Electronic

Engineering

Venner Counter-Timers give you top value for money

4 digit 5MHz £130*

Measures frequency to 5SMHz
Measures period to 100kHz
Measures time (1 line)

from 10psec to 10 sec

Crystal accuracy 5 x 10-¢
Input sensitivity 75mV
Steady clear display

4 digit 7.5MHz £150*

Measures frequencyto 7.5 MHz
Measures time 1psec—10sec
(1 or 2 line)

Measures frequency and
frequency ratio ; counts, too
Incorporates 2MHz oscillator
accurateto 1 x 10-°

Input sensitivity 75mV

Steady clear display

TSA6636

6 digit 12.5MHz £195*

Measures frequency to 12.5 MHz
Measures time 1psec—10sec

(1 or 2line)

Measures frequency and
frequency ratio ; counts, too
Incorporates 2MHz oscillator
accurateto 1 x 10

Input sensitivity 75mV

Steady clear display

*Prices in UK only
Venner Electronics Ltd.
Kingston By-Pass

New Malden « Surrey
(01-942 2442)

Venner A. G., Burgernzielweg 16,
3006 Berne
Venner N. V., Helmstraat 3, Den Haag

Instruments normally finished in grey.

Ask for a demonstration
of these three Venner
Counter-Timers by
contacting Venner today.
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FOR THE BEST IN GONNEGTOR DESIGN

THE SECRET IS IN THE SPRING

EDGE CONNECTORS —EWD SERIES

The latest range of Ferranti Edge Connectors offer even
greater reliability. The design incorporates a unique rolling-
leaf spring contact, which has a low rate stress limiting
characteristic, giving controlled contact pressure and very
low insertion and withdrawal force.

AVAILABLE WITH 8, 16, 24, 32 or 40 POLE POSITIONS
SINGLE OR DOUBLE SIDED CONTACTS.

CONNECTORS
LFC SERIES

Ferranti LFC Connectors are designed for use either as rack
and panel connectors, or, when used with the appropriate
connector cover, as a free plug or free socket. LFC
Connectors offer: UNSURPASSED RELIABILITY - VERY
LOW INSERTION FORCE LOW RATE FLOATING
SPRING - CONTROLLED CONTACT FORCE,

Available in 35, 70 and 91 pole sizes.

WRAPPING TOOLS

The Ferranti range of Wrapping

Tools enable wrapped joints to

be made quickly and easily

with the minimum of staff training. Wrapped joints are the
most reliable joints known, take less space and completely
eliminate the possibility of damage caused by heat.

A full range of Hand and Power operated tools is available
for making standard or miniature joints. Standard power
tools are driven by compressed air and miniature power
tools by electricity.

CIRCUIT-SAVERS

Ferranti Circuit-Savers overcome the

problem of replacing quickly and easily integrated circuits
in printed circuit boards. The Circuit-Saver is inserted into
the board and soldered into the circuit. Integrated circuits
in 8 or 10-lead TO-5 encapsulations can then be inserted
into the Circuit-Saver in a matter of seconds. Thus integrated
circuits can be replaced quickly, without damage.

FERRANTI

First into the Future

FERRANTI LTD - KINGS CROSS ROAD - DUNDEE - SCOTLAND - Telephone: (ODU2) Dundee 89311
DS/T154/2
ELECTRONIC ENGINEERING i JUNE 1967
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0-30V:: 2Rin 30 see

That’s a Belix power supply

0202t 30Vin 2 sec

That’s a Belix power supply

MIBE 10270

That’s a Belix power supply

For full details

of the R.S. range
and of other

Belix Power Supplies
please

write or telephone

BELIX

The Belix Company Ltd.

47 Victoria Road,
Surbiton, Surrey

Telephone: 01-399 5764

ELECTRONIC ENGINEERING 2 JUNE 1967
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Oneoffmanship
REED RELAYS

Alma design
nearly three hundred

reed relays in three years
Many of these specials have now been
incorporated into our standard range of
relays.  Alternatively, they have been

adapted to form the basis of other specials.
So if you have a call for a reed relay quite
unlike anything you’ve heard of before—
call Alma. Chances are we already have a
design to suit exactly. And that will save .
you TIME!

Typical examples

A e aLMa

REF 128 \ = . o ; - |

4 VOLTS

Very sensitive type - 2smW Low capacitance - IpF High voltage - 25kV High insulation - 1014Q
Not shown - Reed Uniselector for sequential switching

Lniya ALMA COMPONENTS LIMITED

i’ . 4 Park Road * Diss * Norfolk * Telephone: Diss 2287 - Telex 98162
M.O.A. & A.R.B. Approved inspection .

JUNE 1967 3 ELECTRONIC ENGINEERING
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ACROSSINDUSTRY...
THEY'RE PREPARING
FOR NATURAL GAS

ARE YOU?

Engineers are keenly anticipating the arrival of natural gas.
No wonder. This brand-new primary fuel, right on Britain's
doorstep, holds an immense potential. If the North Sea lives
up to its promise, it could make a major impact on the
economics of production, cutting costs and lending new
impetus to the whole engineering industry. Already enough
has been found to transform the scope of gas as an
industrial fuel. To purity for delicate processing work will be
added abundance for large-scale utilisation, for example, in
steam-raising. Experience in other countries has shown that
natural gas is an ideal industrial fuel and in Britain it will be
backed by the gas industry’s vast technical and research
facilities. Conversion from town gas presents no problem, so
review the future, talk to your Gas Board’s Industrial Gas
Officer and go gas now.

Industry is looking forward to

NATURAL HIGH SPEED GAS

5 ELECTRONIC ENGINEERING
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“There's afortune
in the idea-if only
we had the capital
to exploit it”

Sometimes it seems that the easiest stage of a real tech-
nical advance is the idea itself, and that the more difficult
stages are its application, development and eventual
marketing. For these stages finance is needed, and it is
frustrating to conceive the idea and then be unable to
raise the money to exploit it.

T.D.C.was formed to meet this need —to assistcompanies,
associations or individuals who have made a substantial
technical advance but are held up for finance at the com-
mercial stage. If you think that T.D.C. could help, begin
by sending for our booklet ‘Capital for Technical Inno-
vation’.

Technical Development Capital Limited

7 Copthall Avenue, London, E.C.2. @

A Subsidiary of
Industrial and Commercial Finance Corporation.

ELECTRONIC ENGINEERING
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By how much
will FREON
cut the cost of
your industrial
cleaning?

107.? 507.7? 8072

Because it removes grease and oils without harm
to metal, plastic or elastomeric parts, and has high
density and low surface tension, FREON is the ideal
cleaning solvent.

Du Pont makes over 40 different FREON fluoro-
carbons—all tailored to handle specific needs.

Many companies have reported dramatic savings
in labour and solvent costs after using FREON
solvents—and they have received the benefit of
Du Pont's considerable technical experience in
effectively analysing cleaning problems.

Find out how FREON solvents can give you better
cleaning at lower cost by completing the coupon
and posting it today.

J7 = TR, TESS S Re es l

To: Du Pont Company (United Kingdom) Ltd.,
‘Freon’ and ‘Vaiclene' Products Department,
Du Pont House, Fetter Lane, London, E.C.4.
| am interested in receiving information on the
advantages of using FREON solvents in cleaning

(State ap;EatIon )
Name . ~w

Position A

Company

Address__ o 8

Enquiries from outslide the U.K. and Eire should be addressed to:
Du Pont de Nemours International S.A.,* Freon’ and ‘Valclene’
Products Department, 81 route de I' Aire, Geneva, Switzerland,

FREON" @i»

0 U3 eat OPF

SOLVENTS R WD B By

«« « through Chemisiry

r---q---—--

% Du Pont's registered trademark EE6/67
----—----——---—J
@ ora7s
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meel a high class lamily thals nol
afraid of hard work.real hard work

First meet the ‘baby’ logger—the 620. He can handle up to four 4-digit measurements
a second with | »V resolution, and has floating differential inputs, insensitivity

to noise, expandability and versatility.

Not enough ? Try the 630 system—similar to the 620, but with added capabilities,
fully programmable functions, 6 digits and up to six measurements a second.

Still too slow ? Then go for the EI-85 system. This cool sophisticate can log up to
25 measurements a second—d.c. from 1 4V to 750V, d.c./d.c. ratios, a.c. volts,
ohms. He has a successive—approximation multimeter with +£0:01% accuracy, plus
a high CMR and active Bessel filter for noise protection.

Or perhaps you’'d prefer to meet their close relations, the digital voltmeters . . . like
the EI-85 which provides a full 5-digit measurement in 10 milliseconds with
+0-005% accuracy, and the 630 which has 6-digit display and | xV resolution.
These are just some of the Honeywell test gear family. Get to know

them-——and the others, by writing for details to

Honeywell Controls Limited, Test Instruments,

Great West Road, Brentford, Middlesex. ATLas 9191, Honeywell

Honeywell International: Sales and Service offices in all principal cities of the world. Manufacturing in U.K., U.S.A., Canada, Netherlands, Germany, France, Japan,

JUNE 1967 7 ELECTRONIC ENGINEERING
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PULSE GENERATOR PG:2

THE MOST VERSATILE PULSE GENERATOR IN ITS PRICE RANGE

VARIABLE RISE AND FALL TIMES
VARIABLE WIDTH AND DELAY
VARIABLE BASE LINE OFFSET
1¢/s TO 16 Mc/s.

MADE IN ENGLAND

The type PG-2 is an all solid state pulse generator mPRF 1 ¢/s to 10-Mc/s (16 Mc/s double pulse)
with true positive or negative single or double mwWIDTH 10 nsto 200 ms

pulse outputs, offering the widest combination of g DELAY —10ns to 4200 ms

PRF, pulse width, delay and rise and fall times in g RT & FT 10 ns to 20 ms

any single instrument in this price range. = OUTPUT O to 20 V (12 V into 50Q)
m BASELINE SHIFTOto 4V
m POSITIVE, NEGATIVE OR COMPLEMENTARY PULSE
= PANEL HEIGHT 3%”
= PRICE £380.

[l CLAUDE LYONS LIMITED

Instruments Division,

Valley Works, Hoddesdon, Herts. Hoddesdon 67161. Telex 22724

76 Old Hall Street, Liverpool 3. MARitime 1761. Telex 62181
D13

ELECTRONIC ENGINEERING 8 JUNE 1967
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the lamily-
a range of XY graphic recorders.
the planning-by Honeywell

Start with the 'baby’, the 320M. Although it is low priced and measures only
12" x 19”, the 320M is packed with big instrument features that make it an accurate,

versatile and reliable choice. For example, it has a repeatablllty of + 0-1%, 80 xV/cm

sensitivity, and can have a built-in time base. .

Then there’s the 520, a high sensitivity recorder (50 »V/cm) with isolated inputs

and potentiometric input impedance for use with delicate signal sources. It has an

accuracy of &+ 0-15%, internal time bases on both axes and remote control facilities.

For plug-in module versatility, there’s the top performance 400. In one or two

(X-YY’) pen versions. This instrument has been designed to make ‘obsolescence’

a forgotten word |

The full story about the family of X-Y recorders is yours for

the asking : simply drop a line to Honeywell Controls Limited,

Test Instruments, Great West Road, Brentford, Middlesex. ATLas 9191,

Honeywell

Honeywaell International: Sales and Service Offices in all principal cities of the world. Manufacturing in U.K., U,S.A,, Canada Netherlands Germany, France, Japan

JUNE 1967 9 ELECTRONIC ENGINEERING
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See For Yourself
By Testing Sankyo’s
Family Of Micro Motors!

3
MMSB‘I.....SmgIe speed (am’fw For high gradé
KT o tape recorders.

MMP55.....2 ‘speeds (2700,4800 rpm). For 8mm
: cameras.
- MMZ6...... Without governor For sttll and cameras.

i 'SPECIFICATION FOR SANKYO MICRO MOTORS

Dimension  Rated Range Rated  Rated No toad Starting Life
Yoitage of Yorgue Speed  Load Current  Torque
Voitage Current -

tmm) £ wy (gr-cmi  {rpm)  (mA} {mA) {gr-cm) {Hrt

: # Lengih
| OMTI | 4Z%37 6 45— § 9 2400 40 130 25048V 600
oMYISE 42%37 & 4.5~ 6 15 2400 S0 200 5045V 600
© pMvsl) 42x37 12 8 ~12, 20 2400 50 150  50(8V) 600
MMs4| 25355 6 6 -10 10 3000 40 140 2016V} 600
wmssi] 25x365 6 45— 63 7 S000 5o 140 250859 1000
 wmpss{ 2045 45 4 —6 10 2100 (&) (2900 oasV 50
wuzs | 16x28 2 4 -8 2 5000 moor 120 isiew 100

Sankyo

Motor Division

SANKYO SEIKI MFG. €0.,LTD.: 17-2, Shimbashi 1-chome, Minato-ku, Tokyo,

Japan. Tel: 591-8371 Cables: SANKYORGEL TOKYO

AMERICAN SANKYO CORP.: Rm. 808-10, 95 Madison Ave., N.Y.C.,N.Y.,

U.S.A. Tei: LE-2-8020

SANKYO (EUROPE) EXPORT und IMPORT G.M.B.H.: 4 Diisseidorf, Bahnstrafie
- 45-47, W. Germany. Tel: 25652/3

ELECTRONIC ENGINEERING

D

TYPE 1B

(British Patent
No. 864992—
British Foreign patent)

For more information circle No. 15

UNIVERSAL
MINIATURE
COUPLINGS

The extensive range of Oxley precision
made mechanical spindle couplers
have been specially designed for
leading out shafts and spindles from
inconveniently mounted components.
They are unique in utilising P.T.F.E. as
bearings. Thus reducing friction and
consequently eliminating wear and
backlash to a minimum ensuring

long life.

The units can be supplied with taper
and grub screws or with socket clamp
arrangement.

The shaft sizes range from .125” to
.250"—other shaft sizes can be
accommodated upon request.

For full technical particulars write to

DOXLEY

DEVELOPMENTS
COMPANY LIMITED

Priory Park, ULVERSTON, North Lancs.
Tel. Ulverston 2621

JUNE 1967
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when it comes to air conditioning for computers

Delicate plants, computers . ..

their air conditions must stay
within a hairsbreadth of the
perfect.

The people to ensure that are
the HK Organisation.

They draw on many years of
specialised experience in the
installation of air-conditioning
plant for factories, schools,
offices, restaurants, cinemas
and textile mills — some
razor-thin tolerances in the air
around that industry, too!

HK technicians and designers
are ready to examine your
air-conditioning requirements,
and to put forward complete
specifications, drawings and
estimates for an efficient and
economically-running
Installation.

if atmospheric conditions
are a problem, let HK clear
the air for you!

AIR CONDITIONING
DIVISION

Hall & Kay Limited,

Birch Street, Ashton-U-Lyne
Lancs,

Tel: ASHton 5551 (7 lines)

HEATING DIVISION
Birch St., Ashton-U-Lyne
Tel: ASHton 5481 (3 lines)

ELECTRICAL DIVISION
Electric House,

Birch St., Ashton-U-Lyne,
Tel: ASHton 4252 (3 lines)

Members of the Spark Holdings
Group of Companies

For more information circle No. 16

READ ALL ABOUT THE HK
‘THREE-IN-ONE’ SERVICE

Send for the brochure which
describes and illustrates the
full extent of the service
offered by the HK Organisation
in air conditioning, heating and
electrical power.

HALL & KAY AIR-CONDITIONING, HEATING AND POWER ENGINEERS

JUNE 1967
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You

CAN NOW OBTAIN

APAGITORS

.from the
RADIO
RESISTOR

Many important types are becoming available including:

METALLIZED
(DUPONT) MYLAR

World's smallest in the
1,000 to 39,000 pF range—
completely reliable—tropic-
alized—conform with
N.A.T.O. specifications.
+1% 3% 5% 10%. 63V-
400V.

Please write or telephone for
full technical details

and samples

For more information circle No. |7

STABILIZED
POLYCARBONATE

High frequency and tem-
perature stability—excep-
tionally low power factor—
high. dielectric insulation
resistance—operate up to
125°C—big space savers.

METALLIZED
POLYESTER

Rugged reliability— small,
for subminiature assem-
blies—high performance—
high quality—competitively
priced for production runs.
1,000 pF, 47 m/d 4+ 10%:
20%. 250V-400V.

MINIATURE
ELECTROLYTICS

Unique types in moulded
bakelite resin sealed axial
and printed circuit termin-
ations 3 volt and 75 volt
working.

RADIO RESISTOR CO LTD

9-11 Palmerston Road, Wealdstone, Harrow, Middlesex

Telephone: HARrow 6347

Telex: 25573
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whats a little one dmm nan
advertisement aboul big Dadd of

You can’t beat family pride | So when we decided to show you the 2106 Visicorder,

we thought let’s bring the little one in as well.

The 1706 was after all the first ever low cost UV recorder, and what a fine picture it

makes with its newly added electronic flash timing, grid lines and 5 sets of 8 paper speeds. ..
But it’s the 2106 that’s the real big Daddy of Honeywell’s oscillograph family.

For a heart it has the world’s best galvos—range 0 to 13,000 Hz. Its 12 (+ 2 auxiliary)
channels, chart speeds up to 300 cm/s and full width electronic time and grid lines

add up to a pretty powerful versatility.

..And it’s not as expensive as it looks | The 2106 is just one of the Visicorder family
about which we’d like to tell you more. We will gladly add your name to the mailing list
if you drop a line to Honeywell Controls Limited,

Test Instruments, Great West Road, Brentford, Middx. Atlas 9191.

Honeywell

Honeywaell International: Sales and service offices in all principal cities of the world. Manufacturing in U.K., U.S A, Canada, Netherlands, Germany, France, Japan.
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WELWYN
METAL FILM
DISC & ROD

RESISTORS

microwave
applications

Eﬁ}h ¥
Typical assembly actual size (@*ﬂhse

% OHMIC RANGE
Disc: 10 to 800 at + 17
Rod : 10 to 4K at + 1

% WATTAGE RATING AT 70°C (in free air)
0-25 watt

% LOAD STABILITY
<1%

* FREQUENCY RANGE
D.C.to 4000 MHz. VSWR is 1-05
4000 MHz. to 10000 MHz. VSWR is 11

% Can be suppliedin TT.T and L assemblies
from 1db to 40 db in 1db steps

Impedance Tolerance : + 1%
Attenuation Tolerance: +0-1db or+ 2

™)

WELWYN ELECTRIC LIMITED

BEDLINGTON NORTHUMBERLAND ENGLAND

DOUBLE DENSITY D

uses the existing D Subminiature shell and access-
ories with crimp snap-in, twisted pin contacts on
-075" centres for double contact density (19, 31, 52,
78 and 100 contacts)

c Electri FEe=—e——=——xm
(Lc_?.'t;';?:;‘amg‘i’..i'iw., I:AN NON
Blass?l:gs::ké, Hants. . PLUGS

Tel: Basingstoke 3171

Reglstered Trademark

For more information circle No. 20
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Superior

PHOTOETCHING

5::!E|r\plll;sg‘:a'un“;°::rlough o:a';‘planl by
with stringent quality control. the
experts
Pl CHEMICAL MIllINGW
IN ALL FIELDS

that is
Flexible
Circuits

D Largest capacity in Britain

Q A D Longest experience in producing

Recording-head

Spacer Yokes  Laminations Greater know-how
E e
Grids

New large factory being readied

Masks

@

(11°]
(11"
(11°]
Evaporating YD All metals any project handled
D Effective delivery control
(11"

Plates

A Confidential service

X

o M M.O.A., A.R.B. approved

MICROPONENT DEVELOPMENT LIMITED
17 NEWHALL HILL BIRMINGHAM, | Telephone Central 6201 (Ansaphone)
For more information circle No. 21
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~ helped
to design
this range of
power supply units...

S0 THEY MUST BE GOOD!

S.B.RANGE VARIABLEOUTPUT D.C. STABIL!SED
POWER UNITS. Based on proven electronic circuitry,
incorporating a current limiting protection circuit and
designed with the emphasis on reliability,

- 8B30/10 ° Wariable| SB30/5 * Variable | SB30j2  Variable
1030 Voltsiat 10 Amps. | 0.30 Volts at5 Amps | 0.30 Volts at2 Amps.

U.K. PRICE £78 U.K. PRICE £58

INSTRUMENTS LTD.
arne SANDBECK WAY? WETHERBY
YORKSHIRE TEL. 2691/2/3/4

For more information circle No. 22
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SMALL TRANSFORMERS

for electronic applications
with Interservice Qualification Approval

With long experience in the manufacture and supply of small transformers for the Services

and Government, English Electric offer a wide range particularly suitable for radio, radar,
telecommunications, aircraft and marine transmitters and receivers and other applications where
quality, reliability and compactness are essential. Capacity is also available to manufacture in quantity
to customers’ specifications.

OPEN TYPE ‘C’ CORE TRANSFORMERS with full interservice qualification approval,

Humidity Class H.1 to DEF. 5214.

Transformers can also be supplied to the less stringent requirement, Humidity Class H.2.
HERMETICALLY SEALED 'C’ CORE TRANSFORMERS with full interservice qualification approval.

RESIN CAST 'C’' CORE TRANSFORMERS with limited qualification approval.

Send your enquiries, or for technical publications, to:
The English Electric Company Limited, Transformer Sales, East Lancashire Road, Liverpool, 10

Leadership in transformer design ENGLISH
" gl ELECTRIC

TFL. 87A

ELECTRONIC ENGINEERING 16 JUNE 1967
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POWER
SUPPLIES

‘Here’s why
we buy from
Advance’

We insist on exact specifications. We demand real assurance of service.
We get firm quotations, and we make ruthless comparisons. Advance come
out on top every time, with their outstanding range of modular power supply
units and their extraordinary skill and enthusiasm when it comes to design-

ing specials. Before you place an order for power supplies, at least find out

what Advance have to offer.

ADVANCE ELECTRONICS ILIMITED
Volstat Division, Roebuck Road, Hainault, |lford, Essex. Telephone: 01-500 1000. Grams : Attenuate, |\ford.

AV2.

For more information circle No. 24
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PHIL-TROL offerth ‘
PHIL=TROL i ue_ PRINTED CIRCUITS

of SOLENOIDS QUALITY BOARDS ‘

COMPETITIVE PRICES
GOOD DELIVERY

Design and prototype service with ample
production facilities for small batches or long
runs. All usual materials and finishes.

G.P.O. and M.O.A. Approved.

FLEGTRONIG ASSEMBLY

Skilled labour for assembly of electronic or
electrical equipment backed by machining

Phil-trol Solenoids range from a small type 45, suitable for §~ s L # .
spacing (i.e. for typewriters), to the AC type 83, 47 |bs over 13* and fabrication facilities.
on impulse duty and aiso up to 650 Ibs-ins for the DC type 96,
with complete range of AC and DC types between, push type,

pull type, spring return and DC fitted with fully damped silicon s -
rectifier circuits for AC supplies.
Somple orders despatched same day Production quontities 7 day service n M ™™
For Particulars ask for pamphlet 113E . :
o Reddicap Trading Estate, Sutton Coldfield

PHILLIPS CONTROL (G.B.) LTD .
Dept F7, Farnborough Road, Farnborough Hants, G.B. Telephone: 021-354 8048 »

Tel: Farnborough 41129 Grams & Cables: Phlltrol Farnborough, Hants A ”@m Company

Made to measure!

MODULAR DIGITAL DISPLAYS

Counting Instruments ‘In-Line’ digital display units
put over any message. Singly or in banks, in

sizes from " to 32" high, in colour where

required, these versatile units give information

in clear, graphic terms. .. on electronic

equipment, timetables, computers, control and
inventory systems, telemetering. All ‘In-Line’
displays work on rear projection, with quick

disconnect for lamp replacement, and conform SERIES ¥'—70 SERIES §—660
to ambient light conditions for maximum A precision read-out unit for  Lightweight and versatile, for use
o instrument panels, test equip- with computers, airborne equip-
readablhty and eye appeal. ment and similar assemblies. ment, control systems.
11 Lamp positions. 12 Lamp positions.

COUNTING INSTRUMENTS LIMITED
Eistree Way, Boreham Wood, Hertfordshire. Telephone: ELStree 4151 -

For more information circle No. 27
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The modern! method of measuring

M E G O H M insulation in workshop, laboratory
and on location.

No skill required: Just press keys and read Megohms.

Widely used in schools, factories, Laboratories, Colleges,
Government Establishments,

Standard Model reads 20M to 50,000M @ 250-1000 volts;
Lower and Higher Resistance & Voltage Ranges to Order.

Mains Operated: Stabilised Voitage: Will read
insulation Resistance of Capacitors.

Proven Circuitry. Gives years of trouble-free Service.

Easily Portable. Weight 14}lb. Dimensions 12}x8}
x9 inches. Steel Case.

Alternatively available in Polished Teak Case with
Lid and Carrying Handle.

Write or phone for full details*to

A LLI E D s
ELECTRONICS LTD

Ef”ﬂl/ﬂ”l’/ff//'ﬂé///a’ 28 UPPER RICHMOND ROAD, LONDO

N, S.W.15

All units actual size

SERIES 1"—600
With wide choice of characters,
variable grouping, and colour;
a really flexible display unit.
12 Lamp positions.

SERIES 3}"—650

For prominent display of single
numbers or combination of words,
digits and symbols. 12 or 27 Lamp
positions. Easily read at any angle.

For more information circle No. 29
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Model 501 Electrophoresis supply £525

Output 0-5kV, continuously variable at 500mA max.
Metering Both voltage and current.

Regulation Zero to full load at max. output: 9%.

Input 380/440 volts 3 phase and neutral 50 ¢/s.
Protection Mains fuses and overload trip.

Facilities 220v single phase outlet to drive hour clock.

External and zero current interlocks.
Overcurrent relay trip.

Models 620, 750 and 803 £285 each model
Output Model 620 1-10kV at 10mA.
Model 750 2-20kV at 5mA.
Model 803 3-30kV at 3mA.
Polarity Positive or Negative (not reversible).
Ripple Less than 12 volts Peak to Peak.
Stabllity 4-10% o
Ve Change° Better than 0.5%,.
Protection Preset overload cut-out. Mains and H.T. Fuses.
Regulation Zero Both Models better than 0.5% at full output.
to Full Load
Input 200/250 volts 50 ¢/s.
Size 19" wide x 17” deep x 15” high (cm. 48 x 43 x 38).
Model 825 £745
Output 4 to 40kV continuously varlable.
Output Current SmA max.
Polarity Positive or Negative (NOT Reversible).
Ripple Less than 40 volts.
Stability, +7%
Mains Chanoe° 0.5%.
Effective Resistance Less than 20 Kilohms.
Voltage Control Potentiometer on Front Panel.,
Metering Voltage and Current.
Protection Fuses and overload trip.
Input 200/250 volts. 50 c/s.
Size 24" x 22" x 44" (cm. 61 x 56 x 112),
Model PM2500R £149
Output 100-2,500 volts d.c.
Output Current 5mA d.c. maximum,
Polarity Reversible,
Ripple Less than 10mV,

Stability +7% 0,
Mains Changg Not worse than 0.03%.

Drift with Time Less than 0.01%, per hour.
Voltage Control 5 Switched Ranges with overlapping fine control.

Input 200/250 volts 50 c/s.

Size 19” wide x 17” deep x 7”7 high (cm. 48 x 43 x 18).
Model MR100R £585

Output 10kV to 100kV.

Output Current 0 to 1mA.

Polarity Reversible.

Ripple o Less than 0.1% at full output.

Stability, + 10% o,

Mains Change Better than 0.1%.

Protection Current Overload Cut-out, Preset Overvolt

Trip, H.T. Line Fuse, Mains Fuses.
Regulation Zero Better than 1%.

to Full Load

Input 200/250 volts 50 c/s.

Size ' 24" wide x 19" deep x 40” high (cm 61 x 48 x 102).

Model MR50HS £785

Output 5kV to 50kV.

Output Voltage 10-turn Calibrated Helical Potentiometer.
Control

Output Current 0 to 1mA.

Polarity Reversible.

Ripple % Less than 2 parts in 105.

Stability + 10%

Mains Change Better than 2 parts in 105,

Effective Resistance 60 Kilohms,

Drift-Short Term Better than 4 parts in 108 over 15 minutes.
Drift-Long Term Better than 1 part in 104 over 24 hours.

Protection Pre-set overload cut out.

Input 200/250 volts 50-60 c/s.
Model MRS50R (above) £270
Output 5kV to 50kV. Protection Pre-set overload cut out.
Output Current 0 to 1mA. Mains and H.T. fuses.
Polarity Reversible. Regulation Zero Better than 0.5% at full output.
Ripple 20 voits P to P. to Full Load /12 " B Eo0ianD S0 o o
Stability, + 10% o Input 100/125 volts an volts 50-60 c/s.
Mains cflange ® Better than 0.5%. Size 24" wide x 18" deep x 23" high (cm 61 x 46 x 58).
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How far do you go

to ensure

quality and reliability?

Stop right here!

ACTUAL SIZES

Morganite Cermet k ’ ﬂ

Trimming Potentiometers

These potentiometers have the superior quality and
reliability that components for space age electronic
equipment must have.

Every component part of a cermet trimmer is sub-
jected to rigorous quality control ensuring built-in
reliability.

The high operating temperature of the ceramic and
precious metal cermet resistance tracks gives an in-
creased power rating, facilitating miniaturisation and
improved high frequency performance. Cermet tracks
are not subject to catastrophic failure.

The cermet range includes two linear motion and three
rotary type trimmers, with ratings of 0.5W to 1.0W at
70°C and 85°C. The military versions meet the en-
vironmental requirements of MIL-R-22097B.

Every cermet is manufactured under controlled
atmospheric conditions and extensively tested at each
production stage, guaranteeing the highest level of
reliability.

Put your trust in cermet.

Send us the coupon and let us tell you more.

Please send me full details of Morganite Cermet Trimming Potentiometers

N A M e vt POSITION ...

- Morgan MORGANITE RESISTORS LIMITED &

k]

Bede Trading Estate, Jarrow, Co. Durham. Tel: Jarrow (ONE-2) 897771. Telex: 53353 ot qurses aro

ELECTRONIC ENGINEERING
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CONNECTORS FOR
THE ELECTRONIC
INDUSTRY DESIGNS

. : SUBMITTED FOR ANY
AN NEW OR SPECIAL ITEM

1 M ‘
tRLTL LN

Rectangular or round
multi-pin connectors
(miniature or sub-miniature)
covers - mounts

trailing leads - test points
transistor supports
Miscellaneous accessories

SOGIE'S ELECTRONICS DIVISION OFFERS YOU ITS SPECIAL UNITS AND SUD-UNITS

@ SILICON TRANSISTOR
STABILIZED
POWER SUPPLIES

@ TRANSISTORIZED
PORTABLE
PULSE GENERATORS

@ INDUSTRIAL
THERMOMETERS

CELDIS LTD., 43-45, Milford Road, Richfield Trading Estate, Reading, Berks.
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Do you have this brochure:

If you have, you’ll know quite a lot about the new Plessey
1 330 Magnetic Tape Store.

’ You'll know that its “breakthrough’” design provides four

independent tape stations in one unit at a really low cost.

You'll know that the 330 is suitable for use with EDP systems

PLESSEY and scientific computers and that the tape is stored in sealed
330 casettes—but why go on? If you have the brochure, you

know all these things and more.

If you haven’t a copy, may we suggest you use this coupon—

right away—or 'phone, or telex.

PLESSEY
Automation

PLESSEY AUTOMATION Rapma
The Plessey Company Limited Position
Data Equipment Division Company.
Sopers Lane, Poole, Dorset Address

BARRNY |

Telephone : Poole 5161. Telex : 41272

Telephone.

L

@ PA(DE)12
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The model 427A is arr all-solid-state,
multi-function meter for measuring Voltage
(AC or DC) and resistance. With it you
can make AC voltage measurements over
achoice of tenranges, DC over nineranges
and resistance over seven ranges.

This instrument was designed for broad
application in any laboratory, production

New

High Performance
Multi-function Meter

from

Hewlett-Packard

line or service department—or in the field.
It operates off battery or mains, depending
on your needs.

DC voltage range: 100 mV to 1000 V
full scale. Accuracy is + 2% of full scale.
AC voltage range: 10 mV to 300 Vrms
full scale. 10 Hz to 1 MHz with £+ 2%

accuracy.

HEWLETT w PACKARD

Resistance range: 10 Q to10 ML center
scale. Accuracy is + 5% of mid-scale.
Floating input allows measurement of AC
signals up to 500 V DC above ground. No
need to change input connections to
measure AC and DC, just change the
function switch.

Price: £87

Hewilett-Packard Limited, 224 Bath Road, Slough, Bucks. Tel.: Slough 28406 & 29486 ® 507
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Must
A.C.Stabilisers
be as
accurate
as

SERVOMEX
Stabilisers?

No. but when you can get tested 0-1% precision AND
military ruggedness for only about an extra shilling a week
PLUS the reliability required for their use 365 days a year
inthe worst tropical and arctic conditions SERVOMEX
superiority makes economic good sense

ELECTRONIC ENGINEERING 26 JUNE 1967
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A LOT OF 'SCOPE FOR £221

ble-beam mesh CRT

D5 3 by Telequipment sets

the pace for a new generation of low-cost
oscilloscopes. By adding this new

‘scope to the established S & D43 system,

the potentialities of the system have

been uplifted. D53 accepts the standard

range of amplifiers developed for the
Telequipment 43 series plus two additional
units types CD & HD which utilise the 0.25usec.
signal delay facilities in the 53.

Type A DC-15MHz, 100mV/cm;
DC-800KHz, 10mV/cm.

Type B Differential, DC — 75KHz,

WICUESTEE I O ey : 1mV/cm; Rejection 10,000:1.

' Ty Type CD Astype A plus 3Hz—75KHz,
100uV/cm,

Type D Envelope Monitor.

Type G Differential, DC — 10MHz,
20mV/cm; DC-500KHz, 2mV/cm.

Type HD DC-25MHz, 100mV/cm;
DC-5MHz, 10mV/cm.

D53 anticipates the demands of the

electronics industry for a general-purpose

oscilloscope for years to come.

*as illustrated, with Types CD and G plug-ins.

Pricein U.K. £207 — £235, depending on choice
of amplifiers.

Send for a detailed description of the new
D53. and for a copy of the current Telequipment
short-form catalogue.

<@>

Telequipment Limited - 313 Chase Road - Southgate - London N14
Telephone: FOX Lane 1166
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Now get integrated

...because the Mullard integrated
circuit range is right. In the past year it's expanded
fast—backed by all the technical advice you get
from Mullard. And prices are right—Mullard
quality and quantity production see to that.
Alongside you'll find details of our five digital
and linear ranges. Now, practically all your main
application requirements can be met. Anything
from low cost circuits to the 2ns, E°CL (emitter-
emitter coupled logic)—a Mullard first for
high speed computers.

Having established a range to meet most of your
requirements, we intend to stay fastest moving in
integrated circuits. Our ranges will be expanded
to meet all your requirements.

Range of medium speed DTLs

These are monolithic circuits, available in two
temperature ranges for industrial and military
applications. There is a wide choice of circuits, a high
complexity of gates and modern encapsulations.
Notable features include a propagation delay time of
typically 20ns; high noise margins ; high fan-outs;
and operation from a single 6V d.c. power supply.
For more information ask about the FC Range.

Low cost DTLs in TO-5 )
The performance of these is similar to the FC series but

the range is more limited. Intended for applications

where low cost, high performance, 10-lead TO-5

devices are required, these simple circuits are available

in two temperature ranges for industrial and military |
equipments, ‘
For more information ask about the OMY range.

2
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with Mullard...

Versatile high speed TTLs

This is our general range and circuits cover almost all
digital applications. These are monolithic and offer
advantages over DTL in speed (propagation times
are inthe 13nsregion) and a reduction in power
consumption per gate (to approximately 10mWw).
The present encapsulation is dual-in-line, and
flat-packs will be available shortly.

For more information ask about the FJ range.

Sophisticated, ultra-fast circuits

This is a specialised range for high speed computer
central processors. Itis a Mullard first—a new
concept combining speed and low-dissipation.
Propagation delays are down to 2ns and power
consumption is low (only 60mW for a standard gate
with a 0.7V logic swing).

For more information ask about the FK range.

Compatible, versatile linears

These are specialised devices for various applications.
They include two low-level amplifiers, a high
impedance audio amplifier, an operational amplifier
and a ring modulator, for telecommunications,
instrumentation and control systems. All devices are of
monolithic construction.

For more information ask about the Linear range.

Mullard Limited, Industrial Markets Division,
Mullard House, Torrington Place,
London WC1. Telephone 01-580 6633.

Mullard /C

fastest moving in integrated circuits

IMDSSR



For more information circle No. 40

E.M

the widest
range of ¢ i |

E.M.L. Diodes. Now, not only pro uced wnth

high quality but in vast quguffty Diodes
for almost every application. Diodes,
| diodes, diodes . . . millions of them /

manufactured under the strictest quality
control to give unquestionable performqﬁce.
QA testing guarantees batch reliability a
speeds bulk delivery requirements. Prototype
diodes can be delivered within 48 hours of
the receipt of customer specifications.
Design with E.M.L.—specify E.M.L.

Controlled
| Switching Diodes Core Driving Diodes Forward Conductance Diodes

1N914—CV7367 HS9006, HS9084, HS9090, HS9096, CV9638 1N3065—CV7626, 1N3605
1N916--CV7368, CV8617, CV9637 Range: Forward Current: up to 300 mA at 1v Range: Vg controlied to - 10%: 100 #A to 20mA
HS9000 SERIES Breakdown Voltage: up to 100v at 5uA Breakdown Voltages up to 75v at BuA
Range: gorv\;(ard Current; - up to 1(0)0mA ativ Ratings: Total Power Dissipation 400mwW Ratings: Total Power Dissipation 250mW

reakdown Voltage: up to 100v at SuA Peak Current 750mA Peak Current 225mA
Ratings: Total Power Dissipation 250mW Surge Current (1 Sec) 2A Surge Current (1 Sec) 500mA

Paak Current 228mA : T . 4

) Typical Characterfstics: Typical Characteristics:

Surge Current (1 Sec). 500mA Co at Ov = 1.5pf Co at Ov = 1pf
Typical Characteristics: Reverse recovery time Reverse recovery time
Co at Ov = 1pf 200mA : 200mA : 20mA = 6nS 10mA :10mA: TmA = 2nS
Reverse recovery time Stored charge at 10mA = 50pC Stored charge at 10mA — 35pC

10mA: 10mA: 1mA = 2nS
Stored charge at 10mA = 35pC

Write now for complete data on the range of E.M.L.
semi-conductor products, including silicon sub-miniature
power diodes/rectifiers, voltage reference (zener) diodes,
high voltage cartridge rectifiers, PNP and NPN silicon
transistors.

EMIHUS MICROCOMPONENTS LIMITED
Glenrothes, Fife, Scotland. Sa/es Office: Heathrow House
Bath Road, Cranford, Hounslow, Middiesex.

Telephone: 01-759 9584/5, 9961/2 Telex: 23613

BML/§
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In Making Masks for
Electronic Gomponents ...
... there's no
Margin for Error!

Now carefully pee! oft the film as
outlined leaving a completed photo
mask, positive or negative, that
corresponds exactly to the desired
pattern.

THAT’S WHY EXPERIENCED DESIGNERS
AND ENGINEERS ALWAYS INSIST ON...

UBYLITH

HAND-CUT MASKING FILM FOR THE GRAPHIC ARTS

by

THE KNIFE-CUT, LIGHT-SAFE MASKING FILM
LAMINATED TO A STABLE POLYESTER BASE

The most versatile line of hand-cut masking films, including
.0075—RUBYLITH 75 DR* .005 RUBYLITH 5 DR
.005 AMBERLITH 5 DA

These new, thick Ulano films provide the positive answers
where exact register assumes a critical importance,

*Avoiloble in sheets only, cut to your specifications,

Distributed by
OOQ HUNTER-PENROSE-LITTLEJOHN LTD.

109 FARRINGDON ROAD, LONDON E.C.1

TM.
610 DEAN STREET,BROOKLYN, N.Y. 11238
U NEW YORK e CALIFORNIA® CHICAGO ¢« ZURICH
In Europe: ULANQ A.G., Untere Heslibachstrasse 22, Kusnacht 8700, Switzerland

Write on your letterhead for special electronic test kit (no charge) No.417:3
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TIPS

MADE IN THE UK

‘ BANDPASS FILTERS

“..

Brush Clevite can give you the best tips on Bandpass Filters

They make them in U.K. and they are down in price. There are major reasons why Clevite's growing
family of ceramic filters are replacing LC, quartz and mechanical filters in a broad range of military and com-
mercial equipment. Check these plus points for a start. Small. Lightweight. Rugged. Large range of band
widths. Non-microphonic. Permanently tuned. Immune to magnetic fields. High stop band rejection and clean
response. Highly stable with both temperature and time. There is a Clevite filter for almost every application.
Take our tip. Write for up-to-date Bulletin Sheets TODAY.

ELECTRONIC ENGINEERING

Keep in touch with

Sl BRUSH CLEVITE

BRUSH CLEVITE COMPANY LIMITED - THORNHILL' SOUTHAMPTON
TELEPHONE SOUTHAMPTON 48055 - TELEX 47687- TELEGRAMS BRUDEV SOTON

CLEVITE CORPORATION PIEZOELECTRIC DIVISION
232, FORBES ROAD. BEDFORD. OHIO. 44014
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contacts and
41 years expenence:
in this miniature
round connector

BICC-Burndy's new crimp-type, snap-locked, removable-
. contact Bantam connector conforms to MIL-C-26482C.
It combines high circuit security with low installed
cost—meets all requirements for military
applications, aircraft wiring systems, black boxes
and ground test equipment.

Note these advanced features:
| = Bantams mate with, or replace, all connectors to MIL-C-26482C
Contact securely locked by internal retaining spring of
insert body
Unique polarization system precludes mismating
Positive bayonet coupling locks plug and receptacle
Four shell styles for up to 61-way circuits available
Vibration-resistant and- moisture-proof within temperature
' range — 55°C to +125°C

m Resilient grommet ensures individual contact and interfacial
seal when mated VLY
| f Four Shell Styles Available ] Automatic Tooling
s l
0 Wall mounting 2 Box mounting 4 Jam nut 6 Straight cable
flange receptacle  flange receptacle  rear mounting plug
receptacle J \
- b M10S1four-indenthigh- | Bandomatic bench-size machine for
CRIMP AND SAVE WITH BANTAM CONNECTORS. reliability hand tool. | high-speed, high-quality production.
SEND FOR DETAILED INFORMATION—TQDAY. Full cycling, tamper- | Installs contacts at rates in excess
Q proof ratchet control— | of 1200 an hour—ever_;hcnmpd tlo
produces 3000 Ib force | guaranteed accuracy. The pedal-
2 B c c- Y at dies. Crimping dies | actuated Bandomatit has no exter-
v I B U R N D intercpangeable—-fast nal moving parts—safe and easy
BICC-Burndy Limited, St. Helens, Lancs. Telephone: St. Helens 24000 Telex: 62125 _and simple. JoRonerges J
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Bright six-inch digits give an unmistakable
weight reading above the crane cab from Elliott
Automation equipment at Lysaghts Scunthorpe
steelworks. K.G.M. make the widestrange of Dig-
ital Indicators in the country and in size they go
right down to sub-miniature showing 1" digits.

Ask for leaflets describing
this range.

electronics: limited

BARDOLPH RD
Phone: RIChmond 7171

RIGHMOND
Surrey

ELECTRONIC ENGINEERING

For more information circle No. 45

distributors

for

EMIHUS

U.K. Distributors
Dage (G.BJ) Ltd.

Electronic Com-
ponent Supplies
{Stough) Ltd

A. C. Farnell Ltd.
Morris Warden &
Co. Ltd.
Quarndon
Efectronics(Semi-
Conductors} Lid.

§.D.5.

{Portsmouth) Ltd.
Townsend
Coates Ltd.

4 Penn Place, Rickmansworth, Herts.
Tal: Rickmansworth 77101

Providence Hduse, River Street, Windsor Berks.
Tel: Windsor 60192/3

81 Kirkstalt Road, Leeds 3 Tel: Leeds 35111

Morden House, 10 Royal Crescent, Glasgow, C.3.
Tel: Douglas 8671

Slack Lane, Derby. Tel: Derby 46695

.67-69 Commercial Road, Portsmouth, Hants.

Tel; Portsmouth 20466
“Coleman Road, Leicester, Leics.
Te! Leicester 68561/5

From Glasgow down to Porismouth there are seven Emihus
Distributors. Engineers_and others who need urgent supplies

34

of semi-conductors and other EML components are assured of
speedy delivery. Technical information concerning EML products
is available from Emihus London office on request.

EMIHUS
MICROCOMPONENTS

LIMITED
Glenrothes, Fife, Seotleid. ™"

Sales Office: Heathrow House, Bath Rd. Cranford,
Hounslow, Middx. Tel: 015759 9584/5, 9961/2

EJM]L)
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ONLY AMPEX OFFERS ALL THESE
ANSWERS TO YOUR AIRBORNE
DATA NEEDS:

New analogue and digital recordersand
tapes for airbornef/hostile-environment
use—all highest state-of-the-art.
ATM-13 DIGITAL RECORDER: rugged,
reliable, computer compatible, it writes
and reads data in 7-track IBM or 9-track
ASCil format. No costly delay for format
conversion. Use on-line direct to a com-
puter or off-line as a data collector. 60
KC character transfer rate at 75 ips, 800
cpi density. Restriction-free program-
ming. Broad data input range up to 500
KC continuous bit rate; 7.5 MC burst
rate with buffered system. The ATM-13
gives you greater operational flexibility,
3(/101; perform programs faster, get more

ata.

‘.“.é L g AT

* o

“Now-all in one baskr;! 3

800 SERIES COMPUTER TAPE: made
for optimum performance with the
ATM-13. Exceptionally clean-running,
highly antistatic, ultra-smooth surface.
Guaranteed 100% error-free to begin
with, Ampex tape is made to give you
highest data reliability and greater
through-put.

AR-1600 ANALOGUE RECORDER:
allows you to gather and recreate with
precision more usable data than ever
before possible. Features 14-channel
recorder and reproducer, 14-inch co-
axial reels for twice the recording time
of 10%-inch reels. 2 MC frequency res-
ponse. Controlled envelope delay char-
acteristics. More than two orders of
magnitude improvement in time base
accuracy, and improved inter-channel
time base accuracy. The AR-1600 is

For more information circle No, 46
IO oy
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compatible with ground lab equipment
for tape interchangeability,and simple,
fast data reduction.

770 SERIES INSTRUMENTATION
TAPE: specifically designed to match
the short wavelength performance of
the AR-1600. Offers absolute uniformity
throughout the entire recording spec-
trum. Exceptionally clean-running and
long-wearing.

SEND FOR FREE FLIGHT KiT—con-
taining descriptive data on the latest
Ampex airborne recorders and match-
ing tapes.

Ampex sales and service facilities are conveniently located throughout Europe and the Middle East. For more intormation write to: Ampex Great Britain Ltd., Acre Road,
Reading, Berkshire, England. Telephone: Reading 84411. Ampex S.A., Via Berna 2, Lugano, Switzerland. Telephone: 091/3.81.12. Ampex Europa G.m.b.H., 6 Frankfurt/
Main, Diisseldorfer Strasse 24, Germany. Telephone: 252001 -6. Ampex, 41 Avenue Bosquet, Paris 7e, France. Telephone: 705,38.10.

JUNE 1967
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Extra Sensory Dawe instruments provide a sixth sense for industry. Accurate, reliable,
robust instrumentation for measurement, study or detection of the apparently intangible;
instrumentation designed and manufactured with care to advance industrial progress.
And our para-normal powers don’t end there. They can also be applied to production
processes such as cleaning, welding and machining.

EXTENDING YOUR RANGE OF VIEASUREMENT
DAWE 900 SERIES DIGITAL INSTRUVENTS

Counters, Timers, Tachometers, Ratio Meters, Frequency Meters and Multiple
Function Units all of plug-in modular construction.
ALSO AVAILABLE AS INDIVIDUAL PLUG-IN MODULES

Digita! Timer Type 960/6.

Range: 10:s to 10° secs. (Nearly
twelve days) with six digit.
Price: £142.

Three, four or five digit models
also available.

Digital Frequency Meter, Counter,

See the Dawe 900 Series Digital R Treaaety
Instruments at the London Inter- Price: £154 (illustrated).
national Engineering and Marine Digital Frequency Meter, Counter,
Exhibitions, Olympia, 25th April RS TSR San it PO, B
? pia, P Three, four or five digit models Supply Frequency Monitor Type
to 4th May, 1967, STAND NO. 46, also avalilable. 128. :
Outer Row, Grand Hail, Gallery. ;;’; f:;‘o“;;".':"p:;;::“’g;;gcggg:

Write today for full technical detalls.

DAWE

INSTRUMENTS LIMITED
CONCORD ROAD - WESTERN AVENUE - LONDON W.3 - TEL. 01-992 6751

A member of the Simms Group of companies.
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Electronic gngineering Aemands

ASHLAM ...,

Synthetic Resin Bonded Laminates
Pager, Fabric or Gtass Fibre Base
with all Resin Systems

Copper Clad Laminates and Films
ALL LAI"IINATES CONFORM TO

RELEVANT B.S. AND SERVICE
SPECIFICATIONS

MICA X MICANITE SUPPLIES LTD.

BARNSBURY SQUARE : LONDON, N.1.
Telephone: NORth 3032 (P.B.X.) Telegrams: MICASULIM, LONDON, N.1,

\Write for technical catalogne to

Miniature Buz-
zers, Various

Voltages. Open
or covered.

Handset with carbon
microphone and moving

coil receiver with or with-
out Pressell Switch.

Relays. All Types, P.0.3000, Two
Step and Heavy Duty.

Moving Coil
Receiver,

Terminal Strips. Low Voltage. Solder or Screw connections.

We manufacture quality components for

TELEGOMMUNICATION and ELEGTRONIC
ENGINEERS

Enquiries please to:—

-

Autophone Ltd. <§

'Autophone Works, Windsor Ave., Merton, London, S.W.19.
Telephone 01-540-3981

Star Indicators.

Low Current Con-
Unigelector, 3-8 Bank. 28 Outlet, Voltage
as required.

sumption. Various
types avallable.

For more information circle No. 50
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at the System
Computor
Supermarket *

That's the way we think of ourselves. Be-
cause, apart from“our range of analogue
computers, we now manufacture and market
a large number of competitively priced,
technical and scientific products for use in
industry, research and education.

sE

SRR RN

L4

System Computors TAG 30 and 60
Transistorised Analogue Computers—
maximum efficiency at the most
competitive price. And feature for
feature, by far the most advanced of
their type.

They incorporate a unique and compact
modular patchboard system for the
greatest ease of programming. A highly
engineered consol system compiements
this arrangement providing maximum
flexibility to satisfy any requirements.
Other features inciude a 10V fully solid
state transistor computing amplifier of
well proven design and of wide band-
width; new non-linear elements
designed to ensure accuracy previously
only obtainable on 100V analogues;

For more information circle No. 51

hybrid capability offered by logic control
and a range of optionals which include
uncommitted general purpose logic

. modules and N.P.L. interface circuitry.

The designers of the TAG series of
transistorised analogue computers have
the experience gained as users of large
analogue systems for over 10 years. A
decade of experience is available to you!

The Analogue Tutor Mk 2...a compact,
fow cost, versatile and accurate
instrument which is specifically designed
to give a simple, direct method of
teaching analogue techniques.

The Logic Tutor...a teaching aid to the
understanding of combinational logic
and digital computers.

Werite for more information on our products or computing service to

System Computors Limited
FOSSWAY « NEWCASTLE UPON TYNE 6 « Telephone 0632 650411

JUNE 1967
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Yverd Taracs

MODEL 644 MODEL 403
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MILLIAMPERES

MILLIAMPERES

MODEL 643 MODEL 6425 MODEL 642 MODEL 402
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MODEL 64| MODEL 640

CLEARLY...

. .. Ernest Turner. We have pleasure in
presenting the full range of our Clear-Front
instruments, they are all illustrated approx-
imately half-size. Two new models have
recently been added to the range, they are
Models 644 and 6425. The series was
designed to meet the demand for a trans-
parent-cased meter of modern design,
based on our popular moulded rectangular
series, They have the 'added advantage of
shadow-less dials which are admirably
suited to multiple and other special scaling.
For full details of the range apply for
catalogue 86/15.

ERNEST TURNER ELECTRICAL INSTRUMENTS LTD.

CHILTERN WORKS
HIGH WYCOMBE - BUCKS

Tel: 30931-4
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MARGO
HIGH-POWER LOADS

s

Frequencies 0.45 to 40 GHz Marconi specialized components

The Marconi Company Limited, Specialized Components Division
10 MW peak power' Billericay Works, Radford Crescent, Biilericay, Essex
Water cooled and air cooled Telephone : Billericay 2654 Telex: 99201

AN ‘ENGLISH ELECTRIC’ COMPANY LTD/Fé6
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FROM THIS

TO THIS

¢

WIREWOUND POTENTIOMETERS

COVERING A RANGE OF TYPES

MORE EXTENSIVE THAN ANY OTHER
MANUFACTURER. THESE INCLUDE:—

sk STANDARD & MINIATURE

% TYPE APPROVED TO DEF 5121A
% HELICAL MULTI-TURN

% LINEAR & FUNCTIONAL

Send us your specification. See your Electronic
Engineering Index for full technical data.

GOLVERN

b= EoB

SPRING GARDENS, ROMFORD, ESSEX .

Telephone: ROMFORD 62222 Telex: 23984

ELECTRONIC ENGINEERING
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This is a
very dull
capacitor

It carries

reliability to
ndiculous lengths...
refuses to react

1o changes in
ambient
temperatures and
1S very, very small.

Strange that it sells so well

Gulton precision ceramic capacitors
are not only infinitely reliable,
utterly unaffected by ambient ¢
temperatures and very small—they
also give you the widest range of
capacitances and the widest range
of temperature characteristics and
six standard square case sizes and
tubular cases forinsertion by
machine and special shapes and
characteristics tailored to your
individual needs.

There’s lots of literature available on
Gulton capacitors . . . and lots of
extremely helpful advice on how to
make the most of them. All of it free.
Write soonest, indicating interest.

Gulton industries (Britain) Ltd.,
The Hyde, Brighton 7, Sussex.
Telephone: Brighton 66271

JUNE 1967
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LEVELL
VOLTMETERS

measureluv’s. from

TRANSISTOR A.C.

MICROVOLTMETERS

Response from I|Hz to 3MHz with
amplifier output available. Two versions
differ only in meter size and bandwidth
switch on type TM3B.

kEVELLl TRANSISTOR A € MICROVGOLIMETES TPt mie

Ay 30~ Sray BW on

wAY (O

TYPE TM3A

£49

complete with
battery and

TYPE TM3B

£63

complete with
battery and

input lead

OPTIONAL

EXTRAS

Leather Case
£4.10.0.

A.C. Power Unit
£7.10.0.

VOLTMETER RANGES

15V, 50uV, 150pV . . . . 500V fs.d.
Accuracy 4-19 ;i;l% f.s.d. 4+ luV
at IkHz.

dB RANGES

—100dB to +50dB in 10dB steps.
Scale —20dB to +-6dB. 0dB=imW
into 600€).

BROADBAND
VOLTMETERS

input lead
OPTIONAL
EXTRAS
Leather Case
£5.0.0.
A.C. Power Unit
£7.10.0.

FREQUENCY RESPONSE
Above 500uV: +3dB from |Hz to 3MHz.

On
On
On
On

+0-3dB from 4Hz to |MHz.
+3dB from 2Hz to 2MHz.
+3dB from 4Hz to | MHz.
+3dB from 7Hz to 500kHz.

500uV:
150uV:
50uV:
15uV:

%* % %k %k %k Kk k Kk ok k

+-3dB from 20Hz to 200kHz.

AMPLIFIER OUTPUT

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

POWER SUPPLY

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

As A.C. Microvoltmeters plus H.F.
probe to extend response to 450MHz.
Two versions differ only in meter size and
L.F. bandwidth switch on type TM6B.

TLEVEIL} SROADBAND YOUTMETER Type Thags
W . = - R O
oot 100amc , * mve ¥

TYPE TMé6A

£85

complete with

battery and

input lead

OPTIONAL

EXTRAS

Leather Case
£4.10.0.

A.C. Power Unit
£7.10.0

H.F. VOLTAGE RANGES
ImV, 3mV, I0mV . ... 3V fs.d.
Square law scales. Accuracy +49%,
of reading 4 1%, of f.s.d. at 30MHz.
H.F. dB RANGES

—50dB, —40dB, —30dB . .
+20dB. Scale —10dB to +3dB
0dB=1mW into 50Q.

H.F. RESPONSE

+0:7dB from |MHz to 50MHz.
+3dB from 300kHz to 400MHz.
+6dB from 400MHz to 450MHz.

L.F. RANGES
As TM3A and TM3B except for
the omission of 154V and [50uV,

LEVELL

TYPE TMéB

: £99

ﬁ» _° complete with
FINRT QUTRGE ?attery and
nput lead
OPTIONAL
EXTRAS
Leather Case
£5.0.0.
A.C. Power Unit
£7.10.0.

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
fitted.

PORTABLE INSTRUMENTS

JUNE 1967 43

Fully detalled leaflets are avallable
on our compiete range of portable
instruments.

LEVELL ELECTRONICS LTD. Park Road,
High Barnet, Herts. Tel: 01449 5028
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EPS 2

the power supply of the
future ... now!

The first totally encapsulated power supply with a performance comparable to normal
stabilised units.

Output Voltage: 6-24V preset and selected by a single external resistor.
Output Current: up to 2 Amps.

Protection: Re-entrant current, any level up to 2 Amp and selected by a single
external resistor.

Dissipation: 10 watts max. No need for heat sink.

Size: 127 x 18" x 1

Price: £12 (post paid, United Kingdom).

leads. ..
in development
in reliability
in precision

roband

Roband Electronics Limited Charlwood Works Charlwood Surrey Crawley 20172
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REX 6 7/ series

the superlative lowest cost
range M.T.B.F.>8000 hrs

TYPE NO. OUTPUT CURRENT WIOTH HEIGHT DEPTH PRICES TYPE NO. oUTPUT CURRENT WIDTH HEIGHT DEPTH PRICES
VOLTS RATING (carriage VOLTS RATING (carriage
{pre-set) s ! ApaﬂU!(L (pre-set) paid UK)
REX 2L 4-12v 2A 3 it £36.10. 67-1A 6-24V 1A 1 54 8” £22
REX 5L . A 5A 44" ny” £48.15. 67-2A £-24V 2A ki 53" 63" £27
REX 10L 412V 10A 44" 1643” £66.10. 67-5A 6-24V 5A [ 64" 93" £40
REX 15L 412V 15A 84" 144" £84. - 67-10A 8-24V 10A 5y” 64” 127 £55
REX 1H £-30V 1.25A 3 % £34.10. 67-Twin 1A | 6-24V (X2) 1A-1A [ 53" 63" £41
REX 2.5H 6-30V 2.5A 44" - 94" £44.5. 67-Twin 5A | 6-24V (X2) 5A-5A 54" 644" 127 £76
REX SH 6-30V 5A 44 1447 £57. 5.
PERFORMANCE iInput Voltage: 100-125/200-260 + 731%. 48-400 cps.
= ” 12 £84. - Stability (15% mains variation): 0.1%. Stability (0 to full load): 0.2%.
iEL 104 680y ite 8 s Ambient Temperature: —10°C to +4-60°C. Temperature Coefficient:
= . < 0.05%/°C. Protection: Self-resetting current limiter preset to operate at
REX 1§ 30-50V 1A 3% 73 £37.15. 110% of maximum current rating. Ripple and noise: 2mV RMS.
REX 2.58 30-50V 2.5A 43" 124" £55.15.
REX 5S 30-50V 5A 84 124" £77. 5.

PERFORMANCE Input Voltage: 100-125/200-250 + 73%. 48-400 cps.
Stability (15% mains variation): 0.01%. Stability (0 to full load): 0.05%.
Ambient Temperature: —10°C to ~ 60°C. Temperature Coefficient: 0.01%°C.
Protection: Seif-resetting current limiter preset to operate at 110% of max-
imum currentrating. Ripple and noise: 500 microvolts, peak to peak.
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GINITE

MODEL 4101

PHOTO-ELECTRIC TAPE READER 0-1000 CH/SEC.

MODEL 2082

TAPE WINDER 0-125 CH/SEC.

&

TAPE REELS (TAKE-APART TYPE)
8'/2” O/D. 11/16”,7/8" & 1" TAPE

GREAT NORTHERN
TELEGRAPH WORKS

Sydhavns Plads 4 . Copenhagen SV . Denmark
London Office: 5, St. Helen’s Place, E. C. 3.

Tel. LONdon Wall 4567
e e B G SR R L R

ELECTRONIC ENGINEERING

For more information circle No. 60

A complete range of Digital Voltmeters is available.

SERCEL ‘DIGIMETRE 2560’
AUTOMATIC UNIVERSAL DIGITAL METER

high accuracy: + 0.005% =+ 1 digit,
long-term stability: 4+ 0.01%/year,

bright edge-lit 109999 read-out,

~—130db D.C. common-mode rejection,
2-position filter: —30db and —60 db,
manual, auto and programming ranging,
compensated and aged Zener reference,
transistorised modular construction,
5-decade current-summing null-balance,
3 internal plug-in modules (optional),
DC RATIO: £.00001 to + 109.999,

DC VOLTS: &+ 100 microV to + KV,
DC mV (module): & 1 microVto + 1V,
AC VOLTS (module): 0.1 mV to 500V,
OHMS (module): 0.01 ohm to 10 Meg.,
OUTPUTS: parallel decimal and BCD.

17 Charing Cross Rd., London WC2

BRITEC LIMITED

Tel: 01-930 3070

Precision stampings and piercings
by ENALON

Enalon Plastics manufacture precision
stampings and piercings for a wide range
of industries. A variety of laminates and
sheet plastics are used and the renowned
Enalon quality finish is achieved by our
own superior craftsmen and production
techniques, coupled with our own design
and tooling departments we can offer a
valuable service.

For further detalls, please write or telephone

ENALON PLASTICS LIMITED
TONBRIDGE, KENT. Tel: OSE. 22.3343.

For more information circle No. 61
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FERRANTI |

SILICON MICRONOR I1 CIRCUITS |

Over 125 devices make MICRONOR H Europe’s latest and most © | |
powerful range of digital monolithic integrated circuits.

The series inciudes single, dual, triple and quad NOR gates; 2
Power OR gates and NOR gates; Equivalence elements; i
NOR/OR gates; J-K Flip Flops; R-S Flip Flops; Diode Extenders.
Features .

Diode Transistor Logic.

Very low propagation delay times.

High Noise immunity—typically better than 1 voit.

J-K Flip Fiop noise immunity equal to that of basic gate.
High Fan OUT—8 from basic gate.

PR L3I

.l. 14 lead dual-in-line, plastic encapsulation
' 2, TO-88: 14 lead flat pack, hermetically sealed. I
3. TO-78: 8 lead TO-S, hermetically sealed.

AL
Ambient &
Typical Propagation} Operating {
Series Encapsulation Defay Time Temperature
(for Basic Gate) Range
nS °C
W zssso 9 —55t0 125 (1
B 75580 .| TO.74, TO-78 9 0to 70
ZSS110 | (hermetically sealed) Is —S5 to 125 YT.‘
Ak 15 0to 70 | e
- ~
~ ZsSS70 | TO-88 9 —55to 125 &%
Z5S140 | (hermeticaily sealed) s —~55t0 125 ©
*ZX5210 { 14-lead Dual-in-line is ~~55 to 125
| *ZX5230 15 0to 70 |

o
" *These series will be introduced in 1967.

Enquiries 1o,

Ferranti 14q .

JUNE 1967 Chadderto" * Oldham

First into the

* Tel: (06
47 (061) MAIn ggg4

Future

ELE
CTRONIC ENGINEERING
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controlled soldering starts with an Enthoven preform

New free booklet describes
the complete range of

preforms among them.
Ask now for your copy

Enthoven Solder products...

of ‘Soldering with Enthoven’.

The right amount of solder, in the right place,’every time. The right alloy
to suit the surfaces to be joined. The right flux for effective wetting. The
right heat-source. Enthoven know about this kind of thing, will give
advice, supply' preforms—cored or solid. Controlled soldering means
economical soldering. Soldering with Enthoven preforms saves solder,
time and wastage. Cuts costs. Produces a stronger, cleaner job.
Enthoven supply washers, rings, shims and strips in a wide variety of
alloys, cored and solid, and design to meet special requirements.

- —— ENTHOVEN
“---7 SOLDERS LIMITED

|

|

|

| LN

i r ~ Head Office, Sales Office & Works

i Dominion Buildings. South Place, London EC2

b5

.L______J Telephone: 01-628 8030

100000000000000000000000000000000000
0000000000000 000000000000000000000°
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‘ ELECTRO-INDUCTORS =

: introduce a new

LABORATORY POWER SUPPLY UNIT

featuring a Micro-Adjusting Helical Potentiometer

-ATA NEW LOW-COST OUTLAY !

PRODUCT

TR 0300.0c20./% for-I=0 o 600mA
FIGURES L0.025 o V pygins L 105

VOLT ADL

9

mA METER v

CHp o

ON MAINS OF

B

DIMENSIONS: 63" WIDE
73" DEEP
FEATURES 4§” HIGH
All silicon semiconductor
devices.
Automatic Current Limiting
giving full short-circuit These are the salient characteristics of the new Electro inductors all-
protection. transistorised Power Supply Unit — the idea! source of current for the
10 turn potentiometer, electrical laboratory. Its accuracy over long periods of time, and at
giving precise voltage different outputs, is invaluable for every purpose, from the teaching of
adjustment of 10mV./deg. Ohm'’s law to advanced research
> Large meter 2.75 scale
length, 2% accuracy. E L E CTR n-
SEND FOR
DETAILED LITERATURE
v

LIMITED

JUNE 1967 (D) 49 ELECTRONIC ENGINEERING
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Engrave at speed
with a GRAVOGRAPH!

You need modern machinery to keep up with the pace
and pressure of work today—so for engraving you need
a Gravograph! Speedy to use (for going the pace) and
easy too (for relieving the pressure!). Anyone can
produce good, professional-looking engraving with a
Gravograph on nameplates, notices, tags, inscriptions, on
wood, stone, metal, glass or the newest plastics. In a
burry for good engraving, the modern way? Blast off the
coupon today

@ VITOS LIMITED,
| Yy

13 Charlotte St., London, W.1.
Tel: Langham 6171/2 l

l Please send me full details of Gravograph. I
TN Dy ol 50 ot o o HopTo a0 Gl 14 Sk TR, o
ABIDRESS ' 005 o5 evode ow #ee 3 0ci oo, g ! I
COMPANY ...vvvvennnananss XD S B 575G Toreh s

l I D IR I BN BN B e oas g

ELECTRONIC ENGINEERING

| Feralex
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HIGH

f_errite PERMEABILITY
ring cores

0%

A range of Ferrite Ring Cores is available, suitable for

high frequency applications such as wide-band and
pulse transformers up to at least 50Mc/s. They can be
supplied ungraded, ungraded and presorted, or graded
to a + 10% or + 209 tolerance of the nominal turns

-

factor AL corresponding to a permeability of 2,000.

Table of standard types and design constants

PF:rl;all\?:. ir?él?és inlcl:[r:.es inches E{J{:’s"
*MM620 0-230 0120 0-100 0-663
MM626 0-:230 0120 0:140 0.93
*MM621 0-300 01 25 0-188 1.68
*MM622 0-375 0187 0125 0-883
MM627 0-500 0-233 0130 0.75
*MM623 0-500 0-283 | 0-250 1.45
*MM624 0-500 0-312 0-250 12
MM628 0-640 0-343 0-250 1.59
MM629 0:750 0-250 0-350 3.90
*MM625 1-000 0-500 0-250 1.77

*Dimensions conform to American M.P.1.F. standard specification No.21-61

@ Please write for further details
L J

SALFORD ELECTRICAL INSTRUMENTS LIMITED

Peel Works, Barton Lane, Eccles, Manchester. Tel: ECCles 5081. Telex: 66711
London Sales Office: Brook Green, Hammersmith W.6. Tel: 01-603 9292
A Subsidiary of the General Electric Co, Ltd. of England
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Springs long. Springs short. Springs in dozens of

diameters. Compression springs. Expansion springs. All for this, that,

or the other use. Terry’s design them. Make them. Box them. And

give you really fast delivery. In boxes or in bulk.

What's more, there’s a free catalogue listing all the boxes for anyone who
f£ills in the coupon. So, spring to it! Post today.

NAME.

Please send me my copy of your general Spring catalogue.

POSITION.

COMPANY.

ADDRESS

Post to: Herbert Terry & Sons Limited, Redditch, Worcestershire.

JUNE 1967

Everything springs from

HERBERT TERRY & SONS LTD., REDDITCH, WORCESTERSHIRE.
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Don't 'Oscillate - stay with us

X

R<o

-you won't get a better service in
electronic components anywherel!
We take action before you can say ‘jump’.

Radiospares Lid .
4/8 MAPLE STREET, LONDON, W.1. ENGLAND - TELEPHONE: 01-387 7232 (8 lines) TELEGRAMS AND CABLES: RADOSPERES, LONDON, W.1.
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Bullers ceramics

for the ELECTRONIC INDUSTRY (and Electrical Appliance Manufacture)

Meticulous care in manufacture, high quality material, B u I_ I_ E Rs l_l M IT E D

with particular attention applied to dimensional pre- -
cision and accuracy, explain the efficiency and ease of RICar S e MERD e £ 15 DI SO

y_' P y Phone: Stoke-on-Trent 54321 (5 lines)
assembly when using Bullers die pressed products. Telegrams & Cables: Bullers, Stoke-on-Trent

Werite today for detailed particulars. London Office: 6 Laurence Pountney Hill, E.C4.
Phone: MANsion House 8971

JUNE 1967 53 ELECTRONIC ENGINEERING
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rd

INTERNATIONAL FAIR
OF COMMUNICATIONS ~

SEA, RIVER AND LAKE COMMUNICATIONS - AIR COMMUNICATIONS - ROAD COMMUNICATIONS -
RAILWAY COMMUNICATIONS - TELECOMMUNICATIONS . POST SERVICES -PRESSE. COMPLEMENTARY SECTOR -
POWER SOURCES FOR COMMUNICATION MEANS.

T'INTERNATIONAL CONTAINER EXHIBITION

12th - 22nd OCTOBER 1967
in GENOA

TELECOMMUNICATIONS - POST SERVICES . PRESS:

Ma\ritlmu. air and lapd telecommunication apparatuses « Land apparatuses -
Communications through radio, television, space and via satellite - Management
activities - Electrical and electronic parts - Special post transportation means .+
Systems and means for post sorting, stamping and delivering - Composition

and printing means « Publications - Stamps,

For information please apply to: International Fair of Genoa - plazzale J.F. Kennedy - ~
Genoa - Telephone: 52.555 - 53.465 - 595.651 Gables: Interfiera Genoa.

NEW
range of
transformer cans

% Standard range covering M.E.A. 29
to M.E.A. 220 laminations

% High quality stove-enamel finish
* Corner base fixing

% Base plates available

imAEy STFEL COMPONENTS LT0 g

CHMOND. SURREY Telephone: Ri

TRINITY ROAD. Rl

For more information circle No. 71
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SITHS miniature \\ rate gyros have

overhaul

advantages
and lowest prices!

You economise twice-over with Smiths Miniature Rate Gyros : they
are the lowest-priced quality gyros available, and their use does not
end after the specified service life. With an overhaul, it begins again.
So does the saving. Small wonder these miniature rate gyros have
been fitted to the Autopilot systems of the Boeing 727, Douglas
DC.9, Hawker Siddeley Trident. You can bet your bottom dollar
that consistent quality and reliability were other decisive factors
influencing both the American and British choice.

Smiths Components — proved in flight. Rate, Position & Vertical
Gyros— Micro Relays — Synchros — Induction, Hysteresis &
Stepping Motors — Motor Generators — Gearheads — Capsules —
Servo-assemblies and Indicators — ATR Cases. etc.

Please forward literature to: Application(s) for which Miniature Rate Gyros would be required

Name

||| U] N =or=onens
Company ______ . LoV N B ] b L
PRODUCTS OF E SMITHS INDUSTRIES LIMITED AVIATION DIVISION

Kelvin House, Wembley Park Drive, Wembley, Middlesex.
= Wembley 8888 Airspeed Wembley Telex 25366. SAV 3671

Address AW L algdl .o B e
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Platinum
Palladium
Ruthenium
Rhodium
Gold

Silver

Precious metal plating—Engelhard have the right solution

it takes years of experience, ample resources for research and development
and an intimate knowledge of customers’ needs to provide suitable materials
for precious metal plating. Engelhard are familiar with super-critical appli-
cations and manufacture to stringent specifications. Whatever your reason
for plating—conductivity, protection or decoration—you can be sure that
Engelhard have the right solution.

ENGELHARD Baker Platinum Division, St. Nicholas Road, Sutton, Surrey. Telephone Melville 4721

I ND U S TRIES "L T D
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_ Whenyou have a success
like the Mecpot

what do you do for an encore?

Improve the
performance
still further!

Y o AR
Range extended — u

3 connection types,

50 Q right up to 50K as illustrated.

New lead-screw
bearings, no side play,
improved stability
under vibration and
shock.

Miniature Electronic
Components Ltd

St. Johns Woking
Surrey Woking 63621

!
!
New 3-point contact
design for better

pick-off, reduced
backlash.

m-e-¢

rimmer Potentiometers
ire-wound Resistors
Miniature Switches
lapsed Time Meters.

{ Delivery ex-stock.
il
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ELECTRICAL RADIO CO. LTD.

OFFER A COMPLETE SERVICE

FOR THE DESIGN AND MANUFACTURE OF
ELECTRONIC COMPONENTS AND EQUIPMENT

(

\

et ALk L L

Whlteley Electronic Components are desngned and precnslon -built
in the Company's own factories. Every operation is strictly
controlled, every part is vigorously inspected and tested. Nothing RS
is left to chance—hence Whiteley's enviable reputation. — " =

?
i
s
J
§
5

‘"WHITELEY ELECTRICAL RADIO CO. LTD. LONDON OFFICE: 109, KINGSWAY, W.C.2
MANSFIELD - NOTTS - ENGLAND - Tel: MANSFIELD 24762 Telephone: HOLborn 3074

High Reliability
Instruments

o more information circle No. T7

MEM 551 55Usie me
DOUBLE MOSFET

= FOR AUDIO LABS AND PRODUCTION - | | fuited for chioppers, fugh inpuc impedance amplifiers

FEATURES: . 15 PRICES
M Efficiency is achieved in measurements by elimination input b lnPUt Resnstance Io - 1-24 £6.15.0

level and balancing adjustments for each change in the fre- . .

quency; errors due to personal factors are reduced. e Transadmittance 500 mho (mm-) 25-99 £6.5.0
B The null network for the fundamental frequency suppression . . 100 up £5.0.0

(patent applied for) has such a characteristic that makes ® Gate VOItage D|ﬁerentlal Ioo mv Immed!':nel i

possible the determination of the distortion due to frequency % Available Y

modulation in tape recorders. ® Small Capaﬂtances (Ipf) Exietaek

@ Catalog sheet on requesi:

MEGURO DENPA SOKKI K.K. R ASTR A
Meguro Electronic Instrument Co., Ltd.) Electronlcs Ltd"

No. 5, 1, 2 chome, Chuo-cho, Meguro-kv, Tokys, J
TEL 71171917 Cobles, MEGURODENPA TOKYO 275/281 ng Street,London W 6 Tei:Riverside 2960

For more information circle No. 76 For more information circle No. 78
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the

SL500 series
is the

most advanced
solid circuit
wideband
amplifier series
in the world

VERY BRIEFLY
CURRENT GAIN

26dB

BANDWIDTH

100Mc/s

INTERNAL AGC

40dB.RANGE

INTERNAL
SUPPLY LINE
DECOUPLING

A completely British product originated by
the Allen Clark Research Centre, Caswell.

Write for full details of this and other
amplifler ranges

SEMICONDUCTOR DIVISION
Cheney Manor, Swindon, Wilts. Tel: Semiconductor Sales Swipdon 6251

PLESSEvaCPO@U@@f@F@ﬁD@Sw
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Move in and plug in
to 500 pV/em at 50 MHz single trace or 10 mV/cm at 50 MHz four trace

Start with the new Philips PM 3330 plug-in
oscilloscope. Then you’re all set to cover a
wide range of applications with a small
number of plug-ins. Take the PM 3332
plug-in vertical amplifier, for example. It
gives 500 pV/cm over the full bandwidth
of DC.to 50 MHz and a drift of less than
1 com/week, irrespective of switching on
and off. Or you can get 5 pF input capaci-
tance with 20 mV/cm tip sensitivity from
the PM 3333 60 MHz unit which has a
.special mini-size HF probe system. With
the PM 3351 LF differential unit, you have
100 pV/cm sensitivity, a common mode
rejection of 50,000 : 1 and a push-button
servo system for DC balance. A dual trace
and a four trace unif are also available,

both offering 10 mV/cm from DC to 50
MHz and internal triggering from any
channel.

The main frame contains a 13 cm crt with
internal, illuminated graticule; vertical
amplifier including signal delay; fully
protected power supply;-the usual calibra-
tion facilities; and a beam finder. A main

time base is also incorporated so you don’t-

have to buy the delaying time base plug-in
until you need it. ‘

As first production models are subjected
to life tests under normal user conditions,
new circuits to prolonged testing, and none
of the components are run at more than
70% of their rating, a high level of relia-
bility is assured.

A full description of this oscilloscope is set
out in an 8-page brochure. We will be glad
to send you a copy.

Tllustration: The PM 3330 used in conjunction
with the PM 5530 TV pulse generator and the
PM 5540 TV pattern generator.

These instruments are part of a wide range
of electronic measuring instruments which
includes oscilloscopes, voltmeters, gener-
ators, transistor analysers and other test
equipment... sold and serviced by the
world-wide Philips organisation (experts in
electronic measuring, too). Ask for the
complete catalogue.

electronic
measuring and
merowave 3
« The MEL Equipment Company Ltd, PHILIPS
PRI Manor Royal, Crawley, Sussex, 1 @
Tel. Crawiey 28787 \f

Eindhoven, The Netherlands.

ELECTRONIC ENGINEERING

N.V. Philips, PIT-EMA Department,

Electronic measuring instruments
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Plugs and Sockets

WIDEST RANGE OF A IN EUROPE — desiveries from stock

MICRO-MINIATURE RANGE

[0 Small size—high reliability

[ Diatllyl Phthalate mouldings

[ Stainless steel guides and
screwlocks

[J Plating Gold flash or Heavy
gold Military Standard

[J Hoods. Screwlocks, Cable
brackets etc.

[0 5,7.9,11,14, 20, 26, 29, 34,
44, 50, 75 and 104 contacts

v SUB-MINIATURE RANGE -~

[ Diallyl Phthalate mouldings

[ Plating Gold flash or Heavy gold
Military Standard

[ Stainless steel guides and
screwlocks—non corrosive

- y ; 2 ] ; [0 Hoods, protective shells, alternative
[ High dielectric and mechanical strength with Diallyl cable entry positions to Suit any

Phthalate mouldings application

[ Screwlocks give fast. easy connections and safeguard [0 Reliable performance with
against accidental disconnection 1 - . 2 light weight

: il [J 6.7.11, 14, 20, 26. 29, 34, 42, 50,
[ Pilating Gold flash or Heavy gold Military Standard 75 and 104 contacts
[ Stainless steel guides and screwlocks—non corrosive
[0 Hoods, shells, cable clamps to suit any application

[ 5.6.7.8.9.11. 14,18, 20, 21, 26, 34, 41, 50, 75
and 104 contacts

MINIATURE RANGE

UECL Component
information No 2

Write for the new, short handy-reference
catalogue (fully illustrated) gladly sent on
request. Please quote EE41
UECL offer unbeatable value in component A New Reader? — Then ask for the
service and reliability. UECL precision complete catalogue which gives full
built connectors are designed and manu- details of the entire range of UECL
factured to satisfy your requirements. precision components.

419 Bridport Road, Tel: WAXlow 5721-7
Greenford, Middlesex, Grams: Connector Greenford
England Telex: 263136

Iy

=
=
=
=
=
—
—

Ultra Electronics (Components) Limited
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A -207-23
A-207-13
A -207-20
A -207 - 31

SPARK SLOTTERS
FROM THE U.S.S.R.

(models A-207-23, A-207-13, A-207-20 and A-207-31)

Precision of formed holes=2 microns
Roughness of the processed surface=0.04 to |0 microns

Soviet spark slotters are invaluable for the production
of UHF and Transistorized Instruments, because of their
fast production rate and universal application.

Please send your enquirles to the sole exporters:

V/O TECHMASHEXPORT

MOSFILMOVSKAYA 35
MOSCOW B-330, U.S.S.R.

or to: The Trade Delegation of the U.S.S.R. in the
U.K., 32 Highgate West Hill, London, N.6

TECHMASHEXPORT

ELECTRONIC ENGINEERING
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“Don't keep it under
your hat” the man said

[

At ARW we have been making quality transformers
and coils for 20 years, mainly for Scottish industry.
From time to time we get complaints from new
customers in the South that they have only just
heard of us, sometimes with the terse advice that
we should shout louder about out service O Well
here goes! O In our modern factory at Thornliebank,
we have an experienced design staff and up-to-date
facilities for producing transformers from miniature
to 20KVA O Single phase and 3 phase - auto and
double wound - open, enclosed, and oil immersed -
ring current transformers 3 Applications : electrical
apparatus : electronic equipment - switchgear -
auxiliary supplies 3@ Vacuum varnish impregnation

O Epoxy resin encapsulation. The price is right
and delivery performance is almost a fetish.

ARW

TRANSFORMERS

Please write oy telephone for more information
ATKINS, ROBERTSON & WHITEFORD LTD
Industrial Estate, Thornliebank, Glasgow Tel: 041 GIF 1031-2

London Office: 12-18 Paul Street, E.C.2, Tel: Bishopsgate 3288
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Increased performance.and the reduction in size of many optical
systems is now made possible by the use of Pilkington Perkin-
Eimer Verilo (Very Low Refiection) Coatings. As graph A
shows reflectivity is very much reduced when compared with
conventional magnesium fluoride coatings, and the high effi-
ciency of Verilo coating becomes more beneficial as the number
of glass/air interfaces in optical systems increase (see graph B).

For example in a lens system with ten glass/air surfaces Verilo
coating in place of magnesium fluoride increases transmittance
by ailmost 10%.

Specification: Pilkington Perkin-Elmer Verilo coating is a
durable, multilayer dielectric thin-film system for application on
substrate systems having an index of refraction between 1.46
and 1.75. These coatings meetthe following specular reflectivity
limits from each coated surface :

Spectral Region Reflectivity 0-15°

425 to 650 millimicrons 0.5% Absolute
425 to 700 0.5% Average

Reflectivity at 30°
1.0% Absolute
1.0% Average

”

63

Applications: As well as transmission enhancement, Verilo
coatings can be used with advantage to reduce ghost images in
photographic systems; reduce glare on lighting wedges and
instrument windows ; improve signal-to-noise ratios in electro-
optical systems; reduce standing noise in coherent systems;
improve high-frequency characteristics of optical transfer
functions.

Availability: The Verilo coating process is carried out in the
modern Pilkington Perkin-Elmer plant at St Asaph, and is
available for customers’ own optical systems as well as
Pilkington Perkin-E!mer products.

Other Vacuum Coated Products include laser mirrors,
interference filters, and reflective layers.

Information: Please call Mr Elwyn Williams, Pilkington Perkin-
Eimer Ltd., St Asaph 3301 for further information on Verilo
coatings, other vacuum deposited layers or specialised products.

(*average lens surface reflectivity in range 425 — 700 millimi-
crons, angle of incidence 0 — 150°).

PILKINGTON
PERKIN-ELMER

ST ASAPH, FLINTSHIRE
Tel: St Asaph 3301 ; Telex 61291 : Telegrams Optical St Asaph

ELECTRONIC ENGINEERING
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Silicon Rectifier Cell

Shindengen is far in front as Japan's top producer in the semi-

conductor field. Shindengen research not only has a long history
——but today the products coming from this research satisfy

most of Japan’s domestic demand and are exported to every in-

dustrialized nation of the world. Strict quality control over mass

Especially, the following three silicon elements have many appli-

cations in entertainment and industrial electronic equipment:

TYPE OUT PUT CURRENT (0.C.A) PEAK REVERSE VOLTAGE (V) T
S1 A 0.1 600,800,1000,1500
S2 E 05 600,1000

S2 A 1.5 200,400,600,800,1000

INDENGEN

Silicon Power Transistor

Shindengen offers a new triple diffused
type silicon power transistor designed
for power use in the high frequency
area.

This unprecedented product is des-
tined to play a major role in expanding
the use of transistors.

production techniques resuits in efficiency as well as economy. 7—t

CES N0. | VcBo Ic fag hrFe
25C407 | 150V
~412 | ~300V
25C431 | 150V
~436 | ~300V

400Kc/s {10—40

400Kc/s

MAIN PRODUCTS:

Power Transistor

Silicon Rectifier

Silicon Bridge Rectifier
Selenium Rectifier

Silicon Symmetrical Diode
Thyristor

SHINDENGEN ELECTRIC MFG. CO.,LTD.

New-Ohtemachi Bldg., 4, 2-chome, Ohtemachi, Chiyoda-ku, Tokyo, Japan
Phone: Tokyo 211-2571 Cables: "SHINDENGEN TOKYO"
Telex: SHINDENGEN TOK 025.539

\AAAAAL

For further information contact the following agencies:
* France: SORAL S.A., 4, Cite Griset, Paris Xle
* Switzerland: W. Moor AG., Regensdorf-Zurich, Bahnstr. 58
* Scandinavia: Gadelius & Co., A.B., Eriksbergsgatan 1A Stockholm O Sweden {Phone 08/23 28 00)
* England: Kyokuto Boeki Kaisha, Ltd. 4th Floor, St. Mary Axe House, No. 56-60, E.C.3. (Phone: Avenue 5941)
* Other Districts; Gloire Trading Co., Ltd. Tonaka-Tamuracho Bldg., 1215, Shinbashi 2-chome, Minato-ku, Tokyo, Japan

’
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“will solve your Switching and
Styling Problems. ..

Miniature Lever Keys... 300 mA to 1A
contact ratings. Multi-switching actions. Silver,
palladium or platinum contacts. Mounting
centres 54" horizontal and 174" vertical. Choice
of coloured handles and inserts. Ex stock.

lHluminated Push Button Keys... mounted
singly or in multiples on the mounting bar. 0-625"
or 18 mm key spacing. Contact ratings from
300 mA to BA. Choice of lens colour. Solenoid
release if required. Springset, Microswitch or Dry
Reed Contacts.

STYLISH | FUNCTIONAL

B

Telephone Manufacturing Company Limited
Components Div. Roper Rd. Canterbury Kent Canterbury 66577

please send me full information on TMC Keys
M

a member of the PYE group of companies

JUNE 1967 (»)
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4

QUANTITIES
OFF-THE-SHELF

Over 200 different

types of SOLDER

and SOLDERLESS
TERMINALS, TAGS and
CLIPS are available in the
COLLETT range.

COLLETT specialise

In suprlylng

SMALL QUANTITIES,
Boxes of 100 only
—available of any type.
The complete range is
always in stock and can
be supplied immediately
OFF-THE-SHELF.

Send for fully illustrated catalogue
and price list today.

COLLETT TERMINALS

347/349, GOSWELL ROAD,
LONDON, E.C.I.
TERMINUS 2584

ELECTRONIC ENGINEERING
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MP4510 11-pin 'Submagnal’ plug with poly- W
carbonate cover. Supplied with 0.10” pitch
‘Veroboard' ready for individual circuit lo be

made up.
Overall seated height 1.48”
Overall width 1.58”

MP4580 A /arger version of the 11-pin lype,
which can accommodate up lo 4 ‘Veroboards'
of 0.150” pitch cut to size to order (MP4582).

Overall seated height 3.12” 2
Overall width 1.95"

for your circuit...
and your savings!

MP4583 Dimensions as MP4580, but with 8
pins for use with international Octal sockets.
Supplied with up to 4 'Veroboards' cut to order,
ready for your circuit to be assembled.

Here's evidence that new McMurdo 8 and 11 pin plug-in modules
ELECTRONIC COMPONENTS

are best suited to accommodate your interchangeable circuitry...
becausethey're carefully manufactured to the highest standards-at
the lowest, most competitive cost. And there are three plug-in -
modules for you to judge. Need more evidence? Write for full facts

about the open-and-shut case of McMurdo plug-in modules to; ~ THEMcMURDOINSTRUMENTGOLTD, RODNEYROAD
PORTSMOUTH. ENGLAND. TEL 35361. TELEX 86112

LUGTON & CO. LTD., 209/210 Tottenham Court Road, London W.I. SASCO, P.O. Box No. 20, Gatwick Road, Crawley, Sussex.
Telephone: Chipping Sodbury 264i. Cumbernauld 25601. Hitchin 2242.
SPAIN. O.T..C.E. Maestro Nicolau 13 bis I°, BARCELONA. SWEDEN. Eifa Radio & Television A/B. Sysslomansgatan 18, STOCKHOLM 12.

SWITZERLAND. Egli Fischer & Co. Ltd. Gotthardstrasse 6, ZURICH 22.

ELECTRONIC ENGINEERING 66 JUNE 1967




Ideas come fresh
from SGS-Fairchild

Their new

FETs

give you

something
=~ to brood on

N
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Now you can
‘go to work on FETS’

The BFX82 and BFX83 are attractively priced,

high quality, p-channel field effect transistors of
diffused silicon Planar construction, which offer
lower noise, lower lpss. higher Gy, lower
capacitance and tighter maximum and minimum
specified limits than other currently available silicon
Planar field effect transistors,

Forward transadmittance of the BFX82 is 3500
wmho and for the BFX83, 6000 umha; whilst drain
to source ON resistance (f=1kHz) is 300Q for the

BFX82 and 180q for the BFX83 (all typical values).

These parameters, together with the equivalent
input noise voitage of 0:08uV VHz (max) at 100Hz,
make them the obvious choice for high input
impedance circuits, such as low noise piezoelectric

INPUT

transducers (micro amplifiers, accelerometers etc.).
They also simplify the design of d.c. and video
amplifiers; giving wider bandwidths and improved
performance.

The BFX82 and 83 are ideal for a vast range of
other applications. They can directly replace
thermionic valves in such equipment as i.f.
amplifiers and source followers, or behave as voltage
controlled resistors. Their zero offset voltage enables
them to be used in multiplexers, analog switches
and commutators, whilst their linear transfer
characteristic means that they can also be used as
precision millivolt sources.

For the most effective answer to your equipment
design problems use SGS-Fairchild FETs.

For more information circie No. 89
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Important news from
Planar News

New Linear microcircuit simplifies design, cuts costs
of communications equipment.

Unique in its limiting characteristics which allow
signal clipping without phase distortion, the
pA703C is a fully integrated, high quality rf./i.f.
amplifier. Constructed on a silicon chip and mounted
in a 6 lead TO-5 can, it is designed to operate in
the temperature range O to 70°C. As a limiting or non
limiting amplifier, harmonic mixer or oscillator up to
150MHz, its low internal feedback ensures high
stability. Only tuning circuits need to be added as

it includes a biasing network.

In f.m. i.f. limiters (5kHz to 100MHz), the £A703C
has excellent phase linearity and limits without
saturating. Its reverse transadmittance (2 pmho)
provides excellent isolation between stages. Its
noise figure of 7dB and power gain of 20dB (both
at 100 MHz) make it ideal as an i.f. power ampilifier.
Fastest 10A Switches Ever

SGS-Fairchild’s new diffused silicon Planar

epitaxial npn transistors, the BUY16 (Vceo=80V)
and BUY17 (Vceo=060V) are designed for high
speed, high current switching applications. With
guaranteed switching and saturation parameters at
10A, they are ideal for use as output devices for
switched power, supplies, inverters, deflection
circuits, switching servo amplifiers and for tele-
communications transmitters.

Extremely Low Drift Differential Amplifier

The low drift of the BFX99 is achieved by means

+ 1V

For more information circle No. 90
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of the Planar and improved assembly techniques.
lts tight Vge and good hge matching make it
suitable for a wide range of low-level, high-

performance differential amplifier applications.
Low Miller Effect with BFX98

The very low feedback capacitance (C,e=2-2pF)

of SGS-Fairchild’s new BFX98 transistor simplifies
video band-width shrinking problems due to the
Miller effect, thus giving lineat amplification over
the full frequency range.

This, together with a high LVcgo of 160V minimum
(permitting high voltage output swings) and an f; of
40MHz minimum makes the BFX98 ideal for a
variety of applications where high voltage and low:
feedback capacitance are required. such as in video
amplifiers, cathode ray tube drivers for oscilloscopes
up to 10MHz, and in industrial television, television
studio and outside video-broadcast monitors.

Special contributors to Planar News 7

Dr. F. G. Heath, Ph.D., M.1.EE., M.1.E.l, Chief Engineer, «
Computer Equipmerrt Group. International Computers and
Tabulators Ltd, writes on the technique of designing a
computer with a computer, pointing the way to the use of the
computer as a valuable tool to design and development
engineers of all types of electronic equipment O Sir Alfred
Pugsley, O.B.E., F.R.S., D.Sc., Professor of Civil Engineering,
University of Bristol, discusses the generally unknown part
played by electronics in Structural Engineering—bridges,
buildings, tunnels, railways, aircraft, etc.

Keep up-to-date with
Planar News

The journal of semiconductor progress—Planar News
assesses new techniques, devices and applications.
It has come to be regarded as essential reading for
all electronics designers and applications engineers.
If you do not receive Planar News regularly, please
write or telephone Aylesbury 5977 now and ask to
be included on the mailing list or use reader reply
service number S0

SEGSEAIRCHILD

SGS-Falrchild Limited

Planar House - Walton Street - Aylesbury - Bucks

Telex: 83245 - Telephone: Aylesbury 5977

SGS-Fairchild SPA-MILAN -« SGS-Fairchild GMBH-STUTTGART
SGS-Fairchild SA-PARIS - SGS-Fairchild AB-STOCKHOLM

ELECTRONIC ENGINEERING

{/



For more information circle No. 91

TRANSDUCER CLAMPING FORCE APPLIED
THROUGH | MOUNT

FORCE - INSENSITIVE COUPLER VIBRATION
MOUNT

PIVOT MOUNTING SONOTRODE TIP
TO WELDER FRAME

WELDMENT

Close -ups of welding tp In
ghoslc%on over work-holding

Vacuum chuck above Is stan-
dard equipment. Mechanical
chuck below Is optional.

-lh%x

Latexal drive ultrasonic
welding system, ANVIL

'ULTRASONIC MICR0-WIRE BONDING

THE MOST ADVANCED WELDING TECHNIQUE FOR MICROCIRCUITRY

From transistors to integrated microcircuits Ultrasonics is a  * NO HEAT

proved production method for lead-wire bonding in mass * NO FLUX

production. * NO CLEANING

Kerry's 20 w, W-260-A-welder combines within the one unit all * NO PURPLE PLAGUE BY REPLACEMENT BY ALUMINIUM

all components of wire feed, work manipulation under welding 2 el s L

tip, welder head operation and positioning. OTHER KERRY ULTRASONIC WELDING EQUIPMENT
Aluminium and gold wires, ranging In size from 0.0005 Inch to  Ultrasonic spot, seam, and ring welding equipment is available in a
0.010 Inch diameter, can be welded to both plain and metallised ~ fange of sizes and models from 20 watt to 4,000 watt units.

surfaces of silicon and germanium. Copper, nickel, aluminium, For literature and demonstration please coritact
gold wires and ribbons can be welded to aluminium, nickel ’ : .
€opper, silver, gold, tantalum, chrome, nichrome, platign’um and KEHHY s M/”WWM
molybdenum films on various glass and ceramic substrates for Wilbury Way, Hitchin, Herts.

micro-miniature circuit applications. Such junctions are free of Ill"“sn"“:sj Phone: Hitchin 51711
brittle, high-resistance intermetallic compounds, and are A member of the Kerry Group
characterized by low noise and low ohmic resistance. LYD of manufacturing companies.

! MEASURING MIGROSGOPE

A quality instrument for 6235

® ldeal for measurement of chips and micro-
_ circuits

Precision ball stage
® Magnification X30 to X200
® Transmitted or incident light

® Built in protractor, graduation 5’

® Micrometer graduation “0001”

4 Shakespeare Road,
Full information sent on request to: P O L A R O N Finchley, London; N.3
EQUIPMENT LTD. Telephone : VIRginia 9241

For more information circle No. 92
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Mercury Displacement
Relays

For Heavy duty.

Resistive loads up to 75A
may be switched up'to 40
operations a minute, Y
Used with simple ol =
amplifying circuits, -
Adlake dispiacement
relays can switch large
currents from very small
control inputs.

. _atest Mercury Rels

For more information circle No. 93

Mercury Wetted Contact
Relays

For low level data Full details of the
transmission. complete Adams &
200 psec transmission time Westlake range from
or less. B & R Relays Ltd
Distortion < 1% Temple Fields Harlow
Very low noise generation. Essex

fdeal for alpha-numeric Tel Harlow 25231/4
impulse transmission, Telex 81140

or for circuits based on

strain gauges and other T&&
low level fransducers.

o= =

YS

~ from Adams and Westlake
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Toroidal Rheostats

These rheostats are vitreous enamelled on a non-hygro-
scopic body.
Ratings—25; 50; 75; 100; 150 watts.
Resistance Range—1.5 to 10,000 ohms.
Features—No soldered joints.
No metal-to-metal contacts.
NoYscuffing of the collector ring.
“Preferred” values available from stock.

Catalogue ZR1

SRR SRR
. 3 : lIIE
® |
=
\ L :
I ' -
_& Resist :
esiIsiors e
X o %o
x o 505",
Continuous production and development of these wire-wound embedded -
resistors since 1924 has kept us in the forefront of this field. 282 QLR
eseetens Quality control, exercised from the manufacture of our own embedding
] medium up to final inspection, guarantees reliability and stability. Quali- X
Y = fication approvals are held for these components. ;,',.:: :
..I.II %
Catalogue TGS
o X »
» 9.0 005 008 a0 ol \
‘o Y W

Styled to enhance any laboratory, test room or switch board.
Enclosed models are available with socket-head insulated terminals
for educational use, or alternatively with conduit entry for industrial
applications. Graded windings, non-inductive windings, carbon
brushes, lead screw motion, are some of the features available
In this series.

Catalogue TR8

THE ZENITH ELECTRIC COMPANY LIMITED

ZENITH WORKS : VILLIERS ROAD - WILLESDEN GREEN - LONDON N.W.2
Telephone: WILLESDEN 6581/5 Telex: 261778 Telegrams: “VOLTAOHM, LONDON N.W.2”
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Chertsey -

Frankfurt -

30 VMiHz,10mV
Solid State
Modular
Sweep Delay
<£400

Brussels - Sydney DYNAMCO
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NEW MINIATURE
2 AMP TOGGLE SWITGH

PAINTON

RELIABILITY
EX-STOCK

- 265 e ‘T‘ T ] R LT T By 5 SO A NGRS
b3 "‘; PN S q»-\- 7 i l“"‘ HaTg i ol s 1 =l by L 2L it s 'I!. ) A A% D e i
T s ikl ] q a’. PR Lol TAREHR IS RGO 1A .‘.ﬁlr..:m: S St 4

n= saberyl

Painton offer ex-stock delivery

with this new 2 amp miniature

toggle switch, as shown here

actual size.

Designed and manufactured

in Britain: this double pOIe 3 amp double pole 6 amp double pole
double throw switch is rated Ho b e St ot Rl
at 2 amps, 250 volts, AC RMS

and is ideal for use where

space is at a premium. ; 3 10 amp single pole

Full information in leaflet change over-double
pole on/off switch

(leaflet T S 3)

‘:‘-{L.x“.:*? “,{: ‘“ hl-:‘nrt-f nb- "'J‘:.-A:I.:‘:':}:
Pamton & Co. Limited
KINGSTHORPE - NORTHAMPTON *

Tel: 34251 (10 lines). Grams: ‘Ceil’ Northampton. Telex 31576

AUSTRALIA Painton (Australia) Pty. Ltd. U.S.A. Painton Inc. ITALY Painton Italiana. SWEDEN Svenska Painton A.B. BENELUX Painton S.A,
GERMANY Painton G.m.b.H.
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~ Why the MINISTRY OF TECHNOLOGY
" clean with ARKLONE when they could use

a solvent 24 times cheaper

R.A.F. radar equipment being cleaned in ‘Arklone’ at the
G MinistryofTechnology, Aeroplaneand Armament Experimental
Establishment, Boscombe Down. The cavitation effect of
ultrasonic cleaning in the ICl plant is clearly seen.

JUNE 1967 75
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Electronic equipment for the R.A.F.’s latest aircraft is
being cleaned in ICI’s "Arklone’ solvent. Yet ‘Arklone’—
ICI’s brand of trichlorotrifluoroethane—costs 24 times
more than the petrol it replaces. So why use ‘Arklone’ ?
Because ‘Arklone’ does the job more effectively, more
safely, faster and at less overall cost—through the
operating economies it brings.

More effective ‘Arklone’ has a strong searching
action which can be further intensified by ultrasonic
agitation. Its low surface tension gives it excellent
wetting and penetrating powers, making ‘Arklone’ the
ideal solvent for cleaning plastics.

Safer ‘Arklone’ is non-flammable and practically
non-toxic. There is no safer solvent. Unlike petrol and
harsher solvents, ‘Arklone’ does not attack plastics,
resins or rubbers commonly used for insulation. As
‘Arklone’ penetrates assembled items thoroughly, risk
of damage by dismantling is eliminated.

Faster ‘Arklone’ removes contamination quickly,
even from blind holes and recesses in complex,
fully-assembled parts. Time-wasting dismantling,
hand-cleaning and re-assembly can be avoided
entirely.

Less overall cost The unique properties of ‘Arklone’
make it ideal for low cost vapour degreasing of
assembled components. Costly methods of cleaning
by hand are out when you install ‘Arklone’.

If you are tempted by prospects of increased efficiency
and a real return in time and labour saved, contact us
now. We'll give you the facts, fair and square.

/To Imperial Chemical Industries Limited,
Millbank, London S.W.1

Tell me more about ‘Arklone’ solvent for cleaning
electronic components.

Name__

Address ] | ____m

@ ARKLONE

CLEANS ELECTRONICS
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For more information circle No. 98

Where should coaxial pins appear in
the vacant M Series housing?

The intelligent approach of AMP to design and
application problems is well exemplified in the
range of M Series Connectors. These multiple
units, with snap-in contacts, permit any pin and
socket configuration to conform precisely with the
requirements of a specific circuit. There are no
unused pins or sockets, Wiring harnesses may be
preformed and terminated by AMP automated
methods to give highest possible production
speeds at lowest applied costs, with ease of
assembly, testing and quality control.

Profit from
Ampintelligence
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‘MICROELECTRONIC Technology Points the Way
Ahead ’ was the title of an article published in this
journal about a year ago and the truth of that statement
is becoming apparent with increasing rapidity. It is also
becoming clear that the various forms of microcirtuit,
that is thin films, thick films and silicon integrated circuits
(sd.c.) are not so much rivals in the race for supremacy,
but rather are they complementary.

The thin and thick film processes both produce passive
components only and so require the addition of active
devices, which may be included in a common package or
connected externally by the user. In each case, conduc-
tive, resistive and dielectric layers are applied to an
insulating substrate to form one or more circuits. This
highlights the basic concept of microelectrics as involving
a sequence of operations each of which is applied in
parallel to all appropriate parts of the circuit, until the
circuit is complete, as opposed to building up a circuit,
component by component, using either” printed circuits or
point-to-point wiring. The thin film process uses evapora-
tion or sputtering and is capable of producing highly stable
components which may be adjusted to give precise values.
The thick film process uses cermets and glazes applied by
silk screening or similar techniques to produce compo-
nents of moderate accuracy.

As pointed out in a recent article* the basic advantage
of si.c. technology is that it produces active dévices—
diodes and transistors—which dominate the performance
and cost of electronic equipment, particularly in the digital
field. The passive components produced by this process
are less accurate and more restricted in range of values
than in the film processes, but complete circuit functions
can be performed by s.i.c.’s. The major investment in
microelectronics by many large organizations throughout
the world (as, for instance, the Plessey Company) is heing

made in s.i.c. technology not primarily because of the-

reduction in size or improvement in reliability offered—
valuable though these features may be—but because it
offers a way of reducing the cost of electronic equipment.

One of the basic reasons for the economic advantage of
the s.i.c. process may be seen by comparing it with silicon
planar epitaxial transistors. A typical npn transistor of
this type for small signal linear applications up to a few
hundred megahertz or switching applications with times
of around IOnsec, has an active area of about -002in X
‘002in. The area of silicon used is normally increased to
around 0-02in X 0-02in to provide room to attach lead

* HoLt, W. Microelectronics Reliability and Economics. Component
Technology (The Plessey Co. Ltd.)) 2, 6 (May 1967).
!
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wires and to ease the other assembly problems. Thus,
only 1 per cent of each silicon ‘ chip * is really being used
for the semiconductor device; the remaining 99 per cent
being sacrificed for mechanical convenience. The process
appears even more inefficient when transistors, processed
in the form of slices of silicon 1 to 1-5in in diameter, each
containing some 1000 transistors, are divided and
separately encapsulated only to be assembled together
again by the user.

The use of integrated assemblies of transistors does, in
general, require a more complex technology as the ortho-
dox planar transistor process automatically gives a com-
mon' collector connexion which has limited use. Extra
stages in processing are required to produce transistors
with electrically isolated collectors, though resistors,
capacitors and diodes may be formed by the basic tran-
sistor process, by including them on the appropriate
photo-engraving mask. The net result of this more complex
processing is to increase the cost of producing a finished
silicon slice by rather less than a factor of two while
improving the utilization from 1 per cent to between 10
per cent and 50 per cent depending on chip size and the
area required for isolation diffusion.

The question of yield is, of course, very important and
greater process complexity and number of components
per chip must reduce the yield of s.i.c.’s compared with
single transistors produced with the same level of tech-
nology. Firstly, each additional stage increases the num-
ber of whole slices rejected. Secondly, the increased active
area per chip will increase the chance of a fault occurring
in that area. Once a reasonable level of process control
has been established, it is the second mechanism which
largely controls the yield. The larger the chip, the greater
is the chance of a fault occurring in it but on the other
hand, the greater the complexity of the s.i.c., the greater
is the economic advantage over discrete components, and
from this it can be seen that costwise there is an optimum
size of chip. Naturally, as further technological advances
are made, higher and higher yields can be expected and
si.c’s of greater complexity will become feasible and
economically viable. 5

There is no doubt that microelectronics in one form or
another is going to bring about profound changes in the
electronic industry and that s.i.c.s are going to play an
important part in this. Indeed, it can be seldom in the
history of technology that one element has emerged so
dramatically from the background to play such a unique
and dominant role in re-shaping the course and future of
an industry and, moreover, with the exception of oxygen
it is the most abundant element of the earth’s crust!
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Calcﬁlation of V-I Curves for N.T.C. Thermistors

‘A Method of Calculating the Steady-State Voltage/Current Characteristics

of Directly-Heated Negative—Temperature-Coeﬂicient Thermistors

(Part 1)
By M. R. McCann*, CEng., A M.LER.E.

When the current through an n.t.c. thermistor is slowly increased, the corresponding voltage in-
creases to a maximum Emns: and then starts to fall. This characteristic is due to the self-heating of the
thermistor.
The basic formulae involving resistance, temperature and power are used to derive a graph which
shows curves of normalized voltage and current for negative temperature coefficient thermistors.
From these curves and a knowledge of the cold resistance and Ewsx, the voltage-current characteris-
tic of the thermistor can be determined in any ambient temperature. An example of this calcula-
tion is shown for a thermistor mounted in different enviromental conditions. The analysis includes
a simple method of calculatmg Emsx (0n the V-1 charactensnc) and its variation with ambient tem-
perature. A universal resistive load line is derived for use in conjunction with voltage-current charac-
teristics plotted with logarithmic scales.

Several examples of the voltage-current characteristic of different types of thermistors are shown

measured under practical conditions and they are compared with characteristics calculated.from the
normalized curves.

The analysis is extended to include thermistors mounted in a vacuum, where there is a consider-

able deviation in the behaviour of the thermistors from that of those mounted in other media.

IN applications of the negative temperature coefficient
thermistor where a significant amount of power is
dissipated in the device, the basic analysis for an elec-
trical design requires a knowledge of the steady state
operating point under conditions of thermal equilibrium.
Such applications include temperature compensation in
electrical circuits, measurement of electrical power, ampli-
tude control of oscillators and amplifiers, manometers,
katharometers, anemometers and other flow measure-
ments. This operating point can be described electrically
if any two of the following quantities are known:

(a) Voltage across the thermistor
(b) Current through the thermistor
(c) Its resistance .

(d) The amount of power being dissipated in the
device

The _voltage and current are perhaps the most con-
venient quantities since when plotted in a graphical form,
a resistive load line may easily be drawn to obtain the
operating point.

In the following analysis it will be shown how the
voltage-current characteristic under any conditions can
be calculated simply without resorting to complex expo-
nential equations, assuming that the thermal conditions
of the surrounding medium and the ‘characteristic * para-
. meters of the thermistor are known. The analysis also
shows how the voltage-current characteristic is dependent
upon the variation of the ambient temperature, the con-
ductivity of the surrounding medium, the resistance of
the thermistors, etc., and other variables. -

Calculation of Emax

When electrical power is dissipated in a thermistor, its
mean temperature rise above that of its surroundings is
in direct proportion to the magnitude of the dissipation.
This relationship holds when the environmental conditions
of the thermistor are such that the heat flow to its sur-
roundings obeys Newton’s law of cooling. This law is

¢ Standard Telephones & Cables Lid.
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(Voir page 407 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 408)

closely followed when the thermistor is in free air and
the temperature of the thermistor is sufficiently low to
neglect the radiation of heat from its surface.

In the majority of the following analysis, it is assumed
that the above relationship holds.

It has been- found that the following relationship for
negative temperature co-efficient thermistors holds over
a wide temperature range:

Rr = R exp (B/T) m
where Ry is the resistance of the thermistor when its mean
temperature is T degrees Kelvin; R is a constant equal
to the thermistor resistance when the temperature T is
infinitely high; and B is the constant that will be referred
to in the text as the characteristic temperature of the
thermistor.

t has been found by experiment that the variation in-
B for STC thermistors over the temperature range from
—40°C to +120°C is less than 1 per cent. This was veri-
fied experimentally by accurate measurement of resistance
and temperature. The equipment that was used did not
permit verification outside this range of temperatures.

In an ambient temperature of T.°K with zero power
dlsslpated in the thermistor, equation (1) becomes:

- Re = Res exp (B/T,) 2

This article relates only to the steady state condition of
the thermistor. The thermistor is -allowed to regain equili-
brium after any change in the conditions. All voltages and
currents are effective (r.m.s.) values.

Consider a power of W watis dissipated in the thermis-
tor such that its mean temperature is raised to AT above
that of the surroundings (which are assumed to be at
T,.°K). Then

= kAT 3)
where k is the dissipation constant (i.e. the reciprocal of

the thermal resistance). The resistance of the thermistor
Rr now becomes:
B

e = R o0 (75 Gy
from equations (1) and (3). This assumes that the resis-
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tance of the thermistor obeys equation (1) where T is the
mean temperature of the thermistor. From equations (2)
and (4).

B
RT=R°exP(mW_(B/T‘) ) w.{(5)

EISRIR ey i 0 T AN ©)

where E is the voltage across the thermistor and I is the
current through the thermistor.

Equation (5) becomes:

) B . :
E=IRo_exp (m-—(B/T.) ) ()

If equation (7) is differentiated with respect to I, it can
be determined whether the voltage has maxima or minima.
Rearranging equation (7) and substituting W = EI:

Now:

SyMmBoLs
Units

B °K The °‘characteristic temperature’ of
the thermistor

D °K A parameter which is a function of
T. and B

D’ °K The value of D at ambient tempera-
ture T,
E V  The d.c. voltage across the thermistor
Emax The maximum voltage across the
thermistor .
Emax’ V. The maximum voltage across’ the
thermistor at an ambient temperature
T

F °K Another parameter which is a func-
tion of 7. and B

1 A The direct current through the
thermistor

Inm A A parameter which is a function of
Ema,x and Ro

Imax A The current through the thermistor at
Ewax

k W/°C The dissipation constant of the
thermistor

Rumax Q) The resistance of the thermistor at
Enmax

R, Q The resistance of the thermistor at
zero power dissipation

RS Q) The value of R, at T,

Ry Q  The resistance of the thermistor at
temperature T

R Q The resistance of the thermistor at
infinite temperature

T °K The mean temperature of the
thermistor

T. °K The ambient temperature of the
medium surrounding the thermistor

T °K An arbitrary ambient temperature
different from T, ; Jidg

T, °C The temperature 7. expressed in
degrees Celsius

4 W The mean power dissipated in the
thermistor

W max W The mean power dissipated in the
thermistor at Emax

AT °C A change in the mean temperature of
the thermistor

AT, °C A change in the ambient temperature
T.
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InE-—-InI=InR,+ IT.——-I-—(BE_IWC)_ — (B/Tw
Therefore :
1/E (dE/dl) — (/) = —B
Efk___ . (dE[dDU/R);
: [(T. + EIRY ' (T. + EI/D)
it (EIB/k) — (Ta+(E1/K))?
dE[dl =EIl | (E18/l)+(T. + (EI/k))’:l

Now dE/dI = 0, corresponding to a voltage maximum or
minimum for a slow change of /, when:
(T» + (EI/ k)Y = EIB/k
hence:
(ED? + EI1 k2T, — B) + k*T.' =0
and:
EI=K[(B/2){1 + V(1 —(4Ty/B)} —Ts] .... )

The roots of equation (8) are given in equation (9). These
are real, since in practice 4T, < B. (If 4T. > B there will
be no voltage maximum or minimum.) The negative sign
of the square root in equation (9) corresponds to a voltage
maximum. The positive sign is of no interest and refers
to a voltage minimum occurring at a temperature well
above the maximum permissible for the thermistor.

Under the conditions when the voltage is a maximum,
let:

E = Ewax

El = Wnax

T = Tmax

E/l = Rumax ’ -
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Then:

AVIR=) D= % 0 s o P a (10)
and:
ANTRE= R e [l o e A (11)
Then from equation (9):
u:lmax =0 [(B/2){1 - \/(1 —(4T./B))} =2 7in] | S sae (1)
and:
Tmax = B[2[1 — V(l - (4T5/B))] ...... (13)
Now:
Rt i e e T, et (14)
and:
Rumax = Roexp ((B/Tmax) — (B[TW)) ...... (15)

From equations (12), (13) and (15):
Emax = [Rok(Tmax—Ts)]! exp((B/ 2T max)—(B/2T4)) .. (16)
This equation is a complex

Hence E = (Emax/D) V(BATRz/R,) by substitution for k

from equation (17).
Therefore :
V(BAT) 1
E/Emn == (T‘ exp [(B/Z)(W

—(1/ T,))] ............ 22)
Also I = V(W /Rr) '

“y(&a)

Substitution for k gives:

BATR,
I= (Emlx/DRo) \/( R )

function of the variables
B, Ta, Ro, k and Enmex

(7 = 300°C when F=8)

F = 2000°K

(Tmax is a function of B 10

< _'/ i

and T.). However, the fol-

3000°K

el |

lowing equation (evolved // ,
in Appendix A) shows that

~
3

ulolu

Emnax

a very much simpler rela-
tionship exists between

4000°K

I
m
]

10 Q
R, b,
30 R F=5000 Ny
o

s

these quantities, i.e.:
Enux = D V(R.k/B)

Vs

100 Ry

300 A
\ T =300°C

........ 17 o

where :

+ (5/8) (Ta2/BY)+(53/48) _ P

(T3 B +(903/384) (T./BY) iy

+(21769/3840) (T.*/BY)] A L e el

........ (18)

D is a function of 7. and 0-01
B, and does not vary k L ‘ s
appreciably over a wide
range of  values of

10 100 1000

Fig. 3. Relati

B(2500°K to 6000°K). It

has the dimensions of

absolute temperature.

When the ambient temperature T, is 20°C, (Ta = 293°K),

D ~ 186 and

Emax = 186 V(R.k/B) within +2 per cent over a range of B
from 2 500°K to 6 000°K .......... (19)

When T. is 25°C (T, = 298°K)

Emex = 190 V (R.k/B) within +2 per cent over a range of B

.from 2 500°K to 6 000°K .......... (20)
It also follows that for most practical purposes:
Emax =064 Ty V(RK/B) «......... 1)

This can be seen in Fig. 1 where D is plotted against B for
various ambient temperatures.

Fig. 2 is a plot of D/T. versus T./B, which enables D
to be determined easily for any given values of 7. and B.

Therefore, Emax can be calculated from Fig. 1 or 2 and
equation (17) for given values of ambient temperature,
characteristic temperature .(B), dissipation constant and
cold resistance (R,) or, if the ambient temperature is 20°C
or 25°C, by the approximate formulae in equations (19)
and (20).

The Generalized Voltage-Current Characteristic
Equation (17) enables the generalized voltage-current
characterisic to be determined as follows:
Now E? = WRr
= kATRy from equation (3)
= kATR, (Rz/Ry)

ELECTRONIC ENGINEERING 348

b the normalized voltage and the normalized
current as a function of the parameter F

Hence:

Y (BA 1
IR, /Emsx = —(D—T) exp [ = (B/Z)(m

— (1/Ts) ):l ................ (23)

Ty o Ead IROS TN . ¢ N TNNE (24)

Let:

Then:

V(BA 1
I/ =—(D—T)‘ exp l: - (B/Z)(m

— (1/Ts) ):I ............ (25)

E/Ensx and I/In can be calculated for given values of
B, T. and AT from equations (22) and (25). They have
been plotted graphically in Fig. 3 for an ambient tempera-
ture of 20°C. It is interesting to note that the current
(Imsx) at maximum voltage is approximately equal to
3I.. Also contours can be plotted in Fig. 3 showing lines
of equal mean thermistor temperature. Note, however,
that these lines apply only for an ambient temperature of
20°C.

Once the relationship between the normalized voltage
E/Em\y and the normalized current I/In is known, the
relationship between voltage ¥ and current I can be deter-
mined for any given or calculated values of Emax and
R.. (In some calculations more accuracy is obtained if
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Fig. 4. Relation between the parameter F and tbe characteristic temperature
B over the range —20°C to -+130°C in ambient temperature

Fig. 3 is plotted in a different form, as described in
Appendix C.)

At first sight, it is necessary to plot equations (22) and
(25) again for each different ambient temperature. How-
ever this is unnecessary, as shown below.

The Normalized Voltage-Current Curves for Different
Ambient Temperatures, T-

Consider equation (7):
B
E = IR, exp(m = B/T,)
then:
E/Emax = (IRo/Emax) exp [ (B/ Tl)

1
(1 ¥ (B/Bmd) URolEma) B [kToR) ! )]

and:
E|Enax = (I/1In) exp [(B/Ta)

1
(1 + (E/Emax) I/ Iw) (Em’uz/kT.Ro) i )]

max’ = D*(kRo/B)

But:

Hence:
E|Epsx = (I/1x) exp (B/T»)

1
(1 + (E/Ems:) (I/In) (D?/BT,) =71 )] ............

Now from equation (18) the expression D?*/BT,, which
occurs in equation (26) can be written:

D?|BT, = (T./eB)
[1 + 1/2(T./B) + 5/8(T2/B) + ...... ] ?
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The value of D?/BT. is therefore a function of 7./B
only, and is independent of the actual value of either
T. or B. The only other place where T. and B enter
equation (26) is again as the ratio T./B. Since there are
no other quantities involved in {26) except the normalized
current and voltage, it follows that T,/B is the only para-
meter involved in the relation between E/FEma.x and IfIm.

Therefore, the effect of any change in T, may be exactly
replaced by the effect of a reciprocal change in B. The
curves in Fig. 3 have therefore been plotted in terms of
a parameter F where:

F=BQ93IT) .......evnn. @7
feagt z
= B s e (28)

where Tc is the ambient temperature 7. expressed in
degrees Celsius (so that for To¢ = 20°C, F = B).

Fig. 4 shows the variation of F in terms of the ambient
temperature Tg.

When determining the voltage-current characteristics of
a thermistor from the normalized curves it might be noted
that Emsx and In are also functions of temperature. Both
these quantities can be calculated from equations (2) and
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_ thermis
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R 7 Fig. 8. General equivalent
circuit for a load line (example
shown in Fig. 7
e open-circuit voltage,’
Yoc ET Thermistor 1, = short-circuit current,

. . Ny R = load line resistor where
Voelllc =R

T

(21). However if Emax and I, are known at some particular
ambient temperature (20°C or 25°C), Fmaxr and Im at
some other ambient temperature can be determined if it
is known how the ratio of these quantities varies with
ambient temperature.

~ For Ema this has been solved (in Appendix B) using
the approximation:

In (E‘f__) =~ AL 12— 310 ...... 29)
xﬁa.x Tl Tl
where Em.:’ corresponds to an ambient temperature T’
and Epn.” corresponds to an ambient temperature T”
If T, is 293°K (20°C) the apparent error in the charac-
teristic temperature over a range of ambient temperature
from —20°C to +4120°C would be in the order of
+2 per cent. Since the tolerance on the characteristic
temperature is of the order of 5 per cent, it is a reason-
able approximation to say that for most practical purposes
equation (29) is correct over this tempegature range.
Comparison of equation (29) with a re-
arrangement of equation (2) shows that the
variation of ‘Emax from its stated value of

(In free air at 20°C)

Example of Obtaining the Voltage-Current Characteristic
at Various Ambient Temperatures and in Different
Sarrounding Media

Consider an F23 thermistor in free air (using nominal
values):
R, at 20°C = 2000Q
B = 3050°K
k = 0-85SmW/°C
Euwax at 20°C from equation (17) and Fig. 1

g 085 X 2

In = me/Ru = 22mA.
Since T, =20°C, F = B.
Using Fig. 3, Table 1(a) can be compiled from the
numerical values of E and I.
Current I is plotted against voltage E in Fig. 7. °
To calculate the voltage-current characteristic of this

thermistor in free air at an ambient temperature of, say,
70°C it is first necessary to calculate F.

ie. F = 0-854 B from Fig. 4

F = 2600°K
From Fig. 5, Emax at 70°C = 0-55 X 44
= 2:42V
and from Fig. 6, In at 70°C =25 X 22
= 5-5SmA

Table 1(b) shows the calculation of the voltage-current.

characteristic under these conditions.

If the F23 is now immersed in water at a constant
temperature of 70°C, the dissipation constant k increases
from 0:85mW/°C to 3-SmW/°C, which is approximately
in the ratio of the thermal conductivity of air to that of
water. From equation (17) it can be seen that Em. is
proportional to the square root of the dissipation constant.
Hence, the value of Emax under these conditions is 4-92V.
Since In is modified in the same proportion as Emy, its
value becomes 11:2mA. A new table can be constructed

using the ‘new values of Enma and In, and the voltage-

current curve drawn and plotted as shown in Fig. 7.

It can be seen that the scales of Fig. 7 are logarithmic.
This enables the whole of the useful current .and voltage
of the thermistor to be plotted with reasonable accuracy.
If the characteristic were fitted with linear axes the charac-
teristic could only be drawn accurately over about a
decade of voltage and current compared with say three
decades with logarithmic axes.

TABLE 1(a) TABLE 1(b)

(Un free air at 70°C)

20°C obeys the same law as the variation
of the thermistor resistance with temperature s E ! E .L, E : 1 E
(with no power dissipated), except that the Inm Emax | (mA) ) Im Emax’ | (mA) V)
apparent value of the characteristic tempera- 60- | 0-395 132 1-74 40 | 051 220 123
ture is ((B/2) — 310)°K. It can be shown 50 0-429 110 1-89 30 0572 165 138
by a similar argument to that in Appendix 40 047 88 2:07 25 0-614 137 148
B that the variation of In(=FEms:z/R.) with 30 | 0331 66 2:34 20 | 067 110 1-62
% ! 25 0-575 5-5 253 15 0-735 82-5 178
temperature is determined by an apparent 20 0-631 4-4 2-78 10 0-835 55 2.02
characteristic temperature of ((8/2+310)°K. 15 0-705 33 31 8 0-885 44 2:14
Figs. 5 and 6 show the variation of 1(3) 82; %:’276 333 g 88‘815 3?7 . %g’sl
max” [ Emss’ and In”/In’ with ambient tem- 6 | 093 132 | 409 3 10 165 2.42
temperature. : ) 5 | 0975 11 | 429 15 | 0489 825 | 215
Thus with the aid of Figs. 4, 5 and 6, the ; 1{9)7 822 2:247 (l)(_; 0-7; gg 1-79
1 = isti - 0- g : 2 0-5 -85 1-43
vo tage current‘ characteristic can be de.ter 15 089 033 392 0.5 045 73 1165
mined from Fig. 3 over a range of ambient ; : ! y ; ) R
g 4 % 10 0-74 0-22 325 0-3 029 1-65 0-70
temperature from. .—ZQ C' to +120°C, with 05 0-45 011 2.0 02 0-197 11 0-48
no error of practical significance.
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Measured and calculated
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1,=40°C
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I(mA)
Fig. 9. Voltag h. ie of an STC KS37 disk type thermistor
6
oSS
\ Measured and calculated
. \\ ;
% !
\
2
44 T,=40°C
0 5 10 15 20 °
1{mA)
Fig. 10. Voltage-curreat characteristic of an STC type A24 bead thermistor

(bead f[nside a gas-filled envelope)

A resistive electrical load line can be drawn on a
characteristic plotted by either method. In the case of the
linear axes it is a straight line and for the logarithmic
axes it is a rectangular hyperbola of constant shape. The
rectangular hyperbola is described in Appendix D and an
example of it is shown in Fig. 7. If the thermistor is
operated at 5V open-circuit voltage and 30mA short-circuit
current its resistance under these conditions can be deter-
mined by the intersection of the load line with the voltage-
current characteristic, i.e. :

10 T
Calculated
8 /
h—“-&%
[ B
E 6 Measured
W
4
2
FS238 in still water T,=25°C
0 10 20 30 40
HmA)
Fig. 12. Voltage-current characteristic of a bead thermistor immersed
in water

The foregoing method of calculating the voltage-current
characteristic is sufficiently accurate if the heat transfer
from the thermistor is by convection and conduction when
mounted in free air. Figs. 9, 10 and 11 show the com-
parison between calculated and measured characteristics
where the calculated curves are based on the measured
values of Emsz and R,. It would appear that the difference
between the measured and the predicted voltage-current
characteristic is sufficiently small for most practical pur-
poses even when the mean temperature of the thermistor
is 300°C. In the STC range of thermistors, the types whose
behaviour can be calculated by this method are:

A, D, E F, FS, G, GT, KR, KU, KB, M, P and U.

Deviations from the calculated curves occur in practice
when the thermistor is immersed in a liquid. This is
because heat from the thermistor causes the temperature
of the liquid immediately surrounding it to rise. However,
the error is not very significant if one compares it with
the departure from the nominal characteristic, due to the
tolerances on the parameters of the thermistor. Fig. 12
shows the calculated and measured characteristic of an
FS23B thermistor immersed in still water.

. The curves in Figs. 9, 10 and 11 were obtained by
measuring the thermistor inside a small (5in®) enclosure
which was in the direct

Ta
CO

RESISTANCE

©@

VOLTAGE CURRENT

(mA).

CONDITION
(See F.ig. 7

MEAN TEMP.
OF BEAD
Q)

OPERATING
MEDIUM

path of a temperature
controlled jet of air. These
conditions closely simu-

957
161
340

20
70
70

1 » 43 45
2 . 24 15-5
3 345 100

lated those of free air.
The temperature of the
air within the enclosure

43
114
80

Free Air
Free Air
Still Water

. 11. Voltage-current characteristics of various bead thermistors where
the bead is mounted at the end of a glass probe

was - controlled to better
than 0-1°C during the
plotting of the voltage-

F53D

efesr o]

current characteristic (to .
avoid inaccuracies due to
thermal time - constant

FS238

each ‘characteristic took
at least two hours to plot

4 F23D

on an X-Y recorder). The
accuracy of the measure-
ment of voltage and

Etv)

current was to within
0-5 per cent. The experi-
ment involving the im-

€ = calculated

M = measured mersion of a thermistor in
F53D T =22'6:C water was carried out in
FS23B 7c=235"C | a temperature-controlled

F23D 7, =23-5°C room

1{mA)
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A 50 to 500MHz Broadband Transistor Amplifier

By A. E. Hilling*, B.Sc.(Eng)

A broadband amplifier is described which has a gain of 21-5 + 1-5dB from 50 to 500MHz. A

maximum noise figure of 8dB is obtained at 500MHz and the maximum input and output v.s.w.r.

are 2:0:1 with respect to 50C). Low third order intermodulation distortion is achieved by using the
BFY90 transistor.

(Voir page 407 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 408)

SMALL signal broadband amplifiers are used extehsively
in multi-channel communication equipments. They can
be used, for example, as aerial amplifiers in regions of low
field strength and in cable distribution systems to compen-
sate for cable losses. These amplifiers can also be con-
verted to narrower band operation by the use of external
filters.

The advantage of the amplifier described here is that,
due to its very wide bandwidth, it can cover the require-
ments of many narrower band amplifiers and in general
give a better distortion performance. One amplifier, which
can be used without modification or adjustment in many
different systems, aids standardization and can bring con-
siderable economic benefits. The use of transistors make
the amplifier rugged and reliable and reduce the power
supply requirement.

There would appear to be a wide application for a
general purpose amplifier of this type.

Amplifier Requirements

The system for which this amplifier was designed
required a gain of approximately 22dB between 50 and
S00MHz, a maximum noise figure of 8dB and input and
output voltage standing wave ratios not greater than 2-0:1
with respect to 50Q0. The third order distortion generated
in the amplifier was required to be as small as possible.
Second order distortion was not considered to be important
as the amplifier would be preceded by a band-pass filter.

The largest signal occurring at the input to the amplifier
is likely to be of magnitude —30dBm.

Transistors

Four Mullard BFY90 transistors are used in this ampli-
fier. These are ‘silicon npn epitaxial planar transistors
whose features include low noise, low third harmonic
distortion and a minimum fr of 1GHz between 2 and
20mA collector current.

Circuit Configuration

The two configurations commonly found in transistor
broadband amplifiers are common base and common
emitter. To obtain power gain in the common base con-
figuration interstage impedance transformers must be
used. ?

The advantage of this method is that the power gain
of a stage is not primarily dependent on the current gain
of the transistor. Ferrite core transformers have been tried
and were successful in single stage amplifiers covering the
band 50 to S00MHz where the load on the output trans-
former secondary was a 50() resistor. However, this tech-
nique was not successful when applied to multi-stage
amplifiers and a flat gain characteristic could not be
obtained. This was attributed to the change of transistor

* Mullard Research Laboratories.
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input impedance with frequency presenting a varying load
impedance to the previous transistor.

With the advent of transistors with cut-off frequencies
(fr) greater than 1GHz, it has become feasible to design
broadband amplifiers up to 500MHz using transistors in
the common emitter configuration. This technique uses
the current gain of the device to provide amplification, the
advantage of this method is evident in the elimination of

e Re

Re Ce

T

Fig. 2. Stage with series feed-
back

Fig. 1. Stage with shunt feed.
back

=
: \
S
50 500
FREQUENCY (MHz)

Fig. 3. Sketch of frequency response shunt feedback -stage
<
<
S

50 500
FREQUENCY(MHz)

Fig. 4. Sketch of frequency response series feedback stage

the interstage impedance transformer. The current gain of
the transistor is, however, frequency dependent but can
be controlled by the addition of simple feedback networks.

The common emitter configuration has been adopted
for this amplifier.

Transistor Parameters

The design and analysis of high frequency transistor
amplifiers is complicated by the lack of an equivalent
circuit which is directly related to the transistor physical
characteristics. As a consequence the analysis of these
amplifiers is based on ‘black box’ parameters, in this
case y parameters. These have the disadvantage of being
current, voltage and frequency dependent. Each stage is
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Fig. 5. A foor stage common emitter feedback mpliﬁc; using the BFY9) transistor

complicated by the presence of frequency dependent pas-
sive feedback networks.

Feedback Networks

Two simple forms of feedback have been employed
which have been called ‘shunt’ and ‘series’ feedback
(Figs. 1 and 2). The application of shunt feedback to an
amplifier stage lowers the input and output impedarces
while the application of series feedback increases them.
Each feedback network contains a component whose
impedance varies with frequency. These components have
been chosen so that the effect of the feedback networks
decreases with increasing frequency. Further aspects of
shunt and series feedback amplifiers are discussed else-
where!?, Feedback around two stages has also been
examined but, due to phase changes in the transistors, can
lead to instability at frequencies approaching S00MHz.

Circuit Design

By taking the values of transistor y parameters at dis-
crete frequencies in the band, at specified operating points,
it would be possible, with the aid of a computer, to vary
the several feedback eclements until the required gain
characteristic and input and output v.s.w.r. were obtained.
However, the advantage<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>