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Models 905 and 906 (illustrated) are two typical models from the Beta 
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905 4001iA positive 

906 400µA negative 

60k1/ 
7" HIGH 

£245 
See our double page 
spread, inside, 
for fuller details 
of this exceptionally 
compact range. 
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what are Farnell doing with silicon? 

THIS! 

•••••• ••• •••N  

AM mlum• 

AND THIRTEEN MORE 

1•111•••• Mlb 

A completely new addition to the Farnell range of 
sub-unit power supplies, the 'S' range comprises 
of fourteen different models. 

Utilising silicon transistors in the latest design 
configurations has produced compact, versatile 
units which can be operated in ambient temper-
atures of 60°C and higher at reduced loading. 

Facilities are included for the external programming 
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. 

Single Output  Voltage range (preset) 
SSA  0 - 25V at 1A  25 - 30V at IA. 
SSB  0 - 25V at 2A  25 - 30V at 1A. 
SSC  0 - 15V at 3A  15 - 30V at 2A. 
SSD  0 - 15V at 41A  15 - 30V at 3A. 
SSE  0 - 15V at 7+ A  15 - 30V at 5A. 
SSE  0 - 15V at 154  15 - 30V at 10A. 

Twin 
STA 
STB 
STD 
STE 
STF 

Output  Voltage range (preset) 
2 x 0 - 25V at IA  25 - 30V at 
2 x 0 - 25V at 1A  25 - 30V at f A. 
2 x 0 - 15V at 24  15 - 30V at1•5A. 
2 x - 15V at 31A  15 - 30V at 2fA. 
2 x 0 - 15V at 7fA  15 - 30V at 5A. 

High Voltage Output (preset) 
SSB H 0 - 60V at 1A.  . 
SSE/H  O - 60V at 2fA.  . 
SSF H  - 60V at 5A.  . 

Price 
£28 
£34 
£39 
£45 
£58 
£78 

Price 
£42 
£48 
£60 
£75 
£94 

Price 
. £40 
. £64 
. £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: 47600 • (TECHNICO SOTON) 

A member of the Controls' and Communications Group 

1 
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re Merl En 
M ETAL FIL M 

eeeden rfe 

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. 

=. 

RATINGS & DIMENSIONS. 

-.=-= 

MAI  I watt Ir long x 

MAI/2  watt 1" long x 

MAI/4 + watt ly long x 

MAI/8  watt y long x 

y dia. 
y dia, 
y dia. 
Y dia. 

MA SERIES 

TEMPERATURE  COEFFICIENT. Better  than 

± 0.002% per °C. 

STABILITY. Better than ± 0.1% for 2,000 hours 

use at full load. 

ACCURACY. ±5%, ±10%, ±0.5%, ±0.2%, 

±0.1% 

1012 to  2MÛ. 

1012 to 750 kf2. 

10f2 to 400kf2. 

10f2 to I 501d2. 

Fully encapsulated in epoxy resin tube. 

ei1111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
MC SERIES 

TEMPERATURE  COEFFICIENT. Better  than 

± 0.005% per °C. 

STABILITY. Better than  0.2% for first 1000 

hours use at full load. 

ACCURACY. +5%, .+I%, ±0.5%. 

RATINGS & DIMENSIONS. 

MB1  1 watt 1r long x iV  dia. 1012 

MBI/2 watt  r long x IV' dia. 10f2 

MBI/4  watt y long x TV dia. Ion 
MB1/8 * watt fe long x yle dia. 1012 

Sealed in epoxy resin coating. 

to 

to 

ro 

to 

2mn. 
750ka 

400kL). 

I 50Icfl. 

7-01111111111111111111111111111111111111111111111111111111I1111111111111111111111111111IN 

Send for full provisional data to: 

ALMA  CO MPONENTS  LI MITED 
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 3.9 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. 
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 
— 10% to +5% 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.  Pa Va 1k 
at Full  Number  Cooling  Frequency Max. Max. Max. 
Ratings 
(kW)  (MHz)  (k W) (kV)  (A) 

3.9  YD 1150  air  160  2.5  7.2  1.4 
YD1151  water jacket 
YD1152  integral helix 

8.8  YD1160  air  160  5.0  7.2  2.8 
YD1161  water jacket 
YD1162  integral helix 

15.4  YDII70  air  120  10  7.2  4.8 
YD1171  water jacket 
YD1172  integral helix 

30  YD1182  integral helix  80  20  8.4  8-0 
60  YD1192  integral helix  30  40  9.6  14-5 
120  YD1202 integral helix  30  60  14.0  20 
240  YD1212  integral helix  30  120  15.6  30 

Selections from the Mallard 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 A 
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Electrolytic 
Capacitor 

Breakthrough 
inexpensive alternatives to 
solid tantalum types 

A breakthrough in electrolyte techniques enables Milliard 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 coin-
pal able 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 

C121 
6.3V  C415 

C121 
10V  C415 

C121 
16V  C415 

C121 
25V  C415 

C121 
40V  C415 

16 to 10011F 
180 to 39011F 
12.5 to 801.1F 
150 to 3301.IF 
8 to 501.IF 

100 to 220e 
5 to 321.IF 
56 to 120uF 
3-2 to 201F 
39 to 821.IF 
2 to 12-511F 

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. 

75% 

50°. 

25% 

Solid Tantalum 

1 
1 
1 
1 
1 
1 

eà 
ce 3 

.13 

— — 

ri': 

200 400 600 8001000  2000 
CV Product 

Cost comparison between solid aluminium 
and tantalum electrolytic capacitors. 

TO-5 2A MP 
Transistors 

ACY17 Fa mily Uprated 

Transistors in the Mullard ACYI7 
family—one of the most import-
ant groups of germanium p-n-p 
devices available today—have re-
cently been uprated from a IA to a 
2A device level. This uprating has 
opened up a new range of applica-
tions in the medium speed switch-
ing fl'elds; as an example, these 
devices can now be used to drive 
0C28 power transistors over their 
complete switching range. Junc-
tion temperature ratings have also 
been increased and peak pulse 
powers of 5W can now be handled 
over the full current range. All of 
these features add up to give this 
family of devices an extremely 

131134 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 BTY34 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 (Timax = 150°C), 
a feature on which it is intended 
to base a completely new 'higher 
temperature' range of thyristors. 
Now in pioduction at the 

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

Low Noise 

Mixer Diodes 

AAY50 

and 

AAY5OR 
Low noise mixer diodes AAY50 
and AAY5OR (development types 
79AAY and 80AAY) have been 
designed for X-band equipments 
using the standard British type of 
coaxial diode. The AAY50 and 
AAY5OR 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 i.f. amplifier. 
This represents an improvement 
on types CV2154 and CV7108 of 
about 3.0dB and 1.5dB respec-
tively. 
The AAY50 and AAY5OR con-

form to the SO-26 coaxial outline 
and are hermetically sealed. 

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 
4-dB 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. 
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 
Mallard 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, C4I5 Aluminium 
Electrolytics   EE 01 351 
BTY34Thyristors.   EE 01 352 

AAY50,AAY5OR 
Mixer Diodes  EE 01 353 
TO-5 2A Transistors EE 01 354 

?dullard  Mullard Limited, Mullard House, Torrington Place, London, WC1. Telephone: LANgham 6633 

CAM41 

DECE MBER 1966 5  ELECTRONIC ENGINEERING 
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Authorised Stockist for 

Aluminium  

8 ,..... vi 
LII!:;11 i 
iliplitien 
3r t lei 
--110410,-nni 
milla ffillmal 
r 'Imes» eg ,seitioesta 
¡tin t:: 
BRASS 
COPPER 
BRONZE 
ALLOYS 
ALUMINIUM 
STAINLESS STEEL 
NYLON P.T.F.E. 

H. ROLLET 8t CO. LTD. 
No Quantity too Small — Brandies in most major Cities 

Independent stockists • Since 1896 

ROD 
BAR 

SHEET 
TUBE 
STRIP 
WIRE 

3000 Standard Stock Sizes 

Wit 
SIIP art 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 are an industrial pace-setter and you 
need a component supplier to keep pace, better get in 

touch with GGL. 

OrThe techniques of tomorrow  for  the  needs  of today  

EE 01 008 for further details 

Griffiths, Gilbart, Lloyd Et Co. Ltd., Empire Works, Park Read, Birmingham 18. Tel. NOR 6221 

ELECTRONIC ENGINEERING 6 DECE MBER 1966 
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Thin time 

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 7 ELECTRONIC ENGINEERING 
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electronics 
electronic measuring instruments • te-
lemetering çquipments • closed circuit 
television•tape recording equipments. 
data processing systems - automatic 
data scanning, logging and comput-
ing • magnetic and acoustic measur-
ing equipments • radionavigation 
equipments e tracking equipments • 
civil and military a'pplicati ms.  • 

C O M P A G NI E  D E S  C O MP TE U RS france 
C. D.C. (GREAT B RITAI N) Li mited 

Terminal House - Grosvenor Gardens - London S. W. 
Telephone: SLOane 8271 - Telex 23372 

ELECTRONIC ENGINEERING 8 DECE MBER 1966 
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. . . AND THE PRICE? 

IPlease send me full details on the Continuously Variable Oscillator 

THIS 
CONTINUOUSLY VARIABLE OSCILLATOR 

OFFERS 

FREQUENCY ACCURACY 

FREQUENCY STABILITY 

AMPLITUDE STABILITY 

SINE OR SQUARE W AVE OUTPUTS 

Muirhead ask £175 for their 1 c/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 X1 00K 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 + 1% above 10 c/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 

 --1  

NAME  TEL No   

COMPANY   
RIME 

J 

iL 
MUIRHEAD & CO. LI MITED 
BECKENHAM, KENT.  BECKENHAM 4888 

SD4244/767 

DECEMBER 1966 9  ELECTRONIC ENGINEERING 
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11 1 1 ITELEY 
#/  /A ELECTRICAL RADIO CO. LTD. 

ELECTRONIC 
're COMPONENTS 
& EQUIPMENT 

III, lib 
40 to e aaik 

Whiteley Electronic Compon-
ents are designed and precision-
built in the Company's own 
factories.  Every operation is 
strictly controlled, every part is 
vigorously inspected and tested. 
Nothing is leftto chance—hence 
Whiteley's enviable reputation. 

WHITELEY ELECTRICAL RADIO CO. LTD 
MANSFIELD • NOTTS • ENGLAND  Tel: Mansfield 1762/5 
London Office: 109 KINGSWAY, W.C.2  Tel: HOLborn 3074 

ELECTRONIC ENGINEERING 

W R186 
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Now at last an 

ENCAPSULATION 
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 3i" x2+" X l". 

Prices from 33/-. 

NE WBURY ENG. CO., LTD. 
WEST MILLS • NE WBURY • BERKS • Newbury 347 

EE 01 014 for further details 
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( 
SHINDE GE 

Leads in Semiconductor Technology 

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 techniques results in efficiency as well as economy. 

Especially, 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) 

Si A 

S2 E 

S2 A 

0.1 

0.5 

1.5 

600, 800, 10DO, 1500 

600, 1000 

200, 400,600, 800, 1000 

SHINDENGEN ELECTRIC MFG. CO., LTD. 
New.Ohtemachi Bldg., 4, 2.chome, Ohtemachi, Chiyoda-ku, Tokyo, Japan 

Phone: Tokyo 211- 2571  Cables: "SHINDENGEN TOKYO" 

Telex: SHINDENGEN TOK 025-539 

For further information contact the following agencies: 

MAIN PRODUCTS: 
>Silicon Rectifier 
>Silicon Bridge Recti fier 
Power Transistor 
>Thyristor 
>Silicon Symmetrical Diode 
>Selenium Recti fier 

* Scandinavia: Gadelius & Co.,A.B., lA Stockholm Ô Sweden (Phone: 08 23 28 00) 

*E. E. C. Districts: Gloire Trading Co., Ltd. Central P. O. Box No. 430 Osaka, Japan 

DECEMBER 1966 11  ELECTRONIC ENGINEERING 
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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? 

4 

• 
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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 subject random samples of everyproduction 

batch (commercial or military ranges) to 1,000 hours of 

dynamic life test at the maximum operating temperature 

before releasing them to you 

...at no extra cost 

total capability in microelectronics 

/Elliott-Automation Microelectronics Limited/ 

MICROELECTRONICS SALES DIVISION • GLENROTHES • FIFE • SCOTLAND • 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 

DECEMBER 1966  13  ELECTRONIC ENGINEERING 
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ZENITH 
VARIAC 

RHEOSTATS 

11 

Continuously Variable Transformers 
Catalogue V64 
Tubular and Carbon Plate 
Compression Type, Catalogue TR8 
Slate, Catalogue SRS 

"Zenohm ° Rotary Rheostats, Catalogue ZRI 
RESISTORS  "Ceramite" ®Wire  Wound Embedded 

Catalogue TOS 

"lee" ° Wire Wound Embedded for low values •   
1, 

TRANSFORMERS Phase Shifting (Catalogue PS4) and Fixed Ratio 
CHOKE COILS Fixed and Variable 
TEST SETS  Insulation Flash Testing 

Catalogue FT3 
Meter Test, single and polyphase 
Specifications MT.1113 and MT.1111 
Primary Injection, Specification PI.650819 
Secondary Injection, Specification SI.650820 
Earth Continuity, with Test Fingers to meet the 
requirements of 85.3456 Parts Al and 81, 
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 ELECTRIC CO. LTD. 
ZENITH WORKS  • VILLIERS ROAD  • WILLESDEN GREEN  • LONDON N. W.2 

Telephone: WILLESDEN 6581,5  Telex: 261778  Telegrams: "VOLTAOHM, LONDON N.W.2" 
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How 
many 

g'? 
How many 
instruments 
do you need 
to get these 
displays? 

X-Y plots with 109 uV/cm 
sensitivity  a magnified portion 

The entire signal plus  Two signals against 
a common third 

e"-- N 

Two signals versus time  X-Ysimultaneously sim ualtnadn etiomues lpylots  
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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 suit any space re-
quirement and offer the optimum in performance, 
reliability and price, as this specification shows: 
Mains: 100-1251200-250V a.c. 45-65 Hz. 
Stability: 10,000:1 for +10% mains change (5,000:1, 
0-6V) 
D.C. resistance: <Im 12; a.c. impedance: <0.112 
from 0-2MHz. 
Ripple, Noise: <2001LV 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 05Al2, 
051312 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+ ii. 2; ic 2j in.  15 x 10¡x(iin. 
(134 x 7.3 x 7.1 cm)  (40.6 x 27.6 x 20.3 cm) 

Weight  2 lb (0.9kg)  , 38 lb (17.3kg) 

Price (U.K.)  £19.0.0  £87.0.0 

For full details write: Standard Telephones and 
Cables Limited, Rectifier Division, Edinburgh Way, 
Harlow, Essex, or telephone Harlow 26811 Ext. 442. 

S  C  
world-wide telecommunications and electronics 

86/1M FE 

W/ Ft 
•0076" 

to 

•024" 

Ao4Aj w 

e geika j vwe 

10 014 " " erA wee/vie  

t ell e 9fr e kteee)  

t e at elY41:re)  

ei t  

L.E. W.'s  medium  gauge  range of 

winding wires have that consistent 

high quality required by the leading 

manufacturers of electrical equipment. 

THE LONDON ELECTRIC WIRE CO. 

AND SMITHS LTD. 

CHURCH  ROAD  • LEYTON  • LONDON  • E.I0 

ELECTRONIC ENGINEERING 16 DECE MBER 1966 



EE'01 022 for further details 

How many instruments do you need to get 
these displays? 
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X-Y plots with 100,aV/cm 
sensitivity 
For X-Y plots of low-level 
signals, just plot A against B. 
No need for external pre-
amplifiers, sensitivity is 
already 100 0/cm. Phase 
shift is less than 2° up 
to 50 KHz. 

The entire signal plus 
a magnified portion 
Channel B sweep can be 
magnified up to 50X, while 
leaving channel A 
unmagnified. Using horizontal 
shift any part of the 
unmagnified wave form can 
be observed and identified. 

I MP 

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 e/cm vertical amplifiers with a 
4000:1 common mode rejection up to 200KHz, 
1 mV/cm to 20V/cm up to 500KHz 
Recorder outputs from each vertical amplifier 
Price: £ 495 

«tee MIT TY VERNIS 
J I $O SOliC.A1 

•cr•Orar 

-1111F;i..  

.4811 . AC M 
DISPLAY 

r 

Two signals against 
a common third 
Plot both amplifiers against 
a common 5 mV/cm 300KHz 
X-amplifier. Measure phase 
shift between two circuit 
points. Relative phase shift 
between two channels is 
2° up to 10KHz. 

HE WLETT eiï PACK ep  

DECEMBER 1966  (a) 

CHANNEL A 

OC SACANCI 
cemMt 

CHANNEL a 

DC M LA...! 

.cer,COrité‘l 
POUt1011 

Two signals versus time 
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. 

10, 

AC DC II 

CONet1  Iolt• 4, 

M.  o 

X-Y and time piote 
simultaneously 
use channel B and the 
horizontal amplifier for the X-Y 
plot while displaying the 
signal versus time on channel 
A. Ideal for servo and audio 
work previously requiring two 
scopes. 

e 209 
Hewlett-Packard Limited 
224 Bath Road, Slough, Buckinghamshire, 
Tel. Slough 28406 and 29486 
Headquarters in USA: Palo Alto (Calif.) 
European Headquarters: Geneva (Switzerland) 
European Plants: South Clueensferry (Scotland) 
Bablingen (Germany) 
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The Resources of AEI Electronics 
Semiconductor Bulletin No. 14 

SEMICONDUCTOR APPLICATION ENGINEERING TODAY AND TOMORROW 

Fig. 1 Part of the Customer Engineering Department at AEI'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 

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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Integrity in Instrumentation 

IN STRICT TRAINING 

- SIF A M 

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- production training school staffed byfull-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.  EE01 950 for further details 



AN  INSTRU MENT FOR  EVERY APPLICATION 
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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 narrow bezel permits fast, accurate reading even from acute 
angles. 

SIF A M ELE CTRI C AL IN STR U ME NT C O M P A N Y LI MITE D 

W O O DL A N D  R O A D  T O R Q U AY  DE V O N  E N GL A N D 

Telephone: TORQUAY 83822  Telegra ms: SIFANA TOR QUAY 
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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. 

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 èlectrics' 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. 

LO 
COST 
POTTED 
THYRISTOR 
REGULATOR 
TYPE 
TR2-11 
FOR FHP 
MOTORS 
UP TO 
1/4 HP 

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

SEMICONDUCTORS 
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slip it on 

... heat 

. . it shrinks to fit 

Thermofit 

moulded parts— 

immediate insulation 

and complete 

protection 

Thermofit heat shrinkable moulded parts enable you to make 
encapsulated harnesses quickly .... without tooling ... on the spot 
... using available labour. 
Almost every possible application is covered by the hundreds of 
shapes and sizes of Thermofit boots and junctions; a custom 
design service is available if required. Moulded parts can be 
supplied with MoA or AR B release. 
Thermofit moulded parts ensure uniform predetermined wall thick-
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 
States by the makers of THERMOFIT heat shrinkable tubing. 

F A{c Fl 1  M 
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 MuHard 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 e 
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rienli—PIE SWITCH 

C lait 171 
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 

boTo*T.H.144Tner 

1 TPE-  61111C14 24044C. 

BATCH N4 

1 2 3 4 0 8 I 

Gun -CrCr 

250 v. 6 amp 
A.C. SWITCH 
replaces contactors 
Operated by: 
REED SWITCH 
ANY LOW POWER 
A.C. or D.C. SOURCE 
£7.10.0. 

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. 

benson-446.4.14. LTO 

ITPT-  10A 81/1111121 30KNA C 
BATCH 

250v. 10 amp 
A.C. SWITCH 
maintenance free 
Operated by: 
REED SWITCH 
ANY LOW POWER 
A.C. or D.C. SOURCE 
£9.10.0. 

'/ ba m,41.8-14Phner  TO 

TYPT. BleF.ER UNIT 

BATCH N. 

1 2 3 4 7. 6 7 9  9 10 11 12 

() r) () Q  C) C) O o o o °CV 

TYPE- TI N UNIT 

7' e PATCH N.  811118181100 

10 

1 2 3 4 5 0  7 8 9 10 11 12 

Cà C) o C) o 0 0 0 0 0 0 0 

0.5 secs. to 3 minutes Variable Timer Unit £10.10.0. 

jQUANTITY DISCOUNTS UP TO 30%! 
Write for literature and typical application notes to; 

M a e 

BENSON-LEHNER 
solid-state units meet 
packaging's need for 

SPEED 
The Benson-Lehner Colour Print Registration 
—incorporating transistorised solid-state units 
—provides unvarying high-speed response to 
registration points with maximum sensitivity 
to small colour variations. Result: reliable 
registration control at the highest speeds of 
modern colour printing and packaging mach-
inery; instant 5A. A.C. 250V switching every 
time. This is just one of the many ways in which 
Benson-Lehner solid-state switching services 
an ever-increasing number of control appli-
cations. 

BENSON-LEHNER SOLID STATE 
POWER SWITCHING 

b e ns on Aehnerup 

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

REED 
RELAYS 

are 

Inexpensive 
Long-lasting 
Space-saving 

GB 9 

GB91 —MICRO MINIATURE SP ST 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. 

01331—MINIATURE size SPOT dry reed or 
SPST mercury wetted. 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 28 VDC 
50% duty cycle. Designed for printed wiring 
assembly. 

ASTRALUX DYNAMICS LTD. 
BRIGHTLINGSEA, ESSEX 

GB -1B6A - R0010 
COIL 28 VDC-500 OHMS-k W% 
CONTACT RATING-28 VDC SOMA 

. . . . . . m m 

O  m 7 #4 M. •  C.) 

GB 31 

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

GB 166A 

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 106 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 5 amps with a switching speed of i 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. 

AST1RALUX dynamics limited 

RELAY DIVISI ON • NE W STREET • BRI GHTLI NGSEA • C OLCHESTER • ESSEX 
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THINK 
SOLARTRON 
FOR 
A.C. M EASURE MENT 

SOLARTRON 
SUPRE M ACY 

IN A.G. 
M EASURE MENT 

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 100 Kc/s. 

LM .1420.2 BA provides D.C. plus true r.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-
cally indicated by the display. 

ELECTRONIC ENGINEERING 24 DECEMBER 1966 



EE 01 030 for further details 
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S... eX. M M U P• 4}"k e• ffl e, %".,e . . 
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•bus-treat 

C ttelli.•11 

MITER 

TmEtER 1M 1a20.2 

CeiGtrAt. vOttnAtteR 

ROTEK 

Solartron a c. measurement capability is 

backed by the comprehensive range of 

Weston Rotek absolute a.c. Standards All 

a c. digital voltmeters are set up and cali-

brated using Rotek Voltage Standards, hav-

ing direct traceability of accuracy to the 

national bureau of standards of the U.S.A. 

Weston Ratak is a Solartron sister company 

within the Schlumberger Group. 

THI NK S OL ARTR O N FOR 
M E A N SE NSI NG A CCUR ACY 

T HI N K S OL ARTRO N 
FOR TRUE R M S A CCUR ACY 

.• .......  .. ..... • 
s .̀..•-..  e % 

•  ...''...  ''•  e , 

i. ..... >,--..-... - ..... : 

The Solartron Electronic 6roup Limited, 

Farnborough, Hants. England. 

Tel: Farnborough (Hants.) 44433. 
Telex: 85245 Solartron Farnborough. 

Cables: Solartron, Farnborough. 

A member of the Schlumberger 6roup. 
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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, in which form it is illustrated 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  Telephone: Priory 2231  Cables: Eddystone Birmingham  Telex: 33708 

LTD/ED IS 
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A versatile 30kcis-
Mcis wave analyser 

The Airmec HF Wave Analyser 

Type 853 is a selective 

measuring set of great 

versatility suitable for use in the 

frequency range 30 kc/s-30 Mc/s. 

The sensitivity of the amplifier, 

incorporating accurate RF and 

LE attenuators, enables 

measurements to be made from 

111V to 1V up to 20 Mc/s and 

from 4µV to 4V above this 

frequency. 

Fine tuning is provided by a 

slow motion drive, the film 

scale being 48 inches long on 

each range. Noise level and 

Oltinternal harmonics are extremely low, enabling second harmonics 

70 db and third 90 db below the 

fundamental to be measured. 

The Type 853 can be used in 

conjunction with the Airmec 

Calibrating Oscillator Type 858 

for absolute voltage omeasurement of any single 
frequency component, and can 

be calibrated against the Airmec 

- Frequency Standard Type 311 

for use as a wavemeter. Above 

30 Mc/s we recommend the use 

of an Airmec VHF Wave 

Analyser Type 248 (5-300 Mc/s). 

CAN BE USED AS 

•  analyser 

•  selective voltmeter 

transmission measuring set 

field strength and 

interference measuring set 

bridge detector 

heterodyne wavemeter 

Frequency Range: 
30 kc/s-30 Mc/s In 7 bands 

ISignal Input Range: 1µV-1V up to 20 Mc/s 
40/-4V from 20-30 Mc/s 

Attenuator Range: 
HF Attenuator: 
0, 10, 20, 40 and 60 db 
LF Coarse Attenuator: 
0-60 in 10 db steps 
LF Fine Attenuator: 
0-10 db in variable 

Attenuator Accuracy: 
± 0.1 db over 105 db range 
± 0.5 db over 120 db range 

Input Impedance: 
75 ohms. A high impedance probe 
also provided. 

Air mec H.F. W ave Analyser Type 853 

Air me e  for peak performance 
 CONSISTENTLY 

LABORATORY INSTRUMENTS DIVISION 

Signal Generators, Oscilloscopes, W ave Analysers, Phase Meters, Counters, 

Valve Voltmeters, Frequency Standards etc. 

AIRMEC LIMITED • HIGH W YCOMBE •-BUCKS • ENGLAND 

TELEPHONE: HIGH W YCOMBE 21201 (10 lines) TELEX: 83243 
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STABILISED 

PO WER 

W hat do you mean 
'Advance are the 

first with the most'? 
I 
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SUPPLIE S 

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. 

.A.D.V.A. N C E E L E C T R O NI C S Li I M I T E D 

Volstat Division, Roebuck Road, Hainault, Ilford, Essex. Telephone: 01-500 1000. Grams: Attenuate, Ilford. 
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10 
silicon planar 
transistors for 
communkations, 

switching 
and counting 

‘ 
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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 
No. 

VcE0 max. 
(V) 

lc (AV) max. 
(mA) 

Ptot max. Tomb 
—45°C (mW) 

fT (tYP.) 
(MHz) 

hFE  Ic 
min.  (mA) 

BC107 45 100 260 250 110 2 
BC108  
BC109  
B F173  
BF167 

20 100 260 250 110  
210 

2  
2 20 100 260 300 

25 25 260 550 38 7 
30 25 130 350 27 4 

BF180  
BF181 

20 20 130 675   
600 

14   
14 

2  
2 20 20 130 

BF115 30 30 145 230 48 1 
BF184 20 30 145 600 75 1 
BF185 20 30 145 300 34 1 

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

planar 
IMD 
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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 easy servicing. 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 "Ìi•acemanship', just 
skill in design and .... workmanship. See for yourself! 
Illustrated is the type D52 double-beam Serviscope*— £99. Send for a short form cata-
logue of the complete ra---

'TELEQUIPMENT 
*Serviseope is a registered trade mark oj 

Telequipment Limited • 313 Chase Road • Southgate • London • N.14 • Fox Lane 1166 
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Is your company 
faced with SET 
and/or a Training 
Board Levy? 

Training 
Systems can help 
you! 

The Selective Employment Tax and the various Training Board 
levies make it even more imperative that you adopt our efficient 
and more economical methods of training and so join the rapidly 
growing list of satisfied companies. 

Our techniques of creating training systems has proved that we 
can obtain far better results and getting these trainees into actual 
production has obvious advantages. 

Programmed learning has been approved by the Central Training 
Council and by industrial training boards. We are specialists who 
create tailor-made systems to suit individual needs. 

Name 

Company 

Address ....... 

LSend to: Training Systems Limited. Times House. Ruislip, Middlesex f fl1 .11111 . M MI MC BMI MI M M MIM Mill . 1 .11111111 

Training Systems Limited is part of the esl group of companies 
offering a complete training service. For those preparing their 
own programs there is an editorial and visual presentation service. 
We also have the most advanced and comprehensive range of 
teaching machines. 

STS Training Consultants Limited, a member of the esl group, 
specialize in creating training courses for senior executives, 
managers, supervisors and sales staff. 

For full details of how techniques can help your company send 
this coupon, today, to: Training Systems Limited, Times House, 
Ruislip, Middlesex. Telephone Ruislip 7121, Telex 264446. 

Training 
Systems 
Limited 
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IN THE VAST FIELD OF 

PRINTED CIRCUITRY... 

YOU CANNOT AFFORD 
TO IGNORE 

4A COMMERCIAL ROAD  • WOKING  • SURREY 
Tel: Woking 61633 

WOKING  • ZURICH  • PARIS  • BRUSSELS  • HAMBURG  • MILAN 

D the low production cost of Mudad flexible printed 
circuits made from the world's widest range of Copper-Clad 
Polyester and Polyamide substrates. 

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

D 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. 

LI) the interested technical sales and service team whose 
advanced experience is available on call. 

PLASTIC n n 
LP-) 

THERMO—SETTING 

911 . " "N  111 

THERMO—PLASTIC 

FREDERICK W. EVANS LTD. 
Plastic Works, Long Acre, Birmingham 7. 
Telephone: STD. 021 EASt 3071 (4 Lines) 

EE 01 040 for further details 

PRECISION INSTRUMENT LATHE 
Centre height: 2 in.  Bed length: 16 in.  Collet capacity:  in. dia. 

Unsurpassed for extremely accurate work 

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, 

hobbing, grinding, etc. 
Please ask for co mprehensive leaflets and price list 

IDEAL MACHINE TOOL & ENGINEERING CO. LTD. 
282 KINGSLAND ROAD, LONDON, E.8.  Phone: CLIssold 4657/4837 

EE 01 041 for further details 

ELECTRONIC ENGINEERING 34 DECEMBER 1966 



EE 01 042 for further details 

sill 
LABORATOIRE DE PHYSIQUE APPLIQUÉE - 12 RUE PASTEUR SURESNES (SEINE) - 506.58-24 
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N TELEMETERING AND REMOTE CONTROL EQUIPMENT 

ANTENNAS 

50 AND 400 CPS STATIC INVERTERS 

OPTICAL ALTIMETERS 

SERVO-CONTROLS 

DIGITAL TECHNIQUE 

MAGNETOMETERS 

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 

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 frequencies in 
excess of 500 MHz), High Input Impedance (for linear 
and non-linear applications). 

Simplification of circuit design — and improved per-
formance 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 improve Performance FETs Simplify Circuit Design 

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. 
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PREFERRED N-CHANNEL  PREFERRED P-CHANNEL 
Economy SILECT 

AF & RF 
AMPLIFIER 

RF & VHF 
LOW NOISE 
AMPLIFIER 

2N3819+ 
2N3822   

HIGH GAIN 

2N3823 
TIS34' 

GENERAL 
PURPOSE 

I _MIXER 100 Mc/s 
& 
If   

DIFFERENTIAL 
AMPLIFIER 

TIXS35 
TETRODE   

LOW LEVEL 
CHOPPER 

TIS27 
DUAL   

HIGH SPEED 
SWITCH 

2N3824 
LOW 

LEAKAGE 

TIXS33 
TIXS42+ 

OW RDS ON 

SERIES 
SHUNT 
CHOPPER 

GENERAL 
PURPOSE 
SWITCH 

I1IXS41   VERY LOW 
RDS (ON)   

VERY HIGH 
PERFORMANCE 
SWITCH 

AF & RF 
HIGH INPUT 
AMPLIFIER Z 

DIFFERENTIAL 
AMPLIFIER 

RF & VHF 
LOW NOISE. 
AMPLIFIER 

LOW LEVEL 
CHOPPER 

ELECTROMETER 

2N3820 
2N2386 
2N2500 
2N3573 
2N3575 

2N3336 
DUAL 

GENERAL 
PURPOSE 
LOW NOISE 
AMPLIFIER 

TIXM301 
GERMANIUM 

SERIES/ 
SHUNT 
CHOPPER 

H 2N3993 
LOW RDS (ON)  

TIXS11 
MOST (IGFET)  

HIGH GAIN 
AMPLIFIER 

HIGH SPEED 
SWITCH 

VERY HIGH 
INPUT Z 

Use this Selection Chart of TIL "Preferred" FETs to determine those most suitable for your particular application. 

[). 

TEXAS INSTRUMENTS 
LI MITE D 

MANTON LANE • BEDFORD • ENGLAND 
TELEPHONE: BEDFORD 67466 • CABLES: TEXINLIM BEDFORD • TELEX: 82178 

or 
Supplies Division 

Slough, Bucks,  Birmingham 26  Southampton, 
Wellcroft Road,  Hammond House,  119, High Street, 
Tel. 29481  2259/61 Coventry Road,  Tel. 27267/8 

Sheldon, Tel. 021 7432078 

*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 

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

Name   

Company   

Address 

Position   

SEMICONDUCTOR PLANTS IN: BEDFORD, ENGLAND • NICE, FRANCE FREISING/MUNICH, GERMANY • DALLAS, TEXAS 
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Get hold of these 

VITAL DESIGNS OF 
RF SHIELDING 

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

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, nnonel 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. 
Telephone: Rhuddlan 405-251 

THIS is what 
really counts 

4e4i00.4  

I 1 

F. 043 INDICATING IMPULSE COUNTER 

50 i.p.s. 

40,000,000 operations 
without loss of count 

500,000,000 
estimated service life 

F11.043 PREDETERMINING IMPULSE COUNTER 

25 i.p.s. 

30,000,000 operations 
without loss of count 

300,000,000 
estimated service life 

FULLY GUARANTEED 

NO W choose 
STLER 

counters 
HENG 

for accuracy, reliability and guaranteed service. 

J. HENGSTLER CO GREAT BRITAIN LTD. 
Brooker Road, Waltham Abbey, Essex 

Phone: Waltham Cross 26166-7-8 
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electrosil 

a 
complete 
range 

The range 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 
I.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 Mcfs clock rate. 

El Very high noise immunity, worst 
case 0.8v. 
El High Fan-out--17. 
'D Capable of withstanding high 
capacitive loading. 
Bistable element (J-K flip-flop) 

is not critical of rise-time and 
fall-time of clock waveform. 
jJ Very competitively priced. 

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 + 55°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-5. 

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 
SP620AJ-K BISTAB LE 
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 

EE 01 047 for further details 

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 I.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 Couritry. 
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 quantities 
when these are required. 

SP600A 

for the ultimate 
benefits in 

• 

+.7trosil LIMITED 

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

Consult 

RESINOUS 
CHEMICALS LIMITED 

specialists in 

ALKYD MOULDING COMPOUNDS 
DOUGH MOULDING COMPOUNDS 
DAP. MOULDING COMPOUNDS 
1111.1.P. MOULDING COMPOUNDS 
POLYESTER RESINS 

Samples and literature are available on request 

Resinous Chemicals Limited 
BLAYDON CO. DURHAM. TELEPHONE: BLAYDON 2751 

London Office: 32 Sloane Street, London, S.W.I 

Telephone: BELgravia 3234 

SPECIALISTS IN RESINS, PIGMENTS AND PLASTICS 

 } 
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The ASS-I9 assembly illustrated handles 40-I" diameter planchets. A conversion set will also 
allow it to accommodate 24-2" diameter planchets. 

F7 

- p 

r"— , , 

.1-
itu r_ 

- 

... ... l_13,1_ i  1 
III 24 or 40 Planchet positions. 

la  Print-out of counts. 

II  Pre-set for time in I second steps. 

RI  Background of less than 1.8 c.p. minute. 

T 
i T 

e"--- % 

0 UTIM 

The anti-coincidence G.M. counter has a background of less than 1.5 c.p. minute and an overall 
efficiency for C-I 4 of better than 10%. The system is designed for counting radioisotopes such 
as C-I4, 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. 

Et NI 
O P C O M PA NIIII• 

i a 

PANAX EQUIPMENT LIMITED 
Holmethorpe Industrial Estate, Redhill, Surrey. Tel: Redhill 63511 

JAC W/Y/51 
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99.9991 
Alloys prepared as ingot, wire, rod or foil. 
Also available—antimony and tellurium (lead content 

less than .001%) for thermo-electric applications. 

Sb 

Sn 
Pb 

ASSOCIATED LEAD 
Lie".5 

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

Crescent House, Newcastle upon Tyne 1. 

Lead Works Lane, Chester. 

PLE ASI N G 
A PPE AR A N CE 
RI GI D 
C O N STR U CTI O N 
C O M PETITI VE 
P RI CES 

Instru ment Cases, Racks. 
Sectional Chassis 
Front Panels, Handles 
Forced Draught Units 
Cable Troughs etc. 

Standard Cabinets S, 
Racks can be m odified 

for special require ments 

Datum 

T H E  S T A N D A R D  R A N G E  O F  D A T U M 

C H Style available in 
16 standard sizes 

C H12 U11 
PANEL SIZE 19" x 21» 
CHASSIS D EPTH 11» 

B E D C O LI MITE D 
D ATU M DI VISI O N 
C OLNE W AY TRADI N G ESTATE 
W ATFOR D BY-PASS, W ATFOR D, HERTS 
TELEPH O NE: W ATFOR D 22351 
C HAIR MAN: SIR ED WARD BEDDINGTON- BEHRENS 

EE 01 051 for further details 
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of engineering 
wisdom 
are founded on the knowledge 
that ... 

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 
,Q) EPDXIDE LAMINATES 

are fabric and paper-based materials 
which provide an essential link 
between phenolic and woven glass 
laminates. 

41 TUFNOL WOVEN GLASS 
L4-t1 FABRIC LAMINATES 

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

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. 

f TUFNOL RESEARCH AND 
0) DEVELOPMENT 

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

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. 

THE 
BRAND SIGNS 

OF 
TORIOL 

TUFNOL KNOWLEDGE TODAY— 
THE WISDOM OF TOMORROW 

TUFNOL 
Regd. Trade Mark 

TUFNOL LTD • PERRY BARR • BIRMINGHAM 22B 

TELEPHONE: BIRCH FIELDS 4554 

Branches : LONDON . BIRMINGHAM . BRISTOL • MANCHESTER 
NEWCASTLE-UPON-TYNE • GLASGOW  BELFAST T 488 
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2N 708 

2N 2368 

2N 2369/69A 

2N 696/7 

2N 1420 

1 
CV 7430/31 

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. 

EDIATE 
delivery and 
extre mely 
co mpetitive prices 

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

PLESSEY Components Group  o  

SE MICONDUCTOR DIVISION 
Cheney Manor, Swindon, Wilts. 
Telephone: Semiconductor Sales, Swindon 6251 

CUV SC40 
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Just to remind you how much our holds hold 

This is the hold of a British United VC10.1t is large enough to take a Rolls-Royce ...or an 
elephant! El 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 South America—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. 
Phone: Heathrow Airport—London SKYport 4111,  lib: 

your Airport—London AVEnue 8755 for 
your enquiries and reservations.  011itid111 

BRITISH UNITED AIR WAYS' 
PORTLAND HOUSE • STAG PLACE • LONDON SW1 
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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 Volts 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 

CA RR ,MeüldGes2 OC) giirD 
the firm with the best connections 

Stapleford, Nottingham. Telephone: Sandiacre 2661. 
Sales Offices: Wembley, Sale. 

U 1•1 1 7 [ 0 • C • r “  0 1• 0 1.1 • 

ELECTRONIC ENGINEERING 

SAVE UP TO 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 

through  our International  Mail  Order 

service, with far-reaching agents who 

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 RCSC types RWV4J-K & L, In to 1001(n 

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. 

For price list, catalogue and THE CG.S. RESISTANCE CO. LTD. 
stock list write or phone:  . 
Marsh Lane, Gosport Street, Lymington, Hants. Tel: Lymington3282 
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Frequelex—for high frequency insulation. 

ILer CERAMICS 
for the ELECTRONIC INDUSTRY (and Electrical Appliance Manufacture) 

»»»»»)»»»»” Mmana 

Bullers porcelain for general insulation purposes. Refractories for high-temperature insulation. 

Meticulous care in manufacture, high quality material, 

with particular attention applied to dimensional pre-

cision and accuracy, explain the efficiency and ease of 

assembly when using Bullers die pressed products. 

Write today for detailed particulars. 

BULLERS LIMITED 
Milton. Stoke-on-Trent, Staffs. 
Phone: Stoke-on-Trent 54321 (5 lines) 

Telegrams & Cables: Bullers, Stoke-on-Trent 

London Office: 6 Laurence Pountney Hill, E.CA. 
Phone: MANsion House 9971 
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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. It 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. 

To: The Electronic Sales Division, 

Short Brothers & Harland Ltd., 

Gable House, Turnham Green, London W.4 

CHISWICK 6334 

ADDRESS 

Please send me further details of the Shorts Control System Analyser Mk. 2. 1 
NAME  COMPANY   

EE  ij 

 POSITION 
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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. 

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. 

S MITHS INDUSTRIES LI MITED 

INDUSTRIAL INSTRU MENT DIVISION 

CHRONOS WORKS, N. CIRCULAR ROAD LONDON, N.W.2.  TELEPHONE: GLADSTONE 6444 
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• 

I PA 

Series 390. 
Thrust type solenoid for valve 
operation. 

Series 420 (A/C) 
425 (0/C) 

Miniature thrust type 
solenoids. 

Series 421-428. 
A range of AC or DC solen-
oids in 'U' frames. 

Series 573. 
A compact AC solenoie of 
laminated construction. Pull 
or thrust versions available. 

Series 575 & 576. 
Heavy  duty AC solenoids. 
Pull or thrust versions avail-
able-

Series 684. 
AC solenoids with high force/ 
size ratio. Pull version only. 

RS 1014 

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. 

teGNE7-, ec 

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

M A G N E TI C  D E VI C E S  LI MI T E D 

NE W M A R KET  S UFF OL K  EN GLA N D 

TEL:  N E W M A R KET 3451  (1 0  LI NE S) 
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. 
Shown is 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 . 

• 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. 

• 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. 
• At least 2 figures of additional resolution from 
the calibrated continuously-adjustable-decade 
module. 
• Electrical sweeping over bandwidth from zero to. 
more than 1 MHz with the continuously adjustable 
decade. 
• 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 

. . and low cost, too! 

• 5-MHz master crystal in each synthesizer: the 
instrument can be phase-locked to an external 
standard. 

• All-solid-state. 

• Small size . . . Needs only 51/4 inches of rack 
height. 

• 2-V, rms, adjustable and metered output. 

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

• 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. 

Prices given are all duty free 

GENERAL RADIO COMPANY (U.K.) Limited 
Bourne End, Buckingha mshire, England 

Telephone: Bourne End 2567 



ECONOMIC 
IIIIIIONIIIISAIIIIN 
of transistor 
requirements causes 
many a headache... 
BRING QUICK RELIEF 

WITH THESE FULLY 

HER METICALLY 

SEALED SILICON 

PLANAR TYPES 

low level N PN Et PNP types for use from lgA to 10mA. 
We° = 60 volts. 
hFE > 80 @ 10 ;IA 
N.F. < 4 dB 
100 piece pricing from 7/9d. 

3 watt 200 Mc/s N PN 8- PNP types for use from lmA to 1A. 
VCBO = 60 volts. 
hFE >100 
VCE (SAT) < 0.4v @ 150 mA 
100 piece pricing from 12/7d. 

NPN planar epitaxial ultra-fast switches 
*so = 10 or 25 volts 
VCE (SAT) <0.35 volts 
Ts < 10 or 20 nS 
fT > 400 or 1000 Mc/s 
100 piece pricing from 7/6d. 

NPN 1000 Mc/s amplifier and oscillator types. 
VCBO = 30 volts 
hFE > 20 
P.G. >15 dB @ 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 

. t 1 

.. 

4.... . ..... ...::-.-L.: A- :.H-' I • ...1-H-I : 

Frequency: upper trace, programming 
below 

r• 

>1+4  i I t I-I-  I1 I  I I ¿VI  t >1.+4-

Frequency: upper trace, programming 
below 

Single or multiple cycle bursts 

VII  1411  II: 

Single cycle —simultaneous sine and 
triangular outputs 

 ........ 

Multiple cycle —bursts of simultaneous 
sine and square waves 

Phase locked output 

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

— 1-

-I 

---) — 

. 

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

Increased 
output 
versatility... 

Ea wneuterste-suatele 

• 

3103A noeftteet Wit UN{ 

4 / 1 i:  naurrITO• 

e 4, 45 44- _ezel) 
_ 

ô ô 

... 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 Q outputs. These outputs may 

be adjusted independently up to a maximum 
peak value of 15 V. Full data is available from 
your Hewlett- Packard distributor. 
Prices: 
3300A Function Generator 
3301 A Operational plug-in 
3302A Trigger/phase lock plug-in 
3304A DC offset plug-in 

HE WLETT Th  PACKARD 
LIMITED 

£ 215 
£ 8 
£ 73 
£ 81 

Hewlett-Packard Limited 
224 Bath Road, Slough, Buckinghamshire, 
Tel. Slough 28406 and 29486 
Headquarters in USA: Palo Alto (Calif.) 
European Headquarters: Geneva (Switzerland) 
European Plants: South Queensferry (Scotland) 
Bciblingen (Germany) 
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Fast switching 

silicon planar diodes 

BA Y38, BA Y 39 

plus 6 JEDEC types 
Now available for im mediate delivery 

Eight fast switching diodes, designed for use in 
computer logic circuits, are the latest 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 
VVC1. Tel : LANgham 6633. Telex: 22281 

P.I.V. 
1FRM 

max 
trr 

max 
1F-min 

(VF IV) 
Cd 

max 
1Ft 

max 

BAY38 50V 225mA 

750mA 

4ns 50mA 2pF 50nA at 50V 

BAY39 

1N914 

75V 160ns 500mA 7.5pF 100nA at 75V 

25nA at 20V 75V 75mA 

75mA 

4ns 10mA 4pF 

1N916 ' 

1N3064 

1 N3065 

75V 4ns 10mA 2pF 25nA at 20V 

100nA at 50V 75V 225mA 4ns 10mA 2pF 

75V 225mA 2ns 20mA 1.5pF 100nA at 50V 

1 N3604 75V 150mA 

75mA 

2ns 50mA 2pF 50nA at 50V 

1 N4009 25V 2ns 30mA 4pF 100nA at 25V 

Mullard 
p lanar 
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In the forefront ZVI 
E.M.  power supplies 

DANGEg. 
vte.m VOLTACif 

• 
• 

100", TESTING 

Of every feature (including 

temperature coefficient) 

guarantees the performance 

of J. & P. instruments 

OUSE  F ROAD 

EC1FIC kTION 

olts, decade switching. 
mA, reversible polarity, overload trip. 
TEMPERATURE COEFFICIENT 
max. 0.001% C  typical 0.0003% C * 

MAINS COEFFICIENT (drift for 10% 
change). 

max. 0.001 ,  typical 0.0007%  * 
RIPPLE (peak to peak at full load) 

max. 20mV  typical 8mV 
UTPUT IMPEDANCE 
max. 100 ohms  typical 20 ohms 

ACCURACY 0.1°., 

IN TWO YEARS PRODUCTION, 50",„ * 
WERE BETTER THAN THE 'TYPICAL' 

FIGURES QUOTED 

READIN 
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New... 
two further additions to 
the British-made 
range of miniature plug-in 

relays 

VP6.CAB.26 

• 

used and approved 
throughout the world 

%.% !LI 
orb  '16. 

VP8 MAB 26 

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

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

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

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

Fine Silver or Gold Alloy. 

Rated at 1 amp. 30 watts. 100 volts. 

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

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

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

Fine Silver. 

Rated at 5 amps. 100 watts. 220 volts. 

All contacts and conductive materials are 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 to: 

OLI VER PELL C O NTR OL LTD 
CAMBRIDGE ROW • BURRAGE ROAD • WOOLWICH • LONDON SE18 • WOOLWICH 1422 
TA 4181 
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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: 
2 sec/cm to 10 nsec/cm 
Delaying time base sweep duration: 
10 µsec to 5 sec. 
Price: £730 (with dual trace plug-in) 

OSCILLOSCOPE TYPE TF 2203 
Light weight, mains or battery 
operated, fully transistorised. 
Y amplifier : 15 MHz 50 mV/cm 
Sweep speeds :100 msec/cm to 
40 nsec/cm 
Price: £170 

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 
Price: £800 (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, Harts, England 
Tel: St. Albans 59292. Telex: 23350 

m 
An English Electric Company 

IC 329 
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SERCEL DATA SYSTEMS  SERCEL Digital Voltmeters 

A reliable and 

versatile range of 

LOGGERS with 

long-term stability 

is offered to suit 

most requirements. 

A choice of 7 

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%. 

SERCEL offer a matchless range of high precision Digital Volt-
meters with 0.01% 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 
i ndustry. 

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.C.2 

TELEPHONE: WHITEHALL 3070 
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MODEL N.A.T.O. CATALOGUE No OUTPUT 

119.S 6110-99-945-8802 TWIN 0-30v., 0.5A 
125.S 6110-99-945-8801 TWIN 0-30v., 2.0A 
127.S 6110-99-945-8800 SINGLE 0-30v., 2.0A 
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Terry's put life 
into springs 

TERRY'S 
work wonders with springs 

HERBERT TERRY & SONS 
LIMITED 

REDDITCH • W ORDS 

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. 

Light expansion springs 
packed in boxes of three 
dozen assorted. No. 753 
13/6. Also in stainless steel 
—No. 1468. 

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

Tool clips 
in hardened and tempered 
steel. Sizes from r to e. 

Light compression springs 
packed in boxes of one 
gross. No. 757 201, Also 
available in stainless steel 
—No. 1469. 

Spring design and 
calculations 
11th edition — 12/6 
post free. 

Wire circlips 
in sizes from i" to r — 
immediate delivery from 
stock. 

* All prices quoted subject to trade discount. 

* Full range available on request. 

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

Terry's retaining pins 
replace the split pin. Spring 
grip on side holds firm. 
Top ring for easy removal. 
Sizes from f  to tr. 

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 Ill 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 alSove Three, you need help. Get it from Cl. 

Light-Duty 
electro-magnetic 

COUNTER 
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 1 200 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 tha 
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. *Records up to 99,999 and returns to zero. *200/250 volts A.C.. 50 cycles, 4 watts. 
*Variations available to order. in particular 110/150 volts A.C., 60 cycles, and a number of standard D.C. supplies. 
*Type 1 209 (illustrated) —as 1 200 but with flush mounting. 
You would prefer Type 1200 with reset? Then please enquire about Type 1200R as well as the standard, widely 
successful model. 

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

Write or telephone for technical 
information or specific applications 

COUNTING INSTRU MENTS LI MITED 
Elstree Way, Boreham Wood, Hertfordshire. 
Telephone: ELStree 4151. 
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iext time you n a 

Fork Lift Truck 
Power Station Control System 

Vending Machine 
Automatic Lift 

Oil-Fired Boiler 
Automated MachineTool 

Dishwasher 
You will need relays as 

compact, reliable, moderately priced 
and well designed as 

The new D07/D57 
Latest relays in the B & R'D' range, 

DO7 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 

BR.14 
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Feratex 
fe rrit e PHEIGRHMEABILITY 

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 50M c/s. They can be 

supplied ungraded, ungraded and presorted, or graded 

to a + 10% or + 20% tolerance of the nominal turns 

factor AL corresponding to a permeability of 2,000. 

Table of standard types and design constants 

Feralex  O.D. 
Part No.  inches 

I.D. 
inches  inches 

Turns 
Factor 
AL 

*MM620  0.230  0120  0100  0.663 

MM626  0.230  0.120  0.140  0.93 

•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  0.75 

*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  1-59 

MM629  0.750  0.250  0.350  3.90 

*MM625  1-000  0.500  0.250  1.77 

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

ca z z  Please write for further details ( s a e ) 

SALFORD ELECTRICAL INSTRUMENTS LIMITED 
Peel Works, Barton Lane, Eccles, Manchester. Tel: ECCIes 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 

High Reliability Instruments 

WOW 
Eres pro 
METER 

MK — 661D 
SPECIFICATIONS: 

Center Frequency  3 kc 
Input   26 to +10dBm 
Wow Flutter Range  0.03, 0.1, 0.3, 1, 3% f. s. d. 
Weighting Characteristics—as per JIS C555I and CCIR specs. 
Cali b. Osc.  3 freqs. 3kc (+3% and — 3%) 

• Catalog sheet on request: 

MEGURO DEN PA SOKKI K.K. 
(Meguro Electronic Instrument Co., Ltd., 

No. 5, 1, 2 -chome, Chuo-cho, Meguro-ku, Tokyo, Ripon 
TEL: 711-7191 —7 Cables: MEGURODENPA TOKYO 

CAMBION® 
Precision Engineered 

P A N EL a nd other 
H A R D W A RE 

include the following groups : 

HANDLES 

KNOBS 

flat, round, oval, rectangular sections; fixed 
or folding; brass, mild or stainless steel, 
aluminium and fibre. 
collet-action for r and r shafts, caps for 
colour coding. 

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

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

BATTERY HOLDERS  for mercury and other cells. 

Send NO W for FREE Condensed Catalogue. 

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

Standardize on CAMBION. The guaranteed electronic components 
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PZTsandwich transducers go to great depths' 
PZT Ceramic Elements. 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 piezoeleCtric 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 

advice on the use of PZT materials. 

DATA ON SAND WICH TRANSDUCERS 

Frequency Range: 20 kHz - 50 kHz 

Power (Pulsed): 40Wicrnz 

Sandwich Materials: P.Z.T. - Steel 

Q Factor Range: By design 7-40 

Input Impedance 

at Resonance: 31“1 ( 600pF) 

Radiating Area 

of 50 kHz element: 1.100" square 

BRUSH C L E VI T E COMPANY 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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ONLY 
FERRANTI 15100 SERIES 

SILICON DIODES 
HAVE 
ALL THESE 
FEATURES 

•098 INCH 

I 

DIAMETER 
•02 INCH 

DIAMETER 
•02 INCH 

1.0 INCH 
MIN. 

•285 INCH 

f 
1-0 INCH 

MIN. 

ZS 100 SERIES 
— ACTUAL SIZE 

FERRANFutur TI 

43 

o 

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 

E ULTRA CLEAN SILICON DICE — POST ETCHED OUTSIDE PACKAGE 

OTHER SPECIAL FEATURES: 

*QUALIFICATION APPROVAL 
200, 400, 600 and 800 volt versions available 
to K1007 issue 3 under CV7045, CV7013, 
CV7046 and CV7356 respectively. 

* DYNAMIC TESTING 
Reverse characteristics measurement co-
incident with full forward current being 
applied. 

* INITIAL LIFE TEST 
Each device is run at maximum ratings for 
48 hours to eliminate potential failure. 

TYPE NO. (BRITISH SERVICES 
QA No.) 

ZS100 ZS101 
ZS102 
CV7045 

ZS104 
CV7013 

ZS106 
CV7046 

ZS108 
CV7356 

PEAK INVERSE VOLTAGE 
VOLTS 

50 100 200 400 600 800 

MAX. MEAN RECT. CURRENT 
25°C mA 

400 400 400 400 400 400 

MAX. MEAN RECT. CURRENT 
, 150°C mA 150 150 150 150 150 150 

MAX. REVERSE LEAKAGE 
CURRENT  25°C p.A 02 02 02 0 2 0.2 0.2 

MAX. OPERATING el STORAGE 
TEMP. RANGE 

— 55 to +175°C ALL TYPES 

FERRANTI LTD•GEM MILL.CHADDERTON•OLDHAMIANCS.Tel: (061) MAIn 6661 

London Office: Millbank Tower, Millbank, S.W.1. Tel: (01) V1Ctoria 6611  FE 248 
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only £130 buys 
the best digital 

• frequency meter 
hi 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 
sensitivity is 70 mV and the internal crystal stability is 2 parts 
in 105 per day. The multiple period measurement facilities 
enable LF signals to be measured with high accuracy and the 
lour-digit columnar display conibines 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 
operation, the SA.520 measures 8" x 6" x 7" and weighs 
only 7 lb. A full range of Racal transducers is available for 
tachometric measurements. 

For immediate demonstration and delivery, 

phone Brian Cuthew at Crowthorne 3763 or 

write to: ---

G l E g g a n i RACAL INSTRU MENTS LIMITED. 

Dukes Ride, Crowthorne, Berkshire, England. 

Tel: Crowthorne 227213 and 3763. Telex: 84166. Cables: Racal, Bracknell, Berks. 
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geeetreriie gnghue4ng eiettanots 

ASHLAM INSULATION 

,5ynthetïc  esi'n  trrieteet ,t4n4hmtes 

-p 4 per,  k,f6.11e er geass ?áre ce 

(ifriet4 4ee 7esin c..5ys te 'us 

Cepper eta% Litifànates 'met 

ALL LAMINATES CONFORM TO 

RELEVANT B.S. AND SERVICE 

SPECIFICATIONS 

MICA L MICANITE SUPPLIES LTD. VerCte ¡err teehnied e4t4etgete te 
BARNSBURY SQUARE  :: LONDON, N.1. 

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

Consult ETHER 
for SOLENOIDS 
Ether make solenoids for any and every 
application. If we can't supply off-the-shelf 
(and we have a very wide range) we will design 
solenoids to your specifications. 

‘. TALK SOLENOIDS WITH ETHER S, 

arum* 
ETHER LIMITED, General Products DiVision, Caxton Way, Stevenage, Herts. 
Telephone: Stevenage 4422. Telex: Ether Stevenage 82319. 

G M, 
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High accuracy, wide range, low cost. These are among the many 
advantages of MINITI ME. Comprising a pocket size black moulded 
case with contrasting front panel and 3' meter. MINITIME is designed 
to measure the time interval between the opening and/or closing of 
contacts, or width of pulses in active circuits. Range: 1 milli-second 
to 10 seconds. 

Send for explanatory leaflet to our 
Agents: Hird-Brown Ltd., Bolton; Sen-
corn  Ltd.,  London;  Jiveco,  Paris; 
S.P.R.L. Pol Francois, Belgium; or 
directto A. G. BRO WN ELECTRONICS 
LTD., LO WER MILLS, BUSBY, GLAS-
GO W, SCOTLAND. 
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trimmer pot problems? 

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 Rivlin" 

YORKTOWN INDUSTRIAL ESTATE, DOMAN ROAD, CAMBERLEY, SURREY. 

,CAMBERLEY 21107/8) London Office: 687 Finchley Road, N. W.2. (Swiss Cottage 3038) 
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+ + + MARCONI INSTRUMENTS 

WIDE RANGE OF EQUIPMENT 

FOR AUDIO + + IMPEDANCE + 

+ FREQUENCY SWEEP + + + + 

+ + FREQUENCY AND TIME + 

+ + POWER MEASUREMENTS + + 

R.F. PO WER 
MEASURE MENT 
RF Power Meters TF 1020A series 
0 to 100 W.  D.C. to 250 MHz. 
Price: £110 

FREQUENCY Et TI ME 
Counter/Frequency Meter TF 1417/2 
Measures: Frequency up to 10 MHz, 
Waveform Period up to 5 MHz, 
Time Intervals down to 0.2 µsec. 
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 µH to 110 H 
Capacitance: 0.5 pF to 1,100 µF. 
Resistance: 0.0111 to 11 MD. 
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 INSTRU MENTS LI MITED 
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OFFER IMMEDIATE DELIVERY 

AUDIO EQUIPMENT 
TF 2160 Series Attenuators 
0 to 111 dB, D. C. to 550 kHz. 
Prices: TF 2160 £120, TF 2161 £100, 
TF 2162 £55 

Wide Range RC Oscillator TF 1370A 
10 Hz to 10 MHz sinewave, 10 Hz to 100 
kHz squarewave, Less than 1% 
distortion, 31.6 V output up to 1 MHz. 
Price: £275 

MF Transmission Measuring Set TF2333 
Signal Source 30 Hz to 560 kHz, 
Attenuator 70 dB in 1 dB steps, 
Level Meter -70 dBm to +25 dBm. 
Price: £-335 

Sensitive Valve Voltmeter TF 2600 
I mV f.s.d. to 300 V f.s.d., 50 Hz to 
5 MHz. 
Price: £121 

Wave Analyser TF 2330 
(Selective Voltmeter), 20 Hz to 50 kHz 
tuning range, 6 Hz bandwidth, 65 db 
rejection at 40 Hz off tune, 30 ¡IV to 
300 V voltage range. 
Price: £550 

RC Oscillator TF 1101 
20 Hz to 200 kHz, Less than 0.5% 
distortion, 0 to 20 V into 6000. 
Price: £145 

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

DECE MBER 1966 

Distortion Factor Meter TF 2331 
20 Hz to 20 kHz tuning range. 
Reads harmonics up to 100 kHz. 
Measures distortion down to 0.01%. 
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 ratio. 
Price: £1,40 

IC 326 
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the most efficient 
the most productive 
the most compact 

BASIC COIL WINDING UNIT 

THE AU MANN 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 ?—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:— 

R. H. C OLE ELECTR O NICS LT D. 
7/ 15 L A N S D O W NE R O A D • C R OY D O N • S U R REY 

T EL: M U NI CI P AL 4 411 

AU MANN 

more 
than 500 
switches 
—this is the current 

NSF/CUTLER-HAM MER 

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 swircii 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 S erP 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.) 

NE W MARKET TRANSISTORS LIMITED, 

EXNING ROAD, NE WMARKET, SUFFOLK 

TELEPHONE ONE 8 3381 

Current 
gain spread 
of 16 to 1 
from new 
NKT 400 
industrial 
series power 
transistor 
(THAT'S THE NARROWEST 
GAIN SPREAD 
IN THE BUSINESS!) 

Newmarket 
TRANSISTORS LIMITED 

Exceptional reliability 
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 VcE30  of 90V 

NKT 402 High-current, medium-voltage power switch with VcE  of 50V 

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

NKT 404 High-gain, medium-voltage power amplifier with hFE  of 50 min. 

NKT 405 Extra-high gain, medium-voltage power amplifier with hFE  of 
100 min. 

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

NKT 420 Extra-high-voltage, general-purpose power amplifier with VciEto  
of 120V. 
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TEN MICROVOLTS FULL SCALE 

TEN PICOAMPERES FULL SCALE 
WITH TRUE FLOATING INPUT 

Type MV-07C DC Micro-Volt-Ammeter 

DC MICRO.VOLT.ANIMETER 

This is an instrument capable of measuring as low as 

11N. and 1ppA. 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. 

• 17 voltage ranges— ±10pV to ±1000V f.s.d. 

• 17 current ranges— ±1OppA to ±1mA f.s.d. 

• Accuracy generally ±1% for volts, ± 2% for 

current ( ± 4% on most sensitive ranges). 

• Noise—below ±0.5pV referred to input. 

• Output— ±1-25V at f.s.d. (1-4 mA). 

• Price—£210 net. 

• Delivery—normally ex stock. 

ALSO NOW MADE IN ENGLAND— 

Type MV-28B R.F. Microvoltmeter-10kc/s-

1 -2Gc/s, lmV full scale on most sensitive range. 

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

TA427I  IDefi 
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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 
Röntgen 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, 

No. 466 

after much campaigning 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 U.S.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 difieren  da! 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 voltage is used to provide a logarithmic pressure scale, being 
indicated 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 hexafiuoropropylene (mass 150) as well as with gases having intermediate 

molecular masses. 

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

AN oscillating vane molecular vacuum gauge has been 
developed in which the damping of the vane due to 

the gas is proportional to the pressure and the square-root 
of the molecular mass of the gas. In early types of 
viscosity gauge, the damping, and hence the pressure, were 
determined by measuring the time taken for the ampl:tude 
of oscillation to fall to, say, one half of its initial 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 10-4 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 
lmm 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 q. The fixed plates have a length 
of 2 s and are bent to a radius of (1+ d) to maintain the 
separation d, the bottom of the vane oscillating at a radius 
of I. 
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. 

e-oWZ  
C =  d    (1) 

where so = permittivity of free space and z = length of 
overlap given by 

z = q(1 -I- /0/s)   (2) 

where 0 = angular displacement of the vane from the 
vertical. 
The rate of change of capacitance will be 

eowlq 
dC1d0 = (eow 1 d). (dz1d0) —    (3) 

sd 

Fig. 1. Capacitance system 

which is constant. The restoring torque due to gravity 
acting on the vane will, for a small displacement 0, be 

To = mgr0   (4) 

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 

TD = Pr2(dC/d0)   (5') 

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 0 is 
obtained: 

= V2mgrOsd  
V  (6) 

e.w/q   
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If the angle 00 represents the initial deflexion of the 
vane at a time t = 0 then the energy stored in the system 
is 

wo = T00. = mgr0.2   (7) 

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 

V.G. 

LIMITER -111.- DISCRIMINATOR 

Fig. 2. Amplitude sensing unit 

AMPLIFIER 

equal to the period of oscillation 7  the amplitude will 
fall to 

9,- = Boe-ar   (8) 

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

w,  mgr0,2   (9) 

The loss of energy during this period will be 

wL -= wo — w„ = mgr(0.2 — 0.2e_ ) = w0(1—e- ) .. (10) 

If the damping is small then 1 e-2ar  2ar hence, the 
energy loss per cycle is 

wa - 2arw0   (11) 

For the vane to be driven at constant amplitude Bo it 
will be necessary to make up this energy loss every cycle. 
If the voltage required to produce a steady deflexion 
û o is V. then the energy stored would be proportional to 
V02, thus the voltage required to maintain a constant 
amplitude must be 

V.V 2dr   (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 y is also proportional to 
these entities, hence a measure of y could be used as a 
measure of gas pressure. 

For the gauge used the calculated dimensions were 
m = 96.8mg,  r = 6.79cm,  r =  0,523sec, d = lmm, 
q = s = 2-5cm, w = lcm, 1 = 10cm and Bo = 0.15 radian 
hence using equation (6) yields a value for V. of 1 475V. 
The decay constant a has a calculated value of 28.3 P 
where P = pressure of air in torr, hence for air at 10-5 
torr the required drive voltage V from equation (12) is 
24.9V. 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 

Vol/ [27(a + an)]   (13) 

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

and it was not measured until the control system was 
in operation. 

The Amplitúde 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 Co corresponding to the 
centre position of the vane so that 

C = Co + Coisinwt   (14) 

where C. = maximum change of capacitance due to the 
displacement of the vane. C. is proportional to the dis-
placement 9 and thus gives a measure of the amplitude of 
the oscillation. A method of measuring C. is necessary 
and could take one of the forms: 

(a) The capacitance could be used to modulate a carrier 
oscillator producing a frequency modulated signal 
with a deviation proportional to 0 at a rate equal 
to the vane frequency (.0, which is demodulated 
to give a voltage proportional to O. 

(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 0. 

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

Hurd and Corrite 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 pei-iods 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. 

(c) 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 
unsuitable'. 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 Gouriet6 and is essentially an inductance-
capacitance version of the crystal oscillator. By making 
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LT very large, CT small, and both C1 and C2 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 LT and CT in series and may easily be 
analysed from a generalized oscillator circuit' giving the 
conditions of oscillation as 

U102 — 
LTC2 

[1 + (R  + (C21  + (C21 CT)] 

gm + 1 I +  1 raCr  
Ci(C2R + In! ra)    (15) 

where (,),, = oscillator frequency, 

R = resistance of coil of inductance La 

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 

(Lbe  
Af = (df 1 dC) . Cm • =    (16) 

47rCT2  

where C' is the equivalent of C1, C2 and CT in series, 
and CT includes the gauge and lead capacitance. For the 
system used the maximum value of Af is about 1 850c/s. 
The corresponding output from the discriminator should 

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

be about 30mV peak, according to Scroggies 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 féedback loop is shown as a block diagram 
in Fig. 4 and in this form was intended for manual 
adjustment. Let k1, k2, k3 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  f=k1. C. 

The output from the sensing unit is V1 = k2Af which 
is fed into the drive unit. A square-root circuit gives an 
output of V22 = k3Vi and is necessary to make the system 
linear. The voltage V, is applied to the driving capaci-
tance of the gauge producing a torque TD ---= k4V22. The 
deflexion is O = k5T producing a change in capacitance 
AC = k60. The condition for oscillation is thus 
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kilc2k3k4k2k6 = 1   (17) 

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 1 dB cc 1/ VC and 
equation (2) becomes 

z = q(1  1.815 / 0/s)2/'   (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 possible9 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 RVi 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 
dC1c10 is positive since the capacitance -Wilds 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 
RVi 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 
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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-
fier 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 RV2, 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 
maximum gain at the 
highest  pressure.  By 
means of both RV,. and 
R V2 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 Pi and will 
decrease to a value 
0 (1 — x) at the highest 
pressure P2 due to the 
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increase in gas damping. If V1 and V2 are the correspond-
ing drive voltages then 

t9= k4k3' V12 and a(1 — x) = k4k5 V22 

where 1(3 cc 11(P2-+-Po) and k'all(P1-1-Po), Po being the 
pressure equivalent of the suspension damping, whence 

+ Po  
1— x — . (1/  22 1 V12)   (19) 

P2 + Po 

When the pressure is P1 the output from the sensing unit 
is y but this falls to y (1 — x) at a pressure P2 so that if 
the gain of the drive amplifier is Ai and A2 at low and 
high pressures respectively then 

VI cc Ai V v and I/2 cc A2 V [v(1 - 41 

the square-root being taken by the square-root circuit 
preceding the amplifier. Substituting in equation (19) gives 

+ P. 
All Az =  — P2 +    (20) 

If the control voltage applied to the grid of the variable-mu 
valve is V, which is zero for a gain of A2, then 

Ai = A2 exp (bl/g)   (21) 

where b is a constant applicable to the valve used. Sub-
stituting for Ai/A2 in equation (20) from equation (21) 
gives 

Pl Po  
V, -= (1/2b) In    (22) 

This voltage is derived as the algebraic sum of the refer-
ence voltage VII and the output from the doubler-rectifier 
and amplifier which will be Mv where M is the gain of 
the circuit. Thus V, = VR— MV and if Va = Mv(1 +x) 
at pressure Pi it follows that Vg --= — Mvx. Since V, is 
fixed by equation (22) and y 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 =0-1, 
v=1.5V, M =200, P2=10-', P1=10-6 and P0=3-8 X10-6 
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. 

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 R VI 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 R VI is operative. The amplitude level is 
derived from Amplifier 4 via a doubler-rectifier, the 
release level being set by R V3. 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 C4 in the 
oscillator circuit and is only necessary if the lead from the 
oscillator to the gauge is altered in length. 

In the A position the valve-voltmeter reads a voltage 
which is proportional to the vane amplitude, the most 
convenient point being the input to R V3. For amplitude 
decay measurements the drive is removed by means of 
a switch Si.-Sib 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, Si.. 
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-

Fig. 8. Starting trigger 

Fig. 9. Valve-voltmeter 
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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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calibration system and will be described elsewhere". The 
gases with which the gauge was used ranged 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 grid 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 maintained, 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 
104 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 /ZVI and RV, to enable the lower limit to he 
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 

0.1°K 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 français: 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 investigatedu. 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. I. 
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 VT8 and 
the base of VT,. 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 
VT8 is attenuated by a factor of 1 000 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 lmV at R = 2200 to 
2mV at high resistance. The power dissipated in R there-
fore varies from about 0.5 x 10' W at higher tempera-
tures to about 0.5 x l0-3 W at lower temperatures. The 
oscillator loop is completed by the wide band amplifier 
consisting of transistors VT, to VT6. The voltage gain 
to the collector of VT, is set to about 1 000 by means of 
the preset potentiometer and the emitter-follower VT6 
gives a current output to the base of VT, via a IkS2 series 
resistor. 

The oscillator frequency is continuously monitored by 
a digital counter connected to the collector of VT8. 
Various thermometer resistors may be examined easily 

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

1 

271- V (Ce2R1/22) 

where Ci = C, -= 0-022,uF 

Rl = 270 -I- 43 = 313n, 

Ry is the temperature dependent resistor in parallel 
with 221d1. 

Therefore: 

(1) 

f = 406/ VR2kc/ s   (2) 

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 
mon 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 

RESISTANCE (Ü) 

AMBIENT TEMPERATURE 

EFFECTS 

H. T. VOLTAGE 

EFFECTS 

390 

2-2k 

6.8k 

8 in 10"/°C 

4 in 10*/°C 

3 in 10V°C 

1 in 103/Volt 

1 in 103/Volt 

1 in 103/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 1 002, 22012 nominal, PV; 
since the range of resistance obtained is about 400S2 to 
61(1). 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. 
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 

S()OCOQILLATR FREUENCYki  sc 

THERMOMETER RESISTANCE (k(l) 

Fig. 2. Relation between oscillator frequency and thermometer resistance 

Fig. 3. Typical resistance thermometer characteristics for certain Speer and 
Allen Bradley resistors 

(1) Speer 2200 0-5 W grade 1002 
(2) Speer 1000 0-5 W grade 1002 
(3) Allen Bradley 470 0.125 W 
(4) Speer 270 0-5 W grade 1002 

(5) Speer ma 0.5 W grade 1025 

10 

0-01 

2 

4  3 

5 

01 

TEMPERATURE (°K) 

10 



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 47n IW 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 0.01,uW 
at 4°K was chosen. The curve for the Allen-Bradley 
resistor in Fig. 3 shows that the resistance range expected 
is from 60S2 to 600(.1. A frequency range of about 200kc/s 

FR
E
Q
U
E
N
C
Y 
( k
c/
s) 

FR
E
CI
U
E
N
C
Y 
(k
a
s) 

100 

10 

01 

700 

600 

500 

400 

300 

200 

100 

o 
4  6  8  10  12  14  16 

10 

TEMPERATURE (°K 

Fig. 4. Calibration curve for 0.1°K to 4°K 

(Speer 220n 0.5 W grade 1002) 

Fig. 6. Calibration curve for 4°K to 20°K 

(Allen Bradley 47() 0.5 W) 

TEMPERATURE(°K) 

ELECTRONIC ENGINEERING 

18 20 22 

780 

rn 
o 

á 
c 

o 

 IVV\,  

 N.A.A/••  
cl 

DECEMBER 1966 

lu-

< 
CD  I/. 
4.  1 
cn  N 

0 

cl 
o 

o 
o 

..N.AX/\., -• 

4  



TABLE 2 

Frequency Stability 

THERMOMETER 
RESISTANCE (û) 

AMBIENT TEMPERATURE 
EFFECTS 

H. T. VOLTAGE 
EFFECTS 

56 1 in 104/°C 1 in l0/ Volt 

180 3 in 105/°C 3 in l0/ Volt 

560 1 in 10/"C I in 103/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 

Input 
from 

oscillator 
fig 2 

Fig. 7. Meter circuit for 200kc/s to 700kc/s 

impedance of about 2L.Q. 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 VT1, 
and squared by the Schmitt trigger VT2 and VT3. The 
output from the squarer triggers an emitter coupled mono-
stable multivibrator which gives a fixed output pulse 
length of just under 1,usec. 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 

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 oscillator technique is that 
measurement of frequency may be carried out auto-
matically over a period of 0-1sec 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 

30V 

150pF  AAZ13 

accuracy is required (e.g. 1 in 105 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 105. 

(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 français: 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 
computations2 to be carried out at rates varying from 
seconds per cycle to kilocycles per seconc13,6•5. 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 A and B and feedback element Zo. 
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-
volved in switch design for three different types of 
electronic switch, considering all three to have similar 
switching speeds. 

Diode bridge switches are the cheapest, can handle 
larger signal levels, and have better switching spike 
characteristics6. The principal disadvantage is the require-
ment to provide anti-phase control pulses. However, the 
six diode bridge' eliminates the necessity for absolutely 
symmetrical pulses to the switch, and a further modifica-
tion2 (Fig. 2) reduces the leakage errors at the expense 
of two more diodes. 

Substitution of solid state switches for 
contacts A and B involves consideration 
of the problem of direct switching and 
feedback switching. 

DIRECT SWITCHING 
An electronic switch, replacing con-

tacts A in Fig. 1, will tend to intro-
duce severe errors in the output due to 

* The Queen's University of Belfast. 

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. 

Fig. 1. Mode-switched amplifier 

Fig. 2. Modified six diode bridge switch 

TABLE 1 

Zo = Co Zo=Ro 

Closed 

Open 

Contacts A Open Open Closed Open 

Contacts B Closed Open Open Closed 

Amplifier 
Mode 

Track 
or 
Reset 

Hold 
Integrate 
or 

CCoommppuuttee   

Summer 1 

Change over 

Summer 2 

Switch 

TABLE 2 

FORM OF 

CONTROL PULSE 

FOR WARD 

RESISTANCE 

BACK RESISTANCE 

OR LEAKAGE 

OFFSET VOLTAGE 

IN 'ON' STATE 

Balanced to 
Zero 

Diode 
Bridge 

Antiphase 
Symmetrical 

<500 <10nA 

Transistor Single <500 <10nA <5mV 

F.E.T. Single loon-.5kû >109n Very small 
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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) Co. This can be 

(a) 

Eg 

Driver 
amplifier 

Switch 

On- R.„ 

Off- .0 

5.1 

o 

Main 
amplifier 

A(p) 

Zg' 

Fig. 3 (a). Electronic mode-switched amplifier 

(b). Equivalent circuit of electronic mode-switched amplifier 

excessive; for example, using typical components with a 
compute time of lmsec the reset time-constant is 50,usec. 
Consequently a driver amplifier, acting as an impedance 
transformer in series with the switch, is required to reduce 
the reset time-constant2,9, typically by a factor of 103. 

With reference to Fig. 3(a) the function of the driver 
amplifier is to effectively short-circuit the input and feed-
back currents through Z1' and Zo' 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 A 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, 

are prevented by diode limiters at the driver input (see 
Fig. 3(a)). 

Unbalance and offset effects are reduced by feedback 
action. One disadvantage of feedback mode-switching 
is that the inclusion pf 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 

(c) 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. 

LOOP A NALYSIS 
Consider a linear feedback loop represented by the 

signal flow graph of Fig. 4(a). 

The overall output C is given by: 

c  w  Ap  r 
1— As 

: 

. r  Ufa. 

(- 1)  
C = Wc 1 + 1/T . r  W4 

where C = overall output 

r = reference input 

d =- disturbance referred to input 

Wr = desired transfer function 

Wd = disturbance transfer function 

T = —AO =- return ratio" 

Now the desired input/output relationship is: 

C4 = — Wr . r 

Hence the error  =  Cd C consists of two components: 

(1) Difference between desired and actual transfer 
functions: 

Ap  

1— AP  d 

(-1)  
1 +1IT .d ....(1) 

er = 1   Wr ( - 1 -F   Wr .• 
1 + 1/T ) 

(2) Output due to an unwanted disturbance: 

(-1) 
Ed = W d 

1 + 11T 

(-1 )  
1+ T 

It is clear that lerl Œ 1,17,(11T)) 
for T  1 

144 cc W4 

At the same time to ensure stability of the loop, the 
Bode plot of T must have adequate gain and phase 
margins. 
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A.. 
1 — A(p) pi 

Note: Zg and Zg' represent the input impedances of the 
driver and computing amplifiers respectively and should 
be large compared with Zo',  Zo, Zi'. 

An upper limit of the values of Zo',  Zo, Z1 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 R. shall be very much smaller than the com-
puting impedances Z o', Z 1' and the track! reset impedances 

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 Xi' 
represents a disturbance input which must be rejected. 

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

cc(p) Zo' A.P.. 
T —    (2) 

11/,. =-- Z0/Z1 

W d 

a(P) Z1' Pon 
where p. = (1 + (Z,/ Z1) + (zoizg)i and is the feed-

back factor for the track input Xi. 

+ ROO 

Z g +  R oo 

pi = (I -I- (Zo' I  + (Zo' 1 Zg') 
Z. + R.0 

and is the feedback factor for the computer X0'. 

A(p) 

rig. 4 (a). Flow graph of linear feedback loop 

(b) and (c). flow graphs ef electronic mode-switched amplifier 

Wd 

(a) 

(b) 

Z,-F R., 

Zo, Z1. This latter condition, by increasing T and reducing 
Wd, serves to reduce both error terms er and ea. 

Typical values gives the  ratio /1,./[31z-- 100 when 
= 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 er is maintained with the same ordet 
of accuracy as normal dynamic errors in computation. 
Although Œ(p) appears in both expressions for T and W d, 
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. +  (< 50f2), 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. 

ce(P) ZO' A.Pon  
T = 

Z„  R,,,i 

Now with Zo = Zi = R <Zg, 

Pon is independent of frequency. 
Hence: 

T CC ei(p) Zo' Aon 

R On 

And with (z. + Ron)< zi', 

+  f n. ) -1  
...OD 

Put: 
Zo'  

G(P) — • Ao. 

where G(p) is the transfer function of the computing 
amplifier with feedback Zo' and input (z. + R..). 
When (Z. +  < Zo', G(p) approximates to the open-

loop transfer function of the main amplifier, A g / (1 + pri). 

If a(p) is considered to have a second order frequency 
response characteristic, then since: 

T = l(p) G(p) 

the bandwidth of ct(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 
rx(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'. 

Design and Performance of the Electronic 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 Ike/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: 

Fig. 6. Oscillographs showing performance of mode-control unit 

(a) 
Upper: Integrator reset 
5V /cm : Suseckm 

Lower: Control pulse ±10Y 
10V /cm : Susecicm 

(a) Maximum signal level 
±60V 

(b) Maximum current output from the main amplifier 
4mA. 

(c) Maximum compute/reset frequency of lkc/s 

(d) Maximum sample or reset time of 100,usec 

(e) Main amplifier open-loop gain-bandwidth product 
of 4.5Mc/s 

(f) 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 circuit2, 
both elements being capable of delivering 4mA, which is 
the rate limit introduced by the main amplifier. 

DRIVER A MPLIFIER 

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 --:-- lmn (>4 = Z1 = = lookn) 
(b) Output impedance  112 (<R.0 = 5012) 

(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 Zg nul in parallel with 15pF 
Output impedance Z. 

Bandwidth  5Mc/s. 

PERFORMANCE OF TIIE M ODE-CONTROL UNIT 

A hold capacitor of 1 000pF is required to meet the 

Fig. 5. Driver amplifier circuit 

+12V 

—12V 

(6) 

Upper: Track hold output 
Track period 800usec 
Hold period 200usec 
5V /cm : 20usecicm 

Lower: TracklHold input 10kc/s 
Sine wave 

5V/cm : 20usecicm 

60 

Main amplifier 

40 

20 

0 

—20 

—40 

(c) 

Upper: Output as 
s.p.d.t. switch 
5V/cm :Susecicm 

Lower: Control pulse 
±10V 

¡0V/cm : Susecicm 

10k  100k  1M 
((cis) 

Driver amplifier 

10M 

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: 

Wr 
164 =  +  7, — 1/139 = 0.72 per cent 

while the error due to a computer input  is given by: 

led' = Wd   + T- 0.001 X 138  139  r_t--• 04 per cent. 

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 lmsec 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 

(A) ITERATION  SCHEMES  USING  DIRECT  AND FEEDBACK 
M ODE-S WITCHING 

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 problem'.6: 

X.14(0) = X.(0) -F A(Xu) sgn 
where X.(0) = initial condition at start of nth  iteration 

cycle. 
iteration step calculated during the nth 
iteration cycle. 

perturbation amplitude. 

The scheme of Fig. 8 is more economical ip its use of 
computing amplifiers but the inputs to integrator / 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 U NBALANCE IN DIRECT S WITCHING OF AN 

OPERATIONAL A MPLIFIER 

(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 ' 
/21 = forward resistance of the diode 
Ro = series feed resistor for supply voltage. 

E —  R1/2 (R7 -I- (R112))   
Eu 

Rf (Ri + (R112)) + R, (R, + R1) 
eo = —E .(212,1Ef) 

Desired final 
value 

X„ (0) 

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

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

Desired final 
value 

(a) (b) 

(e)  (d) 

Fig. 10. Computer schematics and equivalent circuits for direct electronic 
switching 

Rs (Ri + (R1/2))   
.'• eo —  . Eu 

R1(121 + (Rf12)) + R2 (Ri 
Typical values:  RI = R2 =- loan 

R1= 2000, Ro = 1.8k0 
R2  

.*. eolEu — 
R1 + Ro 

giving eol E. -+- —50 

i.e.: the effect of slight unbalance of the bridge supply 
voltages is severe when switching takes place at the virtual 
earth. 

(ii) When switching takes place before the input resistor 
RI as in Fig. 10(c), the switch is again replaced by its 
equivalent circuit, Fig. 10(d). 

E — 
Rf/2 (RI -I- (Rf 12))   

(Ri + (12112)) + Ro(Ri + R1) 

eo = —E   
(Ri + (Rf12)) 

R2 (RI12)   
.*. eo =    . Eu 

Rf (R1 + (RI / 2)) + R. (Ri + Ri) 
Again RI, R2  R1, Ro and using values as in (i) 

e, /E, = (RO / RI) •   
121 + 2Ro 

.*. e,/E, —0.049 

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

Modulated Waves 
By J. F. Young*, C.G.I.A., A.M.I.E.E., A.M.I.E.R.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 difierent 

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

(Voir page 831 pour le résumé en français: 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, 

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 

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 
must both be considered. This 
is unfortunate if the object is 
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 
Gi and G2 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 wi, amplitude V and unity mark-to-
space ratio, the Fourier expression is: 

A = y2 = (V/ 2)+ (2V/ 7) (sin wit + 
(1 /3)sin 3wit+ (1 /5)sin 5wit+  )   (I) 

A second wave having the same amplitude V but a 
different angular frequency (02 is: 

B = v2= (V/2)+ (2V/ r) (sin wit + 
(1 /3)sin 3w2t+ (1 /5)sin 5w2t+.  )   (2) 

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 

o  o 

✓  0 

O  V 

✓  V  V2 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: 

A.B.r---viv2=(112 / 4) 

+( 72 /7r) 

+ (4V2/ r2)[sin wit 

+(l / 3)sin 3wit 

+ (1 / 5)sin Sunt 

[sin wit+ (1 /3)sin 3wit+ (1 /5)sin 5wit+ (1 /7)sin 7wit+ . . . 

sin w2t+ (1 / 3)sin 3w2t+ (1 / 5)sin 5w2t+ (1 /7)sin 7w2t+ 

. sin w2t+ (1 /3)sin wit. sin 3w2t+ (1/5) sin wit . sin 5w2t+... 

. sin w2t+ (1 /9)sin 3wit. sin 3.2t+ /15)sin 3wit. sin 5w2t-1-

. sin wit+ (1 / 15)sin 5(01. sin 3w2t+ (1 /25)sin 5wit . sin 5w2t+.. 

  (3) 

• The University of Aston. 

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)  +(V2/4)  O 
+(V/2)  —(V/2)  -(V2/4)  1 
—(V/2)  +(V/2)  —(V2/4)  1 
+(V/2)  +(V/2)  +(V2/4) 

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 Wat . sin (Da = I cos (wa—we)t—  cos (4.0a+ wa)t 

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

2V2/7r2 [cos(0,1 -- wa)t+ (1 /9)cos 3(wi —032)t-1-
(1/25) cos 5(wi —(02)t  ... 1 

This is the Fourier expansion of a triangular wave with 
repetition angular frequency (0m—(2). 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-

HORIZONTAL' RECTANGULAR WAVE 

Fig. 2. Chessboard derivation of vraveshape 

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 

the slope of the line must be changed from 45° to tan-1 
fl/f2, where h and f2 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 

Rectangular o+ 
wave I, 

Rectangular o 
wave I,  _ 

Product 
wave 

Rectangular 
wave 

generators 

.4-

Fig. 3. Product of two rectangular waves 

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 units2. 

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 

AND 

AND 

Fig. 5. EXCLUSIVE-OR logic 

Out put 
wave 

Fig. 6. Simple clamped demodulator 

OR 

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 
By M. Pacák* 

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 10-4 in eight hours, the short-
term stability ±21 X 10-4 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 français: 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. 

practically zero to several amperes according to the power 
elements used, with the relative stability remaining the 
same and being better than 1 : 10 000. 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 R1, R2 for the voltage stabilization, or a 
reference resistor RI 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 D b  and con-
nected to the main circuit by a 1 + IL) divider. The 
following cascade, VT2, VT2' and VT2", controls the 
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Fig. 2. Stabilizer performance 

(a) Run-in period, stabilized voltage time record for three values of 
temperature compensating resistance 

(b) Long term stability, recorded for 8 hours 
(c) 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 0.5µF ensure the 
dynamic stability and fast stabilizer action. 
For attaining good overall stabilization, several com-

pensating arrangements were adopted. The resistors 121 
close the small positive feedback loop in the amplifier, 
raising substantially its amplification and therefore the 
regulation quality'. 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 Ro, 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 121 is adjusted till the arising stabilized 
value variations decrease or vanish. 

The resistor Rt connected in the base lead of the 
transistor VT1 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 Rt is then changed to obtain only 
a short and indistinct run-in stabilized value variation. 
The correct value of Rt is influenced a little by the divider 
RI, R2 and therefore the compensation may be exactly 
set only for one chosen value of the stabilized voltage. 

The resistor Rb 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 Vb. — The resistor Ro, bypass-
ing the reference cell, discharges it by some 20/.4A and 
compensates the charging effect of the transistor base 
current, which otherwise causes irregular change of refer-

ence voltage which reproduces itself 
proportionally in the stabilized value. 
After proper adjustment of positive 

feedback loop gain the stabilizer static 
parameters approach closely to their 
ideal values, e.g. the output resistance 
of the voltage stabilizer tends to zero 
within a limit of one milliohm or so. 
However, the usual copper leads to the 
load add some 20mn for each yard of 
length. To prevent this stabilizer quality 
degradation, one may connect the refer-
ence circuit not as usually into the 
stabilizer circuit, but as shown in Fig. 1, 
through separate ' potential ' leads to the 
load terminals. In this way the lead re-
sistance is completely eliminated by the 
regulating action. 

For voltage stabilization the output 
voltage V2 is adjusted to the desired 
value by means of the resistor R2. If a 
single value of V2 is desired, the wire-
wound fixed resistor R2 should be used, 
giving the best precision attainable. If 
a ready and continuous adjustment of 
the stabilized voltage is desired, a pre-
cision variable resistor should be used as 
R2, enabling a direct proportional change 
of V2. 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 V1 must be changed to ensure the power 
transistor voltage VT remains in proper limits. A Zener 
diode Df 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 RT, 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 
Rt., 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 10-6 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 100/1V i.e. 2.5 X 10-6 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 
0.1V or so. 

REFERENCE 
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A Variable Gain Amplifier 
By S. Ghosh* 

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 831 pour le résumé en français: 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-

In Out 

Fig. 1. Amplifier wi h emitter degeneration 

RE = external emitter resistance 

R  = 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 

A. = 
RE + re 

where re is intrinsic emitter resistance. 

The gain of this stage will vary inversely with RE 
provided RE> re. However, this simple configuration 
suffers from the disadvantage that RL 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 

RL 
(1) 

RF + RE 
Ay =    (2) 

RE 

Therefore the gain can be controlled by varying RE 
provided that RF RE. As however RE is increased gain 
asymptotes towards unity. 

This difficulty can be overcome by replacing the first 

* Standard Telephones & Cables Ltd. 
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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 --= RE/ RE   (3) 

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

In 

Fig. 2. Feedback pair 

R  = feedback resistance 

In 

Fig. 3. Modified feedback pair 

Out 

Out 

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 VTi. 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. 
VT2 in Fig. 3 has been replaced by a pair of transistors 

for large loop gain. Also pnp transistors have been used 
so that the 101(0 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 C1 or other networks in its 
place. Low frequency performance is determined by 
capacitors C2 and C3. 
For large values of RE, the shunting effect of the output 

capacitance of VT3 becomes significant and may cause 
a high frequency peak in the frequency response. For 
large bandwidth, therefore, VT3 should be chosen so that 
its output capacitance is small. 
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Fig. 4. Variable gain amplifier 

+12V 

  I474F  0 111F 

V405A  2.2'IF 
I  C, 

Performance  Hence voltage gain A, =  V,.  RS/RE if Ai is large 

(a) Gain Variation—As RE is increased from 121) to    (6) 
201d2 gain of the amplifier is reduced from +58dB to 
—6dB almost exactly according to the relation given by  From equation (4), the input impedance R., looking 
equation (3).  into terminals XX can be estimated. 

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

(c) Maximum Output-2.5V peak. 

(d) Input Impedance—Over the range of gain variation 
as in (a), the input impedance varies from 2kn to 5.81(1-2. 

(e) Output Impedance—Over the same range of gain 
variation, the output impedance changes from 300S2 to 
1001-2. 

(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. 

Vi. = RE(if + i01) RE  
RL RL where K = ' Z being the impedance looking 

= ic2 — Ai in RF + RL RF -F RL RE + Z 

yin 

Fig. 5. Circuit for analysis 

Ri. = V15f ii = 

RL  
R e  ( 1 + A1  RF + RL)-= ROO + 

2 

Vo.t 

(7) 

where si = common emitter current gain of VT1 
and Ai' = loop current gain with input short-circuited. 

To estimate output impedance, RL is replaced by a 
voltage source V1 and Vi, is replaced by its appropriate 
source resistance. 

With this arrangement, 

h= V IRF 

Kir 

into the emitter of VT1. 
where A, = effective current gain from collector of VT1 

and ia = A,K(VIRF). to collector of VT2   

RL   
Therefore, Vi. = RFici  1 + Ai  RF + RL)   

(4)  Output impedance is therefore 

V  ==.  RF  .-_--—  RF  
RERL R .=  if + i..2 1 + A,K 1+ Ai" 

Also  V. = Ado].  (5) 
RF + RL   where Ai" = 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 1 nsec per logic level. Initial measurements indicate that the sum generation 

time for words containing 16 bits is approximately 5Onsec. 

(Voir page 831 pour le résumé en français: 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 schemes1.2. A more 
direct solution, initially employed by Kilburn et al.3 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 sk and ck are respectively the sum and carry digits 
from the !eh stage of an adder when the three inputs to 
this stage are xk and yk, the kth digits of the two words 
to be added, and ck_i, the carry digit from the (k — 1)th 
stage ... the truth table for addition is as set out in Table 1. 

TABLE 1 

Truth table for (a) binary addition.  (b) associated functions 

Xk Yk Ck-i Sk C k 

0 0 0 0 0 

1 0 0 1 0 

0 1 0 1 0 

1 1 0 0 1 

0 0 1 1 0 

1 0 1 0 1 

0 1 1 0 1 

1 1 1 1 1 

(a) 

Xk---- Yk Xk Yk Xk•Yk :ill•Yk 

1 0 0 1 

0 1 0 0 

0 1 0 0 

1 0 1 0 

1 0 0 1 

0 1 0 0 

0 1 0 0 

1 0 1 0 

(b) 

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

(a) When xk E yk : sum ... sk = ck-i 

carry ... ck = 0 if —xk . Yi = 1 
ck= 1 if xk . yk = 1 

(b) When xk yk : sum ... sk = ca -1 
carry ... Ci = ck-1 

• University of Auckland, New Zealand. 

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-

; y, 

Ck4  Xi,Xy„ 

STAGE k 

SWITCH 

CONTROL 

LOGIC 

Troirkf 

0 level 1 level 

Fig. 1. Kilburn parallel adder —stage k 

C, 

out all stages of the adder can be operated simultaneously 
in a time referred to as the set ' time, t.. 
Thus the time to generate the correct sum output at 

the nth  stage, in the worst case, is: 

  (1) 
where 60 is the carry propagation delay per stage and 
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 = (xr  yr)  + (xr  yr)  (2) 

carry ... cr  (xr  yr)  + xr. yr   (3) 

Dealing with the sum relationship first, equation (2) 
may be rewritten as: 

Sr = (xi. E  Yr) • Cr-1  (Xr # Yr) • Cr-1 

= {(xr E yr) . Cr-i } . {(xr  yr) 

{(xr# yr) + ér-1} .{(xi. E yr) + cr-i)  .... (4) 

The r.h.s. of equation (4) is in a form suitable for 
implementation by a NOT(OR-AND)  circuit arrangement 
when the functions (xi. E yr) and (xr  yr) are already 
available. 
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The carry relationship in equation (3) may be rewritten 
as: 

Cr = (Xr # Yr) • Cr-1  (Xr • Yr) 

{(xr  yr) . cr-1} • {Xr • yr} 

{(xi. yr) -E Cr.-1} .  5;r1    (5) 

This also is in a form suitable for NOT(OR-AND) circuit 
implementation. 
Inverting both sides of equation (3) the NOT  carry 

relationship is: 

cr = (xr -tya cr-i + (xr yr)   (6) 

In this case a NOT(AND-OR) circuit is required. 

Logic Circuits 
A high speed transistor-diode feedback-type logic circuit, 

which possesses the necessary two-level logic capability 

R. selected for 

mean 4 of 10mA 

(a) 

(a) 

DECEMBER 1966 

-+0.61/ 

-  -0.6V 

AAZ13 

6 OV 

4.7k.C1 

(d) 

fe•To 

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(e), 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 0.5nsec for each of the fan-out circuits. 
Thus with the two-level circuits the delay per logical 
decision approaches 1 nsec. 

- - -le To B 

(c) 

(e) 

Fig. 2. Transistor-diode logic circuits 

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

5+ y 

Fig. 3. Symbols for logic circuits 

(a)  Transfer  type  invertor.  (b) 
NAND. (c) NOR. (d) NOT(AND-

OR). (e) NOT(OR-AND) 
(Indicated logical operations are 
valid  only  for  negative  logic) 
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+0.6V 

- 0.6V - - 

- + 0.6V 

-0.6V 

6 OV  3 OV 

(a) 

Fig. 4. Emitter follower 

(a) Circuit. (1)) Symbol 

(b) 

The emitter-follower in Fig. 4, which can be used to 
reduce the transient loading on th i logic circuit, introduces 
a signal delay of less than lnsec 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 

(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 ck-1 and the output carry 
is ck. 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 ck and the output carry is ck+1. 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. 

Generation of the gate control functions (x,  yr) and 
==_ yr) is accomplished readily using the appropriate 

two-level logic circuit when .x—r and —yr are available in 
addition to xr and yr. For example, with suitable inputs, 
the NoT(AND-OR) circuit generates die function: 

(Xr •Yr)  (ir • )7r) = (xi.  Yr) 

Similarly the NOT(OR-AND) circuit generates the function 
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, îoz>22.5nsec, 8B 8nsec. 

Consequently, for words containing 16 bits, the sum 
generation time, in accordance with equation (1), is 
approximately 5Onsec. 

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 5Onsec. The prototype of this 
memory has been described previously'. 

Fig.  5.  Two  successive 
stages of a parallel adder 
based  on  the  transistor-
diode  logic  circuit  and 
using negative logic 
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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 
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 français: 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 100f2 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 
Pulse length :  10p.sec 
Frequency:  0 to lkc/s 

Rise time of front edge: > 1psec 

Height:  + 9 + IV 
Load:  loon to oo 

Power Supply 
12V + 3% 

Input 
Height for full output:  4 4.8V 
Threshold for no output: 2.1V 

Circuit 

The circuit configuration chosen is shown in Fig. 1. 
The input pulse to the base of VT1 carries the emitter 
up, producing enough collector current in VT1 to bottom 
VT2. The standing potential at the emitter of VT2 deter-
mines the height of the output pulse, while that at the 
emitter of VT1 determines the threshold below which no 
output appears at all. CI smooths the current pulses drawn 
through VT2 into a steady current proportional to the duty 
cycle. The values of RI, R2 and R3 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. 

Theory 

In Fig. 2. 
VI: emitter potential of VT2 
V2: quiescent emitter potential of VT1 

Vs: supply voltage 
R1, R2, R3: nominal values 
I : smoothed current pulses 

: VT1 emitter current due to pulse 
V,: VT1 emitter potential during input pulse 

f: total excursion of RI, R2, R3 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 V1 must lie between an 
upper limit Vi(u) and lower one V1(L). 

Output 

100C) 

OV    

Fig. 1 (left) The circuit employed 

Fig. 2 (right). Circuit for analysis 

Analysing the circuit in Fig. 2: 

R2 + R3 
V1=  R+  R2 + Rs V + R2 + 

/RI (R2 + Ra) 

where R1, R2 and R3 are the nominal values. 

V1 is at a maximum when I is zero, R1 is at the lower 
end of its tolerance band, and R2, and R3 are at the upper 
end. This maximum value must not exceed the upper limit 

Vi.(u)• 

Hence: 
( R2 ±  R3) 0 +  V 8(11) 

V itu) >   Ri (1 — f)  (Ra + R3) (1 + 
  (1) 

VI is at a minimum when / is its maximum value 
is at its upper tolerance limit and R2, R3 at their lower 

limit. 

Hence: 

(R2+ 123) (1 — f) V B(L)  
V l(L) < R1(1— f)+ (R2+ R3)(1 —f) — 

1(u)Ri(R2+Rs)(1  f)(1 — f) 

(1+1)-i-(R2+R3) (1 
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Vicu)(1 —2f) {V.(1.)— V2a.) —/(n)Ri( 1 +f)] — V2(L)(•11 s(u) — V i<u)) (1+2f) 

(R2+ R3)(1 — f)Vp(1.)-1(ii)Ri(R2+ R3)(1+ f)(1— f) 
Via.) < 

Ri(1+ f)+ (R2+123)(1— f) 

  (2) 

The next condition is that below a certain threshold 
there should be no output, i.e. VT1 should not turn on. 
In other words the quiescent emitter potential of VT1, VT2 
must always be above a certain level, V2(1.). 

Analysing the circuit in Fig. 2: 

R3 (V — 1R1) 
V2 = 

R1  R2 + R3 (3) 

The minimum value of V2 occurs when RI, R2 are at the 
upper ends of their ranges, / is at its maximum and R3 and 
V. are at the lower ends of their ranges. 

R3(1 — f) [Vaa.) — I (uei(1 + f)] 
V2(L) < 

(RI + Ra) (I + f) + R3(I  f) 

Finally there is the condition for full output with a 
certain minimum input. The base current of VT2 is deter-
mined by the collector current of VT1 which is approxi-
mately equal to its emitter current. Thus a certain 
minimum emitter current /p(L) must flow in VT1, to ensure 
a bottomed output transistor VT2. Considering 4 as the 
result of the difference between the quiescent and pulse 
emitter potentials across the resistance of R2 and R3 in 
parallel: 

R2 + R3  
IP = (VP  1/2) R2Rs 

and substituting for V2 from equation (3): 

R3(V. — /RI)  R2 + Rs 

— [ VP Ri + 122 + Rs  Res 

.... (4) 

Similarly from (2): 

Vi(L)Ri (1  2f) 

+ Rs  >  —V 3(z.)— hies 

Therefore, from (6) and (7): 

Vi(n)Ri (1 — 2f) >  VIAL) Ri (1 + 21) 

Ve(u)  V1(u) 

Rearranging: 

V.(1,)—Viu.)-1(u)Ri 

< Vex.) — Vim) VI(L) (1+41) (Varcu),—Vetz)) 

I(u)  • ictiiVici;) 

(7) 

  (8) 

This is the upper limit for the nominal value of R1. A 
value can be chosen and substituted into (6) and (7) to 
yield the upper and lower limits for R2 + R3. 

Now transposing (4): 

V2(1,) (R1 + R2) (1 + 21) 
R3 > 

and from (6) 

Vs(L)  V2(L)  i(u)R1 (1  f) 

V icuei (1 — 2f) 
Rs <  ,  R2 

V 8(u) — V1(ü) 

Therefore, from the above two expressions: 

V2(L) (R1+  R2)(1+2/)  vi,u,Ri (1 - 2f) 
V1(L) — Va( —/(u)Ri (1+/) 

Rearranging: 

Vs(u)  V1(u) 

R2 < R1 
{Va(L) V2(L)  V2(L)(1+ 2f)— /(u)R1(1+f)] [Vg(u) — Vuu)] 

The minimum value of 4 occurs when R1 is at the lower 
end of its range, R3 at the upper, / is zero, and V. is at 
its upper end. One cannot deduce the effect of R2 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 R2 at its maximum or at its 
minimum. Both cases will have to be examined. 

IP(L)< 

(VP R3Vs(n)(I +h   R2(1 ± f)+123(1+f) 
Ri(1— f)± R2(1 + f) R3(1+ f)  R2R30 ±f)(1+f) 

After a little re-arrangement and writing l+f = 1/(1—f) 
and (1 — f)2 = 1-2f, assuming f < 1, the two conditions 
therefore become: 

/231/.(u)   R2+Rs   
/p(L) < (Tip 

RIO —2f)+R3±R2 ) R 2 ú+f) • • (5(a)) 

&Veto   R2+ Rs   
< (V 

R1(1 —2f) + Rs+ R2(1 —2f) ) R3R2 (1— f) 
  (5(b)) 

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 Ri, R2 and R3. 

Transposing (1) and writing 1 + f = 11(1 — f) and 
(1 — f)2 = 1 — 2f assuming f  1: 

< 
liutoRI (1 — 2f) 

Vent  Vi(e) (6) 

R2 

(10) 

This is the upper limit for the nominal value of R2. 

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: 

V8(L) : 11.6V 

V1(L)  9511  

lmA 

V2(1,)  l'3V 
4  : 3.6mA 

The limits for V1 are the result of taking into account 
the bottoming voltage of VT2, and V2(L) and Vp(L) the 
result of taking account of the base-emitter voltage of VT1. 

Substituting into (8) gives: 

R1 < 750Q, 

A value of 6802 was chosen and substituted into (6), 
(7) and (10) to yield the following limits: 

(a) 4.81d2 < R2+R3< 5kS),  (6) and (7) 

(b) R2 <4.11d/  (10) 

Choosing R2 =-• 3.91(S-/ and substituting into (9) gives: 

R3 > 0.84k(2 

R3 = lkfl was chosen. Evaluation of 5(a)) and (5(b)) gives 
2.14 and 24 respectively. Since no other preferred values 

V.(n) : 12.4V 

Vi(u)  11. °V 

f  : 0.03 
Vp(L):  443 V 
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for R2 and R3 satisfy the conditions (a) and (b) a lower 
value of R1 was chosen —560n. This gave the following 
conditions which permitted a wider range of values for 
R2 and R3. 

(a) 3.651 ffl < R2 + R3 < 4.121(11 

(b)  R2 <3.41d2 

Since a high input impedance was preferred, a value 
near the upper limit was chosen for R2 : 3.31d) 

Transistor Circuit Modules 

Substitution into (9) gives: 

R3 > 059kû 

R3 = 680n was chosen. 

Evaluation of (5(a)) and (5(b)) gives 
respectively. This current determines the 
output pulse and since a higher margin 
value of 560S2 was finally chosen for R3, 
of 4.8mA in the worst case. 

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 12e 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 LPI162, 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. i.f, amplifier with integral 

a.m. mixer stage. Suitable for use in mains powered radio 
equipment and 12 volt car radios. 
LPI167 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. 
LPI165 Fully screened a.m./f.m. i.f. 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. 
LP1153  500mW audio amplifier designed for use in bat-

tery portable receivers and inexpensive record players. 
LP1158 Fully-screened single-tuned i.f. amplifier and mixer 

oscillator stage for reception of medium and long wave signals. 

The transistor circuit modules 
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3.6 and 3.74mA 
rise time of the 
was preferred a 
giving a current 

Especially suitable for use with the Mullard AC1033 ganged 
tuning capacitor. 
LP1172  1 watt audio amplifier designed for use in in-

expensive record players and similar applications. 
LPI159  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) 
LPI166 Fully  screened  single-tuned i.f.  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. 
LP1I69 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 107. 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 français: Zusammenfassung in deutscher Sprache auf Seite 838) 

ONVENTIONAL counters using four bistable stages 
and  employing  various  decade  conversion  tech-

niques',2•3•6•5 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 ''. 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,, VT2 constitute the conventional flip-flop and 
the quinary is built using transistors VT3 to VT2. Each 
quinary element is essentially a resistor-transistor NOR logic 
unit6 consisting of a resistor OR gate (R1 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  ' output. When all the inputs 
are '', the output of the r.t.l. 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 (G2, G 2  G 5) comprised of diodes 
D1, D2 and resistor R3. 

The mode of operation of the counter is as follows: 

To start with, let the binary be in its V̀ state (VT, 
non-conducting and VT2 conducting) and the off transistor 
VT3 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 G2 is at a 

• National Physical Laboratory, New Delhi, India. 

lower level of approximately 6V. At the second input 
pulse, the binary changes from  1 ' to  ' state and the 
output voltage of gate G1 jumps to a higher level of 
approximately OV. The positive going pulse thus obtained 
through C triggers VTA of the quinary to the 1 'state. Due 
to the mutual coupling of the quinary transistors by the 
OR circuit mentioned earlier VT3 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 

3 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 0 1 0 

8 1 0 0 0 0 0 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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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, i.e. 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. 
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A Very High Input Impedance D.C. Chopper 
Amplifier Using a Field Effect Transistor 

By R. Verrill*, B.Sc. 

A new field effect transistor type EXP380 which has been developed is characterized by very low gate 
leakage current of the order of 10-"A at 25°C and very low gate capacitance of about 2.5pF. The 
device has proved very successful in an experimental series/shunt chopper d.c. amplifier where low 
gate leakage and capacitance are essential. The amplifier described has an input resistance of over 
ioomn and the full scale sensitivity is + ¡mV giving ±100µA in the moving-coil instrument at the 
output. Input offset drift with temperature is about 1,uV1°C and 15pA 1°C without the necessity for 

matching of transistors. 

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

THE, main advantage in using a chopper amplifier for low level d.c. amplification is the very low drift which 
can be obtained. There are basically two kinds of chopper 
amplifier in common use for the amplification of very low 
d.c. or slowly varying voltages, namely the shunt chopper 
and the series/shunt chopper. The shunt chopper is used 
when a relatively low input impedance amplifier, up to 
about 201(.11 is required, while an input impedance of 
hundreds of meghoms can be obtained using the series/ 
shunt chopper followed by a high input impedance a.c. 
amplifier. In both arrangements the voltage to be amplified 
is modulated by the chopper so that it can be amplified by 
an a.c. amplifier to give an a.c. output proportional to the 
input voltage. This a.c. output is then synchronously de-
modulated to give a d.c. output. The arrangement of the 
series shunt chopper is shown in Fig. 1. The two switches 
Si a and Sib successively connect the a.c. amplifier input to 
the input terminal and earth via the capacitor C1. Thus 
there is no loss in gain through the chopper and the 
input impedance is equal to 4R1,3 where Rha is the input 
resistance of the a.c. amplifier. If there is any overlap in 
the on periods of the two switches, and this is difficult 
to avoid in solid state switches, then the maximum obtain-
able input impedance is modified by this effective imped-
ance produced by the overlapping action. 

At low drain source voltages the field effect transistor 
operates like a variable resistor controlled by the gate 
voltage. In the case of the EXP380 the value of this resistor 
varies between a few thousand ohms at zero gate voltage 
to an extremely high value when the gate voltage is larger 
than the 'pinch off' voltage. In the low resistance, on, 
condition there is no pedestal voltage such as occurs with 
bipolar transistors and the device behaves almost as a 
perfect switch in series with a resistance. There is, how-
ever, a small offset current caused by gate leakage 
current flowing when the f.e.t. channel is in the high 
resistance state. This current causes a small error voltage 
when flowing through the resistance of the circuit con-
nected to the drain or source of the f.e.t. In the case of 
the series/shunt chopper this resistance is that of the 
external circuit where the voltage is to be measured. 
Since only half the gate current, about 5X 10-uA, 
would flow in the external circuit the error voltage 
in a circuit of resistance as high as 1N1f2 would be 
only about 50,uV at 25°C. A more noticeable effect, how-
ever, is capacitive coupling of the gate square wave by the 
gate drain capacitance. The capacitive current is de-
modulated by the two switches to produce a net d.c. in 
the external circuit. Assuming a capacitance of 1•2pF 
and a square wave of 6V at lkc/s this current would be 

* Ferranti Ltd. 
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7.2 x 10-°A but the currents from the two f.e.t.'s are in 
opposite directions and they thus tend to cancel. Any 
difference in these two capacitive currents will cause an 
offset current with a slight temperature dependence as the 
capacitance varies slightly with temperature. A method 

A.C. 
amplifier. 

Fig. 1. Arrangement of series-shunt chopper amplifier 

for neutralizing the offset due to leakage and capacitance 
will be described when discussing the actual circuit of the 
amplifier. 

The complete circuit of the chopper amplifier is shown 
in Fig. 2. A cross coupled multivibrator drives both gates 
of the series and shunt f.e.t.'s and also the demodulating 
transistor VT7 at the output. The diodes MR4 and MR11 
ensure that the gate voltage is exactly at earth potential 
when the chopping transistor is .on and thus the minimum 
on resistance is obtained without taking gate current. The 
output from the chopper is followed by a high gain ampli-
fier consisting of transistors VT3, VT4, VT5 and VT6. The 
Zener diodes MR2, MR2 and MR3 used instead of de-
coupling capacitors produce greater stability particularly 
at low frequencies. The very high input impedance is 
achieved by using a field effect transistor with feedback 
on the input stage of the a.c. amplifier and also by overall 
d.c. negative feedback which is coupled into the source 
lead of the shunt chopping transistor. The potentiometer, 
R24, alters the amount of d.c. feedback and thus serves 
as a gain control. The amount of feedback for ImV full-
scale deflexion is about 20dB. 

The offset current due to capacitance and leakage is 
neutralized by C2 a capacitance of 5pF connected between 
the chopper output and the waveform at one of the 
collectors of the multivibrator attenuated by the potentio-
meter R22 and R23. The control should be adjusted for 
zero output when a large resistance, e.g. imn, is con-
nected across the input after first adjusting the zero 
control R21 for zero output with the input shorted. This 
is probably the simplest method of reducing the offset to 
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Fig. 3. Power supply for chopper amplifier 

zero at one temperature and the drift with temperature 
will not be more than about luV/ °C and 15pA/ °C. 
An even smaller current drift could be obtained by using 
a proportion of the current from a reverse biased diode 
to compensate for the gate leakage current but this would 
involve a rather complicated setting up procedure with 
adjustments at two temperatures. 

Metal earthed screening is necessary around the chop-
ping stage and the input stage of the a.c. amplifier to 
prevent pick-up from the multivibrator and from the 
mains field of the power supply transformer. This can 
be done by mounting the chopper and a.c. amplifier stages 
inside an earthed metal box. 

The circuit of a Zener diode regulated power supply 
suitable for the amplifier is shown in Fig. 3. 

The main advantages of the amplifier are as follows. 
The very high input impedance means that the amplifier 
can be used for measurements in high resistance circuits 
up to about I Mfl with negligible loading and negligible 
loss of sensitivity. Also measurements of very small 
currents as low as 10-9A full-scale deflexion or less may 
be made. A universal shunt can be used at the input to 
provide any desired voltage or current range down to lmV 
and 10-9A full-scale deflexion. Another advantage is the 
simplicity of the circuit in that no transformer is needed 
for driving the chopper switches as is the case with most 
other forms of series/shunt chopper. 

TYPICAL CHARACTERISTICS OF THE EXP380 FERRANTI FIELD 
EFFECT TRANSISTOR 

/DO Drain source current at 25°C with zero gate source 
voltage 0.25mA 

Fig. 4. Drain source characteristic 

VP 

Gm 

Pinch off voltage —2.5V 

Mutual  conductance  at 
25°C, 0.15mA/V 

+lov  Rant On resistance at 25°C, 
81(f2 

/Gs  Gate to source and drain 
7 leakage current at 25°C, 

10-1°A 

ov  Cg Total gate capacitance at 
25°C, 2.5pF 

Fig. 4 shows a photograph of 
the drain source characteristics 
of an EXP380 for gate source 

-iov  voltages of OV, —0.2, —0.4, 
—0.6, —0.8V, —1.0V, —1-2V 
and —1.4V. The scale of the 
vertical  axis is 0.05mA per 

division and that of the horizontal axis 1V per division. 
Values of /Do, Tip, G. and Rut similar to the above can 
be determined from these curves. 
The part of the characteristic near the origin is that 

of interest in switching applications. The drain source 
resistance can be seen to be quite linear until about 1V 
is reached. When the gate drain voltage is greater than 
V, about —2.5V, further increase in drain source voltage 
causes little increase in drain current. This part of the 
characteristic is suitable for linear amplification and be-
cause of the low gate capacitance and leakage the transistor 
can be used in very high impedance amplifiers up to fairly 
high frequencies. 

COMPONENT VALUES 
VT1, VT2 

VT3 
VT4 to VT9 
MR1 to MR3 
MR4 
MR5 to MRio 
MRn 
MR12 to MR15 
MRis, MR17 

All resistors are 

R2 
Ra 
R4 
R5 
Rs 
R7 
R8 
Rs 
Rlo 
Rn 
R12 
R13 

100n, 
10M11 
82kn 
8-2kn 
390(.2 
470SZ 
3.3kr2 
15 an 
390r2 
2.21d2 
39n 
15okn 
390S2 

R7.5 
R16 
R17 
R18 
R19 
R20 

EXP380 Ferranti field effect 
transistors 

ZFT12 Ferranti field effect transistor 
ZT87 Ferranti silicon npn transistors 
KS39A Ferranti Zener diodes 
ZS130 Ferranti silicon diode 
ZS120 Ferranti silicon diodes 
ZS130 Ferranti silicon diode 
ZS70 Ferranti silicon diodes 
KS42A Ferranti Zener diodes 

+W rating unless otherwise stated. 

R14 2-2k1.2 
27kn 
68kû 
220n 
lkS2 
lkn 
33kfl 

R21  101d2 
R22 lokf-2 
R23 47kn, 

10k0, 
R25 47kn 
R26  15okn 

Ru 

R27 1.5kS2 
R28 3.31d2 
R29 33kû 
R30 33kû 
R31 3.31d2 
R.  1.5ks-2 
R33 1501(12 
/234 471d2 
R35  5.6kr2 
R38 68kn 
R37  270n 1W 
Rgs 390t2 4-W 

C1 0.5,uF low leakago, Cis 250,uF 
C2  5pF  Cu  12µF 
Cs  500,uF  C12 0.5,uF 
C4 6 800pF  C13,14 0.02 F 
C5,6 12/.4F  C14 0.02,uF 
Cs  12uF  C15 0.5,uF 
Cr 150pF  Cie-is 500,uF 50V 
C8,9 1 2JUF  C17  500 F 12V 
Cs  12,uF  C18 500,uF 12V 
M —100,uA, 0, 100,uA centre-zero moving-coil instrument 

Resistance 450(2 
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An Air Temperature Digitizer Range 0°F-99°F 
By W. V. Dromgoole 

This instrument was developed to provide a conversion from the air temperature to a digital form 
suitable for a tens and units lamp indication system. 

The lamp display is part of a system which shows the time of day for 47sec, and the air temperature 
for lOsec, every minute and is visible over a large area of the towns where the equipment is installed. 

(Voir page 831 pour le résumé en français: Zusammenfassung in deutscher Sprache auf Seite 835) 

DEGUSSA air temperature thermometer type N2-
FI  which has a resistance of 100f2 at 32°F is used 
as the sensing element. This thermometer is part of a 
bridge network having equal top arms of 100S-2 and the 
remaining lower arm is wound to have the same resistance 
as the thermometer at 0°F (i.e. 90511 for the particular 
one used.) 

The bridge is therefore balanced at 0°F and any change 
of temperature above 0°F unbalances the bridge in the 
same phase direction. 

The bridge output, together with a re-balance voltage, is 
amplified, and controls via two thyratrons, the movement 
of two G.E.C. bothway uniselectors designated ' tens ' and 
'units' which function both as balancing potentiometers 
and lamp display directors. 

A re-balancing voltage, which is opposite in phase to 
the bridge output voltage is applied to the main bridge 
from the position of the ' tens ' and ' units ' such that, at 
balance, no voltage appears at the input to the amplifier. 
When this occurs no further movement of the uniselectors 
takes place, and the lamp output wires signal the actual 
temperature in tens and units. 

This type of bridge and balancing circuit was used 
because it allowed a relatively large change of resistance 
in the balancing circuit, while the change in the thermo-
meter resistance is small (i.e. approximately 0-31-2/°F). 
This allowed the use of uniselector arcs and wipers as the 
balancing potentiometers, while providing a convenient 
circuit for the lamp display. 

Some slight non-linearity occurs since the portion of 
the bridge which includes the temperature sensing device 
does not function as a null bridge, however a resistance-
temperature graph of the operation of the complete bridge 
and balancing circuit showed that over the range used 
the non-linearity is insignificant for the purpose for which 
the circuit was designed. 

Fundamental Balancing Circuit (Fig. 1) 

The bridge is balanced at the resistance value of the 
Degussa air temperature thermometer at 0°F (i.e. 90.5n) 
so that any increase in temperature above 0°F causes the 
bridge output voltage to increase in amplitude without 
phase reversal. 

The bridge is fed from a screened winding of 2-5V on 
transformer T4,  and a separately screened winding of 
6.3V feeds a tens and units potentiometer. This voltage 
which is 180° out of phase with the bridge output voltage, 
is selected as follows: Assume that at 0°F the tens and 
units uniselectors are at position 0.0. In this position no 
voltage appears at the grid of V1 since the main bridge 
is also at balance. 

* University of Canterbury, New Zealand. 

Now assume that there is an increase in temperature 
of 5°. A voltage from the main bridge appears at the 
grid of V1 which is amplified and causes the units uni-
selector to step from 0 towards 9, but at position 5 equal 
and oppositely phased voltages appear at the grid of V1 
and balance is achieved. 

If the temperature now rises say, to 22°F the units 
selector will first move to position 9 and the tens uni-

Air 
thermometer 

Fig. 1. Fundamental balancing circuit 

selector now steps from 0 until the voltage at the grid 
of V1 changes phase. The tens uniselector stops in this 
position (i.e. 2), but the units uniselector now steps back-
wards from 5 towards 0, and balance will now be found 
at position 2, when the units uniselector will stop. Thus 
the tens and units uniselectors are stationary at 2.2. 

If the temperature is at some higher value and drops, 
the units selector first moves to 0, and the tens uniselector 
then moves towards 0 until a phase reversal occurs at the 
grid of V1. The units uniselector then moves upward 
from 0 until a balance is obtained again. 

In the circuit described the tens uniselector potentio-
meter consists of 9 sections each of 100S2, and the units 
uniselector potentiometer of 19 sections of 511. This allows 
resolution to 0.5°F, but since the indication required is 
to 1°F, any backlash in the system is adequately provided 
for. 

Resistor T (10k12) prevents the grid of V1 becoming 
grounded if the tens and units potentiometers are stand-
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ing at position 0.0 which would 
prevent any output from the 
main bridge being amplified. 
Resistor Z (2.41(1-2) is chosen 
such that a change of 1°F 
causes  a change  in  bridge 
output equal to a change of 
1.0f2  in the  units  balancing 
potentiometer.  The  voltage 
existing across the tens and 
units potentiometer is preset by 
R V2. This procedure is men-
tioned later. 

Operation (Fig. 2) 

The input signal to V1 is 
amplified by V1, V2 and V3, and 
fed to the grids of two thyra-
trons (V4, V5) the grids of which 
are held  at —6V d.c. The 
anodes of V1 and V5  are fed 
with  190V  a.c.  (oppositely 
phased) via 471d2 resistors and 
relay coils A and B. Interlock-
ing between relays A and B is 
provided by connecting each of 
these relay coils to the anodes 
of V4 and V5 via the normally 
closed contact of the other 
relay. 

Now assume that both the 
tens and units uniselectors are 
at position 0.0 (i.e. tens on arc 
pin 18 and units on arc pin 22). 
There  will  therefore  be  no 
voltage from the tens and units 
balancing potentiometers, and 
the only voltage at the grid of 
V1 will be that due to the main 
bridge output. The phase of the 
voltage reaching V4 and V5 will 
therefore be such as to cause 
V5  to conduct  and  operate 
relay B, which opens relay A 
circuit at B3,  and closes an 
impulsing ground from U3 (this 
selector  stepping  circuit  is 
described later) via relay B1, 
wiper C and arc of units uni-
selector to 'units up' magnet. 
Wiper  B changes  the  units 
potentiometer in such a direc-
tion that a voltage 180° out of 
phase with the bridge output 
voltage is now applied to the 
grid of V1, and if the actual 
temperature lies between 0°F 
and 9°F the units uniselector 
will attain balance at some 
position in its travel, V5  will 
become  non-conducting  and 
relay B will release. 

Now say the temperature is 
25°F.  The  units  uniselector 
will step upwards from arc 
pin 22 (0°F) to pin 1 (9°F) 
and  stop  there,  but  the 
impulsing ground on wiper C is 
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now extended to wiper C of the tens uniselector, arc pin 
18 to the ' tens up' magnet. The tens uniselector will take 
two steps. The balancing voltage is now greater than the 
bridge output voltage and reversed in phase, therefore relay 
B releases and since thyratron V4 now conducts, relay A 
operates and closes the impulsing ground via A1 wiper D 
and arc pin 1 to the ' units down' magnet, and the units 
uniselector steps down to arc pin 12 or 13 (i.e. 5°F posi-
tion), when balance is again achieved. The tens and units 
uniselectors are now standing at arc pins 16 and 12 or 13 
respectively, and lamp display will be given for 25 via 
the A wipers. 

CIRCUIT FUNCTIONS OF RELAYS C, D, E 

Consider that the equipment has just been switched on. 
Relay D operates immediately via normally closed con-
tact C1 to ground, and locks via normally open contact 
D3 to ground on the normally closed contact E1 to ground. 
Relay D opens its normally closed contacts DI and D2, 
preventing the selector stepping circuit from functioning. 
Now when the valves have warmed up, the amplified 

output from the bridge will cause either V4 or V5 to con-
duct, and therefore separate either relay A or B. A ground 
is now extended via the normally open contact Az or B2 
to relay C which operates. This does not affect relay D 
(which is already operated) in the meantime. A circuit is 
prepared to step either the ' units up ' or the ' units down ' 
magnet via the C and D wipers of the units selector via 
the normally open contacts B1 and A1 respectively to con-
tact U3. 

When the auxiliary lamp display equipment signals a 
24V a.c. pulse for 2sec on wires 0 and P, relay E operates 
and releases relay D at contact El. (Relay D cannot re-
operate since relay C is energized). Contacts D1 and D2 
now cause the selector stepping circuit to function and 
relay U impulses at about a half-second rate, and the 
impulsing ground at U3 now steps the uniselectors via 
the previously prepared circuit, and when balance is 
achieved relays A and B will be both denergized removing 
ground at contacts R2 and B2, and relay C denergizes, and 
operates relay D, which opens the impulsing circuit at 
contacts DI and D2, while relay D locks again to normally 
closed contact El. 

Relay D closes a circuit via its normally open contact 
D4 to inform the auxiliary lamp equipment that it may 
display. After a minute has elapsed, relay E is again 
energized for two seconds, but if the temperature has not 
changed relay C will still be denergized and therefore relay 
D will be operated, and no impulsing will be present. 
The cycle continues. Relay C is made slow release by 
shunting its coil with a 32 e capacitor. This is done to 
prevent any release of relay C while balancing is being 
made which may involve a change of phase when there 
will be a short period as say, relay A releases and before 
B can operate. 

SELECTOR STEPPING CIRCUIT 

Pulses for stepping the uniselectors are provided by 
V6 and relay U. The pulses are approximately half a 
second duration with the 'on' period (i.e. relay U 
operated) being short compared with the 'off' period. 
Consider the quiescent condition with relay D energized. 

The grid of V6 is at —2.5V d.c. supplied by an 0A85 
and filter circuit. V6 is therefore non-conducting. When 
relay D releases, a circuit is closed; 190V a.c. via a 4.7ke 
resistor, normally closed contact D1 the coil of relay U 
to anode of V6. A second circuit is also closed: a positive 
voltage is fed from the junction of the 3'3MÛ and 390kS2 

resistors, via 6801(11 and normally closed contact D2, 
normally closed contact Ui to a 2,uF capacitor and the 
grid circuit of V6. The 2,uF capacitor is charged until the 
grid voltage of V6 is sufficiently raised to cause conduc-
tion. Relay U operates and passes out a ground pulse at 
contact U3. Contact Ul opens the charging circuit to the 
capacitor and transfers the capacitor to contact U2, and 
hence via a 101d2 resistor to the negative 2.5V line, so 
that the grid of V6 is rapidly reduced to —2-5V again. 
V6 becomes non-conductive, but relay U remains ener-
gized for a short time by virtue of the 8,uF capacitor con-
nected across its winding. The release of relay U restarts 
the cycle. 

The positive charging voltage is fed via contact D2 
to ensure that the first impulsing cycle is the same as for 
subsequent cycles. (i.e. the 2juF capacitor is discharged 
at the grid voltage level of —2.5V). 

TEMPERATURES ABOVE 99°F OR BELOW 0°F 

It is sufficient for this circuit to limit the indication to 
99°F or 0°. This is done by a connexion from tens C 
arc pin 7 and D arc pin 18 to relay D, so that if the tens 
uniselector moves to either of these positions relay D 
operates and opens the stepping circuit. 

UNISELECTORS 

The uniselectors used are G.E.C. bothway' types with 
bridging wipers and gold-plated wipers and arc pins to 
minimize changes in resistance. They were supplied for 
50V operation, which voltage was convenient for relay 
operation as well. 

SETTING UP 

(a) The Degussa air temperature thermometer resist-
ance is near 1001-2 at 32°F. However its actual resistance 
is measured at 32°F and at several values above this tem-
perature. A temperature-resistance graph is plotted and 
extended backwards to 0°F. The 0°F value of this resis-
tance is now placed in the opposite lower arm of the 
bridge. 

(b) A resistance box in now connected in the bridge 
in place of the air thermometer and set at the resistance 
value of the air thermometer at say 75°F. 

(c) Relay D is operated to prevent impulsing, and the 
tens and units uniselectors are set manually to arc posi-
sions 10 (i.e. No. 7 lamp), and 12 or 13 (i.e. No. 5 lamp), 
respectively. Now adjust potentiometer R V2 so that both 
relays A and B release, indicating that the balancing volt-
age is equal and opposite in phase to the bridge output 
voltage. This adjustment will now hold for other tempera-
tures. 

(d) The amplifier gain control R VI should be set so 
that no hunting occurs between relays A and B when the 
units uniselector has reached balance. 

Mounting Air Thermometer 

The thermometer is mounted on the south side (away 
from the sun in New Zealand) of the building and is 
housed in several truncated cone-shaped shields to avoid 
any direct radiation. 

The instrument has been in use for over a year and has 
given no trouble. The display of time and temperature 
has eyoked much public interest. 
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A Transistor RC Oscillator Using Negative Impedances 
By S. Pasupathy* 

A generalized form of RC oscillator circuit using negative impedances, of which the Wien bridge type 
of oscillators are shown to be special cases, is described. A direct synthesis of this network with a 
negative impedance convertor results in a novel transistor oscillator. The oscillator circuit, its two 

primary modes of operation and some special features are discussed. 

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

THIS article is concerned with a new type of transistor oscillator circuit, developed from the concept of nega-
tive impedance. This circuit has certain similarities with 
some existing bridge types of RC oscillators, but has the 
advantages of using fewer components, having the common 
point of the tuning capacitor at ground potential and of 
achieving very low frequencies of oscillation. 

(a) 

IDEAL CURRENT AMPLIFIER 

IDEAL CURRENT AMPLIFIER 

(b) 

Rinu R(1-a) 

Fig. 1. Ideal current amplifier connected to produce 

(a) Open circuit stable negative input resistance 
(b) Short circuit stable negative input resistance 
(current gain a is assumed to be greater than unity) 

Generalized Form of RC Oscillator Circuit 

It is general practice to analyse RC oscillators from the 
view-point of feedback. However, in many circuits, posi-
tive feedback produces the effects of negative impedance; 
for example, Fig. 1 shows how positive feedback using an 
ideal current amplifier produces open-circuit stable and 
short-circuit stable negative input resistances. Hence RC 
oscillators can also be analysed using the cohcept of nega-
tive impedance. 

The current derived RC oscillator', shown in a simplified 
form in Fig. 2(a), can be taken as an example. It is known 
that the output and input currents, i1 and i2, are in phase 
at a frequency: 

f = 112n-RC   (1) 

* Indian Institute of Technology, Madras. 

and: 
= 3   (2) 

at this frequency. Therefore, for a simplified analysis, the 
two-stage transistor amplifier with negative feedback can 
be replaced by an ideal current amplifier having a gain of 
3 and with no phase shift between input and output; the 
oscillator circuit, thus modified, can be drawn as shown 
in Fig. 2(b). A comparison with Fig. 1 shows that each 

(a) 

TWO-STAGE TRANSISTOR 

AMPLIFIER (WITH 

NEGATIVE FEEDBACK ) 

IDEAL CURRENT AMPLIFIER 

(b) 

Fig. 2. 

(a) Current derived RC oscillator 
(b) Modified form of the current derived RC oscillator 

RC pair in Fig. 2(b) is reflected across the other as a 
pair of negative impedances. Thus a generalized form of 
RC oscillator circuit, as shown in Fig. 3, can be evolved, 
with the negative sign being affixed to any impedance pair 
without loss of generality. 
For sustained sinusoidal oscillations, the loop imped-

ance of the network in Fig. 3 should have zeros on the 
imaginary axis of the complex frequency plane. The loop 
impedance: 

1 +s (RiCi+ R2C2— R2C1)+.e.RIR2CIC2  
Z(s) —  sCi (1 +  • • • • (3) sReCI) 

From equation (3), the condition of oscillation is: 

Ri/R2 + C2/Ci = 1   (4) 

and frequency of oscillation: 

1   

f br V (RiRaCiC2) 

The current derived RC oscillator which is the current-
derived version of the Wien bridge oscillator, can now 

(5) 
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be seen to be a special case of this generalized circuit. 
From consideration of Figs. 1 and 2, it can be seen that 
the parallel RC combination is reflected across the series 
RC branch as —2R in parallel with —C/ 2, thus satisfying 
the condition of oscillation given by equation (4). Similarly 
by consideriug the two-stage valve amplifier in the Wien 
bridge oscillà.tor circuit as an ideal voltage amplifier having 
a gain of 3, the Wien bridge oscillator also can be reduced 
to the generalized form shown in Fig. 3. 

Fig. 3 (right). Generalized form 
of RC  oscillator circuit 

Fig.  4 (below).  Transistor  RC 
oscillator using negative impedance 

convertor 
(The negative impedance conver-
tor circuit is shown inside dotted 

lines) 

RC Oscillator Using Negative Impedance Convertor 

The generalized oscillator network of Fig. 3 can be 
directly synthesized with a well-known negative impedance 
convertor2. The resulting oscillator circuit, shown in Fig. 4, 
can be operated in two primary modes depending upon 
the ratio of (Ra/Rb) (Refer to Fig. 4). 

MODE 1 
R a = Rb. This is the usual negative impedance con-

vertor2 circuit and assuming ideal convertor action, R2 and 
C2 will be reflected as —R2 and —C2 at the input of the 
convertor. In this mode of operation, the condition of 
oscillation given by equation (4) can be satisfied by 
keeping: 

Ri/R2 = C2/Ci = 1/2   (6) 

The frequency of oscillation becomes: 

1 1  
= 2ir RiC2  27r R2C2 (7) 

The frequency of oscillation can be varied by keeping 
R1 and R2 constant and by using a threé-gang tuning such 
that two sections are in the series arm and the third section 
in the parallel arm. It is to be noted here that the input 
port of the convertor is open-circuit stable and the output 
port short-circuit stable, the RC branches cannot be inter-
changed. 

MODE 2 
= 2/25. In this case, assuming ideal convertor action, 

it can be shown that R2 and C2 are reflected as —2R2 
and —C2/2 at the input. The circuit is similar to the 
circuit in Fig. 2(b). The condition of oscillation is now 

satisfied by keeping: 

Ri/R2 = C2 fc1 = 1   (8) 

Results and Conclusions 

In the experimental oscillator circuit, the entire audio 
frequency range of 20c/s to 20kc/s could be covered by 
keeping the resistances constant and varying the capa-
citances. The output taken at the collector of the pnp tran-
sistor was stable and maintained purity of waveform 
through the frequency range. By using capacitances of 
large values, it was found possible to achieve as low a 
frequency as 0.1c/s. Improvement in the oscillator per-
formance and extension of the frequency range can be 
expected by using Darlington's compound connexions and 
by using transistors with high «-cut-off frequencies. 
This oscillator scheme has all the advantages of RC 

oscillators as well as some additional merits. Its chief 
advantage is that the common point of the tuning can be 
grounded, unlike in the bridge type of oscillator where it 
has to be kept above ground potential. Moreover, due 
to the direct coupling between transistors and absence of a 
separate negative feedback network, this circuit uses fewer 
components. The circuit also achieves very low frequencies 
of oscillation due to direct coupling. Hence, this circuit 
can very well form the basis for a cheap and compact 
laboratory oscillator. 
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The New Post Office Tower in Birmingham 

The photograph shows one of the aerials, running on steel 
guide rails, being pulled towards the top of the new 50011 
Post Office Tower in Birmingham. The horn paraboloid aerials 
are 27ft long, 14ft wide and weigh about 11 tons. 
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SHORT  NEWS ITEMS 
The Institute of Physics and The 

Physical Society is arranging a two-day 
conference on ' The transport properties 
of superconductors' on 30 to 31 March 
1967 at The University of Kent at Can-
terbury. 
The conference will cover both experi-

mental and theoretical aspects of the 
transport of electric charge, heat and 
sound through superconductors. It is 
expected that the emphasis will be on 
type-II superconductors, although it is 
hoped that there will be some contri-
butions  on non-linear  and  quantum 
interference phenomena in type-I. 
The organizing committee welcomes 

offers  of  contributions.  Contributors 
should submit, not later than 17 Feb-
ruary 1967, three copies of synopsis of 
about 200 words for consideration by 
the papers committee. Synopses should 
be sent to the Conference Secretary, Dr. 
G. Rickayzen, The University Physics 
Laboratories, Canterbury, Kent. 
Advanced registration for attendance 

at the conference will be necessary and 
further details and application forms are 
available from the Meetings Officer, The 
Institute of Physics and The Physical 
Society, 47 Belgrave Square, London, 
S.W.1. 

' A General Guide to the Safe Use of 
Lasers' has been prepared and published 
by the Electronic Engineering Associa-
tion. As its title suggests, the Guide is 
general and informative and does not 
purport to be comprehensive or defini-
tive. 
In the absence of any statutory regu-

lations governing the safe operation of 
lasers, this guide is primarily intended 
for use by commercial organizations and 
educational bodies engaged in their use. 
Copies of the booklet are available 

from the Electronic Engineering Associa-
tion, Berkeley Square House, Berkeley 
Square, London, W.1 (2s. per copy). 

The National Research Development 
Corporation is giving support to work 
at the University of Sussex designed to 
find a more compact alternative to the 
cathode-ray tube. 
The new device, known as a ' magnetic 

visual display panel', will be developed 
by Dr. A. W. Simpson of the Applied 
Sciences Laboratory, whose invention it 
is. 

The magnetic display panel is made 
of a matrix of transparent magnetic 
elements each having two distinct mag-
netic states, one of which is opaque to 
polarized light, a beam of which is 
shone on to the matrix. 
A picture or display is built up, the 

form of which is determined by the 
pattern in which the individual cells of 
the matrix are magnetized. The system 
is analogous to that of the advertising 
display which travels along a line of 
light bulbs. 
The current paths provided through 

the matrix for switching the elements 
can be arranged in a pattern similar to 
that used in computer ' memories '. 
The device depends on the Faraday 

effect—the effect of rotation of the plane 
of polarization of incident radiation in 
a direction depending on the direction 
of magnetization of a material having 
two distinct states of magnetic reman-
ence. 
The path for the light through the 

elements of the matrix is arranged so 
that there is a rotation of 45 degrees 
and switching of the magnetic state from 
one direction to the opposite rotates the 
plane of polarization by 90 degrees. 
The current paths provided through 

the matrix for switching the elements 
can be arranged in a pattern similar to 
that already known for magnetic core 
stores in computer memories. That is 
to say the elements are arranged in a 
matrix of rows and columns, and a 
current conductor is provided for each 
individual column of elements. Then if 
the currents applied to the row and 
column conductors are arranged to be 
insufficient to reverse the magnetization 
of any element alone, but sufficient to 
switch the element in which current 
flows coincidently, a given element may 
be selected. 
Possible materials from which the 

elements  can  be  formed  comprise 
yttrium iron garnet, gadolinium iron 
garnet or mixtures of these. 

The Post Office has provided links for 
another  new  television  transmitting 
station which is now in service by the 
BBC at Pontop Pike, County Durham. 
This is the latest in a series of extensions 
of vision circuits provided by the Post 
Office for BBC-2. Engineered to full 
625-line standards, this expanding net-
work is designed to extend BBC-2 pro-
grammes eventually to the whole of 
Britain.  The  circuits  are  inherently 

capable of the transmission of colour 
signals. 
The completion of the new links 

follows the establishment over the past 
two to three years of a network of main 
vision circuits which, by the end of this 
year had already been extended as far 
north as Manchester (tying in with the 
BBC transmitters at Winter Hill, Lan-
cashire, and Emley Moor, Yorkshire), 
as far west as Cardiff (serving the trans-
mitter at Wenvoe) and as far south as 
Southampton (linking with the trans-
mitter at Rowbridge, Isle of Wight). 
The next transmitting stations to be 

established for BBC-2, for which Post 
Office vision circuits have been ordered, 
are to be located at Divis, Belfast 
(Winter, 1966); Durris, Kincardineshire 
(early 1967) and Tacolneston, Norfolk 
(early  1967). Provision by the Post 
Office of the various main, local and 
transmitter circuits needed to serve these 
new stations are already well advanced. 
Post Office links for a number of 

such stations will have been completed 
by the end of 1967 or early 1968, bring-
ing BBC-2 to some 70 per cent of the 
population. 

Her Majesty The Queen has com-
manded that The Television Society 
shall now be known as "The Royal 
Television Society". 
This honour has been bestowed at the 

beginning of the Society's 40th anniver-
sary year and it highlights the contribu-
tions which members of the Society have 
made to the development of British 
television. 

The Royal Air Force Engineer Branch 
is the new title of the Royal Air Force 
Technical Branch introduced as the re-
sult of a study of R.A.F. engineering 
duties which has led the Air Force Board 
to conclude that both at Command head-
quarters and at subordinate formations, 
technical and engineering staffs should 
come together to form a single organiza-
tion, the duties of which can most 
effectively be divided between Mechani-
cal Engineering and Electrical Engineer-
ing. This division of duties has been 
recognized in the training at the R.A.F. 
Technical College since 1955. 
The  technical  and  communications 

staffs at all formation levels will be 
combined to form a single organization 
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under the control of the appropriate 
senior technical  officer.  Within  each 
formation there will be a division be-
tween mechanical engineering and elec-
trical engineering duties, on lines similar 
to the organization of technical staffs 
of the Ministry of Defence. 
Mechanical  Engineering  will  cover 

airframes,  engines,  weapons,  air-
launched missiles, mechanical ground 
servicing equipment, mechanical trans-
port and marine craft. Electrical En-
gineering  will  cover  communications, 
ground and airborne electrical and elec-
tronic equipment, instruments and sur-
face-launched missiles. 

The British Standards Institution has 
published  the  first part  of a new 
British  Standard  for  ' Retainers  for 
electronic tubes and valves,' BS 4053 
covering retainers for tubes and valves 
of the types included in BS 448, Dimen-
sions of electronic tubes and valves. 
BS 4053, Part 1: 'General require-

ments and methods of test,' defines 
terms, gives a classification into cate-
gories according to BS 2011 and gives 
tests and measuring methods. Part 2, 
which  will  be published shortly in 
loose-leaf form, will contain data sheets 
for individual types of retainers. 
Copies of BS4053 may be obtained 

from the BSI Sales Branch, 101-113 
Pentonville Road, N.1. Price 6/- each 
(postage 9d extra will be charged to 
non-subscribers). 

The 7th International Conference on 
Microwave and Optical Generation and 
Amplification will be held in autumn 
1968 in Hamburg (Federal Republic of 
Germany).  The  Conference  will  be 
organized by the Nachrichtentechnische 
Gesellschaft  im  Verband Deutscher 
Elektrotechniker, of Stressmann Allee 21 
Frankfurt/Main S.10 Federal Republic 
of Germany. 

A Conference on Semiconductor De-
vice Research will be held in Bad 
Nauheim (Federal Republic of Ger-
many) on April 19 to 22, 1967. This 
conference is sponsored by the Region 
8 of the Institute of Electrical and 
Electronics  Engineers  (IEEE),  the 
Deutsche  Physikalische  Gesellschaft 
(DPG), the Verband Deutscher Elek-
trotechniker (VDE) including the Nach-
richtentechnische Gesellschaft im VDE 
(NTG). 
Prospective authors for short papers 

are invited to submit eight copies of an 
abstract (10 lines) to: 
Prof. Dr. W. J. Kleen, 8 Munchen 8 

(F.R. Germany), Balanstr. 73. 
The conference will follow the meet-

ing of the Deutsche Physikalische Gesell-
schaft on Semiconductors, Metals and 
Magnetics, scheduled 17-19 April 1967 
at the same place. 

Prospective participants are requested 
to write to: 
Dr.-Ing. H. H. Burghoff, German Sec-
tion IEEE, 
6 Frankfurt/Main 70 (F.R. Germany), 
Stresemann Allee 21, 
VDE-Haus 

or to 
Dr. phil. K.-H. Riewe, DPG, 
645 Hanau (F.R. Germany), 
Heraeusstr. 12-14. 

The British Scientific Instrument Re-
search Association (SIRA) is to hold 
a Conference on 'New developments 
in optics and their applications in in-
dustry' at the Grand Hotel, Eastbourne, 
on 11 to 12 April, 1967. 
The object of the Conference is to 

present advances in and new applications 
of optics, and to bring out for dis-
cussion problems that have arisen (or 
are likely to arise) in the application of 
optics  to such  diverse  activities  as 
microelectronics, process control, and 
data processing, among others. 
Among the subjects to be covered 

are: 
Transmission of information by light 
Holography and its possibilities 
Data processing 
Optics in the electronics industry (e.g. 
microelectronics) 
Optical requirements in process control 
Applications of optics in space. 
Applications to attend the Conference 

will be accepted from non-members of 
SIRA, but priority will be given to 
SIRA members in allotting places. Re-
quests to be sent registration forms 
when they become available may be 
addressed to the Publicity and Litera-
ture Services Department, SIRA, South 
Hill, Chislehurst, Kent. 

The Post Office has provided three 
high-definition closed circuit television 
links to connect London Airport Con-
trol Tower with the new Southern Air 
Traffic Control Centre at West Drayton. 
As vital data about flight patterns, etc., 
is scanned by television cameras for 
transmission to the Control Centre, the 
service  demands  that  transmissions 
should  be  of  the  highest  possible 
definition. 
These links operate on 875 lines and 

have a frequency response which is flat 
to 11Mc/s. 
This is the first time the Post Office 

has been asked to provide this very 
wide band width for close circuit tele-
vision. 

British Overseas Airways Corporation 
has placed a further order for airborne 
navigation and communication equip-
ment with The Marconi Co. Ltd, for 
for their fleet of VC-10 and Super VC-
10 aircraft. This new order brings the 
total value of BOAC orders for Marconi 

avionic equipment for these two air-
craft types, to nearly £111‘4. 
Equipment in the new order includes 

v.h.f.  communication  and  navigation 
systems. 
The entire BOAC jet fleet, including 

all the Boeing 707 aircraft, is now in 
the process of being fitted with the 
Marconi  Doppler  Navigation system, 
type AD560. The VC-10 and Super 
VC-10 aircraft are also equipped with 
a comprehensive  range  of  Marconi 
avionic equipment which, in addition 
to  communication  and  navigation 
systems, includes  the  low frequency 
automatic  teleprinter  receiver,  type 
AD308 and a selective calling device, 
SELCAL type 2880. 

I.C.T. has awarded Mullard Ltd a 
contract  worth  £400 000  to  supply 
matrix core stacks for the data stores 
used in its 1900 series of computers. 
Designed for the main working stores 

of the 1901, 1902 and 1909 machines, 
the stacks have capacities of 4096, 
8 192 or  16 384 25-bit words. More 
than 73 million ferrite cores will be 
used in fulfilling the contract. Each 
core has an outside diameter of 0.050in 
and is threaded by four wires used to 
read information into and out of the 
computer memory. 

Plessey Radar—part of the Plessey 
Electronics Group—has been awarded 
a design study contract for the first 
international satellite control centre. 
The installation will be at Noordwijk 

in Holland, at the European Space 
Technology Centre of the European 
Space Research Organization (ESRO), 
and will co-ordinate ground stations 
round the world used for controlling 
and  commanding  scientific  research 
satellites launched by ESRO. 
The contract is the first of its kind 

to be awarded to a British firm and 
will involve an intensive study to de-
termine  which  of  the  alternative 
systems will best meet ESRO require-
ments. 

Denmark's first u.h.f. television trans-
mitter, to be used  for colour and 
u.h.f. propagation tests, is to be sup-
plied by The Marconi Co. Ltd. The 
transmitter will be installed at Glad-
saxe, a suburb of Copenhagen, where 
black and white, technical test trans-
missions are due to begin early next 
year, a preliminary to the start of 
colour television broadcasts. 
The order includes the supply of an 

aerial as well as the transmitter which 
is a completely new model. The power 
output is 10kW, generated by a new, 
high stability, vapour-cooled, 4 cavity 
klystron tube supplied by the English 
Electric Valve Company. The aerial 
will be specially built to suit an existing 
mast at the Copenhagen site. 
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BOOKS 
Synthesis of Filters 

By J. L. Herrera and G. Willoner.  192 pp. 
Med.  8vo.  Prentice-Hall  International.  1966. 

Price 84s. 

T T IS difficult to decide what type of 
-Lreader this book is aimed at. The later 
chapters contain material which would 
be useful to (and perhaps in parts fully 
intelligible only to) a filter designer. Yet, 
the first few chapters discuss the funda-
mental notions with almost a naive 
approach to avoid, it would appear, a 
rigorous statement of the basic properties 
of passive networks. 
The authors consider the design of 

ladder filters, on the basis of their 
insertion-loss  characteristics.  Synthesis 
procedures are discussed, basically for 
filters containing only reactive compo-
nents which are loss-free. Near the end 
of the book RLC filters are briefly dis-
cussed and methods of compensating 
for the lossy components are indicated. 
Filters are considered in four groups 

(the grouping being based on the type 
of the response function) as Butterworth, 
Chebyshev,  Cauer  Parameter  and 
General Parameter filters. Although one 
might feel that the distinctions between 
the last three groups of filters are rather 
artificial, the properties of the various 
types are clearly stated and discussed. 
An iterative method for the calculation 

of element values without solving for 
the roots of the polynomials in filter 
functions is presented in the Chapter 8, 
for  which  method  computational 
advantages are claimed as compared with 
the methods in general use. 
Another interesting feature  of the 

book is the exposition, in Chapter 10, of 
a template method for determining the 
attenuation poles for given insertion-loss 
requirements. 
A number of numerical examples are 

worked out and references given for 
further reading. 
The overall impression the reviewer 

had of this book was that the presenta-
tion did not do justice to the material 
presented. 

H. O. BERKTAY 

Analysis and Design of Transistor 
Circuits 

By L. G. Cowles. 309 pp. Med. 8vo. 
D. Van Nostrand. 1966. Price 78s. 

r ‘ N THE loose cover we read: 'A 
‘-/refreshingly new and direct treat-
ment of transistor circuit principles is 
presented in this book, which is primarily 
concerned with practical circuit design.' 
In the preface the author states that 

'this is the first book to recognize the 
impact of the planar transistor on circuit 
design.' 
These are perhaps rather sweeping 

statements and might cause the potential 
reader to believe that here was a com-
pletely new approach. All books have 
some emphasis and in many there is 
something novel. In the present one the 
assumption is made from the beginning 
that the reader is familiar with semi-
conductor device physics, a, 13, the 
hybrid parameters and so on: it can 
therefore be regarded as complementary 
to the texts dealing with semiconductor 
device physics and equivalent circuits. 
The ' novel ' feature of the book is the 
neglect of the internal collector-base 
resistance for both d.c. and a.c. applica-
tions. Very naturally this reduces the 
complexity of the analysis of linear 
circuits. It gives de facto recognition to 
what the practising circuit engineer has 
long done, even before the advent of the 
planar transistor. 
The main part of the book is con-

cerned with d.c. and low frequency 
circuit applications, in which the reactive 
elements of equivalent circuits can be 
ignored. There is, however, a short 
chapter on 'medium frequency power 
amplifiers ', but this is rather limited in 
scope. The book deals adequately with 
biasing, low-frequency and d.c. ampli-
fiers (including a good section on coupled 
pairs), power amplification and  low-
frequency power switching. The last three 
of the 21 chapters deal with tetrode and 
field  effect  transistors and are more 
limited than the more detailed chapters 
on bipolar devices. 
The readership target is applications 

engineers, circuit designers or college 
students in upper levels of graduate 
courses'.  It is not an undergraduate 
course book but will be of use to the 
intended ,readers. 

F. J. HYDE 

Modulation, Resolution and Signal 
Processing in Radar, Sonar and 

Related Systems 
By R. Benjamin. 184 pp. Demy 8vo. Pergamon 

Press. 1966. Price 55s. 

A VERY laudable feature of this book 
is the deliberate avoidance of tedious 

mathematical formulations (which are 
often used by authors to disguise their 
lack of real understanding of the subject) 
even if, on occasions, rigour has to be 
sacrificed in the process. The accent has 
been placed instead upon striving to 
produce a clear appreciation of the 

physical  principles  and  relationships 
involved. This does not mean, however, 
that the book is easy to read and com-
prehend. A newcomer to the field of 
signal processing would find the wealth 
of new definitions, concepts and princi-
ples rather  overwhelming  and some 
rearrangement and simplification of the 
material would be necessary to render 
it suitable for use at undergraduate level. 
It should, however, be of considerable 
value to theoreticians and engineers, 
with some previous experience of the 
subject; this is indeed the market at 
which it is aimed. 
The first part of the book is devoted 

to definitions of the discriminating and 
resolving powers of detection systems in 
range, azimuth, elevation and Doppler 
together  with  their  similarities  and 
relationships. There follows a detailed 
examination of detection systems which 
are matched to given signal and noise 
distributions in the frequency and time 
domains and these are very thoroughly 
developed in terms of a wide variety of 
modulation systems. The concept and 
significance of the ambiguity function is 
examined also and at the end of the 
book individual chapters are devoted 
to logical and non-linear processing and 
to practical considerations. The various 
systems discussed are clearly illustrated 
by a large number of block schematics 
but notwithstanding the title these are 
almost invariably chosen from the field 
of radar. 
In two ways this book is unconven-

tional; firstly it contains an abstract and 
a postscript, both of which the reader 
is advised to look at so that he can more 
readily attune himself to the authors 
individualistic approach to the subject 
and secondly,  it contains only one 
reference. Although it is pointed out in 
the  postscript  that  usually  specific 
points and ideas cannot readily be credi-
ted to particular individuals the reviewer 
feels that some attempt should have been 
made to include at least a few key 
references especially in view of the 
deliberate sacrifice of rigour in certain 
places. 

B. K. GAZEY 

Introduction to Transistor 
Electronics 

By R. L. Walker. 341 pp. Med. 8vo. Black and 
Son Ltd. 1966. Price 50s. (paperback 27s. 6d.) 

T HIS book follows the conventional 
pattern for textbooks on transistors, 

progressing from semiconductor physics 
through circuit models to a variety of 
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circuit designs. The exception to this 
pattern is that one chapter on 'Further 
Developments  in Semiconductor  De-
vices', including the field-effect transistor 
and the tunnel diode, is placed in the 
slightly odd position between Band-pass 
Amplifiers' and 'Switching Circuits'. 
There are only a few lines on integrated 
circuits, phototransistors and  voltage 
stabilizers and no suggestions for prac-
tical work. 
The author has written 'Introduction 

to Transistor Electronics' in a style 
which is easy to read, with a number of 
light-hearted touches. At one stage the 
action of electrons and holes is ex-
plained by analogy to hawks and rabbits 
and in a later chapter Kelley's Second 
Law is quoted as "If anything can pos-
sibly go wrong it will!" Throughout 
most of the book the term hertz is used 
instead of cycles/sec. The author fol-
lowed  the  commendable practice  of 
explaining circuit action on the basis of 
both d.c. transistor characteristics and 
circuit models, wherever this is possible. 
The relative advantages and disadvan-
tages of various methods for circuit 
design are explained in a practical 
manner. 
A good feature of this book is the 

interesting and searching problems which 
follow each chapter. Any student who 
faithfully  completed  these  problems 
would acquire a useful background in 
transistor electronics. As with most text-
books of American origin, no solutions 
are given to the problems. This is a 
frustrating omission. 
The hard-cover version of this book 

is attractively printed on good quality 
paper and deserves a place in any tech-
nical library. The paperback version 
could be a worthwhile investment for 
an undergraduate who is interested in 
electronics. 

J. R. ABRAHAMS 

Fundamentals of Display Systems 
By H. H. Poole. 403 pp. Med. 8vo. Macmillan 

Co. Ltd. 1966. Price £7 15s. 

TN the preface the author states that 
"the book was undertaken as a general 

introduction to displays and  display 
systems" and that "each technique is 
presented in sufficient detail to acquaint 
the reader with the display device and 
its applications". Mr. Poole's object has 
not in fact been to produce a work 
devoted primarily to  basic  scientific 
principles, as perhaps the title of the 
book might at first suggest, but rather 
to provide a comprehensive survey of 
displays and display systems with just 
sufficient attention given to basic prin-
ciples to enable the most significant 
points to be noted. The scope of the 
book should give it a broad appeal 
among those concerned in any way with 
the display field and not limit it to those 
engineers engaged in specialist design. 
The text is divided into five major 

parts and within this framework a large 
range of display techniques is embraced. 
These include electronic, photographic, 

electromechanical, electro-optical, photo-
chromic and oil-film methods. Part I 
contains a complete section devoted to 
colour cathode-ray tubes and terminates 
with a section on the constraints imposed 
by various forms of specification, in-
cluding those related to environment and 
human engineering. Part II contains a 
section on display peripheral devices, 
such as character and vector generators, 
as well as dealing with the presentation, 
of information on large screens. Part III 
is concerned with system considerations 
and contains complete sections dealing 
with television, radar, and computer-
generated displays. Part IV is a particu-
larly useful addition to the book in that 
it deals with human engineering con-
siderations,  optics,  and  luminescence 
with special reference to displays. The 
book is concluded by Part V which looks 
at likely future display techniques. 
Referring again to the preface, the 

author hopes that his book "will serve 
as a bridge to a more detailed study in 
any given area". Mr. Poole's book 
should achieve this purpose very success-
fully. It is well organized, well presented, 
and is unquestionably a very useful 
addition to the information published in 
this field. 

L. W. W HITAKER 

Electronic Designer's Handbook— 
A Practical Guide to Transistor 

Circuit Design 
By T. K. Hemingway. 294 pp. Business 
Publications Ltd.  1966. Price 636. 

T HERE are three clearly defined sec-
tions to this book. Part 1, which is 

half the book, deals with basic circuits. 
Chapter 1 is entitled 'Semiconductor 
Diode Properties' and is largely devoted 
to the Zener diode. The second chapter 
is concerned with d.c. characteristics of 
the transistor, but there is not one illus-
tration of a typical set of characteristics. 
In fact, the only voltage/current graph 
in the whole book is a generalized curve 
for a germanium diode. The chapters on 
transistor circuits emphasize the effect of 
temperature variations, which is particu-
larly significant for germanium tran-
sistors. 
Part 2 gives details of five special 

classes of transistor circuit, namely com-
plementary  circuits,  voltage-controlled 
oscillator, ultra-high gain stages, tran-
sistor pump and transistor cascode. 
Part 3 consists of two chapters devoted 

to the techniques of boot-strapping and 
prototype testing. Some more mathemati-
cal work is dealt with in six appendices. 
Inevitably, in a book of less than 300 

pages, the subject matter is less com-
prehensive than the title would suggest. 
However,  there  are  some  surprising 
omissions. Less than half a page is 
devoted to logic circuits and these few 
lines deal only with the diode AND gate. 
The words 'hybrid' and 'tuned' do 
not appear in the index. Unfortunately 
the T-equivalent circuit is used through-
out and there is no mention of band-

pass amplifiers. In a book of this type 
there should always be a list which gives 
the meaning of the many symbols and 
abbreviations used in the text. 
Apparently this  book was written 

for  the  recently-qualified  electronic 
engineer or physicist, but it cannot be 
recommended to the new graduate. The 
older engineer, who has been brought 
up on thermionic valves and now wishes 
to design low-voltage stabilized power 
supplies, might find the book useful. It 
could have been written seven years ago 
and would have been more valuable at 
that time, before the widespread accept-
ance of integrated circuits changed the 
emphasis away from circuit detail to 
system design. 

J. R. ABRAHAMS 

Antenna Analysis 
By E. A. Wolff. 514 pp. Med. 8vo. John WBey 

and Sons Ltd. 1966. Price 188s. 

Di . WOLFF based this book on a 
postgraduate  course  for  aerial 

design engineers which he gave in 1962-3. 
Although mathematical in treatment the 
book has an engineering outlook, being 
so written that results may be extracted 
easily. Wherever possible, solutions are 
derived  from  fundamental  electro-
magnetic theory, tedious working being 
omitted and approximate or graphical 
values being taken when appropriate. 
Some  experimental  results  are  also 
included. 
The subject matter is wide, with a 

definite emphasis on those fields in which 
active work is being carried out at 
present.  Thus, after an introductory 
chapter and  a brief note on point 
sources,  Chapter  3 deals with wire 
aerials, dipoles, folded dipoles, mono-
poles, cylindrical, spherical and spher-
oidal aerials, loops, ferrite loops and 
bicones.  There follows a chapter on 
apertures, including circular and cylind-
rical as well as rectangular areas. 
The long chapter on slot antennas also 

includes slotted  cylinders and  wave-
guides,  notches,  open  waveguides 
and a substantial section on waveguide 
horns. Chapter 6 covers planar, circular 
and unequally spaced arrays as well as 
linear arrays. The next chapter deals with 
reflector aerials, plane, corner, para-
boloidal,  Cassegrainian,  cylindrical, 
doubly curved, spherical, toroidal, passive 
reflectors and reflector arrays. Chapter 
8, on travelling wave aerials, is equally 
comprehensive, and the book concludes 
with chapters on broadband and lens 
aerials. 
The author draws his material from 

many sources, around three hundred 
references being  quoted.  This  alone 
makes the book a valuable source of 
information. The book is well presented, 
with about two hundred and forty dia-
grams and graphs.  There are a few 
minor errors in this first issue. 
This is a book which deserves a place 
on the shelf next to the traditional aerial 
handbooks.  Compared with them, it 
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covers  a wider  field,  provides  more 

formulae for co mputers to evaluate, and 

is of course fifteen years younger. 

M. F. RADFORD 

Electronics 
By Roy H. Mattson. 620 pp. Med. 8vo. 

J. Wiley & Sons. 1966. Price 98s. 

T HIS  is  an  undergraduate  textbook 

-IL following the now custo mary A meri-
can  pattern  of  intensive  study.  It  is 

designed as a one-year course taken at 

the rate of three or four lectures per 

week  and  would  need  considerable 

laboratory support to achieve full effect. 

In this way, the author is able to assu me 

a wide knowledge especially of circuit 

theory and Laplace transfor ms fro m the 

beginning of the book.  Without co m-

menting on the merits of this syste m of 

teaching it is clearly different fro m the 

British one, and this difference makes it 

hard to use A merican textbooks to full 

advantage in British courses. The longer 

and more diverse the subject matter the 

greater is the di fficulty. 

The ai m of the book is to develop 

an understanding of electronic devices 

in practical circuits, paying attention to 

the  internal  working  of  devices,  the 

functions they are required to perform, 

and the circuits in which they therefore 

function. No attempt is made to separate 

the  work  of the  device  manufacturer 

fro m that of the circuit designer, and 

the  author is clearly looking  forward 

into the era of integrated circuit when 

the two tasks will be inseparable. 

The material  falls  into  three  fairly 

clearly  defined  sections,  of which the 

first and last are  the  important ones. 

W here  appropriate  the  centre  section 

could be omitted without loss of con-

tinuity. The first section of four chapters 

deals  with  the  theory  of  solids,  the 

operating principles of diodes and multi-

terminal devices, and the effective cir-

cuits of real devices. On the whole, the 

treat ment  here  is  clear  and  straight-

forward with the rather novel approach 

of using photodiodes as an introduction 

to  transistors very effective.  Only the 

first chapter is open to serious criticis m. 

The solid state theory needed for a full 

understanding  of  se miconductors  as 

materials is co mplex and subtle, but as 

several recent books have shown such a 

treat ment is not necessary as a prea mble 

to a book on devices and circuits. Here 

the first chapter falls heavily between 

two stools, making an unfortunate be-

ginning to a book which gets better as 

it goes on. 

The  second  section  forms  a  link 

between devices and circuits, and deals 

with transducers, transfor mers, amplitude 

frequency and pulse modulation syste ms, 

and the functions of diodes, including 

rectification  and  frequency  conversion. 

This material would often be included 

elsewhere  in  an undergraduate course. 

W here  this  is  the  case  it  could  be 

omitted  fro m  the sche me, but in  any 

practically  oriented  course  there  is 

clearly a case for using it in a linking 

role, as here. 

The longest part of the book needs 

least said about it, for it is the best and 

most  straightforward.  It  is  concerned 

with  circuit  design  and  construction, 

starting with the circuit models of active 

devices developed earlier. First it deals 

with the biasing of devices,  and then 

after a resu mé of linear network theory 

goes on to single stage amplifiers, cas-

caded amplifiers and switching circuits. 

There are omissions fro m the treat ment, 

notably  oscillators,  time-bases  and  all 

high frequency and microwave applica-

tions, but the book clearly does not ai m 

to be comprehensive. At least there is 

a hope that those reading it could design 

simple circuits for the mselves. 

The emphasis on the functional nature 

of the subject is ad mirable, and is helped 

by the choice of subject matter, as well 

as by the many worked exa mples in the 

text. Useful examples are also given at 

the  ends  of  the  chapters,  some with 

answers. The book can therefore be re-

co m mended to anyone interested in its 

subject matter, with one further proviso. 

The author's style is very repetitive and 

is of the kind that will drive you mad 

before the end of the book if you hap-

pen not to like it.  Read a few para-

graphs before you buy. 

D. C. NORTHROP 

Higher Mathematics Examples for 
Electrical Engineering Students 

By D. G. S. Bedding and D. W. Porter. 300 pp. 
Demy 8vo. Macmillan & Co. Ltd. 1966. Price 25s. 

A large number of mathematical examples 
are included in this book and are of use 
for students taking the Higher National 
Certificate and Part II Mathematics and 
Part HI examinations of the Institution of 
Electrical Engineers. 
Answers to all the examples are given, 

and the index is sufficiently detailed to 
enable the reader to find examples asso-
ciated with any particular subject. 

Questions and Answers -
George Newnes Ltd. 1966. Foolscap 8vo. 

Price 8s. 6d. 

On Audio 
By Clement Brown. 104 pp. 

On Electronics 
By Clement Brown. 112 pp. 

On Transistors 
By Clement Brown. 96 pp. 
On Radio & Television 
By H. W. Hellyer. 128 pp. 

These four books, as their titles suggest, 
consist of a series of questions and answers 
designed to give the interested layman an 
insight into these subjects. 

Transistor Bias Tables 
By E. Wolfendale. 71 pp. Crown 4to. Iliffe Books 

Ltd. 1966. Price 21s. 

This book contains a series of computed 
tables to assist in the design and construc-
tion of a transistor amplifier. These tables 
can be used directly to provide the values 
of the three resistors required for the con-
ventional bias current, or alternatively, as 
a starting point for a more detailed bias 
current analysis. 
A short introduction is included giving 

the aims of the tables and how they should 
be used. 

Advances in Cryogenic Engineering 
Edited by K. D. Timmerhaos. 712 pp. Royal 8vo. 

Plenum Press. 1966. Price $19.50 

Volume 11 of this series contains the 76 
papers presented at the Eleventh National 
Cryogenic Engineering Conference held at 
the Rice University, Texas, in August 1965. 
A number of these papers deal with cryo-
genics as applied to space systems. 

Nuclear Electronics 
Conference Proceedings, Bombay, 

22-26 November 1965 
International Atomic Energy Agency. 662 pp. 
Med. 8vo. Her Majesty's Stationery Office. 1966. 

Price 81s. 

This book contains the 48 papers pre-
sented at the Conference on Nuclear Elec-
tronics held at Bombay in November 1965 
and organized by the International Atomic 
Energy Agency of Vienna in co-operation 
with the Indian Atomic Energy Commission. 

The Management of Innovation 
By Tom Burns and G. M. Stalker. 269 pp. 
Med.  8vo.  Tavistock  Publications  Ltd.  1966. 

Price 21s. 

First published in 1961, this book now 
appears as a paperback in the social Science 
Paperback Series, and deals with the sub-
ject matter in three parts, namely External 
Circumstances, Organization and Change, 
Direction  and  Shaping of  Management 
Conduct. 

Radio Valve Data 
229 pp. Demy 4to. lliffe Books Ltd. 1966. 

Price 9s. 6d. 

The characteristics of 7,000 valves, tran-
sistors, semiconductor diodes and rectifiers, 
and cathode-ray tubes are now given in the 
eighth edition of this book. 

Television Receiver Theory: Part 1 
By G. H. Hutson. 238 pp. Crown 4to. Edward 
Arnold (Publishers) Ltd. 1966. Price 35s. 

This textbook is the first of two volumes 
which together will  provide a systematic 
course in the principles of television receivers 
for students and technicians preparing for 
the Intermediate and Final Examinations in 
Radio and Television conducted by the City 
and Guilds of London Institute and the 
Radio Trades Examination Board (Course 
48) 

Designing Transistor I.F. Amplifiers 
By W. Th. Hetterscheid. 314 pp. Med, 8vo. 

Cleaver-Hume Press Ltd. 1966. Price 80s. 

The subject matter of this book is the 
design and construction of transistorized 
i.f.  amplifiers for radio, television and 
radar  receivers. A  survey of the  design 
theory is given from which practical pro-
cedure  may  be  developed  using  special 
design charts. 
Six fully worked out examples are in-

cluded. 

Handbook of Relay Switching Technique 
By J. Apnels and B. Geels. 321 pp. Med. 8vo. 
Cleaver-Hume Press Ltd.  1966. Price 72s. 
This book deals with the theory of switch-

ing techniques and includes chapters on the 
design of circuits for counting, decoding, 
checking, locking and similar topics. 

Measuring and Testing with Square 
Wave Signals 

By W. Schultz. 196 pp. Med. 8vo. Cleaver-Hume 
Press Ltd. 1966. Price 57s. 6d. 

After introductory chapters dealing with 
the square wave signal, this book describes 
the various methods of testing in the audio 
frequency range including stereo amplifiers 
and record players. 
The testing of components and sub-

assemblies is included. 
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LETTERS TO THE EDITOR (We do not hold ourselves responsible 

for the opinions of our correspondents) 

Simple Gates Without Pedestal 

DEAR SIR,—I would like to make a 
few comments concerning the letter 'An 
R.F. Gate with no Pedestal Voltage' by 
D. Anderson in your August issue. 

(1) The output appearing when a 
transmission gate is opened and closed 
for the condition ǹo input signal' is 
shown, for the general case, in Fig. 1. 
The pedestal', A, arises because of the 

r 

Fig. I. General case 

different d.c. conditions existing at the 
output for the two states 'gate open' 
and g̀ate closed' when the gate circuit 
is actuated by a control signal (usually 
a pu'se) of duration T. The amplitude, 
polarity, and duration (4,12) of the 
switching 'spikes' S„ S, will depend on 
the circuit configuration employed. They 
arise tecause of non-coincidence and/or 
finite, and in general unequal, transition 
times of the two opposite polarity gating 
signals in  balanced  circuits,  and/or 
because of reactive circuit components. 
(Carrier storage effects might also con-

(Clamp reference voltage,usually OV) 

(a) 

DECEMBER 1966 

tribute to their amplitude, duration, etc.) 
The presence of S, and S, does not 

depend on the presence of A though 
the magnitude of A may vary their 
amplitude and duration. An incoming 
signal (a.f., r.f., or complex waveform) 
is superposed on the waveform of Fig. 1. 
' Pedestal' is undesirable in most trans-
mission gates but so are spikes. Which 
of the two effects is most troublesóme 
from the point of view of its minimiza-
tion will depend on the gate duration 
and not necessarily the frequency of the 
input signal.  Pedestal is more easily 
removed, or cancelled out, than spikes. 
This applies whether T be in nano-
seconds or microseconds, though the 
manner in which this is accomplished 
might require somewhat sophisticated 
circuit arrangements (such arrangements 
will form the basis of a future com-
munication). 

The simplest possible gates avoid or 
reduce pedestal at the expense of the 
spikes S„ S„ or switch-on and switch-
off times, but are attractive because of 
their economy and the fact that they 
require no adjustment. They may still 
be able to handle r.f. sinusoidal signals 
but not short gate durations. This is 
because they may employ a transistor 
operating in the saturating mode. Con-
sider the arrangement of Fig. 2(a): this 
circuit (British Patent 861,263) was de-
veloped by the author in 1958 while 
working on problems relating to the pro-
duction of inter-trace marker rings for 
radar c.r.t. displays. 

The original circuit used 0C44's be-
cause they appeared to be the best then 
commercially available for the purpose, 
and the input signal was 10kc/s. 
Fig.  2(b)  summarizes  the  circuit 

Fig. 2. Simple gate circuit and circuit behaviour 

behaviour assuming the applicability of 
the ideal Ebers-Moll transistor model. 
It may be shown that: 
1* = ./.(1 — %)/(I — artaF) 

TICE * = (KT lq) ln (1 / aR) 
rd = Collector  emitter  incremental 

resistance with lo 

= (KT I q) . (1 1110[(l 13F)+   
± I) 

where the symbols have their conven-
tional significance.  If the transistor is 

+V, 

+Vc: 

—v, 

Fig. 3. Anderson's circuit 

operated in the inverse sense then 10„, 
becomes 40; aF and aR are interchanged 
as are Pp and PR. The pedestal voltage 
may be evaluated by simple geometry: 
it is very small (e.g. lmV) and not sig-
nificantly temperature dependent.  The 
preferred  base  driving  circuits  for 
reducing S„ S, and ensuring optimmn 
speed performance of a transistor clamp 
as employed here are discussed else-
where',2. 

The advent of planar technology has 
made available such devices as the dual-
emitter integrated chopper transistor and 
this has meant a smaller A (e.g. the 
Transitron ST5610  has  a maximum 
offset voltage of 50µV at 4152  = 0) and 
improved switching performance. 

Presumably Mr. Anderson has ruled 
out saturated switches because of carrier 
storage effects. In doing so he has sacri-
ficed stability of pedestal cancellation 
as I think the following paragraphs will 
show. In view of the availability of high 
speed saturating transistor switches it is 
difficult to say how much he gains. 

(2) Mr. Anderson's circuit is redrawn 
for convenience in Fig. 3. 

It will be seen that the arrangement 
differs from my original circuit in two 
respects, the manner in which the out-
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put is clamped, and the necessity for 
two gate pulses. 

According to the values he quotes it 
would appear that unsaturated emitter-
followers clamp the output level when 
the gate is shut. This is presumably to 
enable the circuit to switch 'on' and 
 ̀off ' faster. 

When VT, and VT, are cut off, X 
will be very near earth potential. When 
VT„ VT, are switched on then for zero 
shift in d.c. output level the emitter 
currents of VT, and VT, must be equal. 
Fig. 4 shows how this is achieved in the 
circuit of Fig. 3 by adjustment of Rb2. 

Neglecting leakage currents a simple 
calculation shows that for the emitter 
currents of VT, and VT, to be equal, 
under d.c. conditions, it is necessary 
that, 

(P,+1)  (V2—VB82 ) Rb, 
(1) 

(#2+1)  (V,— V BE ,) Rb2 

Adjustment of Rb, might well ensure 
this at a given temperature but pi, p2, 
VEE ,, YEE , are temperature dependent 
and while the variations will be the same 
direction for both devices exact can-
cellation cannot be expected of unselec-
ted discrete devices. Any difference be-
tween the emitter currents of VT, arid 
VT, must flow in R, so a pedestal will 
appear. 

Of course, the setting of Rb2 will 
affect the transient behaviour of the cir-
cuit. Referring again to Fig. 3, the turn-
on delay time of VT, is given by fa, 
where, 

id, CiRby I n V   
V 1+ VTni 

(2a) 
in which, 

C1 = sum of the ' effective ' collector 
and emitter junction transition capaci-
tances of VT, 
and  VTHI  -= base-emitter  voltage  of 
VT, at the threshold of conduction. 
Likewise the turn-on delay for VT„ 
tà, is given by 

h,  V2+ 112  td, C2Rb2 
V2+ VTR , 

(2b) 
in which like symbols apply. 

If V1 = V2, V1 = V2, VTH1 = VTH2 
then td, = 42 only if C,Rbi = C2RI32. 
If C,  C2 then td, 42' 

If the turn on delays are not equal 
one transistor will take control and the 
output voltage will change until the 
other transistor starts to conduct. If C, 
= C2, td, can be made equal to td, by 
adjusting y, or y2. 

Assuming td, = td,, a switch-on tran-
sient will exist if the emitter currents of 
VT„ VT2 do not increase to their final 
value at an identical rate. 

Let ybi be the base charge control 
time-constant of VT1, i.e. the base charge 
per unit base current (in the d.c. state) 
and suppose a step base current /b, is 
applied when the gating pulse is applied 
at terminal I. 

Then the emitter current of VT,, 
is given by 
is, (t) = /b,  fl,/b, [l —exp 

( — /71,1)]   
similarly for VT,, 

1E2 (t) = 42 + /3242 
[1 — exp (— th-b2)] 

(3a) 

  (3b) 

Equations (2) and (3) may be derived 
from basic charge control theory'. For 
minimum switch on spikes. 

/E (t) = /E, (t)    (4) 
or substituting from equations (3a), (3b), 
/hi + 1311b1 [1 — exP (— tirbi)] 
42 + P2 +  [1 — exP(—t/Tb2)l 

  (5) 
For t oc, equation (1) results  

Since normally pp p2 are both >> 1 
then it follows from equation (5) that if 
the circuit is adjusted for zero pedestal 
minimum switch-on spike occurs pro-
vided  Tbi = Tb2.  This  indicates  the 
necessity of having VT, and VT, as 
complementary types. Small differences 
between rb, and Tb2 might be reduced by 
adjustment of E, or E, (this will in 
general alter the /3 of the relevant tran-
sistor also). Gross differences would re-
quire some other technique e.g. a series 
R and C in parallel with Rb2 would 
alter  the  switching  performance  of 
VT, without modifying the d.c. balance 
condition. 

The switching times of VT, and VT2 
may be reduced and thus spike cancella-
tion improved if VT, and VT, are 
c̀harge driven.' This means Rbi, Rb2 
are shunted by capacitances Cb„ Cb2 the 
choice of which is discussed by Sparkes3. 

(3) It is well known that at low fre-
quencies the impedance looking in at 

Fig. 4. Effect of adjustment of 12,2 

(a)IVil = Vs1  (b) 11111 0  !Vs! 

14E1 

(b) 

the emitter of an emitter-follower is 
R/E = Re+Pre/(P+ 1) 

ViclhuderiengR;; ) Base source resistance (in-

= KT/q10 

Thus RIE is only small if Rs is small. 

Using  Mr.  Anderson's  values 
Rb, = 221(12, and assuming 13 = 20 

for the P 346A (a data sheet minimum). 

Thus Rf 0.5k1/. 

Taking the optimistic condition Rb 
= 00 (where Rb is defined by Mr. 
Anderson as the impedance seen from 
R, looking into the back biased base 
emitter  circuits  of  VT„  VT,  in 
parallel), then the low frequency 'on' 
to òff' attenuation ratio is 30 com-
pared with the figure of 103 or 104 
quoted. A simple expression for the 
on' to  ̀off' attenuation ratio, involv-
ing resistors alone, will not suffice at 
higher frequencies (and the gate is sup-
posed to deal with  ̀r.f. ' signals) be-
cause reactive circuit elements have to 
be considered. 

My own feeling is that the most 
economic simple no-pedestal gate will, 
when the devices become somewhat less 
expensive, be a series-shunt arrangement 
employing f.e.t.'s such as described, for 
example, by Hunter'. These arrangements 
would appear to be simple, have no 
pedestal, are fast, have an inherent 
tendency for spike cancellation and re-
quire no setting up. 

Yours faithfully, 
B. L. HART, 

Department of Electrical Engineering 
West Ham College of Technology, 

London, E.15 
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Stabilizing Output of Wien Bridge 

DEAR SIR,— One of the most convenient 
methods of stabilizing the output am-
plitude of a Wien bridge oscillator is 
to make one of the resistive arms level 
conscious by using a thermistor which 
controls the amount of negative feed-
back around the amplifier. 

There are two reasons for the tem-
perature of the thermistor in the cir-
cuit to rise—one is due to the dissipa-
tion by the oscillator output and the 
other because of the ambient tempera-
ture. During normal operation of the 
circuit, the operating temperature of 
the thermistor due to the dissipation 
is made large so that variations in 
ambient temperature have little effect. 
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In general to obtain high operating 
temperatures  with  little  dissipation 
thermistors with high power sensitivi-
ties (e.g. STC type R series) are used. 

Recently the variations in the output 
of  the  oscillator  with  temperature 
were studied in connexion with a pro-
ject and during the investigations it 
was realized that use of a second 
thermistor in the other resistive arm 
can be made to give better circuit per-
formance with temperature. The pur-
pose of this brief note is to report our 
finding with the hope that it might 
be of some interest to your readers. 

Fig. 1 shows the usual schematic 
of a bridge oscillator. To start assume 
that R, is a temperature independent 

Fig. I. Arrangement of bridge oscillator 

resistor. As the ambient temperature 
rises the value of the thermistor R, 
decreases,  increasing the  amount  of 
negative  feedback  and  as  a result 
the amplitude of the output drops. 

Now, if the value of R, could be 
decreased so that the amount of nega-
tive feedback is restored towards the 
previous value the output tends to rise 
again to the original value. This prin-
ciple can be mechanized by using an-
other thermistor with R, to make it 
temperature sensitive. The second ther-
mistor is used for sensing the ambient 
temperature only and hence a ther-
mistor with low power sensitivity is 
sufficient for this purpose. 

The interest of Mr. P. H. W. Jacoby 
in the  work is thankfully acknow-
ledged. 

Yours faithfully, 
R. KRISHNA, 

Industrial and Research 
Electronics Pty, 

Sydney, Australia. 

A Simple Frequency Meter 

DEAR SI12,—In connexion with some 
work on gaussian noise, a requirement 
arose for a simple frequency meter for 
measuring the zero Crossing Rate. In 
view of the fact that the circuit may be 
used for sinusoidal and other waveforms, 
readers may be interested in the details. 
S. O. Rice'  has shown  that for 

Gaussian noise the zero-crossing rate 
N(0) can be derived theoretically from 

the characteristics of the band limiting 
filter. For a filter whose gain-frequency 
characteristic may be represented by 
G(f), 

Ar(„0 = 2 
fg(f)d f  

fr K M! 

(1) 

An ideal band-pass filter of limits f, and 
f, would yield 

N(0) =  f,3]I  
f, - f, 

which simp ifies to Pl(o) = 1.155 f, for an 
ideal low-pass filter. 

It can be seen that the denominator 
within the brackets of equation (1) 
represents the area of the power gain-
frequency response curve of a filter, a 
value which may be simulated by the 
output of a thermocouple activated by 
band limited noise. 

If another thermocouple is fed from 
the same noise source through a capaci-
tor then since the capacitive reactance 
varies inversely as the frequency, the 
voltage appearing across the thermo-
couple will vary directly with frequency. 
The output over a narrow frequency 

band will correspond to an input pro-

0.02nF 

15kfl  + 10.0. 

50.0. 

4.7oF 
(Calibrated in units of N(o)) 

Fig. 1. Simple frequency meter 

portional to (voltage)2 and hence also 
to (frequency)2. The total output of the 
capacitively fed thermocouple will there-
fore be proportional to the numerator 
within the brackets of equation (1). 

The outputs of the two thermocouples 
may be fed to each end of a potentio-
meter whose wiper is returned to ground 
via a galvanometer. The wiper knob 
runs over a calibrated scale. The device 

operates correctly for sine waves as well 
as with wide band noise and hence the 
scale may be calibrated with sine signals 
from a standard signal generator. Once 
calibrated, of course, the instrument may 
be used as a direct reading frequency 
meter. The accuracy, of course, is not 
very high and depends upon the galvano-
meter  sensitivity  and  the  type  of 
potentiometer used. In the original ap-
plication using noise signals, this was 
not a serious problem. 

Owing to the limited sensitivity of the 
thermocouples, the presence of stray 

capacitance and  the tirite value of 
thermocouple resistance, the device has 
a somewhat restricted range, but it is 
envisaged  that  further  development 
would produce a more generally ap-
plicable instrument.  Using the circuit 
values shown, the circuit was used at 
R.R.E. to measure zero crossing rates 
from 3 to 20 per µsec, but the two 102 
rheostats allow adjustment of the range 
of interest. 

This note is published by permission 
of  the  Controller,  Her  Majesty's 
Stationery Office and is Crown copy-
right. 

Yours faithfully, 
BRIAN A. WYNDHAM, 

Royal Radar Establishment, 
Great Malvern, 
Worcestershire. 

REFERENCE 
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14, 46 (1945). 

Phase Inversion in an Overloaded 
Amplifier 

DEAR Sm,— The phenomenon described 
by P. C. Pugsly in Phase Inversion in 
an  Overloaded  Amplifier'  (October 
issue), has been noticed in stabilized 
power supplies when endeavouring to 
adjust them beyond their design limit. 
The phase inversion may be used with 
advantage  to  generate  unidirectional 
pulses from transitions of a waveform 
as shown in Fig. 1. 

The base is driven by a source with 
a low impedance compared to R and 
the transistor response is fast com-
pared to the transition time. The width 
of the base of the triangular output is 

Fig. 1. Generation of unidirectional pulses 

equal to the transition time of the 
input.  Integration  of  the  triangular 
pulses will give a measure of the aver-
age  transition time,  i.e.  in Fig.  1, 
11*µ(yi+yi). 

Yours faithfully, 
D. J. GROVER, 

Marconi Instruments Ltd, 
St. Albans. 
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NEW EQUIPMENT 

(Voir page 825 pour la traduction en français; Deutsche übersetzung Seite 832) 

SCHOOLS OSCILLOSCOPE 
Advance Electronics Ltd, Roebuck Road, 

Hainault, Ilford, Essex 

(Illustrated below) 

Advance Electronics Ltd announce a 
new oscilloscope for the education and 
industrial markets. The oscilloscope — 
designated 0S12 —is designed to Nuffield 
specification  158  and  offers  special 
features including an autosync time-base 
circuit, which locks automatically,  a 
direct coupled amplifier and, with the 
time-base off, an X input on the rear 
of the instrument which permits an 
X-Y dipslay. 
The  0S12  offers  a sensitivity  of 

100mV per graticule division and time-
base speed variable from 100msec to 
100µsec per division. It has a  tube. 
A very simple construction technique 

has been used so that the oscilloscope 
is built of only two pre-shaped pieces 

of aluminium. Valves and components 
are mounted on a single printed circuit 
board. Advance expect this oscilloscope 
to achieve extensive use in industry as 
a built-in monitor for systems and pro-
duction test equipment. 

EE 01 751 for further details 

CAPACITOR DECADE BOX 
Hatfield Instruments Ltd, Barrington Way, 

Plymouth, Devonshire 

(Illustrated above right) 

A new compact capacitor decade box 
(type 688/A) has been developed by 
Hatfield Instruments Ltd for use by de-
sign engineers in circuit tolerancing and 
in similar applications. The decade pro-
vides a rapid means of capacitor selec-

A description, compiled from information 

supplied by the manufacturers, of new com-
ponents, accessories and test instruments. 

tion over the range 100pF to 1pF. The 
unit occupies minimum bench space, 
even  when  used  in multiples,  and 
accuracy is better than 5 per cent at 
any setting. Four decades give steps of 
100pF, 1 000pF, 0.01µF and ol. e. Mini-
mum capacitance with all switches set 
to zero is 30pF and voltage rating is 
250V d.c. (0.1µ decade, 100V d.c.). Size: 
54in x 14in X 

EE 01 752 for further details 

EDGE CONNECTORS 
Ferranti Ltd, King's Cross Road, Dundee 

(Illustrated below) 

Ferranti Ltd has introduced a new 
range of edge connectors for printed 
circuit boards which provide high re-
liability  coupled  with  a deceptively 
simple design. Known as the EWD range 
of connector's they are available with 
either single-sided or double-sided con-
tacts. 
Models with single-sided contacts em-

ploy glass-filled nylon bearing inserts on 
the non-contacting sides in place of 
dummy contacts. These unique inserts 
provide  excellent  long-wearing  low-
friction surfaces for the printed circuit 
board, and contribute to the highly 
competitive prices of the connectors. 
The connector mouldings are high 

quality blue diallyl phthalate with excel-
lent electrical and mechanical properties, 
completely safe due to its self-extinguish-
ing properties, and able to withstand 
soldering temperatures with ease. 
A feature of the contact design is the 

rolling leaf spring which is inherently 
stress limiting so that overstressing can-
not occur. In common with all Ferranti 
connectors, the contact spring has a low 
rate characteristic, which means that 
deflexions occurring in the operating 
range result is only small variations in 

contact force, while insertion and with-
drawal forces are notably low. Normal 
board thickness tolerances are readily 
accommodated, and controlled contact 
forces are obtained sufficient to disrupt 
tarnish films and ensure low and stable 
contact resistances no matter how low 
the working voltage may be. 
Connectors from the new EWD range 

are supplied with solder spills in 8, 16, 
24, 32 or 40 pole positions for single-
sided and 8/8, 16/16, 24/24, 32/32, or 
40/40 pole positions for double-sided. 
They are also designed to accept printed 
circuit boards with a nominal thickness 
of 0.062in. Pole pitch is 0-150in. Board 
penetration is 0-370in and insertion of 
the board into the connector is facili-
tated by the generous lead-in-angle. 
Contacts are beryllium copper, hard 

gold plated to a thickness of -0001in 
minimum  giving  a non-porous  and 
durable surface. 

EE 01 753 for further details 

THREE INPUT PLOTTER 
Electronics Associates Ltd, Burgess Hill, Sussex 

(Illustrated above) 

The series 1131 Variplotter is designed 
for applications requiring simultaneous 
plotting of two variables against a third. 
Three independent servo-drive systems, 

basic sensitivity of ImV/in, 18 calibrated 
ranges, and steplessly variable scale-
factor potentiometers, provide a high 
degree of flexibility. 
A built-in time-base adds a t-y plot-

ting  capability  permitting  full-scale 
sweeps over six calibrated ranges from 
0.5sec in to 20sec in. Separate time-base 
and pen-lift controls allow dry runs 
for scaling prior to recording. 
Using solid-state circuits and a Zener 
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EE 01 091 far further details 

The ultimate in laser rubies 

50 per cent of the output energy contained within 0.1 x 10-3 radians per linear inch 
In terms of physical properties and per-
formance characteristics the Develop-
mental Quality Laser Ruby now available 
from Union Carbide Limited is virtually 
perfect. Produced by the unique Linde 
process it has a beam divergence which 
contains 50 per cent of the output energy 
within 0.1 x 10-3 radians per linear inch 
of rod and no less than 90 per cent within 
0.2X 10-3 radians per linear inch of rod. 
Internal scattering is less than one per 
cent. Dislocation density is negligible. 
And the fringe count as determined by 
interferometric analysis is less than 1.5 
fringes per linear inch—regardless of rod 
diameter. Moreover, the homogeneity 
and hexagonal crystalline structure of the 
host material approximates to the theo-
retical ideal. As a result, the Develop-
mental Quality Ruby combines high 
energy density and spot brightness with 

high durability and a long useful life. 
For applications where the use of a De-
velopmental Quality Ruby would not be 
justified, Union Carbide supply a num-
ber of other high quality rubies, fore-
most among which are the S.I.Q. and the 
Standard grade rubies. There are also the 
revolutionary new low threshold YAG 
crystals suitable for continuous opera-
tion at room temperature. YAG is doped 
singly with Neodymium or double doped 
Neodymium and chromium. In addition, 
the company markets electro-optical 
crystals for use in modulation, Q-switch-
ing, high efficiency frequency doubling, 
tunable lasers and other critical applica-
tions, and electronic sapphire substrates, 
silicon monoxide and alumina powders. 
Having been involved in laser research 
since its inception, and now being among 
the world's foremost suppliers of lasers 

and laser equipment, Union Carbide is in a 
unique position to advise on the applica-
tion of synthetic crystals and associated 
materials. If you are currently engaged 
upon work in this field a discussion with 
Union Carbide could save you a great deal 
of time and quite possibly reduce your 
development costs by a very considerable 
margin. 

Synthetic Crystals 
another practical product of 

UNION 
CARBIDE 

UNION CARBIDE LIMITED • KEMET DEPARTMENT • 8 GRAFTON STREET • LONDON W1 • MAYFAIR 8100 

CHEMICALS • CRYOGENICS • DYNEL FIBRE • ELECTRIC WELDING • ELECTRONICS • FERRO•ALLOYS • FLAME PLATING • PRESIONE ANTI-FREEZE • SILICONES • SUPERALLOYS • UCON LUBRICANTS 

The terms Dynel, Prestone, Ucon and Union Carbide are registered trade marks of Union Carbide Corporation. i"..› ECR/811 
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EE 01 092 for further details 

Chlorothene NU 
Do w 

Speeds 
electrical 

maintenance 
cleaning 

Chlorothene NU—the unique solvent 
for all your maintenance cleaning. 
It's safe—has no fire or flash point 
measurable by standard methods, 
reduces health hazards considerably. 
It's fast—cleans fast, dries fast and 
leaves no residue. 
It's versatile—removes waxes, oils, 
greases, tars, coolants, lubricants and 
solder fluxes without attacking 
surfaces. Above all, it's economical— 
with Chlorothene NU you save time; 
you save labour; you save on power 
and equipment costs. 
If you're still using inflammable or 
health-hazardous solvents for electri-
cal maintenance cleaning—try 
Chlorothene NU. Nothing compares 
with its cleaning action, versatility, 
efficiency and safety. There's no limit 
to the time and money it may save 
you. 

cuts costs. 

Dow Chemical Co. (U.K.) Limited  Dow Chemical Co. (U.K.) Limited 
105, Wigmore Street  St. Anne's House, Parsonage Green, 
London W.1, e Wel. 4441  Wilmslow, Cheshire, e Wilmslow 2851 

*Trademark of The Dow Chemical Company 
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diode reference system, the 1131 features 
leak-proof plug-in ink cartridges, back-
lighted control switches, plug-in filters 
for line frequency and noise suppression, 
and blower type paper hold-down. 
Specification  is as  follows:  static 

accuracy,  -±0-1  per  cent;  dynamic 
accuracy -±-0-2 per cent at 7in/sec; re-
peatability,  --L-0-05  per cent.  Slewing 
speed is 17in/sec  for  the  arm  and 
20in/sec for the pens. Input resistance 
is 2.5M2/V on ranges up to 20mV/in, 
and 1MU constant on higher ranges. 
Available with either imperial or metric 
calibration, the unit can be either rack 
or deck mounted, and overall dimen-
sions are 19in by 21in high by 6-Sin 
deep. 

EE 01 754 for further details 

STATIC TIME DELAY RELAY 
Solid State Controls Ltd, 30-40 DaMug Road, 

London, W.6 

(Illustrated below) 

Solid State Controls Ltd is now manu-
facturing a plug-in transistorized time 
delay relay of high reliability and econo-
mic cost which has been specially de-
signed to meet the needs of modern in-
dustry. 
The TDR/407 is a robust device, com-

pletely encapsulated, with no moving 
parts to wear or fail. It is unaffected by 
vibration, shock and transient voltages, 
and is capable, at a minimum, of 100 
million continuous operations. This com-
pact unit is completely free from drift, 
even after many thousands of hours in 
service, and requires no maintenance 
whatsoever. 
TDR/407 is available in three voltage 

ranges, 12-35, 35-70, 70-150V, and func-
tions accurately even when subject to 
large variations in operating voltage and 
ambient temperature. The main timing 
circuit consists of a completely stable, 
low impedance delay circuit with a sili-
con control rectifier output switch. This 
semiconductor contact will switch induc-
tive or resistive loads of up to IA at 
150V and is capable of tolerating large 
in-rush currents normally associated with 
contactor or motor switching circuits. 
Time delay periods in four ranges 

from 0.2sec to 1 lmin are available, and 
adjustments to delay times may be made 
by the control mounted on the case, 
or may be pre-set. The timing accuracy 
when subject to extremes of ambient 
temperature and operating voltage is 
5 per cent typical, and repetitive accuracy 
1 per cent typical. 
The high reliability and solid state 

nature of the unit make it particularly 
well suited to aircraft applications as 
well as meeting industrial requirements. 

EE 01 755 for further details 

S.C.R. GATE SENSITIVITY METER 
Caltronies Ltd, Huntingate, Hitehin, 

Hertfordshire 

(Illustrated below) 

This s.c.r. gate sensitivity meter pro-
vides accurate and rapid measurement of 
the gate current-to-fire for a wide variety 
of silicon controlled rectifiers. A Zener 
diode provides a stabilized anode-to-
cathode voltage of 6V to the s.c.r. under 
test. 
The gating characteristics of the s.c.r. 

under test are measured by applying 
half-wave rectified 50 to 60c/s pulses be-
tween the gate lead and cathode of the 
device. A trigger network in the anode 
supply lead senses the turn on point of 

the s.c.r. under test and energizes an 
electronic switch that removes the gating 
signal. A peak reading voltmeter circuit 
is utilized to give a direct indication of 
the current or voltage level at which 
the s.c.r. fires. The gate current-to-fire 
reading is obtained by driving the gate 
circuit through a set of precision resis-
tors which form an adjustable 10 step 
current source. The gate voltage-to-fire 
reading is obtained by driving the gate 
circuit from an adjustable three step 
voltage source. 
Calibration potentiometers allow the 

sensitivity meter to be calibrated on both 
current and voltage. 
Terminals are provided for parallel 

remote operations of the instrument. 
Remote indication of the meter reading 
may be obtained from a pair of panel 
terminals which provide a +1V signal 
for full scale indication on the front 
panel meter. 

EE 01 756 for further details 

ANALOGUE-TO-DIGITAL 
CONVERTOR 

Ether Engineering Ltd. Park Avenue, Bushey, 
Hertfordshire 

(Illustrated above right) 

The  model  MA  1102  convertor 

changes analogue input voltages of be-
tween 0 and —10V to an equivalent 
10-bit pure binary coded output. 
The instrument utilizes the successive 

approximation  method  to  provide 
accurate a.d.c. facilities at a low cost. A 
substantial part of the circuit employs 
thin-film dual NOR modules. These are 
connected, according to circuit require-
ments as gates, bistable and monostable 
elements, or invertors. 
Compact mechanical design facilitates 

embodiment of the convertor into exist-
ing systems, the unit only occupying 
1-lin of panel height. 
The full-scale analogue input is 10V, 

corresponding to 21° digits. The resolu-
tion is -±-1 digit and the accuracy 01 
per cent. The conversion time is 200psec. 

EE 01 757 for further details 

NOISE REDUCTION SYSTEM 
Dolby Laboratories, 590 Wandsworth Road. 

London, S.W.8 

(Illustrated on page 820) 

The Dolby Laboratories S/N Stretcher 
provides a method of combatting noise 
in high quality audio transmission and 
recording systems. The S/N Stretcher 
can be used in any situation in which 
the signal is available for processing at 
both the input and output of the audio 
chain. While the signal itself emerges 
in unaltered form, the noise reduction 
action attenuates the usual types of 
noises encountered in mastering and 
dubbing,  motion  picture  production, 
video tape recording, landlines, etc. 
Because of the well known masking 

effect in human hearing, quiet sounds 
are masked partially or even completely 
by loud sounds, especially if the fre-
quency differences are not too great. 
Thus  subjective  signal-to-noise  ratios 
in  magnetic  tape  recording  are 
better  than  would  be  indicated  by 
analysis of the tape playback waveform; 
tape noise depends on and increases 
with the instantaneous amplitude of the 
signal, an effect known as modulation 
noise.  The  fact  that  the  hearing 
mechanism effectively suppresses this ad-
ditional noise under normal signal con-
ditions suggests that a suitably designed 
electronic system should be able to em-
ploy the masking phenomenon to obtain 
an even further reduction of noise. 
Utilizing the masking principle, to-

gether with signal compression and ex-
pansion, the S/N Stretcher achieves noise 
reduction (a) by boosting low level sig-
nal components during recording when-
ever possible (compression), followed by 
complementary attentuation during play-
back (expansion), and (b) by the mask-
ing effect whenever the signal level is 
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so high that compression and expan-
sion are not possible. 
Since masking is less effective with 

noise  frequencies  somewhat  removed 
from the signal frequency, it is neces-
sary to deal with the various portions of 
the spectrum independently. The noise 
reduction system then yields a lower— 
and apparently constant—noise level, the 
classical hush-hush or swish of normal 
compression and expansion being absent. 
The S/N Stretcher splits the audio 

spectrum into four bands and com-
presses and expands each of these in 
an  essentially  independent  manner. 
Separate bands are provided for the 
hum and rumble frequency range, for 
the mid-audio range, for medium high 
frequencies, and for high frequencies. 
A high level signal in one band hence 
cannot prevent noise reduction in an-
other band in which the signal level 
may be' low. 
From another point of view, the sys-

tem effectively produces a recording 
equalization characteristic which con-
tinuously conforms itself to the incom-
ing signal in such a way as to optimize 
the signal-to-noise ratio during playback. 

EE 01 758 for further details 

SONIC SIGNAL SOURCE 
A. P. Besson & Partner Ltd, St. Josephs Close, 

Hove, Sussex 

(Illustrated below) 
The  Bleeptone' has been developed 

to provide a compact and highly re-
liable sonic signal source. It comprises 
a self-contained oscillator circuit and 
rocking armature earphone designed to 
operate from a low voltage battery. In 
dimensions and appearance it is identi-
cal to the well known rocking armature 
receiver as used in modern telephone 
instruments. The note emitted can nor-
mally be heard at distances up to 500ft 
and the frequency is such that back-
ground noise has no appreciable mask-
ing effect. 
The drive circuit is similar to that 

used for self-maintained tuning forks. 
Two separate coils are arranged in the 
magnetic circuit, one to drive the rock-
ing armature and the other to pick up 

the induced signal and provide feedback 
to the base of a transistor which to-
gether with associated components forms 
the complete amplifier circuit. 
The fundamental frequency of opera-

tion is determined basically by the 
mechanical characteristics of the rock-
ing armature. 
This device is intended for applica-

tion in a wide variety of industries. It 
is particularly suitable in the role of 
warning note especially where a higher 
degree of reliability is required than 
can be obtained with a conventional 
buzzer. 

EE 01 759 for further details 

RADIO TELEPHONE AMPLIFIER 
The Plessey Co. Ltd, Ilford, Essex 

(Illustrated below) 

A new transistorized amplifier for use 
in radio telephone equipment has been 
developed at the Bridgnorth factory of 
the Plessey Electronics Group. 
Designed originally for the Company's 

type 700 and 700R radio telephone 
equipments, these amplifiers with a gain 
of 14dB can increase power output to 
over 8W and are equally suitable for 
incorporating into existing radio tele-
phone links. They measure only 3in 
high, 6¡ in wide and 3in deep. 
In addition to the basic version, there 

is also a cased unit available which is 

hermetically sealed and fully tropicalized 
for outdoor use in any part of the 
world. 
Suitable for 12V d.c. operation, this 

equipment is also available for opera-
tion over frequencies of 68 to 174Mc/s. 
The power consumption of approxi-

mately 1.6A makes the new amplifier 
suitable for adding to mobile systems 
or as power sources to drive varactor 
multipliers up to the  gigacycle per 
second regions. 

EE 01 760 for further details 

POWER SUPPLIES 
Distributed by: Scientific Measurements & 

Equipment Ltd, 78 Main Street, 
Queniborough, Leicester 

(Illustrated above right) 

Manufactured by Knott Elektronik, 
Munich, these supplies are designed for 
use in conjunction with electronic equip-
ments which require extremely constant 
and accurate d.c. voltages such as G.M. 
tubes, proportional counters, ionization 
chambers,  image  intensifiers,  photo-
multipliers,  scintillation  counters, 
cathode-ray tubes, etc. 
The high output current and very low 

internal resistance allows simultaneous 

supply to several units without inter-
action. The salient features of these sup-
plies are their high stabilization ratio, 
long term stability, adjustable fuse set-
ting and adjustability to within one volt. 
They are supplied cased, or for rack 
mounting. 
The range of units available covers 

requirements from 0 to 30V at 10A 
0 to 15kV at 10mA. A stabilized current 
unit supplying 0 to 10A at 13V is also 
available. 

EE 01 761 for further details 

A.C.-D.C. MILLI VOLTMETER 
Parnell Instruments Ltd, Sandbeck Way, 

Wetherby, Yorkshire 

(Illustrated below) 

The TMI is a fully transistorized 
millivoltmeter having 12 ranges for both 
a.c. and d.c., covering from lmV to 
300V f.s.d. in a 1-3-10 sequence; a 
decibel scale is also provided covering 
—10 to +2dB (OdB = lmW in 6002). 
On d.c. the accuracy is 3 per cent of 

f.s.d. ±100µV and on a.c. it is 4 per cent 
of f.s.d. ±100µV from 20c/s to 100kc/s. 
The d.c. input resistance is imniv up 
to 10V and constant at 10M2 on higher 
ranges:  the a.c. input impedance is 
100k12 from ImV to 30mV, 1MS2 from 
100mV to 300mV and 10MÍ from IV to 
300V; the maximum shunt capacitance 
is 40pF. 
For d.c. the millivoltmeter has a resis-

tance input attenuator, followed by a 
d.c. amplifier with meter and feedback 
control. In the a.c. section a. frequency-
compensated attenuator feeds an a.c.-
to-d.c. amplifier, which contains a feed-
back loop and meter. In addition, on the 
lowest four ranges, an impedance-con-
verting amplifier maintains the input, 
impedance at 100k9. 
Two PP11 batteries are used by the 

equipment, and there is a built-in battery 
voltage check. Weight, less batteries, is 
6 lb 5 oz, and dimensions 165mm high 
by 218mm wide by 220mm deep. 

EE 01 762 for further details 
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EE 01 093 for further details 

Plain Tubes—open both ends 
or closed one end 

Grooved Tubes 
Laboratory Ware 
Twin Bore Insulators 

Please ask for further information on 
products which are of interest or send 
us details of your requirements. 
Our Technical Representatives are 
always available to discuss your 
problems. 

THERMAL RECRYSTALLISED 
ALUMINA TUBES 

Thermal Recrystallised Alumina is the most generally suitable 
refractory material at temperatures above the useful range of 
Vitreosil pure fused silica. 

Fully recrystallised under controlled conditions, this pure 
impervious material is available in a wide range of sizes and 
shapes for furnaceand laboratory applications at high temperatures. 

Other refractory materials available include Thermal Aluminous 
Porcelain 525, and for more specialised applications 
Thermal Magnesia, Thermal Thoria and Thermal Zirconia. 

THER M AL SYN DI CATE LI MITED 
P.O. Box No. 6, WALLSEND, NORTHUMBERLAND. Tel. Wallsend 625311 (8 lines) Telex 53614 
9, Berkeley Street, London, W.1.  Tel: HYDe Park 1711 Telex 263945 

SILICA INDUSTRIAL WARE • LABORATORY WARE • OPTICAL COMPONENTS • HIGH TEMPERATURE OXIDE CERAMICS 
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EE 01 094 for further details 

* Large 17" display 

* 1 Millivolt/cm sensitivity 

* 3 input channels 

The Knott Display Oscilloscope "Sweep Skanner" has 
been specifically developed for working with sweep 
generators and provides the development engineer 
and production inspector with high resolution when 
used with sweep display systems. 

The "Sweep Skanner" has a 17' large screen with two 
identical vertical input channels, calibrated sensitivities 
from I mV/cm to I volt/cm at an accuracy of +3%. A 
third input channel is provided which has a variable 
sensitivity from 25 mV/cm. 

Two DC levels are incorporated to enable selection of 
DC referencev at any point on the oscilloscope-3db 
and I db points of a filter response. 

The price of the Knott "Sweep Skanner" is £414 Os Od 
(excluding duty), with ex-stock delivery. 

Please fill in the attached reply coupon for additional 
information or a demonstration. 

rut  . 

OROUP 

1 I would like a demonstration 
Knott 'Sweep Skanner'. 
Please send full information. 

of the I 

NAME   

ADDRESS   

LIVINGSTON LABORATORIES LIMITED 
Livingston House, Greycaine Road, 
North Watford, Herts.  Tel: Watford 44344 
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V.S.W.R. INDICATOR 
Marconi Instruments Ltd, Sanders Division, 

Gunnels Wood Road, Ste  ee , Hertfordshire 

(Illustrated below) 
A new v.s.w.r. indicator type 6596 

which is a low-noise, low cost selective 
amplifier has been introduced by the 
Sanders Division of Marconi Instruments 
Ltd. Its sensitivity and gain range make 
it suitable for the majority of microwave 
measurements where crystal detectors 
are employed and the r.f. signal is modu-
lated at lkc/s. 
Coarse and fine gain controls are 

provided with sufficient variation  to 
accommodate detected signals up to 
ImV r.m.s. 
The  meter scale  is calibrated  in 

v.s.w.r., based on the assumption that 
the detector is working in the square-
law region of its characteristic —i.e. out-
put voltage proportional to microwave 
power. 
Maximum sensitivity is better than 

1µV f.s.d. and noise is less than 0.1µV, 
and an input selector switch enables 
either of two input signals to be selected 
individually. Also the difference of the 
two may be selected for extra sensitive 
microwave bridge techniques. 
This unit is ideally suitable for opera-

tion in conjunction with the Sanders 
type 599 educational test bench. 

EE 01 763 for further details 

MINIATURE CERAMIC 
CAPACITORS 

Mallard Ltd. Mallard House, Torrington Place. 
London, W.C.1 

(Illustrated above right) 

A new series of high-quality miniature 
ceramic  capacitors  announced  by 
Mullard are rectangular in shape and 
are only 1-9mm thick to allow high 
packing  densities  on  printed  circuit 
boards using a Olin grid. The capacitors 
are suitable for use in both domestic 
and industrial equipment. They consist 
of a thin plate of metallized ceramic 
material which is insulated with a pro-
tective lacquer to assure excellent per-
formance under the most humid con-
ditions. 
Each  capacitor in the new series 

(C333) measures 5 X 8-5  x 1.9mm 
(excluding leads of 13.5mm). The capaci-
tance range is from 3.9pF to I50pF with 
a tolerance of 0.5pF or -±2 per cent 
whichever is greater. Working voltage 
is 40V over a temperature range of 
—25°C to +85°C and the insulation 
resistance measured at I0V is greater 

e 

than  1000M12.  The  temperature  co-
efficient varies between zero and nega-
tive 750 parts per million depending on 
the capacitance value. 
The close tolerance and high stability 

of the new capacitors make them par-
ticularly suitable for use in television 
i.f,  transformers,  tuned  circuits  and 
other applications calling for low-loss, 
and high performance. 

EE 01 764 for further details 

PRECISION BRIDGE 
The Wayne Kerr Co. Ltd, Sycamore Grove, 

New Malden, Surrey 

(Illustrated below) 
Latest addition to the Wayne Kerr 

range of Autobalance bridges, model 
B331, combines the high accuracy de-
manded by standard laboratories with 
the speed and simplicity of operation 
given by electronic nulling. Two meters 
provide simultaneous readings of the 
in-phase and quadrature terms of any 
component or complex impedance. Push-
buttons, associated with illuminated in-
line displays, permit both readings to 
be backed-off by three decades, giving 
up to six-figure resolution on all ranges. 
Special circuits are built-up to com-

pensate automatically for the impedance 
of the measurement leads which are 
terminated  in an  advanced type of 
Kelvin clip. Outputs are provided for 
operating  digital  voltmeters,  printers, 
recorders,  pass/reject  mechanisms  or 
control circuits. Sockets for external 
standards permit comparative measure-
ments and, used with the vernier con-
trols, a discrimination of 10 parts per 
million can be realized. 
The  internal  source  and  detector 

operate at 1.00kc/s but operation can 
be from 50c/s to 20kc/s using external 
equipment. Overall measurement capa-
bility at lkc/s is -0001pF to 0.25pF, 
1p2' to 1k2' lmn to 1r2 and 100nH 
to 250 MH. The full accuracy of 0.01 per 
cent applies from 1pF to 10pF and 
lOnn-i to 100m11-'. The B331 is 19in 
wide x 12in high  x 9in deep and 
weighs approx. 501b. 

EE 01 765 for further details 

COIL 

CONTACTS 

REED RELAY 
Hendrey Relays Ite  Electrical Equipment Ltd. 
390-394  Bath  Road,  Slough,  Buckinghamshire 

(Illustrated below) 

Designed to meet the requirements of 
B.S. 2G.100, this reed relay type 5858 
is suitable for ground or airborne use, 
with limiting values of 5c/s to 2kc/s 
at 10g and acceleration 50g applied 
in any direction. The energizing coil 
and reed units are encapsulated in a 
steel case which provides both mechani-
cal and magnetic protection. The en-
capsulating material is an epoxy resin 
having excellent electrical characteristics 
and good temperature performance. The 
resin also forms the base of the relay 
carrying the connexion pins, thus form-
ing a very robnst unit unaffected by 
humidity and suitable for use in the 
most adverse environmental conditions 
in ambient temperatures from —60°C 
to +120°C. 
Carefully selected reeds and pre-use 

forming guarantees a minimum of 2 x 
106 operations on full load and response 
time of the contacts is better than 2msec, 
with negligible bounce both making and 
breaking. 
Maximum rating is 0.5A or 30V d.c. 

or 10W resistive loads. Inductive loads 

RELAY TYPE 
5858-2-2-2 

¡l a   

I in A.30V. IOW 

should be suitably quenched. Three stan-
dard  contact  arrangements  are  pro-
vided: (a) two normally open; (b) four 
normally open; (c) two normally open 
and two normally closed. Coils can be 
wound for any d.c. voltage up to 100V 
d.c. 
The relay is available with solder hook 

terminations  or  with  flying  leads, 
bracket or strap mounting; or with pins 
for plug-in-bases. 

EE 01 766 for further details 

DELAY SWITCH 
Solid State Controls Ltd, 30-40 Minna Road, 

London, W.6 

(Illustrated on page 822) 

The ' Radian ' is a low cost, high per-
formance replacement for thermal delay 
switches, simple capacitor/relay timers 
and  synchronous  motor units where 
high  repetitive  accuracy,  long-term 
stability and a fast re:overy time is 
essential. The Radian relay delay requires 
no cool down period unlike thermal 
units, but resets instantaneously and 
gives highly consistent timing operations. 
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The operating voltages available are 
24V d.c. and 24V a.c. while the output 
will operate a wide range of relays and 
contactors. 
The Radian is a plug-in unit which 

provides two types of operation; delay 
on energize and delay on de-energize 
with two timing ranges, 1 to 60sec and 
1 to 5min. 
The unit is unaffected by fleeting tran-

sients on the supply line, by fluctuations 
in operating voltage of -±15 per cent, 
and variations in ambient temperature 
of —10°C to +55°C. 

EE 01 767 for further details 

CONSTANT VOLTAGE SUPPLIES 
Servomex Controls Ltd, Crowborough, Sussex 

(Illustrated be/ow) 

Servomex Controls Ltd has developed 
versions of the voltage stabilizers types 
AC2 and AC7 for use in applications 
where the rack-mounting system is not 
required. These new types, models AC2 
Mk 111A and AC7 (industrial), are more 
convenient to install and to service, 
having been designed for installation by 
factory electrical staff as distinct from 
electronic personnel. All the parts which 
require periodical attention are easily 
accessible by removing the cover with-
out its being necessary to move the 
instrument to obtain access to the back 
as is usually the case with the rack-
mounting models. 
The individual electrical components 

are identical with those of the rack-
mounting models as are the quality and 

workmanship employed in the construc-
tion of these new types. Model AC2 
Mk 111A is smaller and handier than 
the rack-mounting type, while model 
AC7 (industrial) stands on castors on 
the floor and is hoseproof and dust-
proof. It is therefore ideal for installa-
tion in a cellar or in a much swept 
passage. 
Both instruments operate on an input 

supply in the range 200 to 250V and 
provide a highly stable output voltage 
not varying by more than -1--01 per cent 
of the nominal voltage of the supply. 
They are unaffected by rectifier loads 
or by changes in power factor from 
resistive  to  pure  reactive,  including 
capacitive loads. 
The method of operation is by means 

of a variable transformer which is used 
to supply a buck or boost voltage as 
may be necessary to correct the input 
to the required value. This variable 
transformer is driven by a two-phase 
servo motor with enclosed gearing and 
torque limiting device. Variations of the 
output voltage are detected by a bolo-
meter bridg,e, the output of which is 
amplified in a two-valve servo amplifier 
and applied to the motor. 
The instruments are of exceptionally 

strong construction and can stand im-
pacts of up to 40g in any direction. No 
relays, thyratrons or electrolytic capaci-
tors are used. 
The new types are cheaper not only 

on account of the simpler cases used but 
also because the voltmeter, ammeter, 
on/off switch and main fuse are omitted. 
These last two items are meant to be 
mounted on the wall with an external 
voltmeter as an optional item. 

EE 01 768 for further details 

DIGITAL STRAIN INDICATOR 
S.E.  Laboratories  (Engineering)  Ltd. 
Astronaut House, Feltham, Middlesex 

(Illustrated above right) 

The  digital  strain  indicator  type 
SE.601 is a portable instrument for the 
measurement  of dynamic  and  static 
strain incorporating many new features. 
The digital read-out ensures maximum 
operator  convenience  and,  with  the 
addition of an • add-on' switch, covers 
a total range of ±50000 microstrain 
with an accuracy of -±01 per cent of 
reading or 1:5,LE—whichever is greater 
(G.F. = 2.0). 
Internally  fitted  rechargeable  cells 

enable the unit to be used in the field 
for long periods. A further feature is 
the 'gauge factor' control which can 
also be used to obtain direct indication 
from devices such as load cells, pressure 
and displacement transducers, etc. 
Square wave excitation enables the 

unit to be used with strain gauge circuits 
having up to 0.01,uF capacitance without 
any appreciable loss of accuracy, while 
sinusoidal excitation may be provided 
if required. 
The unit is suitable for use with gauges 

having a resistance of 502 to 21(9. Out-
puts of lmA and 2V can be obtained 

from separate galvanbrrieter and oscil-
loscope jack sockets to drive conven-
tional  read-out devices  or recording 
instruments. 

EE 01 769 for further details 

SELF-HOLDING SOLENOIDS 
H. E. & B. S. Benson Ltd, Exning Road. 

Newmarket, Suffolk 

(Illustrated below) 

H. E. & B. S. Benson Ltd announce 
an entirely new self-holding solenoid. 
The plunger is of permanent magnet 
material and, when closed from a brief 
pulse, will remain closed for an un-
limited period, sustaining a load without 
drawing current. A reverse pulse releases 
the plunger. 
Any form of rectified a.c. or d.c. 

(including a dry battery) will operate 
such a solenoid. There is an a.c. circuit 
which needs only a diode and a small 
resistor, which can be soldered directly 
to thé operating switch. 
Advantages include zero temperature 

rise for maximum reliability (also useful 
in a high ambient); a wide range of 
force characteristics, all with continuous 
hold from momentary switching and 
maintained  hold  in spite of supply 
failure. 
The PMB self-holding solenoids are 

externally identical with the existing B.2, 
3, 4 and 5 types. PMB's can replace 
latching solenoids and, when fitted with 
a return spring, can give the definite two-
position action of a more costly dual-
coil double-acting unit. 

EE 01 770 for further details 
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DIGITAL CLOCK 
Venner Electronics Ltd, Kingston By-Pass, 

New Malden, Surrey 

(Illustrated above) 
Venner Electronics Ltd has introduced 

an all-silicon digital clock, type TSA 
6686, using glass fibre printed circuit 
boards and giving a display in hours, 
minutes and seconds derived from six 
gas-filled numericQ indicator tubes. Two 
versions are available, giving time on a 
12 or 24 hour basis as required. Elec-
trical outputs are available for driving 
a printer or a punched tape unit. 
Start/stop facilities are provided either 

by negative-going pulses of 4V ampli-
tude or by the operation of push-buttons 
mounted on the front panel. The display 
can be manually set for the independent 
showing of hours, minutes and seconds, 
and has a single reset to zero. 
Designed to operate over the ambient 

temperature range of —5°C to +60°C, 
the clock has an accuracy of two parts 
in 106. 
Power supply is 120 to 125V or 200 

to 250V, 50c/s a.c. the size of the 
TSA 6686 is nin high, 9f in deep, 19in 
rack mounting. 

EE 01 771 for further details 

TRAVELLING WAVE TUBE 
The M-0 Valve Co. Ltd, Brook Green Works, 

London, W.6 

(Illustrated below) 
The M-0 Valve Co. Ltd has intro-

duced a new high power pulsed travel-
ling wave amplifier, type TVVX16, suit-
able for radar applications. It gives over 
40dB gain at 5kW peak output power 
(30W mean power and 5 to 20kW 
saturated peak power) over a bandwidth 
of 500Mc/s in the range 8 to 9-3Gc/s. 
The tube is of metal-ceramic con-

struction and uses a ring and bar slow 
wave structure  giving freedom from 
unwanted  oscillations.  Focusing  is 
achieved by operation in a solenoid 
mount assembly, type SMX16, which 
incorporates the r.f. couplings and pro-

vides conduction cooling of the tube. 
The TWX16 is designed to operate 

with the helix maintained at d.c. poten-
tial to simplify pulse power suPply 
requirements. 
The M-0 V. TWX8 I-watt travelling 

wave tube is suitable for use as a driver. 

EE 01 772 for further details 

KLYSTRON POWER SUPPLY 
Distributed by: Miles Hivolt Ltd, 

Old Shoreham Road. Shoreham-by-Sea, Sussex 

(Illustrated below) 
The Oltronix (Sweden) LS 525R is a 

very stable d.c. power supply designed 
for operating reflex klystrons. Beam, re-
flector, grid and heater voltages are 
separately regulated. The reflector voltage 
may be unmodulated for c.w. operation 
of the klystron or it may be modulated 
either with an internally generated square 
wave, pulse sawtooth or sine wave, or 
with an external signal. The grid voltage 
may be internally modulated with square 
wave or pulse. Square wave and pulse 
modulation voltages are clamped to the 
c.w. level of the grid or reflector. 
The beam voltage is variable from 

—200V to —3600V at 0 to 125mA. A 
10 per cent line voltage variation causes 
a change of less than 300mV in the out-
put while a change from no load to full 
load causes a variation of less than 
200m V. 
The output is continuously variable in 

four ranges: 200 to 1 200, 1 000 to 2 000, 
1 800 to 2 800 and 2 600 to 3 600V and 
is completely protected against overloads 
and shorts by an electronic fuse adjust; 
able from 10 to 125mA. 
The equipments are also suitable for 

photomultiplier  applications,  it being 
possible to operate over 100 photomulti-
pliers from the same supply. 
In the illustration the LS 525R is 

shown at the top, with an additional unit 
for driving klystrons at the bottom. 

EE 01 773 for further details 

WIDEBAND MILLIVOLTMETER 
Distributed by: Livingston Laboratories Ltd. 

Livingston House, Greycaines Road, 
North Watford, Hertfordshire 

(Illustrated above right) 
Radiometer of Copenhagen has now 

introduced a successor to its valve-volt-
meter RV 33. This is the new wideband 

millivoltmeter, type RV 35, which gives 
overload protection up to 500V a.c. or 
d.c., and measures voltages from 10µV 
to 300V. Accuracy is 2 per cent within 
the greater part of the frequency range, 
which is 10c/s to 6Mc/s. 
An additional feature of the RV35 is 

that it can be used as a high-gain ampli-
fier with a full scale output voltage of 
approximately 80mV across 75n. 

EE 01 774 for further details 

CERAMIC C.R.T. 
Ferranti Ltd, Glen Mill, Oldham, Lancashire 

(Illustrated below) 
The Electronics Department of Fer-

ranti Ltd has introduced what is believed 
to be the first ceramic cathode-ray tube 
with complete electrostatic focus. De-
signed to withstand severe environmental 
vibration, the new tube combines very 
high resolution with a useful screen 
diameter of 0-5in (12-7mm). 
The new tube has an overall length 

of 4.5in (114.3mm) and a body diameter 
of 0-6in (15-2mm). The face plate has 
a useful screen diameter 0-Sin (12-7mm) 
and is made from a high quality glass 
developed specifically for use with the 
ceramic envelope to which it is sealed 
by specially evolved techniques. The 
typical first anode voltage is 300V and 
the final anode voltage is 8kV. The line 
brightness, measured with the first anode 
at 450V and the final anode at 7kV, is 
of the order of 6000ft lamberts. Com-
plete with scan coils and Mumetal screen, 
the tube weighs less than 4oz (110g). 
The components of the gun and the 

focusing system are machined to very 
close tolerances, making it possible to 
achieve very good definition and a 
resolution better than 500 lines This 
enables the same amount of information 
to be presented on the screen as would 
normally be displayed by a cathode-ray 
tube  having  a much  larger  screen 
diameter. 

EE 01 775 for further details 
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I Meetings; Month 
THE INSTITUTION OF 

ELECTRICAL ENGINEERS 
All meetings will be held at Savoy Place, com-
mencing at 5.30 p.m. unless otherwise stated. 

Date: December 1. 
Discussion.  Numerically  Controlled  Machine 
Tools.  (Joint  meeting  with  the  Automatic 
Control Group of the I.MechE. at 1 Birdcage 
Walk, London, S. W.1, at 6 p.m.) 

Date: 8 December. 
Colloquium: Miniature Computers. 
(Joint meeting with I.E.R.E. Computer Group 
at the London School of Hygiene and Tropical 
Medicine, Kennel Street, W.C.1, at 6 P.m.) 

Date: 13 December. 
Lecture: Computer Control of Heavy and Light 
Plate Mills. 

By: A. T. K. Betts and R. Shepherd. 
(Joint meeting with  the Automatic Control 
Group of the I.Mech.E.) 

Date: 14 December. 
Discussion: Light-Emitting Diodes. 
Opened by: A. E. Brewster and C. D. Dobson. 
Date: 15 December. 
Lecture: Thermoelectric Materials. 
By: G. E. Hare and H. J. Goldsmid. 
East Midland Electronics and Control Section 
Held at: T.I. Building, University of Nottingham. 
Date: 6 December. 
Time: 6.30 p.m. 
Lecture: The Future of World Communication. 
By: C. Cherry. 

East Anglian Sub-Centre 
Held at: Norwich, The Assembly House. 
Date: 13 December. 
Time: 7.30 p.m. 
Lecture:  The  Choice  between  Analogue  and 
Digital  Computing.  Techniques in  Electrical 
Engineering Analysis and Design. 

By: R. A. Laws. 

Cambridge Electronics and Control Section 
Held  at:  No.  4 Lecture  Theatre,  University 
Engineering Department, Trumpington Street, 
Cambridge. 

Date: 8 December. 
Time: 8 p.m. 
Lecture: Modem Telephone Developments. 
By: L. R. F. Harris. 
(Joint meeting with I.E.R.E.) 

Held at: Electric House, Ipswich. 
Date: 6 December. 
Lecture: Transistors—The First Encounter. 
By: V. H. Attree. 

North Midland Centre 
Held at: Leeds University, Dec. Eng. Lecture 
Theatre, Room 152. 

Date: 6 December. 
Time: 6.30 p.m. 
Lecture: Static Electronic Protection. 
By: J. B. Patricicson. 
Held at: Faraday Lecture at St. George's Hall, 
Bradford. 

Date: 14 December. 
Time: 7 p.m. 
Lecture: Practical Uses of Nuclear Energy. 
By: R. V. Moore. 

Sheffield Sub-Centre 
Held at:  Faraday  Lecture at the City Hall, 
Sheffield. 

Date: 7 December. 
Time: 7.30 p.m. 
Lecture: Practical Uses of Nuclear Energy. 
By: E. V. Moore. 
Held  at:  The  Sheffield  Industries  Exhibition 
Centre. 

Date: 14 December.  , 
Time: 6.30 p.m. 
Lecture: Some Electrical Transducers. 
By: J. Dean. 

North Western Centre 
Held at: The University of Manchester Institute 
of Science and Technology. RenoId Building. 
Date: 13 December. 
Time: 7.15 p.m. 
Lecture: Research in Education. 
By: F. W. Warburton. 
(22nd Annual Lecture in co-operation with thé 
Manchester University.) 
North Wester* Education and Training Circle 
Held at: The Harris College, Preston. 
Date: 12 December. 
Time: 6.15 p.m. 
Lecture: Energetics. 
By: K. E. V. Willis. 

South-East Scotiand Sub-Centre 
Held  at:  The  Carlton  Hotel,  North  Bridge, 
Edinburgh. 

Date: 7 December. 
Time: 6 p.m. 
Lecture: Field Effect Transistors. 
By: J. M. Morrison. 
(Electronics and Control Section Joint Meeting 
with I.E.R.E.) 

Held at: Heriot- Watt University, Edinburgh. 
Date: 14 December. 
Time: 7 p.m. 
Discussion: Transistor Circuit Design. 
Opened by: J. Morrison. 
(Education and Training Circle meeting.) 

South-West Scotland Sub-Centre 
Held at: The Institution of Engineers and Ship-
builders, 39 Elmbank Crescent, Glasgow. C.2. 

Date: 7 December. 
Time: 6 p.m. 
Lecture: Radiophonic Workshop. 
By: C. Brooker. 
Held at:  Room 24, University of Strathclyde, 
Glasgow. 

Date: 8 December. 
Tune: 6 p.m. 
Lecture: 'Field Effect Transistors. 
By: J. M. Morrison. 
(Electronics and Contrel Section Joint Meeting 
with I.E.R.E.). 

North Staffordshire Sub-Centre 
Held at: The Crewe Arms Hotel, Crewe. 
Date: 1 December. 
Time: 7 p.m. 
Lecture: Modern Applications of Closed Circuit 
Television. 

By: V. J. Cooper. 
Held at:  English Electric Leo Marconi Com-
puters Ltd., Kidsgrove. 

Date: 19 December. 
Time: 7 p.m. 
Lecture: Pattern Processing in the Human Visual 
System and Some Engineering Applications. 

By: C. R. Evans. 
Southern Centre 

Held at: Farnborough Technical College. Boun-
dary Road, Farnborough, Hants. 

Date: 6 December. 
Time: 6.30 p.m. 
Lecture: The History of Computers. 
By: D. J. Truslove. 
Southern Centre Electronics and Control Section 
Held at: The Lanchester Theatre, Southampton 
University. 

Date: 13 December. 
Time: 6.30 p.m. 
Lecture: Character Recognition. 
By: H. A. Bell. 

Western Centre 
Held at:  The Queen's Building, University of 
Bristol. 

Date: 12 December. 
Time: 6 p.m. 
Lecture: Lasers and their Uses. 
By: J. C. North. 
(Joint meeting with the Electronics, Supply and 
Utilisation Sections). 

INSTITUTION OF ELECTRONIC 
AND RADIO ENGINEERS 

Etectro-Acoustics Group 
Held at: The London School of Hygiene and 
Tropical  Medicine,  Keppel  Street,  Gower 
Street, London, W.C.1. 

Date: 6 December. 
Time: 6 p.m. 
Lecture: An Introduction to Acoustic Measure-
ment. 

By: F. H. Brittain. 
Radar Group 

Held at:  I.E.R.E. Lecture Room, 9 Bedford 
Square, London, W.C.1. 

Date: 7 December. 
Time: 6 p.m. 
Lecture:  The  Design  of  Radio  Navigation 
Stations for Unattended Operation. 

By: D. H. Boycott, D. L. Hillman and J. H. G. 
Huggins. 
Joint 1.E.R.E./I.E.E. Computer Group 

Held at: The London School of Hygiene and 
Tropical  Medicine,  Keppel  Street,  Gower 
Street, London, W.C.I. 

Date: 8 December. 
Time: 6 p.m. 
Colloquium: Miniature Computers. 

Annual General Meeting of the Institution 
Date: 15 December. 
7 p.m.: Thé Presidential Address of Professor 
Emrys Williams. 

Southern Section 
Held at: Basingstoke Technical College. 
Date: 1 December. 
Time: 7.30 p.m. 
Lecture:  Television Camera Tubes and Image 
Intensifiers. 

By: R. S. Filby. 
West Midland Section 

Held at: Birmingham University, Department of 
Electronic and Electrical Engineering. 

Date: 8 December. 
Time: 7.15 p.m. 
Lecture: Fuel Cells. 
By: T. M. Fry. 

East Midland Section 
Held at: Leicester University. 
Date: 8 December. 
Time: 6.30 p.m. 
Lecture: Field Effect Transistors. 
By: C. S. Den Brinker. 

South Western Section 
Held at:  University of Bristol, Small Lecture 
Theatre, University Walk, Clifton, Bristol 8. 

Date: 7 December. 
Time: 7 p.m. 
Lecture: Mediator, (?7?) 
By: D. R. Evans. 
(Joint meeting with the Western Centre of the 
I.E.E. (Electronics Section). 

South Midland Section 
Held at: BBC Club, High Street, Evesham. 
Date: 6 December. 
Time: 7 p.m. 
Lecture: Radiophonie Workshop. 
By: F. C. Brooker. 

East Anglian Section 
Held  at:  University  Engineering  Department. 
Trumpington Street, Cambridge. 

Date: 8 December. 
Time: 8 p.m. 
Lecture:  Modern Telephone Developments with 
Reference to Electronic and Switching Tech-
niques. 

By: L. R. F. Harris. 
(Joint meeting with the Cambridge Electronics 
Section of the I.E.E.). 

South Wales Section 
Held at:  University of Cardiff, Department of 
Physics. 

Date: 7 December. 
Time: 6.30 p.m. 
Lecture: The Nature of Musical Sounds and the 
Significance of the Transient. 

By: C. A. Taylor. 
(Joint meeting with the I.E.E.). 

Scottish Section 
Held at: Edinburgh University, Department of 
Natural Philosophy, Drummond Street. Edin-
burgh. 

Date: 7 December. 
Time: 7 p.m. 
Lecture: Field Effect Transistors. 
By: J. M. Morrison. 
Held at: The Institution of Engineers and Ship-
builders, 39 Elmbank Crescent, Glasgow. C.2 

Date: 8 December. 
Time: 7 p.m. 
Lecture: Field Effect Transistors. 
By: J. M. Morrison. 

Merseyside Section 
Held at: Liverpool College of Technology, Bytom 
Street. 

Date: 14 December. 
Time: 7 p.m. 
Lecture:  Exploring the Upper Ionosphere with 
Very High Power Radar. 

By: C. D. Watkins. 
North Western Section 

Held at:  R/D7 RenoId  Building, Manchester 
College of Science and Technology, Altrincham 
Street. 

Date: 8 December. 
Time: 7 p.m. 
Lecture: A Four Tube Colour Camera. 
By: W. T. Underhill. 

North Eastern, Section 
Held at: The Institute of Mining and Mechanical 
Engineers, Neville Hall, Westgate Road, New-
castle upon Tyne. 

Date: 14 December. 
Time: 6 p.m. 
Lecture: AC. Motor Control. 
By: K. H. Williamson. 

Thames Valley Section 
Held at:  J. J. Thomson Physical Laboratory, 
University of Reading. 

Date: 8 December. 
Time: 7.30 p.m. 
Lecture: Field Effect Transistors. 
By: R. G. Bailey. 

THE TELEVISION SOCIETY 
Held at: The Conference Suite, ITA, 70 Bromp-
ton Road, London, S. W.3. 

Date: 9 December. 
Time: 7 p.m. 
Lecture: Pay-TV. 
By: J. Russell. 

ELECTRONIC ENGINEERING  824  DECEMBER 1966 



EE 01 095 for further details 

SEE HOW YOU CAN 

Cut Short and Medium Run Piercing Jobs 
by 12f- to 15e- in every £ 

e • SAVE 50 .- Stir, 
&Wu & tolU sus plows') Josst 

• 
; 

* ELI MI NATE LAYOUT AND SETTING UP 

* ELI MINATE COSTLY SPECIAL TO OLING 

* USE THE SAME STANDARD TO OLS FOR 
DIFFERENT LAYOUTS 

* M ODIFY OR CHANGE LAYOUTS Q UICKLY 
AND EASILY 

* LOCATE AND PIERCE HEAVY W ORK 
WITH O NLY O NE HANDLING 

7 FREE BROCHURES 
Packed with Piercing Know-How— 

Shows how to cut piercing costs on a wide range of 
work from the smallest to plates 120" X 60- x 1". Briefly 
describes range of turret presses from moderately 
priced, hand operated 15,000 lb. punching pressure to 
heavy duty too ton automated models. 

2 Describes fastest method of piercing heavy work up to 
120" X 6o" x is with only one handling. 

3 

4 

Tells how to rationali7e piercing of medium-heavy 

plates in small batches and describes method of locating 
hole centres at a glance by direct reading counters. 

Features a versatile turret press of 3o,000 lb. punching 

pressure offering alternative methods of locating open-
ings according to complexity of layout and length of run. 

5 Shows the fastest method of repetition piercing on the 
longer runs and describes a turret press of 30,000 lb. 
punching pressure and positioning by pantograph and 
stylus. 

6 Describes a heavily constructed turret press of 3o,000 lb. 
punching pressure for the shorter runs offering alter-
native methods of locating openings. 

7 Features robust hand operated turret presses of 15,000 
lb. punching pressure for short runs of the smaller jobs 

and for work remote from press shop and to be laid out 
on assembly. 

* Tick the brochures you would like and mail this handy coupon today 

BRITISH 

WIEDEMANN 
r,..„.....,,,,,„„ ---------................---.1 
I DO WDING & DOLL, 17-27 Garratt Lane, London, S.W.18 

I 
i I would like to know how to cut my short and medium run  II 
.  piercing costs. Please send me the brochures ticked below.  I 

a i 
I I   2   3   4 f  5  6   7   i 

Turret Punch Presses III Please send ALL the Brochures   1  I 1 
I NAME      TITLE   I 
11  II 
I COMPANY   É 
II  I 
II ADDRESS    

•  EE 168  1_1 
1  • 

DOWDING & DOLL LTD 
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EE 01 096 for further details 

Covers the very wide 
Frequency Range 

0•2c/s to 1 •22Mcis 

TRANSISTOR 

DECADE 

OSCILLATOR 

TYPE TG66A 

LEVELL 
PORTABLE INSTRUMENTS 

Frequency is selected by means of four in-line 
additive decade controls and a five position 
multiplier switch.  The last of the additive 
controls is continuously variable so that any 
frequency may be selected with a discrimination 
better than ±0.03% or yo th of the specified 
frequency accuracy, whichever Is the greater. 
The output source voltage of the oscillator is 
monitored by a meter with an expanded scale, 
and a continuous control is fitted so that the 
output may be set with a discrimination better 
than ±0.05dB. 

SPECIFICATION 

ACCURACY 

+0.02 0 below 6c/s. 
±0.3% from 6c/s to 100kc/s, 
± I% from 100kc/s to 300kc/s, 
±3% above 300kc/s, 
all measured at 25°C. 

STABILITY 

±6% mains voltage change produces less than 
+0.005% frequency change up to 100kc/s. 
Change of frequency with temperature is less than 
+0.025% per °C above 100c/s. 

DISTORTION 

Less than 0.15% from I5c/s to 15kc/s 
Less than 0.5% at I.5c/s and 150kcis 

OUTPUT 

Continuously variable from —94dBm. to+ 10dBm. 
into 600 ohms.  Source voltage variable from 
30µV to 5V. Output impedance 600 ohms at all 
settings. Meter fitted with dBm and V scales. 

TEMPERATURE RANGE 

—10°C to +45°C. 

PO WER SUPPLY 

"Mains"-100/125V, 200/ 
250V; 50/60c/s; 6VA, or 
"Batteries"-4 Self-
contained type PP9, life 
300 hours. 

SIZE 

6r high x 1 or wide x 7' 
deep. 

WEIGHT 

12 pounds. 

Price complete with batteries 

£150 Case 
£5 extra. 

Orig neral.eg gigh 

  l̀eAt4S1StOk DEC PIX OECtILATOR TYPE TO.P.SA 

5)..rs X  

Fully detailed leaflets are available on our complete 

range of portable instruments. 

fe„,* 
mutnnlet 

",  •  •  •  >,,v. • 

• 

• 

3,411 
OW « 

suePt y  aee  SY 
O UTell T ATTENUATOR 

C) 

LEVELL ELECTRO NICS LTD. 
Park Road, High Barnet, Herts. 

Telephone: 01-449-502B. 
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"̀"'"'" Réalisations 
Traduction des pages 818 d 823 

OSCILLOSCOPE D'ENSEIGNEMENT 
Advance Electronics Ltd, Roebuck Road, 

Hainaalt, Mord, Essex 

(Illustration à la page 818) 

La société Advance Electronics Ltd 
vient d'annoncer la mise au point d'un 
nouvel  oscilloscope  à l'usage  des 
établissements  d'enseignement  et des 
marchés industriels. L'oscilloscope 0S12 
a, en effet, été conçu suivant la spécifi-
cation Nuffield 158 et il présente des 
caractéristiques spéciales comportant un 
circuit de base de temps à auto-syn-
chronisation se verrouillant automatique-
ment, un amplificateur à couplage direct 
et une entrée X à l'arrière de l'instru-
ment qui permet un affichage X-Y. 
Le 0S12 a une sensibilité de 100 

mV par division micrométrique et la 
vitesse de la base de temps varie de 
100 msec à 100,usec par division. Il com-
prend un tube de 6,98 cm. 
Une technique du construction très 

simple a été utilisée: l'oscilloscope se 
compose seulement de deux pièces d'alu-
minium préfaçonnées. Les lampes et les 
composants sont montés sur une seule 
plaquette à circuit imprimé. La société 
Advance Electronics Ltd pense que cet 
oscilloscope sera utilisé de façon très 
étendue dans l'industrie sous forme de 
contrôleur incorporé pour le matériel 
de contrôle de systèmes et de produc-
tion. 

EE 01 751 pour plus amples renseignements 

BOITE A DÉCADES DE 
CONDENSATEURS 

Hatfield Instruments Ltd, Barrington Way. 
Plymouth, Devonshire 

(Illustration à la page 818) 

Une nouvelle boîte à décades de con-
densateurs (type 688/A) a été mise au 
point par la société Hatfield Instruments 
Ltd à l'usage des réalisateurs de circuits 
pour les travaux de tolérance et autres 
applications similaires. La boîte assure 
une sélection rapide de condensateurs 
dans la gamme de 100 pF à 1 pF. Elle 
occupe un minimum d'espace sur un 
banc, même lorsqu'elle est utilisée en 
multiples, et sa précision est supérieure 
à 5% à n'importe quel réglage. Quatre 
décades donnent des plots de 100 pF, 
1000 pF, 0,01 pF et 0,1 µF. La capaci-

Une description basée sur des renseignements 
fournis par les fabricants de nouveaux com-

posants, accessoires et instruments d'essai 

tance minima lorsque tous les com-
mutateurs sont fixés à zéro est de 30 pF 
et la tension nominale est de 250V c.c. 
(0,1 AF par décade, 100 V c.c.). La boîte 
mesure: 13,97 cm x 4,12 cm x 6,98 cm. 

EE 01 752 pour plus amples renseignements 

CONNECTEURS DE CÔTÉS 
Ferranti Ltd, King's Cross Road, Dundee 

(Illustration à la page 818) 

La société Ferranti Ltd a mis au point 
une nouvelle gamme de connecteurs à 
montage  par  la  tranche  pour  les 
plaquettes à circuit imprimé. Ces con-
necteurs assurent une grande fiabilité 
alliée à une simplicité de conception 
remarquable.  Ces  connecteurs,  qui 
apportiennent à la gamme EWD, peuvent 
être fournis avec contacts à un seul côté 
ou avec contacts à deux côtés. 
Les modèles à contacts sur un côté 

utilisent des pièces d'insertion au nylon 
et emplis de verre des  côtés non-
contactants à la place des faux contacts. 
Ces pièces d'insertion uniques fournissent 
d'excellentes surfaces à faible frottement 
et à usage prolongé pour les plaquettes 
à circuit imprimé. Elles contribuent à 
maintenir le prix hautement compétitif 
des connecteurs. 
Les moulages des connecteurs sont en 

phthalate diallyl bleu de haute qualité. 
Ils  ont  d'excellentes propriétés élec-
triques et mécaniques et ils sont par-
faitement sûrs en raison de leurs qualités 
d'auto-extinction.  Ils  peuvent résister 
facilement aux températures de soudage. 
Le contact se distingue par son ressort 

à lame roulante qui a pour effet de 
limiter les contraintes. A l'instar de tous 
les  autres  connecteurs Ferranti, le 
ressort de contact à une faible carac-
téristique de variation, ce qui signifie que 
des déviations se produisant dans la 
gamme de fonctionnement ne donnent 
lieu qu'à de faibles variations de force 
de contact, les forces d'insertion et de 
retrait étant notablement réduites. Les 
tolérances d'épaisseur de plaquette nor-
males  sont  facilement  admises.  Les 
forces de contact contrôlées s'obtiennent 
dans une mesure suffisante pour pouvoir 
briser des films de ternissure et assurer 
des résistances de contact faibles et 

stables quelle que soit la faiblesse de la 
tension de régime. 
Les connecteurs de la nouvelle gamme 

EWD sont fournis avec des chevilles de 
soudage dans des positions à 8, 16, 24, 
32 ou 40 pôles pour les contacts à un 
côté et à 8/8, 16/16, 24/24, 32/32 ou 
40/40 pôles pour les contacts à deux 
côtés. Ils ont, en outre, été étudiés pour 
recevoir des plaquettes à circuit imprimé 
d'une épaisseur normale de 1,5 mm. 
L'espacement entre pôles est de 3,8 nun. 
La pénétration des plaquettes est de 
9,40 mm et l'introduction de la plaquette 
dans le connecteur est facilitée par 
l'angle généreux d'entrée. 
Les contacts sont en cuivre au béryl-

lium et ils sont dorés sur une épaisseur 
de 2,5 microns, donnant ainsi une surface 
durable et non-poreuse. 

EE 01 753 pour plus amples renseignements 

DISPOSITIF DE REPORT A 
TROIS ENTRÉES 

Electronics Associates Ltd, Burgess Hill. Sussex 

(Illustration à la page 818) 
Le "Variplotter", serie 1131, est un 

appareil conçu pour les applications 
exigeant le report simultané de deux 
variables par rapport à une troisième. 
Trois systèmes indépendants à en-

traînement asservi, une sensibilité de 
base de  1 mV/2,5 cm,  18 gammes 
étalonnées  et des potentiomètres  à 
variations sans plots assurent à l'appareil 
une très grande souplesse. 
La base de temps incorporée ajoute 

à l'appareil une possibilité de report t-y 
qui permet des balayages sur la totalité 
de l'échelle dans six gammes étalonnées 
de 0,5 sec à 20 sec/2,5 cm. Des com-
mandes séparées de base de temps et de 
levage de plume assurent des courses 
séches avant l'enregistrement. 
Le Variplotter 1131, qui est muni de 

circuits constitués de corps solides et 
d'un système de référence à diodes 
Zéner, comprend des cartouches à encre 
à fiches et ne coulant pas, des commu-
tateurs de contrôle à lumière arrière, 
des filtres interchangeables pour la fré-
quence de ligne et la suppression de 
bruit et un serre-papier du type à venti-
lateur. 
La spécification est comme suit: pré. 
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cision statique ±0,1%, précision dyna-
mique :±0,2% à 42,5 cm/sec; répétabilité 
--t:0,5%. La vitesse de pivotement est 
de 42,5 cm/sec pour le bras et de 50 
cm/sec pour les plumes. La résistance 
d'entrée est de 2,5 M11/V dans des 
gammes allant jusqu'à 20 mV/2,5 cm, 
et elle est constante à 1 M1-1 aux gammes 
supérieures.  Livrable avec graduation 
métrique ou anglaise, l'appareil peut 
être monté sur bâti ou sur pont. Les 
dimensions hors-tout sont: 48,26 cm x 
53,34 cm de hauteur x 16,51 cm de 
profondeur. 

EE 01 754 pour plus amples renseignements 

RELAIS A RETARD A TEMPS 
STATIQUE 

Solid State Controls Ltd, 30-40 Dalling Rond. 
London, W.6 

(Illustration à la page 819) 

La société Solid State Controls Ltd 
fabrique actuellement un relais à retard 
de temps transistorisé et à fiches d'une 
grande fiabilité et d'un prix écono-
mique,  spécialement conçu  pour ré-
pondre  aux  besoins  de  l'industrie 
moderne. 
Le TDR/407 est un dispositif robuste 

et entièrement encapsulé; il n'a aucune 
partie mobile sujette à l'usure ou aux 
pannes. Il est insensible aux vibrations, 
aux chocs et aux tensions transitoires 
et il peut effectuer un minimum de 100 
millions  d'opérations  continues.  Cet 
élément  compact  est  entièrement  à 
l'épreuve de la dérive, même après 
plusieurs milliers d'heures de service, et 
il n'exige aucune espèce d'entretien. 
Le TDR/407 est livrable en trois 

gammes de tension: 12-13, 35-70 et 70-
150 V. Il fonctionne avec précision 
même lorsqu'il est soumis à d'impor-
tantes  variations  dans  la  tension 
d'utilisation et dans la température am-
biante. Le circuit de minutage principal 
se compose d'un circuit de retard à 
faible  impédance  et  complètement 
stable muni d'un commutateur de sortie 
à redresseur de commande au silicium. 
Le contact semiconducteur peut brancher 
des  charges  inductives  ou  résistives 
allant jusq'à 1 A à 150 V et il peut 
recevoir d'importants courants d'entrée 
qui  sont  normalement  propres  aux 
circuits de commutation de moteurs ou 
de contacteurs. 
Les périodes de retard de temps en 

quatre gammes de 0,2 sec à 11 min 
peuvent être assurées et les réglages des 
temps de retard peuvent être effectués 
par la commande montée sur le coffret 
ou préréglés. La précision du minutage 
lorsque le relais est soumis à des ex-
trêmes de température ambiante et de 
tension d'utilisation est typiquement de 
5%, et la précision de répétion typique 
est de 1%. 
La grande fiabilité et la constitution 

de  corps  solides  du  composant  le 
rendent particulièrement approprié aux 
utilisations de l'aviation ainsi qu'aux 
usage industiels. Parmi les nombreuses 
applications qui ont déjà été considérées 
pour ce relais, il faut cites les systèmes 

de commande de circulation et les pro-
cessus de fabrication, les circuits de con-
trôle de moteurs, les commandes de 
levage, les centrales de puissance, le 
matériel de contrôle téléphonique, la 
commutation de canaux de télémétrie 
au sol et dâns l'air, la commande de 
générateurs de réserve et les machines 
de oonditionnement automatique. 
EE 01 755 pour plus amples renseignements 

INSTRUMENT DE MESURE 
SENSIBLE AUX IMPULSIONS 
SÉLECTRICES A REDRESSEUR 

PILOTÉ AU SILICIUM 
Caltronics Ltd, Huntingate, Iiitehin, 

Hertfordshire 

(Illustration à la page 819) 
Cet instrument de mesure sensible aux 

impulsions sélectrices à redresseur piloté 
au silicium fournit une mesure rapide 
et précise du déclenchement périodique 
courant/déclenchement pour une variété 
de redresseurs pilotés au silicium. Une 
diode zéner fournit une tension stabi-
lisée anode/cathode de 6 V au redresseur 
piloté au silicium soumis à l'essai. 
Les caractéristiques de déclenchement 

périodique du redresseur piloté au sili-
cium soumis à l'essai sont mesurées en 
appliquant  des  impulsions  redressées 
d'une demi-onde de 50 à 60 Hz entre le 
conducteur de porte et la cathode du 
dispositif. Le réseau de déclenchement 
dans le câble d'alimentation de l'anode 
est sensible au pivotement du redresseur 
piloté au silicium soumis à l'essai et 
amorce un commutateur électronique qui 
supprime le signal de déclenchement 
périodique. Un circuit à voltmètre à 
lecture de pointe est utilisé pour fournir 
une indication directe du courant ou du 
niveau de tension auquel le redresseur 
piloté au silicium est déclenché. La lec-
ture périodique du courant/déclenche-
ment est obtenue en entraînant le circuit 
de déclenchement à travers une série de 
résistances de précision qui forment une 
source de courant réglable de 10 degrés. 
La lecture de porte tension-déclenche-
ment est obtenue en entraînant le circuit 
à déclenchement périodique à partir 
d'une  source  de  tension  réglable  à 
gradins. 
Les potentiomètres d'étalonnage per-

mettent  d'étalonner  l'instrument  de 
mesure de sensibilité tant pour le courant 
que pour la tension. 
Des bornes sont prévues pour l'utili-

sation à distance en parallèle de l'in-
strument. L'indication à distance de la 
lecture peut être obtenue au moyen 
d'une paire de bornes qui fournissent un 
signal de +1 V pour l'indication sur la 
totalité de l'échelle de l'instrument de 
mesure sur le panneau frontal. 
EE 01 756 pour plus amples renseignements 

CONVERTISSEUR 
ANALOGIQUE/NUMÉRIQUE 

Ether Engineering Ltd, Park Avenue, Bushey, 
Hertfordshire 

(Illustration à la page 819) 
Le convertisseur modèle MA 1102 

transforme des tensions d'entrée analo-
gique de 0 à —10 V en une sortie codée 
binaire pure équivalente de 10 chiffres 
binaires. 
L'instrument  utilise  la  méthode 

d'approximation successive pour fournir 
des données précises d'ordinateur à coût 
réduit. Une partie importante du circuit 
utilise des modules doubles NI à pelli-
cule mince. Ces modules sont branchés, 
suivant les exigences du circuit, comme 
circuits  à déclenchement  périodique, 
éléments bistables et monostables ou 
comme inverseurs. 
La construction mécanique compacte 

du convertisseur permet de l'incorporer 
à des systèmes existants, car il n'occupe 
que 4,44 cm d'espace de panneau. 
L'entrée analogique totale est de 10 V, 

correspondant à 2" chiffres binaires. La 
résolution est de ±1 chiffre et la pré-
cision est de 0,1 %. La durée de con-
version est de 200 gsec. 
EE 01 757 pour plus amples renseignements 

SYSTÈME RÉDUCTEUR DE BRUIT 
Dolby Laboratories, 590 Wandsworth Road, 

London, S. W.8 

(Illustration à la page 820) 

Le Tendeur Signal/Bruit des Labora-
toires Dolby permet de réduire le bruit 
dans les systèmes d'enregistrement et 
d'émission basse fréquence de qualité. 
Le Tendeur Signal/Bruit peut être utilisé 
dans n'importe quelle circonstance où 
le signal est obtenu pour le traitement à 
l'entrée et à la sortie de la chaîne 
acoustique. Tandis que le signal lui-
même  émerge  sans  modification  de 
forme, l'action de réduction du bruit 
atténue les types habituels de bruits que 
l'on enregistre dans le doublage des 
films, l'enregistrement sur bande vidéo, 
etc. 
En raison de l'effet bien connu de 

masquage dans l'ouie humaine, les sons 
faibles sont masqués en partie ou même 
complètement par des sons plus élevés, 
particulièrement lorsque la différence de 
fréquence n'est pas trop grande. Ainsi 
les rapports signal/bruit d'enregistrement 
sur bande magnétique sont supérieurs 
à ceux qui seraient indiqués par l'analyse 
de la forme d'onde de réenregistrernent 
sur bande magnétique; le bruit de la 
bande magnétique dépend de l'ampli-
tude instantanée du signal et augmente 
en fonction de cette, amplitude, effet qui 
porte le nom de bruit de modulation. 
Le fait que le mécanisme d'audition 
supprime effectivement ce bruit supplé-
mentaire dans les conditions de signal 
normales semblent indiquer qu'un sys-
tème électronique de conception appro-
priée pourrait utiliser le phénomène de 
masquage pour obtenir une réduction 
supplémentaire du bruit. 
Utilisant  le principe de  masquage 

ainsi que la compression et l'expansion 
du signal, le tendeur signal/bruit effectue 
une réduction de bruit d'une part en 
élevant  le composant de signaux à 
faible niveau durant l'enregistrement à 
n'importe quel moment possible (corn-
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pression), suivi d'une atténuation com-
plémentaire durant le réenregistrement 
(expansion) et d'autre part en masquant 
l'effet lorsque le niveau de signal est 
tellement élevé que la compression et 
l'expansion ne sont plus possibles. 
Etant donné que le masquage est 

moins effectif avec des fréquences de 
bruit  quelque  peu  éloignées  de  la 
fréquence de signal il est nécessaire de 
traiter les différentes parties du spectre 
indépendamment. Le système de réduc-
tion de bruit fournit alors un niveau de 
bruit plus bas et apparemment constant, 
le "chuchotement" classique ou le bruis-
sement de la compression normale et de 
l'expansion étant absents. Le tendeur 
signal/bruit divise le spectre acoustique 
en quatre bandes et comprime et détend 
chacune  de ces  bandes  de manière 
essentiellement indépendante. Des bandes 
,séparées sont prévues pour la gamme 
de fréquence du bourdonnement, pour 
la gamme acoustique médiane, pour les 
fréquences mi-hautes et pour les fré-
quences élevées. Un signal de niveau 
élevé dans une bande ne peut donc 
empêcher la réduction du bruit dans une 
autre bande où le niveau de signal est 
faible. 
D'un autre point de vue, le système 

produit effectivement une caractéristique 
d'égalisation de l'enregistrement qui se 
conforme de manière continue au signal 
d'entrée de telle sorte qu'il puisse pro-
duire un rapport optimum signal/bruit 
durant le réenregistrement. 
EE 01 758 pour plus amples renseignements 

SOURCES DE SIGNAUX 
ACOUSTIQUES 

A. P. Besson & Partner Ltd, St. Josephs Close. 
Hove, Sussex 

(Illustration à la page 820) 

Le "Bleeptone" a été mis au point 
pour fournir une source de signaux 
acoustiques de construction compacte et 
d'une grande fiabilité. Il comprend un 
circuit oscillateur autonome et un écou-
teur à induit oscillant conçu pour fonc-
tionner à partir d'une batterie à faible 
tension. Par ses dimensions et son aspect, 
il est identique au récepteur à induit 
oscillant bien connu utilisé dans les in-
struments  téléphoniques  modernes. 
L'émetteur de notes peut normalement 
être entendu à des distances  allant 
jusqu'à 305 m et la fréquence est telle 
que des bruits de fond n'ont aucun effet 
appréciable de masquage. 
Le circuit d'entraînement est semblable 

à celui utilisé pour les diapasons à en-
tretien  automatique.  Deux  bobines 
séparées sont disposées dans le circuit 
magnétique, l'une pour entraîner l'induit 
oscillant et l'autre pour capter le signal 
induit et fournir une réaction à la base 
du transistor qui, avec les composants 
connexes, forme le circuit amplificateur 
complet. 
La fréquence fondamentale de fonc-

tionnement est déterminée en principe 
par les caractéristiques mécaniques de 
l'induit oscillant. 

Le  dispositif est prévu pour des 
utilisations dans une gamme étendue 
d'industries. Il est particulièrement in-
diqué pour donner un signal d'avertisse-
ment, notament dans les cas où le degré 
de fiabilité exigé doit être supérieur à 
celui pouvant être  obtenu  avec un 
vibreur ordinaire. 
EE„.01 759,pour;plus amples renseignements 

AMPLIFICATEUR DE 
RADIOTÉLÉPHONE 

The Plessey Co. Ltd, Mord, Essex 

(Illustration à la page 820) 

Un nouvel amplificateur transistorisé 
pour le matériel radiotéléphonique a été 
mis au point à l'usine de Bridgnorth du 
groupe d'électronique Plessey. 
Conçus à l'origine pour les radio-

téléphones, types 700 et 700R, de la 
société Plessey, ces amplificateurs dont 
le gain de 14 dB peut augmenter la 
sortie de puissance au-delà de 8 W 
peuvent être également incorporés à des 
faisceaux radiotéléphoniques existants. Il 
*ne mesurent que 7,62 cm de hauteur, 
15,87 cm de largeur et 7,62 cm de pro-
fondeur. 
En plus du modèle de base, il existe 

également  une  version  en  coffret, 
hermétiquement scellée et entièrement 
tropicalisée pour usage extérieur dans 
n'importe quelle partie du monde. 
Convenant  pour  l'utilisation  sur 

courant continue de 12 V, ce matériel 
peut également être prévu pour le fonc-
tionnement sur des fréquences de 68 à 
74 MHz. 
La consommation électrique d'environ 

1,6 A permet d'ajouter le nouvel ampli-
ficateur à des systèmes mobiles ou de 
l'employer comme source de puissance 
pour  entraîner des multiplicateurs à 
varactor jusqu'aux régions du gigacycle 
par seconde. 
EE 01 760 pour plus amples renseignements 

BLOCS D'ALIMENTATION 
Distributeurs: Scientific Measurements & 

Equipment Ltd, 78 Main Street, 
Queniborough, Leicester 

(Illustration à la page 820) 

Ces blocs d'alimentation construits par 
la société Knott Electronic de Munich, 
ont été conçus pour l'utilisation en 
liaison avec le matériel électronique 
exigeant  des  tensions  continues  ex-
trêmement constantes et précises telles 
que les tubes G.M., les compteurs pro-
portionnels, les chambres d'ionisation, 
les intensificateurs d'image, les multipli-
cateurs photoélectriques, les compteurs à 
scintillations, les tubes cathodiques, etc. 
Le courant de sortie élevé et la ré-

sistance interne très faible permettent 
l'alimentation simultanée de plusieurs 
éléments sans interaction. Ces blocs se 
caratérisent  en  particulier  par  leur 
rapport  élevé  de  stabilisation,  leur 
stabilité à long terme, le réglage de 
fusibles et l'ajustabilité à 1 volt près. 
Ils sont fournis en coffret ou pour mont-
age sur bâti. 

La gamme de blocs livrables couvre 
des utilisations de 0 à 30 V à 10 A, et 
de 0 à 15 KV à 10 mA. Un élément à 
courant stabilisé fournissant de 0 à 10 
A à 13 V est également fourni. 
EE 01 761 pour plus amples renseignements 

MILLIVOLTMÉTRE C.A.-C.C. 
Farnell Instruments Ltd, Sandbeck Way, 

Wetherby, Yorkshire 

(Illustration à la page 820) 

Le Millivoltmètre TMI est un ap-
pareil entièrement transistorisé compor-
tant douze gammes pour tension alterna-
tive et pour tension continue, allant de 
1 mV à 300 V de déviation sur la 
totalité de l'échelle en une séquence de 
1-3-10; une échelle de décibels est égale-
ment prévue allant de —10 à +2 dB 
(0 dB '= I mW dans 600 4 
Sur tension continue la précision est 

de  3 %  de  la totalité  de  l'échelle 
± 100 µV et sur tension alternative elle 
est de 4 % d'une déviation sur la totalité 
de l'échelle  ±100 µV de 20 Hz à 
100  kHz.  La résistance d'entrée de 
courant continu est de 1 Ml2/V jusqu'à 
10 V et elle est constante à 10 MS2 sur 
les  gammes  supérieures.  L'impédance 
d'entrée de courant alternatif est de 
100 kn de 1 mV à 30 mV, 1 Mn de 
100 mV à 300 mV et de 10 M de 1 V 
à 300 V; la capacité de shunt maxima 
est de 40 pF. 
Pour la tension continue, le milli-

voltmètre a un atténuateur d'entrée à 
résistance, suivi d'un amplificateur avec 
instrument de mesure et commande de 
réaction. Dans la section de tension 
alternative, un atténuateur à compensa-
tion de fréquence alimente un amplifi-
cateur de tension continue à tension 
alternative qui comporte un circuit à 
réaction et un instrument de mesure. De 
plus, dans les quatre gammes inférieures, 
un  amplificateur  convertisseur  d'im-
pédance maintient l'impédance d'entrée 
à 100 kn. 
Deux batteries PP11 sont utilisées par 

l'appareil qui comprend, en outre, un 
dispositif de contrôle de la tension de 
batterie. Le poids de l'appareil sans les 
batteries est de 2,86 kg et il mesure 
165 mm de hauteur x 218 mm de large 
X 220 mm de profondeur. 
EE 01 762 pour plus amples renseignements 

INDICATEUR DE RAPPORT 
D'AMPLITUDE DE TENSION 
D'ONDES STATIONNAIRES 

Marconi Instruments Ltd, Sanders Division. 
Gunnels Wood Road. Stevenage, Hertfordshire 

(Illustration à la page 82/) 

Un  nouvel  indicateur  de  rapport 
d'amplitude de tension, type 6596, à 
faible bruit et à amplificateur sélectif et 
à coût réduit a été réalisé par la divi-
sion Sanders de la société Marconi 
Instruments Ltd. Sa; sensibilité et sa 
gamme de gain le rendent approprié 
pour la plupart des mesures de micro-
ondes utilisant des détecteurs piézo-
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électriques et à modulation du signal 
haute fréquence à 1 kHz. 
Des commandes de réglage précis et 

approximatif sont fournies et elles com-
portent des variations suffisantes pour 
contrôler des signaux détectés  allant 
jusqu'à I mV efficace. 
L'échelle de l'instrument de mesure 

est étalonnée en rapport d'amplitude de 
tension d'ondes stationnaires, basée sur 
l'hypothèse que le détecteur fonctionne 
dans la région des ondes carrées de ces 
caractéristiques, c'est à dire une tension 
de sortie proportionnelle à la puissance 
en microondes. 
La sensibilité maxima est supérieure 

à 1 V de déviation sur la totalité de 
l'échelle et le bruit est inférieur à 01 
µV; un sélecteur d'entrée permet la 
sélection  individuelle de l'un  ou  de 
l'autre des deux signaux d'entrée. En 
outre, la différence des deux peut être 
sélectionnée pour leseméthodes à pont de 
microondes extra-sensibles. 
L'appareil est idéalement conçu pour 

l'utilisation  en  liaison avec  le banc 
d'essai pédagogique Sanders type 599. 

EE 01 763 pour plus amples renseignements 

CONDENSATEUR EN CÉRAMIQUE 
MINIATURE 

Mollard Ltd, Mullard House, Torrington Place, 
London, W.C.'. 

(Illustration à la page 821) 

La société Mullard vient d'annoncer 
la réalisation d'une nouvelle série de 
condensateurs en céramique miniature 
de haute qualité, de forme rectangulaire 
et ne mesurant que 1,9 mm d'épaisseur 
pour permettre des densités d'entasse-
ment élevé sur plaquettes de circuit im-
primé utilisant un réseau de 2,5 mm. Ces 
condensateurs peuvent être utilisés tant 
dans le matériel domestique que dans le 
matériel  industriel.  Ils  se composent 
d'une plaque mince de matériau céra-
mique métallisé et isolé à l'aide d'une 
couche protectrique de laque qui leur 
assure une performance excellente dans 
les  conditions  d'humidité  les  plus 
élevées. 
Les condensateurs de la nouvelle série 

C333 mesurent 5 mm X 8,5 mm X 
1,9 mm (à l'exclusion des câbles de 
13,5 mm). La gamme de capacité s'étend 
de 3,9 pF à 150 pF avec une tolérance 
de 0,5 pF ou ±2 % selon celles de ces 
deux valeurs qui est la plus élevée. La 
tension de régime est de 40 V dans une 
gamme de température de —25° C à 
+85° C et la résistance à l'isolement 
mesurée  à 10  V  est  supérieure  à 
1000 Mn. Le coefficient de température 
varie entre 0 et 750 parties négatives par 
million, suivant la valeur de capacité. 
La tolérance réduite et la stabilité 

élevée des nouveaux condensateurs les 
rend  particulièrement  indiqués  pour 
l'emploi  dans  les  transformateurs 
moyenne fréquence de télévision, les 
circuits accordés et les autres applica-
tions exigeant une haute performance et 
une perte réduite. 

EE 01 764 pour plus amples renseignements 

PONT DE PRÉCISION 
The Wayne Kerr Co. Ltd, Sycomore Grove. 

New Malden, Surrey 

(Illustration à la page 821) 

Le plus récent modèle de la gamme 
Wayne Kerr de pont à équilibrage auto-
matique, à savoir le modèle B331, allie 
la haute précision exigée par les labora-
toires à la vitesse et à la simplicité de 
fonctionnement assurées par l'annulation 
électronique.  Deux  instruments  de 
mesure  fournissent  des  indications 
simultanées des termes de quadrature 
et en phase de n'importe quel com-
posant ou impédance complexe. Des 
boutons poussoirs d'affichage en ligne 
éclairé permettent de contrebalancer les 
lectures par trois décades donnant une 
résolution maxima de six chiffres sur 
toutes les gammes. 
Des circuits spéciaux assurent la com-

pensation automatique de l'impédance 
des conducteurs de mesure qui aboutis-
sent à une pince Kelvin de type per-
fectionné. Les sorties permettent d'ac-
tionner des voltmètres numériques, des 
imprimeurs,  des  enregistreurs,  des 
mécanismes passe/rejet ou des circuits 
de contrôle. Les prises pour étalon ex-
terne permettent les mesures compara-
tives et lorsqu'elles sont utilisées avec 
les commandes Vernier, elles peuvent 
réaliser une discrimination de 10 parties 
par million. 
La source interne et le détecteur fonc-

tionnent à 1,00 kHz mais ils peuvent 
fonctionner entre 50 Hz et 20 kHz en 
utilisant  un  équipement externe.  La 
capacité de mesure totale à 1 kHz est 
de 0,001 pF à 0,25 F, 1 pn à 1 kn, 1 mn 
à I Tn et de 100 nH à 250 MH. La 
précision  totale  de  0,01%  s'applique 
de I pF à 10 /IF et de 10 rin à 100 mn. 
Le pont B331 mesure 48,26 cm de large 
X 30,48 cm de haut X 22,86 cm de 
profondeur et son poids est d'environ 
23 kg. 

EE 01 765 pour plus amples renseignements 

RELAIS À LAME VIBRANTE 
Hendrey Relays & Electrical Equipment Ltd, 
390-394 Bath Road, Slough, Buckinghamshire 

(Illustration à la page 821) 

Conçu conformément aux fonctions 
de la norme britannique B.S. 2G. 100, 
ce relais à lame vibrante type 5858 peut 
être utilisé au sol ou en l'air, avec des 
valeurs-limite de 5 Hz à 2 kHz à 10 g 
et une accélération de 50 g appliquée 
dans  n'importe  quelle  direction.  La 
bobine d'excitation et les éléments à 
lame  vibrante  sont  encapsulés  dans 
un coffret en acier qui assure une pro-
tection mécanique aussi bien que mag-
nétique. Le matériau d'encapsulation est 
en résine d'époxyde ayant d'excellentes 
caractéristiques électriques et une bonne 
performance aux variations de tempéra-
ture. La résine forme également la base 
du relais portant les broches de con-
nexion, format ainsi un élément très 
robuste, insensible à l'humidité et pou-
vant être utilisé dans les conditions d'en-
vironnement les moins favorables et dans 
des températures ambiantes de —60° à 
+ 120°C. 

Des  lames  vibrantes  soigneusement 
choisies et le formage avant l'utilisation 
garantissent un minimum de 2 x 106 
opérations sous pleine charge et le temps 
de réponse des contacts est supérieur à 
2 msec, avec un rebondissement néglige-
able tant à la mise en circuit qu'à la 
coupure. 
La valeur nominale maxima est de 

0,5 A ou 30 Vc.c. ou 10 W de charge 
résistive. Les charges inductives doivent 
être éteintes de façon appropriée. Trois 
dispositifs de contact standard sont pré-
vus: (a) deux normalements ouverts; (b) 
quatre normalement ouverts; (c) deux 
normalement ouverts et deux normale-
ment fermés. Le bobinage des bobines 
peut être prévu pour n'importe quelles 
tensions continues jusqu'à 100 V. 
Le relais est fourni avec des ter-

minaisons soudées ou avec des conduc-
teurs mobiles, montage sur support ou 
par bande, ou, enfin, avec des broches 
pour bases à fiches. 
EE 01 766 pour plus amples renseignements 

COMMUTATEUR À RETARD 
Solid State Controls Ltd, 30-40 Dalling Road, 

London, W.6 

(Illustration à la page 822) 

Le Radian est un composant à bas 
prix et de haute qualité qui remplace 
avantageusement  les  commutateurs  à 
retard thermique, les minuteries à relais/ 
condensateur  simples  et les  moteurs 
synchrones dans les conditions exigeant 
une précision de répétition élevée, une 
stabilité à long terme et un temps de 
rétablissement rapide. Le relais Radian 
n'exige aucune période de refroidisse-
ment contrairement aux éléments ther-
miques car il se rétablit instantanément 
et donne des opérations de minutage 
d'une grande uniformité. Les tensions de 
fonctionnement pouvant être obtenues 
sont de 24 Vc.c. et 24 Vc.a. tandis que 
la sortie met an action une gamme 
étendue de relais et de contacteurs. 
Le radian est un élément à fiches qui 

assure deux types d'opérations: le re-
tard  à l'excitation  et le retard  au 
désamorcement avec deux gammes de 
minutage, une à 60 sec et une à 5 min. 
L'élément est insensible aux phéno-

mènes transistoires sur la ligne d'alimen-
tation, aux fluctuations dans la tension 
de régime de ± 15 % et aux variations 
de température ambiante de —10° C à 
+55° C. 
EE 01 767 pour plus amples renseignements 

BLOC D'ALIMENTATION EN 
TENSION CONSTANTE 

Servomes Controls Ltd, Crowborough, Sussex 

(Illustration à la page 822) 

La société Servomex Controls Ltd a 
mis au point deux nouvelles versions de 
ses stabilisateurs de tension type AC2 
et AC7, en vue d'applications n'exigeant 
pas le système de montage sur bâti. Ces 
nouveaux types, modèle AC2 Mk 111A 
et AC7 (Industriel), sont plus faciles à 
installer et entretenir ayant été conçus 
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pour l'installation par le personnel élec-
trique des fabriques par opposition au 
personnel  électronique.  Toutes  les 
parties  qui  exigent  un  entretien 
périodique sont facilement accessibles 
en retirant le couvercle sans qu'il soit 
nécessaire de déplacer l'instrument pour 
avoir accès à l'arrière, comme c'est 
habituellement le cas pour les modèles 
à montage sur bâti. 
Les composants électriques individuels 

sont identiques à ceux des modèles pour 
montage sur bâti. Cela s'applique égale-
ment à la qualité et au fini de la con-
struction de ces nouveaux types. Le 
modèle AC2 Mk 111A est plus petit et 
plus maniable que le type pour montage 
sur bâti, tandis que le modèle AC7 (In-
dustriel)  est  monté  sur  roue  et à 
l'épreuve des poussières et de l'eau. Il 
est donc idéal pour l'installation dans 
une cave ou dans un passage fréquem-
ment balayé. 
Les deux instruments fonctionnent sur 

alimentation d'entrée dans la gamme de 
200 à 250 V et fournissent une tension 
de sortie à haute stabilité ne variant 
pas de plus de --b0,1% de la tension 
nominale de l'alimentation. Ils sont in-
sensibles aux charges de redresseurs ou 
au  changement  dans  le facteur  de 
puissance, c'est à dire du facteur résistif 
au facteur purement réactif, y compris 
les charges capacitives. 
La mise en oeuvre se fait au moyen 

d'un transformateur variable utilisé pour 
fournir une tension de biberonnage ou 
d'appoint, suivant les nécessités, pour 
corriger l'entrée à la valeur requise. Ce 
transformateur variable est entraîné par 
un moteur asservi biphasé avec en-
grenages enfermés et dispositif de limi-
tation du couple. Les variations de la 
tension de sortie sont détectées par un 
pont bolométrique dont la sortie est 
amplifiée dans un amplificateur asservi 
à deux valves et appliqué au moteur. 
Les instruments sont de construction 

exceptionnellement robuste et peuvent 
résister à des impacts d'un maximum 
de 40 g dans n'importe quelle direction. 
Ils ne comportent ni relais, ni thyratrons, 
ni condensateurs électrolytiques. 
Les  nouveaux  types  sont  moins 

coûteux, non seulement en raison des 
coffrets plus simples utilisés mais égale-
ment parce qu'ils ne comprennent pas 
de voltmètre, d'ampèremètre, de com-
mutateur arrêt/marche et de fusible prin-
cipal. Ces deux derniers composants 
sont censés être montés sur le mur avec 
un voltmètre externe comme composant 
facultatif. 
EE 01 768 pour plus amples renseignements 

INDICATEUR DE CONTRAINTE 
NUMÉRIQUE 

S.E. Laboratories (Engineering) Ltd, 
Astronaut House, Feltham, Middlesex 

(Illustration à la page 822) 

L'indicateur de contrainte numérique, 
type 601, est un instrument portatif pour 
mesurer la contrainte  dynamique  et 
statique comportant de nombreuses in-
novations. La lecture numérique facilite 

considérablement le travail de l'opéra-
teur  et,  grâce  à son  commutateur 
"d'addition," elle couvre une gamme 
totale de ±50 000 microcontraintes avec 
une précision de ±0,1 pour cent de la 
lecture ou ±5 pE, suivant celles de ces 
deux valeurs qui est la plus élevée (G.F. 
= 2,0). 
Les cellules rechargeables fixées à 

l'intérieur permettent d'utiliser l'appareil 
pendant de longues périodes. Enfin, la 
commande du "facteur de mesure" peut 
être utilisée pour obtenir une indication 
directe à partir de dispositifs tels que 
les cellules de charge, les transducteurs 
de pression et de déplacement, etc. 
L'excitation par ondes carrées permet 

l'utilisation de l'appareil avec des cir-
cuits extensométriques ayant une capa-
citance maxima de 0,01 pf sans perte 
appréciable de précision, cependant que 
l'excitation sinusoïdale peut être assurée 
si nécessaire. 
L'appareil peut être utilisé avec des 

extensomètres ayant une résistance de 
50 1-1 à 2 kl2. Des sorties de 1 mA et 
2 V peuvent être obtenues à partir de 
douilles séparées galvanométriques et 
oscilloscopiques pour entraîner des dis-
positifs à lecture conventionnelle ou des 
instruments d'enregistrement. 
EE 01 769 pour plus amples renseignements 

SOLÉNOÏDES À MAINTIEN 
AUTOMATIQUE 

H. E. & B. S. Benson Ltd, Exning Road, 
Newmarket, Suffolk 

(Illustration à la page 822) 
La société H. E. et B. S. Benson Ltd 

vient d'annoncer la réalisation d'une 
solénoïde  indépendante  entièrement 
nouvelle. Le plongeur est en matériau 
magnétique permanent et lorsqu'il est 
fermé pendant une impulsion de courte 
durée il reste fermé pendant une période 
de temps illimitée et peut soutenir une 
charge sans tirer du courant. Une im-
pulsion inverse déclenche le plongeur. 
Toute forme de tension continue ou 

tension alternative redressée (y compris 
une  batterie  sèche) peut mettre  en 
oeuvre cette solénoïde. Elle comporte 
un circuit de courant alternatif qui ne 
nécessite qu'une seule diode et une 
petite résistance pouvant être soudée 
directement au commutateur de fonc-
tionnement. 
Les. avantages de cette solénoïde com-

prennent la montée de température nulle 
pour une fiabilité maxima (utile égale-
ment dans une température ambiante 
élevée); une gamme étendue de carac-
téristiques de force toutes avec main-
tien  continu  depuis  la commutation 
momentanée en dépit de toute panne 
de courant. 
Les solénoïdes à maintien automatique 

PMB  sont  identiques  extérieurement 
aux solénoïdes existantes B.2, 3, 4 et 5. 
Elles peuvent remplacer les solénoïdes 
de  verrouillage  et lorsqu'elles  sont 
munies d'un ressort de retour elles peu-
vent fournir une action positive à deux 
positions d'un élément à double action 
et à deux bobines plus coûteux. 
EE 01 770 pour plus amples renseignements 

HORLOGE NUMÉRIQUE 
Venner Electronics Ltd, Kingston By-Pass, 

New Malden, Surrey 

(Illustration à la page 823) 

La société Venner Electronics Ltd a 
mis au point une horloge numérique 
entièrement constituée de composants 
au silicium, type TSA 6686, utilisant des 
plaquettes de circuit imprimé en fibre 
de verre et assurant un affichage en 
heures, minutes et secondes provenant 
de six tubes indicateurs numériques à 
gaz.  Deux versions sont prévues, à 
savoir une version donnant l'heure sur 
une base de 24 heures et une autre don-
nant l'heure sur une base de douze 
heures. Des sorties électriques permettent 
d'entraîner un imprimeur ou un élément 
à bande perforée. 
L'arrêt ou la marche sont mis en 

oeuvre soit par des impulsions néga-
tives de 4 V d'amplitude, soit par 
boutons-poussoirs montés sur le panneau 
frontal. L'affichage peut être réglé à la 
main pour l'indication indépendante des 
heures, des minutes et des secondes et 
comporte un réenclenchement unique à 
zéro. 
Conçue pour fonctionner dans une 

gamme de températures ambiantes de 
—5° C à +60° C, la précision de l'hor-
loge est de deux parties dans 106. 
L'alimentation est de 120 à 125 V ou 

de 200 à 250 V, 50 Hz c.a. les dimen-
sions de l'horloge TSA 6686 sont de 
13,33 cm de hauteur, 24,13 de profon-
deur et 48,26 cm pour montage sur bâti. 
EE 01 771 pour plus amples renseignements 

TUBE A ONDES PROGRESSIVES 
The M-0 Valve Co. Ltd, Brook Green Works, 

London, W.6 

(Illustration à la page 823) 

La société M-0 Valve Co. Ltd a mis 
au point un nouvel amplificateur à 
ondes progressives par impulsions de 
grande puissance, le type TWX16, pour 
les applications de radar. Il donne un 
gain supérieur à 40 dB pour une puis-
sance de sortie de pointe de 5 kW (30 W 
de puissance moyenne et 5 à 20 kW de 
puissance de pointe saturée) dans une 
largeur de bande de 500 MHz dans la 
gamme de 8 à 9,3 GHz. 
Le tube est de construction en céra-

mique/métal et utilise une structure à 
ondes lentes à anneaux et barres qui 
supprime les oscillations indésirables. 
La focalisation s'obtient en mettant en 
oeuvre dans un assemblage à montage 
de solénoïdes, le type SMX16, qui com-
prend les couplages HF et assure le 
refroidissement du tube. 
Le TWX16 a été étudié pour fonc-

tionner avec l'hélice maintenue à un 
potentiel de courant continu pour sim-
plifier l'alimentation de la puissance des 
impulsions. 
Le tube à ondes progressives de 1 

watt,  type  TVVX8  peut  être utilisé 
comme élément d'entraînement. 
EE 01 772 pour plus amples renseignements 
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BLOC D'ALIMENTATION À 

KLYSTRON 
Distributeurs: Miles Hivolt Ltd, 

Old Shoreham Road, Shoreham-by-Sea, Sussex 

(Illustration à la page 823) 

L'appareil suédois Oltronix, LS 525R, 
est un bloc d'alimentation en tension 
continue très stable, conçu pour la mise 
en action de klystrons "réflexe." Les 
tensions de faisceaux, de réflecteurs, de 
grilles et de chauffe sont contrôlées 
séparément. La tension de réflecteur peut 
ne pas être modulée pour le fonctionne-
ment sur ondes progressives du klystron 
où elle peut être modulée, soit avec une 
onde carrée produite intérieurement, une 
dent de scie d'impulsion ou une onde 
sinusoïdale ou enfin avec un signal ex-
terne. La tension de grille peut être 
modulée intérieurement avec une onde 
ou une impulsion carrée. Les tensions 
d'onde carrée ou de modulation d'im-
pulsion sont fixées au niveau des ondes 
progressives de la grille ou du réflecteur. 

La  tension  de  faisceau  varie  de 
—200 V à —3600 V de 0 à 125 mA. Une 
variation de tension de ligne de 10 % 
provoque un changement inférieur à 
300 mV de la sortie  tandis qu'un 
changement de charge nulle à charge 
complète provoque une variation in-
férieure à 200 mV. 

La sortie est à variation continue en 
quatre gammes: 200 à 1200, 1000 à 
2000, 1800 à 2800 et 2600 à 3600 et elle 
est entièrement protégée contre les sur-
charges et les court-circuits par un 
fusible électronique réglable de 10 à 
125 mA. 

Les nouveaux équipements peuvent 
également être utilisés pour les applica-
tions de multiplicateurs photoélectriques, 
car il est possible d'utiliser 100 multi-
plicateurs photoélectriques à partir de 
la même alimentation. 

On voit sur le haut de notre gravure 
le LS 525R et sur le bas un élément 
supplémentaire  pour  entraîner  les 
klystrons. 

EE 01 773 pour plus amples renseignements 

MILLIVOLTMÈTRE À LARGE 

BANDE 
Distributeurs: Livingston  Laboratories Ltd, 

Livingston House, Greycaines Road, 
North Watford, Hertfordshire 

(Illustration à la page 823) 

La  société Radiometer de Copen-
hague vient de mettre au point un "suc-
cesseur" à son voltmètre électronique 
RV 33. Il s'agit du nouveau millivolt-
mètre à large bande, type RV 35, qui 
assure la protection contre les surcharges 
jusqu'à 500 Vc.a. ou c.c., et mesure 
*des tensions de 10 V à 300 V. La pré-
cision est de 2 % sur la majeure partie 
de la gamme de fréquence qui s'étend 
de 10 Hz à 6 MHz. 

Le RV 35 peut en outre être utilisé 
comme amplificateur à gain élevé avec 
une tension de sortie sur la totalité de 
l'échelle d'environ 80 mV à travers 75 n. 

EE 01 774 pour plus amples renseignements 

TUBE CATHODIQUE EN 
CÉRAMIQUE 

Ferranti Ltd, Glen Mill, Oldham, Lancashire 

(Illustration à la page 823) 
Le département d'électronique de la 

société Ferranti Ltd a réalisé ce qu'on 
peut considérer comme le premier tube 
cathodique en céramique avec focalisa-
tion  électrostatique  complète.  Conçu 
pour résister aux vibrations d'environne-
ment les plus fortes, le nouveau tube 
allie une très haute résolution à un 
diamètre d'écran utile de 12,7 mm. 
Le nouveau tube a une longueur totale 

de 114,3 mm et un diamètre de corps 
de 15,2 mm. La plaque de la face a un 
diamètre d'écran utile de 12,7 mm et 
elle est faite en verre de haute qualité 
spécifiquement  mis  au  point  pour 
l'emploi avec l'enveloppe en céramique 
à laquelle elle est scellée au moyen de 
techniques spéciales. La première ten-
sion d'anode typique est de 300 V et 
la tension d'anode finale est de 8 kV. 
La brillance de ligne mesurée avec la 
première anode à 450 V et l'anode 
finale à 7 kV est de l'ordre de 600 pieds 
lambert. Le tube complet avec bobine 
de balayage et écran en mu-métal pèse 
moins de 110 gm. 
Les composants du canon et le sys-

tème de focalisation sont usinés suivant 
des tolérances très serrées ce qui permet 
d'obtenir une très bonne définition et 
une résolution supérieure à 500 lignes. 
Ces qualités permettent de présenter le 
même volume d'information sur l'écran 
que celui qui serait normalement affiché 
par un tube cathodique ayant un dia-
mètre d'écran beaucoup plus grand. 
EE 01 775 pour plus amples renseignements 

Résumés des Principaux Articles 
Un système de contrôle pour une jauge à vide moléculaire  par R. J. Christian 

Cet article traite d'un appareil de contrôle électronique utilisé en liaison avec une jauge à vide 
moléculaire à palette vibrante. L'auteur examine les conditions de contrôle par jauge, les dispositifs 
de perception et d'entraînement étant sous la forme d'un condensateur différentiel. 
La méthode utilisée est celle qui consiste à mesurer les changements de capacitance durant les 

vibrations de la palette au moyen d'un système de modulation de fréquence qui fournit une tension en 
fonction de l'amplitude de vibration. La réaction de cette tension à travers des circuits appropriés 

Résumé de l'article  fournit l'entraînement de la jauge. L'amplitude des oscillations est stabilisée au moyen d'un circuit 
aux pages 772 d 777  de commande, la tension de contrôle étant une fonction logarithmique de la pression. Cette tension 

est utilisée pour fournir une échelle de pression logarithmique, laquelle est indiquée par un voltmètre 
électronique qui assure en outre d'autres fonctions.  L'accroissement rapide de l'amplitude de la 
palette est effectué au moyen d'un déclencheur de mise en marche.  Les résultats expérimentaux 
indiqués ne s'appliquent qu'a l'air bien que la jauge ait été utilisée avec succès pour le hélium (masse 4) 
et l'hexafluoropropylène (masse 150) ainsi que pour des gaz ayant des masses moléculaires 
intermédiaires. 

Mesure de la température de cryostat de 0,1°K à 20°K à l'aide d'un oscillateur à pont de Wien par P. R. Adby 

Les oscillateurs dont il est question dans cet article sont une modification du type à pont de Wien 
conventionnel dont la puissance dissipée dans les résistances du réseau à déphasage est très réduite. 
L'une des résistances dépend de la température et peut être placée dans un cryostat à des températures 
minima de 0,1°K sans affecter de manière sensible les conditions thermiques.  La fréquence 
d'oscillation est fonction de la température et elle peut être mesurée au moyen d'un compteur. 

Résumé de l'article 
aux pages 778 à 781 
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•  Résumé de l'article 
aux pages 805 à 807 

Le contrôle de mode électronique d'amplificateurs opérationnels  par A. D. Bond à P. L. Neely 

Les auteurs analysent la réalisation du matériel nécessaire à l'extension des facilités actuelles de 
calcul analogique de manière à inclure le mode répétitifItiératif de fonctionnement. 
La base du dessin est un pont à six diodes dans un montage de commutation à réaction. 

Résumé de l'article 
aux pages 782 à 786 

La production d'ondes à modulation triangulaire de largeur d'impulsions  par J. F. Young 

Pour les recherches pratiques concernant la performance des systèmes amplificateurs modulés en 
largeur d'impulsions, il est utile d'avoir une source d'impulsions dont la largeur varie linéairement 
ou triangulairement en fonction du temps.  Une telle source peut être produite en confrontant deux 
ondes rectangulaires ayant des fréquences légèrement différentes et en utilisant soit un circuit logique 
ET soit un circuit logique EXCLUSIF-OU comme mélangeur. 

Résumé de l'article 
aux pages 787 d 789 

Un stabilisateur de tension continue à transistor compensé  par M. Pacak 

L'auteur décrit un circuit stabilisateur permettant d'assurer une stabilisation parfaite du courant 
continu ou de la tension continue réglable dans une gamme étendue, avec la stabilité à long terme 
de +1,5.10-6 dans 8 heures, la stabilité à court terme étant de +2,5.10-6 pendant plusieurs minutes. 
Le circuit comporte l'utilisation de la réaction positive et il est compensé contre les principaux 
effets perturbateurs. 

Résumé de l'article 
aux pages 789 d 791 

Amplificateur à gain variable  par S. Ghosh 

Il s'agit ici d'un amplificateur dont le gain peut être varié dans une gamme d'environ 60 dB en 
changeant une seule valeur de résistance, sans modifier appréciablement la caractéristique de fréquence, 
les impédances d'entrée et de sortie et le gain de circuit de l'amplificateur. 

Résumé de l'article 
aux pages 792 à 793 

La réalisation d'une machine a additionner à chiffres binaires parallèles  par J. B. Earnshaw et P. M. Fenwick 

Cet article décrit l'étude de base d'une machine à additionner à chiffres binaires parallèles et à 
propagation rapide. Le dessin est basé sur l'emploi d'un circuit logique du type à réaction et à diodes 
à transistors à deux niveaux dont le retard est de près de Isec par niveau logique. Les mesures initiales 
indiquent que le temps de production de somme pour des mots à 16 chifires binaires est d'environ 
5Onsec. 

Résumé de l'article 
aux pages 794 d 796 

Étude du cas le plus défavorable dans la réalisation d'un instrument d'entraînement d'impulsions  par P. F. Jones 
L'auteur décrit l'étude du cas le plus défavorable pour des composants à excursion totale, étude où 

les valeurs restrictives de chaque composant sont calculées directement à partir des valeurs de 
Résumé de l'article  limitation des paramètres de performance initiaux. Les composants de valeurs préférées qui sont 
aux pages 797 à 799  ensuite choisies s'e trouvent à l'intérieur de ces limites calculées. La méthode indique un ensemble 

d'inégalites dans les paramètres de performance et résoud ces inégalités simultanément pour produire 
un second ensemble qui spécifie les valeurs de limitation pour chaque composant individuel. 

Un compteur de décades binaires-quinaires utilisant la logique de résistance  par R. Parshad et S. P. Suri 

Cet article traite d'un compteur binaire-quinaire utilisant la logique de résistance. Le circuit du 
Résumé de l'article  compteur utilise moins de transistors que les circuits conventionnels. La lecture numérique est simple 
aux pages 800 à 801  et économique dans l'emploi de composants.  Le comptage bi-directionnel peut également être 

effectué sans difficulté avec ce circuit. 

Un amplificateur à relais modulateur de courant continu à impédance d'entrée très élevée utilisant un nouveau transistor à effet 
de champs Ferranti par R. Verrill 

Le nouveau transistor type EXP380 a effet de champ qui vient d'être mis au point se caractérise 
par un très faible courant de fuite de l'orde de 10-1°A à 25°C et une très faible capacitance de porte 
d'environ 2,5pF.  Ce dispositif a prouvé sa valeur dans un amplificateur expérimental de courant 

Résumé de l'article  continu à relais modulateur série/shunt pour lequel une fuite et une capacitance de porte réduites sont 
aux pages 802 à 804  des facteurs essentiels. L'amplificateur en question a une résistance d'entrée de plus de 100 Mn et 

la sensibilité sur la totalité de l'échelle est de ±1m W pour donner ±1001.1,4 dans l'instrument à cadre 
mobile à la sortie. La dérive de compensation à l'entrée, en fonction de la température, est d'environ 
1141/1°C et 15pAI°C sans qu'il soit nécessaire d'adapter les transistors. 

Un analyseur digital de la température de l'air de 0°F à 99°F  par W. V. Dromgoole 
Cet instrument a été mis au point pour la conversion de la température de l'air sous une forme 

numérique convenant pour un système d'indications par lampe de dizaines et d'unités. 
L'image par lampe fait partie d'un système qui indique le moment de la journée pendant 47 secondes 

et la température de l'air pendant 10 secondes toutes les minutes et qui est visible sur une grande 
superficie des villes où le matériel est installé. 
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NEUE  AUSRUSTUNGEN 
Clbersetzung der Seiten 818 bis 823 

Schuloszillograf 
Advance Electronics Ltd, Roebuck Road, 

HainanIt, Word, Essex 

(Abbildung Seite 818) 

Em neuer Oszillograf für Schulung 
und  Industrie wurde  von  Advance 
Electronics  Ltd  herausgebracht.  Der 
Oszillograf 0S12 genügt dem Nuffield-
Pflichtenblatt 158 und bietet Spezialein-
richtungen einschliesslich einer selbst-
synchronisierenden  Zeitablenkung,  die 
automatisch mitnimmt, cines direktge-
koppeltén Verstârkers und—bei abge-
schalteter Zeitablenkung—eines X-Ein-
gangs auf der Rückseite des Gerâtes, 
der Anwendung mit X-Y-Darstellung er-
laubt. 
Der 0S12 hat einen Ablenkfaktor von 

100 mV je Rasterteilung und Zeitablenk-
geschwindigkeiten von 100 ms...100 
pro Teilung. Das Gerât ist mit einer 
7-cm-Rühre besttickt. 
Der Oszillograf ist in sehr einfacher 

Konstruktion aus nur zwei vorgeformten 
Aluminiumstücken  aufgebaut.  Rdhren 
und Bauelemente sind auf nur cine ge-
druckte Schaltung montiert. Advance er-
wartet, dass der Oszillograf in der In-
dustrie weitgehend ais eingebautes 
überwachungssystem und in  Prüfge-
râten für die Fertigung Verwendung 
linden wird. 

EE 01 751 für weitere Einzelheiten 

Kondensatorendekade 
Hatfield Instruments Ltd, Barrington Way, 

Plymouth, Devonshire 

(Abbildung Seite 818) 

EMe neue kompakte Kondensatoren-
dekade wurde von Hatfield Instruments 
Ltd für Entwurfsingenieure zur An-
wendung bei der Toleranzbestimmung 
von Schaltungen und âhnliche Aufgaben 
entwickelt. Die Dekade gestattet sehr 
schnelle Kondensatorenauswahl im Be-
reich 100 pF bis zu 1 µF. Selbst wenn 
mehrere Gerâte zusammen benutzt wer-
den, nehmen sic sehr wenig Raum auf 
dem Tisch em, und ihre Genauigkeit 
ist für jede Einstellung besser ais 5 
Prozent. Vier Dekaden geben Schritte 
von 100 pF, 1000 pF, 0,01 /IF und 

Beschreibung neuer Bauelennente, Zubeheirteile 
und Prüfgerâte auf Grund der von Herstellern 

gemachten Angaben. 

0,1 pF. Die Mindestkapazitât ist mit 
alien Schaltern auf Null gestellt 30 pF 
und die Nennspannung 250 V— (0,1-
AF-Dekade  100  V—).  Abmessungen 
140 x 41 x 70 mm. 

EE 01 752 für weitere Einzelheiten 

Federleisten 
Ferranti Ltd, King's Cross Road, Dundee, 

Schottland 

(Abbildung Seite 818) 

Ferranti Ltd hat neue Federleisten 
für  gedruckte  Schaltungen  herausge-
bracht, in denen hohe Zuverlâssigkeit 
mit tâuschend einfach wirkender Kon-
struktion verbunden ist. 
Modelle mit einseitigen Kontakten haben 

auf der anderen Seite Lagereinsâtze aus 
glasgefülltem Nylon anstelle von Blind-
kontakten. Diese einzigartigen Einsâtze 
geben ausgezeichnete Langlebensdauer-
Oberflâchen mit geringer Reibung für 
die Druckschaltungsplatten und tragen 
zum konkurrenzfâhigen Preis der Steck-
verbindung bei. 
Die Presslinge der Federleisten sind 

aus blauem Diallylphthalat mit ausge-
zeichneten  elektrischen und mechani-
schen Eigenschaften hergestelit und dank 
ihrer selbst erliischenden Eigenschaften 
vollkommen betriebssicher und in der 
Lage,  Liittemperaturen  ohne  weiteres 
auszuhalten. 
EM Merkmal der Kontaktkonstruk-

tion ist die Walzblattfeder mit der ihr 
eigenen Beanspruchungsbegrenzung, die 
überlastung unrm3glich macht. Gemein-
sam mit alien anderen Ferranti-Steckver-
bindungen hat die Kontaktfeder cine 
niedrige  Ratecharakteristik; das be-
deutet, dass die im Arbeitsbereich auf-
tretenden Biegungen nur geringe Ande-
rungen der Kontaktkraft hervorrufen, 
wâhrend die für Herausziehen und Ein-
stecken erforderlichen Krâfte bemerkens-
wert  niedrig  sind.  Die  normalen 
Dicketoleranz.en der Druckplatten wer-
den durch Anpassung aufgefangen, die 
kontrollierten Kontaktkrâfte reichen aus, 
urn Anlauffilme zu unterbrechen, was 
niedrigen und konstanten Kontaktwider-
stand  gewâhrleistet,  ohne  Rücksicht 

darauf, wie niedrig die Betriebsspannung 
ist. 
Federleisten der neuen Baureihe EWD 

werden mit Lótfahnen in 8-, 16-, 24-, 
32- und 40poliger Ausführung einseitig 
und in 8/8-, 16/16-, 24/24-, 32/32 und 
40/40poliger Ausführung zweiseitig ge-
liefert. Sie werden für Druckschaltungs-
platten von 1,5 mm Nenndicke und 
3,81 mm Abstand zwischen Polen ge-
liefert. Die Platte durchdringt 9,4 mm, 
und Einstecken der Flatten in die Feder-
leiste wird  durch  einen  reichlichen 
Ftihrungswinkel erleichtert. 
Die  Kontakte  aus  Berylliumkupfer 

sind auf mindestens 2,5 Mikron hart-
vergoldet, was cine nichtporelse und 
dauerhafte Oberfiâche gewâhrleistet. 

EE 01 753 für weitere Einzelheiten 

Schreiber für drei Eingünge 
Electronics Associates Ltd, Burgess Hill, Sussex 

(Abbildung Seite 818) 

Der Variplotter 1131 wurde für An-
wendungen entwickelt, bei denen zwei 
Variable gleichzeitig über einer dritten 
aufgetragen werden sollen. 
Drei  unabhângig  servogetriebene 

Systeme, cine Grundempfindlichkeit von 
1 mV/Zoll (etwa 0,39  mV/cm),  18 
geeichte Bereiche und stufenlos regel-
bare Massstabpotentiometer  gewâhr-
leisten grosse Anpassungsfâhigkeit. 
Eine eingebaute Zeitablenkung gibt 

cine zusâtzliche t-y-Kurvenschreibmiig-
lichkeit, die voiles überstreichen von 
sechs Bereichen von 0,2 s/cm bis zu 
8 stem erlaubt. Getrennte Regler für 
Zeitablenkung und Abheben des Schreib-
stiftes  gestatten  Leerversuche  zur 
Massstabbestimmung  vor  dem  Auf-
tragen. 

Der 1131 hat Festkiirperschaltungen 
und em n Zenerdioden-Bezugssystem, lek-
kagefeste Einsteck-Tintenpatronen, von 
hinten  beleuchtete Schalter, Einsteck-
filter  zur  Unterdrückung  von  Netz-
frequenz und Rauschen, sowie cine Ge-
blâseeinrichtung  zain  Festhalten  des 
Papiers. 
Die technischen Daten sind wie folgt: 
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statische  Genauigkeit  Prozent, 
dynamische Genauigkeit -±0,2 Prozent 
bei 178 mm/s; Wiederholbarkeit ±0,05 
Prozent.  Schwenkgeschwindigkeit  des 
Armes 432 mrn/s und des Schreibstiftes 
508 mm/s. Eingangswiderstand 2,5 Ma/ 
V in Bereichen bis zu 8 mV/cm und für 
hfihere Bereiche durchweg 1 Ne. Der 
in Zoll oder metrischen Einheiten ge-
eichte Schreiber ist  mit  Aussenab-
messungen von 19" x 533 mm hoch 
und 165 mm tief für Gestelle oder Tisch 
lieferbar. 

EE 01 754 für weitere Einzelheiten 

Statisehes VerzOgerungsrelais 
Solid State Controls Ltd, 30-40 Dalling Rond. 

London, W.6 

(Abbildung Seite 819) 

Solid State Controls Ltd hat die Fer-
tigung cines transistorierten  Verzife-
gerungssteckrelais  aufgenonunen, das 
bei hoher Zuverlassigkeit und niedrigem 
Preis besonders zur Befriedigung des 
Bedarfs der modemen Industrie ent-
wickelt wurde. 
Typ TDR/407 ist em  robuster Bau-

stein, vfillig eingekapselt und ohne be-
wegliche Teile, die sich abnutzen oder 
ausfallen künnen. Er wird weder durch 
Vibrationen  oder  Stifesse,  noch  Ein-
schwingspannungen beeinflusst und kann 
mindestens 100 Millionen kontinuierliche 
Schaltspiele aushalten. Dieser kompakte 
Baustein ist selbst nach vicien tausend 
Betriebsstunden driftfrei und erfordert 
keinerlei Wartung. 
Modell TDR/407 ist in drei Span-

nungsbereichen  fieferbar:  12...35  V, 
35...70 V und 70...150 V und arbeitet 
selbst bei grossen Schwankungen der Be-
triebsspannung und Umgebungstempera-
tur genau. Die Hauptzeitgeberschaltung 
besteht  aus  einer  vüllig  konstanten, 
niederohrnigen  Vereigerungsschaltung 
mit  steuerbarem  Siliziumgleichrichter-
Ausgangsschalter. Dieses Halbleiterele-
ment kann induktive oder reinohmsche 
Lasten bis zu 1 A bei 150 V schalten 
und die üblicherweise bei Schützen und 
Motoranlassem  auftretenden  hohen 
Stromstüsse vertragen. 
Laufzeiten sind in vier Bereichen von 

0,2 Sekunden bis zu 11 Minuten liefer-
bar und kfinnen mittels emes Reglers 
am Gehause gewahlt oder voreingestellt 
werden.  Die  typische  Zeitgenauigkeit 
ist bei extremen Umgebungstempera-
turen und Betriebsspannungen 5 Prozent, 
die Wiederholgenauigkeit 1 Prozent. 
Wegen seiner hohen Zuverlassigkeit 

und FestkOrpertechnik eignet sich der 
Baustein besonders für Anwendungen in 
Flugzeugen und der Industrie. Unter 
den vicien bereits in Betracht gezogenen 
AnwendungsmOglichkeiten sind zu nen-
nen: Verfahrenstechnik und Verkehrs-
kontrolle, Motorsteuerungen, Fahrstuhl-
steuerungen, Kraftwerke, Femsprecham-
ter, Schalteinrichtungen für Bord- und 

Bodentelemetriekanale,  Steuerung  von 
Notaggregaten und automatischen Ver-
packungsmaschinen. 

EE 01 755 für weitere Einzelheiten 

Thyristor-Steuerempfindlichkeitsmesser 
Caltronies Ltd, Huntingate, Hitchin, 

Hertfordshire 

(Abbildung Seite 819) 

Mit dem Thyristor-Steuerempfindlich-
keitsmesser kann der zum Zünden erfor-
derliche  Steuerstrom  einer  breiten 
Auswahl von Thyristoren genau und 
schnell gemessen werden. Die an den 
Prüffing  gelegte  Anoden-Kathoden-
Konstantspannung von 6 V wird von 
einer Zenerdiode abgegeben. 
Die Steuereigenschaften des Prüflings 

werden durch Ardegen cines halbwellen-
gleichgerichteten 50- oder 60-Hz-Impulses 
zwischen Steuerelektrode und Kathode 
des Thyristors gemessen. EM Trigger-
netzwerk in der Anodenspannungsleitung 
ftihlt den Einschaltpunkt des zu prtifen-
den Thyristors und betatigt einen elek-
tronischen Schalter, der das Steuersignal 
abschaltet.  Eine  Spitzenspannungs-
messerschaltung zeigt direkt den Strom-
oder Spannungspegel an, bei dem der 
Thyristor  zündet.  Für  Anzeige  des 
Steuerstrompegels für die Zündung wird 
die Steuerschaltung durch Prazisions-
widerstande getrieben, die cine regelbare 
lOstufige Stromquelle  bilden. Treiben 
der Steuerschaltung von einer 3stufigen 
Spannungsquelle sorgt für die zur Ziin-
dung erforderliche Steuerspannung. 
Der Empfindlichkeitsmesser lâsst sich 

mittels Eichpotentiometern sowohl auf 
Spannung wie Strom eichen. 
Klemmen für Parallelfernbetrieb des 

Gerâtes  sind  vorhanden.  Femanzeige 
kann  über  Frontplattenquellen  ange-
schaltet werden, denen man für Vollaus-
schlag des eingebauten Messinstrumentes 
em  Signal von +1 V entnehmen kann. 

EE 01 756 für weitere Einzelheiten 

Analog-Digital-Umsetzer 
Ether Engineering Ltd, Park Avenue, Bushey, 

Hertfordshire 

(Abbildung Seite 819) 

Der  Umsetzer  MA  1102  wandelt 
analoge  Eingangsspannungen  zwischen 
0 und —10 V in einen rein binarcodier-
ten 10-Bit-Ausgang urn. 
Zur  Erreichung  genauer  Umsetz-

mOglichkeiten mit geringem Aufwand 
arbeitet das Gerat nach dem stufenweisen 
Annaherungsverfahren. EM grosser Teil 
der Schaltung besteht aus Doppel-NOR-
Moduln in Dtinnfilmtechnik, die je nach 
den Anforderungen der Schaltung ais 
Tore, bi- oder monostabile Elemente 
oder Inverter zusammengeschaltet sind. 
Kompakte  Konstruktion  gestattet 

Einbau des Umsetzers, der nur 44,5 mm 

FeldhOhe  in  An spruch  nimmt,  in 
bestehende Systeme. 
Der analoge HOchsteingangswert ist 

10 V und entspricht 2" Binarziffern. Das 
Auflósungsvermiigen ist ±1 Ziffer, die 
Fehlergrenze 0,1 Prozent und die Um-
setzzeit 200 As. 

EE 01 757 für weitere Einzelheiten 

Rausehverminderungssystenz 
Dolby Laboratories. 590 Wandsworth Road: 

London, S. W.8 

(Abbildung Seite 820) 

Der "S/N Stretcher" (Rauschabstand-
dehner) der Dolby Laboratories ermfig-
licht  Bekampfung  des  Rauschens in 
hochwertigen  Tonübertragungen und 
Tonaufnahmesystemen.  Der "S/N 
Stretcher" kann überall dort eingesetzt 
werden, wo das Signal sowohl am En-
gang wie am Ausgang der Tonfrequenz-
kette für Verarbeitung zur Verfügung 
steht. Wahrend das Signal selbst in un-
veranderter  Form  abgegeben  wird, 
schwacht die Rauschverminderungswir-
kung die üblichen Rauscharten, die bei 
der Erstellung des Originals und der 
Nachsynchronisierung  in  der  Film-
industrie, bei Videobandaufnahmen und 
in Landleitungen usw. auftreten. 
Durch den bekannten Verdeckungs-

effekt des menschlichen Ohrs wird leiser 
Ton durch lauten Ton teilweise oder 
auch  vollstândig  verdeckt,  besonders 
wenn  der  Frequenzunterschied  nicht 
gross ist. Der subjektive Rauschabstand 
bei Magnetbandaufnahmen ist beshalb 
besser, als von der Analyse der Wieder-
gabewellenform des Bandes zu erwartert 
ware; das Bandrauschen hangt von der 
Momentanamplitude des Signals ab und 
wâchst mit ihm: em  mit Modulations-
rauschen bezeichneter Effekt. Da das Ohr 
unter normalen Signalbedingungen das 
zusâtzliche  Rauschen  wirksam  tinter-
drückt, liegt der Gedanke nahe, dass emn 
geeignetes elektronisches System unter 
Ausnutzung des Verdeckungseffektes das 
Rauschen noch weiter reduzieren kiinnte. 
Durch Anwendung des Verdeckungs-

prinzips in Verbindung mit Signalpres-
sung und -dehnung erreicht der "S/N 
Stretcher"  Rauschverrninderung  (a) 
durch Verstârken der Signalkomponen-
ten mit niedrigem Pegel, wenn Mimer 
das wahrend der Aufnahme mbglich ist 
(Pressung), und komplementâre  Ab-
schwâchung wâhrend der Wiedergabe 
(Dehnung); (b) durch den Verdeckungs-
effekt, wenn der Signalpegel so hoch ist,. 
dass Pressung und Dehnung unmOglich 
sind. 
Da bei Rauschfrequenz mit etwas 

grOsserem Abstand von der Signalfre-
quenz Verdeckung nicht so wirksam ist, 
müssen  die  verschiedenen  Abschnitte 
des Spektrums unabhângig voneinander 
behandelt werden. Das Rauschverminde-
rungssystem gibt einen niedrigeren—und 
scheinbar konstanten—Rauschpegei, da 
das klassische Husch-Husch oder Sauseni 
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der üblichen Pressung und Dehnung 
abwesend sind. 
Der "S/N Stretcher" teilt das Ton-

frequenzspektrum in vier Bander und 
presst und dehnt jedes derselben im 
wesentlichen  unabhangig  voneinander. 
Es gibt getrennte Bander für die Brumm-
und  Rumpelfrequenz,  für  mittlere, 
mittelhohe und hohe Frequenzen. Ein 
hochpegliges Signal in einem Band kann 
daher  Rauschverminderung  in einem 
anderen Band mit niedrigem Signalpegel 
nicht verhindern. 
Von einem anderen Punkt gesehen gibt 

das System eme wirksame Aufnahmeent-
zerrung, die sich laufend dem Eingangs-
signal auf eme Weise anpasst, die den 
Rauschabstand wahrend der Wiedergabe 
optimiert. 

EE 01 758 für weitere Einzelheiten 

Sehallsignalquelle 
A. P. Besson & Partner Ltd, St. Josephs Close, 

Hove, Sussex 

(Abbildung Seite 820) 

"Bleeptone" wurde ais kompakte und 
hochzuverlassige Signalquelle entwickelt. 
Sie  besteht  aus  einer  geschlossenen 
Oszillatorschaltung und einem Schwing-
ankerhéirer, die aus einer Niedervolt-
batterie gespeist werden. In Abmessungen 
und Ausführung ist es der bekannten 
Schwingankerhicirmuschel der modemen 
Fernsprechgerate  ahnlich.  Der  vom 
Strahler abgegebene Ton ist im allge-
meinen auf bis zu 152 m Entfernung 
hórbar, und die Frequenz ist so gewahlt, 
dass sie nicht merkbar durch den Hin-
tergrund maskiert wird. 
Die Treiberschaltung ist der cines 

Stimmgabelgenerators ahnlich.  In der 
magnetischen Schaltung sind zwei ge-
trennte Spulen so angeordnet, dass cine 
den Schwinganker treibt und die andere 
auf das induzierte Signal anspricht und 
es zur Basis des Transistors, der mit 
zugeln5rigen Bauelementen die komplette 
Verstarkerschaltung  bildet,  zurück-
koppelt. 
Die  Grundarbeitsfrequenz  wird  im 

wesentlichen  durch  die  mechanischen 
Eigenschaften  des  Schwingankers  be-
stimmt. 
Das Gerat hat Anwendungsméiglich-

keiten auf vicien Industriegebieten. Es 
ist vor allem dort ais Alarmtonquelle 
geeignet, wo hóhere Zuverlassigkeit ais 
die mit dem herkihnmlichen Summer 
erreichbare erforderlich ist. 

EE 01 759 für weitere Einzelheiten 

Sprechfunkverstârker 
The Plessey Co. Ltd, Mord, Essex 

(Abbildung Seite 820) 

Im Werk Bridgnorth der Plessey-Elek-
tronikgruppe wurde em n neuer Transistor-
verstarker für  Sprechfunkausrilstungen 
entwickelt. 

Ursprünglich war er für die Sprech-
funkgerate 700 und 700R der Firma 
gedacht und kann mit seiner 14-dB-Ver-
starkung die Ausgangsleistung auf 8 W 
erhóhen. Man kann ihn aber auch in 
bestehende Funkfernsprechverbindungen 
einbauen. Die Abmessungen sind nur 76 
mm hoch, 159 mm breit und 76 mm tief. 
Ausser der Grundausführung gibt es 

auch noch em n Gerat in hermetisch dich-
tem Gehause und tropenfest für Einsatz 
im Freien in beliebigen Teilen der Welt. 
Das für 12 V— ausgelegte Gerat ist 

auch für Betrieb im Frequenzbereich 
68...174 MHz lieferbar. 
Mit einem Stromverbrauch von nur 

1,6 A ist der neue Verstarker ais Zusatz 
zu beweglichen Ausrüstungen oder Ener-
giequelle zum Treiben von Veraktor-
Vervielfachem bis in den GHz-Bereich 
geeignet. 

EE 01 760 für weitere Einzelheiten 

Stromversorgungen 
Vertrieb: Scientific Measurements & 
Equipment Ltd, 78 Main Street, 

Queniborough, Leicester 

(Abbildung Seite 820) 

Diese von  Knott  Elektronik  in 
München gefertigten Speisegerate sind 
'für  Verwendung mit elektronischen 
Au srüstun gen bestimmt,  die  au sserst 
konstante und genaue Gleichspannungen 
beneetigen, wie beispielsweise GM-Zahler, 
Proportionalzahler, Ionisationskammern, 
Bildverstarker, Photovervielfacher, Szin-
tillationszahler,  Elektronenstrahlreehren 
usw. 
Hoher Ausgangsstrom und sehr nied-

riger Innenwiderstand gestatten gleich-
zeitige Speisung mehrerer Gerate ohne 
Wechselwirkung. Haupteigenschaften der 
Gerate sind ihr hohes Regelverhaltnis, 
Langzeitkonstanz,  einstellbarer  Schutz 
und Einstellbarkeit auf 1 V. Die Gerlite 
sind im Gehause oder für Gestelleinbau 
lieferbar. 
Das Lieferprogramm umfasst Gerate 

von 0...30 V, 10 A bis zu 0...15 kV, 
10 mA. Es gibt auch em n Konstantstrom-
gerat für 0...10 A bei 13 V. 

EE 01 761 für weitere Einzelheiten 

Allstrom-Millivoltmeter 
Parnell Instruments Ltd, Sandbeck Way, 

Wetberby, Yorkshire 

(Abbildung Seite 820) 

Das volltransistorierte Millivoltmeter 
TM! hat 12 Bereiche für Wechsel- sowie 
Gleichstrom mit Skalenendwerten von 
1 mV bis zu 300 V in 1-3-10 Folge. 
Ausserdem gibt es cine dB-Skala von 
—10...+2 dB (0 dB = 1 mW an 600  
Die Fehlergrenze ist für Gleichstrom 

3% des Skalenendwertes -±100 µV und 
für Wechselstrom 4% 'des Skalenend-
wertes ±-100 µV von 20 Hz...100 kHz. 
Der Gleichstromeingangswiderstand ist 
1 M11/V bis zu 10 V und konstant bei 

10 M12 für héihere Bereiche; die Eut-
gangsimpedanz  bei  Wechselstrom  ist 
100 kn von 1 bis 30 mV, 1 Mt! von 
100 bis 300 mV und 10 M12 von 1 bis 
300 V. Die hiichste Parallelkapazitat ist 
40 pF. 
Fiir Gleichstrom hat das Millivolt-

meter einen  Widerstands-Eingangsab-
schwacher mit nachgeschaltetem Gleich-
stromverstarker mit Messinstrument und 
Rückkopplungsregelung.  Im  Wechsel-
stromteil  speist em n frequenzkompen-
sierter Abschwacher  einen  galvanisch 
gekoppelten Verstarker mit Rückkopp-
lungsschleife und Messinstrument. In den 
vier untersten Bereichen halt em n im-
pedanzwandelnder Verstarker die Ein-
gangsimpedanz bei 100 kt/. 
Das Gerat wird aus zwei Batterien 

PP11  gespeist und hat einen einge-
bauten Spannungstest. Es ist 165 mm 
hoch, 218 mm breit und 220 mm tief 
und wiegt ohne Batterien 2,86 kg. 

EE 01 762 für weitere Einzelheiten 

Anzeigegerât für Messleitungen 
Marconi Instruments Ltd, Sanders Division, 

Gunnels Wood Road, Stevenage, Hertfordshire 

(Abbildung Seite 821) 

Der von der Sanders Division der 
Marconi Instruments Ltd angekündigte 
neue Stehwellenverhaltnis-Anzeiger 6596 
ist em  n rauscharmer, preiswerter selek-
tiver Verstarker. Wegen seiner Empfind-
lichkeit und seinem Verstarkungsbereich 
eignet er sich für die meisten Mikro-
wellenmessungen,  in  denen  Kristall-
detektoren angewendet werden. Das HF-
Signal wird mit 1 kHz moduliert. 
Grob- und Feinregelung der Verstar-

kung geben einen für demodulierte Sig-
nale bis zu 1 tnVeff ausreichenden Regel-
bereich. 
Die  Skala des  Messwerkes  ist in 

Stehverhaltnissen  geeicht,  was  die 
Annahme voraussetzt, dass der Detektor 
im  quadratischen  Gebiet  der  Kurve 
arbeitet, d.h. dass die Ausgangsspannung 
der Mikrowellenleistung proportional ist. 
Die Hiichstempfindlichkeit ist besser 

ais 1 µV Vollausschlag und das Rauschen 
niedriger ais 0,1  gV. Ein Eingangs-
wahler gestattet getrenntes Anschalten 
jedes  der zwei  Eingangssignale.  Für 
Anwendung  einer  extraempfindlichen 
Mikrowellenbrückentechnik kann auch 
die Differenz der beiden Signale ange-
schaltet werden. 
Das Gerat eignet sich ideal für Ein-

satz mit dem Sanders-Arbeitsplatz 599 
für Ausbildungszwecke. 

EE 01 763 für weitere Einzelheiten 

Miniatur-Keramikkondensatoren 
Mollard Ltd, Mullard House, Torrington Place, 

London, W.C.1 

(Abbildung Seite 821) 

Mullard hat cine neue Baureihe hoch-
wertiger Miniaturkondensatoren in recht-
eckiger Form und nur 1,9 mm dick an-
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gekündigt,  die  auf  Druckschaltungs-
platten mit 2,54 mm Rastermass hohe 
Packdichten gestatten. Die Kondensa-
toren sind sowohl für Unterhaltungs-
wie Industrieanwendung geeignet.  Sie 
bestehen aus einer dünnen, metallisierten 
Keramikplatte,  die  mit  Schutzlack 
isoliert ist und ihre guten Eigenschaften 
unter den feuchtesten Bedingungen bei-
behâlt. 
Jeder Kondensator der neuen Baureihe 

(C 333) hat ohne die 13,5 mm langen 
Anschlüsse Abmessungen von 5 X 8,5 
x 1,9 mm. Der Kapazitâtsbereich ist 
3,9 bis 150 pF mit einer Toleranz von 
0,5 pF oder --E2%, wobei jeweils die 
griissere gilt. Die Betriebsspannung ist 
über  den Temperatnrbereich  —25°... 
+85°C 40 V und die bei 10 V gemessene 
Isolation besser ais 1 Gn. Der Tempera-
turkoeffizient hângt vom Kapazitâtswert 
ab und liegt zwischen Null und —750 x 
10-6 . 
Durch enge Toleranzen und  hohe 

Konstanz sind die neuen Kondensatoren 
für Verwendung in ZF-Trafos für Fern-
seher, abgestimmte Kreise und andere 
Anwendungsgebiete geeignet, in denen 
niedrige Verluste und hohe Leistung 
wichtig sind. 

EE 01 764 für weitere Einzelheiten 

Prâzisionsmessbrücke 
The Wayne Kerr Co. Ltd, Sycamore Grove, 

New Malden, Surrey 

(Abbildung Seite 821) 

Die neuste Ergânzung des Wayne-
Kerr-Programmes  für  Autobalance-
Messbrücken ist das Modell B331, in 
dem die in Normallabors erforderliche 
Genauigkeit  mit  der  Geschwindigkeit 
und einfachen Arbeitsweise der elek-
tronischen  Nullung vereint ist. Zwei 
Messinstrumente zeigen gleichzeitig die 
gleichphasige und Querkomponente be-
liebiger  Bauelemente  oder komplexer 
Impedanzen an. Mit beleuchteten ein-
zeiligen  Anzeigen  zusammenwirkende 
Drucktasten  gestatten  Kompensation 
beider Anzeigen durch drei Dekaden, 
was in alien Bereichen em n 6stelliges 
AufRisungsvermi:igen gibt. 
Sonderzweckschaltungen kompensieren 

automatisch für die Impedanz der Mess-
leitungen, die mit den neusten Kelvin-
Klemmen ausgerüstet sind. Die Aus-
gânge kiinnen Digitalvoltmeter, Drucker, 
Schreiber, Klassiereinrichtungen  und 
Steuerschaltungen  treiben.  Für  Ver-
gleichsmessugen  lassen  sich  externe 
Normale über vorhandene Buchsen an-
schliessen, wobei man mit Feinregelung 
em n Unterscheidungsvermi5gen von 10 x 
10-8 erreichen kann. 
Die interne Quelle und der Demodu-

lator arbeiten bei 1,00 kHz', lainnen 
aber mit externen Zusâtzen im Bereich 
50 Hz...20kHz betrieben werden. Ge-
samtmessumfang bei l kHz ist 0,0001 
pF...0,25 F, 1 pS...1 'IcS, 1 m12...1 T12 
und 100 nH...250 MH. Zwischen I pF 
und 10 pF sowie 10 nS und 100 mS 

ist die Messunsicherheit 0,01 Prozent. 
Das Gerât ist 19" (483 mm) breit, 305 
mm hoch, 229 mm tief und -wiegt etwa 
22,5 kg. 

EE 01 765 für weitere Einzelheiten 

Zungenrelais 
Hendrey Relays & Electrical Equipment Ltd. 
390-394 Bath Road, Slough, Buckinghamshire 

(Abbildung Seite 821) 

Das Zungenrelais 5858 für Bord- oder 
Bodeneinsatz  entspricht  den  Anfor-
derungen  der  britischen  Norm  BS. 
2G.100; seine Grenzwerte sind 5 Hz... 
2 kHz bei 10 g und 50 g Beschleunigung 
in beliebiger Richtung. Erregerspule und 
Zungenaggregat sind in em n Stahlgehâuse 
gekapselt, das mechanischen sowie mag-
netischen Schutz gibt. Die Vergussmasse 
besteht aus Epoxydharz, aus dem auch 
der die Anschlussstifte tragende Relais-
sockel hergestellt ist. Der Baustein ist 
daher sehr robust, feuchtigkeitsfest und 
für Einsatz unter rauhesten Bedingungen 
mit Umgebungstemperaturen von —60°C 
... +120°C geeignet. 
Sorgfâltige Auswahl und Formung der 

Zungen  vor  Verwendung garantieren 
mindestens 2 x 106 Spiele bei Vollast, 
cine Kontaktansprechzeit von besser ais 
2 ms mit vernachlâssigbarem Prellen beim 
Schliessen und Offnen. 
Hifechstbelastbarkeit ist 0,5 A oder 30 

V— oder 10 W bei reinohmscher Last. 
Induktive Lasten müssen in geeigneter 
Weise geliischt werden. Es gibt drei 
Standardkontaktpakete: (a) zwei Arbeits-
kontakte, (b) vier Arbeitskontakte und 
(c) zwei Arbeits- und zwei Ruhekontakte. 
Spulen kCinnen für jede Gleichspannung 
bis zu 100 V gewickelt werden. 
Das Relais ist mit Liithaken oder 

freien Zuleitungen, für Montage auf 
Trâger oder mittels Schelle, oder mit 
Stiften für Einsteckfassungen lieferbar. 

EE 01 766 für weitere Einzelheiten 

Verztigerungssehalter 
Solid State Controls Ltd, 30-40 Dalling Rond, 

London, W.6 

(Abbildung Seite 822) 

Der "Radian" ist em n preisgünstiger, 
hochwertiger Ersatz für thermische Ver-
zifogerungsschalter,  einfache  Kondensa-
toren-Relaiszeitgeber  und  Synchron-
motoreinrichtungen, wenn es auf hohe 
Wiederholungsgenauigkeit,  Langzeit-
konstanz und sehr schnelle Freiwerde-
zeit  ankommt.  Ungleich  thermischen 
Einrichtungen braucht die Radian-Relais-
ver egerung keine Abkühlzeit, sondern 
kann sofort zurtickgestellt werden und 
gibt  âusserst  reprocluzierbare  Zeiten. 
Der Baustein ist für 24 V— und 24 
Betriebsspannung lieferbar und kann mit 
einer breiten Auswahl von Relais und 
Kontaktgebern bestückt werden. 
Der "Radian" ist em n Einsteckbaustein, 

dessen Verzógerung entweder bei Erregen 
oder Abschalten beginnen kann und mit 
zwei Zeitbereichen 1...60 s und 1...5 min 
lieferbar ist. 
Einschwingvorgânge an den Speiselei-

tungen,  Schwankungen  der  Betriebs-
spannung urn -±15 Prozent und der 
Temperatur zwischen —10° und +55°C 
beeinfiussen den Baustein nicht. 

EE 01 767 für weitere Einzelheiten 

Konstantstromversorgung 
Servomex Controls Ltd, Crowborongh, Sussex 

(Abbildung Seite 822) 

Für Anwendungen, die keinen Gestell-
einbau erfordern, hat Servomex Controls 
Ltd Ausführungen  ihrer  Spannungs-
konstanthalter AC2 und AC7 entwickelt. 
Die neuen Modelle AC2 Mk 111A und 
AC7  (industriell)  sind  einfacher  zu 
installieren  und  warten,  da  sic  für 
Installation durch Betriebselektriker an-
stelle von Elektronikern ausgelegt sind. 
Aile periodisch zu wartenden Teile sind 
nach Entfernung der Abdeckung leicht 
zugânglich,  ohne  dass das ganze 
Instrument—wie bei den Modellen für 
Gestelleinbau—ausgebaut werden muss, 
urn von der Rückseite Zugang zu er-
langen. 
Die  einzelnen  elektrischen  Bau-

elemente sind mit denen der Gestellein-
baumodelle identisch, und das gleiche 
gilt für die Qualitât und Facharbeit der 
Herstellung dieser neuen Typen. Modell 
AC2 Mk 11A ist kleiner und handlicher 
ais  der  Gestelleinbautyp,  wâhrend 
Modell AC7 (industriell) auf Laufrollen 
auf dem Boden steht und schwallwasser-
sowie staubgeschützt ist. Es ist daher 
für Montage im Keller oder einem oft 
gefegten Durchgang ideal geeignet. 
Beide Gerâte arbeiten mit Eingangs-

spannungen von 200 ... 250 V und geben 
cine hochkonstante Ausgangsspannung 
ab, die nicht mehr als ±0,1 Prozent von 
der Nennspannung des Netzes abweicht. 
Sie bleiben durch Gleichrichterbelastung 
oder Ánderung des Leistungsfaktors von 
reinohmisch auf reinreaktiv einschliess-
lich kapazitativer Belastung unbeeinflusst. 
Die Konstanthalter arbeiten mit einem 

Regeltransformator, der je nach Bedarf 
Zusatz- oder Kompensationsspannungen 
erzeugt, um die Eingangsspannung auf 
den gewünschten Wert zu bringen. Der 
Regeltrafo wird durch einen Zweiphasen-
Stellmotor mit gekapseltem Getriebe und 
Drehmomentbegrenzer  getrieben.  An-
derungen der Ausgangsspannung werden 
durch cine Bolometerbrücke entdeckt, 
deren Ausgang in einem Zweirifehren-
Regelverstârker verstârkt und an den 
Stellmotor gelegt wird. 
Die Gerâte sind ungeweihnlich robust 

gebaut und keinnen Stifesse bis zu 40 g 
in jeder  Richtung  aushalten.  Weder 
Relais noch Thyratrons oder Elektrolyt-
kondensatoren finden Verwendung. 
Die neuen Typen sind nicht nur der 

einfacheren  Gehâuse  wegen  billiger, 
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sondem auch weil Voltmeter, Ampere-
meter,  Ein-Ausschalter und Haupt-
sicherung  weggelassen  wurden.  Die 
letzteren beiden Bauelemente solen— 
zusammen mit einem  auf  Wunsch 
lieferbaren extemen Voltmeter—an die 
Wand montiert werden. 

EE 01 768 für weitere Einzelheiten 

Digital-Dehnungsanzeiger 
S.E.  Laboratories (Engineering)  Ltd, 
Astronaut House, Feltham, Middlesex 

(A bbildung Seite 822) 

Der Digital-Dehnungsanzeiger SE.601 
ist em  n tragbares Instrument für dyna-
mische und statische Dehnungsmessungen 
mit vielen neuen Eigenschaften. Die 
Digitalanzeige ist für den Bedienenden 
am bequemsten und gibt mit Hilfe des 
Schalters "Zuzâhlen" einen Messumfang 
von ± 50 000 Mikrodehnung mit einer 
Messunsicherheit von ±..0,1 Prozent der 
Anzeige oder -±5 gtE, wobei jeweils der 
greissere Wert gilt (k = 2,0). 
Interne  aufladbare  Zellen  gestatten 

langzeitigen Einsatz im Aussendienst. Ein 
weiteres Merkmal ist der Regler "Emp-
findlichkeitsfaktor",  den  man  auch 
benutzen kann, wenn direkte Anzeigen 
von Lastdosen, Druck- und Weggebern 
usw. gewünscht werden. 
Rechteckwellenerregung gestattet Ein-

satz mit Dehnstreifensehaltungen, die bis 
zu 0,01 rIF Kapazitât haben, ohne merk-
bare  Reduktion der  Messgenauigkeit. 
Auf Wunsch lâsst sich auch sinusfürmige 
Erregung vorsehen. 
Das Instrument ist für Dehnungs-

streifen mit 50 l... 2 161  Widerstand 
geeignet. Getrennten Buchsen für Galva-
nometer- und Oszillografenanschluss 
kfinnen 1 mA und 2V zum Treiben 
herkOmmlicher Anzeiger und Schreiber 
entnommen werden. 

EE 01 769 für weitere Einzelheiten 

Selbsthaltende Magnetspule 
H. E. & B. S. Benson Ltd, Exning Road. 

Newmarket, Suffolk 

(Abbildung Seite 822) 

Eine  vüllig  neue  selbsthaltende 
Magnetspule wird von H. E. & B. S. 
Benson Ltd angekündigt. Der Tauchkern 
besteht aus Dauermagnetmaterial. Wenn 
er durch einen kurzen Impuls eingezogen 
wird, bleibt er für cine unbegrenzte 
Periode in dieser Position und trâgt cine 
Last, ohne Strom zu entnehmen. Ein 
Umkehrimpuls  lâsst  den  Tauchkern 
abfallen. 
Jeder  gleichgerichtete  Wechselstrom 

oder  Gleichstrom  (einschliesslich 
Trockenbatterie) kann diese Magnetspule 
betâtigen. Es gibt cine Wechselstrom-
schaltung, die nur cine Diode und einen 
kleinen Widerstand erfordert, die in den 
Betâtigungsschalter  gelifitet  werden 
künnen. 

Vorteile sind u.a. Abwesenheit cines 
Temperaturanstiegs,  daher  maximale 
Betriebssicherheit  (auch  nützfich  in 
hoher Umgebungstemperatur); cine breite 
Auswahl von Kraftkenndaten, die aile 
nach  momentanem  Schalten  dauemd 
halten und selbst bei Ausfall der Erreger-
spannung weiter halten. 
Die  selbsthaltenden  Magnetspulen 

PMB sind âusserfich den bestehenden 
Typen B.2, 3, 4 und 5 gleich. PMBs 
künnen Stromstossrelais ersetzen und 
haben  nach  Ausrtistung  mit  einer 
Rückholfeder das definitive Zwei-
Positions-Verhalten  einer  teureren 
doppelwirkenden  Anordnung  mit 
Doppelspule. 

EE 01 770 für weitere Einzelheiten 

Digitaluhr 
Venner Electronics Ltd, Kingston By-Pass, 

New Malden, Surrey 

(Abbildung Seite 823) 

Venner Electronics Ltd hat cine All-
silizium-Digitaluhr TSA 6686 mit Glas-
faser-Druckschaltungskarten  eingeführt, 
die auf sechs gasgefüllten Ziffernanzei-
gerühren Stunden, Minuten und Sekun-
den darstellt. Die  Uhr ist je nach 
Wunsch mit 12- oder 24-Stunden-Basis 
lieferbar und mit elektrischen Ausgângen 
für Anschluss cines Druckers  oder 
Streifenlochers ausgerüstet. 
Start-Stoppeinrichtungen  sind  ent-

weder durch negative Impulse von 4 V 
Amplitude oder durch Drucktasten auf 
der Frontplatte zu betâtigen. Die An-
zeige kann manuel für unabhângige An-
zeige  von  Stunden,  Minuten und 
Sekunden eingestellt werden und hat 
cine Rückstelleinrichtung auf Null. 
Die für einen Temperaturbereich von 

—5°C... +60°C  konstruierte  Uhr  ar-
beitet mit 2 x 10-6  Genauigkeit. 
Sie ist für Netzanschluss von 120... 

125  oder 200...250  50 Hz 
sowie Einbau in em  n 19"-Gestell ausge-
legt, 133 mm hoch und 241 mm tief. 

EE 01 771 für weitere Einzelheiten 

Wanderfeldriihre 
The M-0 Valve Co. Ltd, Brook Green Works, 

London. W.6 

(A bbildung Seite 823) 

Die M-0 Valve Co Ltd hat einen 
neuen  Hochleistungs-Impulswanderfeld-
verstârker TWX16 für Anwendung in 
Radarsystemen eingeführt. Er gibt bei 
5 kW Spitzenausgangsleistung (30 W 
mittlere Leistung und 5...20 kW ge-
sâttigte  Spitzenleistung)  40 dB  Ver-
stArkung über 500 MHz Bandbreite im 
Bereich 8...9,3 GHz. 
Die Redire ist in Metall-Keramiktech-

nik ausgeftihrt und arbeitet mit einer 
Ring- und Stabstruktpr für die lang.same 
Welle, die Stürschwingungsfreiheit ge-
wâhrleistet. Fokussiert wird in einem 

Magnetspulenzusanunenbau SMX16, der 
auch  die  HF-Kopplungen  und  die 
Wârmeableitung enthâlt. 
Zur Vereinfachung der Impulsspeise-

anforderungen wird der Wendel des 
TWX16  auf  einem  Gleichspannungs-
pegel gehalten. 
Die 1-Watt-Wanderfeldrifehre M-0 V-

TWX8  eignet  sich  für  Einsatz  ais 
Treiber. 

EE 01 772 für weitere Einzelheiten 

Klystron-Stro mversorgung 

Vertrieb: Miles Hivolt Ltd, 
Old Shoreham  Road, Shoreham-by-Sea, Sussex 

(A bbildung Seite 823) 

Die  hochkonstante  Stromversorgung 
LS 525R von Oltronix (Schweden) wurde 
für den  Betrieb von  Reflexklystrons 
entwickelt. Strahl-, Reflektor-, Gitter-
und Heizerspannungen werden getrennt 
geregelt. Die Reflektorspannung kann 
für  Dauerstrichbetrieb  des  Klystrons 
unmoduliert sein, oder sic kann mit einer 
intern erzeugten  Rechteck-,  Impuls-
sâgezahn-  oder  Sinuswelle  oder mit 
einem externen Signal moduliert werden. 
Die  Gitterspannung lâsst sich intern 
mit  Rechteckwellen  oder Impulsen 
modulieren. Die Rechteckwellen- und 
Impuls-Modulationsspannungen  sind 
durch den Dauerstrichpegel des Gitters 
oder Reflektors begrenzt. 
Die  Strahlspannung  ist  zWischen 

—200 V und —3600 V bei O ... 125 mA 
regelbar. Eine Netzspannungsânderung 
urn 10 % verursacht eme Ausgangs-
ânderung von unter 300 mV und cine 
Ânderung von Leerlauf zu Vollast cine 
von weniger ais 200 mV. 
Der Ausgang ist kontinuierlich in vier 

Bereichen regelbar: 200 ... 1200 V, 1000 
... 2000 V, 1800... 2800 V und 2600... 
3600 V. Das Gerât  ist  mit  einer 
zwischen 10 und 125 mA einstellbaren 
elektronischen Sicherung vfillig gegen 
überlastung geschützt. 
Das Gerât ist auch für Anwendung 

mit Photovervielfachern geeignet, und 
zwar wenn über 100 Photovervielfacher 
von derselben Stromversorgung betrieben 
werden künnen. 
In der Abbildung wirt: oben das 

LS 525R  und unten em n zusâtzliches 
Treibergerât für Klystrons gezeigt. 

EE 01 773 für weitere Einzelheiten 

Breitband-Millivoltmeter 
Vertrieb: Livingston Laboratories Ltd, 
Livingston House, Greycaines Road, 

North Watford. Hertfordshire 

(Abbildung Seite 823) 

Radiometer in Kopenhagen hat einen 
Nachfolger des Rührenvoltmeters RV33 
angekündigt. Es bandelt sich um das 
neue Breitband-Millivoltmeter RV35 mit 
überlastungsschutz bis zu 500 V— oder 
— und einem Messumfang von 10  ... 
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300 V. über den grüsseren Teil des 
Frequenzbereiches 10 Hz ... 6 MHz ist 
die Messunsicherheit 2 Prozent. 
Ausserdem lâsst sich Modell RV35 

auch ais Versarker mit hoher Ver-
stârkung mit einem Ausgangsspannungs-
endwert von etwa 80 mV an 75 f2 ein-
setzen. 

EE 01 774 für weitere Einzelheiten 

Keramische Elektronenstrahlriihre 
Ferranti Ltd, Glen Mill, Oldham, Lancashire 

(Abbildung Seite 823) 

Die wahrscheinlich erste vüllig elek-
trostatisch fokussierte keramische Elek-

tronenstrahlrühre wurde vom Geschets-
bereich Elektronik der Ferranti  Ltd 
eingeführt. Die für Widerstandsfâhig-
keit unter rauhesten Vibrationsbedin-
geungen konstruierte neue Rühre vereint 
hohes Auflósungsvermügen mit einem 
nutzbaren Schirmdurchmesser von 12,7 
mm. 
Die Gesamtlânge der Rühre ist 114,3 

mm, der Kürperdurchmesser 15,2 mm. 
Der Schirmtrâger hat einen nutzbaren 
Schirmdurchmesser von 12,7 mm und ist 
aus speziell für Verwendung mit kera-
mischen Kolben entwickeltem Qualitâts-
glas  hergestellt  und  mittels  Sonder-
zweckverfahren mit der Keramik ver-
schmolzen. Eine typische Spannung für 

die erste Anode ist 300 V und die 
Gesamtspannung 8 kV. Bei 450 V an 
der ersten und 7 kV an der Endanode 
ist die Zeilenhelligkeit in der Grüssen-
ordnung von 65 000 Lux. Die Rühre 
wiegt  mit  Ablenkspulen  und  MU-
Metallschirm unter 110 g. 
Die Teile des Strahl- und Fokussier-

systems sind mit sehr engen Toleranzen 
bearbeitet, was ermeiglicht, sehr gute 
Bildschârfe und em n Aufitisungsvermügen 
von besser ais 500 Zeilen zu erzielen und 
cine Informationsmenge  clárzustellen, 
die  normalerweise cine Elektronen-
strahlrühre mit vie! grüsserem Schirm-
durchmesser erfordert. 

EE 01 775 für weitere Einzelheiten 

Zusammenfassung 

der wichtigsten Beitráge 
Steuerungssystem für einen Molekularvakutumnesser von R. G. Christian 

Ein mit einem Schwingplatten- Molekularvakuummesser verwendetes elektronisches Steuergerdt 
wird beschrieben. Die an die Steuerung des Messers, dessen Messfühler und Treiberanordnung ais 
Differentialkondensator ausgebildet sind, zu stellenden Anforderungen werden besprochen. 
Nach der angewandten Messfühlermethode wird die Kapazitâtsánderung gemessen, wiihrend die 

Platte mit Hilfe cines Frequenzmodulationssystems, das eme Spannung abgibt, die eme Funktion 
der Schwingungsamplitude ist, schwingt. Rückkopplung dieser Spannung über geeignete Schaltungen 
treibt den Messer. Die Schwingungsamplitude wird mittels einer Regelschaltung stabilisiert, in der 
die Regelspannung eme logarithmische Funktion des Druckes ist. Diese Spannung gibt eme logarith-
mische Druckskala, die mittels emes Rahrenvoltmeters, das ausserdem noch andere Aufgaben erfüllt, 
angezeigt wird. ,Ein Start-Trigger ermdglicht schnelle Auferregung der Plattenamplitude. 
Versuchsmiissige Ergebnisse liegen bisher nur für Luft vor, trotzdem der Messer auch erfolgreich 

für Helium (Gewicht 4) und Hexafluoropropylen (Gewicht 150) sowie Gare mit dazwischenliegendem 
Molekulargewicht eingesetzt wurde. 

Zusammenfassung des 
Beitrages ouf Seite 772-777 

Kryostattemperaturmessungen von 0,1°K . . 20°K mit Wien-Brückenoszillator  von P. R. Adby 

Die beschriebenen Oszillatoren sind cine Abwandlung des herkdmmlichen Wien-Types, in dem die 
in den Widerstânden des Phasenschiebernetzwerkes zerstreute Energie sehr klein ist.  Einer der 

Zusammenfassung des  Widerstânde ist temperaturabhangig und kann bei einer Temperatur von nur 0,1°K in einen Kryostaten 
Beitrages ouf Seite 778-781  eingeführt werden, ohne dass die thermischen Bedingungen merkbar beeinflusst werden.  Die 

Oszillatorfrequenz wird mit der Temperatur in Zusammenhang gebracht und kann mittels cines 
Zdhlers gemessen werden. 

Elektronische Kontrolle der Arbeitsweise von Funktionsverstürkern  von A. D. Bond und P. L. Neely 

Der Beitrag bespricht den Entwurf cines Gerdtes, das notwendig ist, urn die bestehenden Analog-
rechnereinrichtungen so zu erweitern, dass sic die sich wiederholende und Kettenarbeitsweise der 

Zusammenfassung des  Operation einschliessen. 
Beitrages ouf Seite 782-786  Die Grundlage des Entwurfes ist cine Sechs-Dioden-Brücke in einer Schaltanordnung für die 

Gegenkopplung. 

Die Erzeugung von mit Dreieckpulsbreiten modulierten Wellen  von J. F. Young 

Für die praktische Untersuchung impulsbreitenmodulierter Verstárkersysteme ist cine Quelle von 
Impulsen nützlich, deren Breite entweder linear oder durch Abwandlung des Dreiecks mit der Zeit 
geándert werdem kann. Solch cine Quelle kann durch Bildung einer Schwebung von zwei Rechteck-
wellen mit etwas unterschiedlicher Frequenz erzeugt werden, wobei entweder UND- oder emn  AUS-
SCHLIESSLICH-ODER-Gatter ais Mixer Verwendung findet. 

Zusammenfassung des 
Beitrages ouf Seite 787-789 
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Ein kompensierter Transistor-Gleichstromkonstanthalter  von M. Pacak 

EMe beschriebene Konstanthalterschaltung ermaglicht hochwertige Stabilisierung von über einen 
Zusammenfassung des  breiten Bereich regelbaren Gleichstrâmen und Gleichspannungen mit E 1,5 x 10-4 Langzeitkonstanz 

Beitrages ouf Seite 789-791  nach acht Stunden und +2,5 x 10-4 Kurzzeitkonstanz nach einigen Minuten. Die für die Hauptsteir-
effekte kompensierte Schaltung arbeitet mit Mitkopplung. 

Verstürker mit regelbarer Verstürkung  von S. Ghosh 

Ein Verstürker wird beschrieben, dessen Verstárkung durch Ánderung nur emes Widerstandswertes 
Zusammenfassung des  über einen Bereich von etwa 60 dB geregelt werden kann. Das wird ohne merkbare Ánderung des 

Beitrages ouf Seite 792-793  Frequenzganges, der Ein- und Ausgangsimpedanzen und der Schleifenversairkung des Verstürkers 
erreicht. 

Entwurf emes Binür-Paralleladdierers  von J. B. Earnshaw und P. M. Fenwick 

Der Beitrag beschreibt den Grundentwurf emes Bineir-Paralleladdierers mit sehr schneller Über-
Zusammenfassung des  tragfortpflanzung. Der Entwurf beruht auf einer zweistufigen Transistor-Dioden-Logikschaltung mit 

Beitrages ouf Seite 794-796  Rückkopplung, die eme VerzOgerung von etwa 1 ns je logische Stufe hat. Anftingliche Messungen 
lassen darauf schliessen, class die Summenbildungszeit für Worte mit 16 Bit etwa 50 ns betriigt. 

Optimierung emes Impulstreiberentwurfs für schlechteste Betriebsbedingungen  von P. F. Jones 

Ein Optimierungsverfahren für schlechteste Betriebsbedingungen berücksichtigt im Entwurfs-
stadium die Gesamtdrift von Bauelementen wahrend ihrer Lebensdauer. Nach dem Verfahren werden 
die Grenzwerte für jedes Bauelement direkt von den Grenzwerten der Parameter der Anfangslei-
stungsfühigkeit berechnet. Bauelemente mit bevorzugten Nennwerten, die innerhalb der berechneten 
Grenzwerte liegen, werden dann gewühlt. Das Verfahren formuliert einen Satz von Ungleichheiten 
von den Leistungsparametern und lost diese gleichzeitig, wodurch sich emn  zweiter Satz ergibt, der 
die Grenzwerte für jedes einzelne Bauelement bestimmt. 

Zusammenfassung des 
Beitrages ouf Seite 797-799 

Binür-quirtürer Dekadenzühler mit Widerstandslogik  von R. Parshad und S. P. Suri 

Dieser Beitrag beschreibt einen bindr-quirdiren Dekadenzühler mit Widerstandslogik.  Die 
Zusammenfassung des  besprochene Schaltung beetigt weniger Transistoren ais konventionelle. Die Digitalanzeige ist 

Beitrages ouf Seite 800-801  einfach und sparsam in der Anwendung von Bauelementen. Mit der Schaltung kann auch ohne 
Schwierigkeiten Zahlen in beiden Richtungen erreicht werden. 

Ein mit einem neuen Feldeffekttransistor bestiickter Chopper-Verstürker mit sehr hoher Eingangsimpedanz von R. Verrill 
Der neuentwickelte Feldeffekttransistor EXP380 hat einen sehr niedrigen Gate-Reststrom in der 

Grâssenordnung von 10-4°A bei 25°C und eme sehr niedrige Gate-Kapazitüt von etwa 2, 5 pF. Das 
Element hat sich in einem versuchsmassigen Serienparallel-Chopper-Gleichstromverstárker, für 

Zusammenfassung des  den niedriger Gate-Reststrom und niedrige Kapazitiit erforderlich sind, ais sehr erfolgreich erwiesen. 
8eitrages ouf Seite 802-804  Der beschriebene Verstürker hat einen Eingangswiderstand von 100 Mil, und die Empfindlichkeit 

für Vollausschlag bei +100 12/1 am im Ausgang liegenden Drehspulinstrument war +1 mV. Die 
Eingangsdriftverschiebung mit Temperatur entsprach etwa I tiV1°C und 15 pA1°C, ohne dass Zusam-
menpassen von Transistoren erforderlich war. 

Digitaldarstellung der Lufttemperatur zwischen —17,8°C und +37,2°C  von W. V. Dromgoole 

Dieses Ger& wurde entwickelt, urn die Lufttemperatur in eme Digitalform umzusetzen, die Anzeige 
in Zehnern und Einheiten auf einem Lampenanzeigesystem gestattet. 
Die Lampenanzeige ist Tell emes Systems, das jede Minute 47 Sekunden lang die Zeit und 10 

Sekunden lang die Lufttemperatur anzeigt und in Stiidten, in denen das Syster- installiert ist, auf 
weite Entfernung sichtbar ist. 

Zusammenfassung des 
Beitrages ouf Seite 805-807 

Em Transistor-RC-Oszillator mit negativen Impedanzen  von S. Pasupathy 

In diesem Beitrag wird eme verallgemeinerte Form von RC-Oszillatoren mit negativer Impedanz 
beschrieben und gezeigt, dass Wien-Brückenschaltungen einen Sonderfall derselben darstellen. Eine 
direkte Synthese dieses Netzwerkes mit einem negativen Impedanzwandler ergibt einen neuartigen 
Impedanzoszillator. Die Oszillatorschaltung, ihre zwei Hauptarbeitsweisen und einige Sondereigen-
schaften werden besprochen. 

Zusammenfassung des 
Beitrages ouf Seite 808-809 
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EE 01 097 for further details 
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10 Sizes, Moulded and Coated from 1/20W.a125°C. T.C.f rom ± 25ppm/°C. Accuracy from ± 0.1% 

1/8 WATT ILLUSTRATED 

ERG INDUSTRIAL CORPORATION LTD. 

Luton Road, Dunstable, Beds. 

Telephone  62241 
STD Code 0582-62241 
Telex Code  83249 

DECE MBER 1966 

ew M1310 12 INCH U.V. RECORDER 

SO  RN 

The M1310 U.V. Recorder incorporates many new 
features PLUS SPEED RANGE OF 0.004 - 25,000 
mm/Sec 

This instrument offers you versatility 

and reliability 

at a very competitive price. 

SOUTHERN INSTRUMENTS LIMITED Frimley Road, 
Camberley, Surrey.  Telex 85249. Tel. Camberley 3401 
Cables Minrak Camberley. 

EE 01 098 for further details 
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EE 01 099 for further details 

EPS 2 
the power supply of the 
future  now! 
The first totally encapsulated power supply with a performance comparable to normal 

stabilised units. 

Output Voltage:  6-24V preset and selected by a single external resistor. 

Output Current:  up to 2 Amps. 
Protection:  Re-entrant current, any level up to 2 Amp and selected by a single 

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

Size:  1¡" x 1-a" x +e," 
Price:  £12 (post paid, United Kingdom). 

leads... 
in development 
in reliability 
in precision 

robancl 
Roband Electronics Limited Charlwood Works Charlwood Surrey Crawley 20172 



EE 01 100 for further details 

6 7 series 
lowest cost 
M.T. B. F. >8000 hrs 

TYPE NO.  OUTPUT  CURRENT 
VOLTS  RATING 
(pre-set) 

67-1A 

67-5A 

67-10A 

67-Twin 5A 

6 -24V 

6 -24V (X2) 

1A-1A 

5A-5A 

HEIGHT DEPTH PRICES 
(carriage 
paid UK) 

PERFORMANCE Input Voltage: 100-125/200-250 ± "7¡%. 48-400 cps. 
Stability (15% mains variation): 0.1%. Stability (0 to full load): 0.2%. 
Ambient Temperature: —10°C to -i- 60̀ C. Temperature Coefficient: 
0.05%/°C. Protection: Self-resetting current limiter preset to operate at 

110% of maximum current rating. Ripple and noise: 2mV RMS. 

REX 
the superlative 
range 

TYPE NO. 

REX 2L 

REX 5L 

REX 101 

REX 15L 

REX 1H 

REX 2.5H 

REX 5H 

REX 10H 

REX IS 

REX 2.5S 

REX 5S 

OUTPUT 
VOLTS 
(pre-set) 

6-30V 

6-30V 

30-50V 

30-50V 

30-50V 

CURRENT 
RATING 

WIDTH HEIGHT DEPTH PRICES 
(carriage 
paid UK) 

(48. 15. 

E66. 10. 

C34.10. 

E37. 15. 

(55.15. 

PERFORMANCE Input Voltage: 100-125/200-250 ± 7¡%. 48-400 cps. 
Stability (15% mains variation): 0.01%. Stability (0 to full load): 0.05%. 
Ambient Temperature: —10°C to  60°C. Temperature Coefficient: 0.01%°C. 
Protection: Self-resetting current limiter preset to operate at 110% of max-
imum current rating. Ripple and noise: 500 microvolts, peak to peak. 
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Most Precise 
Highly Dependable 
Extremely Compact 

enhanced. 

el.1.14610E 

X GAini 

e 
SELECIER 
LAV&E 

INPUT atitriter 
'da  va  C 

0 CD 

NCC 
REG. JAPAN PAT. OFF 

ESTABLISHED 1949 

NCC MATSUO ELECT-

RIC COMPANY LIMIT-

ED, guided by the above-

mentioned qualifications, 

have been able to produce 

capacitors,  which  have 

proven to be satisfactory 

in every respect. 

Recently a still greater 

achievement has been at-

tained, namely in the mass 

production of polyester 

film and solid tantalum 

capacitors, as a result of 

which the three prominent 

features have been further 

These capacitors under the NCC brand can be supplied in any 

quantity required. 

NCC capacitors, widely used for measurement equipment, computers and 

automatic controllers, enjoy great popularity among their numerous corn-

sumers. 

• POLYESTER FILM CAPACITORS 

Type MR epoxy dipped 

Type MFK epoxy dipped, non-

Type MXT encased in plastic 
tube, non-inductive 

Operating temperature range  -40'C to +85°C 
Standard voltag• rating  s 35V, 50V, 100V, 200V D.C. 
Standard capacitance value  .001 MFD 66.22 MFD (E-6 »Hey) 
Standard capacitance tolerance  r ±20%, ±10% 

Operating temperature range  s -40°C to -1-85°C 

Standard voltage rating s 100V, 200V, 400V, 600V D.C. 

Standard capacitance value s .01 MFD to .47MFD (E.6 see «) 

Standard capacitance tolerance  ±20%,  10% 

Operating temperature range  -40°C to -I-85'C 
Standard voltage rating s 100V, 200V, 400V, 600V D.C. 
Standard capacitance value a .001 MFD to.22 MFD (E-6 terieci 
Standard capacitance tolerance  s ±20%, 

M METALLIZED POLYESTER FILM CAPACITOR 

Typo RIX-H 

FN X-05%1314 
Ste ers> 

° Woli n temperature range  s -40'C to +135'C 
Standard voltage rating  a 100V, 200V, 400v, 600V D.C. 
Standard capacitance valve  r .33 MFD to 10 MFD 
Standard capacitance tolerance  ±20%, ±10% 

SOLID TANTALUM CAPACITORS 

Type TAX hermetically sealed 
In metallic case 

Type ISO wanted in metallic 
case and sealed with epoxy 
resin 

Type TR. encased in metollic 
case and sealed with epoxy 
resin 

Operating temperature range  s -55°C to +83°C 

,+125°C 60th de-rating voltage) 
Standard voltage rating s 6V, 10V, 15V, 20V, 25V, 35V D.C. 
Standard capacitance value  1 MFD to 220 MfD (E.6 varies) 
Standard capacitance toleranc•  :'20 % 

Operating temperature rong•  t -55-c to +85'C 
Standard voltage rating  3V, 6V, 10V, 156,20V, 25V, 35VD.C. 
Standard capacitance value s 1 MFD to 320 MFD (E.6 cede.) 
Standard capacitance tolerance  s ±20% 

Operating temperature range  s -55'C to +8.5'C 

Standard voltage rating s3V, 6V, 10V, 15V,20V, 23V, 35V D.C. 
Standard capacitance value o 1 MFD to 220 MFD 1E-6 series) 
Standard capacitance tolerance  t 2-=20% 

MATSUO ELECTRIC CO., LTD. 
Head Office 3-5, 3-chome, Sennari-cho, Toyonaka.shi, Osaka, Japan 

Cable Add : "NCC MATSUO OSAKA" 

Tokyo Office': 25, 2-chome, Kanda Awaff.dto, Chiyoda-ku, Tokyo 

P.V.C. DUCTING 

BETADUCT PLAIN 

BETADUCT CLOSED-SLOT. 

BETADUCT OPEN-SLOT. 

new 
improved 

BETADUCT CLOSED-SLOT 
WITH CENTRAL DIVIDER 

'BETADUCT' may be used with or without a divider. 

BETADUCT P.V.C. DUCTING 

now has Three types in our new range, 
to cover every wiring problem. 

BETADUCT PLAIN 
BETADUCT CLOSED-SLOT. 
BETADUCT OPEN-SLOT. 
The whole range has true, simple, 
snap-action covers. 

Sizes from r x r to 3" x 3. 

P/egse seed IQn- details evid ekes. 1177. 

CRITCHLEY BROS LTD BRIMSCOMBE•STROUD•GLOS. 
Tel Brimscombe 2201313 lines 

TELEX 43194 
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Rubber potting and 
encapsulating with 
ICI 'SHOE' 
RTV silicone rubbers 
* good electrical insulation properties 
* flexible from —60°C to +250°C 
* protection from dust, moisture, vibration and shock 
* resistance to ageing, weathering, ozone and corona 
* resistance to oxidation and many oils and chemicals 

Woodsons of Aberdeen choose ICI 'Silcoset' encapsulation for electronic compo-
nents in the 'Linkline' transceiver—a radio telephone for use in the event of 
distress or emergency at sea. 
Vital circuits and transistors in the 'Linkline' are completely encapsulated in 
'Silcoset' rubber to protect them from shock and accidental ingress of sea water. 
Other advantages of 'Silcoset' here are its controllable curing time, lightness, 
and repairability—if final inspection reveals a fault in the circuit, the 'Silcoset' 
is cut away from the faulty part. This is then replaced and fresh 'Silcoset' applied 
over the repair to provide unbroken insulation once again. 

For more about 'Silcoset' RTV silicone rubbers, contact ICI appointed agents: 

CIBA (A.R.L.) Limited 
Duxford 
Cambridge 

SASCO Limited 
P.O. Box No. 20 
Gatwick Road 
Crawley, Sussex 

SILICONES  IMPERIAL CHEMICAL INDUSTRIES LIMITED 
Nobel Division, Silicones Group, 
Stevenston. Ayrshire, Scotland. 

Dip-encapsulating a transformer in 'Silcoset' 
The coating quickly cures to a resilient 
silicone rubber. 

Miniature cable assembly: connector/cable 
junctions are potted in 'Silcoset' to protect 
from  moisture,  shock  and  vibration. 
Courtesy Amphenol-Borg (Electronics) Ltd., 
Northern Division. 

'Silcoset' encapsulation provides a good 
hermetic seal for this klystron. The seal 
does not become brittle even at very 
low temperatures. Courtesy English Electric 
Valve Company Ltd. 

Spray coating is the quickest, simplest and 
most economical method of encapsulating 

Ns 166  with "Silcoset'. 
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SMALL TRANSFORMERS 

EIPARTI 

'MUSH ELECTRIC SETTS 
IN 140 COUNTRIES 

for electronic applications 
with INTERSERVICE QUALIFICATION APPROVAL 
With long experience in the manufacture and supply of small transformers 
for the Services and Government, 'ENGLISH ELECTRIC' offer a wide 
range particularly suitable for radio, radar, telecommunications, aircraft 
and marine transmitters and receivers and other applications where 
quality, reliability and compactness are essential. Capacity is also available 
to manufacture in quantity to customers' specifications. 

OPEN TYPE 'C' CORE TRANSFORMERS with full interservice quali-
fication approval, Humidity Class H.1 to DEF. 5214. Transformers can 
also be supplied to the less stringent requirement, Humidity Class H.2. 

HERMETICALLY SEALED 'C' CORE TRANSFORMERS with full inter-
service qualification approval. 

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

Send your enquiries, or for technical publications, to 

'ENGLISH ELECTRIC' 
TRANSFORMER SALES, EAST LANCASHIRE ROAD, LIVERPOOL, 10 
The English Electric Company Limited, English Electric House, Strand, London, W.C.2 

TFL 57 
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0•005% INTEGRATING 
DIGITAL VOLT METER 

tte kàc -nade by Advance 

with 8 different plug-ins 
accuracy + 0.005% of full scale - with lin-
earity + 0.00r% of reading  one digit. All factors 
affecting conversion accuracy are self-cancelling. 

stability, Silicon Planar solid state devices 
are used eeclusively. Components are further 
stabilised by over 100dB of negative feed-back. 
The unit maybe moved from one location to another 
without loss of accuracy-no standard cell is used-
the reference being derived from an ultra high 
stability zener. 
versatility Any two of the 8 plug-ins may 
be used together to meet all known applications. 

features High input impedance - greater 
than 1,000 M . High common 
mode rejection, 140dB at 50Hz. 
Fast reading. Display storage. 

THE EIGHT PLUG-IN UNITS 
AC/DC Converter Accuracy +0.03% of reading, 
+0.02% of full scale. Average sensing r.m.s. cali-
brated. Frequency range 50Hz to 10kHz. 
Auto-Ranging Automatically selects correct 
range. 
High-Low Limit Detector For rapid indications 
of out-of-tolerance voltages. 
Zero Offset Positive or negative offset voltages 
can be switched into the reading. 
Preset Scale Factor Enables the voltage read-
ings to be resealed into the units required. 
Pre-Amplifier To increase the sensitivity X10 
or X100. 
Ohms/DC Converter Measures resistance from 
10 milliohms to 1 megohm with accuracy compar-
able with d.c. readings. 
Ratiometer Substitutes a second input signal 
for the internal reference, enabling accurate 
ratios of two signals to be determined. 

If your application demands the 
best available, try the DVX-315 in 

your laboratory. Demonstration models 
available now. 

U.K. Manufacturers for Data Technology Corporation 

A. D V A N G E E L E C T R.,CD NI C S L  I M I T E D 
Instrument Division Roebuck Road, H enault, Ilford, Essex. Tel: 01-500 1000 
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There are two ways to solve 
a Power Supply problem..... . 

Problem 
High Voltage 
250V-500V 

Problem 
Low Voltage 30V 
High Specification 

N.V. RANGE 

Specification 
Input: 100-110-120-200-220-240V. 

Stability: Greater than 2000:1 (ratio of chang 
of input volts to change of output vol 

Insulation: Greater than 30 m Ohms at 500V fl 

Ripple: Less than 0.5 mV p-p. 

Output R: Less than 5 m Ohms. 

Output Z: Less than 200 m Ohms at 200 

Ambient Temperature: 50%. 

RS RANGE 

Specification 
Three models cover the range 1, 2 and 5 Amps 
voltages up to 30 volts. 

Input: Nominal voltages 0-110-120-220-230-24' 
Vrms. Permissible voltage variation ± 15° 
about any nominal. 
Frequency range 45-66 c/s (single phase 

Ambient Temperature range Storage - 40 to 
70°C. 
Operational - 10 
to -I- 70°C. 

Output: Voltage range 0-30V, programmable. 
Current range 0-1, 2 or 5A, programmabl 

Regulation (load) C.V. mode AV <1mV 
for 0 - full current. 
C.I. mode Al <30µA f 
0 - full voltage. 

(line) C.V. mode AV <1mV f 
30% change of line voltage. 
Cl. mode Al <30µA 
for 30% change of Ii 
voltage. 

Ripple & Noise C.V. mode <500µV p-p. 
C.I. mode <5001.tA p-p. 

Transient Response C.V. mode: Volta 
dl 

disturbance — 
dt 

lo-7 volts. 
Uncontrolled store 
energy V2 out 
10 —2  joule Specified useful life 

Problem 
Low Voltage 0-60V 
Standard Specification 

S RANGE 

Specification 
Input: 200-220-240V. 

Output: Max. 60V and 20A. 

Stability: Greater than 2000:1 (ratio of change 
of nput volts to change of output volts). 

Insulation: Greater than 30 M Ohms at 500V D.C. 

Ripple: Less than 0.5 mV p-p. 

Output R: Less than 5 m Ohms. 

Output Z: Less than 200 m Ohms. at 200 Kc/s. 

Ambient Temperature: 55°C. 
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....Yours. Ours. 

Problem 
Precision 
Laboratory Equipment 

DCM RANGE 

Specification 
Input: Nominal voltages 0-110-120-220-230-24 

Vrms. Permissible voltage variation ±15% 
about any nominal. 
Frequency range 45-66 cis (Single phase 

Ambient Temperature range: Storage — 40 to 
-F 70°C. 
Operational — 1 
to  70°C. 

Output: Voltage range 0-30V. programmed by 
Decade switching. Current range 0-1, 2 
or 5k programmed by Decade switchin 

Regulation 
(load) C.V. mode AV< 1mV for 

— full current. 
C.I. mode Al< 30µA for 

O — full voltage. 
(line) C.V. mode AV< lmV for 

30% change of line voltag 
C.I. mode AV < 30LIA for 
30% change of line voltag 

Ripple & Noise C.V. mode 50011V p-p. 
C.I. mode 500µA p-p. 

Transient Response C.V. mode: Voltage 
dl 

disturbance - X 
dt 

10-7  volts. 
Uncontrolled stored 
energy VI out x 
10-6  joules. 

Specified useful life. 
imid failure rate. 

Ours is the continuous development of techniques in power 
supply design which provides industry with a wide range of 
solutions to many of their power supply problems. For example, 
the new generation of solid state power supplies featured here 
meets many requirements for high voltage, low voltage, 

laboratory test equipment, etc. 
Our way also provides custom-
built units, tailor-made to your 
requirements for those applica-
tions where standard units will 
not solve your power supply 
problem. 

What's your way ? 

BELIX 

If you believe our way is better, get in touch 
with the Belix Advisory Service. 

The Belix Company limited • 47 Victoria Road • Surbiton Surrey • Telephone Binride 5764 

Problem 
Laboratory 
Test Equipment 

M RANGE 

Specification 
Input: 200-220-240V. 

Output: Voltage Max. 50V Current Max. 15A 
Stability: Greater than 2000:1 (ratio of change of 

input volts to change of output volts). 
Insulation: Greater than 30 M ohms et 500V D.C. 
Ripple: Less than 1 mV p-p. 

Output R: Less than 5 m Ohms. 

Output Z: Less than 200 m Ohms @ 200 Wt. 
Ambient Temperature: 35%. 

Problem 
Individual 
Application 

Specification to be 
supplied by customer. 

Equipment 
to be built with 
Belix Techniques. 
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34 digital integrated circuits for medium speed applications in computer 

peripherals, instruments, control systems and military equipment—that's the 

Mullard FC series comprising 17 individual monolithic integrated circuits, in two 

temperature ranges for either industrial or military applications. There is a wide 

variety of gate combinations together with JK flip-flops, Schmitt triggers, line 

drivers and expanders. Propagation delays are 2Ons, noise margins 1V, fan-out 

capability 6 and only one 6V supply is required. Industrial types are in popular 

dual-in-line encapsulations; military versions are in TO-84 14-lead flat packs. 

Get integrated with Mullard now! Ask for full range details and prices. 

FC RANGE SUMMARY 

0 to 75 C OPERATING TEMPERATURE RANGE -- 55 to —125 C 

FCH101 Single Nand/Nor gate FCH102 

FCH111 Single Nand/Nor gate FCH112 

FCH121 Dual Nand'Nor gate FCH122 

FCH131 Dual Nand Nor gate FCH132 

FCH141 Triple Nand/Nor gate FCH142 

FCH151 Triple Nand/Nor gate FCH152 

FCH161 Triple Nand/Nor gate FCH162 

FCH171 Triple Nand/Nor gate FCH172 

FCH181 Quadruple Nand/Nor gate FCH182 

FCH191 Quadruple Nand/Nor gate FCH192 

FCH201 Sextuple Nand/Nor gate FCH202 

FCH211 Sextuple Nand/Nor gate FCH212 

FCH221 Dual line driver FCH222 

FCJ101 J-K flip flop FCJ102 

FCK101 Nlonostable FCK102 

FCL101 Schmitt trigger FCL102 

PCY101 Multi-dinde expander FCY10, 

...more digital integrated circuits 

Mullard Limited, Industrial Markets Division, 

Mullard House, Torrington Place,..London WC1. 

Telephone LANgham 6633. Telex: 22281. 

Mullard IC 
fastest moving in integrated circuits 
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SOLVE THE 
PROBLEM 

of how to obtain maximum space utilization 

combined with exceptionally rigid construction 

in this specially designed 

o 
FOR CIRCUIT CARDS 3" to 11 LONG 

11. SUPPLIED IN  KIT  FORM 
FOR STORAGE & TRAVEL 

• SIMPLE ASSEMBLY 
(IS MINUTES) 

al NO MOULDING SAG 

• COMBINATIONS OF WIDE 
& NARRO W MOULDINGS 

• PANEL HEIGHTS (19" 
mounting) 3r, 5r, r,er 

Write now for further details to 

VERO ELECTRONICS LTD 
INDUSTRIAL ESTATE, CHANDLER'S FORD, HAMPSHIRE 
TEL: CHANDLER'S FORD 2921  TELEX: 47551 

BRA N C HES  AN D  AGE NTS  THR O U G H O UT  THE  W ORLD 

ÊD COLP, 
•ROPUCTI LI MITE 

/Ro e Trod* Mot,' 

Illustrated 

-A- In. DETACHABLE 
BIT SOLDERING 
INSTRUMENT 

L64 

POSITIONED IN 
PROTECTIVE UNIT 
WITH ACCESSORIES 

L700 

INSTRUMENTS WITH 

THE CORRECT 

SOLDERING 

TEMPERATURES 

ALL VOLT 
RANGES 

6/7 to 230/50 
VOLTS 

British & Foreign 

Pats. & Reg. 

designs. 

SOLDERING 

EQUIP MENT 

For further information and full illustrated catalogue apply head office. 

ADCOLA PRODUCTS LIMITED 
ADCOLA HOUSE, GAUDEN ROAD, CLAPHAM 

LONDON, S. W.4 

Telephone: MACaulay 0291-3  Telegrams: SOLJOINT 

LONDON S.W.41 
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CELDIS LTD., 4 TRAFFORD ROAD, RICHFIELD ESTATE, READING, BERKSHIRE 

AN 
ULTRA-MODERN 
FACTORY PRODUCING 
ELECTRICAL 
CONNECTORS 
CUSTOM DESIGN WORK 

•SOCIÉTÉ GÉNÉRALE 
POUR L'INDUSTRIE 
ÉLECTRONIQUE 
305, RUE DE BELLEVILLE 
PARIS 
TÉL. : 205 25-61 - 205 41-48 

PLANT LOCATED AT CHATEAURENAULT 
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POTE 
PROBLEM? 
HI M 

) 

THEN 

CALVE RN 
IS TOE ANSWER! 
Only one of our wirewound 

potentiometers is illustrated, but 
with over 50 different types in 
constant production there is one 
to suit most applications. Send 
us details of your requirements. 

SEE YOUR ELECTRONIC ENGINEERING 
INDEX LIBRARY, FOR FULL TECHNICAL 
DATA 

CONE 
LI MI T E D 

Spring Gardens,Romford,Essex,England. 
Telephone: ROMFORD 62222 (PBX)  Telex: 23984 
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• 

• 

•  • 

although designed for measuring dynamic response of automatic control systems 

•  • 
This Servomex Waveform Generator also allows you to 

perform many different tricks 
The Servomex LF.141/VP.142 Waveform Generator 
is a source of low frequency electric signals of many 
different sorts. It is designed particularly for measur-
ing the dynamic response of automatic control 
systems but previous experience has shown that this 
type of instrument has a much wider range of application. 
There are so many different tricks one can play with it 
thatthey cannot all be listed here.Thefollowing are afew. 
1. Phase measurement. The main generator to be 
"phase locked" to the supply. 
2. Demonstrating the "starting surge" in a.c. 
systems. By removing a paralysing voltage from the 
GATE terminal one can start a train of sine waves at 
any desired phase angle, for driving classroom 
arrangements. 
3. Square wave with variable rise time. In wave-
form 43 both the repetition rate and the rise time are 
separately controllable—a useful test in some non-
linear systems. 

SERVOMEX 

4. Sine-Squared pulses. Waveform 73 is "sine-
squared" which has the valuable feature of generating 
harmonics inside an accurately known bandwidth. 
5. Keying with a batch counter. One sometimes 
requires a train of pulses of known number. This is 
easily done with the LF.141 paralysed on the gating 
terminal by a voltage from a batch counter. 

Normal use: even without any of these special 
applications the LF.141 is much more than just a low 
frequency oscillator. The variable phase unit enables 
rapid and accurate measurement of phase. There are 
96 different waveforms, most are available in half 
cycle and single cycle "shots" triggered either 
manually or by incoming electrical pulses. A very low 
frequency sine wave generator which can be stopped 
(given a d.c. output voltage to measure) and started 
instantaneously—the LF.141/142 is light in weight but 
decidedly heavy in patented features. 
Send for Data Folder. 

Low Frequency Waveform Generator Type LF.141 
and Variable Phase Attachment Type VP.142 

SERVOMEX CONTROLS LIMITED, CROWBOROUGH, SUSSEX. CROWBOROUGH 1247 
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C OUT A NT INTO EUR OPE 
Now Coutant Electronics moves into Europe—not just in one 
or two countries, but right across the Continent you can talk 
to (and buy direct from) an accredited Coutant Agent—from 
Helsinki to Lisbon. Further afield you will find CEL agencies 
in Australasia and in the U.S.: more to be appointed soon/ 
FIND OUT NOW ABOUT COUTANT PRECISION PACK-
AGED POWER FROM YOUR LOCAL AGENT— 

BELGIUM: S.A. Gentronlcs, 80 Chausse de Charleroi, Brussels 6 
FINLAND: Oy Control ab., Hitsaajankatu 5, Herttonieml, Helsinki 80 
FRANCE: S.E.I.N.A., Rue d'Aguesseau 16, Boulogne-BIllancourt, (Seine) 
GERMANY: Dynamco GmbH., 6 Frankfurt/Main, Gutieutstrasse 324. 

HOLLAND: Air Parts International N.V., Electronics Dept., Ryswyk (Z.H.), Haagweg 149 

ITALY: Applicazioni Elettroniche S.p.A., Vials Monte Grappa 14, Milano 
PORTUGAL: Rualdo Lda., Rua de S. Jose, 9-15, Largo da Anunciada 19, 1, Lisboa 2 

SWEDEN: ab Elektronik Enheter, Torogatan 24, Enskede 
SWITZERLAND: Omni Ray, A.G, Dufourstrasse 56, 8008 Zurich 

SOUTH AUSTRALIA: W. E. Beveridge & Co., 204 Cross Road, Unley Park, Adelaide 

U.S.A.: Dentronlcs Inc., 60 Oak Street, Hackensack, New Jersey 07601 
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C OUT A NT FOR PE AK PERFOR M A N CE 
Coutant Electronics' modular power supplies are built with pre-
cision, embody the most advanced design techniques and offer 
you unequalled reliability even when operated continuously at 
elevated temperatures. A typical specification is given below— 
and these figures are often bettered substantially in production. 
For VA per pound weight and VA per cu. in. COUTANT specs 
lead the field. 

—F 

100  2 0  300  400  500 
FREQUENCY — 44 /a 

. • - 1: . •  
eztie • •.. 

C OUT A NT for the widest choice 
Manufacturing more than 70 different models of power 
supply unit COUTANT offer the widest and highest 
performance range in Europe. The È' Series offers from 
+-amp to .2x5A in 19 versions-7 of which cater for 
5-14V output needs. There are 23 standard modules in 
the high-temperature rated 'K' series—and there are 
unstabilised versions too. Whatever your application 
area, there is a COUTANT supply unit to give you best 
value for money. NOW—VARIABLE UNITS TOO! 
Recent additions to our range include variable lab. 
supply units in bench or modular form: current and 
voltage variable—sub-units remotely programmable and 
ideal for systems work. FILL IN THE COUPON NOW I 

• 
• 
• 
mtertt-

• , •••  ••• 

4 

typical basic specification 
STAB. RATIO 

5000 : 1 

13111 

0/P RESISTANCE 

< 0.002(.2 

(<0.0005(.2 
ABOVE 5A) 

_ 
am— . • 

I rtem • e  st,.• 
•.  - • •.  *I 

• 

• 

• o  

RIPPLE p.p 

<200pV 

SI NGLE 2 A MP UNIT 

rt  • 
• • 
• 

0/P IMPEDANCE 
100 kcis 

_  •  Mu « "  a  IE MIM MINIali m messime. • 

<0.1(2 

e 

C O U T A N T  ELE C T R O NI C S  LI MI TE D 
TRAFFORD ROAD 

RICHFIELD INDUSTRIAL  ESTATE  • READING  • BERKSHIRE 

Tel: READING 55391 -5 

electrotech instruments division 

• 
• 
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Radiospares for long-life relays! They're 
made to the highest standards of quality 
throughout and all types are available "by 
return of post". 

Miniature plug-In relays-12V. or 24V. D.C. colis, 115V. 
A.C. coils. 
4 P.C.O. contacts rated 3A. A.C. 
Open series -12V. D.C. or 230V. A.C. coils 2 P.C.O. 
contacts rated 250V. 5A. A.C. Also 6V. D.C. coils with 
115V. 2A. A.C. contacts. 
Plug-in relays —D.C. and A.C. coils with 2 or 3 P.C.O. 
contacts rated at 2A. or 5A. or 10A. 250V. A.C. 

Radiospares Ltd. 
4-8 MAPLE STREET • LONDON W.1 • ENGLAND • TELEPHONE: EUSton 7232 (8 LINES) 

TELEGRAMS and GABLES: RADOSPERES, LONDON W.1 

RS RI 
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HIGH 
=ERFORIVI ANCE 
1-A MP DIODE 
For 
H ALF A CRO WN 
Made in bulk quantities in the U.K. 
—a new high-performance 1 amp, 
1000V subminiature diode, with 
void-free injection moulded encap-
sulation, surge capacity up to 50A. 
Applications are as endless as sup-
plies. Value is unbeatable at prices 
down to 2/6d each. 
Yet another addition to the world's 
most used range of semiconductors. 
ExplRience counts! 
Full details available on request. 

ep„ 
INTERNATIONAL RECTIFIER • HURST GREEN • OXTED 

SURREY • TELEPHONE OXTED 3215 

TELEX RECTIFIER OXTED 95219  /% 4  . circa» 

NÏEHNAI 1111111. 
(CI FIL 
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Vou knovir 
but do you 
PLESSEY 

Who we are  What we do 
The Plessey Electronics Group is one of the five Product Groups 
of The Plessey Company Limited. The Group functions as an 
independent and fully decentralised unit with its own research, 
development, production and marketing organisations. 
Plessey Electronics employs 7,500 people in 11 different centres 
with a total floor space of 1.3 million square feet. One person 
in every four is engaged in research and development in one of 
the separate research establishments or in laboratories associated 
with production units. 
The outstanding features of Plessey Electronics are the breadth 
of its product range and the depth of its system capability. 
Within the Divisions that constitute the Group is a wealth 
of experience in the development, production, planning and in-
stallation of major electronic projects of international importance. 

The activities of Plessey Electronics range over the design, de-
velopment and production of electronic equipment in the areas 
of radar, radio communications, carrier transmission, avionics, 
oceanography and national defence. 
It is the major British manufacturer of HF, VHF and UHF com-
munications systems. Its line-integrated radio telephone systems 
bring telephone service to isolated communities. It manufactures 
air surveillance, coastal and meteorological radars and complete 
air traffic control and air defence systems. Advanced programmes 
of work are in hand on underwater weapons systems and in the 
vital and expanding science of oceanography. 
To complete the total system capability in communications, the 
Electronics Group is engaged in forward looking programmes of 
microwave and space communication development. 

Plessey Electronics...for men 
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PLiSSiV 
111111 
eCtril 

Where we are going 
Over the next ten years a great revolution will occur in the con-
cept and design of electronic equipment. Microelectronic circuitry 
will increasingly dominate all aspects of equipment design. The 
consequence of this will be a transformation not only in the 
character of electronic equipment but in the facilities for its 
development and production. 
Microelectronics will result in a great reduction in the physical 
size of equipment and it will lead to a new order of reliability 
which in turn will present opportunities for far greater com-
plexity of circuit design. This will lead to the application of elec-
tronics to an ever increasing range of tasks and represents a 
major challenge which the Plessey Electronics Group, backed 
by the great resources of The Plessey Company Limited, intends 
to exploit to the benefit of its customers. 

• who want action 

eito 

CS 
Why you should join us 
Plessey Electronics has the resources and capability to fully ex-
ploit new developments in electronic technology. 
It is now engaged in a major programme of expansion across its 
wide range of products and comprehensive systems engineering 
capability. As a result it offers many exciting opportunities to 
qualified Scientists, Engineers, Administrators, Commercial 
Executives and Accountants. 
Conditions of employment and benefits are first class. 
Complete and post the coupon for a copy of Plessey Electronics 
Career Opportunities Brochure. 

I am interested in opportunities offered by the future develop-
ment of Plessey Electronics. Please send me, in complete 
confidence, a copy of your career opportunities brochure. 

Name 

Address 

(̀ePE4 

Please post the coupon to  Management Development 
Executive, The Plessey Company Limited, Electronics Group, 
Surrey House,TemplePlace,Victoria Embankment, London WC2 
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rbdi 3430A DC DIGITAL VOLTMETER 
HEWLETT  • PACKARD 

RANGE 

10v 

LINE 

• 100 W resolution 
• auto polarity 

• overrange digit 
The new Hewlett-Packard Digital 
Voltmeter 3430A is now avail-
able bringing digital voltage measure-
ments to routine production line, 
inspection and repair department. 
Easy to read and operate, the 
3430A operates up to 60% overscale 
on all but the 1000 volt range, 
making it safe in the hands of inex-
perienced personnel who can 

quickly make reliable measurements. 
All solid state construction and a 
90-day calibration cycle guarantee the 
long life of this rugged instrument. 
• 100 V resolution for low-level 
measurements • voltage accuracy of 
0.1% FS  1 digit guaranteed 

stable for 3 months • unique ratio 
measurement option available 
for auto signal normalization 

• dc amplifier output useful for analog 
recording or as 1000  1 impedance 
converter • automatic polarity 
selection • display storage eliminates 
distracting blink • 60,/o overranging 
• can be floated as much as  500 vdc 
from chassis ground. 
Price. £ 228 

HE WLETT Hfie PACKARD 
LIMITED 

e 1402 
Hewlett-Packard Limited 
224 Bath Road, Slough, Buckinghamshire, 
Tel. Slough 28406 and 29486 
Headquarters in USA: Palo Alto (Calif.) 
European Headquarters: Geneva (Switzerland) 
European Plants: South Oueensferry (Scotland) 
Bóblingen (Germany) 
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Marconi specialized components 
are designed and manufactured 
only when the precision and high 
performance required is otherwise 
unobtainable. 
The Specialized Components 
catalogue lists the full range. 

QUARTZ 
STABILITY 

crystals 
Marconi have more than twenty 
years' experience in the manufacture 

of high quality quartz crystals. 

A wide range of crystals can be 
supplied from 1 kc/s upwards. 

Special low aging types are 
available at 5 Mc/s and 2.5 Mc/s for 

use in high stability oscillators. 

crystal filters 
A selection of crystal filters, both 
s.s.b and bandpass, are available. 

New designs are constantly 
being added to the range and can 
be produced to meet special 
requirements. 

crystal ovens 
Marconi crystal ovens accommodate 
various types of crystals. 

Models are available which can 
accommodate up to ten crystals. 
Outstanding in the range is the 
Marconi 'change of state' oven 

which needs no thermostat and has 
a switching differential of +0.0014°C. 

Marconi specialized components 
The Marconi Company Limited, Specialized Components Division, 
Billericay Works, Radford Crescent, Billericay, Essex, England. Telephone: Billericay 3431 LTD/I:54 
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Egeo HÏ 
I SUPPLY UNITS 
IProved by hundreds of thousands of hours reliable service in civil and military airborne radar installations. 

1 

Typical standard types: 

Type M6052A (14kV) 
M6053A (10kV)and Type M6054A (3kV) 

General purpose, low impedance CRT supply. 

Type M6051A 
18kV high brightness, 
high definition CRT 

supply. 

Type M6055A 
5 to 10kV for direct 
viewing storage tubes. 

Type M6056A 
30kV regulated 

supply for projection 
systems. 

Designed to meet the stringent environmental condit-
ions of airborne operation, these highly efficient 
encapsulated units provide voltage from 3kV to 30kV. 

EKCO 
ELECTRONICS 

EKCO ELECTRONICS LIMITED 
AVIATION DIVISION 
SOUTHEND-ON-SEA • ELSE).1 

ELECTRONIC ENGINEERING 

yiAnkfr,„ 
A Mark of Quality 

CADMIUM 
SULFIDE AND 
SELENIDE 
PHOTO 
CONDUCTIVE 
CELLS 
MORI PHYSICS & CHEMISTRY 

LABORATORY CO., LTD. 
205 Tozuka-machi, Tozuka-ku, Yokohama, Japan 

Cable Add: MORIRIKA YOKOHAMA 

• 
o 

•  • 
o 
• 

produced 

by progressive 

tooling and 

multifor m 

methods. 

%KLUX » WIVE! Iterno 

Accurate 

components at 

co mpetitive 

prices 

209, SP O N LA NE, W EST BR O M WIC H, STAFFS 
TELEPHONE: WES 2516 (3 lines) 

W O O DS  LA NE, CR A DLEY  HEATH, ST AFFS. 
TELEPHONE: CR 69283 (3 lines) 

102 
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ARE YOUR INSTRUMENTS ACCURATELY CALIBRATED? 
The Bradley Calibrator 130B provides D.C. voltages up to 
3,000 and A.C. voltages up to 511 at an accuracy of 0.2% for 
the rapid and easy calibration of all types of instruments. 
This Calibrator provides a wide range of A.C. and D.C. precision voltage steps for testing of 

avometers, meter movements, transistor and valve voltmeters, oscilloscopes etc. All outputs have 

% error indication and are short circuit proof. 

To enable you to test the 130B Calibrator yourself, we shall be glad to provide one on loan. In 

addition, the Bradley range includes precision current sources and programming facilities. May we 

send you full details of the Bradley range of calibrators? Write for the 'Calibration Equipment' 

booklet, publication No. 102. 

See your Electronic Engineering Index Library for full technical data 

a 
G. & E. BRADLEY LIMITED 
Electra! House, Neasden Lane, London, N.W.10. Telephone DOLlis Hill 7811 
Telegrams: Bradelec London N.W.10. Telex: 25583 
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Cheapest way to chop 

A EI 
SWITCHGEAR 

DC—to AC with an AEI Synchronous Chopper. It fits a standard 
B9A 9-pin thermionic valve holder, is suitable for feeding both high 
resistance and transformer-coupled low impedance circuits, its low 
noise level allows a 1 microvolt signal to be detected. Typical ap-
plications are: recording thermo-couple and ionisation chamber 
outputs; drift correction in analogue computer amplifiers; general 
instrumentation. Stability is high, operational life is long. Available 
in two models: CK3 for 50 c/s; CK4 for 100 c/s. 

CK3 AND CK4 SYNCHRONOUS CHOPPER 
Write to: Power Protection and Meter Department, AEI Switchgear 
Division, Trafford Park, Manchester 17, or your nearest AEI office. 

ASSOCIATED ELECTRICAL INDUSTRIES LIMITED SWITCHGEAR DIVISION TRAFFORD PARK MANCHESTER 17 
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• 15 AMPS 
ONLY MA 

0-275 VOLTS 

IN 

M ODEL-74 
REGAVOLT 
variable transformer with 

trouble-free brush gear 

Another winner for BERCO DESIGNERS... 

Model 74 delivers twice as much KVA as 

any other variable transformer of equivalent 

size ... only £25.15.0... delivery from stock 

Please phone Mr. Love, or write for list 625H/ S 

for full details.  [ 

E RCED 
group of companies 

THE BRITISH ELECTRIC RESISTANCE CO LIMITED 
Queensway  • Enfield  • Middx  • Tel: HOW 2411 

Grams: Vitrohm Enfield 
46? 

SMALI 
QUANTITIES 
OFF 'THE' 
Over 200 different 
types of SOLDER 
and SOLDERLESS 
TERMINALS, TAGS and 
CLIPS are available in the 
COLLETT range. 

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

Send for fully illustrated catalogue 
and price list today. 

COLLETT TERMINALS 
347/349, GOS WELL ROAD, 
LONDON, E.C.I. 
TERMINUS 2584 
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RAN E MODELS THE NE W BETA 

Extending the recently introduced BETA Range of high 
voltage stabilised power supplies, the new Models 905 & 
906 provide 400 1.1.A at 6-60kV — and still within a 19 in. 
panel, 7 in. high, just 17 in. deep. 
Despite their compact proportions, the Models 905 & 906 
compromise with neither reliability nor specification; this 
outstanding example of size reduction depends largely 
on careful attention to detail in high voltage head design 
and the manufacture of specially moulded and encap-
sulated components—an area in which the Brandenburg 
design team leads the world. 

Brief Specification: 

Input 
Output 

Ripple 
Regulation 
Stability 
Polarity 
Price 

200-250 volts 50/60 c/s or 100-125 volts to special order. 
Model 905: 6kV to 60kV at 400µA positive. 
Model 906: 6kV to 60kV at 400µA negative. 
100V peak to peak. 
0.25% at full voltage. 
0.1% against +10% and —74% mains change. 
Either positive or negative (not reversible). 
£245. 

brandenburg limited 
139 Sanderstead Road, South Croydon, Surrey. Tel : Sanderstead 0225. 
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__ 905/k 906  _ 

and models 
705 and 800 
(identical in size) 
Brief Specification: 
Output  Model 705: 2mA at 1.5kV to 15kV. 

Model 800: 1mA at  3kV to 30kV. 
Ripple 0.1 %. 
Regulation 0.25% at full voltage. 
Stability 0.1 %, against +10% and —74% mains 

change. 
Polarity  Reversible. 
Price  £150. 
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Model MR5OR , 

Output 
Output Current 
Polarity 
Ripple 
Stability,  10 % 
Mains change 

Model 501 

Output 

Metering 

Regulation 

Input 

Protection 

Facilities 

Electrophoresis supply  £525 

0-5kV, continuously variable at 500mA max. 

Both voltage and current. 

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

380/440 volts 3 phase and neutral 50 cis. 

Mains fuses and overload trip. 

220v single phase outlet to drive hour clock. 
External and zero current interlocks. 
Overcurrent relay trip. 

Models 620, 750 and 803 £285 each model 

Output 

Polarity 
Ripple 
Stability -f 10 % 
Mains Change 
Protection 
Regulation Zero 
to Full Load 
Input 
Size 

Model 620 1-10kV at 10mA. 
Model 750 2-20kV at 5mA. 
Model 803 3-30kV at 3mA. 
Positive or Negative (not reversible). 
Less than 12 volts Peak to Peak. 

Better than 0.5 %. 

Preset overload cut-out. Mains and H.T. Fuses. 
Both Models better than 0.5 % at full output. 

200/250 volts 50 cis. 
1r wide x ir deep x15" high (cm. 48 x 43 x 38). 

Model 825 

Output 
Output Current 
Polarity 
Ripple 
Stability,  7% 
Mains Change 
Effective Resistance 
Voltage Control 
Metering 
Protection 
Input 
Size 

£745 

4 to 40kV continuously variable. 
5mA max. 
Positive or Negative (NOT Reversible). 
Less than 40 volts. 

0.5 %. 

Less than 20 Kilohms. 
Potentiometer on Front Panel. 
Voltage and Current. 
Fuses and overload trip. 
200/250 volts. 50 c/s. 
24" x 22" x 44" (cm. 61 x 56 x 112). 

Model PM250OR 

Output 

Output Current 

Polarity 

Ripple 

Stability +7 % 
Mains Change 

Drift with Time 

Voltage Control 

Input 

Size 

£149 

100-2,500 volts d.c. 

5mA d.c. maximum. 

Reversible. 

Less than 10mV. 

Not worse than 0.03%. 

Less than 0.01 % per hour. 

5 Switched Ranges with overlapping fine control. 

200/250 volts 50 c/s. 

19" wide x 17" deep x 7" high (cm. 48 x 43 x 18). 

Model MR1OOR 

Output 
Output Current 
Polarity 
Ripple 
Stability, + 10 % 
Mains Change 
Protection 

Regulation Zero 
to Full Load 
Input 
Size 

£585 

10kV to 100kV. 
0 to 1mA. 
Reversible. 
Less than 01 % at full output. 

Better than 0.1 %. 

Current Overload Cut-out, Preset Overvolt 
Trip, H.T. Line Fuse, Mains Fuses. 
Better than 1%. 

200/250 volts 50 c/s. 
24" wide x 19" deep x 40" high (cm 61 x 48 x 102). 

Model MR5OHS £785 

Output 
Output Voltage 

Control 
Output Current 
Polarity 
Ripple 
Stability + 10 % 

5kV to 50kV. 
10-turn Calibrated Helical Potentiometer. 

0 to 1mA. 
Reversible. 
Less than 2 parts in 105. 

Better than 2 parts in 105. 
Mains Change 
Effective Resistance 60 Kilohms. 
Drift-Short Term Better than 4 parts in 105 over 15 minutes. 
Drift-Long Term  Better than 1 part in 104 over 24 hours. 
Protection  Pre-set overload cut out. 
Input  200/250 volts 50-60 c/s. 

5kV to 50kV. 
0 to 1mA. 
Reversible. 
20 volts P to P. 

Better than 0.5 %. 

Protection  Pre-set overload cut out. 
Mains and H.T. fuses. 

Regulation Zero Better than 0.5 % at full output. 
to Full Load 
Input 
Size 

£270 

100/125 volts and 200/250 volts 50-60 c/s. 
24" wide x18' deep x 23" high (cm 61 x 46 x 58). 

BG3 
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We pay our people to work for you 

we supply factory and know-how too! 
Production problems ? Diversification difficulties ? Target date doldrums 

Lumber the lot on Broxlea—the specialist subcontractors to the British Electronics Industry. (At 
one time or another, everybody who's anybody in the business has!) 

Our factory just outside London has space for your work now. It is fully equipped to assemble 
all kinds of electronic and telecommunications equipment. Particularly wiring, cable-forming 
and pre-formed wiring systems. 

Our own supervisory engineers are fully qualified and highly experienced. If you prefer, how-
ever, your own staff can supervise every operation on the spot. 

Enough talking. May we show you the comprehensive facilities we have to offer? Please 'phone, 
telegram or write our Managing Director (Mr Leslie Izzard) and arrange a visit at any time that 
suits you. 

BROXLE A 
The largest company exclusively engaged in subcontracting 

for the Electronics and Communications Industry. 

Broxlea Limited (MoA approved) Broxbourne, Herts. Hoddesdon 64455 
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unmistakably Sasse 

SASSE 
S WITCHES 

S WITCH BARS 

INDICATORS 

(Above) Sasse Luminous 
Switch Bar, Type 1170 

2 Sasse Miniature Toggle 
Switch, Type 203 

3 Sasse Indicator for 
wide-angle viewing 
Type 510 

3 
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Essential for the control of more sophisticated 

electronic equipment are components designed and 
built to standards far higher than those acceptable 

in conventional commercial applications. 

Those high standards are attained, and even ex-

ceeded by Sasse control components. In design, in 

quality of materials, in workmanship, in appear-

ance, and above all, in performance, Sasse 

components rank high in their field. Sasse switches 

are of all-metal construction, rugged and built to 
last. 

The Sasse standard range is extensive, covering 

practically every requirement of electronic design-

ers and engineers. Three typical components are 

shown here, but there are many others. A complete, 

dimensioned list will be sent on request to the: 

SASSE SWITCH DIVISION 
of THE RADIO RESISTOR CO LTD 

PALMERSTON ROAD • WEALDSTONE 

HARROW • MIDDLESEX 

Telephone: HARrow 6347 • Telex: 25573 

LAB 
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M MPS5 

DMT1  Single speed (2400 rpm). 
With flat sealed case. For 
medium grade tape record-
ers. 

MM551 .Single speed (3000 rpm). 
For high grade tape record-
ers. 

MMP55 .2 speeds 2700, 4800 rpm). 
For 8 mm cameras. 

MMZ6  Without governor. For still 
and 8mm cameras. 

SPECIFICATIONS FOR SANKT° MICRO MOTORS 

Dimension  Rated  Range  Rated  Rated  No  tread  Starting 
RoRage  et  Torque  Speed  Load Curent Torque 

Length  (V)  Voilage (earl)  (rpm)  Current  (mA)  (Itr.c.) 

Mini  42 x 37  6  4.5— 6  9 

OMY15  42031  6  4.5— 6  15 

DIVIY50  42x37  12  8 —12  15 

M5,1544  25 x 55.5  9  6 —10  10 

MMS51  25 x55.5  6  4.5— 6.3  7 

MIVIP55  20 x 45  45  4 — 6  10 

MMI6  16,29  4  4 — 6  2 

3000 
(2900) 
2700 
4800 
6000 
11500 

2400  40 

2400  50 

2400  50 

3000  40 

50 

(110) 

(100) 

130  25(4.5V)  600 

zoo  50i4.5V)  600 

130  50 (8V,  600 

140  20 t 6V,  600 

140  25(4.5V)  1000 

(290)  60(4.5V)  50 

120  15 (4V)  100 

Sankyo  
Motor Department 
SANKYO (EUROPE) EXPORT-IMPORT G.M.B.H.: 
4 Düsseldorf. Bahnstrafie 45-47, W. Germany Tel: 25652/3 
AMERICAN SANKYO CORP.:  Rm. 808-10, 95 Madison Ave., 
N.Y.C.. N.Y., U.S.A.  Tel: LE-2-8020 
SANKYO SEIKI MFG. CO., LTD.:  r  Tokyo, 
Tel: 591-8371 

OVERLOAD 

Scale length 6 inches with inset mirror and 
knife-edge pointer. 
Extreme accuracy to BSS 89/1954. 
Terminals accept 4 mm push-in plugs. 

seiectest MMI 
SUPER K 
SUPER 50 

SUPER K 

D.C. 150 mV to 1500 V 
1.5 mA to 15 A 

A.C. 7.5 V to 1500 V 
75 mA to 15 A 

Resistance 0-1000 ohms 
to 0-100,000 ohms. 

SUPER 50 

D.C. 250 mV to 2500 V 50 uA to 10 A 
A.C. 2.5 mA to 2500 V 25 mA to 10 A 

Resistance 0-2000 ohms to 0-20 Megohms. 

illex -D ÑASTRIÚMENEleLTIMIITÉID"  

PEEL WORKS, BARTON LANE, ECCLES,MANCHESTER 

Tel: ECCIes 5081 Telex: 66711. 
London Sales Office: 

Brook Green, Hammersmith W.6 Tel: 01-603 9292 

A Subsidiary of the General Electric Co., Ltd., of England. 
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MIMS 

MICRO-RELAY 

CUT IN PRICE...BUT NOT IN QUALITY 

ACTUAL SIZE 

Quantity production to meet increasing orders has made a substantial 
price reduction possible. 

• so small that it is compatible with any miniaturized circuit 
2 currently used in avionics and missiles, as well as ground borne applica-
tions with the highest specifications of performance and shock-resistance 
• in service use on Trident aircraft, Smiths micro-relay MTBF is over 
400,000 hours 
• high-speed switching of all signals from very weak up to 15VA ; single 
pole changeover; break before make; no organic compounds in the contact 
compartment which is sealed from the coil chamber; gold-plated platinum 
rhodium contacts; all hermetically sealed and weighing only 2.5 gr. 

S MITHS IN D U STRIES LI MITE D 

AVIATION DIVISION 

Kelvin House, Wembley Park Drive, Wembley, Middlesex. 
Wembley 8888. Airspeed Wembley. Telex 25366 . Z . .brl 

.  140 .11 . 

Life-size offer to genuine enquiries. Fill inthecoupon 
attach to your Company letterhead and send to us for a 

FREE SAMPLE of our 
MICRO-RELAY 

NAM 

COMPANY _ 

Please quote 

for use 

(quantity) 

(application) 

g SAV 2311 
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egettell" 
All purpose 6" & 12" Units 
* l', 2", 3" or 4" Vacuum Systems 
* Fully fitted workchamber 
* I0-4 torr in 4 minutes with 4" system 
* I2v. 40A. LT Evaporation supply 
* 3000v. 100mV. Ion clean up supply 

.8. 

Ute 

1 9 6 6 
THE QUEENS AwNNO 

TO INDUSTR1 

Accessories include Carbon Coating and Sputtering Equipment. 
Rotary Drives and 6-source Turret. 

Complete Microcircuit and Thin Film Production Equipment 
is also available. 

Full details on request. 

GENEVAC LTD., Subsidiary of General Engineering Co. (Radcliffe) Ltd. 

PIONEER MILL • RADCLIFFE  • MANCHESTER 
Tel.: Radcliffe 3041-2 

Branch Offices: 
LONDON  MIDLAND scornsH  MANCHESTER LIVERPOOL 
Tel.: Te/.: Tel.:  Tel.:  Tel.: 
WATERLOO 2248 SHIRLEY 4508 CALEDONIAN 5597 BLACKFRIARS 0185 CENTRAL 9532-3 

RESISTANCE, CAPACITY & INDUCTANCE BOXES 
, C.Apf 

Accuracy at 
economic prices 

Wide selection of units 
covering the following 
ranges: — 

Capacity  —10pf to I I Id 
Resistance -0.1n to 100 KO 
Inductance —I mH to 10 H 
Resistance Voltage Dividers and Wheatstone Bridges available 

* Foreign AGENCY 
enquiries welcomed 

LION:1̂, OUNT 

LI O N M O U NT & CO.  LTD. 
Bellevue Rd., New Southgate, London, N. Il, England. Tel: Enterprise 7047 
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Wielk1;7S017.5 
EST. 
1921 

FOR RELAYS P.O. TYPE 3000 
AND 600 

Built to your own specification 

VARIOUS CONTACTS 
DUST COVERS 

COMPETITIVE PRICES 
QUICK DELIVERY 

QUOTATIONS BY RETURN 
25.000 Miniature Sealed Relays in Stock: G.E.C., S.T.C., ERICSSON, SIEMENS, ETD 

L. WILKINSON (CROYDON) LTD. 
Longley House, Longley Road, Croydon, Surrey. 

Graphic Instru ments (Research) Ltd. 
TROUT ROAD,  WEST DRAYTON, 
MIDDLESEX 

T.N.: West Drayton 2892 

Graphic-Galvos 
A range of interchangeable mirror galvanometer elements for 
use in "GRAPHICORDERS" and all other oscillograph recorders. 
Response flat to 5kc: High Performance: Low g̀' Sensitivity. 
All  mirror  sizes : All  focal  lengths : All  body  sizes. 
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Who needs 
1200 in/see? 

You do. 
Bryans 22000 series, the world's 

highest performance plotters in full 
production, offer 45 in/sec. writing 
speed and 3g maximum acceleration. 
The pen follows your rapidly 
varying and transient inputs more 
accurately than any other. 
The 22000 series is simple to operate 
-no manual gain control, no external 
unit needed for AC conversion— 
and is fitted with a well designed 
rear plug-in panel for plotter 
accessories and computer readout 
connections. 
Let us demonstrate the 22000 

under your conditions. 
Bryans Ltd., Willow Lane, 

Mitcham, Surrey. Mitcham 5134. 

22000 plotters 
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UNIQUE, NEW BURR-BROWN 

OPERATIONAL AMPLIFIER 

Eo Ro + Ei =10 Et Bandwidth= 1MHz r 
10 =-- 100 ma 

These three new Burr-Brown units provide wideband, fast 

response operation in both inverting, and non-inverting circuits. 

And you will find bandwidths and slewing rates ten to fifty times 

better than most other general purpose amplifiers. The modular 

0.6' x 1.8' x 2.4' epoxy package is ideally suited for any appli-

cations. 

IMPORTANT SPECIFICATIONS 

M MODEL 
NUMBER DESCRIPTION RATED OUTPUT BANDWIDTH SRL,E4 

INPUT 
VOLTAGE 
DRIFT 

INPUT 
CURRENT 
OFFSET 

'in  min 
Unity 
G Ftl  Power 

Volts mA h,Uos Krin vtgs jyfic 
ta  

1525 general purpose 
differential input -±10 1.-20 15 500 50 -±10 -±5 

1555 iliteSeorehrt,,t,if,Veurt PET 
-±10 -.-100 15 1000 100 -±10 -±0.1 

1527 differential Input 
100 mA output ±-10 ±-100 15 1000 100 -±10 It-5 

For complete technical Information contact your Burr-Brown 

representative or write Burr-Brown direct. 

RESEARCH CORPORATION 
INTERNATIONAL AIRPORT INDUSTRIAL PARK 

BOX 11400. TUCSON, ARIZONA 05706 U.S.A. 

In England: General Test Instruments Ltd. 

Gloucester Trading Estate, Hucclecote, Gloucester. 

Representatives in: MUNICH, DipI. Ina. Ernst Fey/PARIS, S.E.P.T.A./ 

VIENNA, Dipl. Ing. Peter Marchetti/ZURICH, Telemeter Electronic AG/ 

BRUXELLES, Delta Equipments s.a./GLOSTRUP. V.H. Prins/RYSWYK, 

Air-Parts Intl. N.V./OSLO, Hugo Riso A.S./STOCKHOLM, Amerlkanska 

Teleprodukter AB/HELSINKI, Nores & Co. Oy/MILANO, Trumentazione 

Industrials  Regolazioni/TEL-AVIV,  Racom  Electronics  Co.,  Ltd./ 

JOHANNESBURG S.A., David Pollock, Ltd./VICTORIA, AUS., Kenelec 

Imports, Ltd./TOKYO, Kyokuto Boeki Kalsha, Ltd. 

to rovolt 
variable transformers 
Auto-Wound and Double-Wound  
Proved by experience, Cressall variable ratio 
Toriodal transformers provide the most reliable 
& convenient form of voltage, current or power 
control. Supplied open or protected: as ganged 
assemblies or motorised for remote control. 

EXAMPLES FROM THE TOROVOLT RANGE 

I. Torovolt Model 33Y. An encapsulated auto-wound variable 
transformer of the smallest size consistent with reliability and 
long life. Output 0-240v. 1.1A 
2. Portable Metered Torovolt. A compact and versatile power 
or voltage controller ideally suited to laboratory and test 
bench use. A.C. outputs up to 10A. Alternatively, D.C. 
outputs through an internal rectifier. 
3. The Torovolt double-wound transformer provides smooth 
variations of output voltage from a secondary winding 
isolated from the input supply. Outputs from 120VA up to 
750 VA. 
4. The Torovolt auto-wound unit enables smooth adjustments 
of A.C. voltage to be obtained from zero up to the maximum 
output voltage. Continuously rated outputs from 0-135v. 
2.25A up to 0-270v 30A. 
Illustration ia of model 76ZT rated at 30A. 

A member of thee Ø expamer  Group 
THE CRESSALL MANUFACTURING COMPANY LIMITED 
CHESTON ROAD • BIRMINGHAM 7 • TELEPHONE: EAST 3571 
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E E o GENERATOR TYPE S MG1 
  FUNCTION SELECTOR   

(131114AI MONA ANON  ON  I (51 INV I  eNTER !VAL. MODULATION  1 
AtI010  SIR  II,  R. tt I  I AN,  R-t  040. PONEY 

o 
o 

PILOT  MODULATION FREOUEMCY 
PlOtt  80c ,  lky  5 N 

O M  111 11 1 11 0 1  

LEVEL  SYNC  SON  LEVEL 
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o • •  •  z  o tf). • • 
SCA•INPUT  MOIR 

'muse RADIOMETER Y elA COPENHAGEN 
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ówI4  
AMPUTUDE 

131110  0 

COMPOSITE OUTPUI 

RF-UNIt 

43) le . 
RF -UVIL 100•AV 

»41 

1 

RI-OUTPUT 

• 
PI del 

The type SMG1 Stereo Generator is a transistorized signal source that complies with the standards for ste-
reophonic broadcasting approved by the American FCC and recommended by the European Broadcasting 
Union (EBU). 
The Stereo Generator operates according to the time-multiplex system (PAM — System), and gives the fol-
lowing output signals: A composite signal for testing stereo adapters or driving FM generators to full 
75 kc deviation, and a 100Mc output signal which is frequency-modulated by the composite signal. In 
connection with a built-in step attenuator in the 100Mc output, the Stereo Generator is self-contained for 
testing stereo receivers and stereo tuners. The modulation can be generated either by means of a built-in 
oscillator with 3 fixed AF frequencies, or by means of an external generator. Two input circuits are avail-
able for connecting the external modulation signal source, namely one suited for connection to a stereo 
record-player or tape recorder, and one for connection to separate R and L signals. Provision is made for 
modulating with pure M (L  R), (monophonic channel), pure S (L ,_ —R), (stereophonic, sub-channel), 
L-only and R-only. 

The Stereo Generator, type SMG1, features: 

LR and MS separation >40 dB. II> Distortion < 0.2°/0.  Extended frequency range (54 to 210 Mc), 
when used with the Radiometer FM-AM Standard Signal Generator, type MS 26.0.10 eV to 100 mV RF 
output.  Push-button operation. 

For Great Britain: 

Livingston Laboratories LTD. 
Livingston House 
Greycaines Road 
North Watford 
Herts 

L 

R 

AUDIO 

INPUT 
CIRCUIT 
FUNCTION 
SELECTOR 

AF 
OSC. 

MOD. 

NI AR 

76 kc OSC, 
AND 

DIVIDER 

LOW 
PASS 
FILTER 

SC A INPUT 

DIVIDER 
AND 

FILTER 

OUTPUT 
AMPL. 

 000MPOSITE 

RADI O METER A/S,  72  EMDRUPVEJ,  COPEN HAGEN NV,  DEN MARK 

RADI O METER r'll 
COPENHAGEN ii 
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If there's a next time 
he'll know better 

In fogbound, densely packed harbour approaches, reliable high-performance Radar is 
vital. But a ship's Radar set is only as good as its Magnetron. If it becomes unserviceable, 
The Captain's next order could be "All hands to rig collision mats" — (after keel-hauling 
the radar man.) Next time, if there is a next time, he'll know better. 
With M-0 V's new MAG16, reliability comes first. It has a predicted reliability in excess 
of 5,000 hours— (2,000 is guaranteed). 
The MAGI 6 is a compact, Pulsed Magnetron, designed for Marine Radar applications. It 
can be supplied to any desired frequency in the X-Band. Heater connections can be 
bayonet or flying lead type. An ultra rapid warm-up (15 sec) 
low impedance heater can also be provided. 

Typical Operation 

Duty Cycle 

Pulse Duration 

.0001  .0006 

.051ts  1.0ps 

Frequency  9445 MHz 

V. (pulse)  8.0 kV 

la (pulse)  9.0A 

Pout (pulse)  25 kW For full technical 
specification write or phone: 

The M-0 Valve 
Company Limited 

ELECTRONIC ENGINEERING 116 
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Heap the benefit 
... of McMurdo experience in the design and 
manufacture of plugs, socitets and con-
nectors. It is extensive and it shows — in 
reliability of performance, in keenly com-

petitive prices, in quality of construction. It is 
particularly evident in the new McMurdo U.H.F. 

Connectors, types PL 259  (plug) SO 239, 
(socket) SO 239A (socket) with F.E.P. moulded 

insert. These are general purpose non-
constant impedance connectors suitable for 

use up to 250/260 Mc/s. They e mply in every 
respect with U.S. J.A.N. spttcification and 
are interchangeable with corresponding types 

of American design. Max. voltage 1 Kv 
(peak), temperature limit 70°C. 

McMurdo have experience in many fields 
from which you can glean stacks of help 
and information. Call in our technical 
representative and  let him  help to 
winnow your ideas and problems; or if 
you are a holder of the Electronic Engin-
eering Index see Lj 400 for connectors, 
Lj 470 for valve holders. 
The McMurdo range includes: CONNEC-
TORS — rack and panel, line and jumper, 
printed circuit and audio range. 
VALVE HOLDERS — plug-in Relay 
Sockets, Crystal Sockets. 
VOLTAGE SELECTORS. 

ELECTRONIC COMPONENTS 

URN 
THE McMURDO INSTRUMENT COMPANY LIMITED 
RODNEY ROAD • PORTSMOUTH • TEL 35361 • TELEX 86112 

LUGTON & Co. Ltd., 209/210 TOTTENHAM COURT ROAD, 
LONDON, W.I. 

SASCO, P.O. BOX NO. 20, GAT WICK ROAD, 
CRA WLEY, SUSSEX. 

FRANCE Henri Labesse, 10 Avenue Benoit Levy, SAINT MANDE, SEINE  -  HOLLAND Impag N/V, Minervalaan 82 hs, AMSTERDAM Z 
- GREECE Photis S. Uikeroplou, 38 Anatolia & Aph. Sar anta St., Olkiamos Papaphou, ATHENS 
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co," 
PORTABLE SI NGLE 
CHAN NEL PEN 
RECORDER 

6 paper speeds, 0.25 and 1 cm./ 
sec. 0.5 and 2 cm./sec., 2.5 and 
10 cm./sec.  Uses electrolytic 
paper. Pen, centre tapped coil 
unit 4.5 k/ohm., f.s.d. 100 v. at 
22.5 mA., frequency response 
D.C. to 60 c/s., 3 dB. down at 
100 cis. Power requirements: 
12 v. D.C. at 2 amp. Size 144 x 
8 x 64m. Weight 18 lbs. Well 
below list price. £110. 

SOLARTRON 
COMPO NENT 

RESOLVER VP.748 

Truly an instrument with fan-
tastic capabilities, here, in one 
unit, is the means to monitor 
characteristics of loudspeakers, 
transformers, synchros and asso-
ciated components; gas analysis. 
Frequency range 0.5 to 1,000 c/s. 
and voltage ranges from 50 mV. 
to 150 v. Large thermo-couple 
meters (6in.) provide Reference 
and Quadrature outputs and 
1.0 pk/pk output for oscillo-
scopes is provided on the front 
panel. Power requirements 115 v. 
or 200-250 v. 50 cis. Price £250. 

SEFRAM RAPIDGRAPH 
PEN RECORDER 

Five Channel. Paper speed, 1 
through  100 mm./sec. in ten 
steps with 40 mm. chart/channel. 
Pen f/cmax.  D.C. 60 cis. Pen 
sensitivity 6 mA. at 2 v. for f.s.d. 
Even t markers. Mains operated 
240 v. 50 c/s. Size 19 x 12 X I8in. 
Weight  47 lbs. First  class 
professional instrument in brand 
new condition at well under 
maker's list price.  £270. 

SANGAM O W ESTON 
D.C. VOLTMETER 

TYPE ALS442 

A precision instrument especial-
ly designed for use in Standards 
Laboratories for the calibration 
of D.C. volts 0-400 at 1,000 
ohms per volt. This unit has 
been calibrated to B.S.89 P.R. 
limits and has been designed to 
the highest Ministry specifica-
tion. Mirror scaled, this unit 
cost the Ministry well over £40. 

Price £I7/l0/-

N O W READY — O UR NE W PLUGS AND SOCKETS CATALOGUE 
Greatly enlarged 72 page second edition-send for copy nowl 

L1\111-AlltamousLTI) 
53 Tottenham Court Road, London, W. I 

Telephone: LANghom 3653 (10 lines)  Telex: 27931 

Full 
data 
on all 
MuHard 
products 

The Mullard Technical Handbook contains Data 
Sheets on all Mullard semiconductors, valves, 
tubes, electronic and magnetic components in 
current production. 
Available on a subscription basis, this six volume 
loose-leaf publication is kept perpetually up-to-
date by the issue of supplementary data sheets. 
Subscribers automatically receive the revised 
sheets as they are introduced. 
The information includes ratings, characteristics, 
recommended operating conditions and perform-
ance figures for various applications, and curves 
and outline diagrams. 

Mullard 
MULLARD LIMITED • MULLARD HOUSE • TORRINGTON PLACE • LONDON WC1 

Please send me full details and subscription rates of the 

Mullard Technical Handbook Service. 

NAME   

ADDRESS   
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• 

• 

ATTENUATOR 

2. 

VERSATILITY 

1. VARIABLE VHF ATTENUATORS TYPE RV 

Supplied singly or in tandem, and in the latter configura-
tion provide up to 110 dB in 1 dB steps. Combining 
robustness with moderate cost, they employ ladder 
networks and operate up to 200 Mc/s. 

2. SWITCHED ATTENUATOR TYPES 687A and 
687B with BNC Connectors. 

Exceptionally compact, measuring only 5¡ x 11 x 
Provide precise switched attenuation from 1-100 dB in 
steps of 1 dB over the range 0-300 Mc/s. 

3. VARIABLE ATTENUATOR TYPE L.E. 10. 

Carefully designed for high performance and convenient 
operation. Frequency range DC-500 Mc/s, covers 0-121 
dB in steps. 

Write today for fully illustrated literature on the 
complete range of Hatfield Attenuators and for a 
copy of the new edition of the short Form •Ùata-
logue. 

H ATFI EL D B AL U N 

Two Hatfield Type Q Attenuators are employed in the Cossor 
CRM 555 Precision ILS/VOR Ramp Test Set. Representing an 
important advance in meeting ramp test requirements, the accu-
racy and flexibility of this equipment are such that it meets the 
requirements of Autoland Systems yet its compactness and 
design permit in situ testing for sensitivity and accuracy of ILS/ 
VOR systems. Photograph below reproduced by courtesy of Cossor 
Electronics Ltd. 

Hatfield Type Q Attenuators are available for the ranges of 0 to 11 dB in 
1 dB steps, or 0 to 110 dB in 10 dB steps, frequency range DC to 500 Mc/s, 
with impedance levels of 50 ohms or 75 ohms. They have low insertion 
loss, good V.S. W.R. and since they are matched both ways can be used 
equally well in equipment or inserted in lines without mismatch. Typical 
applications are found in the distribution of RF test signals for produc-
tion line testing. On standard models the shaft extends 1 in. at the front 
only, but an alternative version can be supplied having a half-inch 
extension at the rear where combined manual and electro-mechanical 
operation is required. 

HATFIELD INSTRUMENTS LTD., Dept. EE, Burrington Way, Plymouth, Devon 

Telephone: OPL2 (Plymouth) 72773/4  Telegrams: Sigjen Plymouth. 
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e 

The Circulation Manager 
ELECTRONIC ENGINEERING 

40311'01014111: 
alg Y4R- ? 

If, by the time you read it, this copy is dog-eared, well-thumbed 

and several weeks late we would diagnose the trouble as "keep itis". 
This is a common failing among technical men when they get their 
hands on Electronic Engineering. 
The sensible remedy is to take your own copy regularly each 

month. Then when the company copy arrives on your desk you 

can initial it with a flourish and a knowing air and pass it on quite 
happy in the knowledge that you have already read it. 

U.K. £2.5.0 per year (m.o.() for three years) 
Overseas £2.15a) per year (£7.10.0 for three years) 

28 Essex Street 

Strand, 

London, W.C.1, 

England. 

Please send me Electronic Engineering each month starting with the 

 issue for one year/three years. 

Remittance of  Is enclosed. 

Name   

Address   

Company   

Signed   

FOR PRECISION IN MINIATURISATION 

Evanohm is specially recommended 

in the manufacture of Potentio-

meters, high ohmic Resistors, and 

precision instruments, where high 

stability over a wide temperature 

range is essential. 

Evanohm possesses a very low ther-

mal E.M.F. against copper—less than 

2-5 microvolts per degree C between 

0 and 100 C. It has a high tensile 

strength in fine sizes, high specific 

resistance, and is non-magnetic. 

Evanohm is supplied in wire form 

either bare or insulated with enamel, 

silk, nylon, cotton or glass. 

GILBY-BRUNTON LTD 
Head Office & Works: 

SEAMILL,  MUSSELBURGH,  SCOTLAND 

Telephone, Mussburgh 2369 

London Office: 47 WHITEHALL, S.W.I 

Telephone: WHIteholl 6058 
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* For complete data on 

all resistance alloys and 

stainless steel wire, write 

for a copy of our Resist-

ance Handbook. 

For 
ACCURACY 
RELIABILITY 
PRICE ECONOMY 

you can DEPEND 
on 

writ. for 
illustrated 
Brochure & 
Price fin 

THE QUARTZ CRYSTAL Company Ltd. 
Q.C.C. Works, Wellington Crescent, New Malden, Surrey 
Telephones: MALden 0334 1. 2988 Groins & Cables: Quertzco, New Maiden 
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STAFF PROBLEMS P 

Take a Classified Advertisement in 

Electronic Engineering 
and solve your problems  Apply to :-

ELECTRONIC ENGINEERING • ADVERTISEMENT DEPT. 

28 ESSEX ST.  •  STRAND  •  LONDON W.C.2. 
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Widest frequency range 
of any generator available 

The  new Sanders  Microwave Signal 
Generator type 6459 has the following 
characteristics:— 
* Extremely wide frequency range, 3.5 
to 12.0 GHz. 

* Direct reading frequency dial. 
* Direct reading Attenuator,calibrated 
in voltage and dBm. 

* High stability and accuracy. 
*Internal FM, CW, pulsed or square 
wave modulation. 

*Optional conversion to rackmounting 
FM, CW, square wave and pulse wave-
forms are generated internally and the in-
strument has facilities for the application of 
external modulations. The pulse repetition 
rate is variable from 40-4000 pps, and pulse 

width from 0.5 to 10 microseconds. Synchron-
ising signals are simultaneous with the Rf pulse, 
or between 3 and 300 microseconds in advance 
of the Rf pulse. The internal pulse generators 
can also be synchronised by means of external 
signals. 
Power Output: (a) direct—an insertion probe 
couples out power to 80 mw. (b) 0.223 volt to 0.1 
microvolt (0 to —127 dBm) between 4.5 to 11.0 
GHz ano —6 dBm to —127 dBm between 3.5 and 
4.5 GHz. Above 11.0 GHz the output power is 
generally better than — 6 dBm into a 50 ohm load. 
Type N co-axial connector. 
Power Output Accuracy: within +2 dB from —7 
to —127 dBm when terminated in a 50 ohm load, 
within the frequency range 3.5 to 11.5 GHz. 
For the measurement of Receiver sensitivity, 

sensitivity or rejection signal— 
to—noise ratio, aerial gain and 
transmission line characteris-
tics, in addition to numerous 
specialised  applications, the 
6459 is a most versatile instru-
ment for single band operation 
in the  frequency  range 3.5 
to 12.0 GHz. 

Marconi Instruments Limited—Sanders Division 
GUNNELS WOOD ROAD 

STEVENAGE, ENGLAND 
Tel : Stevenage 231 1 
Telex: 82159 Sanders Stev. 
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PE N N Y Si. GILES 

CUSTO M-BUILT 

P RECISI O N 

P OTE NTI O METERS 

W E HAVE A REPUTATION 
FOR SOLVING APPLICATION 
PROBLE MS IN INDUSTRY 

Application problems are'our metier. Over 90% of our potentio-
meter production covers all types of custom-built rotary and 
rectilinear potentiometers for a very diverse range of industrial 
applications. Every potentiometer is subjected to advanced inspec-
tion methods and to a comprehensive environmental test pro-
gramme to M.O.A. standards, providing a guarantee of reliability 
and precision second-to-none. 

DEPT. EEI Send for colour brochures 

PE N N Y 114 GILES LT D 
MUDEFORD•CHRISTCHURCH•HUITS•TeltHIghcliffe2233/4 

ALSO: CASE 2, 1211 GENEVE 6, SUISSE. 

PARIS   
PORTE DE VERSAILLES 

PUBL ERVICE 
PAPIS 

APRIL 5 to 10, 1967 

They come from all over the world to the 
main international events of the year: 

INTERNATIONAL EXHIBITION OF 

ELECTRONIC 
COMPONENTS 
and International Exhibition of 

AUDIO EQUIPMENT 

International conference 
on electronics and space 
Paris - April 10 to 15, 1967 - on reservation 

S.D.E.A. - RELATIONS EXTÉRIEURES 
16, RUE DE PRESLES - 75 - PARIS 15'' 
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Here's OIT 
. New Blue Profile Line 

• 

a. 

LABPAC 

C C)1\/I RL 61 . 

P R O G R A M 

HIGH VOLTAGE MODELS 
Two Precision High Voltage DC Power Supplies 

• 300-5000V, 2mA  • Current limit 
• 0,002 % stability  • Small size 

The power supply is made as a plug-in module according 
to the ESONE system, but can also be used as a separate 
bench model. 

• 10-2500V, 10mA  • Adj. current limit 
• 0,001 0/o stability  • Digital readout 
• Programmable  • Reversible output 

Meters on front panel for quick indication of output voltage, 
current and polarity. 

Six Models of Low Cost General Purpose Laboratory 
Power Supplies 

• Programming  • 15-30w 
• All silicon  • Compact design 
• Laboratory or systems use  • Dual Range* output 

"Fold back" current limit and range gives maximum output at 
minimum price and volume. 

*Push a button on the front panel and LABPAC gives double the 
current at half the voltage. 

Production for EFTA 

OLTRONIX AB 
Jámlandsgatan 125, Vállingby, Sweden 
Tel.: 08/87 03 30 Telex: 10738 

Production for EEC 

OLTRONIX-NEDERLAND N.V. 
Vredenburgsweg 7, Hoogezand, Holland 
Tel.: 05980-2301 Telex: 53301 

STABPAC 
50 Models of Compact Modular DC Power Supplies 6-500W 

• All silicon 
• Current limit 
• Programming 
• Remotse sensing 

• Flexibility in mounting 
• Rugged, compact design 
• Adj. output voltage 
• High ambient temp. 

Two different referens-amplifier plug-in boards can be choosen to 
facilitites 0,01 0/0 or 0,25 % line regulation. STABPAC can be mounted 
on three of its surfaces and also in 19" rack adapters. 

Argentina Sirex, Buenos Aires. Austria Technical Office International, 
Vienna. Belgium Miravox, Brussels. Danmark Oltronix AIS, Copenhagen. 
England Miles Hivolt Ltd., Shoreham-by-Sea. Finland OY Findip AB, Hel-
sinki. France Sorelia, Courbevoie-Paris. Western Germany Mutton Müller 
& Co., Bremen. Wenzel Elektronik, München. Greece Manos Dalleggio 
Representations, Athens. Holland Oltronix-Nederland N.V., Hoogezand. 
Israel Palec Ltd., Tel Aviv. Italy Societa 'Elettronica Lombarda, Milano. 
Norway Morgenstierne & Co., Oslo. South Africa Vitaphone Ltd., Johannes-
burg. Spain Ataio Ingenieros, Madrid. Switzerland Société d'Electronique 
Nucléaire, Geneva. 

LTRONIX  
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OUT ON ITS OWN 
with 
KEEN PRICE 
HIGH QUALITY and 
QUICK DELIVERY 
the 

o  o  0—  

_rJ 
JJDQ =„1:q 

SUB- MINIATURE TRI M MER POTENTIO METER 

With a resistance range of 

10 oh ms to 25K oh ms, and a 

body length of only e", the 

Painton Mini-Flatpot provides 

co mplete reliability in a 

sub- miniature co mponent. 

Write for full details. 

Painton 
& C O.  LI MI T E D 
KINGSTHORPE ' NORTHAMPTON 
Telephone: 34251  • Telex: 31576  ' Grams: Cell Northampton 

Overseas Associated Companies 

Australia Painton Australia Pty. Ltd. Benelux Painton S.A. Germany Painton G.m.b.h. Italy Painton Italiana Sweden Svenska Painton A.B. U.S.A. Painton Inc. 
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Ether Engineering 

'Low-Line' 
Digital Equipment 

The use of standard thin film modules together with printed circuit techniques, enable 
Ether Engineering to offer a series of 1:1- in high, digital equipment for 19 in rack 
mounting, in addition to bench models. 

Binary-Decimal Converter Model MA 1101 
0 Rapid decimal conversion: three neon 
numerical indicators 

D Input: up to 8 parallel binary digits 
D Logic: '0' = OV to +0.5V 

'1' — +5V to +12V 
(other logic levels available) 

D Conversion Instruct Signal: 5V positive going 
D Conversion Time: 204mSec max. 
II Aperture Time:  200 Sec 
D Power Supply: 12V at 600mA 

Analogue-Digital Converter Model MA 1102 
D Full scale analogue input: 10V (corresponding 
to 210 digits) 
Resolution: 1 in 1024 
Accuracy: + 0.1% ±1 digit 
Input resistance: 10kS2 
Digital output: 10 parallel lines, binary 
Output levels: +5V through 81d1 
Conversion Time: 500p.Sec 
Sampling: automatic, manual or external 
Power Supply: 240V 50 c/s C
E
D
E:
C=1
E
0
El 

BINARY/DECIMAL 
CONVERTER 
stew. .eS,D. 

The Ether Engineering series of 'Low-Line' 
equipment embodies reliable, robust, stable 
circuitry designed down to size, to get the 
utmost out of rack space. 

PARK AVENUE BUSHEY • HERTS 
TELEPHONE' WATFORD 2866 

E.E.8 
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OFFICIAL APPOINTMENTS 

IMPERIAL COLLEGE OF 
SCIENCE & TECHNOLOGY 

EXPERIMENTAL OFFICER 

Experimental Officer required in Engineering in 
Medicine Laboratory; duties to assist research in 
medical instrumentation and medical applications of 
digital computers. Experience in instrumentation or 
data  processing  an advantage.  Qualifications: 
H.N.C. or equivalent.  Salary as appropriate to 
age and experience in Scales E.O. £1,335 —£1,745 
or A.E.O. (with prospects of promotion) £600— 
£1,300 p.a. Applications in writing to J. C. Ganley, 
Electrical Engineering Department, Imperial College, 
S.W.7.  W 8467 

LEICESTERSHIRE 

LOUGHBOROUGH TECHNICAL 
COLLEGE 

PRINCIPAL: F. LESTER, 
B.Sc., Ph.D., F.R.I.C. 

DEPARTMENT OF ELECTRICAL 
ENGINEERING 

Applications are invited for the post of Assistant 
Lecturer Grade 'B' in the Department of Electrical 
Engineering.  Duties will include the teaching of 
electronics and electrical technology in National 
Certificate and Electrical Technicians courses. 
Applicants should be suitably qualified and should be 
familiar with both valve and transistor circuitry. 
A good background of industrial experience is re-
quired and teaching experience would  be an 
advantage. 
Salary will be in accordance with the Burnham Fur-
ther Education Award, 1965, viz: Assistant Lecturer 
Grade 'B', £955 —£1,845, with placing on the ap-
propriate scale according to qualifications and 
experience. 
Further particulars may be obtained from the 
Principal, Loughborough Technical College, Rad-
moor,  Loughborough,  Leicestershire,  to  whom 
completed applications should be returned by 21st 
December, 1966.  W 8465 

THE UNIVERSITY OF 
MANCHESTER INSTITUTE 

OF SCIENCE AND TECHNOLOGY 

CHIEF TECHNICIAN 

A Chief Technician is required in the Department-of 
Electrical Engineering and Electronics for duties as 
follows. 
(i) Construction, design and  maintenance  of 
digital equipment associated with the simula-
tion and control of road traffic. 

(ii) Servicing, maintenance, and extension of the 
on-line data-link facilities between the Institute 
and the Atlas Computer at the University of 
Manchester. 

AGE LIMIT: 25-54 years. 
Salary Scale 
£1,242—£1,423 per annum according to experience, 
rising to £1,656 per annum in special circumstances. 
5 Day-371j hour week —Superannuation Scheme— 
Canteen Facilities. 
Requests for Application Form quoting Reference 
No. EE2 should be sent to the Bursar, The University 
of Manchester Institute of Science and Technology, 
Room M2, Velvet House, Sackville Street, Man-
chester I. Completed Forms to be returned as soon 
as possible.  W 8445 

SCIENTIFIC CIVIL SERVICE 

EXPERIMENTAL OFFICER CLASS 

Careers in SCIENCE and TECHNOLOGY are 
offered to men and women with qualifications in 
MATHEMATICS, PHYSICS, CHEMISTRY, BI-
OLOGY, METEOROLOGY, ENGINEERING and 
GEOLOGY as Assistant Experimental Officers and 
Experimental Officers, in Government Scientific 
Establishments. 

QUALIFICATIONS:  University  Degree,  Dip. 
Tech., H.N.C. etc., —candidates under age 22 may 
offer lower qualifications (minimum: G.C.E. in five 
subjects;  including  two  scientific/mathematical 
subjects at 'A' level or equivalent level.) 

SALARY and AGE LIMITS: 
Experimental Officer (age 26-30) £1,365 —£1,734. 
Assistant Experimental Officer (ages 18-27) £568 
(at 18) — 
£1,017 (at 26 or over) —£1,243. 
Salaries supplemented in London area. Aid given 
for further education. Promotion prospects. Non-
contributory pension. 

APPLICATION FORMS AND BOOKLET from 
Civil Service Commission, Savile Row, London, W.I. 
Please write quoting S/579-580/66. Closing date 
extended to 31st December 1966. Candidates who 
have already applied need not do so again. 

W 8462 

CITY OF LIVERPOOL 

EDUCATI ON COMMITTEE 

LIVERPOOL REGI ONAL COLLEGE OF 
TECHN OLOGY 

BYROM STREET, LIVERPO OL, 3 

DEPARTMENT OF CHEMISTRY 
& BI OLOGY 

TECHNICAL ASSISTANT FOR 
INSTRU MENTATI ON 

Applications are invited for the above post from 
persons with a practical knowledge of electronics 
and the physics of instrumentation, to be responsible 
for the maintenance and assembly of chemical 
instruments. Specific knowledge of chemical instru-
ments is desirable but not essential. Chemical 
knowledge is not necessary. 
Salary in accordance with Scale APT I (£735 —£960). 
Commencing salary to be determined at interview. 
Application forms (returnable to the Principal by 
7th November 1966) from the Director of Education, 
14 Sir Thomas Street, Liverpool, 3. 

THOMAS ALKER, 
Town Clerk. 

W 8443 

THE HOSPITAL FOR 
SICK CHILDREN 

GREAT ORM OND STREET, 
LONDON, W.C.I. 

CHIEF TECHNICIAN 

Chief technician required to take charge of medical 
electronics workshop (staff of three including chief 
technician), engaged in development and main-
tenance of hospital and research apparatus. H.N.C. 
in electronic engineering. Equivalent salary £1,073 to 
£1,383 per annum plus £75 London Weighting. 
Application forms from the Assistant Secretary. 

W 8453 

UNIVERSITY COLLEGE OF 
NORTH W ALES, BANGOR 

SCHO OL OF ENGINEERING SCIENCE 
- -

CONTROL ENGINEERING DIVISI ON 

Applications are invited for the post of Lecturer in 
Control Engineering in the School of Engineering 
Science. Applicants should have interests in the 
theoretical or experimental aspects of modern control 
techniques. Honours graduates with a keen research 
interest in the field of automatic control are invited to 
apply. 
Salary will be according to qualifications and ex-
perience on the scale £1,470—£2,630 and in addition 
there are F.S.S.U. benefits. 
Applications (two copies), giving details of age, 
qualifications and experience together with the names 
of three referees should be sent by November 30th 
to the Registrar from whom further particulars may 
be obtained.  W 8449 

UNIVERSITY COLLEGE OF 
NORTH W ALES, BANGOR 

SCHO OL OF ENGINEERING SCIENCE 

RESEARCH FELLO WSHIP 
- -

APPLICATIONS ARE INVITED for the Turner 
and Newell Research Fellowship in Applied Science. 
The research will be concerned with novel types of 
electrical machine of special significance to Control 
Engineering. Applicants should have had two or three 
years postgraduate experience, or industrial ex-
perience, and should preferably have some know-
ledge of semiconductor devices. 
The appointment, which will take effect from a date 
to be mutually agreed with the successful applicant, 
will be for three years in the first instance, and the 
award will be in the range £1,000 to £1,600 per 
annum, with F.S.S.U. benefits. 
Two copies of the application should reach the 
REGISTRAR, from whom further particulars may 
be obtained, as soon as possible, but not later than 
December 15th, 1966. 

W 8460 

THE UNIVERSITY OF W AR WICK 

SCH OOL OF ENGINEERING SCIENCE 

RESEARCH ASSOCIATE IN 
AUTOMATIC CO NTROL 

Applications are invited for a post of Research 
Associate in the School of Engineering Science, to be 
concerned with programming a new on-line digital 
computer used for research in optimisation tech-
niques applied to a wide range of systems. Some 
previous programming experience will be an advan-
tage, and a degree or equivalent qualification is 
essential. 
The appointment is for a period of up to two years, 
and the salary will be up to £1,000 p.a., together with 
F.S.S.U. benefits. 
Further details and application forms are obtainable 
from the Registrar, University of Warwick, Coventry, 
Warwickshire.  W 8456 

CLASSIFIEDS 
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OFFICIAL APPOINTMENTS 

THE UNIVERSITY OF SUSSEX 

LABORATORY OF EXPERIMENTAL 
PSYCH OLOGY 

PATTERN RECOGNITION 

ELECTRONIC TECHNICIAN 
required to develop novel circuits for learn-
ing to recognize patterns and with appli-
cation to sensory aids for the Blind; there 
are good laboratory  facilities  for this 
rewarding work. 

Salary within the range £683 to £968 per 
annum.  Three weeks' annual holiday. 
Superannuation scheme. 

Applications (four copies) should give full 
details of age, qualifications, experience, 
present salary and names of two referees 
and be sent to the Assistant Registrar 
(Establishment), the University of Sussex, 
Stanmer House, Stanmer, Brighton, as 
soon as possible.  W 8471 

MINISTRY OF DEFENCE 
(ARMY DEPARTMENT) 

ROYAL ARMAMENT RESEARCH AND 
DEVELOPMENT ESTABLISH MENT 

POTTON ISLAND, GREAT W AKERING, 
SOUTHEND-ON-SEA 

EXPERIMENTAL OFFICER,  or ASSISTANT 
EXPERIMENTAL OFFICER aged at least 22, to 
develop instrumentation and ancillary equipment 
associated with measurement of transient phenomena. 
Experience of general electronics, the application of 
electronic principles and new developments to meet 
a wide variety of experimental requirements required; 
experience of high speed instrumentation desirable. 
QUALIFICATIONS: Degree, Dip. Tech., H.N.C.. 
or equivalent in appropriate subject. 
SALARY: A.E.O. £803 (at 22) —£1,017 (at 26 or 
over)—£1,243; E.O. (minimum age 26) £1,365.-.-
£1,734. 
Prospects of permanent pensionable appointment. 
APPLICATIONS to Ministry of Defence, CE2(F) 
(AD), London, W.C.2.  W 8457 

UNIVERSITY OF CAMBRIDGE 

CAVENDISH LABORATORY 

VHF AND MICRO WAVE DEVELOPMENT 

Assistant required for circuit development, 
mainly in applications to radio astronomy. 
1-2 years experience in VHF, UHF or 
microwave fields desirable. 
Day-release granted for approved study. 
Appointment  in  University  Scientific 
Assistant Grade (salary, if suitably qualified, 
£590—£849 p.a.) or Technical Assistant 
Grade, (salary £796 —£1,068 p.a.) Initial 
salary according to age, experience and 
qualifications. 
Applications should be sent to The Secretary, 
Cavendish Laboratory, Free School Lane, 
Cambridge.  W 8454 

THE CITY UNIVERSITY 

ST. JOHN STREET, LONDON, E.C.I. 

DEPARTMENT OF PRODUCTI ON 
TECHN OLOGY AND CONTROL 

ENGINEERING 

Appointment of 
EXPERIMENTAL OFFICER 

Applications for this post are invited from 
holders of a British university degree or of 
qualifications to satisfy the examination 
requirements for the status of Chartered 
Engineer. 

Salary scale: £1,300 x £75 —£1,825 per 
annum. 

The duties will include the development and 
supervision of construction, installation and 
commissioning of apparatus and rigs for 
research, post-graduate instruction and for 
use in the last years of the honours degree 
courses. Form of application and further 
particulars from Head of Department. 

W 8455 

IMPERIAL COLLEGE 

LONDON, S. W.7. 
- -

ELECTRONICS TECHNICIANS 
- -

Vacancy for Technician or Senior Tech-
nician to join lively development group 
concerned with application of electronics 
techniques to Chemical Engineering and 
Technology research.  This is an excellent 
opportunity for an ambitious young man 
to gain experience in transistor circuitry, 
instrument design and systems engineering. 
Good pension scheme and conditions. 
Salary: Technician £713 —£1,078, Senior 
Technician £972—£1,290  depending  on 
qualifications and experience. 

Write in confidence to Professor G. R. Hall, 
Department of Chemical Engineering and 
Chemical Technology, Imperial College, 
Prince Consort Road, London, S.W.7. 

W 8458 

IMPERIAL COLLEGE 

CHIEF TECHNICIAN 
FOR 

ELECTRONICS DEPARTMENT 
- -

CHIEF ELECTRONICS TECHNICIAN. 
Essentially a practical post with plenty of 
scope for original design in conventional 
transistor circuitry, micrologic and advanced 
digital and analogue systems for applications 
in Engineering and Technological research. 

Good pension scheme and working con-
ditions. 
Salary in range £1,302—£1,483. 

Write in confidence to Professor G. R. Hall, 
Department of Chemical Engineering and 
Chemical Technology, Imperial College, 
Prince Consort Road, London, S.W.7. 

W 8459 

RADIOLOGICAL PROTECTI ON 
SERVICE 

MINISTRY OF HEALTH AND MEDICAL 
RESEARCH COUNCIL 

TECHNICIAN/JU NI OR TECHNICAL 
OFFICER 

Technician/Junior  Technical  Officer  re-
quired by the Birmingham Regional Centre 
situated at the Queen Elizabeth Hospital. 
The Laboratory serves the Midlands, East 
Anglia, South West England and South 
Wales. It gives advice on radiological 
hazards in industry and research establish-
ments etc. and carries out experimental 
work in that connection. 

The person appointed will devote most of 
his time to the development and construc-
tion of electronic instruments and on 
maintaining and improving existing equip-
ment. 

Applications  will  be  considered  from 
persons with A levels in scientific subjects, 
O.N.C. or H.N.C. and possessing relevant 
experience. 5 day week, superannuation 
and other M.R.C. conditions. Salary within 
the ranges £577 —£1,201 according to age, 
experience and qualifications. 

Application (two referees) to the Honorary 
Director, R. F. Farr, Esq., M.A., F.Inst.P., 
Radiological  Protection Service,  Queen 
Elizabeth Hospital, Edgbaston, Birmingham 
15.  W 8446 

CLASSIFIEDS 

continued on page 128 

SITUATIONS VACANT 

FARE PAID TO USA  for  EXPERIENCED 
SEMICONDUCTOR DEVICE ENGINEER for 
work on diode lasers, will train/educate, interesting 
position, small company. Seed Electronics Corpora-
tion, 258 East Street, Lexington, Mass. 02173, USA. 

W 3083 

TEST AND SERVICE ENGINEER experienced in 
testing, commissioning and servicing of relay and 
solid state logic systems required by company 
manufacturing Machine Tool Controls London 
W.C.I. Applicants who are prepared to travel in 
U.K. and abroad should write to Box W 8451, c/o 
ELECTRONIC ENGINEERING. 

DAVY FARADAY RESEARCH 
LABORATORY, 

ROYAL INSTITUTI ON OF GREAT BRITAIN 

EXPERIMENTAL OFFICER 
(ELECTRONICS) 

An Experimental Officer (Electronics) is required 
for the design and maintenance of equipment for 
the study of fast chemical reactions, using nano-
second light flashes and laser techniques. Degree 
desirable but not essential. Salary and conditions 
similar to those of universities. Applications with 
names of two referees to Professor G. Porter, F.R.S., 
Director, The Royal Institution, 21  Albemarle 
Street, London, W.I.  W 8450 

THE  BRITISH  N ON-FERROUS  METALS 
RESEARCH ASSOCIATI ON 

INSTRU MENTATI ON ENGINEER 

Instrumentation Engineer, preferably with at least 
H.N.C. or equivalent qualification in electronics, 
electrical engineering or physics. Responsibilities will 
include development of practical instruments from 
new ideas. Age 20-30. Apply: Secretary/RE, The 
British Non-Ferrous Metals Research Association 
Euston Street, N. W.I.  W 8448 

UNIVERSITY GRADUATE 

in Electronics, preferably with industrial experience 
in research or development, to train as Patent Agent 
with London firm of Chartered Patent Agents. 
Preferred age 22-26. Patent Agency provides an 
interesting and rewarding career. Financial prospects 
within the profession are exceptionally good. Write, 
with brief particulars, Frank B. Dehn & Co., 
Imperial House, 15-19, Kingsway, London, W.C.2. 

W 8461 

ELECTRONIC CIRCUIT DESIGNER 

PERA has a vacancy for an Electronic Circuit 
Designer to work on original equipment design in a 
wide variety of fields including R.F., A.F. and Digital. 
This is a responsible position requiring close col-
laboration with industry. Excellent opportunities 
for advancement, generous leave allowance, super-
annuation under F.S.S.U., attractive commencing 
salary.  Full details in confidence to the Secretary 
(R.1923/67),  Production  Engineering  Research 
Association, Melton Mowbray, Leics. 

W 8452 

CANADA, AUSTRALIA. SOUTH AFRICA 

We have a steady flow of enquiries for draughtsmen 
and engineers. To be ready for anything that comes 
we keep a register of men seeking posts overseas. 
Write to Major ENgagements Ltd., Sheepy Parva, 
Atherstone, Warwickshire.  W 8469 
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SITUATIONS VACANT 

IVIIINNI M M M M M 
ADVANCED 
VISUAL 
DISPLAY 
If you are a circuit engineer and 
would like to join a team con-
cerned  with  advanced  visual 
display systems, Mullard Research 
Laboratories would like to hear 
from you. 
We have a senior vacancy in this 
team, the work of which includes 
colour  television  display.  The 
man we wish to appoint will be of 
graduate or equivalent level, able 
to assume personal responsibility 
for his own work under the overall 
supervision of the project leader. 
We are looking for candidates 
whose  approach  is sufficiently 
flexible to be able to work on 
other television or related circuit 
problems, as our programrnes of 
work change. 
We are also looking for one or 
two circuit engineers at a more 
junior level for work on associated 
projects. 
If you are interested in joining the 
Laboratories, please write giving a 
brief outline of qualifications and 
relevant experience and quoting 
reference 849/EE to:-

Dr. S. A. Ahern, 
Mullard Research 
Laboratories, 
Redhill, Surrey. 

W 8472 

a 
a 
a 
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SITUATIONS VACANT 

BERRY'S RADI O require SALES ASSISTANT 
with good technical knowledge.  5-day week.  Top 
salary —permanency. 25, HIGH HOLBORN, W.C.1 

W 8417 

PATENTS 

THE PROPRIETORS OF BRITISH PATENT 
No. 930901 for "Method of Manufacturing Hollow 
Cylindrical  Members  with  Apertured  Infernal 
Partitions." desire to enter into negotiations with a 
firm or firms for the sale of the patent, or for the 
grant of licences thereunder. Further particulars may 
be obtained from Marks & Clerk, 57/513 Lincoln's Inn 
Fields, London, W.C.2.  W 8466 

THE PROPRIETORS OF BRITISH PATENT 
No.  933205  for  "Solenoid  Controlled 
Distributing Slide Valve" desires to enter into 
negotiations for the sale of the patent, or for the 
grant of licences thereunder. Further particulars 
may be obtained from Marks & Clerk, 57/58 Lincoln's 
Inn Fields, London, W.C.2. 

W 8447 

CAPACITY AVAILABLE 

CAPACITY AVAILABLE  wiring of electronic 
equipment, prototypes and quantities:  AUTO-
GUARD PRODUCTS, 25, Wynnstay Road, Old 
Colwyn, COL WYN BAY.  W 3080 

AIRTRONICS LTD., for coil winding, assembly 
and wiring of electronic equipment, transistorised 
sub-units. Sheet Metal Work. 3A, Walerand Road, 
London, S.E.13. Telephone: Lee Green 1706. 

W 370 

EXTRA PRODUCTION FACILITIES: Skilled 
workers + floor space + expert supervision + 
extra production facilities for you.  See page 108. 

W 374 

FAST SERVICE for design and winding coils 
prototypes quantity. Also considerable facilities for 
design & production of assemblies, wiring etc. 
Electricole Ltd., 2-14, Shortlands, Hammersmith, 
London, W.6.  W 378 

SERVICE 

ELECTRO N ICO N LTD. From drawing board to 
production with minimum delay.  Let us be your 
research, development, design and prototype depart-
ment.  Pilot production runs a speciality.  176, 
Lythalls Lane, Coventry. Tel. Nuneaton 2353. 

W 372 

SITUATIONS VACANT CONTINUED 

Electronic 
Technicians 
TEKTRONIX  GUERNSEY 
LTD. would like to hear from 
men who feel that after a short 
period of familiarisation, they 
would be competent to test and 
calibrate a range of the Com-
pany's oscilloscopes.  Those 
with previous electronics ex-
perience who would like to 
work for a Company offering 
good conditions of employ-
ment, should write with full 
details to 

The Personnel Manager 
P.O. Box 65 
Victoria Avenue 
St. Sampson's, Guernsey 

W 8463 

MONOCHROME AND COLOUR 
TELEVISION 

WAR WICK ELECTRONICS INC. one of the world's 
largest manufacturers of television receivers has several 
outstanding vacancies for qualified engineers. 

Permanent career opportunities as a result of long term 
expansion programmes at our headquarter laboratories 
for: 

ADVANCE DEVELOPMENT 
ENGINEERS 

CIRCUIT DESIGN AND 
DEVELOPMENT ENGINEERS 

Candidates should possess a degree in Electronic Engin-
eering; H.N.C.; its equivalent or specialist experience 
of a high order together with a minimum of 3 years 
experience in industry. Familiarity with semi-conductor 
techniques and/or use of computers in design a decided 
asset. 

Location is in Niles, Illinois—a suburb north of Chicago 
with outstanding educational, recreational and social 
facilities. Excellent insurance,  medical and  pension 
benefits. Salaries commensurate with qualifications and 
experience. Profit Sharing and Cash Bonus Plan. 

Liberal relocation allowance and housing assistance for 
successful candidates and their families. 

Interviews will be arranged for in London Area between 
November 29th and December 5th. 

Please submit details to Box No. W 3084 c/o Electronic 
Engineering. 
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SITUATIONS VACANT CONTINUED 

Science 

Research 

Council 

DARESIIIMY NUCLEAR 
PHYSICS LABORATORY 

A large Electron Synchrotron (NINA) will be brought into 
operation this year and will be used for nuclear research by 
university and resident research teams. 

NINA MACHINE GROUP 

TECHNICIANS 
A number of technicians, at both senior and junior levels, 
are required to work in the NINA Machine Group. They 
will play an important role in the Group as members of the 
operating team running the synchrotron coupled with 
responsibilities, under the supervision of senior physicists 
and engineers, for development of various aspects of the 
synchrotron to improve its performance. These appoint-
ments will entail some regular three-shift working. 

Applicants should have served a recognised apprenticeship 
or have had comparable training and in addition should 
possess O.N.C. for the Grade II and III posts or H.N.C. 
for the Grade I posts in electrical engineering or applied 
physics. Several years' experience in instrument technology, 
electronics, light electrical engineering or power engineering 
is desirable and knowledge of one of the major fields of 
accelerator technology such as radio frequency or vacuum 
would be an added advantage. 

The appointments will carry membership of a non-contribu-
tory superannuation scheme and will attract salaries in the 
range:-

Grade III £945 at age 26, rising to £1009 at age 28 

and over, to a maximum of £1129. 

Grade 11 £1129-£1288 per annum 

Grade I £1288-£1586 per annum 

Grade will be according to age and experience. 

Please send postcard quoting reference No. DL/118 for 
application form to:-

Personnel Officer, 
SCIENCE RESEARCH COUNCIL, 
DARESBURY NUCLEAR PHYSICS LABORATORY, 
Daresbury, Nr. Warrington, Lancashire. 

Closing date for receipt of completed application forms is 
9th December, 1966. 

W 8444 

SERVICE 

BINDING OF VOLUMES 
Readers can have their copies of ELECTRONIC ENGIN-

EERING bound, complete with index and with advertising 
pages removed, in a good quality red cloth covered case, 
lettered in gold on the spine, including packaging and 
return postage at a cost of £3 10s, per volume. 
Home and overseas readers who require their issues for 

1966 bound, are asked to comply with the following 
instructions: 
Tie the issues together, enclose a remittance of £3 10s., 

with the sender's name and address, and despatch 
carriage paid in a closed parcel to: 
The Circulation Dept. (E.E. Binding), 28 Essex Street, 

Strand, London W.C.2. (Cheques or postal orders 
should be made payable to Morgan Brothers (Publishers) 
Ltd). 
Readers who wish to make other arrangements for 

binding their own copies can purchase binding cases 
(suitable for firm binding only) at a cost of 15/- each 
including postage. 

IBM Laboratories 
Mask Technology and 
Photo Engineer 

A vacancy exists for an engineer with experience in the latest 
techniques of integrated circuit and printed circuit photo 
mask technology. Experience should include advanced 
Plating Techniques. 

The work of the Photo Engineering Laboratory is expanding, 
and thrusts at the limits of technology, and the very wide 
range of equipment in use is the most accurate available. A 
new clean area photo laboratory building is planned. 

The appointment offers great scope for further advance-
ment for an engineer with drive, knowledge and initiative 
and preferably with exempting qualifications for member-
ship of a chartered professional institution. 

Full details of the position, the company and its benefits, 
which include reimbursement of re-location expenses, will 
be given at interview. 

Please write, In confidence, to the Personnel Manager, 
IBM United Kingdom Laboratories Limited, Hursley Park, 
Winchester, Hants. 

BOROUGH POLYTECHNIC 
Borough Road, S.E.1 

Applications are invited for the post of 

HEAD OF THE DEPARTMENT 

OF ELECTRICAL AND 

ELECTRONIC ENGINEERING 

Candidates should possess high academic and 
professional qualifications in Electrical Engineering and 
have held a senior teaching post in this subject. 
Responsible research, industrial or administrative ex-
perience would be an added qualification. 

SALARY SCALE:-

Head of department (Grade V), £2,970 — £3,210 p.a. 

Further particulars and application form obtainable 
from the Clerk to the Governing Body, to whom com-
pleted applications should be returned by 31st December, 
1966. 

W 8470 
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SITUATIONS VACANT CONTINUED 

Component 
Evaluation 
Engineer 
A vacancy has arisen for an 
Engineer in a staff group. Must 
be familiar with the evaluation 
of components, including semi-
conductors. A knowledge of 
oscilloscope circuits would be 
an advantage for work in a 
product line support function. 

Please write for an application 
form to 

The Personnel Manager 
Tektronix Guernsey Ltd., 
P.O. Box 65 
St. Sampson's, Guernsey 

W 8464 

EA U Electronics 
Engineers 

A number of vancancies exist for Electronics Engineers in the 
Research and Development Laboratories of E.M.I. Electronics 
Limited, Feltham, Middlesex. 
These positions would be of particular interest to applicants with 
one or two years experience since qualifying who wish to broaden 
their experience in a wide and varied field. 
CIRCUIT ENGINEERS For the design and development of radar 
circuits. The duties would include the preparation of specifications 
and compilation of reports on designs and development undertaken. 
Preference will be given to applicants with experience in pulse and 
VHF oscillation techniques. 
DEVELOPMENT ENGINEERS For development of missile radar 
equipment and associated test equipment involving the testing and 
proving of units under varying environmental conditions. 
COMPONENT ENGINEER  Working in the Design and Evaluation 
Department to advise Project Engineers on components, their use, 
reliability etc. Duties include liaison with Ministry Departments, 
Services and Manufacturers on information relating to existing 
components and new development. Knowledge BSI and Industry 
Component Specifications, preferably with experience of Quality 
Control, would be an advantage. 
Candidates should have a minimum qualification of HNC in 
Electronics Engineering. 

Please write or telephone for an applica-
tion form, quoting reference number EE 
PGBto 

P. W. E. FOX, PERSONNEL OFFICER, 
E.M.I. ELECTRONICS LTD., 
VICTORIA ROAD, FELTHAM, MIDDX. 
Telephone No. FELTHAM 3600. Ext. 44. 

W 8473 

SANKEN SEMICONDUCTORS 

PHOTOCONDUCTIVE CELLS 

Cadmium Sulphide and 
Cadmium Selenide 
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EE 01 003 for further details 

Lintronic Limited—a digital system design and manufacturing company, with many years of data 

recording and processing experience on aircrafts and aero-engines flight test data handling: 

micro-meteorological field data observations; computer compatible magnetic tape recording; 

digital computer interface; and diverse special purpose digital systems—will be introducing 

a new family of integrated-circuit Transistor-Transistor digital logic boards. These are 

intended for general purpose construction, using standard GPO modular chassis for printed 

circuits. A typical module accommodates up to 40 boards at 0.5" spacing, and measures 

approximately 20" x 3.5" x 3.5". 

A new family of IC/TTL Logic Boards 

Bistables:  Price inclusive 
of Edge-Connector 

IC TTL 

a. Dual Master-slave J.K. 

b. Dual Single-phase J.K. 

c. Quad Type D 

Board size: 2.5" x 2" Epoxy glass 

Positive NAND Gates: 

IC TTL 

a. 4 x 4 inputs 

b. 6 x 3 inputs 

c. 8 x 2 inputs 

d. 16 x 1 input 

16 pins double sided (32) 

Special Purpose: 

IC TTL 

a. Quad Exclusive Nors 

b. Dual Binary Adders 

c. Dual Decade Counters 

d. Dual 8-bit Shift Registers 

0.5" spacing between boards 

£6. 5s. Od. 

£7. 10s. Od. 

£8. 10s. Od. 

£5. 10s.r0d. 

£5. 10s. Od. 

£10. 10s. Od. 

£16. Os. Od. 

£21. Os. Od. 

TYPICAL CHARACTERISTICS: 

Parameter Basic Gate 
circuit 

Propagation 
delay 

Power 
dissipation 

Fan Out 

Dc noise margin 

Supply voltage 

Temp. range 

Bistable 
circuit 

15 nsec  50 nsec 

10 mw 

10 

1v 

5 y 5% 

0 to  70°C 

60 mw 

100 

1v 

5 y 5% 

LINTRONIC LI MITED DIGITAL SYSTEM  ENGINEERS 
54-58 Bartholomew Close  .  London  .  E.C.1  Telephone: MONarch 0791/2 
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