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STABILISED HIGH VOLTAGE

Models 905 and 906 (illustrated) are two typical models from the Beta
Range.

See our double page

spread, inside,
5245 for fuller details
of this exceptionally

compact range.

905 400uA positive Gnkv
906 400pA negative 7" "IG"
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what are Farnell doing with silicon?

N

AND THIRTEEN MORE

Single Output Voltage range (preset) Price
[] SSA 0-25Vat 1A 25 - 30V at ZA. £28
SSB 0 - 25V at 2A 25 - 30V at 1A. £34
SSC 0-15V at 3A 15 - 30V at 2A. £39
SSD 0 - 15V at 44A 15 - 30V at 3A. £45
SSE 0 - 15V at TtA 15 - 30V at 5A. £58

. SSF 0-15V at 15A 15 - 30V at 10A. £78
A completely new addition to the Farnell range of . .
sub-unit power supplies, the 'S’ range comprises Twin Output Voltage range (preset) Price
of fourteen different models. STA 2x0-25V atzA 25 - 30V at 1A, £42
Utilising silicon transistors in the latest design g:ll:g gig:fg\\; :: ;ﬁ 122 : gg\\; :: 1*?A ﬁgg
configurations has produced compact, versatile STE 2x0-15V at 34A 15 - 30V at 2'A. £75
units which can be operated in ambient temper- STF 2x0-15V at 71A 15 - 30V at 52 ¢ £04
atures of 60°C and higher at reduced loading. High Volt o ) * p
; ; igh Voltage Ou pu preset rice
Facilities are included for the external programming SSBH 0-60V at1A, . . . . . £40

of output voltage, elimination of lead resistance
effect and the long term stability and ripple
characteristics are excellent.

Units available are as follows and full specifications
will be gladly sent upon request.

SSE/H 0- GOV at 2TA . . . . . . £64
SSF/H 0-60V at 5A. . . . . . . £84

% FARNELL INSTRUMENTS LTD. SANDBECK WAY * WETHERBY * YORKSHIRE TEL. 2691/2/3/4
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The T.A.P.E.C.technique..in Oceanography

) The T.A.P.E.C. technique - data recording on magnetic tape with its unique

advantages of flexibility and permanence - is seen here in use in R.R.S.
Discovery for research into the nature of the ocean bed. In a typical experi-
ment of this kind a tape recorder records the shock wave signals, caused by
explosions on the ocean bed, detected by a system of transducer, geophones
and hydrophones. Playback on a Thermionic Instrumentation recorder at a
faster speed is used in conjunction with a chart recorder to give a continuous
picture of the physical properties of the ocean bed.
Magnetic tape provides a permanent, infinitely repeatable record that can be
Transposed, Analysed, Permutated, Expanded and Contracted. That's why

| we've coined the word T.A.P.E.C. to remind you of the advantages of
Thermionic instrumentation recording equipment. Medical Research estab-
lishments, Industry, Aviation and Universities are using this equipment to

‘ put the T.A.P.E.C. Technique to work on their data acquisition problems.
Why not write and find out how it can help you?

THERMIONIC PRODUCTS (ELECTRONICS) LIMITED

HYTHE . SOUTHAMPTON . TEL: HYTHE 3265 - TELEX: ;17600 - (TECHNICO SOTON)

A member of the Controls' and Communlcations Group
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TWO RANGES

Further development by ALMA has resulted in the introduction of two ranges of
Metal Film Resistors. The MA series is fully encapsulated and is expected to/ meet
DEF 5114, whilst the MC series has a relaxed specification and is less expensive.

S A A A
- - MA SERIES = = . MC SERIES =
g TEMPERATURE COEFFICIENT.  Better than g % TEMPERATURE COEFFICIENT.  Better than g
=+ 00029 per °C. = = 4 0005% per °C. =
= STABILITY. Better than = 0.1% for 2,000 hours = = STABILITY. Better than  0.2% for first 1000 ==
E use at full load. ’E % hours use at full load. Z;
§ ACCURACY. 5%, +10%, +0.5%, +0.2%, % % ACCURACY. +5%, 1%, £0.5%. E
= o = = =
% RATINGS & DIMENSIONS. = = RATINGS & DIMENSIONS. =
= MAI [watt If long X # dia. 10Qte 2MQ. = = MBI | watt 1§ long X & dia. 100t0 2MO. =
= MAR2jwat I dong X § dia, 1000 750k, = = MBI2 watt § long x &7 dia. 100 to 750k0. =
= MAI4fwace 4§ long X § dia. 100 t0 400kQ. = = MBUAfwart § long X 5" dia. 100 ro 400k0. =
g MAI/8 § watt §” long X 4" dia. 10Q to 150kQ. E g MBI/8 § watt %" long X %" dia. 10Q to 150k g
% Fully encapsulated in epoxy resin tube. % % Sealed in epoxy resin coating. g
=|ﬂllIIIIIIIIlllllllllllllllll|I|Il|l|l|l|||||IIIIlIlIIIIIIIIIIHIIIllllllIIIIIIIIIlIIIII__n; S

Send for full provisional data to:

ALMA COMPONENTS LIMITED
Park Road * Diss - Norfolk .- Telephone: Diss 2287 - Telex 98162
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COMPLETE NEW RANGE OF

CERAMIC

TRIODES

Efficient high-frequency operation
in industrial heating applications

A 39 to 240kW range of ceramic triodes for industrial
applications is the latest product of Mullard’s 46 years
experience in the high power transmitting and industrial
valve market. Mullard ceramic triodes, specifically designed
for industrial heating, are produced by an entirely new
technique resulting in a valve design which is physically
robust, reliable, efficient and electrically tolerant of the
arduous operating conditions encountered in typical factory
process work. y

Small dimensions, combined with the low-loss perform-
ance of the ceramic material, ceramic/metal seals and

coaxial connections used in the valve assembly, give ex- *

tremely good performance in the v.h.f. band: a smaller
electrode structure of optimised design also adds to the
high standard of performance.

To permit complete equipment design flexibility, alter-
native cooling arrangements are provided for some of the
valves; cooling methods are by forced air or by water flow
through a jacket or integral helix. A special helix technique
is used on the higher power valves in the range.

Improvements in electrical characteristics are achieved
by measures which increase the grid dissipation reserve and
the effective emission area of the cathode. Anode voltage
surge tolerance is assured by an anode voltage maximum
rating which is nearly double the operating figure quoted,
whilst the filament can tolerate temporary variations within
—109% to +59% of its nominal value. Added to these
advantages, valves in this range are designed to operate at
a low anode voltage with high efficiency and output
performance, features which can considerably lower the

Approx.

Output Type Max. P a va Ik
at Full Number Cooling Frequency Max. Max. Max.
Ratings
&W) (MHz) W) V) (A
39 YDI150 air 160 25 72 14
YD1151 water jacket
YDI1152 integral helix
88 . YDI1160 air 160 50 7.2 28
YD1161 water jacket
YD1162 integral helix
15-4 YDI1170 air 120 10 72 48
YDI1171  water jacket
YD1172 integral helix
30 YD1182 integral helix 80 20 84 80
60 YDI1192 integral helix 30 40 96 143
120 YD1202 integral helix 30 60 140 20
240 YDI1212 integral helix 30 120 156 30

Selections from the Mullard range of ceramic triodes

overall cost of systems in which ceramic triodes are used.

Valve quality is guaranteed by an exhaustive test pro-
cedure backed by an extensive research programme in the
Mullard applications laboratories. Here, long-term trials
of these valves are carried out in test equipment under
simulated operating conditions.

Mullard’s conservative rating policy is the final feature
which ensures that, so long as the user adheres to the
recommended operating conditions, maximum valve life
and reliability are assured because the margin between
these conditions and the valve’s maximum limits is so large
that it is very unlikely that the latter will ever be exceeded,
even under the most adverse conditions likely to be en-
countered in industrial use.

For further details of these valves, please use the reply
card of this journal (see reference opposite).

What’s new . . . .

. from Mullard

ELECTRONIC ENGINEERING
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Electrolytic
Capacitor
Breakthrough

inexpensive alternatives to
solid tantalum types

A breakthrough in electrolyte techniques enables Mullard to offer
a comprehensive range of aluminium electrolytic capacitors in
which the normal liquid electrolyte has been replaced by solid
semiconductor material. This unique construction gives these
components, even under severe environmental conditions, the
advantages normally associated only with solid tantalum
types, namely, extreme reliability, excellent long term stability

and good low temperature char-

acteristics. The shelf-life and 100%]

reforming problems associated
with wet and the so-called ‘dry’
types are also eliminated.

Reliability trials carried out
over 15 000 000 component hours
have provided failure rate and
service life figures which are com-
paiable with those achieved with
their more expensive solid tanta-
lum counterparts. Lower material
costs allow Mullard to offer items
in the solid aluminium range at
substantially lower prices than
corresponding tantalum compo-
nents. This factor, as shown on
the adjacent chart, becomes in-
creasingly important as the CV
product is increased.

The initial release of Mullard
solid aluminium capacitors was
made on a restricted basis under
type number C415 with capacit-
ance-voltage values limited to 500.
Now in full production, further
introductions under type number
C121 have extended the CV pro-

duct of this range to 2200.
Working voltages
4V C415 16 to 100uF
Cl21 180 to 390uF
6-3V C415 12.5to 80wF
C121 150 to 330uF
10V C415 8to SOuF
Cl121 100 to 220pF
16V C415 5to 32uF
C121 56 to 120uF
25V C415 3.2to 20wF
Cl121 39to 82uF
40V C415 2to 12.5sF

From this brief introduction, it
is obvious that, for similar per-
formance, solid aluminium elec-
rolytics offer substantial price ad-
vantages over tantalum types:
they cannot, of course, equal the
minimum dimension characteris-
tics of the latter type.

Solid Tantalum

5%t

50%

200 400 600 8001000 2000
CV Product

Cost comparison between solid aluminium
and tantalum electrolytic capacitors.

TO-5 2AMP
Transistors

’

ACY17 Family Uprated

Transistors in the Mullard ACY17
family—one of the most import-
ant groups of germanium p-n-p
devices available today—have re-
cently been uprated froma 1A toa
2A device level. This uprating has
opened up a new range of applica-
tions in the medium speed switch-
ing flelds; as an example, these
devices can now be used to drive
OC28 power transistors over their
complete switching range. Junc-
tion temperature ratings have also
been increased and peak pulse
powers of SW can now be handled
over the full current range. All of
these features add up to give this
family of devices an extremely

BTY34 Thyristors—

New Rationalised Range

The Mullard 6-4A thyristor range
has been recently rationalised to
provide devices with 100V, 200V
300V and 400V ratings in place of
the original BTY33 to BTY39
voltage selection in which the
devices were rated in multiples of
50V. Type number BTY 34 with a
voltage suffix is used for items in
the new rationalised range. The
new releases also have the added
attraction of a higher junction
temperature (Tjmax = 150°C),
a feature on which it is intended
to base a completely new ‘higher
temperature’ range of thyristors.

Now in production at the
Mullard Stockport factory, the
BTY34 range of thyristors is
offered on an immediate avail-
ability basis.

Low Noise
Mixer Diodes
AAY50
and
AAY50R

Low noise mixer diodes AAYS50
and AAY50R (development types
79AAY and 80AAY) have been
designed for X-band equipments
using the standard British type of
coaxial diode. The AAYS50 and
AAYS50R form a reverse pair and
are plug-in replacements for types
SIM2/5 (CV2154/5) and GEM3/4
(CV7108/9).

The measured overall noise
figure at X-band is typically 6-7dB
including a 2-0dB if. amplifier.
This represents an improvement
on types CV2154 and CV7108 of
about 3-0dB and 1:5dB respec-
tively.

The AAY50 and AAYSOR con-
form to the SO-26 coaxial outline
and are hermetically sealed.

- - m—

attractive performance/cost
ratio.

Transistors in the ACY17 family
are medium speed devices for use
in switching, pulse, oscillatory and
general purpose industrial circuits.
The applications coverage of the
family group has also been ex-
tended to cover low-noise wide-
band applications by the addition
of two new devices, type ACY44
and its CV equivalent type
CV7740, both of which have a
maximum noise figure of only
4dB over the 200Hz to 10kHz
range. Special selections of both
linear and switching types can be
made available to meet individual
customer requirements.

To assist the designer, informa-
tion on the family has been
completely revised and its range
extended to cover operation up to
2A. It now includes operation
under transient and repetitive
pulse conditions, and gives trans-

ient thermal resistance curves,

avalanche characteristics and
energy ratings in the avalanche
region. 4

Items in the ACY17 family
together with their ‘CV’ equiva-
lents are:

ACY17(CV7376)

ACY18 (CV8130 & CV7436)

ACY19(CV7437)

ACY20 (CV7438)

ACY21 (CV7439)

ACY22

ACY39

ACY40

ACY41

ACY44 (CV7740)

FURTHER DETAILS of the
Mullard products described
is this advertisement can be
obtained from the address
below or through the Reader
Information Service of Elec-
tronic Engineering using the
appropriate code number shown
below,

Ceramic Triodes . . . EE 01 350
C121, C415 Aluminium

Electrolytics . . .. .. EE Ql 351
BTY34 Thyristors . . EE 01 352
AAY50,AAYSOR

Mixer Diodes . . . . . EE 01 353

TO-5 2A Transistors EE 01 354

Mullard Limited, Mullard House, Torrington Place, London, WC1. Telephone: LANgham 6633
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one step ahead of today’'s demands

GGL work in metal, progress on policies stronger than
the materials they work with. Capstan and automatic
work, pressings and drawings, components in metal —

any metal — come quick and accurate when you deal
with GGL. If you aré an industrial pace-setter and you
need a component supplier to keep pace, better get in

touch with GGL.

mlﬂw techniques of tomorrow for the needs of today

 Works, Park Road, Birmingham 18. Tel. NOR 6221

Griffiths, Gilbart, Lioyd & Co. Ltd., Empir
EE 01 008 for further details
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Thin time

Ly

English Electric Valve's range of ceramic hy-
drogen thyratrons is unique. Because each
is a tetrode with inherently low dynamic in-
ductance the firing time may be made accur-
ate to less than one nanosecond, and pulse
rise times of less than 50 nanoseconds.
The anode delay time drift is shorter and
the trigger powers required are consider-
ably less than with other types of thyratron.

For high speed switching applications cera-
mic thyratrons are better than the corres-
ponding glass tubes wherever high-peak,
high-mean characteristics have to be met.
Higher hold-off voltages (40kV per gap) are
possible by using specially designed thyra-
trons with deuterium filling. EEV will be glad
to consider special development and manu-
facture for customers’ own requirements.

ENGLISH ELECTRIC VALVE COMPANY LIMITED

CHELMSFORD, ESSEX, ENGLAND. TELEPHONE: CHELMSFORD 53491 TELEX: 99103

DECEMBER 1966
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electronics

electronic measuringinstruments e te-
lemetering equipments @ closedcircuit
televisionetape recording equipmentse
data processing systems - automatic
data scanning, logging and comput.
ing ® magnetic and acoustic measur-
ing equipments e radio-navigation

equipments @ tracking equipments o

qu . g ¢ rw* PR
civil and. military applicatiofrs.
L J:ga
COMPAGNIE DES COMPTEURS france

C.D.C.(GREAT BRITAIN) Limited
Terminal House - Grosvenor Gardens - London S W.1
Telephone : SLOane 8271 - Telex - 23372
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THIS

CONTINUOUSLY VARIABLE OSCILLATOR

%
N
%k
*

OFFERS

FREQUENCY ACCURACY
FREQUENCY STABILITY
AMPLITUDE STABILITY

SINE OR SQUARE WAVE OUTPUTS

ATTENUATOR 4B
0 2 20
50 10
60 o
1S : o oiad e
I - "Iy

. AND THE PRICE?

Muirhead ask £175 for their 1 ¢/s—1 Mc/s continuously
variable oscillator. No other equipment offers such
features at the price—frequency stability and accuracy, a
high amplitude stability, low distortion and sine or square
wave outputs. Special circuit techniques assure the high
amplitude and frequency stability. Any decade between
X1 and X100K can be selected on the six-position range
switch. Accuracy of setting over the entire frequency
range is ensured by a 50 :1 precision slow-motion drive.
Frequency is 4 1% above 10 ¢/s. Spot frequencies to an
accuracy of 0.005% can be obtained by coupling to a
Muirhead frequency comparator.

The Muirhead K-205-A is ideal for laboratory or field work
and operates from AC mains supply or low voltage
external D.C.

% £175

t.OAD

ﬂuo!‘tl

-~ MUIRHEAD

MUIRHEAD & CO. LIMITED

BECKENHAM, KENT. BECKENHAM 4888

'y
-
s A :
K-205-A
c!LLAm&
‘ -~ \'.

=

r—————---———————--

I Please send me full details on the Contit ly Variable Oscillator

= NAME S 8 e L R e e s o MELANG: ... L ... .o TN WA
il ONCORIRARIY ot . . D e e o i ot
= L______I_——___—___-
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ELECTRONIC
COMPONENTS
& EQUIPMENT

Whiteley Electronic Compon-
ents are designed and precision-
built in the Company’s own
factories. Every operation, is
strictly controlled, every part is
vigorouslyinspected and tested.
Nothingislefttochance—hence
Whiteley’s enviable reputation,

WHITELEY ELECTRICAL RADIO CO. LTD

Tel: Mansfield 1762/5
Tel: HOLborn 3074

WB8186

MANSFIELD - NOTTS ' ENGLAND
London Office: 109 KINGSWAY, W.C.2

ELECTRONIC ENGINEERING 10
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Now at last an

ENGAPSULATION

service that's
® fast

® efficient

® competitive

® provides one off or thousands in a wide
range of resin systems with advice on
your encapsulation and casting problems

Ask for a quotation today

Industrial Encapsulations Ltd.

3 Crompton Way, Crawley, Sussex

ELECTRONIC AUDIBLE
ALARM BOARDS . ..

Ideal for all forms of instrumentation, Fire

and Burglar Alarms. Both High and Low

Power Versions Available. Size 3" x2}" % |".
Prices from 33/

NEWBURY ENG. CO., LTD.

WEST MILLS ° NEWBURY < BERKS ° Newbury 347

EE 01 014 for further details
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SHINDENGEN

Leads in Semiconductor Technology

* Y

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
production techniq;.:es results in efficiency as well as economy.

E specially, the following three silicon elements have many appli-

cations in entertainment and industrial electronic equipment:

TYPE OUT PUT CURRENT(D.C.A) PEAK REVERSE VOLTAGE(V)
S1 A 0.1 600, 800,1000,1500
S2 E 0.5 600, 1000

S2 A 15 200, 400, 600, 800, 1000

SHINDENGEN ELECTRIC MFG. CO., LTD.| ySiicon nectitrer

| pSilicon Bridge Rectifier
New.Ohtemachi Bldg., 4, 2.chome, Ohtemachi, Chiyoda-ku, Tokyo, ._Japan PPower Transjstor

Phone: Tokyo 211-25671 Cables: “SHINDENGEN TOKYO” P Thyristor

Telex: SHINDENGEN TOK 025-539 b Sdudbn, S Jpime WiTEI0AT
P Selenium Rectifier

For further information contact the following agencies:

% Scandinavia: G?delius & Co.,A.B., 1A Stockhoim O Sweden (Phone: 08723 28 00)
*E.E.C. Districts: Gloire Trading Co.,Ltd. Central P.0.Box No.430 Osaka, Japan
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are you confident that the
INTEGRATED CIRCUITS
built into your equipment
are subjected to a

1000 hour life test

before delivery?
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...ours are!

All integrated circuits manufactured are subjected to

% THERMAL SHOCK % 20.000 g. CENTRIFUGE

% LEAK TEST FOR HERMETICITY % ELECTRICAL TESTS

In addition, we subjectrandom samples of every production
batch (commercial or military ranges) to 1,000 hours of

dynamic life test at the maximum operating temperature
before releasing them to you

- ..atno extra cost

total capability in microelectronics
mﬁilliott-Automation Microelectronics Limited /

MICROELECTRONICS SALES DIVISION » GLENROTHES - FIFE - SCQTLAND - TEL: GLENROTHES 3511
London office Tel : ELS 2040 (ext. 2489)/Birmingham office Tel: Birchfield 5863/Manchester office Tel: Bramhall 5000

Distributors for England and Wales of Elliott-Automation Microelectronics integrated circuits

GOTHIC ELECTRICAL SUPPLIES LTD
Henrietta Street, Birmingham 19. Tel : Birmingham Central 5060
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VARiAe ® Continuously Variable Transformers
Catalogue V64

RHEOSTATS  Tubular and Garbon Plate
Compression Type, Catalogue TRS

4 Slate, Catalogue SR
“Tenohm” ®Rotary Rheostats, Gatalogue ZRI

RESISTORS “[}eramite”®Wire Wound Embedded
Catalogue T05

- “Tenite” ®Wire Wound Embedded for low values
TRANSFORMERS Phase Shifting (Catalogue PS4) and Fixed Ratio
CHOKE COILS  Fixed and Variahle

TEST SETS  Insulation Flash Testing
Catalogue FT3

F e Meter Test, single and polyphase
Specifications MT.1113 and MT.I111

R Primary Injection, Specification PI.650819
Secondary Injection, Specification $1.650820

Earth Continuity, with Test Fingers to meet the
requirements of BS.3456 Parts Al and BI,
Specification ES.1001

REPLI-PRINTER Dyeline Printing Machine

TRANSDUCERS  Resistance, for control valves,
crane jib angle monitoring,
lock gates, reeling devices, etc.

DIMMERS Tungsten, Fluorescent, manual and automatic

” ”

” ”

Details gladly sent on request—please specify the item(s)
in which you are interested.

THE ZENITH ELECTRIGC GO. LTD.

ZENITH WORKS ° VILLIERS ROAD - WILLESDEN GREEN * LONDON N.W.2
Telephone: WILLESDEN 65815 Telex: 261778 Telegrams: “VOLTAOHM, LONDON N.W.2"

ELECTRONIC ENGINEERING 14 DECEMBER 1966
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How
many

How many
instruments
do you need
to get these
displays?

X-Y plots with 100 uV/cm The entire signal plus Two lighalc against Two signals versus time X-Y and time plots

sensitivity a magnified portion a common third simultaneously simulitaneously

.DECEMBER 1966 15 ELECTRONIC ENGINEERING
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0076

Designing equipment?
If it's transistorized and for mains operation, then
STC can save you the time, effort and expense of
designing special power supplies—because they’ve
designed them already.
Pictured above are the largest and smallest of a
new series of 18 units which can be arranged to
fulfil any constant-voltage requirement up to 50V
10A d.c.—even at 65°C. Designed for building into
equipment,they can be adapted to suitany space re-
quirement and offer the optimum In performance,
reliability and price, as this specification shows:
Mains: 100-125/200-250V a.c. 45-65 Hz.
Stab;lity: 10,000:1 for -+£109%, mains change (5,000:1,
0-6V
D.C. resistance: <ImQ; a.c. impedance: <0-1Q
from 0-2MHz.
Ripple+Noise: <200.V peak-to-peak.
Temp. coeff: <0-03%,/°C Ambient: 65°C max.
Protection: standard circuit is manual reset.
Units are available preset in one of three ranges;
(sizes A, B or C): 0-16V, 0-30V or 0-50V in ratings
from 0-5A-10A.
Thus 0-5A 12V can be supplied by Types 05A12,
05B12 or 05C12 depending on size and adaptability
requirements.
RATING, SIZE AND PRICE OF SMALLEST AND LARGEST UNITS:

Smallest Largest
Volts range  0-16 (Size A) ~ " 0-50V (Size C)
Current 0-5A 10A ' .
Size 5% x 2§ x 2§ in. 16 x 10¢ x 8 in. LEW.'s m?dlum gauge range of
(13-4x7-83x7-1cm) (40-6 x 27-6 x 20-3 cm) . . . ,
Welght 21b (0-9kg) - 3310 (17-3kg) winding wires have that cohsistent
Price (U.K) £19.00 £87.0.0

For full details write: Standard Telephones and high quality reqUIred by the leading

Cables Limited, Rectifier Division, Edinburgh Way,
Harlow, Essex, or telephone Harlow 26811 Ext. 442.

THE LONDON ELECTRIC WIRE CO.
AND SMITHS LTD.

world-wide telecommunications and electronics CHURCH ROAD - LEYTON : LONDON - E.I0

manufacturers of electrical equipment.

66/1MFE
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X-Y plots with 100 uV/em
sensitivity
For X-Y plots of low-level

signals, just plot A against B.

No need for external pre-
amplifiers, sensitivity is
already 100 zV/cm, Phase
shift is less than 2* up

to 50KHz. .

How many instruments do you need to get
these displays?

The entire signal plus
a magnifled portion
Channel B sweep can be

Two signals against

a common third

Plot both amplifiers against
magnified up to 50X, while a common SmV/cm 300 KHz
leaving channel A X-amplifier. Measure phase
unmagnified. Using horizontal shift between two circuit
shift any part of the goints. Relative phase shift
unmagnified wave form can etween two channels is

be observed and identified.  2° up to 10KHz.

EE’01 022 for further details

The new hp model
132A
dual-beam scope.

All X-Y or Y-T measuring problems having one,
two or even three independant low-level
signals can be solved with the hp 132A, due to
its unique combination of performance and
features:

Two completely independant beams to

display signals at different sweeps or make
simultaneous X-Y and Y-T plots

Two 100 uV/cm vertical amplifiers with a
4000:1 common mode rejection up to 200KHz,
1mV/cm to 20V/cm up to S00KHz

Recorder outputs from each vertical amplifier
Price: £ 495

Two signals versus time

X-Y and time plots
simuitaneously

simultaneously

Measure gain, delay time and
pulse response. For
comparing two signals at the
same time the 132A is a
regular dual-beam scope. No
need for low-level signal
preamplifiers,

Use channel B and the
horizontal amplifier for the X-Y
plot while displaying the
signal versus time on channel
A. |deal for servo and audio
work previously requiring two
scopes.

HEWLETT g} PACKARD

LIMITED
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Hewlett-Packard Limited

® 209

224 Bath Road, Slough, Buckinghamshire,
d 29486

Tel. Siough 28406 an

Headquarters in USA: Palo Alto (Calit.
European Headquarters: Geneva (Switzerland
European Plants: South Queensferry (Scotland)

Boblingen (Germany)
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The Resources of AEl Electronics

Semiconductor Bulletin No. 14

'
e

e

SEMICONDUCTOR APPLICATION ENGINEERING TODAY AND TOMORROW

Fig. 1 Part of the Customer Engineering Department at AEDI’s Lincoln semiconductor plant. Research undertaken by the department in recent months includes
development of a control circuit for a domestic food mixer, a new type of drive control for printing machines, and advanced temperature control equipment.

An earlier bulletin in this series—namely, HOW TO ASSESS THE RELIA-
BILITY OF RELIABILITY REPORTS: AEI Semiconductor Bulletin No. 13*
—explained why it is that a report allegedly defining the reliability of semicon-
ductors may itself be unreliable. It was shown that this curious state of affairs
results partly from faulty statistics and partly from inadequate sampling and
testing. It was then demonstrated that by testing an adequate sample and employ-
ing sound statistical principles, it is perfectly possible to achieve really reliable
reliability reports. This bulletin considers a rather different topic which, although
closely connected to reliability, is, if anything, of even greater consequence to the
non-specialist user of semiconductor devices; namely, semiconductor application

engineering.

The nature of control and its
limitations

There is a sense in which semiconductor
manufacture is more closely akin to arable
farming than to conventional engineering.
For just as the farmer cannot possibly
guarantee that all the grain in a given crop
will be to a given standard, so the semicon-
ductor manufacturer cannot possibly guar-
antee that all the devices in a given produc-
tion run will meet a particular specification
for either electrical properties or physical
characteristics. On the contrary, a certain
percentage will inevitably fall outside the
requisite specification, and another percent-
age will, equally inevitably, fall well within
it. In between there is, of course, a percent-
age which just meet the prescribed toler-
ances. In other words, if you plot the
standards attained by the devices in a
particular run, you will, regardless of
whether or not the production line is in con-

ELECTRONIC ENGINEERING

trol, obtain a unimodal graph of the kind
shown in fig. 2. It may be argued that this is
true of all forms of batch production. And it
is — but not to the same extent.

The exact form of this curve can, within cer-
tain limits, be adjusted by the manufacturer.
But there is no point in his doing so uni-
laterally in an arbitrary manner. He must
consider the applications in which the de-
vices will be used. And this is where the
customer comes in-and the situation
sometimes becomes complicated!

The semiconductor manufacturer can, in
theory, produce a specially designed device
- a planar diode, say, or a planar transistor
— for a specific application. This may be an
economic proposition if the quantity in-
volved is very large, or if the quantity is
reasonably large and the specification so
modest that the scrap rate is negligible. But
customers frequently require semiconductor
devices in large quantities which they also
require to have very high standards of both

18

performance and reliability. In general,
therefore, custom-built devices are too costly
to produce to be acceptable, to any but the
largest (and wealthiest) customers.

Importance of practical
experience in circuit design

Accordingly, the vast majority of users pre-
fer to select standard devices from the
manufacturers’ established range, and rely
upon circuit design to achieve the particular
effects they want. This puts a tremendous
onus on the manufacturer — and for two
reasons.

In the first place because it means that it is
very largely up to the semiconductor manu-
facturer to decide what types of devices to
produce in what quantities. In the second
place, because solid-state circuit design is
still a highly specialised field in which a
limited number of people in the ‘electrics’
industry have practical experience — hence
the popularity of the solid-state assemblies
and sub-assemblies manufactured by AEI

It is, in fact, no exaggeration to say that the
typical semiconductor user is, unless he hap-
pens to be in the electronic field, always in
much the same position as the man who has
enough bricks to build a house, but does not
know very much about architecture. In
other words, he has what he needs, but lacks
the knowledge to use it to its best advantage.
Of course this is not to suggest that engin-
eers in other fields cannot design circuits
involving semiconductors. Most of them
understand the principles involved, and
many of them can design a circuit that will
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SIFAM

Integrity in Instrumentation

IN STRICT TRAINING

Essential to the consistent quality of Sifam instruments is
the inflexible rule that only fully competent, Sifam-
trained staff can take part in the manufacturing process.
This obviously precludes any kind of “sit-in” training for
new and transferred employees ; therefore Sifam have a
pre-productiontrainingschoolstaffed by full-timetraining
officers. Although completely separated from the main
factory, the school echoes its organisation and facilities
—trainee employees are able to carry out practical work
in instrument manufacture as well as acquire theoretical
knowledge from films and lectures.

The result of this rigorous policy over training is that
every employee works consistently to Sifam’s high
standards . . . which, in turn, helps to maintain the
accuracy and reliability for which Sifam instruments are
acclaimed.

ELECT. ENG. EEO1 950 for further details



AN INSTRUMENT FOR EVERY APPLICATION

The comprehensive Sifam range of moving coil instruments
includes voltmeters, millivoltmeters, ammeters, milliammeters,
microammeters and HF thermocouple ammeters and milli-
ammeters, calibrated and scaled to read in any required parameter.
Sifam also lead in the production of instruments, incorporating
ligament suspension units, for use where extra high sensitivity
and robustness are essential.

Illustrated is a section of the Sifam range, showing the wide
variety of case styling available. Technical literature covering all
instruments is readily available.

TYPE 303

An open front, square flange, flush mounting instrument
measuring 3.063” square. The neat, pleasant design of the
moulded case harmonises well with any instrument panel, and
the Inarrow bezel permits fast, accurate reading even from acute
angles.

SIFAM ELECTRICAL INSTRUMENT COVIPANY LIMITED

WOODLAND ROAD TORQUAY DEVON ENGLAND

Telephone: TORQUAY 63822 Telegrams: SIFAM TORQUAY
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Fig. 2 Graph showing how only a certain percent-
age of semiconductor devices fall within the
specified tolerances for a given parameter.

FIRING

Fig. 4 Solid-state printing machine drive control
diagram.,

work — perhaps one that will work effici-
ently. However, whether their design is either
the most efficient or the most economical is
quite another matter.

Food mixer control circuit

Consider for instance the circuit for a food
mixer shown schematically in fig. 3. This
design is the result of considerable research
and development on the part of the Custo=-
mer Engineering Department of AEI Elec-
tronics’ Semiconductor factory at Lincoln.
A designer inadequately briefed on solid-
state techniques would probably have tried
to oversimplify the circuitry, in which case
the system would certainly have been ineffi-
cient, and very probably unreliable as well.
A designer with a firm grounding in solid-
state theory but too little practical experi-
ence would probably have avoided over
simplification but have fallen into the equally
serious error of oversophistication. Which
would certainly have increased the cost
without necessarily achieving the same
measure of reliability and efficiency as that
of the straightforward, but carefully thought-
out circuit developed by the AEI Semi-
conductor Department at Lincoln.

All this is even more true when the circuit in
question is a more complex one such as the
printing machine drive control shown in
fig. 4. For the development of such an
assembly calls for knowledge and experience
that no manufacturer can gain if he is not
constantly engaged in semiconductor tech-
nology.

Fig. 3 Control diagram for a food mixer.

Fig. 5 A selection of the microcircuits now avail-
able from AEI Semiconductors.

Large customer engineering
departments

This explains why more and more semi=
conductor users in the ‘electrics’ industry
are coming to take it for granted that there
are benefits to be gained by discussing de-
velopmental work with the component
manufacturer. It also explains why it is that
the larger manufacturers such as AEI Semi~
conductors now maintain well-established
customer engineering departments.

Microcircuits

These departments are already of primary
importance, and in the near future they will
become absolutely essential. For it is clear
that the next major stage in the evolution of
semiconductor technology will undoubtedly
be the widespread commercial use of the
monolithic or microcircuit. AEI Semicon-
ductors are already supplying a wide range -
of which a selection is shown in fig. 5. - to
users in this country, and their service-
proven advantage of dependability and
economy make their acceptance on a broad
front a certainty.

When this happens much of the responsi-
bility for semiconductor circuit design must
inevitably pass from the customer to the
semiconductor manufacturer. No doubt
there are in industry today numerous ‘rug-
ged individualists’ who will find this fact
irritating. But the only alternative open to
them is to go into the semiconductor busi-
ness themselves. And even if they were to do
this right now, they would have to spend a
great deal of time, and more money, just
catching up with developments, let alone
keeping pace with them in the future.

* Copies of this and other bulletins in the series are available on application.
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LOW

HIN]
POTTED
THYRISTOR
REGULATOR
TYPE
TR2-A

FOR FHP
MOTORS
UP TO
1/4 HP

For further information please con-
tact—Associated Electrical Industries
Limited, Semiconductor Dept.,
Lincoln, or your nearest AEl office.

AEL
SEMICONDUCTORS

39037

ELECTRONIC ENGINEERING




EE 0l 025 for further details

slip it on

. . . It shrinks to fit

ThermOﬁt Thermofit heat shrinkable moulded parts enable you to make
encapsulated harnesses quickly . .. without tooling...on the spot
... using available labour.

moulded pal‘ts— Almost every possible application is covered by the hundreds of
shapes and sizes of Thermofit boots and junctions; a custom

° o e e design service is available if required. Moulded parts can be
immediate insulation 5 ;5icd with MoA or ARB release.
Thermofit moulded parts ensure uniform predetermined wall thick-
and complete ness and prevent cable displacement within the junction. They also
allow easy access to the junction for repair or modification.

. Manufactured in the United Kingdom, Europe, and the United
Protectlon  statesby the makers of THERMOFIT heat shrinkable tubing.

RAYCHEM

RAYCHEM LIMITED - CHENEY MANOR - SWINDON - WILTSHIRE - TELEPHONE SWINDON 27146 - TELEX 44732

EE/4/12/66
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GLASSWORKING

Assembling the electron guns which are fitted
into the necks of television tubes calls for
precision heating—a job capably handled by
gas and just one of a number of glassworking
applications at the Simonstone and Blackburn
works of Mullard Ltd.

But gas doesn’t stop at glassworking

In the manufacture of television tubes it is
also used for glass annealing and drying
special screen surfaces. Other applications in
the electronics and electrical fields are auto-
matic or hand brazing and soldering; the flame
cleaning of wires prior to connection; and the
drying of insulation coatings on stator and
rotor laminations. Where there’s a process
that needs precision, efficiency, overall
economy . .. gas has the answer.

Gas is proving its flexibility, its cost-cutting
efficiency throughout industry. What can gas
do for your firm? Contact your Gas Board's
Industrial Gas Officer—he’s the man with the
answers.

HIGH SPEED GAS é)
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Bl works perfectly

Once a mystery understood only by the specialist, solid-state
switching with all its advantages of freedom from wear, arcing
damage and damage by dirt or vapour, is now available in a form
that anyone can apply. Now troublesome relays and contactors
can be replaced by fit-and-forget solid-state switch blocks at
competitive prices, take the same load, give quicker response than
ever before,

FIT-AND-FORGET

these Benson-Lehner transistorised Solid-state Units

250 v. 6 amp
ol A.C. SWITCH
benson-lehner LT replaces contactors
Operated by:
REED SWITCH

ANY LOW POWER
A.C. or D.C. SOURCE
£7.10.0.

benson-lehnar LID 250 V. 10 amp
A.C. SWITCH
TYPE- JOA SWATCH Z40vAC maintenance free
BATOH RO SR Operated by:
REED SWITCH
ANY LOW POWER

A.C. or D.C. SOURCE N-LEHNER

£9.10.0,

ag’s need for

/b.n-on lehnes LID
TYPE- BUFFER UNIT

BATCH w° NI ®

r Colour Print Registration
sistorised solid-state units
g high-speed response to
ith maximum sensitivity
jations. Result: reliable
at the highest speeds of
g and packaging mach-
250V switching every
the many ways in which
ate switching services
ber of control appli-

1t 2 3 486 728 898 0112
Q000000Q00000G0
Buffer Unit

can be used to connect inputs such as photoelectric transistors,
reed switches, proximity switches, etc., and variable resistance
pickups to electromagnetic relays and contactors, solenoid valves
or electromechanical counters. Designed to work in control systems
with other Benson-Lehner units. £10.10.0.

"
banson.lehner \
~ PE-~ 1 1 )
" ke BATCH NG S— -

123480678900
G000A0000G00

0-5 secs. to 3 minutes Variable Timer Unit £10.10.0.

benson-lehner.uo

WEST QUAY ROAD  SOUTHAMPTON  telephone 27831
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Why use bulky
short-life relays?

when

GB91—-MICRO MINIATURE SPST reed relay
designed to military and space applications
| where space and weight are at a premium.
Meets or exceeds requirements of MIL-B5757D
-12. Contact material gold or rhodium. Con-
tact rating 250 MA at 28 VDC. Operating
voltages 6, 12 or 24 VDC, others special.

GB31—MINIATURE size SPDT dry reed or
SPST mercury wehted. Available in moulded
epoxy housing or chrome plated steel case.

Contact rating form C dry reed 250 MA at 28
VDC res. mercury wetted 3 AMPS at 28VDC
50% duty cycle. Designed for printed wiring
assembly.

— GB 31

GB 166A—CUSTOM
BUILT, multi reed
switch reed relay 16
PST. Designed and
built to meet milit-
ary standards in-
cluding shock, vib-
ration and environ-
mental. Unit is
vacuum epoxy en-
capsulated in hot
tinnedsteel housing

Inexpensive i
Long-lasting R
Space-saving -

It is astonishing the large number of Relays that are taking up unnecessary space, when Astralux
special custom built Relays, as our G.B. 166A, occupy approximately 1/20th the area of normal types.
Compare also their full load life in the order of 10 x 108 cycles, and it’s not surprising why these little
wonders are gaining rapid popularity. Learn also of our new “Reedac” semi solid-state heavy
duty Relay rated at § amps with a switching speed of 1 millisecond, extremely low RFI and a life
of 500 million cycles.

Write now for catalogue illustrating the really wide range of circuit ready Reed Relays.

ASTRALUX dynamics limited

RELAY DIVISION * NEW STREET * BRIGHTLINGSEA * COLCHESTER * ESSEX
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THINK
SOLARTRON
FOR

A.C. MEASURENENT

SUPREIVI"QIE\Y
=
NVEASURENENT

Reliability in service and simplicity of operation
by skilled or semi-skilled personnel—just two of
the reasons why the LM.1420.2 integrating
digital voltmeter has had a world-wide success.
More than 3,000 LM.1420°s are now in use
internationally, and the latest A.C./D.C. versions
extend even further the range of application of
this versatile instrument. Whether your applica-
tion demands high accuracy D.C., true r.m.s.
A.C., or mean A.C. measurement, there is a
version of the LM.1420.2 designed to meet your
requirements.

An outstanding feature of all versions of the
LM.1420.2 is the isolation of the input circuits.
No other A.C./D.C. Digital Voltmeter in its price
range available anywhere offers such a high
degree of flexibility when measuring D.C. or A.C.
signals. Floating A.C. signals may be measured
without fear of error due to earth loops or other

common mode voltages, or damage to the
instrument.

LM.1420.2BM provides wide band mean A.C.
and D.C. measuring facilities. Fast response at
low frequencies is achieved by full wave recti-
fication, the D.C. output of the rectifier having
been scaled to indicate the r.m.s. value for a
sinusoidal input. A.C. accuracy is 0.1% and
maximum frequency range 10c/s to 100Kc/s.

LM.1420.2BA provides D.C. plustruer.m.s. A.C.
measurement. On A.C., a self-compensating
technique employing balanced thermocouples
achieves a high degree of linearity, fast response
and complete protection against accidental
overload. A crest factor rating of 5:1 at full
scale enables full accuracy to be maintained
almost irrespective of the harmonic content of
the input signal. A.C. accuracy is 0.25% and
maximum frequency range 40c/s to 20Kc/s.

LM.1420.2BA and BM models are completely
self contained with separate range switches for
D.C. and A.C. measurements. Mode of operation
(A.C. or D.C.) and range setting are automati-

Vcal/y indicated by the display.

ELECTRONIC ENGINEERING
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THINK SOLARTRON FOR
VMIEAN SENSING ACCURACLCY

THINK SOLARTRON
FOR TRUE RVIS ACCURACY

ROTEK

The Solartron Electronic Group Limited,
Solartron ac. measurement capability is

backed by the comprehensive range of '0'-."-:. .,:-—""‘\' Famhorothv Hants, Enghnd'

Weston Rotek absolute a.c. Standards. Al s -* S ’

ac. dignal voltmeters are set up and cah \,\‘:: S EG~:>~” Tel: Farnborough (Hants.) 44433.
brated using Rotek Voltage Standards, hav " SO e \‘ Telex : 856245 Solartron Farnborough.
ing direct traceability of accuracy to the e =T Nae L0 Cables: Solartron, Farnborough.
national bureau of standards of the U.S A,

Weston Rotek 1s a Solartron sister company A member of the Schiumberger Group.

within the Schlumberger Group
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Eddystone

Eddystone Radio specialise in the manufacture of
communications receivers and have, over the years,
gained a high world-wide reputation for the excellence
of their products. The diverse range of models offered
fall into various categories and naturally there are
variations in the capabilities of one receiver compared
to another, according to frequency range, price class
and the applications envisaged, with the advantage
that most requirements can be met.

The total frequency coverage encompassed is

extremely wide—no less than 10 kc/s at one end (in the
850/4) and 870 Mc/s at the other (in the 990S). Some
receivers use valves, others transistors, and a high
engineering standard is maintained throughout. Other
common features are good performance, robust
construction and reliability.

A typical example is the Eddystone 990S receiver,
which is a recently introduced model for VHF/UHF
operation. It can be used separately or as a complete
panoramic receiver,inwhich formiitisillustrated below.

Eddystone EPR 29
panoramic receiver

A combination of the 990S receiver and the EP17R
display unit, with the necessary accessories. The
receiver is transistorised and gives high performance
from 230 Mc/s to 870 Mc/s, divided into two ranges,
with clear direct-reading scales. FM, video and AM
modes of operation are catered for. The display unit
operates on the IF output of the receiver and has a
maximum scan of one megacycle, with excellent
resolution and other characteristics.The whole forms a
versatile compact equipment having manyapplications.

Eddystone Radio Limited

Eddystone Works, Alvechurch Road, Birmingham 31 Cables: Eddystone Birmingham Telex: 33708

LTD/EDIS

Telephone: Priory 2231
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A versatile 30kc/s-

30 Mic/s wave analyser
- er

<
WAYE ANBLYSER TVFE mi

3

Airmec H.F. Wave Analyser Type 853

|
m e for peak performance
I CONSISTENTLY
LABORATORY INSTRUMENTS DIVISION
Signal Generators, Oscilloscopes, Wave Analysers, Phase Meters, Counters,
Valve Voltmeters, Frequency Standards etc.

AIRMEC LIMITED - HIGH WYCOMBE “BUCKS - ENGLAND
TELEPHONE: HIGH WYCOMBE 21201 (10 lines) TELEX: 83243
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What do you mean—
‘Advance are the
first with the most’?
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ADVANGCE
ELECOTRONICS

POWER MODULE
TYRR OMm2
15-30 VOLTS taMP
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It means that we have the range, the knowledge, the resources and the men—all unequalled—
and immediately available. Our service is always local—to you, because our trained technical
representatives are based all over the country. Just say ‘Power Supplies’ and we can offer you
a uniquely comprehensive range of transistorised units, 20 years’ experience of designing
‘Specials’ and our reputation for remarkably competitive prices. Before you place an order for
power supplies, at least find out what Advance have to offer.

ADVANCE ELECTRONICS LIMITED

- Volstat Division, Roebuck Road, Hainault, iiford, Essex. Telephone: 01-500 1000. Grams: Attenuate, lIford.
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10
silicon planar
(ransistors for

communicarlions.
switching

and couniting

Mull
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These ten silicon planar n-p-n transistors—part of industry’s fastest growing range—

cover the requirements of a wide number of communications, switching and

counting applications. Outstanding performance, immediate availability at com-

petitive prices and TO-18 encapsulation are features of all ten types.

BC107 high voltage transistor for linear and switching functions,

BC108 for audio amplifiers, drivers, counters and switching circuits

BC109 for low noise high gain audio preamplifiers stages.

BF173 low noise h.f. transistor for receiver r.f. amplifiers. Very low feedback capacitance.

BF167 for radar, broad band, i.f. and video amplifiers. Very low feedback capacitance.

BF180, BF181 low noise u.h.f. transistors for receiver r.f. stages, mixers and oscillators.

BF115, BF184, BF185 general purpose low cost types for v.h.f. and u.h.f. personal portable and
mobile radiotelephones.

Type | Vgeo max. | lc (AV) max. Ptot max. Tamb fr (typ.)
No. ) (mA) =45°C (mW) (MHz)

BC107 | 45 100 260 250
BC108 | 20 100 260 250
BC109 | 20 100 260 300
BF173 25 25 260 550
BF167 30 25 130 350
BF180 20 20 130 675
BF181 20 20 130 600
BF115 30 30 145 230
BF184 20 30 145 600
| BF185 20 30 145 300

=== ININENINNN

Full technical data on these and other devices is freely available from :
Mullard Limited, Industrial Markets Division, Mullard House, Torrington Place,
v London WC1. Telephone LANgham 6633. Telex 22281

1ird S

planar
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workmanship

No sealed-off secrets inside a Telequipment oscilloscope . ... it's all good practical
engineering. Compact as they are, every model is simply and soundly constructed for
efficient operation and easyservicing. From speciallydeveloped tube with bright linear
display to individually tested components—every detail in a Telequipment ’scope must
meet the same high standard. There's no secret about Telequipment ‘Tracemanship’, just
skill in design and . . . . workmanship. See for yourself!

INlustrated is the type D52 double-beam Serviscope*— £99. Send for a short form cata-
logue of the complete range.

*Serviscope is a registered trade mark of

Telequipment Limited - 318 Chase Road - Southgate - London * N.14 - Fox Lane 1166
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faced with SET
and/or a Training
Board Levy?

Correct v : .«

Prpe e

Whaen the STOP VALVE is CLOSED the substance cannal pass Jlong #
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|
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STOP VALVE CLOSED - FLOW STOPPEO
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Training [
SYStems can I‘EIp | Company o

you! ] s

LSendtoTrammgSystems L:moted Times géuse. Rulsllp Middiesex. h

e

Isyourcompany = oo e

The Selective Employment Tax and the various Training Board Training Systems Limited is part of the esl group of companies
levies make it even more imperative that you adopt our efficient  offering a complete training service. For those preparing their

and more economical methods of training and so join the rapidly own programs there is an editorial and visual presentation service.

growing list of satisfied companies. We also have the most advanced and comprehensive range of

t i chines.
Our techniques of creating training systems has proved that we eaching machines

can obtain far better results and getting these trainees into actual STS Training Consultants Limited, a member of the es! group,
production has obvious advantages. specialize in creating training courses for senior executives,

i ff.
Programmed learning has been approved by the Central Training PRI G, B ERAEERD () 110 €t

Council and by industrial training boards. We are specialists who For full details of how techniques can help your company send
create tailor-made systems to suit individual needs. this coupon, today, to: Training Systems Limited, Times House,
Ruislip, Middlesex. Telephone Ruislip 7121, Telex 264446.

Training
esl group lems
o Limited
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IN THE VAST FIELD OF

A PRINTED GIRGUITRY ...

DU CANNOT AFFORD
0 IGNORE

[ the low production cost of Milclad flexible printed
circuits made from the world’s widest range of Copper-Clad
Polyester and Polyamlide substrates.

[0 the availability now of Pre-preg glass epoxy and Milbond
polyester adhesives for all Multilayer designs.

[ the prompt delivery to you from stocks held in England
and Scotland of the finest quality and most generally
specified Glass/Epoxy, Paper/Epoxy, Paper/Phenolic, and
flexible polyester copper-clad grades.

YOSWALD E. BOLL .ro}

4A COMMERCIAL ROAD + WOKING *+ SURREY §¢
Tel: Woking 61633 &

ZURICH - PARIS . BRUSSELS + HAMBURG - MILAN .

L woking -

[0 the interested technical sales and service team whose
advanced experience is available on call.

PLASTIC ‘Ime” PREGISION INSTRUMENT LATHE

Centre height: 2 in. Bed length: 16 in. Collet capacity: { in. dia.
Unsurpassed for extremely accurate work
- -

THERMO-SETTIN

THERMO-PLASTIC £\ e

ACTUAL SIZE On heavy cast iron base, with motor and variable

speed control between 200 and 5,500 rev/min.
Large range of accessories available for individual and batch

production, for milling (gear cutting, etc.) drilling,
FREDERICK W. EVANS LTD. M. <~
Plastic Works, Long Acre, Birmingham 7. IDEAL MACHINE TOOL & ENGINEERING CO. LT
Telep hone: STD' 02' EASt 307' (4 Llne5) 282 KINGSLAND ROAD, LONDOPg E.8. Phone:RCLlssold 46'57I748[3);
EE 01 040 for further details EE 01 041 for further details

ELECTRONIC ENGINEERING 34 DECEMBER 1966




EE 01 042 for further details

LABORATOIRE DE PHYSIQUE APPLIUUEE 12 RUE PASTEUR SURESNES (SEINE) ; 506.58-2
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TELEMETERING AND REMOTE CONTROL EQUIPMENT
ANTENNAS

50 AND 400 CPS STATIC INVERTERS

OPTICAL ALTIMETERS

SERVO-CONTROLS

DIGITAL TECHNIQUE

MAGNETOMETERS

PUBLICITE SUD AVIATION

DOCS /Phase-locked discriminators -and low -level modulators

under DATA CONTROL SYSTEMS, inc. licence
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TIL's wide FET range offers
improved performance and circuit simplicity
for low and high-frequency applications

FETs improve Performance

FREE from TIL a complete
FET Pocket Guide *

Field-Effect Transistors (FETs) are ideally suited to a
large number of cost-critical/high reliability applica-
tions requiring: Reduced Cross-Modulation (RF ampli-
fiers and mixers), Very Low Noise (up to frequenciesin
excess of 500 MHz), High Input Impedance (for linear
and non-linear applications).

Simplification of circuit design — and improved per-
formange levels are decided benefits of FETs. in chop-
pers, wide-band amplifiers and similar applications,
It is possible to reduce or eliminate intermediary and
coupling components. Assembly time is thereby short-
ened, greater miniaturization made possible; costs are
reduced and circuit efficiency is enhanced.

FETs Simplify Circuit Design

BIPOLAR TRANSISTOR CHOPPER FIELD EFFECT TRANSISTOR CHOPPER

p—— it

W,

(1]
R1

Ra §

This circuit is a High Performance Series-Shunt Chopper, The above switching circuits testify to FET ability to simplify circuit
suitable for High Accuracy Multiplexers and A-D Converters. requirements. Due to their High Input Impedance (which permits a
It employs TIL FETs as choppers. The diagram at right clearly virtually infinite fan-in) FETs eliminate the need for interstage trans-
demonstrates the consequent improvement to switching per- formers, reducing weight and cost while improving performance.

formance.

ELECTRONIC ENGINEERING
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PREFERRED N-CHANNEL

PREFERRED P-CHANNEL

* Economy SILECT
AF & RF N381g* GENERAL IN3820* GENERAL
AMPLIFIER aN3822 PURPOSE AF & RF aN2386 PURPOSE
HIGH INPUT 2N2500 LOW NOISE
AMPLIFIER 2 ON3573 AMPLIFIER
RF & VHF i MIXER 100 Mc/s I
LOW NOISE T34 &
AMPLIFIER p SERIES)
T DIFFERENTIAL 2N3336 SHURT
HIGH GAIN TETRODE AMPLIFIER DUAL CHOPPER
DIFFERENTIAL TisaT paiyd
AMPLIFIER DAL CHOPPER RSk TIXM301 HIGH GAIN
LOW NOSE GERMANIUM AMPLIFIER
3824 GENERAL AMPLIFIER
BNk L LOW PURPOSE
CHOPPER
LEAKAGE SWITCH LOW LEVEL | 2N3993 HIGH SPEED
CHOPPER ~JLow RDS (ON) SWITCH
TIXS33
HIGH SPEED Thom®
S L OW RDS (ON TIXST1 VERY HIGH
( ECECTRQUEIES MOST (IGFET) INPUT 2
TIXSA1 VERY HIGH
VERY LOW PERFORMANCE
RDS (ON) SWITCH

F

TEXAS INSTRUMENTS

LIMITED
MANTON LANE - BEDFORD e« ENGLAND

TELEPHONE: BEOFORD 57466 - CABLES: TEXINLIM BEDFORD - TELEX: 82178

or
Supplies Division

Slough, Bucks, | Birmingham 26 Southampton,

Wellcroft Road, Hammond House, 119, High Street,
Tel. 29481 2269/61 Coventry Road, Tel. 27267/8
Sheldon, Tel. 021 7432078

DECEMBER 1966
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Use this Selection Chart of TIL *Preferred’” FETs to determine those most suitable for your particular application.

**FREE FET POCKET BOOK™*

Texas Instruments Limited's Pocket Guide
‘to Field-Effect Transistors

* All FET Data Sheets

* FET Parameter Guide/Formulae
*FET Application Guide

* FET Publication List

* List of Equivalent Devices

37

HENY :
SEMICONDUCTOR PLANTS IN: BEDFORD, ENGLAND - NICE, FRANCE - FREISING/MUNICH, GERMANY - DALLAS, TEXAS

Please send me a free copy of the new FET POCKET BOOK.

Name

Company

Address

Position ... ..

i
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Get hold of these

VITAL DESIGNS OF
RE SHIELDING

Every electronics engineer should know
about Knitex RF Shields—the modern
method of shielding equipment.

P I 7 5
BN . L ; K 4

The remarkable effectiveness of Knitex depends
on the structure of the basic material—a con-
tinuous filament mesh of asymmetrical interlock-
ing loops which can be knitted in a variety of
shapes and materials—including silvered copper,
copper, stainless steel, monel and aluminium.
The many combinations of materials and stitch
sizes possible allows the efficiency, flexibility,
resilience and conductivity of the shields to be
tailored to customers’ individual requirements.

COMPLETE CATALOGUE NOW AVAILABLE

More vital facts on RF Shields are contained in
a new Knitex publication included in the
ELECTRONIC ENGINEERING [INDEX No.
RO 600. Senior electronics engineers of com-
panies not subscribing to the Index are invited
to write (on company letterhead please) for a
free copy of this booklet.

INSIST ON KNITMESH

KnitMesh Limited

Prudential House . Wellesley Road . Croydon . London

Telephone: MUNicipal 1034 & 1035

Technical Enquiries to: Rhuddlan, Rhyl, North Wales,
' elephone: Rhuddlan 405-251

ELECTRONIC ENGINEERING
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THIS is what
really counts

-

F.043 [NDICATING IMPULSE COUNTER

50 i.p.s.

40,000,000 operations
without loss of count

500,000,000
estimated service life

FA.0A43 PREDETERMINING IMPULSE COUNTER

25 i.p.s.

30,000,000 operations
without loss of count

300,000,000
estimated service life

FULLY GUARANTEED

NOW choose
HENGSTLER
counters

for accuracy, reliability .and guaranteed service.

J.HENGSTLER CO GREAT BRITAIN LTD.

Brooker Road, Waltham Abbey, Essex
| Phone: Waltham Cross 26166-7-8

DECEMBER 1966
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electrosil

a
complete
range

Therange of I.C. devices offered
by Electrosil gives the widest
choice to designers—at truly
competitive prices. Much of the
range is compatible in both
function and pin layout with
|.C.’s of other manufacture, an
important “‘second source” fea-
ture which allows you to specify
with confidence.

Utilogic —
Medium speed
high level TTL

Utilogic is a low-cost logic form
specially developed for the
computer and industrial markets.

It was the first product which
Electrosil introduced to the UK
market and was the basis of
America’s biggest order —2 million
circuits for ground support
equipment. Utilogic is the best buy
in digital monolithic integrated
circuits of up to 4 Mc/s clock rate.
{7} Very high noise immunity, worst
case 0.8v.

(] High Fan-out—17.

{J Capable of withstanding high
capacitive loading.

[0 Bistable element (J-K flip-flop)
is not critical of rise-time and
fatk-time of clock waveform.

{71 Very competitively priced.

DECEMBER 1966
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The LU Utilogic Range .

LU 300K Dual 3-Input Gate
Expander

LU 305K 6-Input AND Gate

LU 306K Dual 3-Input AND Gate
LU 314K 7-Input NOR Gate

LU 315K Dual 3-Input NOR Gate
LU 316K Dual 2-Input NOR Gate
(Expandable)

LU 320K J-K Binary Element

LU 331K Dual 2-Input OR Gate
(Expandable)

LU 332K Dual 3-Input OR Gate

Temperature Ranges

for Utilogic IC's

LU RANGE + 10°C to + b5°C
SU RANGE — 20°C to + 85°C

¢ (Note: type numbers are the same

for LU range with the exception
of the prefix)

These temperature ranges can be
expanded if reduced fan-out is
acceptable.

ENCAPSULATION: 10-LEAD
FLAT PACK OR TO-b.

Inexpensive dual-
in-line SP600A

This new package form is easy to
use because of its plug-in facility.
The first range to appear in this
package consists of the SP600A
range which comprises a mixture of
DTL and TTL. Other ranges will
shortly be available in this form.

SP616A Dual 4-Input NAND Gate
SP620A J-K BISTABLE

SP631A Quadruple 2-Input
Expander

SP659A Dual 4-Input Buffer/Driver
SP670A Triple 3-Input NAND Gate

SP680A Quadruple 2-Input
NAND Gate

Wide temperature
range DTL

Some examples from the 14-lead
flat pack range.

NE106J Dual 5-Input Gate
Expander

NE112J Dual 3-Input High Fan Out

NAND/NOR Gate

NE116J DUAL 4-Input
NAND/NOR Gate

NE124J RST Binary Element
NE125J (Master Slave J-K)
Bistable Unit

NE156J Dual 4-Input CLOCK/
CAPACITIVE Line Driver
NE161J One-Shot Multivibrator
NE170J Triple 3-Input
NAND/NOR Gate

NE180J Quadruple 2-Input

- NAND/NOR Gate

39
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Temperature Ranges

NE RANGE 0 to + 70°C
SE RANGE —55°C to + 125°C

(Note: type numbers are same as
for NE range with the exception

of the prefix)

ENCAPSULATION: 10 or 14 LEAD
FLAT PACK OR TO-5.

Linear 1.C.

A competitively priced
linear range is available to
meet all requirements

Electrosil IC’s
are available

Electrosil currently have a stock of
over 10,000 IC’s in this Courtry.
All units are competitively priced
and available in a variety of
packaging configurations.
Manufacturers developing
prototypes can be assured of
continuing supplies advancing to
really large production gquantities
when these are required.

for the ultimate
benefits in

talk now to

Electrosil

—

ELECTROSIL LIMITED * MICRO-ELECTRONICS
DIVISION + SALES OFFICE - LAKESIDE ESTATE
COLNBROOK - SLOUGH - BUCKS - TELEPHONES:
COLNBROOK 2196 & 2996 + HEAD OFFICE
PALLION - SUNDERLAND -+ CO. DURHAM

ELECTRONIC ENGINEERING
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Consult

RESINOUS
GCHEMIGALS LIMITED

specialists in

ALKYD MOULDING GOMPOUNDS
DOUGH MOULDING COMPOUNDS
D.A.P. MOULDING COMPOUNDS
D.A.L.P. MOULDING GOMPOUNDS
POLYESTER RESINS

Samples and literature are available on request

RCL

Resinous Chemicals Limited

BLAYDON CO. DURHAM. TELEPHONE: BLAYDON 275I
London Office: 32 Sloane Street, London, S.W.|
Telephone: BELgravia 3234

SPECIALISTS IN RESINS, PIGMENTS AND PLASTICS

(i S
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RUTOMALEIRIANGHEEOUNIER

24 or 40 Planchet positions.

Print-out of counts.

Pre-set for time in | second steps.
Background of less than 1.8 c.p. minute.

The ASS-19 assembly illustrated handles 40-1" diameter planchets. A conversion set will also
allow it to accommodate 24-2" diameter planchets.

The anti-coincidence G.M. counter has a background of less than .5 c.p. minute and an overall
efficiency for C-14 of better than 10%,. The system is designed for counting radioisotopes such
as C-14, S-35, SR.90, of very low activity.

The various modes of counting include the following facilities:

Manual.

Automatic counting in sequence continuously or stopping at the last planchet.
Repeat counting of an individual sample.

Repeat counting on the last planchet.

Counting of a selected planchet.

Where a pre-set count facility is required a P.7102 scaler can be added to the system for fast

counting.

GROUP OF COMPBANIES

PANAX EQUIPMENT LIMITED

Holmethorpe Industrial Estate, Redhill, Surrey. Tel : Redhill 63511

IACW/Y/5I
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99993 =

Alloys prepared as ingot, wire, rod or foil.
Also available—antimony and tellurium (lead content
less than .001%) for thermo-electric applications.

ASSOGIATED LEAD

MANUFACTURERS LIMITED

Clements House, 14 Gresham Street, London, E.C.2,

Crescent House, Newcastle upon Tyne 1.
Lead Works Lane, Chester.

THE STANDARD RANGE OF DATUM

PLEASING
APPEARANCE

RIGID
CONSTRUCTION

COMPETITIVE
PRICES

Instrument Cases, Racks.
Sectiaonal Chassis 4
Front Panels, Handles
Forced Draught Units
Cable Troughs etc.

Standard Cabinets &
Racks can be modified
for special requirements

CH Style available in EA.:lgLaéT'z"gﬁ” x 217

16 standard sizes CHASSIS DEPTH 11"

BEDCO LIMITED

DATUM DIVISION

COLNE WAY TRADING ESTATE

' WATFORD BY-PASS, WATFORD, HERTS
TELEPHONE: WATFORD 22351

CHAIRMAN: SIR EDWARD BEDDINGTON- BEHRENS

EE 01 051 for further details
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of engineering

wisdom

are founded on the knowledge
that ...

1 TUFNOL is

the name of a wide range of lami-
nated plastics based on phenolic,
epoxide, silicone, melamine, buton
and other resins, incorporating
reinforcements such as paper,
asbestos, cotton or glass fabric.

TUFNOL
PHENOLIC LAMINATES are

a range of materials of outstanding
and long-tested reliability, including
six cotton fabric, five paper and two
asbestos-based brands.

TUFNOL MODIFIED
”J) EPOXIDE LAMINATES
are fabricand paper-based materials
which provide an essential link
between phenolic and woven glass
laminates.

TUFNOL WOVEN GLASS
FABRIC LAMINATES

are a group of recently developed,
high performance materials includ-
ing silicone, melamine, buton and
epoxide based grades.
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5 TUFNOL MACHINING

provides a second-to-none service
in one of the most progressive
plastics machine shops in Great
Britain together with first class
inspection facilities.

TUFNOL RESEARCH AND
DEVELOPMENT

constantly brings new thinking and
enterprise to the Engineering In-
dustry. Not content with having
produced famous laminates for
nearly haif-a-century, TUFNOL LTD
forge ahead with new ideas.

7 TUFNOL EXPERTISE

has developed during years of
experience in both production and
machining. TUFNOL LTD are
proud of their ‘know-how' which
they willingly place at the disposal
of all enquirers.

TUFNOL KNOWLEDGE TODAY—
THE WISDOM OF TOMORROW

TUFNOL

Regd. Trade Mark

TUFNOL LTD * PERRY BARR* BIRMINGHAM 22B
TELEPHONE: BIRCHFIELDS 4554

Branches :LONDON - BIRMINGHAM : BRISTOL - MANCHESTER
NEWCASTLE-UPON-TYNE « GLASGOW » BELFAST

T 488
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extremely

Cv 8615

Emphasis on SIC technology does not
mean running down discrete devices ;
in fact, the fast expanding facilities for
semiconductor production have stepped
up output of all the well known types of
high speed switching planar transistor.
The common types quoted (and others)
are available in quantity, ex stock, while
the latest scale of production means
even more attractive prices.

tDIATE

delivery and

competitive prices

FULL DETAILS OF THESE DEVICES (WHICH ARE MADE WHOLLY IN BRITAIN)

from:

PLESSEY Components Group @

SEMICONDUCTOR DIVISION

Cheney Manor, Swindon, Wilts.
Telephone : Semiconductor Sales, Swindon 6251

ELECTRONIC ENGINEERING 4
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Just to remind you how much our holds hold

This is the hold of a British United VC10. Itis large enough to take a Rolls-Royce...oran
elephant! [] British United's all-freight Africargo services fly to East, Central and South
Africa. Ample freight space is available on all scheduled passenger services: VC10's fly
twice weekly to SouthAmerica—thrice weekly to East and Central Africa—and One-Elevens
throughout Europe and the U.K. All your freight goes on the flight it’s booked.
i
BRITISH UNITED A/RWAYS
PORTLAND HOUSE - STAG PLACE - LONDON SW1

Phone: Heathrow Airport—London SKYport 4111, A A A AV i I‘"""“"l![lmm‘

Gatwick Airport—London AVEnue 8755 for h

your enquiries and reservations. W il
DECEMBER 1966 45 ELECTRONIC ENGINEERING
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Permacon
edge connectors

35
These inexpensive edge connectors feature polypropylene
mouldings and brass or phosphor bronze contacts with
a standard tinned finish. Silver plate, gold flash, or gold
plate finishes are available to special order. .100” contact
pitches provide a maximum of 40 positions whilst the
150" contact pitch range provides for a maximum
of 26 positions. Contact tail variations (shown above)
include solder slot tails projecting either vertically
downwards or at 90° to the moulding, or tails for
direct mounting to a ‘‘mother” printed circuit board.
Mounting brackets provide ‘‘closed” or ‘“open-ended”
connectors or include contacts for direct earthing from
the mating P.C. Board.
Electrical Ratings

Working voltage: 500 Volits D.C. or A.C. Peak (.150” pitch)

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

CARR FASTENER @0 LD

the firm with the best connections

Stapteford, Nottingham. Telephone: Sandiacre 2661.
Sales Dffices: Wembley, Sale,

CARR FASTENER w
"

UNITEB.CAARN QROUS

ELECTRONIC ENGINEERING
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SAVE UP 10 1/- IN THE £
ON THE WIDEST RANGE OF GOODS
AND SERVICES AVAILABLE

Unheard of facilities, such as holidays,

insurance, genuine tailoring reductions.

Plus the best savings on furniture, car-
pets, electrical goods, furs, jewellery,

watches, cameras, cars, etc.

PLUS the best bargains in the World
Mail Order
service, with far-reaching agents who

through our International
travel as far as Tokyo and Los Angeles
for the best buys.

Write to: ‘“Privileged Purchases”
32 Crawford Street, London, W.1

or Telephone: PADdington 4428

individually
tested
vitreous enamel
wirewound
RESISTORS

Proved reliability-qualification approval
embraces RGSC types RWVAJ-K & L, 1o to 100K

CGS resistors offer you highest standard of quality and perfor-
mance at extremely competitive prices, due to specialisation,
an efficient production organisation and selective buying of raw
materials. Up to 100 of any RCSC type resistors are available from
stock. Leading manufacturers, GPO, Ministry of Aviation, Admiralty,
and NATO are among the many users of CGS resistors. RCSC
type approved to DEF 5111-1, manufactured under EID and ARB
approved inspection conditions.

F ice list, catal d .

et welis aiogve 274 THE C.6.S. RESISTANGE CO. LTD.

Marsh Lane, Gosport Street, Lymington, Hants, Tel: Lymington3282
EE 01 057 for further details
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o

Meticulous care in manufacture, high quality material, B u I_ l_ E R s I_I M IT E D

with particular attention applied to dimensional pre-
cision and accuracy, explain the efficiency and ease of Milton, Stoke-on-Trent, Staffs,

y_' P . 4 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 9971
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IF YOU NEED
10 MEASURE
VERY LOW
FREQUENCY
OPERATIONS—

To: The Electronic Sales Division,
Short Brothers & Harland Ltd.,

Gable House, Turnham Green, London W.4

CHISWICK 6334

ELECTRONIC ENGINEERING

This is Shorts Control System Analyser Mk. 2.

It measures the performance of automatic control systems, with special
emphasis on very low frequency operations.

The Control System Analyser is of particular value in the aircraft and
missile industries, light and heavy electrical engineering, and chemical,
nuclear and marine engineering. |t has become standard equipment in the
servo-mechanism and control laboratories of research establishments and
colleges. :

These are its outstanding advantages:

@ Ease of operation

® Low frequency operation

® Steady meter readings even at lowest frequency
°

Oscillator starts from zero and decays exponentially,
thus avoiding ‘snatch’

Very low DC level
Competitive price.

Please send me further details of the Shorts Control System Analyser Mk. 2. -—I
NAME. COMPANY. {
ADDRESS |

POSITION. I
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Who leads in-modular connectors ?

SMITHS INDUSTRIES ...with 'Hypertac’,
the world’s most efficient connector.

No other electrical connector has all the advan-
tages of ‘Hypertac’. Its unique laminar hyperboloid
design gives maximum contact through a number
of wires with low spring rate stresses, to provide—

* Large-area contact with low electrical resistance.
* Very low insertion and withdrawal forces.

* Reliability with long life.

* High electrical performance.

CHRONOS WORKS, N. CIRCULAR ROAD, LONDON, N.wW.2.

The ‘Hypertac’ principle is the basis of the most

versatile modular connector system yet devised.

There are over 1,200 contact combinations, formed

from five contact blocks or modules —17-way

5 A, 5-way 5 A, 3-way 15 A, 2-way 25 A, and a

screened-contact module. Each module is avail-
able in three alternative finishes—standard, tropical

and heavy gold—and in six styles for a variety of

applications in many fields.

For further information about modular connectors,
ask for the ‘Hypertac’ leaflet No. M294.

SMITHS INDUSTRIES LIMITED

INDUSTRIAL INSTRUNMENT DIVISION

TELEPHONE: GLADSTONE 6444

DECEMBER 1966 (p)
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Series 390.

Thrust type solenoid for valve
operation.

Series 420 (A/C)
425 (D/C)

Miniature thrust type
solenoids.

Series 421-428,

A range of AC or DC solen-
oids in ‘U’ frames.

Series 573.

A compact AC sofenoid of
laminated construction. Pull
or thrust versions available.

Series 575 & 576.

Heavy duty AC solenoids.
Puli or thrust versions avail-
able-

Series 684.

AC solenoids with high force/
size ratio. Pull version only.

N BN h B E BN e B E .

RS. 10K,

There are many factors to be taken into consideration when selecting a solenoid, including stroke, force required,
rating, response time and ambient temperature etc. As it is very important to match a solenoid to the duty it
is required to perform, why not let our Design and Application Engineers match your requirement from our
extensive range. If you require our catalogue, a sample, a quotation—our help in any way make contact with
Magnetic Devices now.

\‘&G NE 7'/0

SAAGNETIC DEVICES
W

M.O.A.—A.R.R.E.—A.R.B. Approved Inspection
G.P.O. & C.E.G.B. Approved Suppliers

MAGNETIC DEVICES LIMITED

NEWMARKET - SUFFOLK - ENGLAND

TEL: NEWMARKET 3481 (10 LINES)
Grams : Magnetic Newmarket Telex 81245

MANUFACTURERS OF RELAYS, TIMERS & CONNECTORS

ELECTRONIC ENGINEERING 50 DECEMBER 1966



EE 01 062 for further details

dc to 100 kHz
20 models available with choice of

resolution from 0.0001 to 100 Hz.
Shownis Type 1161-A5C with 0.01-Hz
resolution, £ 2010

dc to 1 MHz
20 models available with choice of

resolution from 0.001 Hz to 1 kHz.
Shown is Type 1162-AR7C with 0.001-
Hz resolution and programmable/
manual modules, £ 2660

30 Hz to 12 MHz

20 models available with choice of
resolution from 0.01 Hz to 10 kHz.
Shown is Type 1163-A3 with 10-kHz
resolution, £ 1550

10 kHz to 70 MHz

20 models available with choice of
resolution from 0.1 Hz to 100 kHz.
Shown is Type 1164-A7C with 0.1-Hz

resolution, £ 2800

Only GR Frequency Synthesizers have
all these features ... and low cost, too!

e Four basic models with ranges of dc to 100 kHz,
dc to 1 MHz, 30 Hz to 12 MHz, and 10 kHz to
70 MHz, in digital incremental steps of 0.01 Hz,
0.1 Hz, 1 Hz, and 10 Hz, respectively.

e 80 different combinations of the basic four mod-
els . . . You can start with as few as three decades
of resolution and add additional decades as your
requirements expand.

e At least 2 figures of additional resolution from
the calibrated continuously-adjustable-decade
module.

e Electrical sweeping over bandwidth from zero to-

more than 1 MHz with the continuously adjustable
decade.

e In addition, programmable/manual decades are
available for remote programming at all steps
below 1 MHz and between 1-MHz steps at higher
frequencies.

Write for complete information

® 5-MHz master crystal in each synthesizer; the
instrument can be phase-locked to an external<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>