the system equation
a set of first-order differential equations
which express the behaviour of the energy-
storage elements. In this case we have
chosen ¢ and v as the state variables, so the
relevant rates of change to be used in the
differential equations are

di de
dr - dr
The system equation for Fig. 4, set up from
Kirchhoff’s voltage law, is
di )
gy '=\k Y Ri + v

T

Input €; R

'
O

€5 Output

F0

v

Fig. 5. A continuous system consisting of a
simple LCR circutt. Considering it in

terms of the “state’ concept, one set of

state variables can be the current through the
inductance and the voltage across the
capacitance.
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(=
T—I } 1¢ l <f
Input VvV, h 4 & V., Output
T ;
i -
e O

Fig. 6. Diode “pump” circuit used as an
example of a discrete-time system. The
input is a sequence of pulses of amplitude V.

From which

di R I | 5
dr L TETEM 5
The charge on the capacitor ¢ - Cvu, so
v = q/C
S dv d(g/C) I
Sy < CI A ()]

(Since rate of change of charge, ¢, Is
current, 7).

Equations (5) and (6), then, are the
required first-order differential equations.
It will be noted that these have been
obtained from what can be considered as a
second-order differential equation if the
system relationships are expressed in terms
of charge:

g