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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

4 DECEMBER 1966




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




EE 01 019 for further details

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
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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
ELECTRONIC ENGINEERING 22 DECEMBER 1966




EE 01 028 for further details

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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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
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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

P

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.

AN

»
s

i
KL
)

P

iy
”

iz

o i
T s

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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DECEMBER 1966

»



EE Ol 054 for further details

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
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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
standard.

e All-solid-state.

® Small size . .
height.

e 2.V, rms, adjustable and metered output.

e Operates from 115/215/230 V, ac, 50-60 or
400 Hz, 55 W, or from 20-28 V, dc, 1.8 A.

e LOW COST . . . Prices start at £ 1440 for a 100-
kHz,100-Hz-per-step model. Completely equipped
instruments, including 7 digit-decades and a con-
tinuously adjustable decade, range from £ 2360 for -
the 100-kHz unit to £ 2800 for the 70-MHz unit.
instruments that are controllable remotely (as well
as manually) are somewhat higher in price.

. Needs only 5% inches of rack

Prices given are all duty free

GENERAL RADIO COMPANY (U.K.) Limited

Bourne End, Buckinghamshire, England
Telephone: Bourne End 2567
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tONOMIE
AIIONALISATION

rﬂunlrﬂmen s ﬂa"ses low level NPN & PNP types for use from 1pA to 10mA.
Vceo = 60 volts.
hFE > 80 @ 10 pA
(N N.F. <4dB

100 piece pricing from 7/9d.

BRING QUICK RELIEF
3 watt 200 Mc/s NPN & PNP types for use from 1mA to 1A.
WITH THESE F ULLY Vceo = 60 volts.

hFE > 100
HERMETICALLY 100 piecs pricing from 12/76.
SEALED SILICON
PLANAR TYPES NPN planar epitaxial ultra-fast switches

Vceo = 10 or 25 volts

Vce (SAT) < 0.35 volts

Ts <100r20nS

T > 400 or 1000 Mc/s

100 piece pricing from 7/6d.

NPN 1000 Mc/s amplifier and oscillator types.
Vceo = 30 volts

hFE > 20

P.G. >15dB @ 200 Mc/s

N.F.< 4 dB @ 60 Mc/s

100 piece pricing from 7/6d.

TRANSITRON ELECTRONIC LIMITED

Gardner Road - Maidenhead - Berkshire - Telephone: 26371 - STD OMA 8 - Telex: 84335

Associate Companies in Great Britain and West Germany
Representatives in: Amsterdam - Copenhagen - Helsinki - Milan - Oslo - Stockholm - Tel Aviv « Vienna - Zurich
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Programmable output frequency

A

Frequency: upper trace, programming
below

I 0 AL Tl
'A';] » “1 "‘ e l'_"u‘i‘ - “

il i i AL

Frequency: upper trace, programming
below

Single or multiple cycle bursts

Single cycle—simultaneous sine and
triangular outputs

Multiple cycle—bursts of simultaneous
sine and square waves

EE 01 064 for further details

Phase locked output

Phase lock~—3300 A output (upper trace
locked to external fundamental)

AVAVAVAVAVAVA

A A

Phase lock-——3300 A output (upper trace
locked to external harmonic)

Increased

output

versatility...

...In hp plug-in function generator

These actual trace photos illustrate just a few
examples of the output versatility offered by the
new HP 3300A plug-in function generator.
The HP 3300A provides output frequencies
from 0,01 Hz to 100 KHz in sine, triangular and
square wave forms. Any two of these wave
forms are available simultaneously at a pair of
identical 600 2 outputs. These outputs may

be adjusted independently up to a maximum
peak value of 15 V.Full data is available from
ylso_ur Hewlett- Packard distributor.

rices:

HEWLETT hp, PACKARD

DECEMBER 1966

3300 A Function Generator £ 215
3301 A Operational plug-in S
3302 A Trigger/phase lock plug-in £ 73
3304 A DC offset plug-in £ 81

Hewlett-Packard Limited

224 Bath Road, Slough, Buckinghamshire,

Tel. Slough 28406 and 29486

Headquarters in USA: Palo Aito (Calif.)
European Headquarters: Geneva (Switzerland)
European Plants: South Queensferry (Scotland)
Boblingen (Germany)

LIMITED
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Fast switching

silicon planar diodes
BAY 38. BAY 39

plus 6 JEDEC types

Now available for immediate delivery

Eight fast switching diodes, designed for use in
computer logic circuits, are the Jatest additions
to the Mullard range of silicon planar diodes.
Their outstanding features are high conduct-
ance, fast recovery time and low leakage
currents. Planar construction gives them the
advantage of high reliability and tightly con-
trolled characteristics.

The complete range ‘is hermetically sealed in

DO-7 encapsulation.

Check your requirements against these brief
specifications. For additional data and price
and delivery information, just get in touch with
your usual Mullard supplier or write direct to
Mullard Limited, ‘Industrial Markets Division,
Mullard House, Torrington Place, London
WC1.Tel: LANgham 6633. Telex : 22281

lerm e

P.LV. X d

IF-mln IR
(Ve =IV) max

BAY38 50V 225mA

50mA 50nA at 50V

BAY39 75V 750mA

500mA 100nA at 75V

1N914 75V 75mA

10mA 25nA at 20V

1N916 75V 75mA

10mA 25nA at 20V

1N3064 75V 225mA

10mA 100nA at 50V

1N3065 75V 225mA

20mA 100nA at 50V

1N3604 75V 150mA

50mA 50nA at 50V

1N4009 25V 75mA

30mA 100nA at 25V

Mullard Si

ELECTRONIC ENGINEERING
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100°, TESTING
Of every feature (including
temperature coefficient)
guarantees the performance
of J. & P. instruments

EE 01 066 for further details
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er additions't
3riti E-amade Vaile
{ miniature ph

The world-renowned Varley range of miniature plug-in relays now includes:

V.P.6. (6 C/O Contacts). V.P.6. 5A. (6 C/O Contacts).

V.P.8. (8 N/O Contacts). V.P.8. 5A. (8 N/O Contacts).

V.P.8. (8 N/C Contacts). V.P.8. 5A. (8 N/C Contacts).

Fine Silver or Gold Alloy. . Fine Silver.

Rated at 1 amp. 30 watts. 100 volts. Rated at 5 amps. 100 watts. 220 volts.

Allcontactsand conductivematerialsare gold flashed to extend shelf life and ensure socket contact and solderability

Ex-stock deliveries-from the largest range of plug-in relays in the U.K.
Write for details tor

OLIVER PELL CONTROL LTD

CAMBRIDGE ROW : BURRAGE ROAD : WOOLWICH - LONDON SE18 - WOOLWICH 1422

TA 4289 >
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OSCILLOSCOPE TYPE TF 2200A

Wide band, multi-purpose, dual
time base, three Y plug-ins.

Y Amplifier :-

Single Trace: 40 MHz 50 mV/cm
Dual Trace: 35 MHz 50 mV/cm
Main time base sweep speeds :

OSCILI.;OSPCOPE' TYPE TF 2203

Light weight, mains or battery
operated, fully transistorised.

Y amplifier: 15 MHz 50 mV/cm
Sweep speeds: 100 msec/cmto
40 nsec/cm

Price: £170

EE 01 069 for further details

OSCILLOSCOPE TYPE TF 2201

Wide band, transistorised, X and
Y plug-ins.

Y Amplifier: 30 MHz 50 mV/cm
(single or dual trace)

Sweep speeds : 500 msec/cm to
10 nsec/cm

2sec/cmto 10 nsec/cm Price: £800 (with dual trace plug-in)
Delaying time base sweep duration :
10 usec to 5sec.

Price: £730 (with dual trace plug-in)

These laboratory and industrial
oscilloscopes are now available EX STOCK
from Marconi Instruments Limited.
Please telephone or write to obtain
full technical information by return.

MARCONI INSTRUMENTS LIMITED

Longacres, St. Albans, Herts, England
Tel: St. Albans 59292. Telex: 23350  An English Electric Company

TC 329
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SERGEL DATA SYSTEMS

A reliable and

versatile range of
LOGGERS with
long-term stability

is offered to suit
most requirements.
A choice of 7

SERCEL Digital Voltmeters

SERCEL offer a matchless range of high precision Digital Volt-
meters with 0-019, long-term stability. A choice of seven
different models is available to meet with most requirements.
These fully transistorised precision instruments ensure rapid
and accurate measurements of DC voltages; their accuracy,
reliability and versatility make them ideally suitable for use in
laboratories and for most electronic testing in research and
industry.

The null-balance potentiometer utilises digital and reed-relay
logic, with completely stable and uniform characteristics, and the
high-stability reference source employs compensated and aged
Zener diodes which remain unaffected by thermal or mechanical
shocks. Complete protection is provided against overloads of
input circuits, and a switched input filter permits the stable

measurement of DC potentials having a high noise or ripple
content, whilst a high common mode voltage rejection ensures
that weak input voltages with considerable A.C. interference
can be measured accurately. The input impedance in the 10V
range is greater than 1000 Megohms and is 10 Megohms for the
other ranges. The clearly defined digital read-out makes for
accurate and easy reading of measurements; each decade-numbers
0 to 9 making full use of dial capacity.

BRITEC LIMITED

17, CHARING CROSS ROAD, LONDON, W.C2
TELEPHONE: WHITEHALL 3070

precision DIGITAL
VOLTMETERS is

available.

This LOGGER will measure and record DATA automatically
from up to 100 preselected channels with an accuracy of 0.01%,.

POWER SUPPLIES
% N.A.T.O. CATALOGUED

5

e

Y Type approved components
Y Tropicalised meters & switches
% Ambient temperature 55°C

OUTPUT
TWIN 0-30v., 0.5A
TWIN 0-30v., 2.0A
SINGLE 0-30v., 2.0A

MODEL
119.5
125.5
127.5

N.A.T.0. CATALOGUE No
6110-99-945-8802
6110-99-945-8801
6110-99-945-8800

MODEL 119.S  TWIN 0-30v., 0.5A

STARTRONIC LTD,, | 17a-119a MALDEN ROAD, NEW MALDEN, SURREY. Te/: MALden 0186

EE 01 071 for further details
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Terry's put life
TalteX-JeIdlsIe[- 3@ — and success into
your experiments

A better spring for every experiment is always at
hand with Terry’s fine range of boxed assortments.
You pick the spring you want, when you want it.
And even if the spring you want isn't yet in existence,
Terry’s have the answer for that too. Their team of
designers and research men have had years of
experience in solving spring and presswork problems
of all kinds, and they’ve never yet failed to come up
with a brilliant solution. They're always at your
service. No problem is too small or too big —as
long as it's to do with springs, wireforms and
presswork.

D B
™ o
m““\\\

et

Light expansion springs
packed in boxes of three
dozen assorted. No. 753
13/6. Also in stainless steel

Light compression springs
packed in boxes of one
gross. No. 757 20/-. Also
available in stainless steel
— No. 1469.

Assorted springs
packed in boxes of one
gross. A complete service
kit. No. 1217 50/-.

Spring design and
calculations

11th edition —12/6
post free.

Tool clips
in hardened and tempered
steel. Sizes from }” to 27,

Wire circilps
in sizes from §” to 3" —
immediate dellvery from
stock.

{

work wonders with springs

HERBERT TERRY & SONS
LIMITED

REDDITCH - WORCS

Terry's retalning pins
replace the splitpin. Spring
grip on side holds firm.
Top ring for easy removal.
Sizes from §” to 13".

Terry’s hose clips
with security worm drive.
Sample and price list free.

HT 3§
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5,000 years of counting

No. 4

Four was possibly the first number to become a symbol. While
I, Il and Hll were easy to write in full, man realised at ‘four’ that
his elementary system could prove cumbersome later on. One
of the many devices used for ‘4’ was the Hindu symbol (left), :

from the 3rd Century B.C.
Moral: If you count above Three, you need help. Get it from Cl.

’

Light-Duty
electro-magnetic
GOUNTER

‘It deserves a good look and critical attention because it is the supreme counter for coin-operated vending and
amusement machines. Use it for the job it's designed to do and you can’t fault it.
These are the facts. Type 1200 has been specially made to meet the demand for a small, compact, light-duty model at
low cost. it is tamper-proof (a welcome advantage in view of its market), because the cover is clinched through the
bottom of the frame and so prevents removal without completely dismantling the counter. Number wheels and pinions.
are moulded from a special nylon to ensure high resistance to wear, while the minimum of moving parts makes for a
long, trouble-free life at the recommended maximum rate of counting—300 a minute.

¥ Type 1200. Non-resettable. 3 Records up to 99,999 and returns to zero. 3 200/250 volts A.C., 50 cycles, 4 watts.
Y Variations available to order, in particular 110/150 volts A.C., 60 cycles, and a number of standard D.C. supplles
K Type 1209 (illustrated)—as 1200 but with flush mounting.

You would prefer Type 1200 with reset? Then please enquire about Type 1200R as well as the standard, wndely

successful model.

In an increasingly diverse field, C.I. counters help you to keep pace with growth and demand.

ELECTRONIC ENGINEERING

Write or telephone for technical
information or specific applications ]

COUNTING INSTRUMENTS LIMITED

Elstree Way, Boreham Wood, Hertfordshire.
Telephone: ELStree 4151. ] o
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Next time you design a

Fork Lift Truck
Power Station Control System
e
. _Audtomatic Li
Oil-Fired Boller
Automated Machine Tool
Dishwasher

You will need relays as

compact, reliable, moderately priced
and well designed as

| |
a | i

The newDQ7/D57

Latest relays in the B & R'D' range,
D07 for dc operation, D57 for ac operation,
with plug-in versions D07/D57/P.
Both have 3 changeover contacts rated at 6 amps.
250V. ac; 30V. dc.
The moulded construction ensures tracking and
clearance distances satisfying IEC requirements.
The Plug-in relay is wired to the international
standard having a specially designed 11 pin
base moulding and a snap-on Makrolon cover.
Full details from B & R Relays Ltd
Temple Fields Harlow Essex

Harlow 25231 Telex 81140 T&&

BR.14
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Feralex

HIGH
PERMEABILITY

ferrite

ring cores

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 ungrqded, ungraded and presorted, or graded
to a + 10% or 4 209 tolerance of the nominal turns
factor AL corresponding to a permeability of 2,000.

Table of standard types and design constants

Turns
PF:r':ca:\?:. ir%l?e.s inlt.:lzles inc.ll;es ::ctor
*MM620 0-230 0120 0-100 0-663
MM626 0-230 0-120 0-140 093
*MM621 0-300 0-125 0-188 1.68
*MM622 0-375 0-187 0-125 0-883
MM627 0-500 0-283 0-130 0-76
*MM623 0-500 0-283 0-250 1.45
*MM624 0-500 0-312 0-250 1-2
MM628 0-640 0-343 0-250 1-569
MM629 0-750 0-250 0-350 3-90
*MM625 1-000 0-500 0-250 177

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

@ Please write for further details

SALFORD ELECTRICAL INSTRUMENTS LIMITED

Peel Works, Barton Lane, Eccles, Manchester. Tel: EGCles 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

ELECTRONIC ENGINEERING
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High Reliability Instruments m@mr@
WOWFLUTTERMETER

SN

MK-661D
SPECIFICATIONS:
Center Frequency:=c:« »*3ke
.np“’ -------------------------- _26 to +‘°dBm
Wow Flutter Ronge 0.03,0.1,0.3,1,3% f.s.d.
Weighting Characteristics---os per JIS €5551 ond CCIR specs.
Colib. Ogg. =ooeereressrrnes EXocecg 3 fregs. 3kc (+3% ond —3%)

® Catalog sheet on request:

MEGURO DENPA SOKKI K.K.
(Meguro Electronic Instrument Co., Ltd.)

No. 5, 1, 2 chome, Chuo-cho, Meguro-ku, Tokyo, Jopan

TEL: 711-7191 ~7 Cobles: MEGURODENPA TOKYO

CamMBION®

Precision Engineered

PANEL and other

HARDWARE

include the following groups :

HANDLES flat, round, oval, rectangular sections; fixed
or folding; brass, mild or stainless steel,
aluminium and fibre.

KNOBS collet-action for {” and }” shafts, caps for

colour coding.

spring-loaded, threaded, swage-in or press-fit
types. Suit wire sizes 001 to -072. Highly
efficient for development, prototype or test
equipments.

BA, UNF and Metric sizes, clear or tapped;
round, hexagonal.

for mercury and other cells.

COMPONENT CLIPS

SPACERS
BATTERY HOLDERS

Send NOW for FREE Condensed Catalogue.

Cambion Electronic
CamBion:

Products Ltd.,Dept.,318,
Castleton, Nr. Sheffield.
Tel.: Hope 406/407. Telex: 54444

Standardize on CAMBION. The guaranteed electronic components

EE 0l 077 for further details
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PZTsandwich transducers go to great depths

PZT Ceramic Efements. An infinite variety of transducer shapes can be
manufactured from Lead Zirconate Titanate material. These transducers

exhibit superior characteristics over other ceramic materials for all applications.
PZT is the most advanced polycrystaline piezoeleétric ceramic available today.
It operates within a temperature range of —272°C to -+-300°C and has many
other advantages over other piezoelectric ceramics,

Uses of PZT include echo sounders, depth
recorders, detection systems, ultrasonic cleaning,
flaw detection, accelerometers and strain gauges.
The latest development using this material, is the
sphere of spark generation for ignition systems,
where only Lead Zirconate Titanate can be used.

The Applications Department is available to offer 5

advice on the use of PZT materials.

DATA ON SANDWICH TRANSDUCERS

Frequency Range:

20 kHz - 50 kHz

Power (Pulsed):

40W/cm?

Sandwich Materials:

P.Z.T. - Steel

Q Factor Range:

By design 7 - 40

Input impedance
a_t Resonance:

3KQ (+ 600pF)

Radiating Area
of 50 kHz element:

1-100” square

B C } B R U S H c LEV ITE COM!:ANY LIMITED are Europe’s leading manufacturers of Piezoelectric ceramics

BRUSH CLEVITE COMPANY LTD HYTHE SOUTHAMPTON ENGLAND HYTHE 3031 GRAMS CABLES BRUDEV HYTHE SOUTHAMPTON TELEX 47687
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ELECTRONIC ENGINEERING



EE 01 079 for further details

ONLY .
FERRANTI Z§100 SERIES |8
SILICON DIODES |
o .

Bl ALL THESE |
FEATURES |

DIAMETER
02 INCH
__ﬁ

ZS 100 SERIES
— ACTUAL SIZE

A SPECIAL INERT ATMOSPHERE —HIGH VOLTAGE STABILITY
B INTIMATE METAL TO METAL CONTACT — HIGH SURGE RATING

C METAL BUFFER PAD — REDUCED JUNCTION TEMPERATURE
D GLASS HERMETIC SEAL—LONG TERM ENVIRONMENTAL STABILITY

First into the Future E ULTRA CLEAN SILICON DICE — POST ETCHED OUTSIDE PACKAGE

OTHER SPECIAL FEATURES :

TYPE NO. (BRITISH SERVICES ZS102 | ZS104 | ZS106 | ZS108

* QUALIFICATION APPROVAL QA NoJ) Z8100 | ZS101 | cy7045 | CV7013| CV7046 | CV7356

200, 400, 600 and 800 volt versions available | DEAKINVERSE VOLTAGE so | 100 | 200 | 400 | 600 | 800

to K1007 issue 3 under CV7045, CV7013,

CV7046 and CV7356 respectively. by il gl 400 | 400 | 400 | 400 | 400 | 400

* DYNAMIC TESTING Pl el Sl & Sy 150 | 150 | 150 | 1s0 | 150 | 150

Reverse characteristics measurement co- MAX. REVERSE LEAKAGE 3 S5 o 02 o 0-2

incident with full forward current being CURRENT @ 25°C pA .

applied. MAX. OPERATING & STORAGE y

TEMP. RANGE —55 to +175°C ALL TYPES

* INITIAL LIFE TEST

Each device is run at maximum ratings for FERRANTILTD GEM MILL-CHADDERTON-OLDHAM-LANCS.Tel: (061) MAIn 6661
48 hours to eliminate potential failure. London Office: Millbank Tower, Millbank, S.W.1. Tel: (01) VICtoria 6611 FE 248
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only £130 buys
the best digital
frequency meter
in its class...

and you can
have it now

You also get Racal reliability—
proved by 5,000 of these
instruments in use

all over the World.

The RACAL SA.520 DIGITAL FREQUENCY METER
‘measures period and frequency to 300 kHz. The maximum
ssensitivity is 70 mV and the internal crystal stability is 2 parts
in 10° per day. The multiple period measurement facilities
enable LF signals to be measured with high accuracy and the
four-digit columnar display combines the advantages of
analogue and digital indication, facilitating null-type
measurements. (If in-line display is preferred, the SA.520B
model is available). All-semiconductor with mains/battery

EE 01 080 for further details

operation, the SA.520 measures 8" X 6” X 7" and weighs For immediate demonstration and delivery,
only 71b. A full range of Racal transducers is available for phone Brian Cuthew at Crowthorne 3763 or
‘tachometric measurements. write to: —

; RACAL INSTRUMENTS LIMITED.
ﬂ ﬂ E ﬂ E Dukes Ride, Crowthorne, Berkshire, England.
Tel: Crowthorne 2272(3 and 3763. Telex: 84166. Cables: Racal, Bracknell, Berks.
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Electronic gngineering demands

ASHLAM .cvren

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

Copper Clad Laminates and Films
ALL LAMINATES 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 catalogue to

‘Consult ETHER
for SOLENOIDS

Ether make solenoids for any and every
application. If we can't supply off-the-shelf

Gimes on your siae with

%4

(and we have a very wide range) we will design
solenoids to your specifications.

o6 TALK SOLENOIDS WITH ETHER®®

High accuracy, wide range, iow cost. These are among the many
advantages of MINITIME. Comprising a pocket size biack mouided
case with contrasting front panel and 3" meter. MINITIME is designed
s to measure the time intervai between the opening and/or ciosing of
¢ qP» ops\‘;' contacts, or width of puises in active circuits. Range: 1 milli-second
1 A to 10 seconds.
P / Send for explanatory leaflet to our
& Agents: Hird-Brown Ltd., Bolton; Sen.

BREHER \°
com Ltd., London; Jiveco, Paris;

ETHER LIMITED, General Products Division, Caxton Way, Stevenage, Herts. S.P.R.L. Pol Francols, Beigium; or
Telephone : Stevenage 4422, Telex: Ether Stevenage 32319, directto A. G. BROWN ELECTRONICS
LTD., LOWER MILLS, BUSBY, GLAS-
GOW, SCOTLAND.

EE 01 082 for further details EE 01 083 for further details
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Here is a top class wirewound component designed for sound
and reliable performance.

Each is fully noise tested and carefully inspected to ensure
that it conforms to specification.

It is suitable for encapsulation, and a variety of terminations
are available,

The price Is reasonable and delivery is ex stock (same day if
required). ]

May we send you a sample for evaluation?

DETAILED SPECIFICATION AVAILABLE ON REQUEST

““You can rely on Riviin”’

YORKTOWN INDUSTRIAL ESTATE, DOMAN ROAD, CAMBERLEY, SURREY.

RlVLINIINSTRUMENTS LIMITED

DECEMBER 1966 67 ELECTRONIC ENGINEERING
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~ + + MARCONI INSTRUMENTS

| WIDE RANGE OF EQUIPNENT |

(l FOR AUDIO + + IMPEDANCE +!

g + FREQUENCY SWEEP + + + + !

{ + + FREQUENCY AND TIME + j

§+ + POWER MEASUREMENTS + + g

ELECTRONIC ENGINEERING

R.F. POWER

MEASUREMENT

RF Power Meters TF 1020A series
0to 100 W. D.C. to 250 MHz.
Price: £110

FREQUENCY & TIME

Counter [Frequency Meter TF 1417/2
Measures: Frequency up to 10 MHz,
Waveform Period up to 5 MHz, ’
Time Intervals down to 0.2 psec.
Price: £800

Frequency Converter TF 2400/1
Heterodyne unit extending the range of
10 MHz counter. 10 to 510 MHz tuning
range, 20 kHz to 10 MHz as amplifier.
Price: £365

IMPEDANCE

Universal Bridge TF 2700

Measures: Inductance: 0.1 pH to 110 H
Capacitance: 0.5 pF to 1,100 pF.
Resistance: 0.01€1 to 11 MQ.

Price: £85

FREQUENCY SWEEP

20 MHz Sweep Generator TF 1099
Sweep Range: 100 kHz fixed to upper
limit variable up to 20 MHz. Compensated
probes for differential measurements.
Price: £325

MARCONI INSTRUMENTS LIMITED

68
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AUDIO EQUIPMENT
TF 2160 Series Attenuators

Oto111 dB, D, C. to 550 kHz,
Prices: TF 2160 £120, TF 2161 £100,
TF 2162 £55

Wide Range RC Oscillator TF 13704

10 Hz to 10 MHz sinewave, 10 Hz to 100
Squarewave, Less than 1%/

distortion, 31.6 V output up to 1 MHz.

Price: £275 o

MF Transmission Measuring Set TF 2333
Signal Source 30 Hz to 560 kHz,
Attenuator 70 dB in 1 dB steps,

Level Meter ~70 dBm to 425 dBm.
Price: £335

ST. ALBANS, HERTS. TEL: ST. ALBANS 59292, TELEX 23350

DECEMBER 1966

Sensitive Valve Voltmeter TF 2600
1 mV fs.d. to 300 v f.s.d., 50 Hz to
5 MHz,

Price: £121

Wave Analyser TF 2330

(Selective Voltme

tuning range, 6 Hz bandwidth, 65 db
rejection at 40 Hz off tune, 30 uV to

300 V voltage ran
Price: £550

RC Oscillator TF

0F‘F'ER4 IMMEDIATE DELIVERY

ter), 20 Hz to 50 kHz

ge.,

1101

20 Hz to 200 kHz, Less than 0.5%

distortion, 0 to 20
Price: £145

V into 6000,

69

Distortion Factor Meter TF 2331

Hzto 20 kHz tuning range.
Reads harmonics up to 100 kHz,
Measures distortion down to 0.01%4.
Price: £240

Tunable Rejection Filter TF 2334
Increases rejection ratio of TF 2330,
Can also be used for other purposes,
20 Hz to 20 kHz tuning range,

80 dB rejection ratjo,

Price: £140

MARCON]| INSTRUMENTS
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the most efficient
the most productive
the most compact
BASIC COIL WINDING UNIT

THE AUMANN WE-L

The Aumann WE-L is just 15" wide—but that's
the only small thing about it. The WE-L has the
performance and versatility of other winding
machines twice its size.

The WE-L has three speed steps of 2,100, 4,300
and 9,000 rpm, and higher torque obtainable in
the lower range for heavier wire gauges. Other
features 7—Well, no cams or gears to be changed,
precise traversing with instantaneous reversal at
layer ends and continuous speed regulation by
foot control.

The Aumann WE-L is suitable for all types of
winding operations—either batch or one-off. Its
compact size makes it ideal for multiple unit
set-ups.

For concise details of the compact winding unit, write to:—

K

R.H.COLE ELECTRONICS LTD.

7/18 LANSOQWNE ROAD - CROYOON' SURREY
TEL1 MUNICIRPAL a4

AUMANN
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moré
than 500
swiiches

—this is the current
NSF/CUTLER-HAMMER
Catalogue

Includes all latest developments in this
dependable range.

If the list you hold is dated earlier than
November 1965 please write to us and we

will send to you the up-to-date copy

“THE SWITCH PEOPLE”
NSF LIMITED

31-32 ALFRED PLACE, LONDON, W.C.1

Telephone: LANgham 9561 Telegrams: Enesef Telex London Telex: 21907
Head Office & Works: KEIGHLEY, YORKSHIRE

A MEMBER OF THE W GROUP OF COMPANIES
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The Newmarket NKT 400 series range
now meets virtually every germanium
alloy industrial power transistor appli-
cation. All NKT power transistors are
produced to standard TO3 ""Diamond’’
encapsulation, will “drop in” electrically
and mechanically to existing designs,
and over 10 years have shown typical in-
stallation rejection rates better than 1%.

Send for NKT 400 series data sheet (which
includes a useful substitution guide and
practical heat sink information.)

NEWMARKET TRANSISTORS LIMITED,
EXNING ROAD, NEWMARKET, SUFFOLK
TELEPHONE ONE 8 3381

DECEMBER 1966

Current

gain spread
of1.6to1
from new
NKT 400
Industrial
series power
transistor

(THAT’S THE NARROWEST
GAIN SPREAD
IN THE BUSINESS")

Newmarket

TRANSISTORS LIMITED

EE 01 089 for further details

Exceptional reliability 3
There are three reasons for the excep-
tional reliability which gives this install-
ation rejection rate of less than 1%.

1 Newmarket cold weld their power
transistors, ‘the only British manufac-
turer to do so.

2 Newmarket completely stabilize the
characteristics of their transistors by
baking them continuously at 100°C for
four whole days.

3 Newmarket don't consider a device
sold until it is working properly in their
customer’s equipment. They supply
maximum and minimum limit samples
for thorough evaluation, and give advice
on circuit suitability and heat sinks.

Free matching service

Not just pairs, but three, four or more.
All matched and colour coded for fast,
positive identification.

NKT 401 High-voltage, high-current power switch with Vogg of 90V

NKT 402 High-current: medium-voltage power switch with VCE of 50V

NKT 403 High-voltage, high-gain power amplifier with hgg of 50 min.

NKT 404 High-gain, medium-voitage power amplifier with hgg of 50 min.

NKT 405 Extra-high gain, medium-voltage power amplifier with hgg of

100 min.

NKT 406 Narrow-gain-spread, general-purpose power amplifier with heg
of 30 - 50. (Spread 1.6 to 1.)

NKT 420 Extra-high-volitage, general-purpose power amplifier with Vceo

of 120V.

n
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TEN MICROVOLTS FULL SCALE
TEN PICOAMPERES FULL SCALE
WITH TRUE FLOATING INPUT

CLAUDE LYONS LIMITED

ambs

yoirs o

‘/"“"'\; _on
it ”.3“7 230 ¥ -
R §
f w |
o

2524 A
L

QUYPYY

, @
STRUMENTS &

LcLaunt LYONS LI0Y

Type MV-07C DC Micro-Volt-Ammeter

This is an instrument capable of measuring as low as
1uV. and 1wA. d.c. It employs a low-noise carrier
amplifier with floating input incorporating a low-noise
low-drift chopper. Heavy a.c. and d.c. feedback

loops provide maximum sensitivity, high measuring
accuracy and low-noise characteristics. The meter

is a taut band, friction-free galvanometer with an
individually calibrated, centre-zero, 6’ mirror scale.

M 17 voltage ranges— +10uV to +1000V f.s.d.

M 17 current ranges— +10uuA to +1mA fs.d.

B Accuracy generally +1% for volts, 3-2% for
current (4% on most sensitive ranges).

M Noise—below +0-5uV referred to input.

M Output— +1:25V at f.s.d. (1-4 mA).

B Price—£210 net.

[ ] Delivery——notmally ex stock.

ALSO NOW MADE IN ENGLAND—
Type MV-28B R.F. Microvoltmeter—10kc/s-
1-2Ge¢/s, TmV full scale on most sensitive range.

Claude Lyons Limited, Instruments Division.
Valley Works, Hoddesdon, Herts. Tel: Hoddesdan 67161, Telex: 22724.
16 Old Hall Street, Liverpool 3. Tel: MARitime 1761. Telex: 62181,

I
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Commentary

THE thirtieth anniversary of the opening of the world’s
first public high-definition television service was com-
memorated on 2 November. To mark the occasion a film,
presented by Mullard Ltd in association with the BBC,
received its first screening on 3 November. The film,
entitled ‘ The Discovery of Television ’°, set out to show, in
the space of fifty minutes, the early history of television,
and to answer the question, ‘who invented television’ ?

As the film so aptly shows, it was not the work of
any one man, but was rather the culmination of the
struggles of many. The story may well be said to have
begun over a hundred years ago when, in 1863, the Abbé
Casselli transmitted a picture over the wire service running
the 80 or so miles between Amiens and Paris, where the
picture was reproduced on tin foil. Ten years later,
engineers experimenting with submarine cables off the
coast of Ireland discovered the photo-resistive properties
of selenium and the possibilities of using this effect to
‘see by electricity ’ soon became apparent. When, shortly
after, Alexander Graham Bell invented the telephone,
schemes to combine the two techniques in a °‘seeing
phone’ were soon forthcoming.

Indeed, by the 1890’s ‘television’ appeared to be not
so far away, but further progress proved impossible until
after Fleming had invented the thermionic valve. At this
point it is interesting to recall that as early as 1897, the
cathode-ray tube had been. developed by the German,
Karl Braun, although not, of course, with television in
mind.

A quite remarkable forecast of the evolution of tele-
vision over the next 25 years was made by A. A. Campbell-
Swinton when he gave his Presidential Address to the
Rontgen Society in 1911 and expanded on ideas put for-
ward three years earlier in Nature.

Three years later, in 1914, Isaac Schoenberg, a mathe-
matician, arrived in this country from Russia and went
to work for the Marconi Company, of which he eventually
became general manager. At about the same time John
Logie Baird appeared on the scene, and these two men,
Baird and Shoenberg, were to be the key figures in the
race to get a practicable television system started.

Baird began experiments with television transmission in
an attic in Hastings and his early apparatus included a
Nipkow disk, a hat box, a fourpenny °bulls eye’ lens
and a darning needle! -His early pictures, transmitted
across a room, caused little excitement but, in 1925,
Gordon Selfridge, put Baird’s equipment on show in his
Oxford Street store in London. In 1926 Baird gave a
demonstration to the Royal Institution, in 1927 he sent
pictures from London to Glasgow by wire, while in 1928 he
transmitted pictures by short-wave radio to the United States
and to the liner Berengaria in mid-Atlantic. Baird was
very keen to start a national television service and in 1928,
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after much caipaigning by himself and his supporters,
a demonstration was arranged especially for the BBC: as
a result of this he was granted three, and later five, half
hour periods a week of broadcasting outside normal hours.
The first Baird transmissions were made on 30 September,
1929, but, as only one transmitter was available the picture
was transmitted first, without sound, followed by the
sound without picture: the ‘ programmes’ were received
on an estimated twenty-nine sets—all that were in opera-
tion at that time. In the next few years Baird improved
his system and made a number of advances, but through-
out, he clung tenaciously to a mechanical system and went
so far as to tell an audience in America, “There is no
hope for television by means of a cathode-ray tube.”

Meanwhile considerable interest was being shown in
electronic systems both in this country and in America.
In the US.A. Vladima Zworykin was heading a powerful
team at RCA and was probably leading the field at this
time. In this country the Marconi Company and EMI (an
amalgamation of the Gramophone Company and
Columbia) had formed a joint company, The Marconi-
EMI Television Company Ltd, and one of the most
powerful research teams ever assembled by a commercial
organization was set up at Hayes, It was headed by Isaac
Schoenberg and included such men as Condliffe, McGee,
White, Caines, Broadway, Browne and Blumein.

In 1933 the battle between Baird and EMI reached a
peak and competitive demonstrations between the two
systems were held. As a result the Postmaster General set
up a committee under Lord Selsdon to advise him on
the relative merits of the two systems. This committee
decided that a duel should be held. Both systems were to
be used alternately ‘ under strictly comparable conditions :
the venue chosen for the transmitting station was
Alexandra Palace. \

In April 1936 the rivals started to move their equipment
into Alexandra Palace and, at the last moment Schoenberg
took a very brave decision—to transmit on 405 lines
instead of the Selsdon Committee’s minimum of 240 lines
which Baird intended to use.

So it was that on 2 November, 1936, the first regular
television service in the world came into being.

The duel was short lived and in February 1937 it was
generally agreed that the results from the Baird system
were distinctly inferior to those obtained with the EMI-
Marconi system and the Baird system was dropped.

To summarize: although there is literally nothing of
Baird’s in the modern television system, it was he who
made the early running and provided a great deal of
stimulus. But it was Campbell-Swinton who proposed the
theory, Zworykin who pioneered and patented the elec-
tronic system and Shoenberg and his colleagues who
created the first national public service.
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A Control System for a Molecular Vacuum

- Gauge

By R. G. Christian*, M.Eng.

An electronic control unit for use with a vibrating vane molecular vacuum gauge is described. The
requirements of gauge control are discussed, the gauge sensing and driving arrangements being in
the form of a differential capacitor.

The method of sensing used is that of measuring change in capacitance as the vane vibrates by

means of a frequency modulation system which provides a voltage which is a function of vibration

amplitude. Feedback of this voltage via suitable circuits provides the drive for the gauge. The

oscillation amplitude is stabilized by means of a control circuit, the control voltage being a

logarithmic function of pressure. This voliage is used to provide a logarithmic pressure scale, being

indicaied by a valve-voltmeter which, in addition, provides other facilities. Rapid build-up of
vane amplitude is provided by means of a starting trigger.

Experimental results are given for air only, although the gauge has been used successfully for
helium (mass 4) and hexafluoropropylene (mass 150) as well as with gases having intermediate
molecular masses.

(Yoir page 830 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 837)

N oscillating vane molecular vacuum gauge has been Wz

developed in which the damping of the vane due to C= —F e )
the gas is proportional to the pressure and the square-root Lorwd
of tghe mcl:lecll’llar mass of tlp;e gas. In earlyq types of where B RenmitLvity of free space and z = length of
viscosity gauge, the damping, and hence the pressure, were overlap given by z=ql +10/s) .............. 0))

determined by measuring the time taken for the ampl.tude
of oscillation to fall to, say, one half of its initjal value.
Since the times involved can be very large, some form
of automatic control and direct pressure read-out is
desirable. The control system described here maintains
the vane in approximately constant amplitude and pro-
vides a direct continuous pressure indication at pressures
below about 10~* torr in air.

Gauge Considerations

The theory and construction of the gauge have been
described in detail elsewhere! and it will be sufficient
here to consider only those aspects which affect the
control system. Briefly the gauge consists of a flat alu-
minium vane suspended from one edge by a short wire
suspension so that it is free to oscillate in the manner
of a pendulum. At the lower edge of the vane at right-
angles to it is fixed a narrow capacitance plate, the vane
being suspended so that the capacitance plate is located
Imm above a pair of fixed plates in the form of right-
angled triangles. As the vane oscillates the capacitances
between the vane and each fixed plate will vary linearly,
one capacitance increasing while the other is decreasing,
in the manner of a differential capacitor. One capacitance
is used for sensing and the other for driving using the
principle of the electrostatic voltmeter. The capacitance
system is shown in Fig. 1 in which w is the width of the
vane capacitance plate, its length being equal to the width
of the fixed plates 2 g. The fixed plates have a length
of 2 s and are bent to a radius of (! + 4) to maintain the
separation d, the bottom of the vane oscillating at a radius
of L

The area of overlap determines the capacitance C
between the plate and vane and will be

* Liverpool College of Technology, formerly at the University of Liverpool.
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where # = angular displacement of the vane from the
vertical.
The rate of change of capacitance will be

eoWlq
dC[df = (ew/d) . (dz/db) = = 3)

F-sj 16

T

o ;,/o
ad
‘i
2 I
q 2 i
I

1 lo =
L L

e

Fig. 1. Capacitance system

which is constant. The restoring torque due to gravity
acting on the vane will, for a small displacement 4, be

Tor=imgril o s = L “@

where m = mass of vane, g = acceleration due to gravity,
and r = radius of gyration of vane. By analogy with the
electrostatic voltmeter the deflecting torque acting on the
vane will be h

Top =4V¥dCjidb) .............. )

where V = the steady deflecting voltage required between
the vane and one fixed plate.

From equations (3), (4) and (5) the value of the direct
voltage necessary to produce a steady deflexion of @ is

obtained:
2mgrfsd
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If the angle 0, represents the initial defiexion of the
vane at a time ¢ = 0 then the energy stored in the system
is

Wo = Tooo = mgr002

If the vane is now allowed to oscillate freely with no
driving voltage, the amplitude will decay due to the
damping of, the gas, and the suspension. After a time

-

OSCILLATOR [ LIMITER DISCRIMINATOR ™  AMPLIFIER

VG.

Fig. 2. Amplitude sensing unit

!
equal to the period of oscillation = the amplitude will
fall to

................ ®

where @ = decay constant due to the damping, and the
stored energy will have fallen to

wr = T:0. = mgr6?
The loss of energy during this period will be
WL = Wo — wr = mgr(0,® — 0.2¢7%7) = wo(l—e™) .. (10)

If the damping is small then 1—e %7 =~ 2gr hence, the
energy loss per cycle is .

WL == 2arWw,

(11

For the vane to be driven at constant amplitude 8, it
will be necessary to make up this energy loss every cycle.
If the voltage required to produce a steady defiexion
0o is V, then the energy stored would be proportional to
Vo, thus the voltage required to maintain a constant
amplitude must be \

v="V,V2ar 12)

which may be supplied in the form of a pulse once every
cycle. By means of a suitable circuit such a pulse may
be provided and will enable the vane to be driven up to
full amplitude from standstill without the need for any
initial direct voltage V.. Since a is proportional to the
pressure and square root of molecular mass of the gas,
it follows that the drive voltage v is also proportional to
these entities, hence a measure of v could be used as a
measure of gas pressure.

For the gauge used the calculated dimensions were
m = 96-8mg, r = 679cm, r = 0-523sec, d = Imm,
q=s=25m, w = lcm, [ = 10cm and 6, = 015 radian
hence using equation (6) yields a value for V, of 1475V.
The decay constant a has a calculated value of 283 P
where P = pressure of air in torr, hence for air at 10-5
torr the required drive voltage ¥V from equation (12) is
249V, This is the voltage required to maintain oscilla-
tions in a system damped only by the gas. The stiffness
of the suspension will contribute a constant damping and
the drive voltage must make up the ensuing losses, so that
equation (12) may be written as

v="V,V[2r(a + a)l

where a, represents the decay constant due to the suspen-
sion alone. No numerical value of a. could be calculated

..................

’
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and 1t was not measured until the control system was
in operation. '

The Amplitude Sensing Circuit

Since much of the experimental work on the vacuum
gauge involved decay measurements in order to assess
the behaviour of the vane and to verify the theory, the
amplitude sensing unit was originally constructed as shown
in block diagram form in Fig. 2, the output being moni-
tored on a c.r.o. Subsequently the output was fed to one
of the units to be described later.

As the vane oscillates in simple harmonic motion and
the rate of change of capacitance is constant, then the
capacitance C between the vane and either plate will vary
sinusoidally about a mean value C, corresponding to the
centre position of the vane so that

C = C, + CuSinot (14)

where Cn = maximum change of capacitance due to the
displacement of the vane. Cn is proportional to the dis-
placement # and thus gives a measure of the amplitude of
the oscillation. A method of measuring Cn is necessary
and could take one of the forms:

(a) The capacitance could be used to modulate a carrier
oscillator p;oducing a frequency modulated signal
with a deviation proportional to @ at a rate equal
to the vane frequency v, which is demodulated
to give a voltage proportional to 6.

(b) The capacitance could be connected in series with
a resistor and source of e.m.f. producing a varia-
tion in p.d. across the resistor which may be
amplified giving a voltage proportional to 4.

Method (b) was rejected in view of the size of series
resistor which would be required since Cn is of the order of
2pF, although this could be increased by means of a
Miller integrator circuit. It was decided to use the firss
method, i.e. an f.m. carrier with demodulation.

Hurd and Corrin? have used such a system.with the
carrier oscillator operating at 10-7Mc/s. Since the change
of capacitance is small and since for decay measurements
on the gauge, the petiods involved may be very long, it
is possible for the drift in oscillator frequency to be com-
parable with the frequency deviation due to the gauge, so
that as a result, the decay measurements would be un-
reliable. For the direct reading operation of the gauge the
drift in oscillator frequency is of less importance, but
since decay measurements were important, a stable oscil-
lator was essential. Three possible methods of producing
the carrier were considered:

(a) A stable low-frequency oscillator of the inductance-
capacitance type with the vane gauge capacitance
forming part of the oscillator tuned circuit.

(b) A crystal-controlled oscillator with an Armstrong
phase modulator. ,

(¢) A frequency-stabilized f.m. system with variable
frequency as proposed by Ruston?,

Method (b) was rejected since the modulating frequency
would be too low (about 2c/s) and the system would be
unsuitablet. Method (c) was thought to be unnnecessarily
complex in view of the simplicity of (a) which was there-
fore chosen, Fig. 2 shows the block diagram of the sensing
system the output being indicated by a voltmeter or c.r.o.,
although this monitoring point was moved later, as will
be seen. The detailed circuit diagram is shown in Fig. 3.

The oscillator shown in Fig. 3 was originally described
by Clapp® and Gouriet® and is essentially an inductance-
capacitance version of the crystal oscillator. By making
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Ly very large, Cr small, and both C: and C; large, the
effects of drift in stray capacitances and valve parameters
are minimized. The circuit may be considered as a Colpitts
oscillator in which the tuning inductance is the effective
combination of Lr and Cr in series and may easily be
analysed from a generalized oscillator circuit’ giving the
conditions of oscillation as

b il
e LrC,

[1 + (R/rs) + (C:/CY) + (C2/Cr)]

gm + 1/ra + Ci/riCr
Ci(C:R + Lx/rs)
where wo = oscillator frequency,
R = resistance of coil of inductance Lr
gm = mutual conductance of valve,
ra = anode slope resistance of valve.

A frequency of about 200kc/s was chosen for the carrier
in view of the requirements of frequency stability and
the operation of the demodulator, the output being taken
from the cathode to minimize loading of the oscillator.
In order to avoid discriminator alignment a pulse counter
discriminator was used as the demodulator, the circuit
including the limiter being an almost exact reproduction
of one developed by Scroggie®.

The deviation obtained in the oscillator frequency will be
woC’

4nCr? °
where C’ is the equivalent of Ci, C: and Cr in series,
and Cr includes the gauge and lead capacitance. For the

system used the maximum value of Af is about 1850c/s.
The corresponding output from the discriminator should

Af = (df/dC).Cn =

......

Fig. 3. Circunit of amplitude sensing unit
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Fig. 4. Feedback system

be about 30mV peak, according to Scroggie® and this
was found to be so. This voltage is amplified by a stan-
dard pentode amplifier having a gain of about 100 and
the output was observed on a c.r.o. in the early stages.
Due to the fact that the amplifier had to operate at 2c/s,
long CR coupling time-constants were necessary. These
resulted in objectionable pick-up and amplification of
the 50c/s mains frequency which was reduced by con-
necting large shunt capacitors throughout the circuit.

It should be mentioned that the original design of the
unit was based on the use of transistors but in view
of the large drive voltage required by the gauge at higher
pressures it was realized that some valves would be
required in the drive unit, since at 2c/s transformers would
be very bulky. To avoid using a hybrid valve-transistor
construction it was decided to use valves exclusively. By
using high-voltage transistors and restricting the upper
limit of pressure, the entire control system could be
transistorized.

The Feedback and Drive Circuit

It was desirable that the gauge and control unit should
form an oscillatory system which would be self-starting
and self-maintaining. It was intended that the amplitude
of the vane should be adjusted manually by controlling
the gain of an amplifier in the feedback loop. Pressure
measurement was then to be carried out by setting the
amplitude to a specified value and measuring the drive
voltage which is proportional to the square root of pres-
sure. This would have been satisfactory had the vane
oscillated at a frequency of a few hundred cycles per
second. Due to the very low vane frequency, i.e. 2c/s,
the time-constants involved in the control system were
excessively long and the idea had to be rejected in favour
of an automatic system. In designing the system no
account was taken of transient operation since it was
assumed that the pressure being measured would change
very slowly when change did occur.

The complete feedback loop is shown as a block diagram
in Fig. 4 and in this form was intended for manual
adjustment. Let ki, ks, ks etc. be the appropriate transfer
constants for the various stages in the loop. If the sensing
capacitance changes by AC due to movement of the
vane, then the frequency deviation in,the oscillator will
be Af = ki.AC.

The output from the sensing unit is Vi = kxAf which
is fed into the drive unit. A square-root circuit gives an
output of Vs* = k3V1 and is necessary to make the system
linear. The voltage V, is applied to the driving capaci-
tance of the gauge producing a torque Tp = kiV%. The
deflexion is @ = ksT producing a change in capacitance
AC = kef. The condition for oscillation is thus
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kikokskiksks =1 ..oooovinnen. an

which is met only if the square-root circuit is included.
A relaxation oscillation is possible without this circuit in
the loop but it was thought preferable to make the system
linear. An alternative method is to shape the fixed capaci-
tor plates of the gauge so that dC/dfcc1/VC and
equation (2) becomes

z=q(l + 1-81516/sF" .......... (18)

but since amplitude measurements were required this idea
was rejected. The square-root circuit consists of two
diodes connected back-to-back in series with a resistor, the
output being taken across the diodes. The output is
approximately proportional to the square root of the input
voltage. More complex circuits are possible’ but were not
thought to be necessary. A large loss of voltage occurs in
the circuit which must be compensated for by the addition
of an amplifier stage preceding the square root circuit.

The output from the square-root circuit is fed to the
drive amplifier via a control potentiometer RV) so that
the loop gain may be adjusted. The amplifier drives a
pump-diode rectifier circuit which provides uni-directional
pulses to the gauge. The maximum peak pulse voltage is
of the order of 150V which, as already mentioned, was
the reason for using valves instead of transistors. The
uni-directional pulse is essential since the deflecting torque
does not reverse direction if the driving voltage is reversed.
Furthermore the driving pulse must be applied while
dC|db is positive since the capacitance tends to increase
when a voltage is applied. Because of this, it is necessary
to ensure that the correct phase relationship holds in the
feedback loop.

The system so far described operated satisfactorily for
initial experiments but the time delay observed when
RV: was adjusted was excessive and it was impossible to
use the system as intended. For this reason an automatic
amplitude control circuit was added. The circuit diagram
of the feedback unit is shown in Fig. 5 and includes the
modification to the drive amplifier necessitated by adding
the amplitude control and a starting trigger.

The Amplitude Control Circuit

The addition of this circuit effectively converts the
system from open-loop to closed-loop control. Fig. 6 shows
a block diagram of the entire gauge control system from
which it will be seen that the output from the sensing unit
is fed via an amplifier (Amplifier 4) to a voltage-doubler
rectifier which produces a negative direct voltage. This
voltage is compared with a reference voltage and the

Fig. 5. Feedback and drive unit
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Fig. 7. Amplitude control unit

negative difference voltage is used to control the gain
of the drive amplifier, which uses a variable-mu valve.

Originally the reference circuit consisted of a cold-
cathode tube together with a resistance comparator net-
work, but this was found to be ineffective since the recti-
fer became reverse biased. It was therefore replaced by
a 120V battery in series with the rectifier output as
shown in Fig. 7. The output from Amplifier 4 is adjust-
able by means of RV, the correct setting being such that
at the highest pressure, the amplifier output is about
120V and zero control
bias is applied to the
drive amplifier. Thus
the latter operates at

4

AMPLUIFIER (2)

maximum gain at the
highest pressure. By
means of both RV, and
RV the system may be
adjusted at its highest
and lowest pressures
and will work within
that range. .

The vane amplitude

will have its greatest
value at the lowest
pressure Py and will

decrease to a value
6 (1 — x) at the highest
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increase in gas damping. If V1 and V: are the correspond-
ing drive voltages then

0 = kiks’ V2 and 0(1 - X) = kiks Vs
where ks oc 1/(P:+P;) and k' C 1/(P1+Po), P, being the
pressure equivalent of the suspension damping, whence
P 1 + P o
P 2 + P [} :
When the pressure is P; the output from the sensing unit
is v but this falls to v (1 — x) at a pressure P; so that if
the gain of the drive amplifier is 4, and 4. at low and
high pressures respectively then

Viocc 41 Vv and V,C As V[v(l—x)]
the square-root being taken by the square-root circuit
preceding the amplifier. Substituting in equation (19) gives

_ P1+Po
A[A, = PrF P, e

If the control voltage applied to the grid of the variable-mu
valve is V; which is zero for a gain of 4, then

Ay =Asexp(bVyg) oo,

where b is a constant applicable to the valve used. Sub-
stituting for A4:1/A4; in equation (20) from equation (21)
gives

l—x=

P1+Po
P2+Po

This voltage is derived as the algebraic sum of the refer-
ence voltage Vr and the output from the doubler-rectifier
and amplifier which will be My where M is the gain of
the circuit. Thus Vi = Vz—Myv and if Vz = Mv(l+x)
at pressure P it follows that Vg = —Mvx. Since V; is
fixed by equation (22) and v is fixed by the sensing circuit
for a given vane amplitude, then the proportional decrease
in vane amplitude will be inversely proportional to M,
which should therefore be as large as possible if x is to
be small. Typical values in the system were b = 01,
v=1-5V, M=200, P,=10"*, P,=10"* and P,=3-8X107*
giving a value of x of about 5 per cent, V; being about
—15V at the lowest pressure.

Since the variation of V; with pressure covers a wider
range than the drive voltage, and since this variation is
logarithmic, it was decided to use V; as a measure of
pressure.

Ve=(1/2b) In

Starting Trigger, Valve-Voltmeter

The time taken for the vane to reach full amplitude
from rest was inconveniently long so that it was neces-
sary to include a rapid starting device. Rapid build-up
of vane amplitude is achieved by means of a relay which
removes the control bias and by-passes RV: so that the
drive amplifier operates at maximum gain. When the
amplitude reaches a predetermined level, the relay is
released via a Schmitt trigger circuit’, the control bias is
applied and RV, is operative. The amplitude level is
derived from Amplifier 4 via a doubler-rectifier, the
release level being set by RVs. Circuit details are shown in
Fig. 8. The relay system also operates when the pressure
is too high, the system tending to hunt.

A d.c. valve-voltmeter is incorporated in the control
unit and is shown in detail in Fig. 9. Reference to Fig. 6
shows the application of the meter to various parts of
the system. Since the voltmeter is of the balanced bridge
type, the first position Z of the function switch enables
the zero to be adjusted. The second position F connects
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the meter to read the d.c. level at the output of the dis-
criminator and is used for setting the carrier frequency.
This is done by adjusting the variable capacitor Ci in the
oscillator circuit and is only necessary if the lead from the
oscillator to the gauge is altered in length.

In the A4 position the valve-voltmeter reads a voltage
which is proportional to the vane amplitude, the most
convenient point being the input to RVs For amplitude
decay measurements the drive is removed by means of
a switch S1,-Si» which also removes the h.t. supply to the
relay circuit, so preventing the drive from becoming
excessive since it would be possible at very low pressures
for the vane to be maintained via the capacitance of the
switch, Sia.

In the F position the valve-voltmeter reads the control
bias V; which has been shown to be a function of pres-
sure and may therefore be calibrated directly in terms of
pressure against some suitable standard. No range switch-

RECTIFIER (2) SCHMITT TRIGGER
. —0
A
o—
Input 15107 470k0)
o—4

=

Fig. 9. Valve-voltmeter

Fig. 10, Backing-off circuit
22Mn

o

S ““%‘Mﬂ -

val L] O, o
whee «W S

=1

-
v

.
]

2
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ing, other than the one fixed range shown, was used in
this position, but it would be necessary in a final design.
Such range switching could be arranged in conjunction
with the backing-off circuit shown in Fig. 10 so that
several pressure scales could be incorporated. The D
position of the function switch measures the drive voltage
as a pulse, the meter following the pulse with time. No
attempt was made to transform this into a steady reading
since it was not used to indicate pressure.

Experimental Results
Most of the experimental work was concerned with
decrement measurements on the gauge itself, and with the
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5 =
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5
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Q
-
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z
o
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Fig. 12. Drive voltage for air
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calibration system and will be described elsewhere®. The
gases with which the gauge was used ringed from helium
(mass 4) to hexafluoropropylene (mass 150), although
only the results for air (mass 29) which are typical are
shown here. Fig. 11 shows the variation of control volt-
age V; with pressure over a range of about 100 to 1,
the pressure in this case being measured by means of
an ionization gauge. Since the pressure scale is logarith-
mic the graph is approximately a straight line over most
of the range. The departure from linearity, observed also
with other gases, may well be due to a variation in the
constant b in equation (21) .with gnd voltage, being a
characteristic of the variable-mu valve. Considerable
departure from linearity, observed when the controls
RV, and RV: were incorrectly adjusted. In fact, in the
case of Fig. 12 it could not be claimed that these controls
had been set at their optimum positions.

The graph of drive voltage against ion gauge reading is
shown in Fig. 12, the pressure scale in this case being
linear. At zero pressure a drive voltage of 19V peak is
necessary to maintain the vane due to the suspension
stiffness. The graph appears to have the general shape
expected since drive voltage is proportional to square root
of pressure although numerical values differ from those
expected. This discrepancy is possibly due to the inertia
of the moving-coil meter used in the valve-voltmeter, so
that the meter was unable to follow the voltage, the error
becoming greater as the voltage increased.

The system shows a tendency to hunt when subjected
to a sudden large change in pressure or when the pressure
is too high for the amplitude to be mamtamed i.e. outside
the range of the instrument, Since the ' gauge was de-
veloped for use in a vacuum plant where the pressure
may be expected to be reasonably steady and within the
range of the instrument, the hunting was not investigated
further.

The use of two controlled stages in the drive amplifier
would increase the pressure range of the system to about
10* to 1 so that the lower limit of pressure will be a
function of the molecular gauge itself and not of the
control system as at present. It is possible of course to
adjust RV: and RV, to enable the lower limit to be
reached at the expense of a lower maximum pressure, the
range being about 100 to 1. A final version is being
developed which will contain two controlled drive stages
together with multi-range valve-voltmeter and backing-
off circuit but due to the stiffness of the vane suspension,
the lower limit of pressure may well be no better than 10~7.
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Cryostat Temperature Measurement from
01K to 20°K Using a Wein Bridge Oscillator

By P. R. Adby*, B.Sc.

The oscillators described are a modification of the conventional Wein type in which the power

dissipated in the resistors of the phase shift network is very small. One of the resistors is tempera-

ture dependent and may be placed in a cryostat at temperatures as low as 0-1°K without significantly

affecting the thermal conditions. The oscillator frequency is related to temperature and may be
measured by means of a counter,

(Voir page 830 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 837)

THE use of carbon composition resistors for the
measurement of very low temperature has been an
established technique for some time., The relationship
between resistance and temperature for certain Speer and
Allen-Bradley carbon resistors has been investigated'?, The
measurement of resistance has normally been carried out
by an a.c. Wheatstone bridge technique® with very low
power dissipation in the resistance thermometer. The
bridge method has the advantage of precision but is
relatively slow in use since continuous manual balance is
necessary to measure temperature,

An alternative method for measurement of resistance
is possible by incorporating the resistance into one arm
of the phase shift network of a Wein bridge oscillator.
The relationship between resistance and temperature is
rather complex, therefore the additional one between
resistance and frequency is no real disadvantage in this
application. Two transistorized oscillators have been
designed to work with very low power in the phase shift
network and are, therefore, suitable for very low tem-
perature measurement. A valve circuit has been described*
using this principle.

Oscillator Circuit for 0-1°K to 4°K

The circuit diagram of the oscillator is given in Fig. 1.
The basic oscillator is similar to the Mullard circuit® in
which a current connected phase shift network would
normally be connected between the collector of VT; and
the base of V75 The output is stabilized to about 1 to
1-5V r.m.s. by negative feedback via the thermistor.

In the modified circuit the output at the collector of
VT; is attenuated by a factor of 1000 and applied to a
voltage connected phase shift network. The thermometer
resistor is connected at the input terminal and appears
across part of the Wein network. The voltage across this
resistor varies from approximately ImV at R = 220Q to
2mV at high resistance. The power dissipated in R there-
fore varies from about 0-5 X 10~?uW at higher tempera-
tures to about 0-5 X 10—3uW at lower temperatures. The
oscillator loop is completed by the wide band amplifier
consisting of transistors VT; to VTs The voltage gain
to the collector of VT is set to about 1000 by means of
the preset potentiometer and the emitter-follower V7T
gives a current output to the base of VT; via a 1k() series
resistor.

The oscillator frequency is continuously monitored by

a digital counter connected to the collector of VT,
Various thermometer resistors may be examined easily

* University of- Sussex.
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by means of a switch selecting one of several input soc!cets.
A stabilized power supply of 30V at 50mA is required.
The frequency of oscillation is given by:

1
f=m ........... Nels o (1)

where C1 = Cs = 0:022uF
R; =270 + 43 = 313Q

R, is the temperature dependent resistor in parallel
with 22k{).

Therefore:
f =406/ V R:ke/s

Oscillator Performance

The formula given in equation (2) was used to construct
Fig. 2 showing the relation between oscillator frequency
and the thermometer resistance. The curve obtained from
the prototype circuit shows reasonable agreement between
calculated and observed results over the resistance range
200() to 10k(). The error at high frequencies appears to be
caused by bandwidth limitations and at low frequencies by
partial failure of the amplitude stabilization.

The frequency stability of the oscillator was tested at
various values of resistance for ambient temperature and
power supply variations. The results are summarized in
Table 1.

TABLE 1
Frequency Stability
THERMOMETER AMBIENT TEMPERATURE | H. T. VOLTAGE
RESISTANCE (£2) EFFECTS EFFECTS
390 8 in 10%/°C 1 in 10%/Volt
2-2k 4 in 10*/°C 1 in 1€3/Volt
6-8k 3 in 104/°C 1 in 10%/Volt

Thermometer Performance

Fig. 3 shows typical curves of resistance against tem-
perature for some of the resistors suitable for use with
this oscillator. More complete information is given
elsewhere'?,

It can be seen that the relationship between resistance
and temperature is somewhat complex. Also variations
between resistors of one type are not negligible, It is
therefore normal to calibrate each individual resistor-
cryostat system and to periodically recalibrate to check
the long-term stability.
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The resistor chosen for the temperature range 0-1°K
to 4°K was the Speer, grade 1002, 22002 nominal, }W;
a since the range of resistance obtained is about 400(} to
S 6k(). This range is within the working limits of the oscil-
lator. For other temperature ranges a suitable resistor
would be chosen in a similar way.

30V
> 0V

Hr Fig. 4 was obtained for the resistor chosen showing
the calibration curve relating frequency and temperature,
The accuracy of the thermometer may be assessed from
the calibration curve in conjunction with the performance
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data given in Table 1. Under normal laboratory condi-
tions the accuracy obtained should be from about 1 per
cent at 4°K to about 0-5 per cent at 0-1°K.

Oscillator Circuit for 4°K to 20°K

The accuracy of the previous circuit was obtained with-
out special precautions for very high frequency stability.
It was therefore felt that improvement to the design could
be obtained. A requirement for a second circuit for 4°K
to 20°K using the Allen-Bradley 47() 4+W resistor enabled
some improvements to be incorporated.

Since the lowest temperature to be measured was 4°K
more power could be dissipated in the thermometer resistor
than in the previous circuit and a dissipation of 0-01uW
at 4°K was chosen. The curve for the Allen-Bradley
resistor in Fig. 3 shows that the resistance range expected
is from 602 to 600Q). A frequency range of about 200kc/s
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TABLE 2
Frequeacy Stability

THERMOMETER AMBIENT TEMPERATURE | H, T. VOLTAGE
RESISTANCE (£2) EFFECTS EFFECTS
56 1 in 105/°C 1 in 104/Volt
180 3in 10%/°C 3 in 10¢/Volt
560 1 in 10/¢°C 1 in 10°/Volt

to 700kc/s was therefore selected giving improved reso-
lution in a short time.

From these considerations the oscillator was redesigned
to use an improved amplifier with, a gain of 100, a band-
width of several megacycles per second, and an input

assessed from the performance data given in Table 2 in
conjunction with graph 4. Under normal laboratory con-
ditions the accuracy obtained should be from about 0-01
per cent at 20°K to 0-1 per cent at 5°K. The circuit has
been optimized at 20°K where resistance changes least with
temperature in order to improve accuracy at the expense
of accuracy at 4°K.

Conclusion

The main advantage of the osciilator technique is that
measurement of frequency may be carried out auto-
matically over a period of O-lsec or lsec using a low-
speed (1Mc/s) counter. Permanent results are easily
obtained if required by adding a printer In contrast the
a.c. bridge is rather slow and requires continuous atten-
tion. A.C. bridges must be used however where high
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Fig. 7. Meter circuit for 200ke/s to 700ke/s

impedance of about 2k(). The circuit diagram of the
oscillator is given in Fig. 5 and a calibration curve is
given in Fig. 6.

The performance of the oscillator is summarized in
Table 2.

The improved performance has been obtained by atten-
tion to the amplifier input impedance which appears in
shunt across the thermometer resistance, and by improving
the amplifier bandwidth in comparison with the oscilla-
tion frequency. Loading of the output is, under normal
conditions, constant but an emitter-follower has been
added.

A further facility added to this thermometer is a meter
readout. The circuit diagram is shown in Fig. 7. The
output from the oscillator is amplified by transistor V'T;,
and squared by the Schmitt trigger VT, and V75 The
output from the squarer triggers an emitter coupled mono-
stable multivibrator which gives a fixed output pulse
length of just under lusec. The mean d.c. level at the
collector of VT, is measured by the meter which is
calibrated directly in degrees kelvin.

The meter scale is slightly non-linear over the range
4°K to 20°K and the accuracy of 5 per cent is limited
by the pulse width stability and reading accuracy. The
accuracy of measurement using the counter may be
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" accuracy is required (e.g. 1 in 10° for some specific heat

measurements),
It is hoped that further work on circuits of this type
will lead to:
(1) A multi-range thermometer with meter read-out
accurate to about 1 per cent over the range 0-05°K
to 150°K.

(2) A transistorized precision thermometer accurate to
1 in 10%

(3) A circuit with cryostat temperature stabilization
based on frequency comparison.
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Electronic Mode-Control of Operational
Amplifiers

By A. D. Bond*, B.Sc.,, Ph.D., and P. L. Neely*, B.Sc.

This article discusses the design of the equipment necessary to extend existing analogue computer
facilities to include the repetitive/iterative mode of operation.

The basis of the design is a six diode bridge in a feedback switching arrangement.

(Voir page 831 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 837)

THE modern repetitive analogue computer, which is
capable of storage and logical decision, is essentially
a hybrid machine in that its mode of operation is con-
trolled by a digital logic system!. The basic link between
the digital and analogue parts of the system is the elec-
tronic switch which operates the resetting of integrators,
mode switching of amplifiers and the gating of signal
paths.

High speed semiconductor switches enable iterative
computations? to be carried out at rates varying from
seconds per cycle to kilocycles per second®*S. This ver-
satility opens up possibilities for the use of a special
purpose iterative analogue computer as an on-line con-
troller for the dynamic optimization of real time systems.

The article discusses the design of the equipment neces-
sary to extend existing analogue computer facilities to
include the repetitive/iterative mode of operation. High
speed hill-climbing adaptive loops can thus be imple-
mented to solve boundary value problems. (See
Appendix (A)).

Mode Switching of Operational Amplifiers

Fig. 1 shows the conventional relay implementation of
a mode switched amplifier. The various modes of opera-
tion are listed in Table 1 against the corresponding com-
binations of contacts 4 and B and feedback element Z,.
The problem considered in this section is that of replacing
relay contacts with high speed solid state switches and
choosing the best configurations for economy coupled
with sufficient accuracy.

Table 2 compares the more important parameters in-

offset, unbalance, etc., since the switching takes place at
the amplifier virtual earth. These errors can be reduced
by placing the switch on the input side of resistor Ri.
(See Appendix (B)). However, any attenuation through
the switch will now be significant and, more serious, the
control pulses must be greater than the maximum signal
level otherwise limiting in the ‘on’ condition and break-
through in the off * condition will occur. For a + 100V
computer operating with switching times of a few micro-
seconds, this condition will impose stringent requirements
on the control pulse generator.

IL

Input Output

Fig. 1. Mode-switched amplifier

Fig. 2. Modified six diode bridge switch

volved in switch design for three different types of TABLE 1
electronic switch, considering all three to have similar
switching speeds. Zy,=Cy Zy=R,
Diode bridge switches are the cheapest, can handle [&g iacts 4 | Open Open | Closed | Open Closed
larger signal levels, and have better switching spike
characteristics®. The principal disadvantage is the require- Contacts B | Closed | Open ‘ Open Closed Open
ment to provide anti-phase control pulses. However, the .
six diode bridge’ eliminates the necessity for absolutely fdgggﬁer T{;Ck Hold Int%grr o Swm
symmetrical pulses to the switch, and a further modifica- Reset Compute | Change over Switch
tion? (Fig. 2) reduces the leakage errors at the expense
of two more diodes.
Substitution of solid state switches for TABLE 2
contacts 4 and B involves consideration
of the probl‘em'of direct switching and FORM OF FORWARD | BACK RESISTANCE | OFFSET VOLTAGE
feedback switching. CONTROL PULSE RESISTANCE OR LEAKAGE IN ‘ON’ STATE
DIRECT SWITCHING Diode Antiphase <500 <10nA Balanced to
An electronic switch, replacing con- | Bridge | Symmetrical Zero
tacts 4 in Fig. 1, will tend to intro- Transistor| Single <500 <10nA <5mV
duce severe errors in the output due to !
FE.T. | Single 100Q->5kQ >10°Q Very small
* The Queen’s University of Belfast.
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For virtual earth switching, diode limiters at the switch
input will prevent signal breakthrough in the ‘off’
condition.®

However, direct switching can be avoided in the reset
and compute modes by using a buffer or driver amplifier
in series with the feedback switch B.

\

FEEDBACK SWITCHING

A mode switched amplifier used exclusively in reset
and compute becomes the track-hold unit of an iterative
analogue computer when there is no integrator input
present. This unit performs the function of sample and
hold and provides the analogue computer with a storage
element.

If B is a simple electronic switch, then the reset/track
sample time-constant is given by (R/2) C,. This can be

o— AN \ N
2, Z,
: \
B8
o - z)
AN : {
(a)
1J —
o - I
Z, Z,
Driver Switch Main
amplifier amplifier
SJ
]] I"—’_& Xy
Eq 7
a(p)E, On= Rqn
Zy Off- oo Zy
2 * =1 Y
wo | .|
(b} - -

Fig. 3 (a). Electronic mode-switched amplifier
(b). Equivalent circuit of clectronic mode-switched amplifier

excessive; for example, using typical components with a
compute time of 1msec the reset time-constant is 50usec.
Consequently a driver amplifier, acting as an impedance
transformer in series with the switch, is required to reduce
the reset time-constant?®, typically by a factor of 10

With reference to Fig. 3(a) the function of the driver
amplifier is to effectively short-circuit the input and feed-
back currents through Z,’ and Z," respectively, ensuring
that the computing components become virtually inopera-
tive relative to the track/reset components.

Thus a single switch B with a driver amplifier will
operate the computing amplifier in the reset and compute
modes. As shown subsequently, the error can be main-
tained between 0'1 per cent and 1 per cent over a wide
range of frequencies, using simple, inexpensive equipment.
If a system integrator is required to operate a reset-hold-
compute cycle, then a direct switch 4 must also be used
for the hold mode. )

Feedback switching takes place between the initial-
condition summing junction and the main amplifier sum-
ming junction and hence the switch is not required to
handle peak signal variations. Again breakthrough, and
also paralysis of the driver amplifier in the ‘off * state,
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are prevented by diode limiters at the drivér input (see
Fig. 3(a)).

Unbalance and offset effects are reduced by feedback
action. One disadvantage of feedback mode-switching
is that the inclusion of a driver amplifier designed to have
a very low output impedance introduces the possibility
of instability?, during the track period.

As is shown in the next section, the necessary band-
width exceeds that required purely from computing
considerations.

Electronic Mode Control Unit
As noted previously, the unit consists of:
(a) Computing Amplifier
(b) Electronic Switch
(¢) Switch Driver Amplifier
(d) Control Pulse Generator
A unit comprising these four elements will operate

from an arbitrary train of control pulses in the following
modes.

Track-HoLD for a track/hold unit
RESET-COMPUTE for an integrator
Sum 1-Sum 2 for a changeover switch

Analysis® has shown that overall analogue computing
accuracy is governed by the bandwidth of the computing
amplifier. Thus design of the elements in a mode-control
unit is based on the performance of the computing
amplifier.

Loor ANALYSIS
Consider a linear feedback loop represented by the

signal flow graph of Fig. 4(a).

The overall output C is given by:

A A
C=W;ﬁ .r+Wd.1T/i—B- .d
or: N -
C= W'l(-l-—I/T'r+ Wa md ¢))
where C = overall output
r = reference jnput
d = disturbance referred to input
W: = desired transfer function
W4 = disturbance transfer function
T = —AB = return ratio"
Now the desired input/output relationship is:
Ca= —Wr. . 7

Hence the error ¢ = Cq — C consists of two components :

(1) Difference between desired and actual transfer
functions :

i 1\ (—1)
e'_W'( 1+1+1/T)_W" 1+7T

(2) Output due to an unwanted disturbance:

_ (=1
«=We-rr1T
It is clear that |e;] oc W: (1/T) }
|ea] OC Wa gl

At the same time to ensure stability of the loop, the
Bode plot of T must have adequate gain and phase
margins.

pl
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The equivalent circuit of a mode-control unit (Fig. 3(b))
has been analysed® and the result for the case when the
switch is ‘on’ is shown in the form of a flow-graph in
Fig. 4(b). A simple reduction leads to the diagram of
Fig. 4(c) which is seen to be of the same form as Fig.
4(a). It is important to realize that during the track-reset
period, when the switch is ‘on’, the computer signal Xy
represents a disturbance input which must be rejected.

Comparing Figs. 4(a) and 4(c)

— G(P) Zo' AonBon
T == —m .............. (2)
Wr = Zn/zl
Zy+ Ran
Wi= ———~—
47 D) Z) Bon

where Bea = (1 4+ (Zo/Z)) + (Zo/Z;)™* and is the feed-
back factor for the track input Xi.

oi=(1+@iz0+ @iz0+ 5 )

and is the feedback factor for the computer Xy’

_ 4P B

1 — A B
Note: Z, and Z; represent the input impedances of the
driver and computing amplifiers respectively and should
be large compared with Zy’, Zy, Zy, Zy'.

An upper limit of the values of Zy’, Zy, Z,, Z, is set by the
required speed of operation® while a lower limit is set partly
by the maximum power available from the main amplifier
but principally by the requirement that the series combina-
tion of driver amplifier source impedance Z, and switch ‘on’
resistance Roa shall be very much smaller than the com-
puting impedances Zy, Z,’ and the track/reset impedances

Aon

Fig. 4 (a). Flow graph of linear feedback loop
(b) and (c). Flow graphs eof electronic mode-switched amplifier

P By

X0

Alp)

Zy Bon a(p) Z,'By

Zg+ Ron

4

(b)
Zs+ Ron
a(p)Zy Bon
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Zy, Z;. This latter condition, by increasing T and reducing
W4, serves to reduce both error terms ¢r and ea.

Typical values gives the ratio Bon/B1=2100 when
Bon = 0-5, indicating that the amplifier has a very small
feedback factor and is virtually working open-loop.

Hence the frequency response of the return ratio T
approaches the open-loop response of the main amplifier
and the tracking error e is maintained with the same order
of accuracy as normal dynamic errors in computation.
Although «(p) appears in both expressions for T and W,
it does not affect the magnitude of either quantity at
computing frequencies, since stable operation requires that
the driver amplifier be wide band with unity voltage gain.

STABILITY

When the switch is ‘on’, the stability of the driver
amplifier—computing amplifier loop is determined by
examining the behaviour of the return ratio T as a func-
tion of frequency.' Note again that for small values of
(Z; + Ron), (< 50Q2), the computing amplifier is virtually
operating open-loop. Consequently, as shown below, the
frequency variation of the return ratio T is approximately
determined by the cascade connexion of the open loop
computing amplifier and the unity gain driver amplifier.

G(P) Zo' Aon,Bon

" Zi+ R

Now with Zy =2, = R<K Z;,
Bon is independent of frequency.

T=-—

Hence:
a(p) Zy' Aon
T Ron

And with (Z; + Ra) € Zv, Z
Bi={1+ _z )
T Z.+ R

— Zo,
G) = Zi+ Rn "’

where G(p) is the transfer function of the computing
amplifier with feedback Z," and input (Z, + Ron).
When (Z, + Ra) <€ Zy', G(p) approximates to the open-
loop transfer function of the main amplifier, 4¢/(1 + pr).
If a(p) is considered to have a second order frequency
response characteristic, then since:

T = o(p) G(p)
the bandwidth of «(p) must be greater than, or equal to,
the gain-bandwidth product of the main computing
amplifier, for stability of the loop. It is evident that if
a(p) > 1, the required bandwidth is increased.

The driver amplifier bandwidth required from comput-
ing accuracy and tracking accuracy considerations will be
smaller than the figure arrived at from stability considera-
tions for the following reasons:

(a) The driver amplifier only operates in the compute
mode as a summing unit (changeover switch mode in
Table 1). !

(b) The tracking rate is limited by the ability of the

mode-control unit to supply charging current to the inte-
grator or hold capacitor®.

Put:
Ao

Design and Performance of the Electromic Mode-Control
Unit
As has been stated, the problem considered here is to
provide existing computing amplifiers with electronic mode
switching facilities. An overall accuracy figure of 1 per
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cent is considered sufficient
since the units are intended
to operate in an iterative
fashion at frequencies of
the order of 1kc/s. This
high speed of operation will

serve to minimize any
tendency for errors to
accumulate during an

iterative computation.

The computer specifica-
tions which have to be met,
can be stated as:

(@
Upper: Inte rator reset
;e u.m:{cm
Lower Control pulse 210V
OV [cm : Susec/cm

(a) Maximum signal level

. 160V .
) Mna:zunum current output from the main amplifier
4 o

(c) Maximum compute/reset frequency of lkc/s
(d) Maximum sample or reset time of 100usec

(¢) Main amplifier opcn-loop gain-bandwidth product
of 4-5Mc/s

(D “Tracking bandwidth of 10kc/s *
(g) Overall accuracy of 1 per cent.

SWITCH

The choice of switch has been indicated already. In
this case the six diode bridge switch is chosen for economy
linked with speed and sufficient accuracy.

The control pulse generator is a Schmitt trigger circuit?,
both elements being capable of delivering 4mA, which is
the rate limit introduced by the main amplifier.

DRIVER AMPLIFIER A

In order to meet the criteria for maximizing the return
ratio T, the following speciﬁcations are laid down for the
_ driver amplifier.

(a) Input impedance ~ 1MQ) (>Zo

(b) Output impedance =~ 1Q) (€Rey = SOQ)

(c) Zero d.c. offset.

(d) Unity voltage gain with no phase inversion.

The circuit designed is shown in Fig. 5 and measured
parameters are:

Input impedance Z; =~ ZMQ in parallel with 15pF

Output impedance Z, ~ 1Q)

Bandwidth =~ 5Mc/s.

PERFORMANCE OF THE MOobDEe-CoNTROL UNIT
A hold capacitor of 1000pF is required to meet the

Zy = 100k2)

Fig. 5. Driver amplifier circuit

+12v
15k %lkﬂ 1k 2:2k6)
Output
Input
np €400
ca00
50k %om
VADSA
68k
—=12v
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Fig. 6. Oscillographs showing perfor of mod
M0 ©)

rol wmit

Upper: Track hold output
Track period 800usec
Hold period 200nsec
Viem: 20usec|cm
Lower: TrackIHold input 10kc|s
Sine wave
SV /cm : 20usec|cm

Upper Output as
¢, switch
J'Vﬁ:m : Susec/{cm
Lower: Control pulse
tioy

10V {cm : Susec|cm

60
Main amplifier
40
= 20f Driver amptifier
o
z -
3
0 T T T T T T T 7
10k 100k ™ 10M
f(cls)
_20 -
_‘o -

Fig. 7. Frequency response of main and driver amplifier

specification of 10kc/s tracking bandwidth in conjunction
with 60V peak value and 4mA charging current.

Using the open-loop frequency response plot for the
computing amplifier, A(p), shown in Fig. 7, the tracking
error at 10kc/s is given by:

We
g TTT= 1/139 = 0-72 per cent

while the error due to a computer input Xy’ is given by:
lea| = W, T 0001 x 138
AETAETT T 13

Oscillographs of the unit operating as a track-hold unit

and as a single pole changeover switch are shown in Fig. 6.

Holding accuracy is determined by leakage through the
switch and offset and drift within the main amplifier.
Since the latter is chopper stabilized, the equivalent error
current is principally switch leakage. Leakage currents of
less than 10nA are typical for good quality diodes, con-
tributing a maximum error of 0-02 per cent of full scale
for a Imsec hold period.

Frequency response plots for the open-loop main ampli-
fier together with the driver amplifier are drawn in Fig. 7.
The actual stability margin is improved by the phase
advance effect as the output impedance of the driver
amplifier increases slightly with frequency.
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APPENDIX
(o) ITERATION ScHEMES USING DIRECT AND FEEDBACK
MODE-SWITCHING
Two analogue computer schemes are shown in Figs. 8
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and 9, both of which generate the recurrence relationship
for computing the initial condition in a two-point boundary
values problem5:

Xn+l(0) = Xn(o) + A(Xn) sgn )
where X;(0) = initial condition at start of »'® iteration
cycle.
A(Xp) = iteration step calculated during the n*®
iteration cycle.
) = perturbation amplitude.

The scheme of Fig. 8 is more economical ip its use of
computing amplifiers but the inputs to integrator I are
gated through series switches which can lead to large
cumulative errors.

The scheme of Fig. 9, on the other hand, uses no direct
integration or switching so that errors are confined to
tracking errors.

(B) EFFECT OF UNBALANCE IN DIRECT SWITCHING OF AN
OPERATIONAL AMPLIFIER

(i) When switching takes place at the virtual earth as in
Fig. 10(a), the six diode bridge switch is replaced by its
equivalent circuit and symmetry applied’, Fig. 10(b).

E. = unbalance in supply voltage when the switch is

] on ?

R; = forward resistance of the diode

R, = series feed resistor for supply voltage.
Rt/2 {R1 + (R:/2))

sl
= R¢(Ri + (Rt/2)) + R.(R1 + Ry '
= —FE.QR./Ey)
Deslred final X"io)
Va ue
+
SYSTEM i
L Initial X (0)

K yy(0) /\"T

Fig. 8. Iteration scheme for solution of two-point boundary problem

Fig. 9. Iteration scheme for two-point boundary value problem

Desired final
value

B

Initial X (0)

Pk |
g

X5(0)

A(Xy)
SYSTEM

Xn41(0)
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R, Ri2 £ Ry2

(a)

e R,

R,

(c) " (d)

Fig. 10, Computer schematics and equivalent circnits for direct electronic
switching

Ra(Ry + (R:/2))
Ri(Ri + (Ri/2)) + Ry (Rs + R))

N

. Eu

Typical values: Ry = R: = 100kQ2
R, = 20012, R, = 1-8k(}
. R,
o eo/ Ey =~ m

giving eo/Ey = —50
ie.: the effect of slight unbalance of the bridge supply
voltages is severe when switching takes place at the virtual
earth.
(i) When switching takes place before the input resistor »
R, as in Fig. 10(c), the switch is again replaced by its
equivalent circuit, Fig. 10(d).
R¢/2 (R1 + (Rt/2))

E= R+ R+ R+ R B :
e = —E—R
Sp3 (R1 + (R:/2))

By Rs (Ri/2) T2

R: (Rl + (Rf/Z)) + R, (R1 + Ry)
Again Ry, R; > Ry, R, and using values as in (i)

= R‘
e&/Ey = —(Ri/Ry) . Ri+ 2R,
o eo/Eu = ‘_0'049

It is evident that unbalance effects are slight in this case,
although the switch voltage gain becomes significant and
can be < 1if R, p R:.
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The Generation of Triangularly Pulse-Width
Modulated Waves

By J. F. Young*, C.G.IA,,

AM.IEE., AMIER.E.

For practical investigations of the performance of pulse-width-modulated amplifying systems, it
is useful to have a source of pulses the width of which varies linearly or triangularly with time.

Such a source can be produced by beating together

two rectangular waves having slightly different

frequencies, using either an AND or an EXCLUSIVE-OR logic circuit as the mixer.

(Voir page 831 pour le résumé en franqais: Zusammenfassung in deutscher Sprache auf Seite 837)

THE popularity of pulse-width-modulated systems has
increased during recent years, partly because of the
high efficiencies obtainable, with linearity, in amplifying
systems. In the investigation of such systems it is helpful
to be able to consider separately the modulator and
demodulator sections. For the latter purpose it is useful
to have available a source of rectangular waves having
a width which varies linearly with time. So that repetitive
testing with oscillographic display can be accomplished,

-

*—» Output

6 |n

G, »

Fig. 1. Use of diode AND gate

the source should preferably provide a wave having a
width which varies triangularly with time.
One method of production of

4 = v = (V/[2)+@2V/x) (sin mt +

(1/3)sin 3wiz+(1/5)sin Sent+...) ...... (¢))
A second wave having the same amplitude ¥V but a
different angular frequency ws is:
B =vy = (V/[2)+ 2V [7) (sinwst +

(1/3)sin 3wgt+(1/5)sin Swat+...) ...... (93]
Now A and B can only have the instantaneous values ¥V

or 0, so that the instantaneous product of the two waves
can be expressed by the following table:

A B Product AND
0 0 0 0
|4 0 0 0
0 |4 0 0
|4 |4 |4 1

By comparison of this table with the truth table for a
logical AND gate, it can be seen that an AND gate can be
used to generate a signal proportional to the instantaneous
product of the two rectangular waves, Expressed in
Fourier form, the product is obtained by multiplying
equations (1) and (2) term by term, giving:

such a triangularly. pulse-width-
modulated wave is by use of a
conventional pulse-width-modu-
lator taking its input from a
triangular-wave generator. In-
herently in this method the
linearity of the modulator and .
the triangular-wave generator +(1/5)sin Swit .
must both be considered, This Poooconac ]

is unfortunate if the object is

A.B=V1Vz=(V2/4)

+@V?/a?)[sin wit .

+(V?/x)[sin wit+(1/3)sin 3wt +(1/S)sin Serr+ (1/7)sin Tont+. ...
sin waz+ (1/3)sin 3wat+(1/5)sin Swst+ (1/7sin Twat+. . . ]

8in wat+(1/3)sin wn? . sin 3waz+ (1/5) sin wif . sin Swat+. ..

+(1/3)sin 3wz .

sin wet+ (1 /9)sin 3wyz . sin 3war+ (1/15)sin 3wt . sin Swat+. ..
sin wit+ (1/15)sin Swit.sin 3wez+ (1/25)sin Swif . sin Swaet+. . .
.............. A3)

merely to investigate the linearity

of the pulse amplifier and demodulator. A more
direct method of production of triangularly pulse-width-
modulated waves might therefore be of interest.

One simple method of production of a form of tri-
angularly p.w.m. wave is by taking the logical product
of two rectangular waves, for example with a simple AND
gate as shown in Fig. 1. Here rectangular wave generators
G: and G: produce outputs having identical amplitudes
but slightly different repetition frequencies. The fact that
a negative-signal AND gate is used in Fig. 1 has no signifi-
cance beyond the fact that this is the form which has
been used in practical work.

Taking a unidirectional rectangular wave A having
angular frequency i, amplitude ¥V and unity mark-to-
space ratio, the Fourier expression is:

* The University of Aston.
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Here, the first term is a constant while the second term
contains the sum of the two original rectangular waves.
These two terms could be eliminated completely by a.c.
coupling the two original rectangular waves by some form
of high-pass filter, for example capacitive- or transformer-
coupling. This would eliminate the V' /2 term from both
A and B. However, the construction of the instantaneous
product in the form of a truth table then shows that a
simple AND gate could not be used to obtain the product,
though an inverted EXCLUSIVE-OR circuit could be used;

A B PRODUCT EXCLUSIVE-OR
—(V/2) —=(V/2) +(V*/4) 0
+(V/2) —-(V/2) -4 1
—-V/2) +W/2) — (V24 1
+V/2) +W/2) + (4 0

This will be mentioned again later.
The final bracket of equation (3) contains terms which
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can be expanded by making use of the form:
Sin waf . Sin wpt = % oS (wa—w)!— % COS (wa+ wp)?

When this is done, it can be seen that the diagonal (under-
lined) terms contain the expansion:

2V x? [cos(wi—w2)t+(1/9)cos 3(wr—wa)t+

(1/25) cos S(wr—wa)t + ...]
This is the Fourier expansion of a triangular wave with
repetition angular frequency (wi—o?. Thus the product
wave contains a ‘beat-frequency’ triangular wave.
Similarly, it also contains a °sum-frequency’ triangular
wave, as well as the non-diagonal terms.

Thus a simple AND gate can be used to produce a wave
having varying pulse-width and containing a low frequency
triangular wave. If a three-input AND gate is used instead,
a more complex form of output, containing two beat-

'VERTICAL' RECTANGULAR WAVE

'HORIZONTAL' RECTANGULAR WAVE

Fig. 2. Chessboard derivation of waveshape

frequency triangular waves is obtained. If the third
rectangular-wave input is made equal in frequency but
opposite in phase to one of the other inputs, the AND
gate can produce no output. Thus it is possible to analyse
a wave such as that above by applying it to one input
of a two-input AND gate, the other input of which is
obtained from a rectangular-wave generator. The fre-
quency of the rectangular-wave generator is then adjusted
until the output of the aND gate is zero. In this way an
experimental form of rectangular-wave Fourier analysis
is possible. This is one way of obtaining a very selective
determination of the presence of a particular frequency
of rectangular wave in the original waveform.

One way of considering the actual shape of a wave
such as that discussed is by means of a chess-board
pattern such as that of Fig. 2. Here the two input rect-
angular waves, each of unit amplitude, are represented,
one by the horizontal axis and the other by the vertical
axis. Vertical and horizontal lines on the plane represent
the changeover points of the two rectangular waves.
Shaded areas on the plane indicate regions where both
inputs are simultaneously positive. On such a diagram,
the progression of time can be represented by a sloping
line as shown, If the two rectangular waves have the same
frequency and phase (i.e. they are identical), then the
sloping line must be at 45° and it must pass through the
origin. To indicate a phase difference between the two
waves, the sloping line must be moved vertically. If there
is a frequency difference between the two waves, then

ELECTRONIC ENGINEERING

the slope of the line must be changed from 45° to tan™!
fi/f., where f: and f. are the two frequencies.

On such a diagram, points where the sloping line crosses
a shaded region correspond to times when both input
waves are simultaneously positive, whereas in the un-
shaded regions one or both of the waves is negative.
Consequently, points where the sloping line crosses a
shaded region correspond to times when a positive signal
AND gate, having the two waves as inputs, would give a
positive output.

Careful examination of the chessboard form of diagram
shows how the pulse-width modulated wave is built up
when two rectangular waves are applied to an AND gate.
In the first half-cycle of the beat-frequency triangular
wave, the leading edges of the modulated pulses are pro-
duced by the vertical waveform in this example. During

Rectangutar i f 3 [ | | 1 |
wave f;  _ I APy | l X3 l ] e

Rectangular ;J 1 [ ] [ 1 | | e =
wave l, _ | I | 1 | L J 1 | e

A g (20 S -2 R S it Sl v )
wave S TS i D {5l § = O L Y # -

Fig. 3. Product of two rectangular waves

PG, 1ov

2500
Rectangular
wave [ |
generators
o
Pé 2500
P9006
pulse

transformer

Fig. 4. Use of full wave rectifier

the same half-cycle, the trailing edges of the modulated
pulses are produced by the horizontal waveform. During
the next half-cycle the leading edges of the modulated
pulses are produced by the horizontal waveform, while
the trailing edges are produced by the vertical rectangular
wave. On such a diagram, the effect of a change of the
relative frequencies—corresponding to a change of slope
of the straight line—can be seen easily.

Although the width of pulses produced in the manner
described changes uniformly with time in each half cycle,
the resulting wave would not always be regarded as being
a true pulse-width modulated wave. The reason for this
is that the centres of the pulses are not always evenly
spaced in time. This can be seen in Fig. 2. Uneven spacing
occurs at the end of each half-cycle, coinciding with the
changeover of control of leading and trailing edges from
one input waveform to the other. In some applications
this fact will be unimportant, but in others it will be an
undesirable feature.

The possibility of using an EXCLUSIVE-OR circuit has
been mentioned earlier. In Fig. 3, two rectangular waves
of differing frequencies are shown. Both waves are
symmetrical about zero voltage, so that the mean value
is zero and neither has any d.c. content. If each wave has
unit amplitude, the instantaneous product of two waves
is as shown. When both waves simultaneously have the
same sign, the instantaneous product is positive, but when
the signs differ the product is negative. It will be noted
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that the product wave consists of a triangularly pulse-
width modulated wave, the centres of the pulses being
evenly spaced in time.

This product wave could be obtained using some
device giving an instantaneous multiplication. However,
because of the nature of the waves involved, this would
be difficult to accomplish. A somewhat easier method of
obtaining the product can be seen with reference to the
instantaneous sum of the two waves, also drawn in Fig. 3.
It will be seen that simple full-wave rectification of this
sum-wave will give the required product wave, plus a
d.c. component.

Basically, full-wave rectification of the sum gives the
product because it gives a positive output only when both
inputs are positive or both are negative. When only one
input is positive and the other is negative, no output is
obtained. Thus this method in fact gives the inverse of
the EXCLUSIVE-OR mentioned earlier, and therefore it gives
a product wave. A circuit which has been used to give a
full-wave rectified pulse wave of this type is given in
Fig. 4. :

An alternative approach would be to apply the two
rectangular waves to a logical circuit such as that of
Fig. 5, which can produce an EXCLUSIVE-OR function
directly. This can easily be built, for example using
standard static switching units®

One use of the techniques described here is to make
startlingly obvious the deficiencies of the simple non-
. clamped integrator method of demodulation of pulse-

_ width modulated waves. In the simple integrator method

NAND

B—»— >

Fig. 5. EXCLUSIVE-OR logic

Output
P.WM wave
- T

N —— >

Fig. 6. Simple clamped demodulator

the high frequencies present in the triangular wave are
eliminated by the integrator. However, a simple clamped
integrator such as that of Fig. 6 can reproduce the
triangular wave in the form of varying ‘pulse heights.
Such a simple demodulation circuit cannot always be
regarded as satisfactory because pulse overlap can cause
spikes to appear in the output wave.
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A Compensated Transistor D.C. Stabilizer

J By M. Pacdk*

« A stabilizer circuit is described enabling high grade stabilization of direct current or voltage
adjustable over a wide range, with a long-term stability of +1-5 X 10~% in eight hours, the ‘short-
term stability +2-5 X 10~® within several minutes. The circuit involves the use of positive feedback

and is compensated for the main disturbing effects.

(Voir page 831 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 838)

THE general concept of transistor regulators or
stabilizers and of valve ones 'is basically the same,
differing only in matters such as working voltages and
currents. Consequently, the same precautions are to be
taken and similar results are obtainable with both types.
However, the specific transistor properties should be
respected, especially their need for small signal source
resistance and their steep temperature dependence. On
the other hand, transistor slow noise is substantially
smaller in comparison with valves, offering favourable
properties to the transistor regulator: the possibility of
the use of smaller reference voltage and/or higher pre-
cision attainable, smaller output voltage or its wider
adjustability, better power efficiency, etc.

In Fig. 1 a stabilizer circuit of simple design and rather
good properties is presented. With simple modification
concerning the reference part of the device, the circuit
may function as a voltage or current stabilizer. The
stabilized output value may easily be adjusted over a
wide range, between 1-5 and several tens of volts or from

* Institute of Physical Chemistry CSAV, Prague.
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practically zero to several amperes according to the power
elements used, with the relative stability remaining the
same and being better than 1 : 10000. With some pre-
cautions, over one hundred volts may be stabilized with
a common germanium power transistor.

The stabilizer circuit consists of the following parts:
reference circuit, error amplifier, control element and
supplying sources. The reference circuit involves a refer-
ence source, for which a small 1-5V cell was used, and a
voltage divider R, Ra for the voltage stabilization, or a
reference resistor R for the current stabilizer function.
The underlined resistance values indicate wirewound
resistors with as low as practicable temperature coefficient.

There is only one voltage amplifying stage in the error
amplifier symmetrically arranged with two identical tran-
sistors mounted closely one to another in a metal block
to keep their temperatures identical. As the stabilizer
output voltage may change appreciably when the stabilized
value is adjusted, the amplifier is supplied by a separate
source Vb, pre-stabilized by a Zener diode Dy and con-
nected to the main circuit by a 1+ 1k divider. The
following cascade, VT,, VTY and VT;”, controls the

ELECTRONIC ENGINEERING
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Fig. 1. The voltage or current stabilizer
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Fig. 2. Stabilizer performance

(4) Run-in period, stabllized voltage|time record for three values of

temperature p 7
(b) Long term stability, recorded for 8 hours
(¢) As (b) with increased sensitivity and paper speed

output value according to the amplified error signal, and
the cascade power capacity, together with the mains trans-
former and rectifier, limits the stabilizer output current
and power. The capacitors, 22nF and 0-5uF ensure the
dynamic stability and fast stabilizer action.

For attaining good overall stabilization, several com-
pensating arrangements were adopted. The resistors R;
close the small positive feedback loop in the amplifier,
raising substantially its amplification and therefore the
regulation qualityl. The following procedure may be used
for adjustment: the stabilized value, voltage or current,
is measured by the compensating method, which shows
very distinctly any variation. The ballast resistor R,, set
to the preferred output power value, is then changed by
some 20 per cent in any direction and at the same time
the variable part of R; is adjusted till the arising stabilized
value variations decrease or vanish.

The fesistor R:; connected in the base lead of the
transistor V7T, enables one to find a ratio of amplifier
input resistances at which the temperature variations,
acting equally on both symmetrically arranged transistors,
cancel each other and do not cause any change of the
stabilized value. For the adjustment a starting period may
be used with the instrument temperature rising sub-
stantially. The resistor R: is then changed to obtain only
a short and indistinct run-in stabilized value variation.
The correct value of R: is influenced a little by the divider
R, R: and therefore the compensation may be exactly
set only for one chosen value of the stabilized voltage.

The resistor Ry, introduces into the amplifier a small
correcting signal proportional to the amplifier supply
voltage fluctuations, remaining in spite of the pre-stabiliza-
tion. Its adjustment may easily be done by introducing
an artificial disturbance of V. — The resistor R., bypass-
ing the reference cell, discharges it by some 20uA and
compensates the charging effect of the transistor base
current, which otherwise causes irregular change of refer-
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cision variable resistor should be used as
R, enabling a direct proportional change
of Vs. For stepwise (digital) adjustment a
resistance decade may be employed.
If a wider output voltage adjustability
is desired or if its fixed value is greater than some 20V,
the input voltage ¥, must be changed to ensure the power
transistor voltage Vr remains in proper limits. A Zener
diode D; connected between the power transistor collector
and base opens the controlling cascade when its voltage
overpasses the safe value.

Should the circuit function as a current stabilizer, a
reference resistor Ry, which also may be fixed, bypassed
by a potentiometer or replaced by a decade, is used
instead of the voltage divider. In both applications a fuse
in the main circuit protects the instrument against current
overload.

The stabilizing properties of the circuit just described
may be judged from the original voltage-time record in
Fig. 2. A voltage of about 20V was stabilized, the loading
current being 0:6A and its variations were recorded by
a compensator millivoltmeter. First, the temperature
compensation is demonstrated by means of the resistor
R:, enabling the adjustment of rising or falling run-in
curve. In the second part, the long term stability of the
circuit is demonstrated, showing a slow, monotonous drift
of 6mV for 8 hours, giving the relative limits of
+1-5 X 10~* for this time. In the third part of the record
the meter sensitivity and paper speed were raised ten times
and the short-term variations became visible being at
most 100uV ie. 25 X 10~ for at least 5min. It should
be mentioned, that as long as the reference voltage remains
unchanged during the stabilized value adjustment, the
relative stability given above should remain constant too
for any value set, provided the proper instrument function.
On the contrary, if some loss in precision may be allowed,
a smaller reference voltage may be employed enabling
effective stabilization of small voltages of the order of
01V or so.

REFERENCE
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A Variable Gain Amplifier

By S. Ghosh*

i

An amplifier is described the gain of which can be varied over a range of about 60dB by changing
one resistance value only, without appreciably altering frequency characteristic, input and output
impedances and loop gain of the amplifier.

(Voir page 83! pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 838)

THE gain of an amplifier can be varied by:
(a) Controlling some intrinsic parameter of the active
device (e.g. emitter resistance of a transistor).
(b) Introducing a variable loss network somewhere
in the amplifier.
(c) Changing the feedback in the amplifier.

The variable gain amplifier described here is based on
principle (c) above. The negative feedback of the amplifier
is varied by changing one resistor only in such a way
that the gain varies linearly with the resistance. However,
the loop gain does not change appreciably so that fre-

¢—o0ut

R

Fig. 1. Amplifier with emitter degeneration
R:E = external emitter resistance
R‘L = effective collector load

quency response, distortion margin, input and output
impedances are practically unaffected by variation of
amplifier gain.

Principle of Operation

Fig. 1 shows the basic a.c. circuit of a single stage
amplifier with emitter degeneration. If the current gain
is large (which can be achieved by using a Darlington
pair) the voltage gain of the amplifier is approximately
given by

where r. is intrinsic emitter resistance.

The gain of this stage will vary inversely with Rz
provided Rg > r.. However, this simple configuration
suffers from the disadvantage that Ry has to be large for
high gain, and this limits its high frequency response.

A better arrangement is the feedback pair shown in
Fig. 2.

The voltage gain of this amplifier is approximately given
by

Rr + Rz
Ay = Rs
Therefore the gain can be controlled by varying Ry

provided that Rr > Rg. As however Rg is increased gain
asymptotes towards unity.

This difficulty can be overcome by replacing the first

* Standard Telephones & Cables Ltd.

s
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stage of the amplifier by a cascode arrangement shown in
Fig. 3.
In the Appendix, the gain of this amplifier, assuming
large feedback has been approximately shown to be
Ay=Rr/Re ...c.vocoiunnns A3)

Therefore the gain of the amplifier decreases linearly
as Rg is increased, or gain in decibels decreases directly
as log Rs. There are practical limits to which Re can be

+——o0ut

<

Re %RL

Fig. 2. Feedback pair
Ry = feedback reslstar/zce

Out

Fig. 3. Modified feedback pair

increased or decreased. As Re is increased, the input
impedance looking into XX becomes large and signal
input is shunted by base collector impedance of V'T:. On
the other hand as Re becomes very small the loop gain
starts dropping and the approximate relationship of
equation (3) does not hold.

\
\

Brief Circuit Description

Fig. 4 shows the practical circuit of the amplifier.

VT, in Fig. 3 has been replaced by a pair of transistors
for large loop gain. Also pnp transistors have been used
so that the 10k} feedback resistor provides both a.c. and
d.c. feedback. The choice of transistors and component
values is dictated by the frequency range of interest
and gain required. The high frequency response of the
amplifier can be shaped by C: or other networks in its
place. Low frequency performance is determined by
capacitors C; and Ca.

For large values of R, the shunting effect of the output
capacitance of VT becomes significant and may cause
a high frequency peak in the frequency response. For
large bandwidth, therefore, ¥ T; should be chosen so that
its output capacitance is small.
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Fig. 4. Variable gain amplifier

Performance

(@) Gain Variation—As Rz is increased from 12Q to
20k} gain of the amplifier is reduced from + 58dB to
—6dB almost exactly according to the relation given by
equation (3).

(b) Frequency Response—The high frequency cut-off
(3dB point) of the amplifier occurs near 5Mc/s.

(¢©) Maximum Output—2-5V peak.

(d) Input Impedance—Over the range of gain variation
as in (a), the input impedance varies from 2k(} to 5-8k(2.

(¢) Output Impedance—Over the same range of gain
variation, the output impedance changes from 3002 to
100Q2.

(f) Distortion—With maximum output both second

order and third order harmonic margins are better than
40dB.

(g) Noise—Effective noise power at the input, when the
gain of the amplifier is maximum is about —124dBm.
This gets worse by about 10dB under minimum gain
condition.
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APPENDIX

ANALYSIS OF THE AMPLIFIER SHOWN IN FIGs. 3 AND 5

In this approximate analysis the transistors are assumed
to be simple amplifying devices, and the effects of their
intrinsic parameters are ignored.

Vin = RE(t.t + inl)

08 Ry o Ry
e IR R Wiet e F R
where A; = effective current gain from collector of VT

to collector of VT

13

) Ry
Therefore, Via = Rgic: ( 1+ ArRF—_i_'R—L> ........ (CY)
. RrR:p
Also Vo = Auu—R—m‘: ................... (5)
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Hence voltage gain Ay = Vo/Vin = R¢/Rg if A; is large
.................. ©)

From equation (4), the input impedance Rin looking
into terminals XX can be estimated.

Fig. 5. Circuit for amalysis

Rin = Vu/im =

Ry

Rzf: ( 14 A; m>= RzeBi(1 + AY)

where 8; = common emitter current gain of VT
and Ay = loop current gain with input short-circuited.

To estimate output impedance, Ry is replaced by a
voltage source V; and Vi, is replaced by its appropriate
source resistance.

With this arrangement,

ir=V/Rr
fq = Kix
where K = afe Z being the impedance looking
Rg+ 27"

into the emitter of VTi.
and i = A K(V/R¥).
Output impedance is therefore
|4 Ry - SR¥

R = ot 1 5 ddew N

where A4;” = loop current gain with output open circuit.
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Design for a Parallel Binary Adder

By J. B. Earnshaw* and P. M. Fenwick*

This article describes the basic design of a parallel binary adder with high speed carry propagation.

The design is based on the use of a two-level transistor-diode feedback-type logic circuit which has

a delay approaching Insec per logic level. Initial measurements indicate that the sum generation
time for words containing 16 bits is approximately 50nsec.

(Voir page 831 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 838)

IN any form of parallel adder the speed with which the
carry digit is propagated through the adder becomes
the dominant factor in determining the overall time
required to complete a sum. This is because it is necessary,
in the worst case, for the carry digit to propagate from
the least to the most significant stage of the adder before
the final sum output is correct.

Clearly the major problem in the design of a parallel
adder is that of reducing the overall carry propagation
delay. One solution to this problem is to effectively shorten
the length of the carry-path by using rather sophisticated
¢ carry-skip ’ or ‘ carry-look-ahead ’ logic schemes'’. A more
direct solution, initially employed by Kilburn et al? and
extended somewhat herein, is to reduce the number of
logical operations to be performed on the carry digit and
thereby decrease the actual carry propagation delay in
each stage of the adder.

Rules For Addition

If s« and cx are respectively the sum and carry digits
from the %t stage of an adder when the three inputs to
this stage are xx and yx, the k*® digits of the two words
to be added, and ck-1, the carry digit from the (k — 1)®

stage . . . the truth table for addition is as set out in Table 1.
TABLE 1
Truth table for (a) binary addition, (b) associated functions
xi | 7k {exa sk | ex | | xe=p | xesmox | xxon | ok
0 0 0 0] 0 1 0 0 1
1 0 0 11 0 0 1 0 0
0 1 0 1| 0 0 1 0 0
1 1 0 0] 1 1 0 1 0
0 0 1 1] 0 1 0 0 1
1 0 1 0] 1 0 1 0 0
0 1 1 0] 1 0 1 0 0
1 1 1 1 1 1 0 1 0
(O] (®)

The Kilburn rules for addition, which minimize the
logical operations in the carry-path, are based on the
‘equivalence’ and °‘non-equivalence’ relations between
xx and yx. They are presented below in the form most
suitable for implementation by the Kilburn adder, viz.:

The schematic diagram of a single stage of a parallel
adder based on the Kilburn rules is given in Fig. 1. The
switches which determine the sum and carry outputs are
closed by appropriate logical functions generated from
the x and y digits particular to this stage. Because the
control of these switches is independent of the nature of
the incoming carry signal, corresponding switches through-

| St D |
| | .
1 |
| SWITCH |
| ' CONTROL |
| RE =y, L0GIC \
| t
| l '
| |
| NoT i
i 1
] -4 i
! |
| 1 / |
~ o — e—————— ——>—
Cit X E L G

- _j i

12

1 level

STAGE & 0 level

Fig. 1. Kilburn parallel adder—stage k

out all stages of the adder can be operated simultaneously
in a time referred to as the ‘set’ time, f.

Thus the time to generate the correct sum output ad

the nt® stage, in the worst case, is:

t5+(n—'1)80+8§ .............. (1)
where §, is the carry propagation delay per stage and 3.
is the delay in the sum output.

The carry-path in the Kilburn adder uses saturated tran-
sistors in a uniquely devised non-inverting mode of
operation. For a carry-path using more conventional gate-
invertor coupling techniques, the Kilburn rules require
reformulation, because the carry signal is propagated as
carry and NOT-carry by alternate stages of the adder.

Expressed in Boolean form, the Kilburn rules for addi-
tion at stage r, say, become: _
sum...sr= (X =y).cra+ @ ZEy) .1 ... (2
carry.. .cr = (Xr Z yr) Cr-1F Xr . ¥r oviviiininnn 3
Dealing with the sum relationship first, equation (2)
may be rewritten as:

(x!' }’r) Cr1 + (Xr i }’r) .2‘;-1

(a) When xx = yr : sum...s = e — - = {(xl' = yr) . Cr } {(Xr =3 yr) 'Zf-l}
carmy.- 'c:kiol liff ;i'yk =_11 ={xZy)+ca}l {xx=y)+ e} ... @
(b) When xx 2 yx : sum...S = o o The rhs. of equation (4) is in a form suitable for
St e — L implementation by a NOT(OR-AND) circuit arrangement
Carry...ck = Cx-1 when the functions (xr = yr) and (xrs%=y:) are already
* University of Auckland, New Z land available.
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The carry relationship in equation (3) may be rewritten
as:

= @Ey). a1+ (xr.yr)
= {(x: 3£ yr) . Cr-1} . {x . yr}

= {(X = yr) + -1} . {% + Y1} ©)
This also is in a form suitable for NOT(OR-AND) circuit
implementation. J
Inverting both sides of equation (3) the NoOT carry
relationship is:
=X =ZEyr). o1+ (X ¥r)
In this case a NOT(AND-OR) circuit is required.

Logic Circuits
A high speed transistor-diode feedback-type logic circuit,
which rpossesses the necessary two-level logic capability

to implement the functions in equations (4), (5) and (6),
has been developed and is described in detail elsewhere**.
This logic circuit consists of a current-voltage transfer-type
invertor preceded by an appropriate current steering
gate. Fig. 2(a) shows the invertor which is a current
driven saturated-mode circuit employing non-linear
current feedback to limit the collector voltage excursions.
The circuits of four alternative forms of current-steering
diode gates are shown in Figs. 2(b) to 2(¢), and two of
these gatés perform two-level logic. Various arrangements
of the logic circuit are shown symbolically in Fig. 3, and
the diode gates used in these arrangements correspond
directly with those shown in Fig. 2. The basic delay of
the logic circuit is nominally 2nsec and this is increased
by approximately O-5nsec for each of the fan-out circuits.
Thus with the two-level circuits the delay per logical
decision approaches Insec.

60V
Re selected for
mean I, of 10mA R, 6-0V
Sty 60V 2:2kf)
+——ov -\ ¥ AAZ13 AAZ13
Gy £\ xo—Mf a7k x b
Fosoof ;. -\ -0V AAZ1 AgE
AAZI3 9 -——-®T 8 AAZI3 ¢ s -»To 8
Bo—p—1 yo—j—9 ¢ ¥ L
i 47kQ
2N709 2.2k
-0-8V =aat - —6-0V
(a) (b) (<)
60V 60V
Azt 470 2.2k0
< AAZ13 AAZ13
AAZ13 | 2 P AAZ13
y + N
AAZ13 1
%2-2;«1 4
3 -6-0v t—>-—*Tos g-0v % +T0 8
AAZI3 d S i
g AAZD AAZ13
i u AAZ13
AAZ13 - P
vo—mb 4 i

%Z-ZKQ
-6-0v

(d)

AAZIY
vo—fg— 47k0
-6:0V

Fig. 2. Transistor-diode logic circaits

(@) Transfer type invertor. (b) Basic n-gate. (c) Basic p-gate. (d) Two level
n-gate (e) Two level p-gate.
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@) s

27} Xy+uv

v (&) v
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p 1 wy
©)
Fig. 3. Symbols for logic circuits
(@) Transfer type invertor. (b)
NAND. (¢) NOR. (d) NOT(AND-
OR). (¢) NOT(OR-AND)
(Indicated logical operations are
e valid only for negative logic)
5 1 e+
(e)
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(a) ()

Fig. 4. Emitter follower
(@) Circuit. (b) Symbol
/ ’

The emitter-follower in Fig. 4, which can be used to
reduce the transient loading on thg logic circuit, introduces
a signal delay of less than Insec for fan-outs of up to 4.

Parallel Adder Design

The circuit arrangement in Fig. 5 shows stages k and
k+ 1 of a parallel adder which has been designed to
implement the logical statements in equations (4), (5) and

Sk

XE K 1

e

% STAGE k

(6). It makes extensive use of the two-level logic circuits
described above and operates with negative logic.

The carry-path in stage k consists of a NOT(AND-OR)
logic circuit which is based on equation (6) with r re-
placed by k. The input carry is cx-1 and the output carry
is c.. In stage k+ 1 the carry-path consists of a
NOT(OR-AND) logic circuit in accordance with equation (5)
when r is replaced by k + 1. The input carry for this
stage is &x and the output carry is cx41. Because the carry
signal is generated by alternate stages as NoT-carry and
carry respectively, it is necessary to design the adder in
pairs of stages as indicated.

The sum generation in both stages k and k + 1 is per-
formed by NoT(OR-AND) logic circuits based on equation
(4) with r replaced by k and k+1 as appropriate. Although
the sum circuits in the two stages appear somewhat
similar, the gate control functions are in fact inter-
changed due to the difference in the input carry signals.
Emitter-followers are used to reduce the transient loading
on the carry-path invertors.
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Generation of the gate control functions (xr£y:) and
(xr = y:) is accomplished readily usmg the appropriate
two-level logic circuit- when x, and yr are available in
addition to xr and yr. For example, with suitable inputs,

the NOT(AND-OR) circuit generates the function:

(e ) + (.3 = GeFEY)
Similarly the NOT(OR-AND) circuit generates the function
(xr= yr). ’
As a direct result of the simplicity of the gating require-

ments and speed of the transistor-diode logic circuits the
setting and delay times for the adder are:

ts =~ 3-5nsec, 8,~~2-5nsec, 8 ~= 8nsec.

Conszquently, for words containing 16 bits, the sum
generation time, in accordance with equation (1),
approximately 50nsec.

This adder has been designed to operate in conjunction
with a 16 word X 16 bit tunnel diode-transistor memory’
which has a non-destructive read cycle-time of 25nsec,
and a write cycle-time of 50nsec. The prototype of this
memory has been described previously*.

-

Skat

Fig. 5. Two successive
stages of a parallel adder
based on the tramsistor-
diode logic circuit and
using megative logic

v/ G
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STAGE k+1
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Worst Case Design of a Pulse Driver
By P. F. Jones*

A worst case design procedure for total excursion components is described in which the limiting

R values for each component are calculated directly from the limiting values of the initial performance
parameters. Preferred value components are then chosen which lie within these calculated limits. The

method formulates a set of inequalities from the performance parameters and solves these simul-
taneously to produce a second set which specify the limiting values for each individual component.

(Voir page 831 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 838)

THE existence of total excursion resistors, in which
the total variation of value is known, makes more
rigorous design methods possible. Instead of calculating
single centre values, in this design, absolute limits for
each component have been calculated directly from the
limiting values of the parameters specifying the final
performance. Components have then been chosen which
lie within these calculated limits. The advantages of such
a method are that it shows the range of values which may
be used for a given component and leaves one free to
choose a preferred value. In addition, these limits are
worst case ones so that for any value within them the
required performance will be achieved under all condi-
tions. Furthermore, in choosing values one can see more
clearly the effect of a choice from its closeness, or other-
wise, to the calculated limits.

In general, the approach seems fundamentally more
appropriate to the nature of design problems; in which
the behaviour of a circuit and the components in it are
both defined by limits rather than precise spot values.

The particular design described arose out of a need in
Nimrod, the 7GeV proton synchroton, to send trigger
pulses long distances over 1002 lines. A simple circuit
block was designed for manufacturing in quantity for
general use in this capacity. Input levels and supply voltage
were made compatible with the Mullard 100kc/s range
of circuit blocks:

The performance specified was as follows:

Output 2
Pulse length: 10usec
Frequency: 0 to lkc/s ? 0
Rise time of front edge: > lusec
Height : +9+ 1V
Load: 10082 to oo

" Power Supply

12V + 3% =

Input
Height for full output: 4 48V

Threshold for no output: 2:1V %
Circuit

The circuit configuration chosen is shown in Fig. 1.
The input pulse to the base of VT carries the emitter
up, preducing enough collector current in V11 to bottom
VT, The standing potential at the emitter of VT; deter-
mines the height of the output pulse, while that at the
emitter of V7: determines the threshold below which no
output appears at all. C; smooths the current pulses drawn
through ¥ T into a steady current proportional to the duty
cycle. The values of Ri, R; and Rs must be chosen correctly
and to do this, the limits for their values were calculated
from the performance limits set above.

<)

* Rutherford High Energy Laboratory.
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Theory

In Fig. 2.

Vi: emitter potential of VT

V:: quiescent emitter potential of VT

Vs: supply voltage

Ry, Ry, Ry: nominal values /

I : smoothed current pulses

I,: VT emitter current due to pulse

V,: VT emitter potential during input pulse

f: total excursion of Ry, Rs, Rs from the nominal value

(expressed as a fraction of the nominal value)

Now the output pulse height must be between the
required limits. This means that Vi must lie between' an
upper limit Vi and lower one Viw).

+12y

—] |- output
100%
ov

Fig. 1 (eft). The circuit employed

[

Fig. 2 (right). Circuit for analysis \ ,

Analysing the circuit in Fig. 2:

R:+ Ry _ IR: (R; + Rs)
Ri+R+R ' °° Ri+ R:+ Ry
where Ri, R: and R; are the nominal values.

¥; is at a maximum when I is zero, Ri is at the lower
end of its tolerance band, and R, and Rs are at the upper
end. This maximum value must not exceed the upper limit
Viw.

Hence:

V1=

Rz + R) (1 + ) Vs
RA—D+ R+ R)Q+ D
Viis at a minimuml when I is its maximum value Iw), R:
is at its upper tolerance limit and R., R; at their lower
limit.

Hence

Vl(u) >

Ra+Ry) (1 — H Vs
Vo< RAd=p+@®+R)1A—D —
4 ImRiy(Re+ Ra)(1 +H(1—5)
Ri(1+H+R:+Rs) (1--1)
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© (Re+ R)(1 — NV sy — L Ri(R2+ R)(1 + H(1—f)
Ri(14+ )+ (R:+Rs)(1—5
................ )
The next condition is that below a certain threshold
there should be no output, i.e. VT, should not turn on.
In other words the quiescent emitter potential of VT, VT,
must always be above a certain level, Vaqu,).
Analysing the circuit in Fig. 2:
Rs (Vs — IR)

V= m ............ (3)

The minimum value of ¥, occurs when R;, R; are at the

upper ends of their ranges, 7 is at its maximum and R; and
V. are at the lower ends of their ranges.

Ry(1 — N [Vaw) — ImR(1 + f)] @

Ri+R)A+H+R(1 -5
Finally there is the condition for full output with a

certain minimum input. The base current of V7T is deter-

mined by the collector current of VT, which is approxi-
mately equal to its emitter current. Thus a certain

S Vi

Vay <

Similarly from (2):

ViR (1 +20) |

R+ Ri> Vin—Vin—IwR: """" )

Therefore, from (6) and (7):

VimR1(1 — 2f) Viw Ri(1 + 2f)
Viw — Vaw Vi) — Vi —IwR1
Rearranging:
. Ri< Vi — Viw Vi a +4f) (V.;u;—Vm))
Pt I TwVim) ;
.......... (8)

This is the upper limit for the nominal value of R;. A
value can be chosen and substituted into (6) and (7) to
yield the upper and lower limits for R; + Rs.

Now transposing (4):

Vaw (R + R) (1 + 2)

minimum emitter current Iy, must flow in VT3, to ensure Ry > 77 TR F e (9
a bottomed output transistor V'T: Considering I, as the Viw = Vaw — IwRi(1 + /)
result of the difference between the quiescent and pulse and from (6)
emitter potentials across the resistance of R, and R; in
parallel Rs < MR‘(LZ.Q — R
Rs + Ry Viw — Vi
L= -V RyRs Therefore, from the above two expressions:
and substituting for V: from equation (3): Vaw) (Ri+R3) (14-2f) ViwmRi (1 — 2f) _R
I v Ry(V.—1IR)) (R: + R; Viwy—Vamr—IwRi(1+)) Viw — Vi 2
P [ D= Ri+ Ra+ Ry RaRy Rearranging:
R <R Viw(1=2f) [Vetry— Vaw) —IwRx(1 + ] —Vau(Vaw —Viw) (1+2f) (10)

f

[Vews—Vow) + Var(1 +2H— IwRi(1+1)] [V.(u) —Viw]

The minimum value of I, occurs when R, is at the lower
end of its range, R; at the upper, I is zero, and V, is at
its upper end. One cannot deduce the effect of R: because
of the complexity of the function. However, since the
variation is small it can be assumed that there is no peak
in the middle of the variation. This means that the worst
case will be either with R; at its maximum or at its
minimum. Both cases will have to be examined.

Lhaw<

o RV (14 f) R:(1+ )+ Rs(1+f)
" R(1—N+R(1+H+Rs(1+7) ) RRs(1 +HA+D
After a little re-arrangement and writing 1+f = 1/(1—#)

and (1—f)* = 1—2f, assuming f <1, the two conditions
therefore become:

R:+R3

RsVl(u)
b < (V"‘ R(I~2)+ R+ R >R3R2(1+f) >0 B8
RsV R:+Rs
s (V’ ~ R{I=2)+Ret+ Ri(1—2f) )RaR:(l_—f)'
............ (5

The set of inequalities (1) (2) (4) (5) can be transposed
and solved to yield a second set of inequalities which give
the limits for Ry, R; and Rs.

Transposing (1) and writing 1+ f=1/(1 —f) and
(1—fP=1—2f assuming f<1:

P VieRi(l = 2f)
| JtRe< s — Vi
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This is the upper limit for the nominal value of R:.

Inequality (5) will not yield to the above treatment be-
cause of its quadratic nature and must be dealt with by
trial and error.

Practical Design
The following values are to be substituted into the
equations :

V-(L) : 11-6V Vl(n) . 12:4V
Vi : 95V Viw : 11-0V
I : 1mA f 0-03
Vawy ¢ 13V Voy: 40V
I, : 36mA

The limits for V¥, are the result of taking into account
the bottoming voltage of V7T and Vi and Vpw the
result of taking account of the base-emitter voltage of VT,

Substituting into (8) gives:
R, < 75002

A value of 6800 was chosen and substituted into (6),
(7) and (10) to yield the following limits:

(a) 4-8kQ2 < R;+R; < 5k (6) and (7)
(b) R: <41k (10)
Choosing R; = 3-9kQ and substituting into (9) gives:
Rs > 0-84k(2

Rs = 1kQ) was chosen. Evaluation of 5(a)) and (5(b)) gives
2:14 and 21 respectively. Since no other preferred values
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for R, and Ry satisfy the conditions (a) and (b) a lower
value of R; was chosen —560(). This gave the following
conditions which permitted a wider range of values for

Rs and R;. ~
(a) 3-65kQ2 < R;+ Rz < 412k
(b) Ry <3:4k()

Since a high input impedance was preferred, a value
near the upper limit was chosen for R; : 3-3kQ)

Substitution into (9) gives:

R;3 > 0-59k)

R; = 680() was chosen.

Evaluation of (5(a)) and (5(b)) gives 36 and 3-74mA
respectively. This current determines the rise time of the
output pulse and since a higher margin was preferred a
value of 560() was finally chosen for R;, giving a current
of 4-8mA in the worst case.

Transistor Circuit Modules

Latest addition to the Mullard Ltd range of transistor circuit
modules is a compact audio amplifier unit which gives a
nominal output of 4W into a 12() loudspeaker. The module
is currently being supplied to set makers for incorporation
in mains-powered record players and other audio equipment.

Designed for operation from a 24V supply, the circuit
employs a complementary push-pull output pair (AC128/176)
mounted on an integral heat sink to allow operation up to
50°C. A thermistor is used in the circuit to achieve bias stabili-
zation and the adoption of d.c. coupling between all stages
ensures stability of the circuit against variations of voltage
and temperature.

The module, type LP1162, has a typical input sensitivity of
85mV and can therefore be fed from the majority of gramo-
phone pick-ups. Alternatively, the advantages of a high-value
diode load can be realized when the module is used as part
of a radio receiver.

Provision has been made for the incorporation of top cut
and bass boost control circuits and suitable connexion points
are provided.

This range of Mullard transistor circuit modules for a.m./
f.m. record players and other audio equipment offers manu-
facturers the advantages of faster, easier production and greater
freedom in cabinet styling.

Other advantages gained by using the modules are a saving
in storage space, simpler stock control, and greater ease of
servicing.

Brief details of other modules in the range, and which are
shown in the accompanying illustration are as follows:

(Left to right, top row)

LP1164 Fully screened a.m./f.m. if. amplifier with integra}
a.m, mixer stage. Suitable for use in mains powered radio
equipment and 12 volt car radios.

LP1167 This fully-screened module is for use with a 14.

volt power supply and gives the necessary separation of the
left and right channel information contained in the stereo-
phonic signal. It is suitable for use with most types of ratio
detector or similar circuits. The module has negligible inser-
tion loss, very low noise and distortion, and may be left in
circuit during normal monophonic reception.

LP1165 Fully screened a.m./f.m. if amplifier with in-
tegral a.m. mixer stage. Suitable for battery powered radio
receivers and 6 volt car radios.

(Left to right, middle row)

LPI156 Fully-screened single-tuned i.f. amplifier and mixer
stage for use in a.m. short, medium and long wave receivers.

LPI1153 500mW audio amplifier designed for use in bat-
tery portable receivers and inexpensive record players.

LP1158 Fully-screened single-tuned if. amplifier and mixer
oscillator stage for reception of medium and long wave signals.

The transistor circuit modules
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Especially suitable for use with the Mullard AC1033 ganged
tuning capacitor.

LPI172 1 watt audio amplifier designed for use in in-
expensive record players and similar applications.

LPI1159 Fully screened double-tuned i.f. amplifier and
mixer stage for use in a.m. short, medium and long wave band
receivers. Particularly suitable for high-performance receivers.
(Left to right, bottom row)

LP1166 Fully screened single-tuned if amplifier and
mixer stage for use in a.m. short, medium and long wave
receivers. Particularly suitable for car radios.

LP1162 4 watt audio amplifier designed for use in mains
powered record players and similar applications and des-
cribed above.

LP1169 Fully screened single tuned if. amplifier and
mixer stage for use in a.m. short, medium and long wave band
receivers. Particularly suitable for car radios.

The New Leafield Radio Station

The most highly automated radio transmitting station in
Britain—possibly the most advanced of its kind in the world
—was recently inaugurated at Leafield, Oxfordshire.

This new radio station, which makes a significant contri-
bution to the improvement of international communications,
became generally operational in the spring of this year. Built
and equipped by Post Office engineers, with the co-operation
of British industry, at a cost of over £1M, it replaces the old
Leafield Radio Station which, in its early years, played a
pioneering role in the history of radio telegraph communi-
cations.

The building on an extended site of 287 acres adopts a
three-wing layout for the transmitter hall. A two-storey
design with transmitter cubicles at first-floor level incorporates
a ground floor carrying all engineering and -domestic supplies.
A separate apparatus room houses the low-power equipment
and a central control console. Offices, stores and welfare accom-
modation are grouped in a fourth wing,

The transmitters are of the self-tuning, self-loading type,
employing conventional tuned-amplifier stages with motorized
drives of variable capacitors and inductors controlled by phase
discriminators. As appropriate tuning signals are applied to
the transmitter, tuning and loading is completed automatically
within two minutes using only five motor-drives. The wide
use of solid state (silicon diode) h.t. rectifiers in place of
mercury vapour types greatly improves reliability.

Twelve 30kW transmitters, for fixed service operation, are
in two self-contained groups in two of the wings. A third
wing contains the six 85kW transmitters which are normally
used for press broadcast traffic.

Carrier generation is carried out by synthesizers which, con-
trolled from a master-oscillator, maintain the radiated carrier
frequencies accurate to one part in 10°. The association of
a synthesizer with each transmitter is an added factor in
securing flexibility. Each synthesizer frequency is selected
remotely according to a prearranged programme by motorized
switches. Fifty frequencies are programmed and selection of
any one initiates the automatic tuning processes in the trans-
mitter. For the first time at a commercial station, the crystals
and their transistor-maintaining oscillators of the 100kc/s
master-oscillator system are sunk in sealed containers down
shafts 30ft below ground as an alternative to using conven-
tional ovens. This introduces conditions almost ideal for
precision oscillators.

Concentric tiered rhombics for the fixed services, wideband
log-periodic aerials for the press services and standby pur-
poses, and triple-tiered rhombics erected on 300ft stayed
masts have been introduced. The log-periodic aerial is a com-
parative newcomer in the h.f. field and is used by the Post
Office for the first time at Leafield.
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A Binary-Quinary Decade Counter Using Resistance Logic
By R. Parshad* and S. P. Suri*

This article presents a binary-quinary decade counter using resistance logic. The present circuit uses
fewer transistors than the conventional. The digital read-out is simple and economical in the use
of components. Bi-directional counting can also easily be achieved with the circuit.

(Voir page 831 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 838)

ONVENTIONAL counters using four bistable stages

and employing various decade conversion tech-
niques'?345 have been made in the past. All these methods
of decimal counting perform an operation equivalent to
internally advancing the count by six during the applica-
tion of ten input pulses.

The present logic counter using binary-quinary code is
an attempt towards using fewer components to achieve
decimal counting. The use of binary-quinary code for the
counter ensures more economical read-out logic and the
counting is straightforward.

Principle

The counter discussed is based on the binary-quinary
self-checking code used in a computer. This code has the
uniqueness of having two one’s in each digit as is shown
in Table 1. A decimal counter based on this code uses a
binary and a quinary which in fact is a five bit register
occupying the same bit position for two successive input
pulses and registering the next higher count only when the
binary changes its state from ‘1’ to ‘0°’. It is evident
that the decimal counting proceeds in 0102468 code in-
stead of 1242 binary code as in a conventional b.c.d.
counter.

Circuit Description and Operation

Fig. 1 shows the complete binary-quinary counter. Tran-
sistors VT, VT. constitute the conventional flip-flop and
the quinary is built using transistors VT; to VT.. Each
quinary element is essentially a resistor-transistor NoRr logic
unit® consisting of a resistor or gate (R; and four resistors
R) followed by an invertor stage. If any of the inputs to
the or gate resistance is at ‘1°, the base current which
the invertor transistor draws through it is sufficient to
bottom it with the logic ‘0’ output. When all the inputs
are ‘0’, the output of the r.tl is logic ‘1°.

Now in the counter operation the quinary has to be
arranged such that when one of its transistors is non con-
ducting, the remaining four should be conducting. For
this purpose, each quinary element has the four inputs
of the or circuit described above connected through
resistors to the collectors of each of the other quinary
elements. Again, each quinary element in conjunction with
the common bistable element has associated with it one
of the diode AND gates (G, G: - - - Gs) comprised of diodes
D, D; and resistor Rs.

The mode of operation of the counter is as follows:

To start with, let the binary be in its ‘0’ state (VT
non-conducting and VT: conducting) and the off transistor
VT: holding the rest of the quinary transistors ‘on’.
At count one, with the transition of the binary from ‘0°
to ‘1° state, the output of the diode AND gate G, is at a

* National Physical Laboratory, New Delhi, India.
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lower level of approximately 6V. At the second input
pulse, the binary changes from ‘1’ to ‘0’ state and the
output voltage of gate G: jumps to a higher level of
approximately OV. The positive going pulse thus obtained
through C triggers VT, of the quinary to the ‘1’ state. Due
to the mutual coupling of the quinary transistors by the
OR circuit mentioned earlier V'7; at this instant becomes

TABLE 1
DECIMAL BIT WEIGHT

0 1 0 2 4 6 8
0 1 0 1 0 0 0 0
1 0 1 1 0 0 0 0
2 1 0 0 1 0 0 0
8 0 1 0 1 0 0 0
4 1 0 0 0 1 0 0
5 0 1 0 0 1 0 0
6 1 0 0 0 0 1 0
7 0 1 0 0 o 1 0
8 1 0 0 0 0 o 1
9 0 1 0 0 0 0 1

conducting. Fig. 2 depicts the switching cycle of the
counter.

Thus each transistor in the quinary is sequentially
triggered at the even numbered input pulses and the whole
system works as a decade counter according to the
assigned binary quinary weights.

Reversible Counting

The circuit discussed above can readily be used for
reverse counting. For this purpose it is merely necessary
to use another set of diode AND gates so arranged that
the output of any AND gate associated with a binary tran-
sistor routes the signal to its preceding transistor, instead
of to the succeeding one as required for forward counting.

Digital Read-Out
The digital read-out used in the counter employs filament
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Fig. 3. Digital read-out circuoit

lamps and is simple and economical, avoiding the use of

a diode AND matrix and associated driving transistors.
Fig. 3 shows one of the ten read-out units for the complete

decade. Inputs to the two base resistors are taken from

one of the quinary elements and one of the transistors of
the binary stage.

It has been arranged that with one of the inputs to
the base resistors at lower level (approximately 6-0V), the
read-out transistor is kept reverse biased. With both
the inputs to these resistors at the lower level, ie. in the
‘1’ state which defines a particular bit position of the
counter as shown by Table 1, the read-out transistor will
be driven to light up a lamp in its collector circuit<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>