
TSA6634A 

A MORGAN BROTHERS PUBLICATION JUNE 1967 3s. 6d. 

1 1, V El ni rVenner Counter-Timers give you top value for money  

DICIIALCOOM0e400 MA6084 

1.044  

C r g ie g. .4 e 171  

V00,00.400.00.8 

TSA6634 
4 digit 5MHz £130* 

Measures frequency to 5MHz 
Measures period to 100kHz 
Measures time (1 line) 
from lOgsec to 10 sec 
Crystal accuracy 5 x 10-6 
Input sensitivity 75mV 
Steady clear display 

4 digit 7.5MHz £150* 

Measures frequency to 7.5 M Hz 
Measures time 1psec-10sec 
(1 or 2 line) 
Measures frequency and 
frequency ratio; counts, too 
Incorporates 2MHz oscillator 
accurate to 1 x 10-6 
Input sensitivity 75mV 
Steady clear display 

0,GITY ..oera  /6A0036 

(4) 

TSA6636 
6 digit 12.5MHz £195* 

Measures frequency to 12.5 MHz 
Measures time 1µsec—lOsec 
(1 or 2 line) 
Measures frequency and 
frequency ratio; counts, too 
Incorporates 2MHz oscillator 
accurate to 1 x 10-6 
Input sensitivity 75mV 
Steady clear display 

\/ENNER 

*Prices in UK only 
Venner Electronics Ltd. 

Kingston By-Pass 
New Malden • Surrey 

(01-942 2442) 
Venner A. G., Burgernzielweg 16, 

3006 Berne 
Venner N. V., Helmstraat 3, Den Haag 

Instruments normally finished in grey. 

Ask for a demonstration 
of these three Venner 
Counter-Timers by 
contacting Venner today. 
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CONTACT 
FOR THE HEST IN CONNECTOR 

11\ 
DESIGN 

THE SECRET IS IN THE SPRING 

EDGE CONNECTORS -E WD SERIES 
The latest range of Ferranti Edge Connectors offer even 
greater reliability. The design incorporates a unique rolling-
leaf spring contact, which has a low rate stress limiting 
characteristic, giving controlled contact pressure and very 
low insertion and withdrawal force. 
AVAILABLE WITH 8, 16, 24, 32 or 40 POLE POSITIONS 
SINGLE OR DOUBLE SIDED CONTACTS. 

CONNECTORS 
LFC SERIES 
Ferranti LFC Connectors are designed for use either as rack 
and panel connectors, or, when used with the appropriate 
connector cover, as a free plug or free socket. LFC 
Connectors offer: UNSURPASSED RELIABILITY • VERY 
LOW INSERTION FORCE • LOW RATE FLOATING 
SPRING • CONTROLLED CONTACT FORCE. 
Available in 35, 70 and 91 pole sizes. 

WRAPPING TOOLS 
The Ferranti range of Wrapping 
Tools enable wrapped joints to 
be made quickly and easily 
with the minimum of staff training. Wrapped joints are the 
most reliable joints known, take less space and completely 
eliminate the possibility of damage caused by heat. 
A full range of Hand and Power operated tools is available 
for making standard or miniature joints. Standard power 
tools are driven by compressed air and miniature power 
tools by electricity. 

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

FERRANTI  LTD • KINGS  CROSS  ROAD • DUNDEE 

FERRANTI 
SCOTLAND • Telephone: 

First into the Future 

(ODU2)  Dundee  89311 

DS/T1 54/2 
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030 Vat 2A1n311/0 see 
That's a Belix power supply 

11111.31 30 Vin 2,11 see 
That's a Belix power supply 

1 Ur at 70°C 
That's a Belix power supply 

t YEAR 

1  

For full details 
of the R.S. range 
and of other 
Belix Power Supplies 
please 
write or telephone 

BELIX 
The Belix Company Ltd. 
47 Victoria Road, 
Surbiton, Surrey 
Telephone: 01-399 5764 
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Oneoffmanship 

Alma design 
nearly three hundred 
reed relays in three years 
Many of these specials have now been 
incorporated into our standard range of 

relays.  Alternatively, they have been 

REED RELAYS 

Rfrt r) J. 

adapted to form the basis of other specials. 
So if you have a call for a reed relay quite 

unlike anything you've heard of before— 
call Alma. Chances are we already have a 

design to suit exactly. And that will save 
you TIME! 

Typical examples 

Very sensitive type - 25mW Low capacitance - ipF 

Not shown - Reed Uniselector for sequential switching 

High voltage - 25kV High insulation - Iolifl 

ALMA CO MPONENTS  LI MITED 
Park Road  • Diss  • Norfolk  Telephone: Diss 2287  • Telex 98162 

M.O.A. & A.R.B. Approved Inspection 

JUNE 1967 
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ACROSS INDUSTRY... 

THEY'RE PREPARING 

FOR NATURAL GAS 

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

Industry is looking forward to A 
HrUMEL. HIGH SPEED GAS 4)) 
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"There's a fortune 

in the idea-if only 

we had the capital 

to exploit it" 

Sometimes it seems that the easiest stage of a real tech-
nical advance is the idea itself, and that the more difficult 
stages are its application, development and eventual 
marketing. For these stages finance is needed, and it is 
frustrating to conceive the idea and then be unable to 
raise the money to exploit it. 
T.D.C. was formed to meet this need—to assist companies, 
associations or individuals who have made a substantial 
technical advance but are held up for finance at the com-
mercial stage. If you think that T.D.C. could help, begin 
by sending for our booklet 'Capital for Technical Inno-
vation'. 

Technical Development Capital Limited 
7 Copthall Avenue, London, E.C.2. 

A Subsidiary of 
Industrial and Commercial Finance Corporation. 

By how much 
will FREON* 
cut the cost of 
your industrial 
cleaning? 
1013 5013 8010? 

Because it removes grease and, oils without harm 
to metal, plastic or elastomeric parts, and has high 
density and low surface tension, FREON is the ideal 
cleaning solvent. 
Du Pont makes over 40 different FREON fluoro-

carbons—all tailored to handle specific needs. 
Many companies have reported dramatic savings 

in labour and solvent costs after using FREON 
solvents—and they have received the benefit of 
Du Pont's considerable technical experience in 
effectively analysing cleaning problems. 
Find out how FREON solvents can give you better 

cleaning at lower cost by completing the coupon 
and posting it today. 

To: Du Pont Company (United Kingdom) Ltd., 
'Freon' and 'Valclene' Products Department, 
Du Pont House, Fetter Lane, London, E.C.4. 

I am interested in receiving information on the 
advantages of using FREON solvents in cleaning 

(State application) 

Name   

Position   

Company   

Address   

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

FREON* *Poe 
S OLVENTS 

* Du Pont's registered trademark 

Better Things for Better 
Living 

...through Chemistry 

EE6/67 .111 

çe DP275 
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meet a high class family thae not 
afraid of hard work, real hard work 
First meet the 'baby' logger—the 620. He can handle up to four 4-digit measurements 
a second with I IN resolution, and has floating differential inputs, insensitivity 
to noise, expandability and versatility. 
Not enough ? Try the 630 system—similar to the 620, but with added capabilities, 
fully programmable functions, 6 digits and up to six measurements a second. 
Still too slow ? Then go for the El-85 system. This cool sophisticate can log up to 
25 measurements a second—d.c. from 1 t,V to 750V, d.c./d.c. ratios, a.c. volts, 
ohms. He has a successive—approximation multimeter with ±0-01% accuracy, plus 
a high CM R and active Bessel filter for noise protection. 
Or perhaps you'd prefer to meet their close relations, the digital voltmeters . .. like 
the El-85 which provides a full 5-digit measurement in 10 milliseconds with 
±0-005% accuracy, and the 630 which has 6-digit display and I IN resolution. 
These are just some of the Honeywell test gear family. Get to know 
them—and the others, by writing for details to 
Honeywell Controls Limited, Test Instruments, 
Great West Road, Brentford, Middlesex. ATLas 9191.  Honeywell 
Honeywell International: Sales and Service-offices in all principal cities of the world. Manufacturing in U.K., U.S.A.. Canada, Netherlands, Germany, France, Japan, 
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PULSE GENERATOR PG-2 
THE MOST VERSATILE PULSE GENERATOR IN ITS PRICE RANGE 

VARIABLE RISE AND FALL TIMES 

VARIABLE WIDTH AND DELAY 

VARIABLE BASE LINE OFFSET 

1 c/s TO 16 Mc/s. 

MADE IN ENGLAND 

The type PG-2 is an all solid state pulse generator 
with true positive or negative single or double 
pulse outputs, offering the widest combination of 
PRF, pulse width, delay and rise and fall times in 
any single instrument in this price range. 

• PRF 1 c/s to 10 Mc/s (16 Mc/s double pulse) 
im WIDTH 10 ns to 200 ms 

•DELAY —10 ns to  200 ms 

• RT& FT 10 ns to 20 ms 

• OUTPUT 0 to 20 V (12 V into 50n) 

• BASELINE SHIFT 0 to 4 V 

• POSITIVE, NEGATIVE OR COMPLEMENTARY PULSE 

• PANEL HEIGHT 3+" 
• PRICE £380. 

CLAUDE LYONS LIMITED 
Instruments Division, 

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

76 Old Hall Street, Liverpool 3. MAR itime 1761. Telex 62181 

ID13 
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the family 
a range ofX -4 graphic recorders. 
the plannineby  Honeywell 
Start with the 'baby', the 320M. Although it is low priced and measures only 
12" x 19", the 320M is packed with big instrument features that make it an accurate, 
versatile and reliable choice. For example, it has a repeatability of ± 0.1%, 80 tiV/cm 
sensitivity, and can have a built-in time base. 
Then there's the 520, a high sensitivity recorder (50 iN/cm) with isolated inputs 
and potentiometric input impedance for use with delicate signal sources. It has an 
accuracy of ± 0-1 5%, internal time bases on both axes and remote control facilities. 
For plug-in module versatility, there's the top performance 400. In one or two 
(X-YY') pen versions. This instrument has been designed to make 'obsolescence' 
a forgotten word! 
The full story about the family of X-Y recorders is yours for 
the asking: simply drop a line to Honeywell Controls Limited, 
Test Instruments, Great West Road, Brentford, Middlesex. ATLas 9191.  Honeywell 
Honeywell International: Sales and Service Offices in all principal cities of the world. Manufacturing in U.K., U,S.A., Canada Netherlands Germany, France, Japan 
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See For Yourself 
By Testing Sankyo's 
Family Of Micro Motors! 

101 

MM P55 

DMT 1  Single speed (2400 rpm). With flat sealed 
case. 

MMS51  Single speed (300 rpm). For high grade 
tape recorders. 

MMP55  2 speeds (2700,4800 rpm). For 8mm 
cameras. 

MPAZ6  Without governor. For still and cameras. 

SPECIFICATION FOR SANKYO MICRO MOTORS 
Dimension  Rated  Range 

Voltage  ot 
Voltage 
(V) mmi 

Length 

Rated  Rated  No  Load  Starting  IA 
Torque  Speed  Load  Current  Toque 

Current 
tgr-cm)  (rpm)  (m61  lmAl  (8,4m)  1Hrl 

42 , 37 
42 , 37 
42 , 37 
25 , 55.5 

25. 55.5 

20 , 45 

16x 29 

8 
12 
9 

6 

4.5— 6 
4.5— 6 
8 —12. 
6 —10 . 

*4.5— 6.3 

tO 
20 
10 

7 

4.5  4 —G  10 

4  4 - 8  2 

2400 
2400 
2400 
3000 
3000 
129001 
2700 
4800 
6000 
11500 

40  130  2514.54/  600 
50  200  50t4.541  600 
50  150  50(89)  600 
40  140  201610  600 

50  I 40  2514.541  1000 

11101  12901  60(4.54)  50 

(100)  120  151441  100 

Sankyo 
Motor Division 
SANKYO SEIKI MFG. CO., LTD.: 17-2. Shimbashi 1-chome, Minato-ku, Tokyo. 
Japan.  Tel: 591-8371  Cables: SANKYORGEL TOKYO 
AMERICAN SANKYO CORP.: Rm. 808-10, 95 Madison Ave., N.Y.C.,N.Y., 
U.S.A.  Tel: LE-2-8020 
SANKYO (EUROPE) EXPORT und IMPORT G.M.B.H.: 4 Düsseldorf. Bahnstraee 
45-47, W. Germany.  Tel: 25652/3 

P‘,A4 

e ew e ‘l e  

se e f(Nte(  
G O 

TYPE A 

TYPE 1B 

(British Patent 
No. 664992— 
British Foreign patent) 

UNIVERSAL 
MINIATURE 
COUPLINGS 
The extensive range of Oxley precision 
made mechanical spindle couplers 
have been specially designed for 
leading out shafts and spindles from 
inconveniently mounted components. 

They are unique in utilising P.T.F.E. as 
bearings. Thus reducing friction and 
consequently eliminating wear and 
backlash to a minimum ensuring 
long life. 

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

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

For lull technical particulars write to 

OXLEY 
DEVELOPMENTS 
COMPANY LIMITED 
Priory Park, LILVERSTON, North Lancs. 
Tel. LlIverston 2621 

19 
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Hall and Kay have green fingers 
when it comes to air conditioning for computers 

Delicate plants, computers . 
their air conditions must stay 
within a hairsbreadth of the 
perfect. 
The people to ensure that are 
the HK Organisation. 
They draw on many years of 
specialised experience in the 
installation of air-conditioning 
plant for factories, schools, 
offices, restaurants, cinemas 
and textile mills — some 
razor-thin tolerances in the air 
around that industry, too! 
HK technicians and designers 
are ready to examine your 
air-conditioning requirements, 
and to put forward complete 
specifications, drawings and 
estimates for an efficient and 
economically-running 
Installation. 

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

AIR CONDITIONING 
DIVISION 
Hall & Kay Limited, 
Birch Street, Ashton-U-Lyne 
Lancs, 
Tel: ASHton 5551 (7 lines) 

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

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

Members of the Spark Holdings 
Group of Companies 

READ ALL ABOUT THE HK 
'THREE-IN-ONE' SERVICE 

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

AIR 

HEAT POWER 

HALL & KAY AIR-CONDITIONING, HEATING AND POWER ENGINEERS 
G. 994 
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YOU CAN NOW OBTAIN 

CAPAC 10 8 from the 
RADIO 
RESISTOR 
CO. LID 

e s .   t i  

2 ta 5 o  es W .  
0 CD  at 

6ce'nS 1 

Many important types are becoming available Including: 

METALLIZED 
(DUPONT) MYLAR 
World's smallest in the 

1,000 to 39,000 pF range— 

completely reliable—tropic-

alized —conform with 

N.A.T.O. specifications. 

±1 % 3% 5% 10%. 63V-

400V. 

STABILIZED 
POLYCARBONATE 
High frequency and tem-

perature stability—excep-

tionally low power factor— 

high dielectric insulation 

resistance—operate up to 

125°C—big space savers. 

= ==. 

METALLIZED 
POLYESTER 
Rugged reliability—small, 

for subminiature assem-

blies—high performance— 

high quality—competitively 

priced for production runs. 

1,000 pF, 4.7 m/d  10%: 

20%. 250V-400V. 

MINIATURE 
ELECTROLYTICS 
Unique types in moulded 

bakelite resin sealed axial 

and printed circuit termin-

ations 3 volt and 75 volt 

working. 

Please write or telephone for 
full technical details 
and samples 

IIIIIIIIIIIII
IIIIII
IIIIII
IIIII
IIIIII
IIIIII
IIIIII
III 

RADIO RESISTOR CO LTD 
9-11 Palmerston Road, Wealdstone, Harrow, Middlesex 
Telephone: HARrow 6347  Telex: 25573 
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what a little one doing in an 
adrertisentent about big Daddy? 
You can't beat family pride! So when we decided to show you the 2106 Visicorder, 
we thought let's bring the little one in as well. 
The 1706 was after all the first ever low cost UV recorder, and what a fine picture it 
makes with its newly added electronic flash timing, grid lines and 5 sets of 8 paper speeds... 
But it's the 2106 that's the real big Daddy of Honeywell's oscillograph family. 
For a heart it has the world's best galvos—range 0 to 13,000 Hz. Its 12 (-1- 2 auxiliary) 
channels, chart speeds up to 300 cm/s and full width electronic time and grid lines 
add up to a pretty powerful versatility. 
... And it's not as expensive as it looks ! The 2106 is just one of the Visicorder family 
about which we'd like to tell you more. We will gladly add your name to the mailing list 
if you drop a line to Honeywell Controls Limited, 
Test Instruments, Great West Road, Brentford, Middx. Atlas 9191. 

-11 Honeywell 
Honeywell International: Sales and service offices in all principal cities of the world. Manufacturing in U.K., U.S A., canada. Netherlands, Germany, France, Japan. 
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WELWYN 
METAL FILM 
DISC & ROD 
RESISTORS 
for 
microwave 
applications 

Typical assembly actual size 

* OHMIC RANGE 
Disc 1c) to 800o at ± 1% 
Rod  10 to 4K o at ± 1% 

* WATTAGE RATING AT 70°C ( in free air ) 
0.25 watt 

* LOAD STABILITY 
<1% 

* FREQUENCY RANGE 
D.C. to 4000 MHz. VSWR is 105 
4000 MHz. to 10 000 MHz. VSWR is 11 

* Can be supplied in 17.1 and L assemblies 
from 1db to 40 db in 1db steps 

Impedance Tolerance  ± 1% 

Attenuation Tolerance: ±01 db or ±. 2% 

741,.31433 
_e 

WEL WYN  ELECTRIC  LI MITED 
BEDLINGTON  NORTHU MBERLAND  ENGLAND 

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

Cannon Electric 
(Great Britain) Ltd., 
Lister Road, 
Basingstoke, Hants. 
Tel: Basingstoke 3171 

o"Prillr 
Registered Trademark 

CANNON 
For more information circle No. 20 
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Examples ol work 
curra tly going through our plant 
with suengen quality control 

Spacer Yokes 

Lead 
Frames 

Flexible 
CI, CY its 

Recording-head 
Larnrnatrons 

Plates 
and Shims 

o 

Superior 

PHOTOETCHING 
by 
the 
experts 

CHEMICAL MILLING 

IN ALL FIELDS 

that is 

Superior for these reasons 

RD Largest capacity in Britain 

BD Longest experience in producing 

'RD Greater know-how 

RD Better equipment 

RD New large factory being readied 

All metals any project handled 

VID Effective delivery control 

ffD Confidential service 

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

MI C R O P O N E N T  D E V E L O P M E N T  LI MI TE D 

17 NE WHALL HILL BIRMINGHAM, I Telephone Central 6201 (Ansaphone) 

For more information circle No. 21 

JUNE 19 67 



For more information circle No. 22 

a 

YOU 
helped 
to design 
this range of 

power supply units ... 
SO THEY MUST BE GOOD! 
S.B. RANGE VARIABLE OUTPUT D.C. STABILISED 
POWER UNITS. Based on proven electronic circuitry, 
incorporating a current limiting protection circuit and 
designed with the emphasis on reliability. 

SB 30/10  Variable  S830/5  Variable  Sl3 30/2  Variable 

0.30 Volts at 10 Amps. 0.30 Volts at 5 Amps 0.30 Volts at 2 Amps. 

U.K. PR10E£105  U.K. PRICE £78  U.K. PRICE e58 

lumen 
INSTRUMENTS LTD. 

SANDBECK WAY 1 WETHERBY 
YORKSHIRE  TEL. 2691/2/3/4 
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SMALL TRANSFORMERS 
for electronic applications 
with Interservice Qualification Approval 

With long experience in the manufacture and supply of small transformers for the Services 
and Government, English Electric offer a wide range particularly suitable for radio, radar, 
telecommunications, aircraft and marine transmitters and receivers and other applications where 
quality, reliability and compactness are essential. Capacity is also available to manufacture in quantity 
to customers' specifications. 
OPEN TYPE 'C' CORE TRANSFORMERS With full interservice qualification approval, 
Humidity Class H.1 to DEF. 5214. 
Transformers can also be supplied to the less stringent requirement, Humidity Class H.2. 
HERMETICALLY SEALED 'C' CORE TRANSFORMERS with full interservice qualification approval. 
RESIN CAST 'C' CORE TRANSFORMERS with limited qualification approval. 

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

Leadership in transformer design 
ENGLISH 
ELECTRIC 

TFL 57A 
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STABILISED 
PO WER 
SUPPLIES 

H̀ere's why 
we buy from 
Advance' 

We insist on exact specifications. We demand real assurance of service. 

We get firm quotations, and we make ruthless comparisons. Advance come 

out on top every time, with their outstanding range of modular power supply 

units and their extraordinary skill and enthusiasm when it comes to design-

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

what Advance have to offer. 

A_ D V: Al\T C E  E LJ E G UIR, 01\TI C S  Li I M I T IE  JD 
Volstat Division, Roebuck Road, Hainault, Ilford, Essex. Telephone: 01-500 1000. Grams: Attenuate, Ilford. 
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PHILeTROLoffer the 
WIDEST RANGE 
of SIDLE NC:311DS 

Phil-trol Solenoids range from a small type 45, suitable for e 
spacing (i.e. for typewriters), to the AC type 83, 47 lbs over 11° 
on impulse duty and also up to 650 lbs-ins for the DC type 96, 
with complete range of AC and DC types between, push type, 
pull type, spring return and DC fitted with fully damped silicon 
rectifier circuits for AC supplies. 
Sample orders despatched same day  Production quantities 7 day service 

For Particulars ask for pamphlet 113E 

PHILLIPS CONTROL (G.B.) LTD 
Dept F7, Farnborough Road, Farnborough Hants, G.B. 

Tel: Farnborough 41129  Grams & Cables: Phlltrol Farnborough, Hants 

PRINTED CIRCUITS 
QUALITY BOARDS 
COMPETITIVE PRICES 
GOOD DELIVERY 
Design and prototype service with ample 

production facilities for small batches or long 

runs. All usual materials and finishes. 

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

ELECTRONIC ASSIMBLI 
Skilled labour for assembly of electronic or 

electrical equipment backed by machining 

and fabrication facilities. 

S.C.E.E.Limited 
Reddicap Trading Estate, Sutton Coldfield 
Telephone 021-354 8048 

A 1111=1120 expamer Company 

fr 

Made to measure! 
MODULAR DIGITAL DISPLAYS 
Counting Instruments 'In-Line' digital display units 
put over any message. Singly or in banks, in 
sizes from y to 3y high, in colour where 
required, these versatile units give information 
in clear, graphic terms ... on electronic 
equipment, timetables, computers, control and 
inventory systems, telemetering. All 'In-Line' 
displays work on rear projection, with quick 
disconnect for lamp replacement, and conform 
to ambient light conditions for maximum 
readability and eye appeal. 

SERIES i"-70 
A precision read-out unit for 
instrument panels, test equip-
ment and similar assemblies. 

11 Lamp positions. 

SERIES r -660 
Lightweight and versatile, for use 
with computers, airborne equip-

ment, control systems. 
12 Lamp positions. 

C O U NTI N G  INSTR U ME NTS  LI MITE D 
Elstree Way, Boreham Wood, Hertfordshire. Telephone: ELStree 41 51 

For more information circle No. 27 
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M E GO H M 
M ETER 

Type 2565 
rie/WAX//itailf reh.yWee. 
fflummilim 

The modern: method of measuring 

insulation in workshop, laboratory 
and on location. 

• No skill required: Just press keys and read Megohms. 
• Widely used in schools, factories, Laboratories, Colleges, 

Government Establishments. 

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

•  Mains Operated:  Stabilised Voltage:  Will read 
insulation Resistance of Capacitors. 

• Proven Circuitry. Gives years of trouble-free Service. 

• Easily Portable. Weight 14+lb. Dimensions 12+ x 8+ 
x 9 inches. Steel Case. 

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

Write or phone for full details'to 

A E D 
ELECTRONIICS LTD 

Telephone 

VAN DYKE 

1856 

28 UPPER RICHMOND ROAD, LONDON, S.W.15 

All units actual size 

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

12 Lamp positions. 

SERIES W -650 
For prominent display  of single 
numbers or combination of words, 
digits and symbols. 12 or 27 Lamp 

positions. Easily read at any angle. 

JUNE 1967 19 
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Two new models now extend the Beta Range of 
stabilised high voltage dc power supplies to 100kV. 
The new models, 910 and 911, offer positive and 
negative polarity respectively and provide an output, 
via a special Brandenburg screened connector, of 
250µA at 10kV to 100kV within a 7 inch high x 19 inch 
front panel. 
Despite the high voltage output from a unit having 
such compact proportions, no compromise in relia-
bility or performance has been made. Very special 
attention has been given to the design of the high 
voltage head and encapsulated components, areas 
where Brandenburg's experience and production 
facilities are unrivalled. 

BRIEF SPECIFICATIONS 

Output 
Model 910: 10kV to 100kV at 250µA positive 
Model 911 : 10kV to 100kV at 250µA negative 
Stability 
0.1 % at  7+% mains change 
Regulation 
0.25% zero to max load at full output 
Ripple 
Less than 0.3% peak to peak 
Input 
200-250V 50/60cps or 100-125V to special order 
Price 
£345 complete with 9' of screened output cable 

Other models of the Beta Range. (Identical in 
size and appearance) 

BRIEF SPECIFICATIONS 

Output 
Model 705: 2mA at 1.5kV to 15kV Reversible 
Model 800: 1mA at 3kV to 30kV I Polarity 
Model 905: 400µA at 6kV to 60kV Positive 
Model 906: 400µA at 6kV to 60kV Negative 
Stability 
0.1 % at  7+% mains change 
Regulation 
0.25% zero to max. load at full output 
Ripple 
0.1 % peak to peak (Models 905, 906, 0.16%) 
Price 
Models 705 and 800 £150. Models 905 and 906 £245 

Literature, with full details of these and all other 
models, is freely available from 

6. 
brandenburg 
139 SANDERSTEAD ROAD, SOUTH CROYDON, SURREY 
POSTAL CODE CR2 OYP Tel: SANDERSTEAD 0225 

v BOzo 
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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 c/s. 

Mains fuses and overload trip. 

220v single phase outlet to drive hour clock. 
External and zero current interlocks. 
Overcurrent relay trip. 

Models 820, 750 

Output 

Polarity 
Ripple 
Stability 110 % 
Mains Change 
Protection 
Regulation Zero 
to Full Load 
Input 
Size 

and 803  £285 each model 

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. 
19- wide x 17" deep x 15- 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 Kllobms. 
Potentiometer on Front Panel. 
Voltage and Current. 
Fuses and overload trip. 
200/250 volts. 50 cis. 
24" x 22" x ae (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 T high (cm. 48 x 43 x 18). 

Output 
Output Current 
Polarity 
Ripple 
Stability, + 10 % 
Mains Change 
Protection 

Regulation Zero 
to Full Load 
Input 
Size 

10kV to 100kV. 
0 to 1mA. 
Reversible. 
Less than 0.1 % 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. 
2r wide x1r deep x 40 high (cm 61 a 48 x 102). 

Model MR5OHS 
Output 
Output Voltage 

Control 
Output Current 
Polarity 
Ripple 
Stability + 10 % 
Mains Change 
Effective Resistance 
Drift-Short Term 
Drift-Long Term 
Protection 
Input 

(above) 

5kV to 50kV. 
0 to 1mA. 
Reversible. 
20 volts P to P. 

Better than 0.5 %. 

£785 
5kV to 50kV. 
10-turn Calibrated Helical Potentiometer. 

0 to 1mA. 
Reversible. 
Less than 2 parts in 105. 

Better than 2 parts in 105. 

60 Kilohms. 
Better than 4 parts in 105 over 15 minutes. 
Better than 1 part in 104 over 24 hours. 
Pre-set overload cut out. 
200/250 volts 50-60 c/s. 

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 

100/125 volts and 200/250 volts 50-60 c/s. 
24" wide x 18" deep x 23" high (cm 61 x 46 x 58). 

BGIO 
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How far do you go 
to ensure 
quality and reliability? 

Stop right here! 

Morganite Cermet? 
Trimming Potentiometers 
These potentiometers have the superior quality and 
reliability that components for space age electronic 
equipment must have. 
Every component part of a cermet trimmer is sub-
jected to rigorous quality control ensuring built-in 
reliability. 
The high operating temperature of the ceramic and 
precious metal cermet resistance tracks gives an in-
creased power rating, facilitating miniaturisation and 
improved high frequency performance. Cermet tracks 
are not subject to catastrophic failure. 

The cermet range includes two linear motion and three 
rotary type trimmers, with ratings of 0.5W to i .oW at 
7o°C and 85°C. The military versions meet the en-
vironmental requirements of MIL-R-22o97B. 
Every cermet is manufactured under controlled 
atmospheric conditions and extensively tested at each 
production stage, guaranteeing the highest level of 
reliability. 
Put your trust in cermet. 
Send us the coupon and let us tell you more. 

Please send me full details of Morganite Cermet Trimming Potentiometers 

NAME   POSITION  COMPANY   

ADDRESS   

LA Morgan MORGANITE RESISTORS LIMITED * 
19 6 6 

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

CELDIS LTD., 43-45, Milford Road, Richfield Trading Estate, Reading, Berks. 

CONNECTORS FOR 
THE ELECTRONIC 
INDUSTRY DESIGNS 
SUB MITTED FOR ANY 
NE W OR SPECIAL ITE M 

Rectangular or round 
multi-pin connectors 
(miniature or sub-miniature) 
covers - mounts 
trailing leads - test points 
transistor supports 
Miscellaneous accessories 

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

e SILICON TRANSISTOR 
STABILIZED 
PO WER SUPPLIES 

S • TRANSISTORIZED 
PORTABLE 
PULSE GENERATORS 

e INDUSTRIAL 
THERMO METER 

'société générale pour l'électronique 

-ibis, rue Jean Mena.ns - PARIS - Tél. : Bol. 25-61 - 41-48 
Usine à Château-Renault (Indre-et-Loire) 
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Do you have this brochure? 

PLESSEY AUTOMATION 

I The Plessey Company Limited 

Data Equipment Division 

Sopers Lane, Poole, Dorset 

I Telephone: Poole 5161. Telex: 41272 

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

You'll know that its "breakthrough" design provides four 
independent tape stations in one unit at a really low cost. 

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

and scientific computers and that the tape is stored in sealed 

casettes —but why go on? If you have the brochure, you 

know all these things and more. 

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

rig ht away —or 'phone, or telex. 

PLESSEY   
Automation 

11111111111 

Name   

Position   

Company   

Address   

  Telephone  

Jmum  mum/ 
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New 

High Performance 

Multi-function Meter 

from 
Hewlett-Packard 

The model 427A is an all-solid-state, 
multi- function meter for measuring Voltage 
(AC or DC) and resistance. With it you 
can make AC voltage measurements over 
a choice of ten ranges. DC over nine ranges 
and resistance over seven ranges. 
This instrument was designed for broad 
application in any laboratory, production 

1.13tel.CTT  PACKARD ti  427A VOLTMETER 

FUNCTION  RANGE 

xiox 
3 

ID 1000O 

30  )014 

100  )0031 

300 

i000 — ety 

pews ÇC It110/ A co 

line or service department—or in the field. 
It operates off battery or mains, depending 
on your needs. 
DC voltage range: 100 mV to 1000 V 
full scale. Accuracy is ± 2% of full scale. 
AC voltage range: 10 mV to 300 Vrms 
full scale. 10 Hz to I MHz with ± 2% 
accuracy. 

HE WLETT,  hp, PACKARD 

Resistance range: 10 52 to 10 MS? center 
scale. Accuracy is ± 5% of mid-scale. 
Floating input allows measurement of AC 
signals up to 500 V DC above ground. No 
need to change input connections to 
measure AC and DC, just change the 
function switch. 
Price: £87 

Hewlett-Packard Limited, 224 Bath Road, Slough, Bucks. Tel.: Slough 28406 & 29486 0507 
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Must 
AC. Stabilisers 

be as 
accurate 
as 

SERVOMEX 
Stabilisers ? 

No, but when you can get tested 01% precision AND 

military ruggedness for only about an extra shilling a week 

PLUS the reliability required for their use 365 days a year 
in the worst tropical and arctic conditions SE RVOM EX 

superiority makes economic good sense 
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A LOT OF 'SCOPE FOR £221* 

recta gular cic 
WITH  sign and win 

prov  25MH; 

Ible- beam mesh CRT 
Dp delay 
plug-ins 

D53 by Telequipment sets 
the pace for a new generation of low-cost 
oscilloscopes. By adding this new 
'scope to the established S 8- D43 system, 
the potentialities of the system have 
been uplifted. 053 accepts the standard 
range of amplifiers developed for the 
Telequipment 43 series plus two additional 
units types CD 8- H D which utilise the 0.25psec. 
signal delay facilities in the 53. 

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

Type B  Differential, DC— 75KHz, 
lmV/cm ; Rejection 10,000 :1. 

Type CD  As type A plus 3Hz — 75KHz, 
100pV/cm. 

Type D  Envelope Monitor. 
Type G  Differential, DC —10MHz, 

20mV/cm; DC — 500KHz, 2mV/cm. 
Type HD  DC — 25MHz, 100mV/cm; 

DC— 5MHz, 10nriV/cm. 
053 anticipates the demands of the 
electronics industry for a general-purpose 
oscilloscope for years to come. 

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

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

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

rtELE QUI P ME N  

Telequipment Limited • 313 Chase Road • Southgate • London N14 
Telephone: FOX Lane 1166 
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Now get integrated 
...because the Mullard integrated 

circuit range is right. In the past year it's expanded 
fast—backed by all the technical advice you get 
from Mullard. And prices are right—Mullard 
quality and quantity production see to that. 
Alongside you'll find details of our five digital 
and linear ranges. Now, practically all your main 
application requirements can be met. Anything 
from low cost circuits to the 2ns, E2CL (emitter-
emitter coupled logic) —a Mullard first for 
high speed computers. 

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

Range of medium speed DTLs 
These are monolithic circuits, available in two 
temperature ranges for industrial and military 
applications. There is a wide choice of circuits, a high 
complexity of gates and modern encapsulations. 
Notable features include a propagation delay time of 
typically 2Ons; high noise margins; high fan-outs; 
and operation from a single 6V d.c. power supply. 
For more information ask about the FC Range. 

Low cost DTLs in TO-5 
The performance of these is similar to the FC series but 
the range is more limited. Intended for applications 
where low cost, high performance, 10-lead TO-5 
devices are required, these simple circuits are available 
in two temperature ranges for industrial and military 
equipments. 
For more information ask about the OMY range. 
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with Mullard... 
Versatile high speed TTLs 
This is our general range and circuits cover almost all 
digital applications. These are monolithic and offer 
advantages over DTL in speed (propagation times 
are in the 13ns region) and a reduction in power 
consumption per gate (to approximately 1 OmW). 
The present encapsulation is dual-in-line, and 

▪ flat-packs will be available shortly. 
For more information ask about the FJ range. 

• Sophisticated, ultra-fast circuits 
This is a specialised range for high speed computer 
central processors. It is a Mullard first—a new 
concept combining speed and low-dissipation. 
Propagation delays are down to 2ns and power 
consumption is low (only 60mW for a standard gate 
with a 0.7V logic swing). 
For more information ask about the FK range. 

Compatible, versatile linears 
These are specialised devices for various applications. 
They include two low-level amplifiers, a high 
impedance audio amplifier, an operational amplifier 
and a ring modulator, for telecommunications, 
instrumentation and control systems. All devices are of 
monolithic construction. 
For more information ask about the Linear range. 

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

Mullard IC 
fastest moving in integrated circuits 

IMDUR 
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M.L. 
man 
the wide 
range 
tAnnar 
in Ulm 

E.M.L. Diodes. Now, not only prod  ed with 
high quality but in vast quantity. Diodes 
for almost every application. Diodes, 
diodes, diodes ... millions of them 

manufactured under the strictest quality 
control to give unquestionable performa ce. 

QA testing guarantees batch reliability and 
speeds bulk delivery requirements. Prototype 

diodes can be delivered within 48 hours of 
the receipt of customer specifications. 

Design with E.M.L.—specify E.M.L. 

Switching Diodes 

1N914—CV7367 
1N916—CV7368, CV8617, CV9637 

HS9000 SERIES 
Range: Forward Current : up to 100mA at 1v 

Breakdown Voltage: up to 100v at 5erA 

Ratings: Total Power Dissipation 250mW 
Peak Current  225mA 
Surge Current (1 Sec).  500mA 

Typical Characteristics. 
Co at Ov  1pf 
Reverse recovery time 
10mA: 10mA: 1mA = 2nS 
Stored charge at 10mA  35pC 

Core Driving Diodes 
HS9006, HS9084, HS9090, HS9096, CV9638 

Range: Forward Current:  up to 300 mA at 1v 
Breakdown Voltage: up to 100v at 5gA 

Ratings: Total Power Dissipation 400mW 
Peak Current  750mA 
Surge Current (1 Sec)  2A 

Typical Characteristics: 
Co at Ov = 1.5pf 
Reverse recovery time 
200mA: 200mA: 20mA = 6nS 
Stored charge at 10mA = 50pC 

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

ELECTRONIC ENGINEERING 30 

Controlled 
Forward Conductance Diodes 

1 N3065—CV7626, 1 N3605 

Range: VI controlled to  10%: 100 irA to 20mA 
Breakdown Voltages up to 75v at 51rA 

Ratings: Total Power Dissipation 250mW 
Peak Current  225mA 
Surge Current (1 Sec)  500mA 

Typical Characteristics: 
Co at Ov - 1pf 
Reverse recovery time 
10mA :10mA: 1mA — 2nS 
Stored charge at 10mA  35pC 

EMIHUS MICROCOMPONENTS LIMITED 
Glenrothes, Fife, Scotland. Sales Office: Heathrow House 
Bath Road, Cranford, Hounslow, Middlesex. 
Telephone  -759 9584/5, 9961/2 Telex: 23613 

EmLis 
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In Making Masks for 
Electronic Components... 

... there's no 
Margin for Error! 

With sharp blade, outline the areas 
to be masked. Do not cut through 
the backing sheet. The Ulano 
Swivel Knife does the job quickly, 
easily. 

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

THAT'S WHY EXPERIENCED DESIGNERS 

AND ENGINEERS ALWAYS INSIST ON... 

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

The most versatile line of hand-cut masking films, including 

.0075—RUBYLITH 75 DR*  .005 RUBYLITH 5 DR 
.005 AMBERLITH 5 DA 

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

*Available in sheets only, cut to your specifications. 

ulan04 

UBYLITEr 
HAND-CUT MASKING FILM FOR THE GRAPHIC ARTS 

T.M. 

Distributed by 

HUNTER-PENROSE-LITTLEJOHN LTD. 
109 FA R RI N G D O N R O A D, LO N D O N E. C.1 

610 DEAN STREET, BROOKLYN, N.Y. 11238 

NEW YORK • CALI FORNIA• CHICAGO • ZURICH 
In Europe: ULANO A.G., Untare Heslibachstrasse 22, Kusnacht 8700, Switzerland 

Write on your letterhead for special electronic test kit (no charge) No.4173 
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FILTER TIPS 

MADE IN THE UK 

BANDPASS FILTERS 

BRUSH 
CILEVITE 

Brush Clevite can give you the best tips on Bandpass Filters 

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

BRUSH CUYI eTU1111011  MC Keep in touch with .6 

BRUSH CLEVITE 
BRUSH CLEVITE COMPANY LIMITED THORNHILL SOUTHAMPTON 

TELEPHONE SOUTHAMPTON 48055 TELEX 47687. TELEGRAMS BRUDEV SOTON 

CLEVITE CORPORATION PIEZOELECTRIC DIVISION 
232, FORBES ROAD. BEDFORD, OHIO 44014 
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e There's 41 crimped 
contacts and 
41 years experience 
in this miniature 
round connector 

• 

BICC-Burndy's new crimp-type, snap-locked, removable-

contact Bantam connector conforms to MIL-C-26482C. 

It combines high circuit security with low installed 

cost—meets all requirements for military 

applications, aircraft wiring systems, black boxes 

and ground test equipment. 

Note these advanced features: 
in Bantams mate with, or replace, all connectors to MIL-C-26482C 
ai Contact securely locked by internal retaining spring of 
insert body 

• Unique polarization system precludes nnismating 
• Positive bayonet coupling locks plug and receptacle 
• Four shell styles for up to 61-way circuits available 
• Vibration-resistant and moisture-proof within temperature 
range — 55°C to +125°C 

• Resilient grommet ensures individual contact and interfacial 
seal when mated 

Four Shell Styles Available 

111 
0 Wall mounting  2 Box mounting 

1 
4 Jam nut 

flange receptacle  flange receptacle  rear mounting 
receptacle 

ii 
6 Straight cable 
plug 

CRIMP AND SAVE WITH BANTAM CONNECTORS. 
SEND FOR DETAILED INFORMATION —TODAY. 

alto BICC-121UR N DIr 
BICC-Burndy Limited, St. Helens, Lancs. Telephone: St. Helens 24000 Telex: 62125 

It's the Bantam 

Ml0S1 four-indenthigh-
reliability hand tool. 
Full cycling, tamper-
proof ratchet control— 
produces 3000 lb force 
at dies. Crimping dies 
interchangeable — fast 
and simple. 

Automatic Tooling 

Bandomatic bench-size machine for 
high-speed, high-quality production. 
Installs contacts at rates in excess 
of 1200 an hour—every crimp to 
guaranteed accuracy. The pedal-
actuated Bandomatic has no exter-
nal moving parts—safe and easy 
to operate. 
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from 

inches 
DOWN To 

digits 

Bright six-inch digits give an unmistakable 

weight reading above the crane cab from Elliott 

Automation equipment at Lysaghts Scunthorpe 

steelworks. K.G.M. make the widest range of Dig-

ital Indicators in the country and in size they go 

right down to sub-miniature showing  digits. 

Ask for leaflets describing 

this range. 

electronics limited 
BARDOLPH RD  RICHMOND 
Phone: RIChmond 7171  Surrey 

SEVEN 
distributors 

for 
EMIHUS 

U.K. Distributors 
Dage (GB.) Ltd. 

Electronic Com-
ponent Supplies 
(Slough) Ltd 

A. C. Farnell Ltd. 
Morris Warden & 

Co. Ltd. 
Quarndon 

Electronics(Semi-
Conductors) Ltd. 

6.D.S. 
(Portsmouth) Ltd. 

Townsend 
Coates Ltd. 

1 Penn Place, Rickmansworth, Herts. 
Tel: Rickmansworth 77101 

Providence House, River Street, Windsor Berks. 
Tel: Windsor 60192/3 
81 Kirkstall Road, Leeds 3 Tel: Leeds 35111 
Morden House, 10 Royal Crescent, Glasgow, C,3. 
Tel: Douglas 8671 

Slack Lane, Derby. Tel: Derby 46695 
.67-69 Commercial Road, Portsmouth, Hants. 
.Tel: Pqrtsmouth 20465 
Coleman Road, Leicester, Leics. 
Tel Leicester 68561/5 

From Glasgow down to Portsmouth there are seven Emihus 
Distributors. Engineers_and others who need urgent supplies 
of semi-conductors and other EML components are assured of 
speedy delivery. Technical information concerning EML products 

is available from Emihus London office on request. 

EMIHUS 
MICROCOMPONENTS 
LIMITED 
G/enrothes, 
Sales Office: Heathroiv House, Bath Rd. Cranford, 
Hounslow, Middx, Tel: 01-759 9584/5, 9961/2 

PAM EML 8 
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Wow-call in one basket! 
ONLY AMPEX OFFERS ALL THESE 
ANSWERS TO YOUR AIRBORNE 
DATA NEEDS: 
New analogue and digital recorders and 
tapes for airborne/hostile-environment 
use--all highest state-of-the-art. 
ATM-13 DIGITAL RECORDER: rugged, 
reliable, computer compatible, it writes 
and reads data in 7-track IBM or 9-track 
ASCII format. No costly delay for format 
conversion. Use on-line direct to a com-
puter or off-line as a data collector. 60 
KC character transfer rate at 75 ips, 800 
cpi density. Restriction-free program-
ming. Broad data input range up to 500 
KC continuous bit rate; 7.5 MC burst 
rate with buffered system. The ATM-13 
gives you greater operational flexibility, 
you perform programs faster, get more 
data. 

800 SERIES COMPUTER TAPE: made 
for optimum performance with the 
ATM-13. Exceptionally clean-running, 
highly antistatic, ultra-smooth surface. 
Guaranteed 100% error-free to begin 
with, Ampex tape is made to give you 
highest data reliability and greater 
through-put. 
AR-1600 ANALOGUE RECORDER: 
allows you to gather and recreate with 
precision more usable data than ever 
before possible. Features 14-channel 
recorder and reproducer, 14-inch co-
axial reels for twice the recording time 
of 1(»-inch reels. 2 MC frequency res-
ponse. Controlled envelope delay char-
acteristics. More than two orders of 
magnitude Improvement in time base 
accuracy, and improved inter-channel 
time base accuracy. The AR-1600 is 

compatible with ground lab equipment 
for tape interchangeability,and simple, 
fast data reduction. 
770 SERIES INSTRUMENTATION 
TAPE: specifically designed to match 
the short wavelength performance of 
the AR-1600. Offers absolute uniformity 
throughout the entire recording spec-
trum. Exceptionally clean-running and 
long-wearing. 
SEND FOR FREE FLIGHT KIT—con-
taining descriptive data on the latest 
Ampex airborne recorders and match-
ing tapes. 

A1V1PE X 

Ampex sales and service facilities are conveniently located throughout Europe and the Middle East. For more information write to: Ampex Great Britain Ltd., Acre Road, 
Reading, Berkshire, England. Telephone: Reading 84411. Ampex S.A., Via Berna 2, Lugano, Switzerland. Telephone: 091/3.81.12. Ampex Europa G.m.b.H., 6 Frankfurt/ 
Main, Düsseldorfer Strasse 24, Germany. Telephone: 252001-5. Ampex, 41 Avenue Bosquet, Paris 7e, France. Telephone: 705.38.10. 
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Extra Sensory Dawe instruments provide a sixth sense for industry. Accurate, reliable, 

robust instrumentation for measurement, study or detection of the apparently intangible; 

instrumentation designed and manufactured with care to advance industrial progress. 

And our para-normal powers don't end there. They can also be applied to production 

processes such as cleaning, welding and machining. 

E XTE N DI NG Y OUR R A NGE OF M E ASURE ME NT 

DAVVE 900 SERIES DIGITAL INSTRU MENTS 

Counters, Timers, Tachometers, Ratio Miters, Frequency Meters and Multiple 

Function Units all of plug-in modular construction. 

ALSO AVAILABLE AS INDIVIDUAL PLUG-IN MODULES 

See the Dawe 900 Series Digital 

Instruments at the London Inter-

national Engineering and Marine 

Exhibitions, Olympia, 25th April 

to 4th May, 1967, STAND NO. 46, 

Outer Row, Grand Hall, Gallery. 

Digital Timer Type 960/6. 
Range: 10s to 10 secs. (Nearly 
twelve days) with six digit. 
Price: £142. 
Three, four or five digit models 
also available. 

Digital Frequency Meter, Counter, 
Timer Type 901A/6.  Frequency 
range: 1 MHz. 
Price: £154 (illustrated). 

Digital Frequency Meter, Counter, 
Timer Type 920A/4.  Price: £113. 

Three, four or five digit models 
also available. 

Supply Frequency Monitor Type 
728. 
For continuous monitoring of 50, 
60 or 400 H2 supplies. Price: £69. 

Write today for full technical details. 

CIANAIE 
INSTRU MENTS LI MITED 

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

A member of the Simms Group of companies. 
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eectrtn;e gngineering eteiwinetS 

A Sti LA M INSULATION 

Synthetic  e„sin ,.enoteet L ettinelteS 

-Pilfer/ 346re er 9C4ss  Ire  t se 

tirith tt 7es4-1 sySteetS 
et/1er C M% ,t4n4in4tes 4not 

ALL LAMINATES CONFORM TO 

RELEVANT B.S. AND SERVICE 

SPECIFICATIONS 

MICA I MICANITE SUPPLIES LTD. 
Verite  r technicete e4tdegge te 

BARNSBURY SQUARE  :: LONDON,  N.1. 

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

Handset with carbon 
microphone and moving 
coil receiver with or with-
out Pressell Switch. 

minimmen°1"1:. 
**„fiîleiteerfied 

' Lisueîg'is'iPe't 

Y. 

e t i ee $ e " "i e  

* : »1 .11  D'ote 
0.***1100,4‘.• 

a.* 

Terminal Strips. Low Voltage. Solder or Screw connections. 

We manufacture quality components for 

TELECOMMUNICATION and ELECTRONIC 
ENGINEERS 
Enquiries please to:— 

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

For more information circle No. 50 
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Miniature Buz-
zers. Various 
Voltages. Open 
or covered. 

38 JUNE  1967 

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

Uniselector, 3-8 Bank. 28 Outlet, Voltage 
as required. 

Carbon 
Microphone 

Moving Coil 
Receiver. 

Star Indicators. 
Low Current Con-
sumption. Various 
types available. 
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at the System 
Computor 
Supermarket* 
That's the way we think of ourselves. Be-
cause, apart from'our range of analogue 
computers, we now manufacture and market 
a large number of competitively priced, 
technical and scientific products for use in 
Industry, research and education. 

System Computors TAG 30 and 60 
Transistorised Analogue Computers— 
maximum efficiency at the most 
competitive price. And feature for 
feature, by far the most advanced of 
their type. 
They incorporate a unique and compact 
modular patchboard system for the 
greatest ease of programming. A highly 
engineered consol system complements 
this arrangement providing maximum 
flexibility to satisfy any requirements. 
Other features include a 10V fully solid 
state transistor computing amplifier of 
well proven design and of wide band-
width; new non-linear elements 
designed to ensure accuracy previously 
only obtainable on 103V analogues; 

hybrid capability offered by logic control 
and a range of optionals which include 
uncommitted general purpose logic 
modules and N.P.L. interface circuitry. 
The designers of the TAG series of 
transistorised analogue computers have 
the experience gained as users of large 
analogue systems for over 10 years. A 
decade of experience is available to you! 

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

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

H   Write for more information on our products or computing service to 

Syste m Co mputors Li mited 
FOSSWAY • NEWCASTLE UPON TYNE 6 • Telephone 0632 650411 

JUNE  1967 
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MODEL 645 MODEL 644 MODEL 403 

MILLIAMPERES 

oi4  i 0.6 
1,  \t‘tit tLi  0 
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MILLIAMPERES 

MODEL 643 MODEL 6425 MODEL 642 MODEL 402 

MODEL 641 

CLEARLY... 

MODEL 640 

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

ERNEST TURNER ELECTRICAL INSTRUMENTS LTD. 
CHILTERN WORKS 

HIGH WYCOMBE  • BUCKS 

Tel: 30931-4 

ELECTRONIC ENGINEERING  40  JUNE  1967 



For more information circle No. 53 

MARCONI 
HIGH-POWER LOADS 

Frequencies 0.45 to 40 GHz 
10 M W peak power 
Water cooled and air cooled 

Marconi specialized components 

The Marconi Company Limited, Specialized Components Division 
Billericay Works, Radford Crescent, Biilericay, Essex 
Telephone: Billericay 2654 Telex: 99201 

AN 'ENGLISH ELECTRIC' COMPANY  LTD/F66 

JUNE 1967 41 ELECTRONIC ENGINEERING 



For more information circle No. 54 For more information circle No. 55 

FROM THIS 

TO THIS 

WIREWOUND POTENTIOMETERS 
COVERING A RANGE OF TYPES 
MORE EXTENSIVE THAN ANY OTHER 
MANUFACTURER. THESE INCLUDE:— 

* STANDARD & MINIATURE 
* TYPE APPROVED TO DEF 5121A 
* HELICAL MULTI-TURN 
* LINEAR & FUNCTIONAL 
Send us your specification. See your Electronic 

Engineering Index for full technical data. 

CALVE 
LI MI T E D 

SPRING GARDENS, ROMFORD, ESSEX 

Telephone: ROMFORD 62222  Telex: 23984 

This is a 
very dull 
capacitor 

It carries 
reliability to 
ridiculous lengths... 
refuses to react 
to changes in 
ambient 
temperatures and 
is very, very small. 

Strange that it sells so well 

Gulton precision ceramic capacitors 

are not only infinitely reliable, 

utterly unaffected by ambient 0 

temperatures and very small—they 

also give you the widest range of 
capacitances and the widest range 

of temperature characteristics and 

six standard square case sizes and 

tubular cases for insertion by 

machine and special shapes and 

characteristics tailored to your 

individual needs. 

There's lots of literature available on 

Gulton capacitors.. . and lots of 

extremely helpful advice on how to 

make the most of them. All of it free. 

Write soonest, indicating interest. 

• Gulton Industries (Britain) Ltd., 
The Hyde, Brighton 7, Sussex. 
Telephone: Brighton 66271 
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LEVEL!.  measure/ Ms from 
VOLTMETERS 

1Hz to 450MHz 

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

T YPE T M3 A 

£49 
complete with 
battery and 
Input lead 
OPTI ONAL 
EXTRAS 
Leather Case 

£4.10.0. 
A.C. Power Unit 

£.10.0. 

V OLT METER R A N GES 

1 5pV, 50 V, 150pV . . . . 500V f.s.d. 
Accuracy ±1 % ±1 % f.s.d. 
at I kHz. 
dB RA N GES 

—100dB to  50dB in 10dB steps. 
Scale —20dB to  6dB. OdB= I mW 
into 60011 

BROADBAND 
VOLTMETERS 

TOR t MICROVOeMérElt tYPI. t 

FRE Q UE N CY RESP O NSE 

Above 500pV: ±3dB from I Hz to 3MHz. 
+0.3dB from 4Hz to I MHz. 

On 500FV: ±3dB from 2Hz to 2MHz. 
On 1 50p.V: ±3dB from 4Hz to I MHz. 
On 50µV: ±3dB from 7Hz to 500kHz. 
On 15µV: ±3dB from 20Hz to 200kHz. 

********** 

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

T YPE T M6 A 

£85 
complete with 
battery and 
input lead 
OPTI O NAL 
EXTRAS 
Leather Case 

E4.10.0. 
A.C. Power Unit 

£.10.0. 

H.F. V OLTAGE RA N GES 

I mV, 3mV, 10mV . .. . 3V f.s.d. 
Square law scales. Accuracy ±4% 
of reading ± I% of f.s.d. at 30MHz. 
H.F. dB R A N GES 

—50dB, —40dB, —30dB . . . . 
-I-20dB. Scale — 10dB to + 3dB. 
OdB= I mW into 501/ 

H.F. RESP O NSE 

±0.7dB from I MHz to 50MHz. 
t3dB from 300kHz to 400MHz. 
±6dB from 400MHz to 450MHz. 

L.F. R A N GES 

As TM3A and TM3B except for 
the omission of 15µV and 150µV. 

T YPE T M3B 

£63 
complete with 
battery and 
input lead 
OPTI O NAL 
EXTRAS 
Leather Case 

£5.0.0. 
A.C. Power Unit 

£7.10.0. 

A MPLI M R O UTP UT 

150mV at f.s.d. on all ranges. Will 
drive a load of 200k11 and 50pF 
without loss. 
P O WER S UPPLY 

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

T YPE T M6B 

£99 
complete with 
battery and 
input lead 
OPTI ONAL 
EXTRAS 
Leather Case 

A.C. Power Unit 
£7.10.0. 

P O WER S UPPLY 

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

LEVEL L' I 11. 
Ill •  ii 1 r m.. le ELECTRONI CS LTD . . 

on our complete range of portable 
rimy aetailea leaflets are available  Is  l  1'  1..rvtLL   Park Road, 

High Barnet, Herts. Tel: 01-449 5028 
Instruments, 
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EPS 2 
the power supply of the 
future... now! 
The first totally encapsulated power supply with a performance comparable to normal 

stabilised units. 

Output Voltage:  6-24V preset and selected by a single external resistor. 

Output Current:  up to 2 Amps. 
Protection:  Re-entrant current, any level up to 2 Amp and selected by a single 

external resistor. 

Dissipation:  10 watts max. No need for heat sink. 
Size:  lf" x 1¡," x fk" 

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

leads... 
in development 
in reliability 
in precision 

robancl 
Roband Electronics Limited Charlwood Works Charlwood Surrey Crawley 20172 
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REX 
the superlative 
range 

TYPE NO. OUTPUT 
VOLTS 
(pre-set) 

CURRENT 
RATING 

WIDTH HEIGHT DEPTH PRICES 
(carriage 
paid UK) 

REX 21 4-12V 2A 31" 

REX 51 4-12V 5A 

REX 101 4-I2V 104 41" 

REX 15L 4-12V 154 

REX 1H 6-30V 1.254 

REX 2.5H 6-30V 2.54 4/" 

REX 5H 6-30V 54 41" 

REX 10H 6-30V 10A 81" 

REX 1S 30-501/ IA 31" 

REX 2.50 30-5011 2.5A 41" 

REX 5S 30-50V 5A 81" 

5" 

71" £36.10. 

11+1" £48.15. 

£66.10. 

141" £84. -. 

71" £34. 10. 

91" £44. 5. 

141" £57. 5. 

14r £84. - 

71" £37.15. 

121" £55.15 

121" £77. 5. 

PERFOR MANCE Input Voltage: 100-125/200-250 ± 71%. 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 1 10% of max-
imum current rating. Ripple and noise: 500 microvolts, peak to peak. 

6 7 series 
lowest cost 
M.T.B.F.>8000 hrs 

TYPE NO. OUTPUT 
VOLTS 
(gre-set) 

CURRENT 
RATING 

WIDTH HEIGHT DEPTH PRICES 
(carriage 
paid UK) 

67-14 0-24V 1A 21" 5" 6" £22 

67-2A 6-24V 24 31" sr 61" £27 

67-5A 6-24V 5A 4-&" 61" or £40 

67-10A 6-24V 104 51" 61-1" 12" £55 

87-Twin IA  6-24V (X2)  14-1A 412," 51" 61" £41 

67-Twin 5A 6-24V (X2) 5A-5A 51" 611" 12' £76 

PERFOR MANCE Input Voltage: 100-125/200-250 ± 71%. 48-400 cps. 
Stability (15% mains variation): 0.1%. Stability (0 to full load): 0.2%. 
Ambient Temperature: —10°C to  +60°C. Temperature  Coefficient: 
--.0.05%/°C. Protection: Self-resetting current limiter preset to operate at 
1 10% of maximum current rating. Ripple and noise: 2mV RMS. 
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MODEL 4101 

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

4 I> 

le 
MODEL 2082 

TAPE WINDER 0-125 CH SEC. 

11 4 Po o 
. 4 b 

- 
TAPE REELS (TAKE-APART TYPE) 

81/2" O/D. 11/1r, 7/8" & 1" TAPE 

GREAT NORTHERN 
TELEGRAPH WORKS 

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

Tel. LONdon Wall 4567 

SERCEL «DIGIMETRE 2560' 

AUTOMATIC UNIVERSAL DIGITAL METER 

high accuracy: + 0.005% ± 1 digit, 
long-term stability: + 0.01%/year, 
bright edge-lit 109999 read-out, 
—130db D.C. common-mode rejection, 
2-position filter: —30db and —60 db, 
manual, auto and programming ranging, 
compensated and aged Zener reference, 
transistorised modular construction, 
5-decade current-summing null-balance, 
3 internal plug-in modules (optional), 
DC RATIO: ±.00001 to + 109.999, 
DC VOLTS: ± 100 microV to ± KV, 
DC mV (module): ± 1 microV to + 1 V, 
AC VOLTS (module): 0.1 mV to 500V, 
OHMS (module): 0.01 ohm to 10 Meg., 
OUTPUTS: parallel decimal and BCD. 

A complete range of Digital Voltmeters is available, 

BRITEC  LIMITED 
17 Charing Cross Rd., London WC2  Tel: 01-930 3070 

Precision stampings and piercings 

by ENALON 

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

ENALON PLASTICS LIMITED 
TONBRIDGE, KENT. Tel: OSE. 22.3343. 
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Enquiries to  Ferranti Ltd • Gem Mill 

JUNE 1967 

SILICON MICRONOR 

For more information circle No. 62 

CIRCUITS 

Over 125 devices make MICRONOR II Europe's latest and most 
powerful range of digital monolithic integrated circuits. 
The series includes single, dual, triple and quad NOR gates; 
Power OR gates and NOR gates; Equivalence elements; 
NOR/OR gates; J-K Flip Flops; R-S Flip Flops; Diode Extenders. 
Features 
Diode Transistor Logic. 
Very low propagation delay times. 
High Noise immunity—typically better than 1 volt. 
J-K Flip Flop noise immunity equal to that of basic gate. 
High Fan OUT-8 from basic gate. 

ter'' 

I. 14 lead dual-in-line, plastic encapsulation 

2. TO-88: 14 lead flat pack, hermetically sealed. 

3. TO-78: 8 lead TO-5, hermetically sealed.  I 

Series 

ZSS50 

ZSS80 

ZSSI 10 

ZSSI30 

ZSS70 

ZSSI40 

ZXS210 

*ZXS230 

Encapsulation 

TO-74, TO-78 

(hermetically sealed) 

TO-88 

(hermetically sealed) 

14-lead Dual-in-line 

Typical Propagation 

Delay Time 

(for Basic Gate) 

nS 

*These series will be introduced in 1967. 

9 

9 

15 

15 

9 

15 

15 

15 

Ambient 

Operating 

Temperature 

Range 

°C 

—55 to 125 

0 to 70 

—55 to 125 

0 to 70-

-55 to 125 

—55 to 125 

—55 to 125 

0 to 70 

Send for your copy of this Brochure no w. 

FERRANT/ - the /argest microcircuit production capability in Europe 

FERRA NT! „stint° the Future 
Oldham • Lancs • Tel: (061) MAIn 6661 
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controlled soldering starts with an Enthoven preform 
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ato 
New free booklet describes 
the complete range of 
Enthoven Solder products ... 
preforms among them. 
Ask now for your copy 
of 'Soldering with Enthoven'. 

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

r — — — —11 EN1TH OVEN 
-̀-- SOLDERS LIMITED 

Head Office, Sales Office & Works 
"  Dominion Buildings. South Place, London EC2 

.L  —  _ _1 Telephone: 01-628 8030 
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ELECTRO-INDUCTORS 
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AN 

introduce a new 

LABORATORY POWER SUPPLY UNIT 
featuring a Micro-Adjusting Helical Potentiometer 

-AT A NEW LOW-COST OUTLAY! 

LOOK AT THESE 
FIGURES 

FEATURES 

All silicon semiconductor 
devices. 

Automatic Current Limiting 
giving full short-circuit 
protection. 

10 turn potentiometer, 
giving precise voltage 
adjustment of 10mV./deg. 

Large meter 2.75 scale 
length, 2% accuracy. 

SEND FOR 
DETAILED LITERATURE 

El 
PRODUCT 

0-30v. PC ±0. 1% learr-17'ô te 666 '014 
azX i7- '"enelks ± /oz 

VOLT AD1 

DIMENSIONS: sr WIDE 
7+" DEEP 
4r HIGH 

ONLY 

£28 

These are the salient characteristics of the new Electro Inductors all-
transistorised Power Supply Unit — the ideal source of current for the 
electrical laboratory. Its accuracy over long periods of time, and at 
different outputs, is invaluable for every purpose, from the teaching of 
Ohm's law to advanced research 

GRAFTON ROAD, CROYDON. TEL. 01-688 2727. El 
ELECTRO-
INDUCTORS 
LIMITED 
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You need modern machinery to keep up with the pace 
and pressure of work today—so for engraving you need 
a Gravograph! Speedy to use (for going the pace) and 
easy too (for relieving the pressure!).  Anyone can 
produce good, professional-looking engraving with a 
Gravograph on nameplates, notices, tags, inscriptions, on 
wood, stone, metal, glass or the newest plastics. In a 
hurry for good engraving, the modern way? Blast off the 
coupon today 

111111  am am um  NB 
VITOS LIMITED, 
13 Charlotte St., London, W. 1. 
Tel: Langham 6171/2 

••••• Mat. 

IPlease send me full details of Gravograph. 
▪ NAME   

ADDRESS    

▪ COMPANY   

M1M  W M Mil Mil 
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Feralex 

fe rrit e 11)11F°Rill 

ring cores 
e 

A range of Ferrite Ring Cores is available, suitable for 

high frequency applications such as wide-band and 

pulse transformers up to at least 50Mc/s. They can be 

supplied ungraded, ungraded and presorted, or graded 

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

factor AL corresponding to a permeability of 2,000. 

Table of standard types and design constants 

Feralex 
Part No. 

O.D. 
inches 

I. D. 
inches  inches 

Turns 
Factor 
AL 

*M M620  0.230  0.120  0.100  0.663 

MM 626  0.230  0-120  0.140  0.93 

*MM621  0.300  0125  0.188  1.68 

*MM622  0.375  0-187  0.125  0.883 

MM627  0.500  0.283  0.130  0.75 

*M M623  0.500  0.283  0.250  1.45 

*M M624  0.500  0.312  0.250  1-2 

M M628  0.640  0.343  0-250  1.59 

M M629  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 

z ) Please write for further details ( .9 4g e D 

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 
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Springs long. Springs short. Springs in dozens of 
diameters. Compression springs. Expansion springs. All for this, that, 
or the other use. Terry's design them. Make them. Box them. And 
give you really fast delivery. In boxes or in bulk. 
What's more, there's a free catalogue listing all the boxes for anyone who 
fills in the coupon. So, spring to it! Post today. 

Please send me my copy of your general Spring catalogue. 

NAME   

POSITION   

COMPANY   

ADDRESS   

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

Everything springs from 

TERRY'S 
HERBERT TERRY & SONS LTD., REDDITCH, W ORCESTERSHIRE. 
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Don't 'Oscillate' stay with us 

—you won't get a better service in 
electronic components anywhere! 
We take action before you can say 'jump'. 

Radioapares Ltd 
4/8 MAPLE STREET, LONDON, W.1. ENGLAND • TELEPHONE: 01-387 7232 (8 lines) TELEGRAMS AND CABLES: RADOSPERES, LONDON, W.1. 
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Frequelex—for high frequency insulation. 

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

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: Bullets, Stoke-on-Trent 

London Office: 6 Laurence Pountney Hill, E.CA. 

Phone: MANsion House 9971 
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3 rd  INTERNATIONAL FAIR OF COMMUNICATIONS 
SEA, RIVER AND LAKE COMMUNICATIONS • AIR COMMUNICATIONS • ROAD  COMMUNICATIONS • 

RAILWAY COMMUNICATIONS • TELECOMMUNICATIONS  • POST SERVICES • PRESSE. COMPLEMENTARY SECTOR - 

POWER SOURCES Port COMMUNICATION MEANS. 

rINTERNATIONAL C ONTAINER EXHIBITION 

12th - 22nd OCTOBER 1967 

in GENOA 

For information please apply to: International Fair of Genoa - piazzale J.F. Kennedy - 

Genoa - Telephone: 52.555- 53.465 - 595.651  Gables: Interfiera Genoa.   

TELECOMMUNICATIONS - POST SERVICES • PRESS: 

Maritime, air and land telecommunication apparatuses • Land apparatuses - 
Communications throtrgh radio, television, space and via satellite • Management 
activities - Electrical and electronic parts - Special post transportation means - 
Systems and means for post sorting, stamping and delivering - Composition 
and printing means - Publications - Stamps. 

NE W 
range of 

transformer cans 
* Standard range covering M.E.A. 29 
to M.E.A. 220 laminations 

* High quality stove-enamel finish 

* Corner base fixing 

* Base plates available 

We invite your enquiries 

ai sua teltel111111 
TRINITY ROAD, RICHMOND, SURREY Telephone: Richmond 7474/6 

For more information circle No. 71 
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SMITHS miniatures rate gyros have 

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

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

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

Name 

Peek)*     SMITHS  C O M P O NE NTS 

Company _   

Address 

wom m.  @mom, 

PRODUCTS OF  S MITH S IN D U STRIES LI MITE D AVIATI ON DIVISI O N 

Kelvin House, Wembley Park Drive, Wembley, Middlesex. 

Wembley 8888 Airspeed Wembley Telex 25366.  SAV 3671 
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Platinum 
Palladium 
Ruthenium 
Rhodium 
Gold 
Silver 

Precious metal plating—Engelhard have the right solution 
it takes years of experience, ample resources for research and development 
and an intimate knowledge of customers' needs to provide suitable materials 
for precious metal plating. Engelhard are familiar with super-critical appli-
cations and manufacture to stringent specifications. Whatever your reason 
for plating—conductivity, protection or decoration—you can be sure that 
Engelhard have the right solution. 
.ewtea EL:ex' RID Baker Platinum Division, St. Nicholas Road, Sutton, Surrey. Telephone Melville 4721 
I N D U S T R I E S  L T D 
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When you have a success 
like the Mecpot 
what do you do for an encore? 

Improve the 
performance 
still further! 

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

New 3-point contact 
design for better 
pick-off, reduced 
backlash. 

Delivery ex-stock. 

3 connection types, 
as illustrated. 

.Miniature Electronic 
Components Ltd 
-St. Johns Woking 
2.Surrey Woking 63621 

m-e-c 
,Trimmer Potentiometers 
ire-wound Resistors 
iniature Switches 
lapsed Time Meters. 



op -iwoT"g'-;.,• 
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10 ITELEY 
ELECTRICAL RADIO CO. LTD. 

OFFER A COMPLETE SERVICE 
FOR THE DESIGN AND MANUFACTURE OF 
ELECTRONIC COMPONENTS AND EQUIPMENT 

Whiteley Electronic Components 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 left to chance—hence Whiteley's enviable reputation. 

• W HIT ELEY EL E CT RI C AL R A DI O C O. LT D. 
MANSFIELD • NOTTS • ENGLAND • Tel: MANSFIELD 24762 

LONDON ° MCC:  109, KINGS WAY, W.C.2 
Telephone: HOLborn 3074 

High Reliability 
Instruments 

• meter 
— FOR AUDIO LABS AND PRODUCTION 
FEATURES: 
• Efficiency is achieved in measurements by elimination input 
level and balancing adjustments for each change in the fre-
quency; errors due to personal factors are reduced. 

II The null network for the fundamental frequency suppression 
(patent applied for) has such a characteristic that makes 
possible the determination of the distortion due to frequency 
modulation in tape recorders. 

• Catalog sheet on request: 

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

No. 5, 1 , 2 -choose, Chuo-cho, Meguro-ku, Tokyo, Japan 
TEL: 711 7 1 9 1 7 Cables: MEGURODENPA TOKYO 
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FREDERICK W. EVANS LTD 
Plastic Works, Long Acre, Birmingham 7. Tel: East 3071-2.37 
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MEM 55'1 PD-OC HU A BLE m 
N E L 

OSFET 
Suited for choppers, high input impedance amplifiers, 
linear RF and IF amplifiers etc. 

• Input Resistance 1015 n 
• Transadmittance SOO Fmho (min.) 

• Gate Voltage Differential 100 mV 

• Small Capacitances (I pl) 

PRICES 
l -24 f45. I 5.0 
25-99 £6.5.0 
100 up £5.0.0 
Immediately 
Available 
Ex-stack 

ASTRA Electronics Ltd., 
75/281 King Street, London W6 Tel:RIVerside 2960 
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VERY BRIEFLY 

the 
SL500 series 
is the 
most advanced 
solid circuit 
wideband 
amplifier series 
in the world 

CURRENT GAIN 

26dB 

BANDWIDTH 

100 MICÍS 

INTERNAL AGC 

40dB.RANGE 

INTERNAL 
SUPPLY LINE 
DECOUPLING 

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

Write for full details of this and other 
amplifier ranges 

SE MIC O N DUCTOR DIVISI O N 
Cheney Manor, Swindon, Wilts. Tel: Semiconductor Sales Swindon 6251 

PLESSElfmicroeO rccrda 
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Move in and plug in 
to 500 pV/cm at 50 MHz single trace or 10 mV/cm at 50 MHz four trace 

Start with the new Philips PM 3330 plug-in 
oscilloscope. Then you're all set to cover a 
wide range of applications with a small 
number of plug-ins. Take the PM 3332 
plug-in vertical amplifier, for example. It 
gives 500 tiVicm over the full bandwidth 
of DC to 50 MHz and a drift of less than 
1 cm/week, irrespective of switching on 
and off. Or you can get 5 pF input capaci-
tance with 20 mV/cm tip sensitivity from 
the PM 3333 60 MHz unit which has a 
.special mini-size HF probe system. With 
the PM 3351 LF differential unit, you have 
100 t.i.V/cm sensitivity, a common mode 
rejection of 50,000 : 1 and a push-button 
servo system for DC balance. A dual trace 
and a four trace unit are also available, 

electronic 
measuring 

microwave 
instruments 

peril's 

both offering 10 mV/cm from DC to 50 
MHz and internal triggering from any 
channel. 
The main frame contains a 13 cm crt with 
internal,  illuminated  graticule; vertical 
amplifier including signal delay; fully 
protected power supply; the usual calibra-
tion facilities; and a beam finder. A main 
time base is also incorporated so you don't• 
have to buy the delaying time base plug-in 
until you need it. 
As first production models are subjected 
to life tests under normal user conditions, 
new circuits to prolonged testing, and none 
of the components are run at more than 
70% of their rating, a high level of relia-
bility is assured. 

The MEL Equipment Company Ltd., 
Manor Royal, Crawley, Sussex, 
Tel. Crawley 28787 

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

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

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

PHILIPS PIMPS 

41i 
A11_r__Ve 

N.V. Philips, PIT-EMA Department, 
Eindhoven, The Netherlands. Electronic measuring instruments 

• 
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Plugs and Sockets 

WIDEST RANGE OF À IN EUROPE  deliveries from stock 

111TUTil  9 i alliFiguteuir 

MINIATURE RANGE 

D High dielectric and mechanical strength with Diallyl 
Phthalate mouldings 

Screwlocks give fast, easy connections and safeguard 
against accidental disconnection 

Plating Gold flash or Heavy gold Military Standard 

Stainless steel guides and screwlocks-non corrosive 

Hoods, shells, cable clamps to suit any application 

El 5, 8, 7, 8, 9, 11, 14, 18, 20, 21, 26, 34, 41, 50, 75 
and 104 contacts 

UECL offer unbeatable value in component 
service and reliability. UECL precision 
built connectors are designed and manu-
factured to satisfy your requirements. 

I L = C " 1."  

MICRO-MINIATURE RANGE 

E Small size-high reliability 
E Dial ly1 Phthalate mouldings 
Stainless steel guides and 
screwlocks 

E Plating Gold flash or Heavy 
gold Military Standard 

E Hoods, Screwlocks, Cable 
brackets etc. 

E 5, 7, 9, 11, 14, 20, 26, 29, 34, 
44, 50, 75 and 104 contacts 

t1111111111111111111111 

SUB-MINIATURE RANGE 

E Diallyl Phthalate mouldings 
E Plating Gold flash or Heavy gold 

Military Standard 
D Stainless steel guides and 
screwlocks-non corrosive 

D Hoods, protective shells, alternative 
cable entry positions to suit any 
application 
Reliable performance with 
light weight 
5, 7, 11, 14, 20, 26, 29, 34, 42, 50, 
75 and 104 contacts 

UECL Component 
information No 2 

Write for the new, short handy-reference 
catalogue (fully illustrated) gladly sent on 
request. Please quote EE41 
A New Reader? - Then ask for the 
complete catalogue which  gives  full 
details of the entire range of UECL 
precision components. 

419 Bridpod Road, 
Greenford, Middlesex, 
England 

81111181111111111111111 
J18118.18111111111111111111118. 

te...••• «aaer 

i n e a L . 

Tel: VVAXIow 5721-7 
Grams: Connector Greenford 
Telex: 263136 

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

Materials of any' hardness are easily worked by 

SPARK SLOTTERS 

FROM THE U.S.S.R. 
(models A-207-23, A-207-I3, A-207-20 and A-207-3I) 

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

Soviet spark slotters are invaluable for the production 

of UHF and Transistorized Instruments, because of their 
fast production rate and universal application. 

Please send your enquiries to the sole exporters: 

V/O TECHMASHEXPORT 

MOSFILMOVSKAYA 35 

MOSCO W B-330, U.S.S.R. 

or to: The Trade Delegation of the U.S.S.R. in the 

U.K., 32 Highgate West Hill, London, N.6 

TECH MASHEXPORT 

"Don't keep it under 
your hat " the man said 

At ARW we have been making quality transformers 
and coils for 20 years, mainly for Scottish industry. 

From time to time we get complaints from new 
customers in the South that they have only just 

heard of us, sometimes with the terse advice that 

we should shout louder about out service IZ Well 
here goes! CI In our modern factory at Thornliebank, 

we have an experienced design staff and up-to-date 
facilities for producing transformers from miniature 
to 20KVA D Single phase and 3 phase • auto and 

double wound • open, enclosed, and oil immersed • 

ring current transformers ID Applications: electrical 
apparatus • electronic equipment • switchgear • 

auxiliary supplies El Vacuum varnish impregnation 
El Epoxy resin encapsulation. The price is right 

and delivery performance is almost a fetish. 

R W 
TRANSFOR MERS 

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

London Office: 12-18 Paul Street, E.C.2. Tel: Bishopsgate 3288 
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Lens surface 
reflectivity cut to 0.5r 
by VERILO° coating 

Ch1. 28000  
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Increased performance.and the reduction in size of many optical 
systems is now made possible by the use of Pilkington Perkin-
Elmer Verilo (Very Low Reflection) Coatings. As graph A 
shows reflectivity is very much reduced when compared with 
conventional magnesium fluoride coatings, and the high effi-
ciency of Verilo coating becomes more beneficial as the number 
of glass/air interfaces in optical systems increase (see graph B). 

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

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

Spectral Region 
425 to 650 millimicrons 
425 to 700  „ 

Reflectivity 0-15° 
0.5% Absolute 
0.5% Average 

Reflectivity at 30° 
1.0% Absolute 
1.0% Average 

TRANSMITTANCE X (APPROXIMATE) 
7J0 

's....s....,  Verilo coated 90  

Mgr, coated 
80 

70 

60 
Uncoated 
BSC. 517642 

50 

e 

30 

20 

10 

il 
5  10  15 

G ASS/AIR INTERFACES 

GRAPH B 

25 

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

Availability: The Verilo coating process is carried out in the 
modern Pilkington Perkin-Elmer plant at St Asaph, and is 
available for customers' own optical systems as well as 
Pilkington Perkin-Elmer products. 
Other Vacuum Coated Products include laser mirrors, 
interference filters, and reflective layers. 
Information: Please call Mr Elwyn Williams, Pilkington Perkin-
Elmer Ltd., St Asaph 3301 for further information on Verilo 
coatings, other vacuum deposited layers or specialised products. 

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

PILKINGTON 
PERKIN-EL MER 

ST ASAPH, FLINTSHIRE 
Tel : St Asaph 3301 ; Telex 61291: Telegrams Optical St Asaph 
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Silicon Rectifier Cell 
Shindengen is far in front as Japan's top producer in the semi-

conductor field. Shindengen research not only has a long history 

— but today the products coming from this research satisfy 

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

dustrialized nation of the world. Strict quality control over mass 

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 

600,800,1000,1500 

600,1000 

200,400,600,800,1000 

 •• ••• W M MIII .111 .1.11•• 

&IA 

S2E 

S2A 

SHINDENGE N 
Silicon Power Transistor  

Shindengen offers a new triple diffused 

type silicon power transistor designed 

for power use in the high frequency 

area. 

This unprecedented product is des-

tined to play a major role in expanding 

the use of transistors. 

Pc CES NO. VCBO IC f aE hFE 

100W 
2SC407 

—412 

150V 

—300V 
10A 400Kc/s 10 —40 

200W 
2SC431 

----436 

150V 

—300V 
30A 400Kc/s 10 — 40 

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: 
▪ Power Transistor 
• Silicon Rectifier 
P. Silicon Bridge Rectifier 
▪ Selenium Rectifier 
• Silicon Symmetrical Diode 
▪ Thyristor 

* France: SORAL S.A., 4, Cite Griset, Paris Xle 
Switzerland: W. Moor AG., Regensdorf-Zuriéh, Bahnstr. 58 

*Scandinavia: Gadelius & Co., A.B., Eriksbergsgatan lA Stockholm O Sweden (Phone 08/23 28 00) 
• England: Kyokuto Boeki Kaisha, Ltd. 4th Floor, St. Mary Axe House, No. 56-60, E.C.3. (Phone: Avenue 5941) 

*Other Districts; Gloire Trading Co., Ltd. Tanaka-Tomuracho Bldg., 12-15, Shinbashi 2-chome, Minato-ku, Tokyo, Japan 
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'Enter TW 

will solve your Switching and 
Styling Problems... 
Miniature Lever Keys... 300 mA to 1A 
contact ratings. Multi-switching actions. Silver, 
palladium or platinum contacts.  Mounting 
centres 5,à" horizontal and 11/2 " vertical. Choice 
of coloured handles and inserts. Ex stock. 

Illuminated Push Button Keys... mounted 
singly or in multiples on the mounting bar. 0.625" 
or 18 mm key spacing. Contact ratings from 
300 mA to 5A. Choice of lens colour. Solenoid 
release if required. Springset, Microswitch or Dry 
Reed Contacts. 

STYLISH J FUNCTIONAL 

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

please send me full information on TMC Keys 

a member of the PYE group of companies 

SMAII 
QUANTITIES 
OffillEiSHELF 
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 catalogtie 
and price list today. 

COLLETT TERMINALS 
347/349, GOS WELL ROAD, 
LONDON, E.C.I. 
TERMINUS 2584 
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An open-and-shut case 
for your circuit... 
and your savings! 

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

MP4510 11-pin 'Submagnal' plug with poly-
carbonate cover. Supplied with 0.10" pitch 
'Veroboard' ready for individual circuit to be 
made up. 
Overall seated height 1.48" 
Overall width  1.58" 

MP4580 A larger version of the 11-pin type, 
which can accommodate up to 4 'Veroboards' 
of 0.150" pitch cut to size to order (MP4582). 
Overall seated height 3,12" 
Overall width  1.95" 

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

C ELECTRONIC COMPONENTS 

the lowest, most competitive cost. And there are three plug-in 

are best suited to accommodate your interchangeable circuitry.. 

because they're carefully manufactured to the highest standards—at  URDU 
modules for you to judge. Need more evidence? Write for full facts 
about the open-and-shut case of McMurdo plug-in modules to:  THE McMURDO INSTRUMENTCOLTD,RODNEYROAD 

PORTSMOUTH, ENGLAND. TEL 35361. TELEX 86112 
LUGTON & CO. LTD., 209/210 Tottenham Court Road, London W.I.  SASCO, P.O. Box No. 20, Gatwick Road, Crawley, Sussex. 

Telephone: Chipping Sodbury 2641.  Cumbernauld 25601.  Hitchin 2242. 
SPAIN.  0.T.I.C.E, Maestro Nicolau 13 bis I°, BARCELONA.  SWEDEN. Ella Radio & Television A/B. Sysslomansgatan 18, STOCKHOLM 12. 

SWITZERLAND.  Egli Fischer & Co. Ltd. Gotthardstrasse 6, ZURICH 22, 
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Ideas come fresh 
from SGS-Fairchild 

Their new 
FETs 
give you 
something 
to brood on 
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Now you can 
'go to work on FETs' 

The BFX82 and BFX83 are attractively priced, 
high quality, p-channel field effect transistors of 
diffused silicon Planar construction, which offer 
lower noise, lower IDss•  higher Gm, lower 
capacitance and tighter maximum and minimum 
specified limits than other currently available silicon 
Planar field effect transistors. 
Forward transadmittance of the BFX82 is 3500 
p.mho and for the BFX83, 6000 ii.mhcv, whilst drain 
to source ON resistance (f==1 kHz) is 300u for the 
BFX82 and 180£2 for the BFX83 (all typical values). 
These parameters, together with the equivalent 
input noise voltage of 0-08p.V VHz (max) at 100Hz, 
make them the obvious choice for high input 
impedance circuits, such as low noise piezoelectric 

For more information circle No. 89 

transducers (micro amplifiers, accelerometers etc.). 
They also simplify the design of d.c. and video 
amplifiers; giving wider bandwidths and improved 
performance. 
The BFX82 and 83 are ideal for a vast range of 
other applications. They can directly replace 
thermionic valves in such equipment as if. 
amplifiers and source followers, or behave as voltage 
controlled resistors. Their zero offset voltage enables 
them to be used in multiplexers, analog switches 
and commutators, whilst their linear transfer 
characteristic means that they can also be used as 
precision millivolt sources. 
For the most effective answer to your equipment 
design problems use SGS-Fairchild FETs. 
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Important news from 
Planar News 
New Linear microcircuit simplifies design, cuts costs 
of communications equipment. 
Unique in its limiting characteristics which allow 
signal clipping without phase distortion, the 
ji.A703C is a fully integrated, high quality r.f./i.f. 
amplifier. Constructed on a silicon chip and mounted 
in a 6 lead TO-5 can, it is designed to operate in 
the temperature range 0 to 70°C. As a limiting or non 
limiting amplifier, harmonic mixer or oscillator up to 
150MHz, its low internal feedback ensures high 
stability. Only tuning circuits need to be added as 
it includes a biasing network. 
In f.m. i.f. limiters (5kHz to 100MHz), the t.i.A703C 
has excellent phase linearity and limits without 
saturating. Its reverse transadmittance (2 ti.mho) 
provides excellent isolation between stages. Its 
noise figure of 7dB and power gain of 20dB (both 
at 100 MHz) make it ideal as an i.f, power amplifier. 
Fastest 10A Switches Ever 
SGS-Fairchild's new diffused silicon Planar 
epitaxial npn transistors, the BUY16 (VcE0 =80V) 
and BUY17 (VcEo=60V) are designed for high 
speed, high current switching applications. With 
guaranteed switching and saturation parameters at 
10A, they are ideal for use as output devices for 
switched power. supplies, inverters, deflection 
circuits, switching servo amplifiers and for tele-
communications transmitters. 
Extremely Low Drift Differential Amplifier 
The low drift of the BFX99 is achieved by means 

11V 
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of the Planar and improved assembly techniques. 
Its tight VBE and good hFE matching make it 
suitable for a wide range of low-level, high-
performance differential amplifier applications. 
Low Miller Effect with BFX98 

The very low feedback capacitance (Cre=2.2pF) 
of SGS-Fairchild's new BFX98 transistor simplifies 
video band-width shrinking problems due to the 
Miller effect, thus giving linear amplification over 
the full frequency range. 
This, together with a high LVcE0 of 150V minimum 
(permitting high voltage output swings) and an f7 of 
40M Hz minimum makes the BFX98 ideal for a 
variety of applications where high voltage and low 
feedback capacitance are required, such as in video 
amplifiers, cathode ray tube drivers for oscilloscopes 
up to 10M Hz, and in industrial television, television 
studio and outside video-broadcast monitors. 

Special contributors to Planar News 7 
Dr. F. G. Heath, Ph.D., M.I.E.E., M.I.E.I., Chief Engineer, . 
Computer Equipment Group, International Computers and 
Tabulators Ltd, writes on the technique of designing a 
computer with a computer, pointing the way to the use of the 
computer as a valuable tool to design and development 
engineers of all types of electronic equipment P Sir Alfred 
Pugsley, 0.B.E., F.R.S., D.Sc., Professor of Civil Engineering. 
University of Bristol, discusses the generally unknown part 
played by electronics in Structural Engineering—bridges, 
buildings, tunnels, railways, aircraft, etc. 

Keep up-to-date with 
Planar News 
The journal of semiconductor progress—Planar News 
assesses new techniques, devices and applications. 
It has come to be regarded as essential reading for 
all electronics designers and applications engineers. 
If you do not receive Planar News regularly, please 
write or telephone Aylesbury 5977 now and ask to 
be included on the mailing list or use reader reply 
service number 90 

R AI R CI-11L.C1 

SGS-Fairchild Limited 
Planar House • Walton Street • Aylesbury • Bucks 
Telex: 83245 • Telephone: Aylesbury 5977 
SGS-Fairchild SPA-MILAN • SGS-Fairchild GMBH-STUTTGART 
SGS-Fairchild SA-PARIS • SGS-Fairchild AB-STOCKHOLM 

JUNE 1967 69  ELECTRONIC ENGINEERING 



For more information circle No. 91 

ULTRASONIC MICRO RE BONDING 

Close-ups of welding Ilp in 
position over work-holding 
chuck. 
Vacuum chuck above is stan-
dard equipment. Mechanical 
chuck below Is optional. 

-WI 
THE MOST ADVANCED WELDING TECHNIQUE FOR 

From transistors to integrated microcircuits Ultrasonics is a 
proved production method for lead-wire bonding in mass 
production. 

Kerry's 20 w. W-260-A-welder combines within the one unit all 
all components of wire feed, work manipulation under welding 
tip, welder head operation and positioning. 

Aluminium and gold wires, ranging in size from 0.0005 Inch to 
0.010 inch diameter, can be welded to both plain and metallised 
surfaces of silicon and germanium. Copper, nickel, aluminium, 
gold wires and ribbons can be welded to aluminium, nickel 
topper, silver, gold, tantalum, chrome, nichrome, platignum and 
molybdenum films on various glass and ceramic substrates for 
micro-miniature circuit applications. Such junctions are free of 
brittle,  high-resistance  intermetallic  compounds, and  are 
characterized by low noise and low ohmic resistance. 

MICROCIRCUITR 
* NO HEAT 
* NO FLUX 
* NO CLEANING 
* NO PURPLE PLAGUE BY REPLACEMENT BY ALUMINIUM 
WIRE TO SILICON BONDING. 

OTHER KERRY ULTRASONIC WELDING EQUIPMENT 
Ultrasonic spot, seam, and ring welding equipment is available in a 
range of sizes and models from 20 watt to 4,000 watt units. 

For literature and demonstration please contact 

KERRY'S 
11111ASOMICS 

LTD 

eadeedWfaiewerfear 
Wilbury Way, Hitchin, Herts. 
Phone: Hitchin 51 711 
A member of the Kerry Group 
of manufacturing companies. 

e•— • 

MEASURING 

Full information sent on request to: 
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MERMAN 
A quality instrument for8235 
• Ideal for measurement of chips and micro-
circuits 

• Precision ball stage 

• Magnification x30 to x200 

• Transmitted or incident light 

• Built in protractor, graduation 5' 

• Micrometer graduation .0001" 

POLARON 
EQUIPMENT  LTD. 

4 Shakespeare Road, 
Finchley, London, N.3 

Telephone: VIRginia 9241 
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Mercury Displacement 
Relays 

For Heavy duty. 
Resistive loads up to 75A 
may be switched up to 40 
operations a minute. 
Used with simple 
amplifying circuits, 
Adlake displacement 
relays can switch large 
currents from very small 
control inputs. 
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Mercury Wetted Contact 
Relays 

For low level data 
transmission. 
200 usec transmission time 
or less. 
Distortion < 1% 
Very low noise generation. 
Ideal for alpha-numeric 
impulse transmission, 
or for circuits based on 
strain gauges and other 
low level transducers. 

Full details of the 
complete Adams & 
Westlake range from 
B & R Relays Ltd 
Temple Fields Harlow 
Essex 
Tel Harlow 25231 4 
Telex 81140 

'7181L,_ 

Latest Mercury Relays 
from Adams and Westlake 
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Toroidal Rheostats 
These rheostats are vitreous enamelled on a non-hygro-

scopic body. 

Ratings-25; 50; 75; 100; 150 watts. 

Resistance Range-1.5 to 10,000 ohms. 

Features—No soldered joints. 

No metal-to-metal contacts. 

Nolscufflng of the collector ring. 

"Preferred" values available from stock. 

Catalogue ZR1 

!i¡e••• 

:¡:¡*¡*• 

Gam ite 
Resistors 

Continuous production and development of these wire-wound embedded 

resistors since 1924 has kept us in the forefront of this field. 

Quality control, exercised from the manufacture of our own embedding 

medium up to final inspection, guarantees reliability and stability.  Quali-

fication approvals are held for these components. 

Catalogue TG5 §§§§ 

Tubular Rheostats 

r. ttttt 

tttttttttt 

tttttttt 

Styled to enhance any laboratory, test room or switch board. 

Enclosed models are available with socket-head insulated terminals 

for educational use, or alternatively with conduit entry for industrial 

applications.  Graded windings, non-inductive windings, carbon 

brushes, lead screw motion, are some of the features available 

in this series. 

Catalogue T R8 

JL 
THE  ZENITH  ELECTRIC  CO MPANY  LI MITED 
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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30 MHz,10mV 

Solid State 

Modular 

Sweep Delay 

<£400 

Chertsey - Frankfurt • Brussels • Sydney DYNAMCO 
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Painton offer ex-stock delivery 
with this new 2 amp miniature 
toggle switch, as shown here 
actual size. 
Designed and manufactured 
in Britain, this double pole 
double throw switch is rated 
at 2 amps, 250 volts, AC RMS 
and is ideal for use where 
space is at a premium. 
Full  information  in  leaflet 
T S 4. 

ALSO AVAILABLE 

3 amp double pole 
change over switch 
(leaflet T S 5) 

6 amp double pole 
change over switch 
(leaflet T S 1) 

10 amp single pole 
change over- double 
pole on/off switch 
(leaflet T S 3) 

'ar 

12.• 

.„,  ... .  -  1%8  !:‘• 8X ;  ... 

t• 
••:t.4.  . 

• r-•-.• 8  ••••••  8'.  .8 . . 

Painton Er Co. Limited 
KINGSTHORPE . NORTHAMPTON 
Tel: 34251 (10 lines). Grams:'Ceir Northampton. Telex 31576 

AUSTRALIA Painton (Australia) Pty. Ltd.  U.S.A. Painton Inc.  ITALY Painton Italiana. SWEDEN Svenska Painton A.B.  BENELUX Painton S.A. 

GER MANY Painton G.m.b.H. 
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Why the MINISTRY OF TECHNOLOGY 
clean with ARKLONE when they could use 
a solvent 24 times cheaper 

• 

R.A.F. radar equipment being cleaned in 'Arklone' at the 
M inistry of Technology, Aeroplaneand Armament Experimental 
Establishment, Boscombe Down. The cavitation effect of 
ultrasonic cleaning in the ICI plant is clearly seen. 

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

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

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

Faster 'Arklone' removes contamination quickly, 
even from blind holes and recesses in complex, 
fully-assembled  parts. Time-wasting dismantling, 
hand-cleaning and re-assembly can be avoided 
entirely. 
Less overall cost The unique properties of 'Arklone' 
make it ideal for low cost vapour degreasing of 
assembled components. Costly methods of cleaning 
by hand are out when you install 'Arklone'. 

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

rTo Imperial Chemical Industries Limited, 
Millbank, London S.W.1 

Tell me more about 'Arklone' solvent for cleaning 
electronic components. 

Name 

Company 

Address 

ARKLONE 
CLEANS ELECTRONICS 

..Imperial Chemical Industries Ltd., Millbank, London SW1 

EEI 

AK3 
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Where should coaxial pins appear in 
the vacant M Series housing? 

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

Profit from 
Ampintelligence 

•stoewoo plepuels tplm amea6uetplawi 
sadiii ainie!ww-qns NOOIXVOD la>100S JO U!Ci 

.10139UUOD aqt sdwpo 6ulioot uoispaid o uoiloe 
3l6uis v •6u!snoq awes aq1  'uo!leumwoa Àue u! 
spewoo pateld lamo!u Jo plo6 te!m st!noip Jamod 
.313 pue 'leu5!s T °net' ueo sJotpauuoD sapasUN 

•Buisnoq ltal dot aqi 6u!loallai 
GA ri staeluoo le!xeoo seq aJoialaw Ouisnoq 
weoen aqi •MOJ dot at.t u! asoql o auo pa p', 
sbuisnoq 40 Mal wouoq  swd aij  1:13 MSNV 

AI M IP 
IN D U S T RI A L 
TERMINAL HOUSE STAN MORE MIDDLESEX TEL: 01-954-2356 
USA AUSTRAUA BELGIUM CANADA FRANCE GERMANY HOLLAND ITALY JAPAN MEXICO PUERTO RICO SPAIN 

COAXICON 15 A TRADE MARK OF AMP INC. 

AP399 
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COMMENTARY 

ICROELECTRONIC Technology Points the Way 
IVIAhead' was the title of an article published in this 
journal about a year ago and the truth of that statement 
is becoming apparent with increasing rapidity. It is also 
becoming clear that the various forms of microcircuit, 
that is thin films, thick films and silicon integrated circuits 
(s.i.c.) are not so much rivals in the race for supremacy, 
but rather are they complementary. 
The thin and thick film processes both produce passive 

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

of s.i.c. technology is that it produces active devices— 
diodes and transistors—which dominate the performance 
and cost of electronic equipment, particularly in the digital 
field. The passive components produced by this process 
are less accurate and more restricted in range of values 
than in the film processes, but complete circuit functions 
can be performed by s.i.c.'s. The major investment in 
microelectronics by many large organizations throughout 
the world (as, for instance, the Plessey Company) is being 
made in s.i.c. technology not primarily because of the 
reduction in size or improvement in reliability offered— 
valuable though these features may be—but because it 
offers a way of reducing the cost of electronic equipment. 
One of the basic reasons for the economic advantage of 

the s.i.c. process may be seen by comparing it with silicon 
planar epitaxial transistors. A typical npn transistor of 
this type for small signal linear applications up to a few 
hundred megahertz or switching applications with times 
of around lOnsec, has an active area of about .002in x 
.002in. The area of silicon used is normally increased to 
around 0.02in x 0.02in to provide room to attach lead 

• HOLT,  W.  Microelectronics  Reliability and  Economics.  Component 
Technology (The Plessey Co. Ltd.) 2, 6 (Mgy 1967). 

wires and to ease the other assembly problems. Thus, 
only 1 per cent of each silicon ' chip ' is really being used 
for the semiconductor device; the remaining 99 per cent 
being sacrificed for mechanical convenience. The process 
appears even more inefficient when transistors, processed 
in the form of slices of silicon 1 to 1.5in in diameter, each 
containing  some  1000  transistors,  are  divided  and 
separately encapsulated only to be assembled together 
again by the user. 
The use of integrated assemblies of transistors does, in 

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

greater process complexity and number of components 
per chip must reduce the yield of s.i.c.'s compared with 
single transistors produced with the same level of tech-
nology. Firstly, each additional stage increases the num-
ber of whole slices rejected. Secondly, the increased active 
area per chip will increase the chance of a fault occurring 
in that area. Once a reasonable level of process control 
has been established, it is the second mechanism which 
largely controls the yield. The larger the chip, the greater 
is the chance of a fault occurring in it but on the other 
hand, the greater the complexity of the s.i.c., the greater 
is the economic advantage over discrete components, and 
from this it can be seen that costwise there is an optimum 
size of chip. Naturally, as further technological advances 
are made, higher and higher yields can be expected and 
s.i.c.'s of greater complexity will become feasible and 
economically viable. 
There is no doubt that microelectronics in one form or 

another is going to bring about profound changes in the 
electronic industry and that s.i.c.'s are going to play an 
important part in this. Indeed, it can be seldom in the 
history of technology that one element has emerged so 
dramatically from the background to play such a unique 
and dominant role in re-sharing the course and future of 
an industry and, moreover, with the exception of oxygen 
it is the most abundant element of the earth's crust! 
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Calculation of V-I Curves for N.T.C. Thermistors 
A Method of Calculating the Steady-State Voltage/Current Characteristics 

of Directly-Heated Negative-Temperature-Coefficient Thermistors 
(Part 1) 

By M. R. McCann*, C.Eng., A.M.I.E.R.E. 

When the current through an n.t.c. thermistor is slowly increased, the corresponding voltage in-
creases to a maximum Ems1 and then starts to fall. This characteristic is due to the self-heating of the 

thermistor. 
The basic formulae involving resistance, temperature and power are used to derive a graph which 
shows curves of normalized voltage and current for negative temperature coefficient thermistors. 
From these curves and a knowledge of the cold resistance and  the voltage-current characteris-
tic of the thermistor can be determined in any ambient temperature. An example of this calcula-
tion is shown for a thermistor mounted in different enviromental conditions. The analysis includes 
a simple method of calculating E  (on the V-1 characteristic) and its variation with ambient tem-
perature. A universal resistive load line is derived for use in conjunction with voltage-current charac-

teristics plotted with logarithmic scales. 
Several examples of the voltage-current characteristic of different types of thermistors are shown 
measured under practical conditions and they are compared with characteristics calculated from the 

normalized curves. 
The analysis is extended to include thermistors mounted in a vacuum, where there is a consider-
able deviation in the behaviour of the thermistors from that of those mounted in other media. 

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

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

(a) Voltage across the thermistor 
(b) Current through the thermistor 
(c) Its resistance 
(d) The amount of power being dissipated in the 

device 

The voltage and current are perhaps the most con-
venient quantities since when plotted in a graphical form, 
a resistive load line may easily be drawn to obtain the 
operating point. 
In the following analysis it will be shown how the 

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

Calculation of 

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

• Standard Telephones & Cables Ltd. 
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closely followed when the thermistor is in free air and 
the temperature of the thermistor is sufficiently low to 
neglect the radiation of heat from its surface. 
In the majority of the following analysis, it is assumed 

that the above relationship holds. 
It has been found that the following relationship for 

negative temperature co-efficient thermistors holds over 
a wide temperature range: 

Ri, = R. exp (BIT)   (1) 

where Ri, is the resistance of the thermistor when its mean 
temperature is T degrees Kelvin; Ro. is a constant equal 
to the thermistor resistance when the temperature T is 
infinitely high; and B is the constant that will be referred 
to in the text as the characteristic temperature of the 
thermistor. 
It has been found by experiment that the variation in 

B for STC thermistors over the temperature range from 
—40°C to +120°C is less than 1 per cent. This was veri-
fied experimentally by accurate measurement of resistance 
and temperature. The equipment that was used did not 
permit verification outside this range of temperatures. 
In an ambient temperature of T.°K with zero power 

dissipated in the thermistor, equation (1) becomes: 

R. = Re., exp (BIT.)   (2) 

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

tor such that its mean temperature is raised to AT above 
that of the surroundings (which are assumed to be at 
T.°K). Then 

W = kAT    (3) 

where k is the dissipation constant (i.e. the reciprocal of 
the thermal resistance). The resistance of the thermistor 
Ri, now becomes: 

B 
RT = R. exp   T. + (W k))   (4) 

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

Now: 

RT = R. exp (T. + (W 1 k)  (B I T.)  .... (5) 

E  IRT   (6) 

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

Equation (5) becomes: 

E = IR. exp (T. + (WI k)  (B 1  (7) 

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

SYMBOLS 

Units 
•  °K  The 'characteristic temperature' of 

the thermistor 
D  A parameter which is a function of 

T. and B 
D'  °K  The value of D at ambient tempera-

ture T.' 
✓  The d.c. voltage across the thermistor 
✓  The maximum voltage across the 

thermistor 
✓  The maximum voltage across the 

thermistor at an ambient temperature 
T.' 
Another parameter which is a func-
tion of T. and B 

1  A  The  direct  current  through  the 
thermistor 

A  A parameter which is a function of 
E . and R. 
The current through the thermistor at 
E tI MX 

•  WI °C The  dissipation  constant  of  the 
thermistor 

n The resistance of the thermistor at 
E rma 

R.  1.2 The resistance of the thermistor at 
zero power dissipation 

n The value of R. at T.' 
SZ  The resistance of the thermistor at 

temperature T 
R. SI The resistance of the thermistor at 

infinite temperature 
The  mean  temperature  of  the 
thermistor 

T.  The  ambient  temperature  of  the 
medium surrounding the thermistor 

T.'  °K  An  arbitrary ambient temperature 
different from T. 

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

W  The mean power dissipated in the 
thermistor 

W  The mean power dissipated in the 
thermistor at E . 

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

AT.  °C  A change in the ambient temperature 
T. 

E 
Emsx 

Einaa' 

R 

R.' 
RT 

WMAX 

O K 

A 
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O K 

2 

23 

22 

t. 21 
cl 
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Fig. 1. Variation of the parameter D with the characteristic temperature B 
at various ambient temperatures 
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Fig. 2. Normalized relationship between the parameter D, the characteristic 
temperature B, and the ambient temperature 

ln  — ln / = ln R. +   (B 1 T.) 
T. + (El I k) 

Therefore: 
11E (dEld1) — (111) = —B 

{  Elk   (T. (dE 1 dl) (II k)  
+ (El I k))2 (T. + (El I k))21 

[ (EIB I k) — (T5+ (El 1 k))21 
Hence: 

dEldl -= Ell 
(EIB 1 k)+ (T. + (El 1 k))2 

Now dEldl = 0, corresponding to a voltage maximum or 
minimum for a slow change of 1, when: 

(T. + (El 1 k))2 = EIB 1 k 
hence: 

(El)2 + El k(2T. — B) + leT.2 = 0   (8) 
and: 

El = K [(B 12) 11 ± V(1 — (4T./B))} — T.]   (9) 

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

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

E = Emaz 

El = Wrnsx 

T -= Trsas 

Ell = R. 
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Then: 

and: 
  (10) 

AT = W max 1 k   (11) 

Then from equation (9): 

Wmnx = k [(B 12)11 — V(1 —(47',„/B))1 — Ta] 
and: 

Now: 

and: 

BI2 [1 — V(1 — (4TalB))]   

Emaz a = Wmax R .   

Rmax =- Ro exp ((B/T.,..) — (Bi n))   

From equations (12), (13) and (15): 

Emax = [Rok(Tmax—Ta)] exp((B f 2T, ) — (BI 27'.)) 
This equation is a complex 
function of the variables 
B, Ta, Ro, k and E . 
(Tmax is a function of B 
and Ta). However, the fol-
lowing  equation  (evolved 
in Appendix A) shows that 
a very much simpler rela-
tionship  exists  between 
these quantities, i.e.: 

Emax = D V (Rok I B) 
  (17) 

where: 

D  (T./ Ve) [1-F(Tal2B) 
+ (5/8) (Tu2/B2)+ (53 /48) 
(T.3/B3)-F (903/384) (T.41.134) 
-F (21769/3840) (T.'/Bs)] 

  (18) 

D is a function of Ta and 
B,  and  does  not  vary 
appreciably over a wide 
range  of  values  of 
B (2 500°K to 6 000°K). It 
has  the  dimensions  of 
absolute temperature. 
When the ambient temperatute T0 is,20°C, (T. = 293°K), 
D  186 and 

Emax = 186 V (Rok 1 B) within ± 2 per cent over a range of B 
from 2 500°K to 6 000°K   (19) 

When To is 25°C (T. =- 298°K) 
Emax  190 V (RokIB) within ± 2 per cent over a range of B 

from 2 500°K to 6 000°K   (20) 
It also follows that for most practical purposes: 

Emax = 0.64 T.  (Rok I 13)   (21) 
This can be seen in Fig. 1 where D is plotted against B for 
various ambient temperatures. 
Fig. 2 is a plot of DIT. versus Ta/B, which enables D 

to be determined easily for any given values of Ta and B. 
Therefore, E . can be calculated from Fig. 1 or 2 and 

equation (17) for given values of ambient temperature, 
characteristic temperature (B), dissipation constant and 
cold resistance (Ro) or, if the ambient temperature is 20°C 
or 25°C, by the approximate formulae in equations (19) 
and (20). 

Lu 

1 0 

01 

0.01 

(15) 

Hence E = (E .ID) V (BATRT I Ro) by substitution for k 
from equation (17). 

Therefore: 
V (BAT) 1   

E Emax  =  D  . exp [ (B 1 2)  (Ta, + AT 

— (1/Ti,))1   (22) 

Also / = V(W/RT) 
V(  k RA oRTTRo  

Substitution for k gives: 

(16)  / = (Email DRo)  (BARTTRo  

(r= 300°C when F 8) 

F -= 2000 °K 

3000°K F 

Ro 

3 R 

/ 7  

o 

10 

R 

30 F =5000° 

F 4000°K 

11[11 

100 Ro 

300 

7 30 i 

F = 6000°K 

I„, = 
Ro 

F — B when To-. 20°C 

01 1 0 10 100 

Fig. 3. Relations between the normalized voltage and the normalized 
current as a function of the parameter F 

The Generalized Voltage-Current Characteristic 

Equation (17) enables the generalized voltage-current 
characterisic to be determined as follows: 
Now E' = WRT 

kATRT from equation (3) 
= kATRo (RT I Ro) 

Hence: 

IR.! Erna , = 

Let: 

Then: 

/11. — 

1 
  exp  [—  V (BAT) 

— (11 T 0)1 

oc 

1000 

  (23) 

Im = EmaxIRo   

V (BAT) 

D 

1   
exp [ — (B/2)(  ± L\T  

((24) 

— (1/T.)    (25) 

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

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

120  140 

Fig. 3 is plotted in a different form, as described in 
Appendix C.) 
At first sight, it is necessary to plot equations (22) and 

(25) again for each different ambient temperature. How-
ever this is unnecessary, as shown below. 

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

Consider equation (7): 

E = IR. exp(T. +  (W  lk)  

then: 

EIE . = (IR.IE...)exp[(BIT.) 

1   

(1 + (EIE .)(IR.IE .)(B..21kT.B0) 

and: 

EIE . =(III.) exp [ (B/ 

(  1   
1 + (E7E...)(111.)(E..121kT.B.) 

But: 
E .2 = IY(k12.1B) 

Hence: 

EIE . = (III.) exp [(B/ T.) 

B/  T6) 

(1 + (EIE .)(III.)(IYIBT.) —1 )] 

1   

Now from equation (18) the expression D2IBT., which 
occurs in equation (26) can be written: 

IYIBT. = (T.IeB) 

a  [1 + 1/2 (T.IB) + 5/8 (T.2/B) + 

  (26) 

The value of D2IBT6 is therefore a function of T.113 
only, and is independent of the actual value of either 
T. or B. The only other place where T. and B enter 
equation (26) is again as the ratio T6/B. Since there are 
no other quantities involved in (26) except the normalized 
current and voltage, it follows that T.IB is the only para-
meter involved in the relation between EIE . and 
Therefore, the effect of any change in T. may be exactly 

replaced by the effect of a reciprocal change in B. The 
curves in Fig. 3 have therefore been plotted in terms of 
a parameter F where: 

F = B(293/ T.)   (27) 

293   
— B  (28) 

T0 + 273   

where Tc is the ambient temperature T. expressed in 
degrees Celsius (so that for Tc -=- 20°C, F  B). 
Fig. 4 shows the variation of F in terms of the ambient 

temperature Tc. 
When determining the voltage-current characteristics of 

a thermistor from the normalized curves it might be noted 
that E . and 4m are also functions of temperature. Both 
these quantities can be calculated from equations (2) and 

5 

10 

e„ 05 

Lu 

01 

0.05 
—20  0  20  4-0  60  80 

AMBIENT TEMPERATURE (°C) 

Fig. 5. Variation of the normalized maximum voltage E..r with ambient 
temperature 
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Fig. 6. Variation of the normalized current I  with ambient temperature 
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Fig.  7.  Examples  of  the  voltage-current  characteristic 
thermistor under various operating conditions 

Thermistor 

I» 100 

of  an F23D 

Fig.  8.  General  equivalent 
circuit for a load line (example 

shown in Fig. 7) 

= open-circuit voltage, 

1.0 = short-circuit current, 

R = load line resistor where 

V0,11. c = R 

(21). However if E . and  are known at some particular 
ambient temperature (20°C or 25°C), E . and I. at 
some other ambient temperature can be determined if it 
is known how the ratio of these quantities varies with 
ambient temperature. 
For E . this has been solved (in Appendix B) using 

the approximation: 

in    
( Emax" 

Eniax' 

AT.  
[(B / 2) - 310]   

Ta" Ta' 
(29) 

where E .' corresponds to an ambient temperature Ta' 
and  E ." corresponds to an ambient temperature Ta" 

If Ta' is 293°K (20°C) the apparent error in the charac-
teristic temperature over a range of ambient temperature 
from -20°C to +120°C would be in the order of 
+2 per cent. Since the tolerance on the characteristic 
temperature is of the order of +5 per cent, it is a reason-
able approximation to say that for most practical purposes 
equation (29) is correct over this temperature range. 
Comparison of equation (29) with a re-

arrangement of equation (2) shows that the 
variation of E . from its stated value of 
20°C obeys the same law as the variation 
of the thermistor resistance with temperature 
(with no power dissipated), except that the 
apparent value of the characteristic tempera-
ture is ((B/2) - 310)*K. It can be shown 
by a similar argument to that in Appendix 
B that the variation of I.(=E .IRa) with 
temperature is determined by an apparent 
characteristic temperature of ((B I2+ 310)*K. 
Figs.  5 and 6 show the variation  of 
E.."/E .' and /unit.' with ambient tern-
temperature. 
Thus with the aid of Figs. 4, 5 and 6, the 

voltage-current characteristic can be deter-
mined from Fig. 3 over a range of ambient 
temperature from =20°C to +120°C, with 
no error of practical significance. 

(In 

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

Consider an F23 thermistor in free air (using nominal 
values): 

Emax 

Ra at 20°C = 2000n 

B  = 3050°K 
k  = 0.85mW/°C 

at 20°C from equation (17) and Fig.  1 

,‘. 187  / 0.83505x0 2 _ 4.4V 

I. = E ./R. --=--- 2.2mA. 
Since To = 20°C, F = B. 
Using Fig. 3, Table 1(a) can be compiled from the 

numerical values of E and I. 

Current I is plotted against voltage E in Fig. 7. 

To calculate the voltage-current characteristic of this 
thermistor in free air at an ambient temperature of, say, 
70°C it is first necessary to calculate F. 

i.e. F = 0-854 B from Fig. 4 

F = 2600°K 
From Fig. 5, E . at 70°C = 0.55 x 4-4 

= 2.42V 
and from Fig. 6, I. at 70°C  = 2.5 X 2.2 

= 5.5mA 

Table 1(b) shows the calculation of the voltage-current, 
characteristic under these conditions. 
If the F23 is now immersed in water at a constant 

temperature of 70°C, the dissipation constant k increases 
from 0.85mW/°C to 3.5mW/°C, which is approximately 
in the ratio of the thermal conductivity of air to that of 
water. From equation (17) it can be seen that E . is 
proportional to the square root of the dissipation constant. 
Hence, the value of E.xa under these conditions is 4.92V. 
Since L. is modified in the same proportion as E ., its 
value becomes 11.2mA. A new table can be constructed 
using the new values of E . and /,,,, and the voltage-
current curve drawn and plotted as shown in Fig. 7. 
It can be seen that the scales of Fig. 7 are logarithmic. 

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

TABLE 1(a) 

tree air at 20°C) 

1 
Im 

E 1 
(mA) 

E 
(V) Emax  

60 0.395 13-2 1.74 
50 0.429 11.0 1.89 
40 0.47 8.8 2.07 
30 0.531 6.6 2.34 
25 0.575 5.5 2-53 
20 0.631 4-4 2-78 
15 0.705 3-3 3-1 
10 0.82 2-2 3.6 
8 0-87 1-76 3.83 
6 0.93 1.32 4.09 
5 0-975 1.1 4.29 
3 1.0 0.66 4.4 
2 0.97 0-44 4-27 
1.5 0-89 0-33 3-92 
1.0 0.74 0.22 3-25 
0-5 0.45 0.11 2-0 

TABLE 1(b) 

(In tree air at 70°C) 

E 
ErnaX' (mA) 

E 
(V) 

40 
30 
25 
20 
15 
10 
8 
6 
5 
3 
1-5 
1.0 
0.7 
0.5 
0.3 
0.2 

0-51 
0 572 
0.614 
067 
0.735 
0-835 
0-885 
0 945 
0-98 
1-0 
0.89 
0-74 
0.59 
0-45 
0-29 
0-197 

220 
165 
137 
110 
82-5 
55 
44 
33 
27-5 
16-5 
8.25 
5.5 
3-85 
2-75 
1-65 
1-1 

1.23 
1.38 
1.48 
1.62 
1-78 
2.02 
244 
218 
2-37 
2.42 
215 
1-79 
1-43 
1.09 
0.70 
0.48 
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Fig. 9. Voltage-current characteristic of an STC KS37 disk type thermistor 

40°C 

30 

Measured and calculated 

40 

10  15  20 
f(mA) 

Fig. 10. Voltage-current characteristic of an STC type A24 bead thermistor 
(bead inside a gas-filled envelope) 

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

10 

6 

l7; 

Calculated 

Measured 

FS23B in still water 

10 

4=25°C 

20  30  40 
/(mA) 

Fig.  12.  Voltage-current characteristic of a bead thermistor immersed 
in water 

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

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

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

The curves in Figs. 9, 10 and 11 were obtained by 
measuring the thermistor inside a small (Sins) enclosure 

which was in the direct 
CONDITION  VOLTAGE  CURRENT 

(See Fig. 7)  (V)  (mA), 
RESISTANCE Ta OPERATING 

(Q)  (°C)  MEDIUM 

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

ig. 11. Voltage-current characteristics of various bead thermistors where 
the bead is mounted at the end of a glass probe 
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A 50 to 500 MHz Broadband Transistor Amplifier 
By A. E. Hilling*, B.Sc.(Eng) 

A broadband amplifier is described which has a gain of 21.5 ± 1.5dB from 50 to 500MHz. A 
maximum noise figure of 8dB is obtained at 500MHz and the maximum input and output v.s.w.r. 
are 2.0:1 with respect to son. Low third order intermodulation distortion is achieved by using the 

BFY90 transistor. 

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

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

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

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

Amplifier Requirements 

The system for which this amplifier was designed 
required a gain of approximately 22dB between 50 and 
500MHz, a maximum noise figure of 8dB and input and 
output voltage standing wave ratios not greater than 2-0: 1 
with respect to son. The third order distortion generated 
in the amplifier was required to be as small as possible. 
Second order distortion was not considered to be important 
as the amplifier would be preceded by a band-pass filter. 
The largest signal occurring at the input to the amplifier 

is likely to be of magnitude —30dBm. 

Transistors 

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

Circuit Configuration 

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

The advantage of this method is that the power gain 
of a stage is not primarily dependent on the current gain 
of the transistor. Ferrite core transformers have been tried 
and were successful in single stage amplifiers covering the 
band 50 to 500MHz where the load on the output trans-
former secondary was a son resistor. However, this tech-
nique was not successful when applied to multi-stage 
amplifiers and a flat gain characteristic could not be 
obtained. This was attributed to the change of transistor 

• Mullan! Research Laboratories. 

ELECTRONIC ENGINEERING 

Fig. 1. Stage with shunt feed-
back 

input impedance with frequency presenting a varying load 
impedance to the previous transistor. 

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

Fig. 2. Stage with series feed-
back 

50 500 
FREQUENCY (MHz) 

Fig. 3. Sketch of frequency response shunt feedback 'stage 

50 500 
FREQUENCY(MHz) 

F. 4. Sketch of frequency response series feedback stage 

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

The common emitter configuration has been adopted 
for this amplifier. 

Transistor Parameters 

The design and analysis of high frequency transistor 
amplifiers is complicated by the lack of an equivalent 
circuit which is directly related to the transistor physical 
characteristics. As a consequence the analysis of these 
amplifiers is based on 'black box' parameters, in this 
case y parameters. These have the disadvantage of being 
current, voltage and frequency dependent. Each stage is 
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C1— CA 1000 pF Leadthrough 

C17 —C1. 4700pF Ceramic disk 

Fig. 5. A four stage common emitter feedback amplifier using the BFY90 transistor 

BFY90  I  BFY90 

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

Feedback Networks 

Two simple forms of feedback have been employed 
which have been called 'shunt' and 'series' feedback 
(Figs. 1 and 2). The application of shunt feedback to an 
amplifier stage lowers the input and output impedances 
while the application of series feedback increases them. 
Each feedback network contains a component whose 
impedance varies with frequency. These components have 
been chosen so that the effect of the feedback networks 
decreases with increasing frequency. Further aspects of 
shunt and series feedback amplifiers are discussed else-
where'''. Feedback around two stages has also been 
examined but, due to phase changes in the transistors, can 
lead to instability at frequencies approaching 500MHz. 

Circuit Design 

By taking the values of transistor y parameters at dis-
crete frequencies in the band, at specified operating points, 
it would be possible, with the aid of a computer, to vary 
the several feedback elements until the required gain 
characteristic and input and output v.s.w.r. were obtained. 
However, the advantage of this very complicated method 
over an empirical approach is debatable. It is also difficult, 
at these frequencies, to account for parasitic capacitances 
and inductances and a purely theoretical design would 
always require experimental adjustment. 

The compromise technique that has been adopted is to 
assume that, at the highest frequency of interest, the 
passive feedback networks no longer have any effect and 
the amplifier is a simple cascade of transistors. The power 
gain and input admittance of each stage can then be 
calculated from the transistor y parameters. The sum of 
the individual stage gains is the maximum gain obtainable 
from the amplifier at the highest frequency in the band. 
The gain of the amplifier at the lower frequencies is then 
reduced to this value by empirical adjustment of the 
feedback networks. It is assumed that the d.c. bias com-
ponents and the coupling capacitors have no effect on 
the operation of the amplifier at the highest frequency in 
the band. 

As an example the calculation of the input admittance 
and power gain of a BFY90 transistor at 500MHz with a 
509, collector load is shown in the appendix. This is, in 

+36Ç/ 

fact, the output stage. Similar calculations can be per-
formed for the preceding stages where the 50f/ load is 
replaced by the input admittance of the following stage. 

From these calculations it would appear that three 
stages of amplification would meet the gain requirements. 
However, a minimum of four 'stages was found to be 
necessary to obtain adequate control of the amplifier 
input and output impedances and shape and magnitude 
of the gain characteristic. 

The first stage employs shunt feedback to obtain a good 
input v.s.w.r. The input impedance of the BFY90 is 
approximately 400e at low frequencies falling to approxi-
mately son at 500MHz. The frequency dependent shunt 
feedback reduces the input impedance of the first stage to 
approximately 5012 over the frequency band. However, 
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Fig. 6. Gain-frequency response: amplifier using BFY90 transistors 
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Fig. 7. Noise figure/frequency: amplifier using BFY90 transistors 
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Fig. 8. Input v.s.w.r./frequeuey: amplifier using BEY90 transistors 
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Fig. 9. Output v.s.w.r./frequency: amplifier using BFY90 transistors 

the frequency response of this stage when adjusted for 
optimum v.s.w.r. is not flat (Fig. 3). To compensate for 
this the second stage has series feedback giving a fre-
quency response as shown in Fig. 4. The third stage also 
uses series feedback and compensates for the fourth stage 
whose shunt feedback network partially controls the out-
put impedance of the amplifier. It was impossible to 
obtain an output v.s.w.r. of less than 2.0:1 over the band 
by only altering the shunt feedback network on the last 
stage. By plotting the output admittance of the amplifier, 
for frequencies between 50 and 500MHz, on a Smith chart 
and by experimental adjustment it was found that an 
undecoupled emitter resistor of 2711 in the last stage and 
a loon resistor across the output gave the required per-
formance. The loss in gain incurred by these resistors 
partially explains the need for a four stage amplifier 
mentioned earlier. 

The gain and input and output impedances depend on 
six related variables and to obtain the required perform-
ance  it was  necessary  to make  several  successive 
adjustments. 

The circuit diagram is shown in Fig. 5. 

Intermodulation Distortion 

When two input signals, at frequencies fi and fi, are 
injected into an amplifier, intermodulation products of 
these two signals are produced due to non-linearities in 
the transistors. In addition to harmonics second order 
terms occur at frequencies fi ± h and third order terms 
at frequencies 2/2 ± fi and 2fi ± h. Higher order terms also 
Occur but are less significant. 

The magnitude of the output power at the distortion 
frequencies has been measured relative to the magnitude 
of the wanted signals with specified input signals to the 
amplifier. The distortion signals have been referred to 
the input of the amplifier by the gain at these frequencies 
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and have been denoted 'Equivalent Intermodulation 
Inputs' (e.i.i.). This is the level of signal, at the distortion 
frequency, which would have to be present at the input 
to give the measured power at the output. 

A reference signal level of —30dBm was chosen for 
intermodulation measurements, and the e.i.i. obtained when 
two signals of this magnitude are injected into the ampli-
fier gives an indication of the dynamic range of the 
amplifier. 

Third order intermodulation products only have been 
measured  on  this  amplifier  as  it is intended  to 
be  used  with  a preselection  filter  with  a band-
width less than one octave. Second order products occur 
only in an amplifier when the input circuit pass-band is 
greater than this. 

The BFY90 transistors are operated under conditions 
for minimum distortion, the transistor in the fourth stage 
being selected for low distortion at a collector current 
of 20mA. The first stage transistor is operated in condi-
tions which are a compromise between low noise and low 
distortion. 

With the two input signals at frequencies fl and fi each 
of magnitude —30Bm the performance shown in Table 1 
was obtained. 

These figures for e.i.i. are typically 20dB better than has 
been obtained with other small signal transistors. 

D.C. Conditions 

A supply voltage of 36V was used for this amplifier. 
The amplifier stages were operated under the conditions 
shown in Table 2. 
The total current requirement for the amplifier was 
approximately 70mA. 

Construction 

Due to the high cut-off frequency (fT) of the BFY90 
transistor great care has been exercised in eliminating 
conditions for spurious oscillation. The amplifier was con-
structed on a brass chassis which was then mounted in a 
brass box. The r.f. path through the amplifier was made 
as compact as possible by keeping lead lengths short. 
Special care has been taken to minimize emitter lead 
lengths. Capacitors have been chosen for low parasitic 
inductance and the coupling capacitors are in fact tubular 
decoupling capacitors. It is possible for a combination of 
parasitic capacitances and inductances to cause the ampli-
fier to oscillate at frequencies above 1GHz. 

TABLE 1 

fi f2 DISTORTION E.I.I. (3rd Order) 
FREQUENCY 

(MHz) (MHz) (MHz) (dBm) 

122 156 190 —80 
122 92 62 —82 
14 256 372 —85 
480 440 400 —82 

TABLE 2 

STAGE 

1 
2 
3 
4 

COLLECTOR VOLTAGE 

(V) 

COLLECTOR CURRENT 

(mA) 

9 
9 
9 
8 

7.5 
13.5 
17.5 
20 
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The emitter feedback capacitors in stages 2 and 3 are 
voltage variable capacitors which allow adjustment to be 
made away from the r.f. circuit. The transistors are 
mounted in Jermyn heatsinks which are bolted to the 
chassis. 

Performance 

The performance of the prototype amplifier is given in 
Figs. 6 to 9. The 1 dB gain compression point of this 
amplifier occurs at an output power of approximately 
+ 7dBm. 

Conclusions 

This design method has the advantage of obtaining a 
flat gain characteristic and good input and output imped-
ance matches from simple cascaded stages with the 
minimum theoretical calculation. A feature of this ampli-
fier is the low third order distortion which is achieved by 
the use of the BFY90 transistor. 
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APPENDIX 

The typical y parameters of development samples of 
BFY90 transistors at 500MHz are: 

yi. = 11 + 6-5j mmho 

Yre --,- 2 — 50j mmho 

yo. --= 0-5 + 5.5j mmho 

Yr. = —0-1 — 3j mmho 

Measured at a collector voltage of 10V and an emitter 
current of 20mA. 

Calculation of Input Admittance and Power Gain 

It can be shown that, the input admittance of a tran-
sistor in the common emitter configuration can be 
described by the formula'. 

YIN —  Yie 
Yoe +  ya 

where ya is the load admittance. 
The power gain of transistor under these conditions is': 

Yfe • Yre 

P.G. = 
Yfe 

Yoe ±  ya 

2 

. ga/ GIN 

where ga is the real part of the load admittance. 

GIN is the real part of the input admittance. 

Substituting the relevant y parameters into these equations 
gives, with ya = 20 mmho (i.e. Ra == 5012) 

((-0-1 —3j) (2-50j)) 
YIN = 11 + 6 5j  minim 0-5+ 5.5j+20 

YIN -= 18 + 4-7j mmho 

P.G. — 
2 — 50j, ,  

0%5 + .5.5j + 20 

P.G. = 6-3 (8.0dB) 

a 
. 20/18 

These calculations can be repeated for the penultimate 
stage where: 

ya = YIN (of the last stage) 
= 18 + 4.7j mmho. 
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Thin and Thick Filin Circuits 

The microengraving machine developed by Standard Tele-
phones & Cables Ltd for film circuits and shown in prototype 
last year in London, was recently demonstrated in use at the 
company's Paignton factory. The machine was operated by a 
punched paper tape produced locally from a remote tele-
printer at Harlow in Essex. Both the photomasters for con-
ductor patterns and the actual resistor networks can be cut. 
The advantage is that no accurate drawings or photographic 
reduction are required as the paper tape input can obtain 
all the necessary information. Both thin film resistors and 
capacitors can be adjusted accurately in value after produc-
tion by eroding; resistors may be produced to a tolerance of 
-±0.05 per cent and low-valued capacitors to -±-1pF or 0.5 
per cent, whichever is the greater. 
A reactive sputterer, another development in use at 

Paignton, produces silicon dioxide layers as the dielectric of 
thin film capacitors. The source is pure silicon, particles of 
which are oxidized and eroded by bombardment with oxygen 
ions from a plasma of argon and oxygen. These ions are 
initiated by a source of electrons which derive their energy 
both from the anode voltage and a magnetic field, so that 
their path in the plasma is quite long. The apparatus has a 
much higher yield than most sputtering units and produces a 
silicon dioxide layer of 160cm2 in one operation. 
At a conference held at the factory the field of thick and 

thin film circuits and their relationship with semiconductor 
integrated circuits, was discussed. Standard Telephones & 

Cables Ltd announced that full-scale production of thick film 
circuits has started in their Film Circuit Unit; the target is 
0.5 million circuits a year initially, with a possible 6 million 
in 1972. During the discussion G. Thornton, Products Mar-
keting Manager of the Capacitor Division, pointed out that 
at an early stage in the development of semiconductor inte-
grated circuits it seemed clear that film circuits were the real 
solution to miniaturization. Now it appears that s.c.i.c.'s and 
films are complementary solutions. Some competition is in-
evitable but broadly speaking film circuits are suited to passive 
networks and s.c.i.c.'s to digital and other standard circuits. 
Thornton considered that thin and thick films can compete 
with the discrete resistor, the market in which is currently 
estimated at £9M. Thick films may also serve as replacement 
in equipment involving s.c.i.c.'s for printed circuit boards; 
thick film substrates with resistors are useful to mount any 
of the standard s.c.i. circuits. In reply to a question asked 
on the lateness of S.T.C. in the thick film business, Thornton 
indicated that their application was in a state of flux and no 
disadvantage would be apparent. 
An extrapolation of market needs in microelectronics to 

1972 has been made and the general opinion is that it will be 
worth about £25M, of which £8M could well be for films. Thin 
films, largely in military equipment, will account for a little 
over a half (in value) and the remainder will be thick films 
in large numbers of lower priced circuits. The film market as 
a whole is estimated, said Thornton, to split between hybrid, 
i.e. a combination of film and s.c.i.c., and passive in the 
following way: for thick films the split will be 50/50 by value 
and for thin films 2 to 1 in favour of hybrids. 
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Comparator-Hold Circuit using the Facing-
Coupled Esaki Diode Pair 

By Y. Murata 

By the use of the facing-coupled Esaki diode pair circuit, widely applicable circuits with memory and 
comparing functions are obtained. 

The operation of the facing-coupled Esaki diode pair circuit was studied through several experiments 
and by numerical analysis using a digital computer. The operating limitations of the circuit as to load, 
drive, response speed, etc. was clarified for the case of SONY type-1T1101 Esaki diodes. The circuit 

was shown to serve as a good memory element and a switching element of high speed. 

(Voir page 407 pour le résumé en français: Zusammenfassung in deutscher Sprache auf Seite 409) 

THE Esaki diode, invented by R. Esaki in 1957, is a 
two-terminal semiconductor element having a negative 

resistance region. The element has so many merits that it 
has been continually developed and applied to various 
circuits since its invention. 
The circuit applications of the Esaki diode may be 

divided broadly into two classes, namely single circuit and 
pair circuit. The former is well known in discriminator 
circuits for pulse height discriminators, one-shot circuits, 
etc. As to the latter type, it includes a cascade-coupled 
Esaki diode pair circuit (Goto pair circuit)" developed 
by E. Goto in 1959, and the facing-coupled Esaki diode 
circuit (f.c.e.d.) developed in 1964. The f.c.e.d. circuit' 
acts as a current switch and a memory. 

- 

(a) 

Fig. 1. Basic circuit 

The present article describes the operation of the f.c.e.d. 
circuit and its limitations. 

Action Mechanism 

Fig. 1(a) is the basic diagram of this circuit, and 
sake of simplified analysis it is redrawn as shown 
1(b). In these figures, the notation conventions 
follows: 

ED, = Esaki diode numbered j(j = 1, 2), 

ij 

1/j, 

= incident current, 
= output voltage, 
= current in EDj, 

= drive voltage into ED,. 

for the 
in Fig. 
are as 

The operating characteristics of this pair (a closed 
circuit consisting of ED, and ED2) viewed from the for-
ward direction of ED, is shown in Figs. 2(a) and (b). 
When the drive voltages V1' = 0, this pair has three 

equilibrium states voi, vo2, and Vo 3 for a certain value of / 
as shown in Fig. 2(a): effectively, however, y has two 

* Musashi Institute of Technology, Japan. 

states, as vo2 is in the negative resistance region. 

As for E/Di, letting 
peak current 
peak voltage 
valley current 
valley voltage 

ljp 

=  Vjp 

- h, 
= 

forward voltage  = Vir, 
the value of / mentioned above is expressed as: 

lip + 12p (= lingua > I >  (= Irnin) • • • • 

where it is assumed that Vi„ = V2, and Viv = V2,. As far 
as / satisfies equation (1), and provided Vi' X V2' < 0 and 
Vo' (=  -F IV21) is more than a certain value defined 
below, the number of equilibrium states becomes only one, 
voo, as shown in Fig. 2(b). Though this value of V,' depends 
on the characteristic of the diode used and on the value 
of /, the necessary and sufficient condition for the value 

(1) 

Fig. 2. Operating characteristics 

j'—i2 
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of Vo is: 
Vo' > V1 + V2f   (2) 
Vo' > V + V11   (2+) 

where + denotes that the polarities of I/1' are opposite to 
that shown in Fig. 1. 
Provided that 1,1' increases continuously from zero to 

the region of equation (2) (Process-I) and subsequently 
decreases to zero (Process-II) under the condition of equa-
tion (1), the equilibrium state changes are as follows: 

Process-I  Process-11 

vol 1     (  Vol 
Voo  or vu or vu 

In Process-I the final value of y becomes veo, independent 
of the initial value (Vol or vu); while in Process-II the final 
value of y is divided into either of the two cases, yoi or vas, 
and is explained by the up-and-down relation between 
the peak point of ED, and valley point of ED2 in Fig. 
2(b). 
That is, letting: 

lip ±  fav = 

+ 12p = 1„ 
then 1, is the threshold value that 
of vo1 or vos. 
Therefore, when the incident current / satisfies equation 

(1): (i) if the drives 1(1' = 0, this pair operates as a 
memory circuit with two equilibrium states; (ii) if the 
drive is of suitable pulse shape so that Vii(min) = 0 and 
17?(...) satisfies the condition of equation (2), this pair 
operates as a current switch with a threshold value of I.. 
In this pair, as ED2 is equivalerit and complementary to 

EDI all the aforesaid statements as to EDI are applicable 
to ED2. 
The V' — y characteristic curve with parameter I calcu-

lated by a digital computer is shown in Fig. 3, where 
EDi is SONY type-1T1104 (I, = 6mA)*, ED2 SONY 

* See Appendix. 

;: 
E 

500 

400 

300 

200 

100 

o 

—50 

(4) 
(4a) 

defines the final value 

E 

E 

100  .200  300 

V (mV) 
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6.0 

5-0 

4-0 

3-0 
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1.0 

I   
—50  0  100  200  300  I 400  500 

V (mV) 

Fig. 4. (a) Calculated y — / characteristic curve (parameter : V') 

(b) Calculated y — J characteristic curve (parameter : V') 

(a) 

(b) 

type-1T-1101  = 2mA)* and the drive voltage V' = 
V1' = —V2'. Fig. 4 shows the y — I characteristic curve 
with parameter V' under the same conditions as Fig. 3. 
From these figures the value J. is: 

Fig. 3. Calculated V' — y characteristic curve (Parameter : 

7, r. 
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—200 —100 o 
V'( m V) 

100 200 300 

(i) 5.5mA >  5.0mA 
for V' > 
(ii) 3.0mA >  2.5mA 
for V' < 

thereby equations (1) and 
(4) are found to be satisfied. 
If EDi and ED2 have the 

same  characteristics,  the 
curve in Fig. 3 becomes 
symmetric to the axis of 
V' = 0, and Figs. 4(a) and 
(b)  coincide  with  each 
other, which is illustrated 
in reference (3). 
Fig. 5 shows the charac-

teristic curve obtained by 
the  characteristic  curve 
tracer and corresponds to 
Fig. 4. 
Considering the fluctua-

tion of characteristics of 
Esaki diodes, Figs. 4 and 5 
are in excellent accord. This 
shows that the present inter-
pretation  of  the  action 
mechanism of the f.c.e.d. 
circuit may be reasonable. 

Limitation of Operation 

EQUIVALENT CIRCUIT 

Fig. 6 shows the equiva-
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(a)  (b) 

Fig. 5. Experimental y — / characteristic curve (parameter: V') 
(a) V : ImAIDiv  (b) H  50mVIDiv. 

CI 

 II  
G, 

 vvy   

62 

 II  
C5 

Fig. 6. Eciaivalent circuit 

200  100 
250  150  50 

q  'NI 

lent circuit of Fig. 1, where the internal inductance and 
load inductance are neglected, for they appear to be less 
than 10-9 H. R expresses the total impedance of the load 
and incident current source. Gj is static characteristic 
defined by 

i = G1(v)  (j = 1,2),   (5) 
where i is the current when terminal voltage V is applied 
to EDj,, 
The currents in Fig. 6 are expressed as: 

  (6) 

= C.. dv I dt,   (7) 
=C1 . d(v — Vj') I dt + Gi(v — V1'), • • • • (8) 

i2  Ca. d(v  V211 dt + G2(v + V2'),   (9) 

=  R,     (10) 
where 

= C'2, 
Gi(v) = G2(v) = G(v), 
V1' = Vs' = V', 

Co + C1 + C 1 

C . T = t, 

so that equations (6) and (10) can be expressed by the 
following equation 
dv I dT = I — { G(v — V') + G(v + V') + v I RI . (11) 

LIMITATION OF LOAD 
When dv dT = 0 and V' = 0 and G is given by equa-

tion (11), the static characteristics among I, y, and R of 
the f.c.e.d. are obtained. In the static state, the characteris-
tic of y and I depending on the value of load R is im-
portant, for it determines the fan-in and fan-out when the 
f.c.e.d. operates as a logic circuit. 
Fig. 7 shows the relation of load R to  I., 

vo.(..), vos(mi.), v0v..), voi(mia); where EDI = ED2 = SONY 
type-1T1101. 
These characteristic curve,s are obtained by computer 
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calculation and are in good agreement with observed 
data. In this case, the permitted value of load is considered 
R > 200. 

RESPONSE SPEED 
Response speed of this pair is mainly due both to Pro-

cess-I (rise-up time) and Process-II (fall-down time). In 
Process-I, as the final value of y is always voo, independent 
of its initial value (vol or vi.), the only problem is the time 
required for y to reach a final value. In Process-II the final 
value is divided into vos or voi according to whether / is 
larger or smaller than I. As I. also depends on the value 
of dV'Idt (the definition of h by equation (4) is the static 
case), the response speed cannot be expressed only in terms 
of the time required for y to reach its final value. The 
response speed in Process-II will be discussed in the later 
section "change of /.". 
For the case that G1 are typical characteristics of SONY 

type-1T1101 and V' is a unit step drive, the output 
response in Process-I is calculated by the computer using 
the Runge-Kutter method. 

xamples of analysed results are depicted in Fig. 8: 
(a) 1/...'=400mV with / as parameter, (b) /=(/ .+I.)/2 
with V .' as parameter, (c) / = (I. + !ni.)/2 with V..' 
as parameter, where the vertical axis is y in mV and the 
horizontal axis is T (= tic). 
In Fig. 9, the observed data corresponding to Fig. 8 

are shown*, and they are in good agreement. This fact 
shows the validity of the computer calculations as well as 
of the equivalent circuit shown in Fig. 6 for equation (11). 
The calculated results concerning the relation of rise-

timet to R and V .' are shown in Figs. 10 and 11 
respectively. 

* In experiment, the external capacitance C is added so that the time range 
may be equivalently enlarged using the relation Ct=t. Results showing 
the validity of enlarging the equivalent time in this kind of experiment 
have been reported'. 

t The rise time is defined as the time required, after unit step drive is 
added, for the differences, between y from vo, and y from vo, to become 
¡mV. 
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500  500 

400  400 

300 160 
3-30 
2 92 
114 
1-75 
1-37 

300 

200  200 

100  100 

50  100 

450 
400 
350 
1300 
1200 
250 

150  0  50  100  150  200  250 

P. 
E 

500  Fig.  13  shows  the 
observed  results  of  I. 
against dV'Idt  and C, 
where the abscissa is the 
added capacitance C' out-

400  side the circuit, and the 
parameter is the frequency 
of the sine wave used as 
V'(Hz). 
In every condition the 

300  observed points are fitted 
to a straight line within 
the limits of error, and 
their  extrapolated  lines 

200  coincide  at  the  point 
1g = Igo  and C = Cs.  Igo 

is the value of /8 for a 
quasi-static change of V', 
and C. is the capacitance 
of the circuit itself. This 
fact supports the afore-
mentioned. 
The change of I. is nor-

malized to T(= tIC), for 
it satisfies equation (11). 
The observed relations be-
tween I. and the fre-
quency of the sine wave 
(V'  in Hz)  are  given 

in  Fig.  14  with  parameter  of 
C (= C. + C' in pF). It is seen from 
the figure that the intervals between 
their curves are expressed by the 
ratios of the parameters (indicated 
by  "), further it means that 
T in equation (11) is indeed the ratio 
of actual time to capacitance. Fig. 
15 shows the observed relation be-
tween the frequency of V' (nor-
malized to T) and the deviation rate 
(= [(1.0 — 1.)1(1.-1.i.)] X 100), 

is in agreement with the calculated results. 
16 shows the relation of I. to R with parameter 
where 1/C . f is 13 x 1Ó3 and I.° and /mi. refers 

to Fig. 7. The figure illustrates that the deviation rate I.' 
is constant, independent of R (250 < R < 80kn), within 
the limits of error. 

200 

100 

o 

Fig. 8. Calculated output response to unit step drive 

(a) parameter :1, (b) parameter :  (e) parameter 

Fig. 9. Experimental output response to unit step drive 

(a) V :100mVIDiv. H: JOT/Div., (b) V :100mVIDiv. H : 20T/Div.. 
(c) V :100mVIDiv. H: 20T/Div, 

From these results, the rise-time is a function of I, 
V..' and R, and is regarded as less than 50T for the 
ordinary condition (V .'  300mV, R > 200f2). 

CHANGE OF Li 

The characteristic curve of V' against y is qualitatively 
explained by Fig. 12 when I is nearly equal to h. Now in 
this figure, consider the process in which V' decreases 
from V .' (point M) to zero. When dV'Idt is nearly zero, 
namely V' decreases quasi-statically to zero, the operation 
point changes to vi along the line (3). 
If dV'Idt « 0, the capacitance C (= C. + C1 + C0) in 

Fig. 6 is inclined to sustain the va,lue of y, therefore the 
operating point moves along the dotted line different from 
the line (3). 
If the operating point crosses the line (2) (I = I.) before 

it reaches the memory region, the final value of y becomes 
Vol. In other words, the stored charge in C serves as a loop 
current, and the resultant value of h seems to be dropped. 
The above conclusions are now confirmed by observa-

tion and computer analysis for the case EDi  EDs = 
SONY type-1T1101. 
The V' — y characteristic curves in the interval between 

point M and the memory region are approximated by 
parallel straight lines as for / (as illustrated in a previous 
letter' for V' < 250mV). In this region the drop of h 
might be proportional to capacitance C for the same 
dV'Idt. 

which 
Fig. 

50 100 150 

450 
400 
350 
300 
250 

200 

CORRECTION FOR THE CHANGE OF Is 
In the preceding section, the change of h caused by 

dV' I dt was discussed, and various factors were clarified, 
which now may be corrected for. 
Letting C1  C2, equation (11) becomes: 

Fig.  10. Characteristic curve between load and rise-time (parameter: 1) 
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(1,+1,,,„)12=1-75m A 

30 

01  0-2  0-3 0-4-  0-5  0-7 0-85 
R(kfl) 

JUNE 1967  359  ELECTRONIC ENGINEERING 



dv dT  I — tG(v — V') + G(v + V') + v I RI —  2.6-

C2 — Ci 
. dV' I dr   (12) 

Co -I-  -F C2 

The response of y can be controlled by making the co-
efficient of the last term in equation (12) to have a proper 
value, and it is applied to the correction for the change of 

From a qualitative viewpoint, so far as the V' — v 
characteristic curves are parallel straight lines, the equiva-
lent circuit in Fig. 6 is rewritten as shown in Fig. 17. 
From this circuit, the quasi-static V' — v characteristics 
are: 
2v 121P = (1 — Ri1R2)11(1 + R1/ R2) + R1/ R}   (13) 
For the case EDI ED2 = SONY type-1T1101 and 

R = 1kn, aviar is less than unity, then: 
RI< R2 and R1 < R   (14) 

The selection of Cl, C2 and Co so as to satisfy the follow-
ing condition: 

CI .  = C2 . R2 = Cs  R   (15) 

yield the faithful response of V' to y in Fig. 17; which is 
then experimentally confirmed in consideration of equa-
tions (14) and (15). 
Fig. 18 shows some examples of experimental results, 

and corresponds to Fig. 14, where I. is constant indepen-
dently of dV' I dt for certain combinations of Co, Ci, and 
C2, (3). This demonstrates the correctness of the representa-
tion for the change of /. and for its correction. 

200 
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1= (4,,,+/.)/2 =3-30rn A 
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Conclusions 
In the previous sections the operation of the f.c.e.d. 

circuit under various conditions was investigated through 
experiments and computer analysis, and these yielded the 
following conclusions: 
(1) The f.c.e.d. circuit operates as a current switch as 

well as a memory. 
(2) The variety of  the incident current range for 

memory and threshold level are obtained in accord-
ance with the combination of diodes. 
The limitation of load is decided by the ratio of 
output levels. In the ordinary range, a considerable 
amount of fan-in and fan-out is obtained (for diodes 
of SONY type-1T-1101, R  200) 

(4) The rise time for switch action is very short (for 
SONY type-1T1101, the output response to unit 
step drive is less than 50T(= t/C); e.g. lnsec for 
a stray capacitance of 20pF). 
A change in Is is caused by dV' dt (for SONY 
type-1T1101, a drive of sine wave at period 5x 102T 
causes a 10 per cent change in L.; e.g., 10MHz for 
a stray capacitance of 20pF). 

(6) A change in i s is avoided by the use of the equili-
brium of capacitances. 

Consequently, it is considered that the f.c.e.d. circuit is 
suitable for memory and switching elements of high speed. 
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APPENDIX 

Characteristics  of  SONY  type-1T1101  and SONY 
type-1T1104 

fr 

SONY  SONY 
type-1T1101  type-1T1104 

ir (max) (mA)  40  50 
'Riman) (MA)  50  60 
PD (max) (M W)  25  25 

T. t min.  -55  -55 

max. (°C) 100  85  

7) { min.  -55  -55 

max. (°C) 100  85  

min.  1.95  5* 
/D -typ. (mA)  20 

max. 205  6  7 

/p//, (YP.  8min ' 
t 

7  45 

V, typ. (mV)  70  70 
V, typ. (mV)  340  340 

Ilf typ. (mV)  480  480 
-R typ. (SI) 60  25  

{ 
typ.  6  15 

(pF) 
max.  10  30 

C   

R. {(SI) 

typ.  15  0-8 

max. 2-0  13 

L. typ. (nH)  0.4  0.4 
f. typ. (GHz)  3  2 
typ. (GHz)  3  2 

* For the value of Ip, 5mA is employed in the calculations. 
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A Junction Transistor Electrometer Circuit 
By T. K. Cowell*, B.Sc.(Eng.), C.Eng., M.I.E.E. 

The maximum input resistance obtainable with conventional junction transistor circuits is limited 
by collector/ base leakage resistance and reduced effective current gain at the necessarily low operating 

currents. 

The basic circuit configuration described—a collector guard-ringed complementary emitter-follower 
pair—overcomes these limitations, and with cascaded stages yields input resistances in excess of one 

million megohms. 

(Voir page 407 pour le résumé en français: Zusammenfassung in deutscher Sprache auf Seite 409) 

TWO development projects with which the author has 
been concerned recently—a battery operated pH meter' 

and an analogue (voltage) store—have involved a require-
ment for a circuit possessing a very high input resistance. 
For the pH meter, the circuit required consisted essentially 
of a d.c. voltmeter having a full-scale sensitivity of slightly 
less than one volt. In the case of the store (consisting of a 
capacitor and unity gain buffer amplifier) it was required 
to store voltages in the range of  10V with respect to 
earth, with a discharge time-constant of not less than 
about twenty minutes. The particular kind of pH electrode 
used in the first application, and the value of storage 
capacitor employed in the second both dictated a mini-
mum value of input resistance of about 5 x 109f2 for the 
associated amplifier. 
The obvious advantages to be obtained by using semi-

conductors rather than thermionic valves, and (at the time 
of writing) the relatively high price of m.o.s.t. and field 
effect devices prompted the author to investigate the use 
of a circuit based upon cascaded emitter-followers. 
The lack of difficulty with which the performance 

requirements outlined above were achieved suggested that 
considerably higher values of input resistance might be 
obtained, and subsequently led to the design of a circuit 
possessing an input resistance in excess of one million 
megohms. 

Cascaded Emitter Followers 

Before discussing circuit arrangements, it will be worth 
while noting certain features of the basic emitter-follower 
circuit which are germane to the arguments following. 
In Fig. 1(a) a reasonable approximation to the value 

for Rh, (assuming large signal conditions) would be: 

Rin -=  = n + (1 + /3) R.   (1) 

By considering this input resistance as the emitter load 
for a preceding stage, and so on for several stages, it can 
be seen that theoretically at least, a resultant input resist-
ance several orders of magnitude greater than R. would 
be obtained. Such a circuit arrangement for three stages 
is illustrated in Fig. 3(a). 

However, returning to the single stage, the simplified 
equivalent circuit of Fig. 1(b) suggests a somewhat lower 
value of input resistance than that given by equation (1), 
due to the presence of collector resistance rc, effectively in 
parallel with R.. Furthermore, in practice, transistor 
collector-base leakage resistance acts to reduce the input 
resistance still further, and leakage current flowing be-
tween collector and base may result in failure of the 
circuit to operate properly under some conditions. 
Before discussing circuit arrangements overcoming these 

• Medical Electronics Department, St. Thomas' Hospital. London. 
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problems, something must be said about the choice of an 
appropriate type of transistor. Clearly, the early stages of 
the cascade arrangement mentioned above will operate 
at very small collector currents: it follows that the tran-
sistors used must have a useful current gain under such 
conditions, and that leakage currents should be very small. 
Such requirements suggest the silicon planar epitaxial 
transistor as the most suitable, and experimental work was 
confined to this type. 

Transistor Current Gain at Ultra-Low Currents 

Because of the lack of manufacturer's data about the 
operation of transistors at collector currents below about 
10/ÀA, a simple arrangement was devised for measuring 
effective current gains over a range of collector currents 
extending well below this value—down to about 20pA 
in fact. The method is described in Appendix (1). 

(b) 

Fig. 1(a). Basic emitter follower 

1(b). Simplified equivalent circuit of Fig. 1(a) 

Fig. 2 shows typical current gain/emitter current rela-
itons for Texas Instruments types 2S502 and 2N3702 
transistors measured using the technique outlined. 
Fig. 3 shows a basic circuit arrangement theoretically 

yielding an input resistance of the order required. Ignor-
ing for the present the effects of collector-base leakage, 
an approximate value for input resistance can be calculated 
assuming that the curve of Fig. 2 for the 2S502 applies to 
the transistors. 
Assuming for convenience an input of 10V, and ignor-

ing the emitter-base voltages, so that Vi. = V., 

Then for R. = 201d1 

10 
h  =  2 . 10  40.5mA 

0.5 
=  1  mA = 2.4uA  (,33 = 205) 

+ leg 

2.4 
=  + fi A =- 22nA  (ig2 = 108) 

1   

22 
/1 =  1 + nA = 580pA  -= 37) 

10 
Vio/l1 — 17 000mn 

5.8. 10-1° 
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Improved Circuit Arrangement 

In practice, the arrangement of Fig. 3 would have 
limited use; the circuit would operate only for positive 
input signals, and assuming a nominal half-volt for each 
emitter-base junction voltage, for inputs appreciably 
greater than about 1+V. Moreover, the output voltage 
would be offset from the input by the three emitter-base 
junction voltages—an appreciably temperature dependent 
quantity. 
A better arrangement, illustrated in Fig. 4(a) is obtained 

by adopting a two-battery circuit and introducing com-
plementary emitter-follower stages. This results in first 
order cancellation of the temperature dependent offset 
voltage between input and output, and also overcomes 
the previous restrictions on signal amplitude and polarity. 
Additionally, the arrangement leads to a means for effect-

ing an important improvement in performance. 
This is achieved by connecting the collectors of the npn 

transistors to the final stage emitter, which since the circuit 
has virtually unity gain, means that the first stage collector 
behaves as a guard ring with respect to the base elec-
trode. Such a circuit arrangement has the following 
advantages. First, and most important, collector-base leak-
age current in the first stage is virtually eliminated, and 
second, a higher effective current gain is realized since the-
shunting effect of ro on the effective emitter load resistance 
is eliminated (see Fig. 1(b)). A further incidental advantage 
obtained is that the limitation on input signal amplitude 
imposed by the maximum collector-base voltage rating of 
the npn transistors is avoided. This is in practice quite 
important, as transistors having useful current gain at 
ultra-low collector currents do not in general have high 
collector-base voltage ratings. 
The basic two-battery circuit does, however, result in an 

Fig. 2. Current gain versus emitter current for Texas Instruments types 
25502 and 2N3702 transistors 
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Fig. 3. Simple cascaded emitter follower circuit 

input offset current, since with zero signal voltage, there 
are still currents flowing in the transistors. To overcome 
this, a means to supply the first stage standing base 
current must be introduced. Fig. 4(b) shows the basic 
two-battery circuit modified for guard-ring operation, and 
including arrangements for supplying the first stage base 
bias current. 

Design Procedure 

To see what is involved in designing a circuit of the type 
shown in Fig. 4(b) for some specific application, it is 
convenient to consider the circuit in a more generalized 
form illustrated in Fig. 5. Here, box A1 may represent 
either a single npn transistor or two or more in cascade, 
having an overall effective current gain of el: similarly 
for box A2, where the transistor or transistors are pnp type, 
effective overall gain /32. 
The design task can now be stated in terms of this 

generalized arrangement, and amounts essentially to the 
following: given values for load resistance RL, required 
input resistance K. and supply and maximum signal volt-
ages  VB and  Vs respectively, it is required to determine 

values for R., R1 and R2, and the current gains el. and ¡3e.(Strictly, the supply voltages may be considered as in-

dependent variables, but are here assumed to be fixed 
by other considerations.) 
As is frequently the case with transistor circuits, a 

rigorous approach to circuit synthesis involves quite 
lengthy calculations. However, by making some simplify-
ing assumptions, equations may be obtained expressing 
the required values as simple functions of supply and 
maximum signal voltages, and load and required input 
resistances. Because of the dependence of transistor current 
gains on operating currents, it is necessary also to estimate 
the latter in establishing the combination of transistors 
required to achieve any particular overall current gain, 
/3L222.. Formulae for R., R1, R2,  /32 and the emitter 
currents are derived in Appendix (2). 
It should be noted, however, that a circuit designed 

strictly in accordance with the formulae would not func-
tion properly, since the expressions for R2 and R1 imply 
zero emitter currents for the associated transistors at 
respectively maximum positive and negative signal ampli-
tudes. (In the case of RI, the situation is worse, since the 
voltage across this component is less than that assumed 
in the derivation by the sum of the emitter-base potentials 
of the pnp or npn transistors). 
Satisfactory performance may be obtained by making 

appropriate allowance for the above factors; for example 
by designing for a maximum signal voltage in excess of 
that actually required. Although this represents a some-
what empirical approach, the author feels that the tedium 
of a rigorous design would seldom be justified—particularly 
in view of the very limited control the designer has over 
the overall current gain of whatever combination of tran-
sistors is used in. any particular application. 
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Practical Circuits 

In Fig. 6 is shown the circuit of a simple experimental 
high impedance probe fie an oscilloscope. Employing two 
transistors only, the arrangement has a measured input 
resistance of 1 000M12, and operates for signals in the 
range  5V. For simplicity, a fixed resistor supplies the 
first stage base bias current, so there is a residual input 
offset current of a few nanoamperes. The small input/ 
output voltage offset of approximately 90mV due to the 
difference in emitter-base voltage of the two transistors 
is accommodated by the oscilloscope shift control. 
Fig. 7 illustrates a practical 1-0-1 voltmeter embodying 

the circuit arrangements so far discussed, similar to that 
used for the pH meter application mentioned previously. 
In this circuit, the need for two separate batteries is 
avoided by the use of a potential divider to provide an 
earth' line. The measured input resistance of the circuit 
is approximately 14 000Mf2. Preliminary adjustments in-
volve first setting voltige-zero' with the input short-
circuit, then adjusting the 'current-zero' with the input 
open-circuit. 

Improving Performance 

In the circuit of Fig. 7, because the latter (pnp) stages 
operate at higher currents than the first and second 
stages, the emitter-base potentials of VT3 and VT4 are in 
general higher than those for VT1 and VTa. This results 
in the output' terminal voltage (i.e. the potential at the 
emitter of VT4) being offset from the input by a small 
positive amount (200mV or so). This is of no consequence 
in the circuit illustrated, since it is automatically com-
pensated for in the zero-setting operation. For some 
applications, however, it is a disadvantage: for example, 
in a buffer amplifier application where the input voltage 
must be reproduced at the output terminal relative to 
earth. It is also of consequence in circuits using a greater 
number of transistors to obtain substantially higher values 
of input resistance. This is because the offset voltage is 

Fig. 4(a) Cascade circuit using complementary stages 

Fig. 4(b) Guard-ring connexion for collectors of npn stages 

(a) 

(b) 

Fig. 5. Generalized circuit arrangement 
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Fig. 6. Experimental oscilloscope probe unit with input resistance of 1 (wow/ 

also the collector-base potential of the first stage, and 
results in residual collector-base leakage current in that 
stage. 
Although the offset may be reduced by selecting tran-

sistors, this is not in general a practicable solution. The 
use of a potential divider between output and negative 
line may be acceptable in some applications, but results 
in increased output resistance and a reduction of overall 
(no-load) voltage gain. This latter is significant in applica-
tions where very high input resistance is required, since 
with a voltage gain appreciably less than unity, effectively 
zero first stage collector-base potential will not be main-
tained as the input voltage varies. 
Fig. 8 illustrates in basic form an arrangement over-

coming the foregoing difficulties. The potentiometer pro-
vides at its wiper a voltage adjustable between that of the 
emitters of the last and last-but-one stages. This permits 
zero input/output offset to be obtained without intro-
ducing a reduction in voltage gain. In practice a value of 
potentiometer resistance high enough not to cause exces-
sive emitter current in the penultimate stage raises the 
circuit output resistance appreciably, and it is desirable 
to have an emitter-follower stage following the potentio-
meter. 

Million Megohm Buffer Amplifier 

Fig. 9 illustrates a practical circuit incorporating the 
above arrangement, which because of the net offset volt-
age introduced by the first six stages, requires two addi-
tional npn stages in order that zero input/output offset 
may be obtained. Setting-up the circuit is essentially the 
same as in the previous case: adjustment of R V2 for zero 
input/output offset with the input shorted, then setting 
RV1 with the input open-circuit. Because of the difficulty 
involved in screening the very high impedance input 
stages, it was found helpful in practice to temporarily 
connect a small capacitor (100pF or so) between input and 
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ground terminals, and then to adjust R1,1 for zero rate 
of change of output. 
The measured input resistance of the circuit was found 

to be not less than 1.4 x 1012n fur signals in the range 
10V; the open-circuit voltage gain was approximately 

0.97. 

Discussion 

The measured input resistance of experimental circuits 
constructed by the author have been found to be some-
what higher than that predicted using the approximate 
design formulae derived and the transistor data of Fig. 2. 
This is due to the npn transistors having higher effective 
current gains than determined by the method of measure-
ment of Appendix (1), where the transistor collector is 
not guard-ring connected with respect to the base, as is 
the case in practice. 
Circuits of the type described are clearly more complex 

than those using field effect or m.o.s.t. devices to obtain 
a high input impedance. However, in some cases they 
may offer certain operating advantages. In the author's 
experience, such arrangements are less susceptible to 
damage by transient high voltage inputs than are m.o.s. 
transistors. Furthermore, although a full investigation has 
not been made, results so far indicate that the effect of 
temperature variation on input offset current is less than 
that for a field effect device. 
One point which came to light during the experimental 

work was that for the transistors used, the temperature 
coefficient of emitter-base voltage increased appreciably 
at very low emitter currents. In the case of 2S502 it rose 
from typically —2.5mV/°C at le = 100brA, to —3.4mV/°C 
at I.= 100pA (at 20°C). The author has not seen this 
effect mentioned in the literature previously. 

On /off 
o 

Fig. 7. Practical 1-0-1 voltmeter with input resistance of 14 000111a 

8.2 ka 

Zero 
(V) 
2kfl 

Mallory.  

TRII5R 

(6.5V) 
—L— 

As a result of this variation in AVeb/AT it is necessary 
to use a greater number of pnp stages than npn stages 
if good temperature compensation is important. For 
example, by adding a further pnp stage to the circuit of 
Fig. 8 and suitably adjusting the potentiometer, effectively 
zero overall temperature coefficient of input/output volt-
age may be obtained. An experimental circuit using this 
technique constructed by the author was readily adjust-
able for a drift of less than 30i,,tV per hour under average 
laboratory conditions. It is not possible, however, simul-
taneously to obtain zero input/output voltage offset and 
zero overall temperature coefficient with the circuit 
arrangements described. 
Although the maximum value of input resistance so far 

obtained is somewhat lower than that for more conven-

tional electrometer circuits, it is adequate in many applica-
tions where these would otherwise be used. In this con-
nexion, it is perhaps worth observing that a voltage store 
circuit comprising a (perfect) ltrF capacitor and the buffer 
circuit of Fig. 9 would have a discharge time-constant of 
about a fortnight. 

Fig. 8. Arrangement to obtain zero input/output offset voltage 

APPENDM 

(1) TRANSISTOR TESTS 

This procedure was devised for evaluating the effective 
large signal current gain: 

Ai = /0//b   (2) 

for transistors in grounded collector connexion. Ai is 
determined for values of I. in the range 10-3 to 2 .10-"A. 
Measurements are made under the condition Veb r=" 0, to 
reduce errors due to collector-base leakage current. 

Theory 
Fig. 10 shows the circuit arrangement. With S initially 

closed: 
E — V,. 

  (3) 

With S opened lb flows from the capacitor, and in time 
A.t seconds, the capacitor voltage will change from zero 
to AV volts. If the value of C is chosen so that AV 
is small compared with (E — Ve.), the emitter current will 
remain sensibly constant during At. Thus, /b and Vbe 
will also remain constant during this period, and: 

/b = C (AV/At) = C (AV./At)   (4) 
From equations (2), (3) and (4): 

E — Ve.  
Ai — CR . (1t/ AV.)   (5) 

Procedure 
Insert value of R such that with S closed, approximate 

required emitter current flows (equation (3)). Back off 
d.v.m. to zero using RV. Check Vc., adjust E for correct 
I. (equation (3)). 
Estimate Ai, select C to give At between say 20 and 60 

seconds for A Ve = 10mV (equation (5)). 
Open S measure At with stop watch for V. =- 10mV, 

and calculate Ai (equation (5)). 

Example: test on type 2S502 
Set E = 10V. For I.= 10-9A, set R =10"fl. Check 

V.. (380mV), trim E to 10.38V. Assuming Ai = 30, use 
C = 0-1µF. Obtain At = 45sec for AV. = 10mV. Calcu-
late Ai = 45. 
By choice of appropriate values of C and R, values for 

A1 were determined for emitter currents in the range 
10-' to 2.10-"A (see Fig 2) for Texas Instruments types 
2S502 and 2N3702 transistors. 
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Polystyrene  capacitors 
were used for values of 
C of 0.LuF and 'smaller. 

(2) DERIVATION  OF 
FORMULAE 

With reference to Fig. 
5, to simplify the working 
and the derived relation-
ships,  the  following 
assumptions are made: 

(a) Each transistor or 
cascaded combina-
tion may be treated 
as an ideal current 
amplifier  having 
zero  input  resist-
ance. 

Fig. 9. Experimental million-megohm buffer amplifier 

Current zero 
1 Mfl 

(b) The positive and negativé supply voltages (VB) are 
equal. 

(c) The maximum positive and negative signal voltage 
excursions (V.) are equal in magnitude. 

(d) Collector current of the npn transistor(s) is always 
negligible compared with the total current flowing 
in R2. 

(e) The transistor emitter/base potential differences may 
be neglected in calculations involving the d.c. con-
ditions (i.e. the sum of the voltages across R. and 
RI or R2 and R1 is assumed equal to the sum of the 
supply voltages). 

(f) The circuit has overall unity gain. 

(g) Leakage currents are negligible. 

(h) Transistor current gains do not vary with signal 
voltage. 

(i) Each stage has an input resistance equal to /3 times 
the effective common load resistance. 

Note: To avoid confusion with signs, all voltages appear-
ing in the equations are regarded as positive quantities. 

Value for R2 

Limiting (maximum) value for R2 is defined by d.c. 
conditions when signal voltage is maximum positive, and 
emitter current /2 tends to zero, i.e.: 

VB — Vs 
— Val& 

R2 
from which: 

R2= (u1 V8 ) RL   (6) 
\  V. 

Value for R1 
Limiting (maximum) value for RI is defined by d.c. 

conditions when signal is maximum negative, and emitter 
current /I tends to zero, i.e.: 

VB  Vs VB + V \) 
— 11)32(lifilRL + 

R2 / 

which yields, after eliminating R2 by substituting from 
equation (6): 

(V B —   

—  .    (7) 2VBV. 

Value for R. 
Correct value for Ro is such that it will supply the 

standing base current required by the first transistor under 
zero signal conditions, i.e.: 

VB /R. =- 1 / /31 ((VB /RI) — (1 /B2) . (VB /R2)) 

Fig. 10. Circuit for transistor tests 

which yields, after eliminating R2 and Ri by substitution 
from equations (6) and (7): 

(VB — V.)2  
R. —    .PiPzRL   (8) 

V.(VB -I- V.) 
Required Current Gain 
The total current gain required is defined by the need 

to achieve the required input resistance, R,.. Writing 
G. = 1IR., Go =11R., etc.: 

G. = Go + 001)G, ± (10„32)(G2+ GL) 

Inverting equations (6), (7), and (8) to obtain expressions 
for G., G1 and G2 and substituting into the above yields: 

Gin = (VB + V. )2 GL/ /31/32 
VB  Ve 

from which: 

1302 = R.IRL (VE+  V'r 
\VB  Vs ) 

Standing Emitter Currents 
For the pnp transistor (or the final transistor 

caded combination), when V. = 0: 

12 = 12, = VIII R2   

  (9) 

of a cas-

(10) 

Similarly for the npn transistor (or the final transistor of a 
cascaded combination): 

11 = 11, -= VB/Ri — (1 02) 12e 

VB ((11 R1) — (1//31R2))   (11) 

Standing emitter currents for transistors other than the 
final one of a cascaded cimbination may be obtained 
directly knowing the standing current and current gain of 
the following transistor. 
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Solar Noise as a Means of Providing Accurate 
Vertical Polar Diagrams for Radars 

(Part 2) 

By M. J. B. Scanlan*, B.Sc., A.R.C.S. 

(Voir page 341 pour le résumé en français: Zusammenfassung in deutscher Sprache auf Seite 342) 

I N Part 1 of this article, it was shown how the sun can 
be used as a signal source to measure the vertical polar 
diagrams of aerials (especially surveillance radar aerials) 
over a wide range of gain and with good relative accuracy. 
However, the sun as a source has several disadvantages, 
as follows: 

(1) It is too large (its angular diameter is about 30' 
of arc) so that sharp variations in the v.p.d. will be 
somewhat smoothed. For comparison, an aircraft 
taken as 100ft, subtends something like 40" of arc 
at 100 miles. Hence there may be a gap in the 
v.p.d. not shown by sun measurement, but large 
enough to lose an aircraft. This is especially true 
at higher frequencies, or with aerials mounted high 
(in terms of wavelengths) above a reflecting surface 
which they illuminate. 

(2) The brightness distribution across the disk is non-
uniform and variable. This could be troublesome if 
the aerial beamwidth is of the same order as the 
sun's angular diameter. 

(3) The effective disk temperature is not known, so 
that absolute gain measurements are only possible 
using a gain horn (see Fig. 6). Use of gain horn, 
of course, effectively measures the disk temperature. 

(4) The sun, even considered over a whole year, rises 
and sets over only a restricted range of azimuths, 
so that the v.p.d. can never be measured north or 
south of the station. If the ground contours vary 
considerably with azimuth, and if north-south is 
an important vector operationally, tests must be by 
flight trials. 

In high latitudes, and especially in winter, the eleva-
tion of the sun is limited; thus in lattitude 52°, and 
in midwinter results are only possible up to 141° of 
elevation. 

For these reasons, and as soon as the solar noise tech-
nique was established and reduced to routine, attention 
was turned to other stars which might make it possible to 
overcome some or all of these difficulties. Radio stars are 
generally small in angular size compared with a radar 
beam, or with any likely fine structure in the v.p.d., which 
meets difficulty (1) above; because of the small size, any 
non-uniformity of brightness is unimportant, while the 
output is constant and known, so that difficulties (2) and 
(3) are also met. The fourth point, however, that solar 
noise is only available over a relatively small range of 
azimuths is not much helped by considering other stars, 
since it turns out that of the three or four stars detect-
able with normal radar aerials and normal receivers (room 
temperature parametric amplifiers), the largest Cassiopeia 
A never descends below 20° in latitude 50°N: the next 
largest Cygnus A, comes down to about 3° above the 
northern horizon, and is therefore potentially useful: 
Taurus A, the third star, behaves like the midsummer sun, 

• The hierevei Co d-pony Ltd. 

(5) 

but is too weak for comfortable measurements with simple 
systems, while the fourth Virgo A, is probably only just 
detectable and rises and sets like the winter sun. Since 
larger aerials or special receivers may make all these stars 
useful, their positional data is given in Table 1, while 
Fig. 9 gives a plot of their flux against frequency. This flux, 
multiplied by half of the effective reception area of the 
aerial, will be the power received. It is to be noted that 
the flux given is the total flux and only half this quantity 
will be received on any one polarization: hence the factor 
of one half in the previous sentence. 

TABLE 1 

Positions of the Sources 

Cassiopeia A 
Cygnus A 
Taurus A 
Virgo A 

R.A. 

23h 21min 
19h 58min 
5h 31min 
12h 28min 

Declination 
+58'4° 
+40'6° 
+22*0° 
+121° 

While these figures are accurate enough for use with wide beam radars, 
.e. for the purposes of this article, they vary slowly with time, and more 
accurate figures are required when using very narrow beams, e.g. with 
very large satellite communications aerials. The position of the stars is 
calculated just as for the sun, except that the right ascension (instead 
of the equation of time) gives the (sidereal) time at which the star transits 
the Greenwich meridian. See Fig. 11. 

Attention was soon concentrated on Cygnus A, with 
three objectives: 

(1) To enable the main features, at least, of v.p.d.'s to 
be checked on a bearing never covered by the sun, 
i.e. near north. 

(2) To check the effect, if any, of the finite size of the 
sun on the measured v.p.d. especially the very 
important dip in the ground reflection pattern be-
tween 3° and 4° on the SA.120 aerial. 

To give an absolute measure of gain, or more 
accurately, of effective receiving area, by measur-
ing the flux received. There are three factors 
involved in this measurement, namely, the flux of 
noise power from the star, the overall noise tem-
perature of the receiving system, including the 
aerial, and the receiving area or effective gain, of 
the aerial. Hence it was proposed to use a standard 
figure for the flux, taken from the literature, to 
measure the overall noise temperature as accurately 
as possible, and so calculate the gain. Once this is 
known, it can be taken as a constant, being unlikely 
to change during the operational life of the aerial, 
and the technique can be used in reverse to a 
measure of overall noise temperature which is more 
likely to change and which is quite difficult to 
measure absolutely by conventional means. In 
effect, every aerial would have its "Cygnus factor" 
i.e. the ratio of star noise to set noise, and as 
long as this is maintained the radar performance is 
almost assured. Note here that the Cygnus factor 
is in fact a measure of GIT, gain upon overall 

(3) 
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noise temperature, which is a commonly used 
figure of merit for large aerials, as used for instance 
for satellite communications. It is unfortunate that 
G and T occur in the radar equation as G'/T, so 
that a measure of the GIT ratio is not of itself 
an adequate measure of performance. The factor 
G2IT comes of course from the fact that primary 
radar is a two-way process, and G enters in both 
ways, but T only in reception: in contrast satellite 
communications or radio astronomy are one-way 
systems, so that GIT describes the aerial completely. 

The first experiments on Cygnus were done in 1958 on 
the L-band aerial whose v.p.d. is shown in Fig. 5. The 
receiver as before was a crystal mixer (noise factor about 
6.5dB), and a signal large enough to be measurable, and 
therefore to give another measure of the gain, was con-
fidently expected. However, the site of this aerial had 
been carefully chosen with other considerations in mind, 
and ' viewing ' to the north of the station was obstructed 
by rising ground, and by towers, buildings and trees: 
moreover, the sharp (cosecant squared) fall off of gain 
above about 2°, together with the refraction correction of 
0-7° at the lowest angle of elevation of the star, meant 
a severe downward revision of the expected signal. Signals 
were received (Fig. 10) but only weakly and erratically. 
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Fig. 9. Flux density against frequency for the four most powerful sources. 

The unit of flux density is 10-" Wm-, Hz-'. Based on Conway, Kellerman 
and Long, M.N.R.A.S., 125, 3, 261-84, 1963 

Fig. 10. L-band signals from Cygnus A. 
The double response arises from the use of a crystal mixer with a squinting 

aerial (linear array) 
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Fig. 11. Signal strength from Cygnus A against elevation —tilt 4° nominal. 

There is little doubt that the use of a parametric ampli-
fier, together with the more sensitive recording systems 
now in use, would give a signal useful for gain measure-
ments. 
In view of these disappointing results, no further work 

was done on radio stars until, in about 1963, parametric 
amplifiers at 600MHz became available. The initial 
problem was to compare, under operational conditions, 
the performance of the triode receiver (noise factor 7 to 
8dB) and an electron beam parametric amplifier (Adler 
tube) since some controversy* had arisen' over the per-
formance of coherently pumped Adler tubes as radar 
receivers. The question at issue was whether coherent 
pumping, i.e. pumping at exactly twice the signal fre-
quency, so that signal and idler coincide, gave an improve-
ment in radar range over non-coherent pumping, and if so, 
of what amount. 

As a preliminary to checking radar performance, 
measurements were made on Cygnus, with the two 
receivers in turn connected to an SA120 aerial (see page 
280). This experiment showed a difference of about 7dB 
in the Cygnus factor of the two receivers: this difference 
is therefore the difference in noise temperatures, since 
the same aerial was used in both cases. This experiment 
was difficult, since the Cygnus factor with the triode 
receiver was only about 2 per cent: nevertheless, it was 
much quicker, easier and probably as accurate as the 
inconclusive attempt to measure the change in radar per-
formance which followed'. Here was an early example, 
under difficult conditions, of the advantages of star 
measurements for radar performance comparison. 

When parametric amplifiers using varactor diodes and 
high idler frequencies became available, the work was 
resumed, there being no doubt under these circum-
stances about the equivalence of radar and star noise 
performance. In the first experiments, an attempt was 
made to measure the operational v.p.d., in order to 
check it near north and to investigate the shape measured 
with a very small source: did the sun in fact smooth 
out the ground reflection pattern? Results were obtained 

" This controversy, incidentally, has had one long term effect, in that 
some people seem still to be uneasy about checking radar aerial and 
receiver performance with noise rather than with radar signals, since a 
coherently pumped Adler tube certainly gave ditlerent answers in the two 
cases. However, the question does not arise with non-degenerate para-
metric amplifiers, i.e.  those in which the signal and idler frequencies 
are well separated: in such cases, performance with noise or radar signals 
is equivalent. 
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Fig. 12. Signal strength from Taurus A, in arbitrary units, against time and 
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(Fig. 11) from about 3° 
in elevation to about 
10°, showing the dip 
and the second main 
lobe, but they were not 
entirely  satisfactory 
for two reasons, one 
instrumental  and  the 
other  fundamental. 
Instrumentally, the re-
sults suffered from the 
fact that the receiver 
gain  fluctuated  con-
siderably, so that cali-
bration  was  needed 
(but not used) after 
every star pass. This 
difficulty  was  traced 
not to the parametric 
amplifier, as might have 
been expected, but to 
the effect of unstabi-
lized heater voltages on 
the gain of the i.f. amplifier. The fundamental difficulty 
was that at low angles, and especially near north, ' twink-
ling ' of the star signal occurred due to atmospheric effects, 
so that the received signal fluctuated so widely as to make 
some points fall far off the curve. The two points at about 
3.2° on Fig. 11 are cases in point; here the pen recorder 
hit its stop twice running, while the preceding and suc-
ceeding points were only about half scale. For these 
reasons, the results shown in Fig. 11 do not conform 
closely to the expected lobe structure, although the general 
pattern is fairly clear. It was assumed that the sun is 
so large a source that twinkling is largely smoothed out, 
although some evidence of it was obtained in some sun 
runs (see Part 1). 

There was a further possibility, i.e. that twinkling 
occurred so severely on Cygnus and Cassiopeia because 
these sources are seen in the northern sky, which is known 
to be affected by auroral effects: was it possible that 
another star, seen away from the north, would give a 
more satisfactory ground reflection pattern? Accordingly, 
in November 1964, a run was done on Taurus, the third 
most powerful source in the sky, which rises and sets like 
the midsummer sun (but not, of course, at the same time, 
in general), followed next day by a run using Cygnus and 
Cassiopeia. The Taurus run, plotted in Fig. 12, again 
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Fig.  13. Elevation of Cas 
Cyg A near north. 

Zero of time is when Cygnus is north, 
i.e. when sidereal time is 7 hours 
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A and 

showed severe fluctuations, partly instrumental, but largely 
caused by twinkling: as before the general lobe and gap 
pattern was evident, but some points are wildly scattered. 
It thus became clear that stars, other than the sun, are 

unsatisfactory sources for this purpose, at least at small 
angles of elevation: no doubt, by taking many more points 
on successive days, a fairly satisfactory picture could be 
obtained statistically, but this procedure was rejected as 
being almost as laborious as flight trials, in which twink-
ling, which will of course occur with high long range 
targets, is very much the lesser evil. 

There still remained the possibility of measuring the free 
space gain, i.e. the gain with the aerial tilted so high 
that no ground reflection occurs. This position of the 
aerials would give less gain, of course, than the opera-
tional, low tilt, position, but it might have two advantages 
over that position. Firstly, at a high enough tilt, there would 
be no twinkling, and secondly, the aerial would now see a 
relatively cold sky, rather than a warm ground and atmos-
sphere, so that the overall noise temperature would be 
lower, thus helping to offset the reduced gain. If the free 
space gain could be measured in this way, the gain in 
the operational tilt would follow, since it had already 
been shown that to convert from free space to operational 
gain was relatively easy using the sun. 

The first measurements on free space gain were made 
in March 1965, using maximum tilt (15° nominal) and 
Cassiopeia and Cygnus as sources. The co-ordinates of 
these stars have already been given, and their elevations 
when they are near north are plotted against time in 
Fig. 13. The elevations plotted are for the site of these 
experiments, at Rivenhall, Essex, in latitude 51°52'N, and 
zero time is taken as that at which Cygnus crosses the 
meridian to the north, i.e. it is sidereal time 7 hours 
12 minutes. Note that with an aerial tilted to 15°, Cygnus 
is visible descending and ascending, while Cassiopeia is 
seen only at or near minimum elevation; hence both stars 
can be seen by one sweep of the aerial after zero hour, 
but only Cygnus before it. 
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Fig. 15. A typical pen record of one pass of the aerial. 

From left to right, the stars are Cyg A, Cyg X (double humped), and Cas A 

In the first free space experiments measurements were 
taken both before (Cygnus only) and after (both stars) 
zero hour, there being a gap of about six hours between 
the two experiments. The results of this run are plotted 
in Fig. 14, in which the amplitude of the star signals is 
plotted against time and angle of elevation. The record 
is much better than before, in that there is now little sign 
of twinkling, but the receiver gain fluctuated during the 
run in a discontinuous way, as is shown by the spread 
of the calibration markers. Hence it would be difficult 
to use these results to obtain an accurate Cygnus factor 
or aerial gain. The chart recording of a single passage 
of the aerial through the stars is shown in Fig. 15: 
Cassiopeia gives a response against a clear background, 
but the response from Cygnus A is only just resolved from 
the neighbouring 'star' Cygnus X, which is in fact a 
large and complex hot area rather than a single star. 

The next attempt, in October 1965, was modified in 
two respects. Firstly, the mains were carefully stabilized, 
to hold the if. gain steady, it having been shown that the 
major cause of gain instability previously was the varia-
tion of heater voltages in the i.f. amplifiers, all other 
voltages being stabilized independently. Secondly, it was 
convenient at this time of year to measure the free space 
pattern using the sun immediately before repeating the 
measurements on the stars. The free space pattern 
measured on the sun was intended to give an accurate 
curve, with which the star observations could be com-
pared. However, two minor snags marred the experi-
ment; firstly the receiver noise factor was not very good, 
since the amplifier was badly aligned, and secondly, the 
observations were given up too early, so that the star 
record stops just past the peak of the v.p.d. It is recognized 
in retrospect that the observers on this occasion were 
unduly influenced by non-scientific factors in giving up 
just after noon! The results of this run are plotted in 
Fig. 16, in the form of a v.p.d. taken on the sun, together 
with points measured on Cygnus, all plotted in decibels 
against angle of elevation. There is seen to be reasonable 
agreement between  the  shapes  of the two  curves, 
especially when the star signals are largest at the peak 
of the beam. Careful measurements were also made of 
the noise factor of the receiver (2.9dB, including the co-
axial cable from the duplexer) and of the aerial tempera-
ture, by measuring the ratio between the noise on the 
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aerial, and with the receiver terminated in a room tem-
perature load. This ratio was 2dB, about twice that 
recorded with the aerial at operational tilt: this reduc-
tion in aerial noise at 15° tilt goes some way, at least, 
to off-setting the reduced aerial gain. 

In the last experiment to date, carried out on 21 
October, 1966, the noise factor of the receiver, complete 
with a shorter coaxial cable than before, was 2.0dB, and 
the noise ratio, receiver plus room temperature load to 
receiver plus aerial, was 2 8dB. The i.f. attenuator was 
altered to allow .0.1dB steps in attenuation: these steps 
and the 0 5dB steps previously used were carefully checked 
at d.c. to be well within 1 per cent. The procedure was, as 
before, to measure the v.p.d. on the sun, and to compare 
the shape measured on the stars with this. The results 
are shown in Fig. 17, from which it is seen that the fit 
between the sun and the Cygnus curves is excellent, 
although there is clearly some instability in the Cygnus 
results between 16 and 17°. 

Experimental Results 

In this section the Cygnus factor for the receiving 
system, and the gain of the aerial will be calculated from 
the last results available, and similar results will be given 
from Cassiopeia and from previous experiments without 
detailed calculation. 

The flux from the stars is taken to be (Fig. 9) 

Cas A 4-8 X 10-23  Wm-2 Hz-1 

Cyg A 3.0 x 10-2  Wm-2 Hz-1 

These figures must be divided by two to give the hori-
zontally polarized flux. 
On 21 October, 1966, the noise factor was 2dB, and 

the load/aerial noise ratio was 2.8dB. 
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Hence the receiver noise temperature, Tg, was 170° and 

290 + 170 
the aerial temperature, Ti, given by Ti + 170 = 2.8dB 

1 91, was 72°. 

Hence the overall noise temperature, Toi, was 242°. 

On that day, the maximum Cygnus signal exactly 
equalled the 0.5dB calibration marker, i.e. the Cygnus 
factor, given by a — 1, was 12.2 per cent. The total power 
received from Cygnus is given by (a — 1) times the 
receiver noise power, i.e. power from Cygnus = 0.122 x 
242 X F4 x 10-23 W Hz-1 and  since  the  horizontally 
polarized flux from Cygnus is 1.5 x 10-23  Wm-a Hz-', the 

0.122 x 242 X 1-4 
effective aerial area, A', is   = 27.6 m2 

I•5 
and the gain, G, given by 4nA'l A!, is 31.2dB. 

Working in the same way, a table may be prepared of 
the results to date (Table 2). 

TABLE 2 

DATE FREQ. 

(MHz) 

OVERALL 

NOISE 

TEMP. 

CYGNUS 

FACTOR 

(per cent) 

GAIN FROM 

CYGNUS 

(dB) 

CAS A 

FACTOR 

(per cent) 

GAIN FROM 

CAS A 

(dB) 

1.10.65 597 336° 10.5 32.3 3.7 30.6 

21.10.66 585 242° 12.2 31.2 4.2 29.7 

Discussion of the Results 

In Figs. 16 and 17 (especially), there is good agreement 
between the shape measured on the sun (full lines), and 
the points measured on Cygnus. Thus in Fig. 17, the 
greatest difference between the points and the line is 
15 per cent (0.6dB), and most of the 40 points are very 
much closer than this. The error in the measurement of 
the ratio of the peak Cygnus signal to receiver noise (i.e. 
the measurement of ' Cygnus factor') is thus thought not 
to exceed 2 per cent. The error in the Cassiopeia factor is 
similarly estimated at about 5 per cent, assuming the 
receiver to be perfectly linear: the error is larger because 
the deflexions are smaller. These estimates of error are 
supported by the above results, in that the ratio Cygnus 
factor to Cassiopeia factor is the same within about 
2 per cent on the two days. 
Turning now to the measurement of gain, it will be 

noted that two additional factors must be known, the 
overall noise temperature of the receiving system and the 
flux density of the stars used. Both figures are difficult 
to estimate, since the overall noise temperature depends 
on two measurements (of receiver and aerial noise tem-
peratures) about which it is notoriously difficult to be 
certain, largely because mismatch errors are so prevalent 
and indeterminate, while the flux density from the stars 
depends on data such as that in Fig. 9, which, even if 
accurate, is difficult to read. The overall noise temperature 
measurement is thought to be accurate, at least with such 
care as was taken before the last series of measurements, 
to +0.25dB; the second difficulty remains, and is best 
dealt with by treating the gains so measured as related 
to the flux densities assumed, to be modified if better flux 
density figures becomes available. With this proviso, one 
would expect an overall error in gain of the order of +0.3 
or 0.4dB. 
It is disappointing to find that the gains actually 

measured have a much wider scatter than this, a total 
spread of nearly 3dB between four measurements. Closer 
inspection  reveals  systemized  differences:  thus  the 

measurements using Cas A are lower, by F7 and 1.5dB, 
than those using Cygnús. Here the explanation is un-
certain: the flux figures taken may be wrong, the Cas A 
measurements, taken at over 20°, must be corrected to 
the peak of the beam at 15° using the known shape of 
the beam, and there is a possibility, at least, that the 
Cygnus A figures are inflated by flux from Cygnus X, 
since the two stars are not fully resolved, see Fig. 15. 
Again, the gains measured on 21.10.66 are lower, by 
1.1 and 0.9dB, than those measured on 1.10.65: this 
difference is due in part (0.2dB or so) to the frequency 
difference, in part to the fact that 585MHz is on the edge 
of the design band of the aerial, and in part, it is suspected, 
to errors in overall noise temperature, especially on 
1.10.65. The frequency difference between the two days 
was inadvertent and unfortunate. 

Conclusions 
The work discussed in Part 1 (the measurement of the 

shape of a vertical polar diagram) can 
safely be counted successful, despite its 
limitations: repeatable wide range and 
accurate measurements were made of the 
v.p.d.'s of radar aerials, so that flight 
trials could be relegated to their proper 
purpose, to measure aircraft echoing 
area, and to check the size, rather than 
the shape, of the radar cover against a 
particular target. Moreover, now that 
accurate measurements of shape are 

possible, the theory of ground reflection effects has received 
a considerable impetus'. The theory can now predict the 
cover to be expected on a given site, and•these predictions 
can be checked, at least on some bearings. If the predictions 
agree where solar noise measurements are possible, one has 
greater confidence in them on all bearings. This new possi-
bility of theoretical predictions, checked by measurements 
on a few bearings, removed one of the great difficulties 
of solar noise measurements, i.e. that they are available 
only on certain bearings near east and west. 
The results discussed in Part 2 show that the ' Cygnus 

factor' of a receiving system can be measured with good 
accuracy (+0.1dB) and the ' Cas A factor' to lower, 
but  probable  acceptable,  accuracy  (± 0-2dB).  Hence 
one has a useful overall check on the long term 
performance of a radar, to be carried out at say 
three  monthly  intervals,  or  as  required.  However, 
the Part 2 measurements have failed to give any 
accurate measurements at low angles of elevation, because 
of 'twinkling', or to give consistent, repeatable and 
accurate free space gain measurements. Since the star 
measurements themselves are accurate enough, as demon-
strated above, the errors must arise from the other data 
required (the flux densities and the overall noise tem-
perature) or from the interpretation of the data (e.g. some 
of the flux attributed to Cygnus A comes in fact from 
Cygnus X). 
It is hoped to resolve these difficulties in future experi-

ments by using not only Cassiopeia and Cygnus but also 
Taurus A. This star gives a flux density of about 40 per 
cent of that from Cygnus A, and it passes through 15° 
elevation, i.e. it can be measured in the peak of the 
beam. The maximum signal from Taurus will thus be 
comparable with that from Cassiopeia, which although 
a more powerful source is only seen at about —5dB on 
the peak of the beam. Taurus, like Cassiopeia, is well 
clear of confusing sources, and measurements on it should 
help to resolve the spread of results existing at present. 
There is also a requirement for more accurate and trust-
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worthy measurements of overall noise temperature (the 
difficulties of this measurement are being increasingly 
recognized6) and of receiver linearity, at the very low 
levels of input signals given by Cassiopeia and Taurus. 

It will no doubt have been realized that these experi-
ments have been carried out as and when permitted by 
other duties and by availability of the equipment. It is 
hoped that it will soon be possible to complete the experi-
ments, and to demonstrate that absolute gain measure-
ments are possible with the right technique. 
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A High Duty Cycle High Stability Monostable 
By R. C. French*, C.Eng., A.M.I.E.R.E. 

A monostable circuit is described which is capable of duty cycles up to 99 per cent and which prd-
duce a pulse whose length is stable to I per cent with a variation in supply voltage of 10 per cent 
A change in pulse length of only 1.5 per cent occurs when the duty cycle is varied between 0 and 

99 per cent. 

(Voir page 407 pour le résumé en français: Zusammenfassung in deutscher Sprache auf Seite 409) 

I N a high duty cycle monostable the duration of the 
quasi-stable state is a high proportion of the time between 
successive triggers. If the circuit is to be used reliably at 
high duty cycles, the period of the quasi-stable state must 
be constant. Should this period increase, the circuit could 
be in the quasi-stable state when a further trigger occurred 
so that the trigger would be ignored. By similar reasoning 
the trigger must also be stable, or if variable or random 
then never at a rate greater than the maximum acceptable 
to the monosable. The quasi-stable period should also be 
independent of the trigger rate. In the conventional mono-
stable, shown in Fig. 1, the maximum duty cycle is about 
70 per cent and the quasi-stable period is very dependent 
on supply voltage and pulse repetition frequency (p.r.f.). 
In the conventional monostable the capacitor C is 

charged up to nearly V. while the circuit is in the stable 
state with VT1 on and VT2 off. When triggered into the 
quasi-stable state VT1 is reverse biased until the voltage 
across the capacitor C has decayed to nearly zero, and 
the stable state is resumed. However, although VT1 is now 
on again and VT2 off, the capacitor C has still to charge 
up to nearly V. before the original conditions are re-
stored. If the circuit is triggered again before the charging 
of the capacitor is complete, either the trigger will be 

• Mallard Ltd. 

ignored or the period of the resulting quasi-stable state 
will be shorter than before. 
In order to overcome the defects of the simple circuit 

of Fig. 1 the new monostable was developed. 

Circuit 

The circuit of the monostable is given in Fig. 2. The 
transistors VT,. and VT2 form a conventional bistable pair. 
In the stable state VT1 is on and VT2 is off so that the 
collector voltage of VT2 is at the voltage V1. V1 is de-
termined by the divider chain consisting of R2, MR2 and 
R10, R11. The transistor VT3 is conducting and its emitter 
is at (VI — Vb.3  VD2) and VT4 is reverse biased. When 
the circuit is triggered by a positive pulse to the base of 
VT2 the bistable changes state so that VT1 is now off and 
VT2 on. The collector voltage of VT2 drops to about 1V 

Fig. 1. Simple monostable circuit 
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and cuts off MR2 and reverse biases VT3. The voltage V1 
is maintained because MR1 is now conducting. With VT8 
reverse biased the capacitor C now charges through R9 
until the voltage at the base of VT4 goes negative relative 
to the voltage at the junction of R10, RD and VT4 conducts. 
When the current flowing through R6 due to VT4 is suffi-
cient the bistable resets to VT1 on and VT2 off. VT2 
collector goes positive and heavily forward biases the 
emitter-follower VT3 which rapidly discharges the capa-
citor. 
Transistor VT3 suffers from reverse base emitter voltage 

during the unstable state which, without either R9 or a 
protective diode in series with its base or emitter, would 
result in Zenner breakdown. The use of a protective diode 
slows up the discharge of the timing capacitor and re-
duces the maximum duty cycle. A further difficulty is 
with breakdown between collector and emitter of VT3 
with the large current that flows during the discharge 
of the capacitor. The BSY39 is satisfactory but other 
transistors have been found inadequate. 
The period .of the quasi-stable state may be determined 

externally by applying a positive pulse through a diode 
to the base of VT1 before the normal circuit action 
takes place. In a conventional monostable this is only 
possible towards the end of the quasi-stable period. 
The circuit may be used as a self-gating triggered 

ramp generator. If the linearity of the ramp is inadequate 
it can be improved by increasing the voltage dropped 
across Rs relative to the amplitude of the ramp, either 
by increasing the supply voltage, or by returning R9 to 
a negative supply. If the latter were done, however, the 
pulse length stability would be no better than the stability 
of the negative supply voltage. 
The pulse length can be varied by adjusting Rs or C. 

Values of C were used between 0.01,uF and 0-2,uF giving 
pulse lengths between 200,usec and 4msec with R9 set to 
47kû. The value of R9 can be varied between lkn (be-
low which VT3 passes too much current in the stable 
state) and 47kn (above which VT4 will not pass sufficient 
current to reset the bistable). 

Theory 

By arranging for one side 
earth (or supply) and using an 
capacitor can be restored to 
enough to make duty cycles as 

of the capacitor to be at 
emitter-follower the timing 
its normal voltage rapidly 
high as 99-5 per cent quite 

Fig. 2. The improved circuit 
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state h—  Quai stable state 

1111  1 t t1 1111 1111 /111 It lilt 1111 

Fig. 3. Circuit waveforms 

2 volt/division 

5 volt/division 
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possible. The high stability of the pulse length against 
change in supply voltage is achieved in the following way. 
The voltage across the capacitor varies between (VI— Vbs3 
+1/02) in the stable state to (V2— Vbs4) at the end of the 
quasi-stable state. 

R19 -I- R11   
Now  V1 cz--•• R2 -I- R10 -I- R11 .V8 = k1 V. 

R11   
V2 — V1 = k2 V. 

R10 + R11 • 

where k = constant. 
The change in voltage across the capacitor during the 

quasi-stable state is 
V = (V1 — Vbe3  VD2) — (V2 —  Vbe4) 

but Vbe3  VD2 and Vbe4 <  V2 
so that V -= k1 V8 — k2 V. 

= V8 (k1 — k2) 

The rate of change of voltage across the capacitor is 
dvldt = ilc 

where initially i =  (taking VD2 =Vbe3) 

Since the change in voltage across C is small compared 
to VI the charge characteristic can be taken as linear so 
that 

dvl dt =  Ite 
= k2V.1 R3C 

The duration of the quasi-stable state T. is the voltage 
change divided by the rate of change 

V8 (k1 — k2) RoC  
i.e. T =  - kaRe 

V g k2 

T. to a first approximation is therefore independent of 
the supply voltage. 

Conclusions 

With pulse lengths in the range of 200,usec to 4msec a 
maximum duty cycle of 99 per cent was achieved. The 
change in pulse length due to 10 per cent change in supply 
voltage or due to warm up when switched on, was less 
than 1 per cent. Changing the duty cycle from 0 to 99 
per cent reduced the pulse length by 1.5 per cent. 

The waveform at the emitter of VT3 is shown at the 
top of Fig. 3 together with the waveform at the collector 
of VT2. The waveform at the collector of VT1 is the in-
verse of that shown for VT2. 
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A Stable 50Hz Invertor for Mains Operated 
Equipment 

By W. T. Maloney*, B.Sc. (Hons) 

An inyertor design which provides good frequency stability at mains frequencies is deipribed. The 
invertor operates from a 12V supply and provides an output of about 40W at 240V. It is shown 

that with slight modifications reliable operation can be obtained from a 6V supply. 

(Voir page 407 pour le résumé en français: Zusammenfassung in deut,cher Sprache auf Seite 409) 

M ANY types of invertor are available for operating 
mains equipment from batteries. The purpose of this 

article is to describe a simple design for applications where 
medium power and precise frequency control are required. 
Such an application is the operation of recording equip-
ment in vehicles. The invertor about to be described was 
used to drive a good quality transistorized tape recorder, 
with a rated power consumption of 40W at 240V a.c., 
from a 12V accumulator. It is useful for any apparatus 
which  relies on mains synchronization for  proper 
functioning. 

R3 
10 kn. 
f tequency 
control 

R3 

10k11 

MRZ,    

11V 

CI 

0.4 7µF7 2 N2647 

Fig. 1. Inyertor circuit 

R4 
470 11 

1011 0.020F 

45215 

25 F13 

General 

The silicon controlled rectifier invertor is probably the 
most popular type today, particularly for high power 
applications. This has come about because of the inherent 
high voltage, high current capability of the s.c.r., without 
the restriction of a safe' area of operation, as with the 
transistor. However, for low supply voltages, the transistor 
invertor has certain advantages, one of these being 
improved efficiency resulting from the lower saturation 
voltage of the transistor compared to the ' on ' voltage of 
an s.c.r. (typically 1 to 2V). 

The s.c.r. invertor can also present difficulties when 
operated into varying reactive loads. An invertor with 
non sine wave output driving equipment designed for 
50Hz a.c. use may result in saturation towards the end of 
each half cycle. This reflects a low impedance into the 

* Department of Civil Aviation, Australia. 
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primary winding of the invertor transformer, and in the 
case of a parallel s.c.r. invertor results in a large current 
pulse appearing at the anode of the conducting s.c.r. If 
the commutating circuit has been designed for reasonable 
efficiency with normal loads, the circuit may fail to com-
mutate and a large current will flow through both s.c.r.'s, 
limited only by resistance of transformer and inductance 
windings. 
In an equivalent transistor system, the situation men-

tioned above would cause the transistors to tend to come 
out of saturation, with resulting higher power dissipation 

45215 

«4- Veld -04 

C4 
R3 1.0'IF 

1001(11 

C3 

 II  
0.02µF 

MR3 

IN3660 

+12 V 

R12 

3311 

SCR2 

2SF13 

for this part of the cycle. However average power would 
only slightly increase, and the circuit would still function. 
This is a particularly important aspect, when an invertor 
is required for general-purpose use. 

Practical Circuit 

The circuit of the invertor is shown in Fig. 1. Frequency 
control is achieved by adjusting R2, which varies the pulse 
rate from the free running unijunction transistor oscillator. 
Supply to the oscillator is held constant from an 11V 
Zener diode MRZI. 
Pulses from the base 1 of the unijunction transistor, at 

lOrnsec intervals, are fed to the gates of SCRI and SCR2. 
These are arranged in a conventional commutating circuit, 
with resistive load. The size of the commutating capacitor 
is given by 

1.4toft /  
C > microfarad. 

E 
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where toff  turn off time of the S.C.F. in microseconds 
/ = maximum load current in amperes at time of 
- commutation 

E = minimum d.c. supply voltage. 
A capacitor of 1/2F is sufficient in this case, as there is 

no possibility of overloads. The commutating capacitor 
should be no larger than necessary, as charging current 
for the capacitor is drawn through the ' off ' transistor, so 
decreasing the efficiency. 

Diode MR2, resistor R7 and capacitor Cs provide a gating 
circuit to ensure correct starting of the invertor. When the 
supply is first switched on MR2 becomes back biased by 
the supply potential, and so the first pulse is directed to 
the gate of SCRi. This back bias is removed once SCRi 
fires, so enabling the second pulse to trigger SCR2. Com-
mutation occurs because the commutating time-constant is 
larger than the gate pulse time-constant. 

The two s.c.r.'s provide a highly stable square wave out-
put, used to drive directly the bases of the output power 
transistors VT1 and VT2. Without filtering, the output 
voltage will be a square wave, and the transformer should 

24 V 

3-5A 

(b) 

(a) 

(c) 

Fig. 2. Voltage and current waveforms 

be designed to ensure that saturation does not occur. A 
square wave output is satisfactory in most cases, but is 
likely to cause buzz in small induction motors. If a filter 
is added it is of course necessary to design the transformer 
to cope with the insertion loss of the filter. 

Invertor Waveforms 

Voltage and current waveforms for one collector are 
shown in Fig. 2. With a 40W resistive load the waveforms 
shown in Fig. 2(a) and (b) were observed. The voltage 
waveform of (a) is also the same as the output voltage 
and current waveforms. For a 40W reactive load the 
waveforms vary as in Fig. 2(c) and (d). The dotted line 
indicates the effect of saturation in the latter part of the 
cycle, causing high power dissipation in the output tran-
sistors. The peak of the current waveform becomes limited 
as the transistor comes out of saturation. For any parti-
cular equipment this effect may be remedied by increasing 
the base drive, to regain the normal waveform. It must 
then be decided if the current waveform in the equipment 

itself is acceptable. It will be noted no voltage transients 
appear at the collector during the switching interval. To 
this end the primary of the output transformer was bifilar 
wound. 

Efficiency 

Power losses in the invertor are mainly due to the base 
drive, transformer, and drop over the power transistors. 
A large transformer ensures good efficiency, and in this 
case a llin core wound with 15 B & S gauge enamelled 
wire was used. The fixed loss in the base drive circuit is 
dependent on what maximum power output is required 
from the system. The graph of efficiency as a function of 
power output is shown in Fig. 3. It can be seen that the 
efficiency falls off as the power output exceeds 60W. 
Above this the drive to the output transistors is insufficient 
to maintain saturation, and both efficiency and regulation 
suffer. Power output of over 100W may be obtained by 
increasing the drive. 

Lower Voltage Operation 

Operation from a 6V supply is now considered. The 
invertor may be operated quite reliably from a 6V supply 
provided the circuit is optimized, with respect to trigger-
ing conditions for the silicon controlled rectifiers. Manu-
facturer's recommendations do not advise operation of 
the unijunction transistor at supply voltages less than 
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g. 3. Efficiency versus output power 

10V, due to unacceptable values of signal amplitude. The 
circuit will, however, function quite reliably at lower 
voltages—in fact oscillation will occur from slightly above 
2V. 

Assuming a Zener voltage of 5.8V, base 1 pulses of 
approximately 2.5V are available. This amplitude will 
safely trigger SCRi,  provided an s.c.r. of reasonable gate 
sensitivity is used. With the second s.c.r. the residual 
charge on Cs (maintained by the ' on ' voltage of SCRI) 
must first be overcome, as well as the drop over MR2. 
A iokn resistor placed from the junction of R7 and C3 to 
the negative rail, with a germanium diode for MR2, will 
provide reliable trigger conditions to SCR2. To operate 
from the lower supply involves an increase in both base 
drive and commutating capacitor. By using a 1W Zener 
for MR.Zi, with R1 at 82n, and high sensitivity s.c.r.'s, a 
combined 6 to 12V invertor in which only the transformer 
primary winding is switched can be constructed. 

Conclusion 

An invertor with improved stability compared to feed-
back systems has been described, while still operating 
efficiently. Simple frequency control combined with reason-
able power handling capability provide a versatile unit for 
general application. 
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A Means of Displaying Proportional Plus Rate Information 
on a C.R.T. in the form of Two Pointers 

By M. R. Green*, C.Eng., A.M.I.E.R.E. and K. Lord* 

In this article circuits are described which enable information to be displayed in the form of two 
pointers on a c.r.t. It in effect serves the function of a mechanical pointer instrument but all mechani-
cal moving parts are eliminated. In the example described, the equipment is intended for airborne 

use and displays height and vertical speed on the same display. 

(Voir page 408 pour le résumé en français: Zusammenfassung in deutscher Sprache auf Seite 409) 

A' part of a general investigation into possible new 
forms of instrument display, consideration has been 

given to the use of small c.r.t's to present information 
with a view to eliminating any mechanical moving parts 
and so improving potential reliability. The c.r.t. presenta-
tion has greater flexibility and allows the display of 
additional information which mechanically might be very 
difficult or sometimes impossible. 

As a general principle it has been assumed that for any 
given quantity a digital presentation is required but that 
this in itself is not sufficient and that an additional indica-
tion giving a clue to trend and rate in the form of a 
rotating index (equivalent to the pointer of the mechani-
cal instrument), may also be required. As a practical 
example experimental work has been carried out on a 
form of height display; height is displayed digitally by 
numerator tubes giving thousand and hundreds of feet 
and in an analogue fashion by a radial line on a c.r.t. 
rotating once every 1 000ft. Additionally it was thought 
that a display of vertical speed on the same display 
would be valuable and this was indicated by another line 
rotating with the height index but separated from it by 
an angle proportional to vertical speed, ahead for climb 
and lagging for dive. 

This note gives details of the methods employed to 
produce the c.r.t. section of such a display. It is assumed 
that the inputs are d.c. voltages with a common earth. 

General Description 

The basis of the system is that a circular trace is pro-
duced at the periphery of a c.r.t. face and, at some time 
interval from a zero datum which is dependent on the 
input signal voltage, the spot of light is made to travel 
slowly to the centre of the c.r.t. display face. A radial 
line is thus drawn on the display. By means of time 
sharing, two lines may be drawn, one representing the 
input signal and the other of shorter length its derivative. 

With reference to Fig. 1 the action of the circuit is as 
follows: A suitable reference frequency, in this case 400Hz, 
is used as a driving signal to produce the 'rotating spot 
of light, i.e., circular time-base. This reference frequency 
is further used to produce a switching reference pulse, 
which is synchronized with the circular time-base. Thus 
a reference pulse has been produced which will indicate a 
defined datum position on the c.r.t. face. The input 
analogue information is transformed into pulse width 
modulation by means of the modulator, this being syn-
chronized to the circular time-base by means of the 

• Royal Aircraft Establishment. 
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reference pulses. The output of the modulator will be a 
train of pulses whose width will be dependent on the 
input signal and whose leading edge will be referenced to 
the datum of the display. The trailing edges of these pulses 

400 Hz 

reference 

TIME 

BASE 

GENERATOR 

INHIBIT 

CIRCUIT 

Reference pulses 

 ILL   
DIGITAL 

CIRCUITS 

C.R.T. 

DISPLAY 

PULSE 

WIDTH 

MODULATOR 

SUL 

Inhibit 

TIME 

BASE 

SWITCH 

JUL 

Pg. 1. Basic arrangement of display circuits 

will therefore also define a particular point on the display 
and as the pulse width varies so will this defined position. 
This trailing edge is now used to trigger the time-base 
switch which inhibits the circular time-base signal to the 
c.r.t. When this occurs the rotating spot will return to the 
centre of the display with an exponential time-constant, 
thus drawing out a line, the length of line being dependent 
on the period of inhibition of the time-base. By means 
of synchronized time sharing several analogue inputs may 
be displayed, recognition of any signal being made by 
the length of the line drawn on the display. 

Referring to the block schematic Fig. 2 and the illustra-
tion of the typical waveforms in Fig. 3, the generation of 
the circular time-base will be explained in more detail. 
It is achieved by producing two equal quadrature signals 
from the 400Hz reference and applying them to the X 
and Y amplifiers of the c.r.t.; one signal is given a 45° 
phase lag, the other a 45° phase lead as shown in Fig. 2. 
These two signals are applied to the 'sample and hold' 
circuit. This circuit essentially consists of two transistor 
series switches feeding memory capacitors shunted by 
resistors. When the transistor switches are closed the 
voltage across the memory capacitors will follow the 
amplitude of the two phase shifted signals. When, how-
ever, the switches are opened, by means of the inhibition 
signal, the existing initial voltages will subsequently leak 
away through the shunt resistors causing the spot on the 
c.r.t. to decay towards the centre. On closing the switches 
at the end of the inhibit pulse the capacitors will imme-
diately take up the voltages of the two quadrature signals 
thereby causing a rapid flyback. 

The next part of the circuit to be explained is the 
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generation of the reference and switching pulses. Refer-
ence should be made to Figs. 2 and 3, the waveforms at 
the points denoted by ringed letters in Fig. 2 are shown 
against the same letter in Fig. 3. The 400Hz reference 
signal is first squared in FF1 to produce a square wave 
of suitable form for triggering the divide by four circuits 
FF2 and FF3. The output of the divide by four circuit is a 
100Hz square wave, see Fig. 3(b). One of the outputs of 
FF3 is further divided in FF4 to provide a 50Hz square 
wave commutating signal, see Fig. 3(f), for the time 
sharing processing of the analogue input signals. The other 
output of FF3 triggers delay multivibrator (monostable) 
T1 which produces a narrow pulse, see Fig. 3(c). This 
narrow pulse performs two functions; firstly it provides 
a reference pulse so that the triggering of delay module 
T2, which acts as the pulse width modulator, is synchro-
nized to the display and secondly, as the trailing edge of 
this narrow pulse is used to trigger delay T2, a delay is 
inherently provided so that sufficient time is allowed for 
the commutator switches Si and S2 to settle down before 
T2 is triggered, see Figs. 3(c), (d), (f). The width of the 
pulse generated by T2, on being triggered by T1, is depen-
dent on the commutated d.c. signal applied to its d.c. input. 

This d.c. signal is the time shared processed analogue 
input signals, i.e., proportional or proportional plus deriva-
tive. Thus the output of T2 will be a train of pulses whose 
width will be dependent on the amplitude of the analogue 
signals, see Fig. 3(d). It should be pointed out that even 
when the analogue input is zero a pulse is produced whose 
width is approximately equal to two periods of the 400Hz 
reference signal. When the maximum analogue signal 
and its positive derivative are present the pulse width 
from Ty will be approximately equal to 31 periods of 
the reference. The trailing edges of these pulses now 
trigger delay module Ty which again produces pulses 
whose width is dependent on a d.c. controlling voltage. 
But in this case the pulse has only two widths, because 
this delay module dictates the line length drawn out on 
the c..r.t. face, see Fig. 3(e). Thus as can be seen from the 
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above and from Fig. 3 a series of pulses have been pro-
duced (see Fig. 3(e)) which are synchronized to the 400Hz 
reference frequency but vary in time delay dependent on 
the analogue input signals. Consequently when the output 
of Ty is used to turn off the transistor switches in the 
 ̀sample and hold' circuit the position of the p̀ointers' 
will vary depending on the time relationship between the 
reference pulses and the switching pulses which in turn are 
dependent on the input analogue voltages. 

The anologue input signals to be displayed are fed 
to two operational amplifiers A1 and A2, see Fig. 2. The 
output of amplifier A1 is proportional to the input signal 
and the output of amplifier Ay is proportional to the input 

plus its derivative. The 
reason for both amplifiers 
producing a proportional 
signal is that when there 
is no rate term present 
both pointers on the c.r.t. 
display must coincide. The 
derivative term can either 
be formed in the amplifier 
A2 circuit or generated ex-
ternally and then added 
to the proportional signal 
in the amplifier. The out-
puts of these amplifiers are 
fed to two series switches 
S1 and S2, whose states are 
dependent on the switch-
ing (commutator) signal 
derived from bistable FF4. 
In fact the switches con-
duct alternately thus allow-
ing the signals from the 
operational amplifiers to 
be time shared and fed to 
the  combining  circuit 
which then feeds the d.c. 
input of the delay module 
T2 (pulse width modu-
lator). 
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The linearity of the pulse width modulator T2 is shown 
in Fig. 4. A ' best straight line' through the curve shows 
accuracy limits of +6°. To improve the linearity the delay 
module must be modified as mentioned later. 

Detailed Circuit Descriptions 

SIGNAL INPUT AMPLIFIERS (Fig. 5) 

Integrated circuit operational amplifiers with a nominal 
gain of 1 000 are used for the signal channels. The 
input resistor networks R 3 and R4 and RVe are used for 
biasing the outputs of the amplifiers for positioning the 
two pointers on the c.r.t. face with respect to each other. 
R2 and R6 provide the proportional signal for each ampli-
fier and RiC2 provides the 
signal derivatives for A2. If 
a separate external deriva-
tive signal is required, then 
KC' can be switched out by 
means of S3 and resistor R 9 

used instead. The outputs 
of the two amplifiers are 
fed to two series transistor 
switches VT2 and  VT2. 
These  switches  are  con-
trolled by the Q and Q 
outputs of control  com-
mutator bistable FF4 so that 
they are opened and closed 
alternately.  The  switches 
feed a combining circuit 
consisting of R10, /211 and 
a complementary emitter-
follower,  the  emitter-
follower having an output 
impedance low enough to 
feed the d.c. signal input of 
the delay module T2, 
Diodes MRI and MR2 

across the amplifiers limit 
any negative excursions of 

12V 

RV, 
1 kfl. 
OV 

Signal 
input 
o  

the outputs thus preventing damage to delay module 
Ts. 

POINTER-LENGTH SWITCHING CIRCUIT (see Fig. 5) 
This is a simple transistor switch controlled by the 

same source as that controlling switch VT2 in such a way 
that, when transistor switch VT2 is closed and the signal 
plus its derivative is being displayed, transistor VT5 is 
on and the d.c. signal input voltage to delay module T3 
is reduced thus making the delay module Ts give a shorter 
output pulse and hence a shorter pointer length. 

PULSE WIDTH MODULATOR OR DELAY MULTIVIBRATOR 
(see Fig. 6) 

This circuit is of conventional design with the added 
facility of being able to vary the output pulse width 
depending on the magnitude of the d.c. input signal. The 
output pulse width is primarily governed by the two 
components C4 and R7 and the amplitude of pulse trans-
ferred from VT2 through C4 to the base of transistor VT3. 
Before the trigger pulse is applied VT3 is on and the 
capacitor C4 is charged up negatively to the negative 12V 
supply through VT2 and the base of VT3. On receipt of 
the positive trigger pulse VT3 is turned off and VT2 is 
turned on by the cross coupling network Re,Re. Now 
the left-hand side of the capacitor C4 will now be effec-
tively earthed and a positive voltage will be applied to 
the base of VT3 keeping it off. The charge on C4  will 
gradually leak away to the negative supply through R 7, 

and when this voltage is nearly zero VT3 will switch on. 
If the diodes MRe and MR8 were omitted the positive 
voltage applied to the base of VT3 would be approxi-
mately +12V. With MRe connected this positive voltage 
is 'caught' at a potential set by R1/2. Thus if it is 
assumed that the discharge of C4  is initially linear the 
waveform at the base of VT3 will be very similar to a 
right-angled triangle whose apex will be dependent on 
the catching voltage and consequently as the time-constant 
remains the same the base of the triangle must also vary 
in the same proportion as to the height. Thus by varying 
the catching voltage the time that VT3 remains off may be 
varied reasonably linearly with an applied d.c. ' catching ' 
voltage, see waveform of base voltage in Fig. 8. The d.c. 

Fig. 5. Signal input amplifiers commutator 
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input signal which is to be 
pulse width modulated is 
applied through MR8 and 
the effect on the output 
pulse width is the same as 
that  explained  for  the 
diode MR9. providing this 
signal is less than that sup-
plied to MR8 by RV1. The 
purpose of RVi is to give 
a fine variation of output 
pulse width during initial 
setting up. The emitter-
follower  transistor  VT1 
speeds up the charging of 
Cé by providing a low 
output impedance for the 
collector of transistor VTz. 
The output pulse is taken 
through an invertor ampli-
fier (transistor VTd) which 
provides a low output im-
pedance and resets the 
logic levels. As the delay 
monostable circuit requires 
a positive going waveform 
for  triggering,  invertor 
amplifiers must be con-
nected between each delay module, as shown in Fig. 1 to 
produce consecutive delays. 

The accuracy of the input voltage to time conversion is 
mainly governed by the exponential discharge of C4 and 
for better linearity the charging resistor R7 should be 
replaced by a constant current source by the inclusion 
of a few components and an npn transistor. 

The approximate transfer function is given below: 

V. + Vi. 

4711 

CV7076 

21.1F 

D. C. input 
o  

CV 7076 

CV7087 

r = CR ln 
VI 

signal 

Rg 

56 kfl 

where 
r = the width of the pulse in seconds 

CR = time-constant components Ct R7 

Vs = the supply voltage of 12V 

Vi. = d.c. input signal. 

SAMPLE AND HOLD' CFRCOITS 
The 400Hz input signal is fed to two phase shifting net-

works, Raz Ca and Ca Ras, which psoduce 45° lead and lag 
signals respectively. The outputs of these two networks 
feed complementary emitter-followers of high input im-
pedance and very low d.c. offset voltage. The emitter-
followers then feed the discharge networks C4 R31 and C5 
Ru through series transistor switches VT11 and VT12. These 
switches are controlled by the sample pulse from the delay 
module T8 which, when present, turns off the switches. 
Because of the low source impedance feeding the tran-
sistor switches VTii and VTLI the discharge capacitors Cy 
and C5 will follow the 400Hz input signal amplitude. When 
the transistor switches are opened, however, the instantane-
ous level of the 400Hz input signal will be stored by the 
capacitors C4 and C5 and will leak away exponentially 
through the resistors R31 and R33. It should be noted that 
these discharge circuits must be matched, or else the line 
drawn on the c.r.t. face will not be straight. The rate of 
discharge will effect the brightness of the line drawn and 
if a constant brightness is required then the discharge 
resistors should be replaced by constant current discharge 
circuits. 

External 
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Fig. 6. Pulse width modulator or delay monostable c.c.t. 

D.C. input 

to vary delay 

V T3 turn on 

-12V supply 

Output 

C.R.T. AND DEFLEXION AMPLIFIER (see Fig. 8) 
The c.r.t. deflexion amplifiers consist of two identical 

amplifiers in the cascode circuit configuration. This form 
of circuit was used to enable transistors with limited V. 
rating to be used to produce driving signals to the c.r.t. 
deflexion plates of 140V peak-to-peak. The resistors R35 
R36 and R46 R41 ensure that the output signal swing is equally 
divided between the transistors thus making sure that 
the maximum V.e can never be greater than 90V. Resistors 
Ru and R43 give some measure of gain stability and give 
each cascode stage a gain of approximately 20. The emitter 
resistor decoupling capacitors, C6, C7, give high frequençy 
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Fig. 7. Sample and hold circuit 
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Fig. 8. C.R.T. and deflexion amplifiers 

Fig. 9. Proportional pulse derivative amplifier circuit 

compensation, thus improving the bandwidth of the 
amplifiers. 

The c.r.t. has a one inch diameter face and has a final 
anode potential of approximately 500V, which gives a 
reasonable degree of focus and brilliance. The brightness 
of the c.r.t. trace is varied by altering the potential between 
grid and cathode by means of RVs. The variable potentio-
meters RV, and RV4 are the X and Y shift controls, used 
for centring the trace. 

Comments 

The work carried out has shown that by employing 
electronic techniques pointer type displays can be made 
without the use of moving parts. This experimental 
model has been built to prove the feasibility of such a 
system and if further development is required a number 
of points require consideration. These are discussed below: 

(a) Brilliance. The brightness of the trace is not adequate 
under high ambient light conditions as may be experienced 
in aircraft cockpits or instrumentation control rooms. This 
of course could be improved by using high brilliance tubes 
with pulsed bright-up and post deflexion acceleration, 
similar to that used for head-up displays. 

(b) Linearity can be improved by the use of constant 
current charging networks in the delay modules. 

(c) Flyback. The one big disadvantage that is difficult to 
overcome electronically (if the additional rate is required) 
is, that when a repetitive ramp function to define the 
pointer position is applied to the display to produce a 
rotating pointer, the ' flyback ' part of the input waveform 
produces a ' kick ' on the rate pointer, if the rate is derived 
by differentiating the input ramp signal. This may be 
overcome by producing the rate term external to the dis-
play unit. Another possible method would be to produce 
a blanking signal when the flyback occurs. 

(d) Power Supply. The 400Hz supply would not usually 
be used, as a frequency shift would effect the calibration 

X shit t 

RVs 
100 kfl 

RV. 
shift of the 400Hz supply. 
Thus it would be prefer-

able to use an internal oscil-
lator with temperature com-
pensation that would offset 
any variations of the output 
of the delay modules. 

R44 

1A4.0.  In general the display can 
be used for a variety of jobs, 
such as an altimeter display 
as  originally  mentioned, 
though not necessarily air-
craft, where the rate informa-
tion is of benefit such as con-
trolling machinery where a 
derivative demand using a 
display is required. 

Although the possibility of driving the display from 
digital information only has not been fully investigated, it 
is clear that the display electronics could be modified to 
enable input digital signals to be decoded by means of 
' weighted ' resistors in the feedback path of an operational 
amplifier. From this amplifier the proportional and rate 
terms may be obtained. Alternatively the rate term may 
be received separately in digital form and then decoded. 
For the numerator tubes a simple diode decoding matrix 
would be used. 

Ris 

22 kfl 

350V 

+180V 

stabilized 

100 kfl 

0 V 

of the display. The variation 
in calibration is dependent on 
pointer position  and may 
vary between 1 and 2° /Hz 
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APPENDIX 

ANALYSIS OF PROPORTIONAL PLUS DERIVATIVE CIRCUIT 

With reference to Fig. 9 the overall transfer function 
of the circuit will be derived as follows: 

R 2 

= Ri (Ra + (11 PC)) . 
Ri + R3 + (11 pC) 

where p is the Laplace transform operator 

V. = (R21Ri) . (Ri ± Rs -I- (11 pC))  
(R3 -I- (11 pC))  . V, 

= (Ral Ri) . [1 + 
Rs -I- (11 pC) 

Ri  

V. =- (R21R1) . [1 -I- 
1 + pCRs 

pRiC   
. Vi 

Let Vi he a ramp input of Kt volts/sec. 

Therefore: 

= (R21 Ri) [1( I P2  p 0K+RpiCcRo ]   (1) 

Performing an inverse transform: 

Vo(t)  R2/Ri [Kt ± KT (1 — exp (—ti n)] 

where T1 = CR, and T = CR,. 

As can be seen in equation (2), the output V. consists of 
two terms: a ramp (R211ii)Kt volts/sec plus a derivative 
term (R21Ri)KT volts (=-- CR2K) which has a lag time-
constant of T1 seconds. 

V 

ELECTRONIC ENGINEERING 380  JUNE 1967 



A Simple Digital-Analogue Convertor with Reciprocal Read-out 

By L. Davison*, B.Sc., A.Inst.P., and R. Wilson*, B.Eng., A.M.I.Min.E. 

The convertor described provides a convenient means of direct velocity read-out from digital counters 
whose contents represent transit times. In addition to saving time when large numbers of results are 
involved, the convertor eliminates the possibility of errors due to misreading of counters, read-out 

lamp failures and computational mistakes. 

(Voir page 408 pour le résumé en français: Zusammenfassung in deutscher Sprache auf Seite 409) 

EXPERIMENTS which are in progress at the Safety in 
Mines Research Establishment with a coal-dust ex-

plosion tube 5m long require the measurement of flame-
propagation speeds over 10 equal intervals of tube length. 
Photocells sited at the ends of the intervals detect the 
arrival of the flame-front and gate a reference frequency 
signal to 10 binary counters. Each counter has a capacity 
of 10 digits, and the minimum resolution required is about 
1 per cent. 
In a long programme of experiments it was tedious to 

read all the counters, convert from binary to decimal, and 
multiply the reciprocal of the count by an appropriate 
scaling constant in order to obtain the required speed 
results. Apart from the tedium of the process there was 
the possibility of visual read-out and conversion errors. 
The present digital to analogue convertor is designed 

to be switch-selected to each counter in turn, with read-
out and conversion performed automatically and the result 
displayed on a milliammeter scaled to read directly in 
metres per second. 

Basic Circuit 

Fig. 1 shows the basic circuit. A binary counter which 
is to be read out is represented by the chain of blocks in 
the upper part of the diagram. Each counter stage, when 
filled, operates its own relay (A, B, C, etc.) and removes 
the short-circuit from an associated resistor (R1, R2, RS, 
etc.) in the series chain across the constant-voltage supply 
V. The resistance values are so chosen that the total chain 
resistance is proportional to the decimal number which 
is represented by the counter state. The meter, A, which 
measures the chain-current may then be scaled to give 
direct read-out of flame-speed, as described below. 
For a decimal number, n, the corresponding flame-speed 

is 
u = S nT   (1) 

where S is the distance between photocells, and T is the 
period of the reference oscillator. The contribution of the 
eh binary stage (if filled) to the decimal count is 2e-1, 
and the value of the corresponding chain resistor is 2P-1 r. 
Each stage that is filled operates its own relay (A, B, C, 
etc.) to remove the short-circuit from its corresponding 

p=10 

resistor. The total chain resistance is then 2, 2e-1- r = nr, 
p=1 

where only the p values corresponding to filled stages are 
used in the summation series. The chain current, I, is then 
given by: 

I = V I nr   (2) 
which has the same form as equation (1) 

Safety in Mines Research Establishment, Ministry of Power. 

Thus if SIT =kV1r, where k is a scale factor, 

u = kI   (3) 

and meter A can be scaled to read directly. 

Alternative Circuit 

Fig. 2 is a schematic circuit which is the dual of that in 
Fig. 1, and it is clear that this could also be used to achieve 
the desired result. In this circuit the binary stage switches, 
2°, 21, .... 21)-1, etc., would be closed for filled stages, and 
the corresponding conductances brought in. Thus the total 
conductance across the constant-current generator would 
be, 

p=10 

21)- ' g = ng. 
P=1 

The voltmeter would then read y = ling, which again is 
the same form as equation (1) with voltage corresponding 
to speed. 
This arrangement would lend itself more readily to solid-

state switching since the stage switches share a common 
supply rail. However, the design would have to take 
account of the voltage-drop across solid-state switches; 
also constant-voltage sources of high accuracy are in general 

2° 2 22 

Fig. 1. Basic circuit 

Fig. 2. Alternative circuit 

2° 29 
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more convenient to provide than constant-current sources. 
Since a number of sensitive relays suitable for operating 

from the counter bistables were in any case readily avail-
able, the circuit of Fig. 1 was chosen. 

Design 

METER RESISTANCE ERROR 

Equation (3) takes no account of meter resistance. If, 
however, the chain voltage V is increased to compensate 
for this at meter f.s.d., and if the meter f.s.d. voltage drop 
is v, then it may readily be seen that the error introduced, 
as a fraction of indicated speed value, is always less than 
v/ V, and the error rises towards this maximum as zero 
deflexion is approached. 
At f.s.d., the meter circuit used has a drop of 0.1V. For 

nominal chain supply of V = 30V, the maximum error 
introduced by fixed meter resistance is therefore 0.1/30, 
or  per cent. Since there is a range of switched shunts to 
provide different meter sensitivities, readings will not 
normally be taken at less than about 50 per cent f.s.d. and 
the actual worst error in practice will be approximately 
half the above value. It is recognized that this setting-up 
procedure yields an error always of the same sign, and 
in principle the maximum error could be reduced by set-
ting up at something less than f.s.d., but since the precision 
of setting would require to be of the order of 1/12 per cent 
the distinction is academic, and setting at f.s.d. is con-
venient. For the sake of round figures in the chain resist-
ance values the output of the constant-voltage supply is 
designed to be 30.1V; 30V for the chain and 0.1V for the 
f.s.d. meter drop. 

RESISTANCE CHAIN 

The current-sensitivity of the read-out meter dictates the 
value of r in the resistor chain since it is preferable in the 
interests of reading accuracy for the deflexion obtainable 
for minimum chain current to be not 
much less than 50 per cent f.s.d. The 
1mA f.s.d. meter offers  reasonable 
mechanical robustness with a require-
ment for only moderately small chain 
currents. This latter feature offers the 
double advantage of keeping the chain 
wattage lów and of relaxing the per-
formance required from the constant-
voltage supply. 
If the minimum current is taken as 

0-5mA (i.e. 50 per cent deflexion) for 
a count of 1 000,1 then 0.5 x 10-3 = 
V/1 000r, 
and hence with V = 30, r = 6on .. (4) 
METER SHUNTS 

The count obtained for a given 
flame-speed  is proportional  to  the 
counter reference frequency.  Before 
any experiment, the anticipated flame-
speed  is estimated roughly, within 
range of 10 : 1. A reference frequency 
is then selected, from one of five avail-
able, in order to achieve a count within 
the limits of 100 and 1 000. Given this, 
it would then only be necessary to 
provide a simple shunt system to 
increase meter readability for high 
counts, provided the application of a 
scale factor according to frequency 
were  accepted. The  object of the 
instrument is however, to minimize 
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manipulation of readings in the conversion process, 
and it was therefore decided to provide the facility 
of direct read-out of speed from the meter by means of 
a switch (S1 in Fig. 3) which is first set to select a group 
of sensitivity-multiplying shunts appropriate to the refer-
ence frequency used. An appropriate shunt within a set 
is then selected by 52 to improve the readability, when 
necessary, of the meter indication. The corresponding f.s.d. 
speed is in that case shown by the pointer on the operating 
knob of 52. The shunts permit a reading of not less than 
40 per cent f.s.d. to be obtained for any speed yielding a 
count within the prescribed limits of 100 and 1 000. 
For r = 6on, and V = 30V, the count of 100 leads 

to a maximum chain current of 30/(60 X 100) = 0.005A, 
and for a photocell separation of 0-25m, the correspond-
ing speed is given by 

u' = (0.25f/100) = (f / 400)m / sec   (5) 
where f is the reference frequency (Hz). 

Thus u' is the f.s.d. speed in metres per second corres-
ponding to the maximum chain current of 5mA. Since the 
meter circuit has a resistance of loon, the shunt required 
for this case is 25,e. 
The shunt required for any other f.s.d. speed, u, may 

then be calculated as follows. 
The chain current for u is given by, 

  (6) 
Putting 1'1= 5 (mA) and substituting for ti from 

equation (5) in equation (6), 

u  
= (f/400) (5) = 2 000 ulf  (7) 

Also, since the f.s.d. meter drop is 1(mA) X 100 ((2) = 
100m V, and the shunt, R, associated with an f.s.d. current 
of I is required to carry (I — 1) mA, its resistance must be, 

1 
R — 00 (8) 

/ — 1   

so that substituting for / from equation (7) in equation (8), 

100   
R —   .   (9) 

(2 000 Oh — 1 

The available frequencies are 4, 2, 1, OS, 0.4 (kHz) and 
the f.s.d. speed ranges chosen are 10, 5, 2, 1, 0.5, 0.2 
(m/sec). It is clear that if ulf <1 /2 000, the denominator 
of equation (9) becomes negative, and R cannot be chosen. 
This merely expresses the fact that there would be in-
sufficient chain current to yield f.s.d. in the unshunted 
meter for counts which exceeded the specified maximum 
of 500, and such ranges as turn out to be inadmissible in 
the above set would therefore clearly be redundant. It 
would, however, be confusing for the user to have...to 
remember, or consult a table to find, which ranges were 
permissible according to the reference frequency he was 
using. Arrangements are therefore made which auto-
matically deflect the meter over full-scale from a separate 
current source when a non-permitted range is selected. An 
incorrect reading cannot therefore be taken, and since 
switching to non-permitted ranges corresponds to increas-
ing meter sensitivity, no impression of discontinuity is 
conveyed to the observer. 
In calculating the values of the shunts required from 

equation (9), it soon becomes evident that there are many 
duplications among the different frequency sets. Only 10 
shunts are in fact necessary to cover the whole range of 
frequencies and sensitivities. 

Complete Circuit 

The complete circuit is shown in Fig. 3. 
A socket SK, connects relays A to J to a 10-pole 10-way 

switch (not shown) which routes the digital to analogue 
convertor to read out from each of the counters in turn. 
The basic chain consists of 1W resistors R11 to R20. 

The circuit between the mains transformer, and Rag, 
including transistors VT5 to VT8, is a constant voltage 
circuit of conventional design providing, at the emitter of 
VT8, the stabilized 30-1V for the resistor chain. Overload 
current protection is provided by the trip circuit VT3, VT3, 
triggered by over-voltage across R29. This is necessary 
in  the  event  of  read-out  being  attempted  from 
a counter with a very low content. When the trip level of 
75mA chain current is exceeded, the bistable transition-
signal at VT4 collector drives VT7 and hence VT8 towards 
cut-off, thus reducing the chain voltage to a negligible 
value. At the same time, overload-indicator lamp L2 is 
brought on via VT1, VT2. The trip circuit is reset by push-
button PB2. 
Milliammeter A is the speed indicator, calibrated 0 to 

10 in 100 scale divisions. It is therefore direct-reading on 
the 10m/sec range. F.S.D. speeds for all ranges are in-
dicated by a pointer-knob on 52. S1 is the reference fre-
quency selector switch. 

Meter protection is afforded by relay K, whose contacts 
K1 short out the meter for currents exceeding 1.5mA. The 
need for protection could arise either because of high 
chain-currents or because the range switch has been in-
advertently left at too high a sensitivity setting. 

The relay is more tolerant of heavy overloads than is 
the meter, but its speed of response is of the same order. 
It is therefore necessary to ensure that the overload current 
is presented to the relay before the meter is brought into 
circuit. This is achieved by the ' press to read' button P/31. 
In the event of over-current when the convertor is routed 
to a counter, the current flows through the meter limb via 
R51 with the meter shorted out. Relay contacts IC1 then 
close so that the meter is still short-circuited even when 
Pill is pressed. 
When P/ii is operated under normal current conditions, 

one pole shorts out R55 and the other removes the meter 
short-circuit. Since R51  has the same resistance as the 
meter movement the total limb resistance is preserved. 
Without this feature, spurious lock-outs would occur 
because the meter movement represents the bulk of the 
limb resistance and the protective short would lead to 
significantly high limb-currents than would exist when the 
short was removed. 

R61 to R50 are the meter shunts, and the over-deflexion 
current for the non-permitted ranges flows through 124. 

from the 30.1V chain supply. 

Conclusion 

Although based on a simple principle, the digital 
to  analogue  convertor  described  offers  considerable 
advantages  in  terms  of  convenience  and  error-
avoidance.  It also  eliminates  the  need  for  visual 
read-out facilities on the associated counters unless these 
are required for check or other purposes. This can 
represent a significant economy in components in multi-
counter units. 

Calibrat;on showed the accuracy of the convertor to 
be well within that of the meter, which was within 1 per 
cent f.s.d. 
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A Twin-T Filter Design having an Adjustable 
Centre Frequency 

By K. G. Beauchamp*, C.Eng. 

A major difficulty in twin-T filter design where a range of frequencies has to be covered, is to provide 
a simple means of adjustment for frequency without, at the same time, drastically reducing the Q 

factor. 

In the design described here variation of a single parameter gives control over frequency with only 
a small effect on the designed Q factor. 

(Voir page 408 pour le résumé en français: Zusammenfassung in deutscher Sprache auf Seite 409) 

TWIN-T filters are widely used to provide a bandpass 
or 'notch' filter of high Q factor and using the 

minimum of components. 

In order to maintain this high Q at a particular 
frequency the critical adjust,ment of at least two elements 
of the filter becomes necessary. Where a range of fre-

Fig. 1. Phase discriminating network 

Fig. 2. Derivation of the vector locus for the network 

E.  Eb 

Ebi 

o 
(a) 

(b) 

(c) 

United Kingdom Atomic Energy Authority. 
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quencies is to be covered then three filter elements have 
to be varied simultaneously. 

These difficulties can be obviated if an asymmetrical 
twin-T filter is used in which only a singe resistive element 
needs to be varied to secure a change in resonant fre-
quency. A range of 3:1 in frequency is practically 
realizable. 

Derivation 

The circuit may be derived from the network shown in 
Fig. 1 and a simple description follows with reference to 
the vector diagrams given in Fig. 2. 
Consider the simple phase-shift circuit of Fig. 2(a). This 

is a constant --« (all pass) network in which the locus 
of the Ec, vector describes a semicircular path as the fre-
quency is varied. 
Now if the input voltages E. and Eb are given a relative 

phase difference of nI2 rad as in Fig. 2(b), then the semi-
circular locus of the Eo — ER junction passes through the 
origin and Eo experiences a null at one particular 
frequency. 
A practical network is shown in Fig. 2(c), where the 

Tr/2 phase shift is obtained from C1 R1 and a potentio-

o 

Fig. 3. (a) Asymmetrical twin-T network (b) Equivalent circuit 

(a) 

R R1 

R2 

R2+R3 

R R2R3C 

RTh 

R3   

R2+ R3 

C R 
R 

 o 

(b) 



meter, R2 Rs included to ensure similar amplitudes for 
vectors Es and Eb• 
The null in this case is not a true one since the phase 

shift for Eb is slightly less than ir/2 rad. This is not a 
disadvantage howeVer, when the filter is used with an 
operational amplifier, since some gain-stabilizing feedback 
will be available at balance frequency. Variation of balance 
frequency can be made by adjustment of C or R. The 
latter, is more convenient and gives a smaller variation in 
Q value over the frequency range. 
The network of Fig. 1 can be redrawn as a twin-T 

network having asymmetrical arms (Fig. 3(a)). Converting 
each of the T networks into its equivalent ir circuit results 
in the network shown in Fig. 3(b). 
It will be seen that at one frequency (00/21r, the series 

arm will behave as a parallel tuned circuit and exhibit a 
very high impedance. Since the shunt reactance arms of the 
circuit will have very little effect on the value of this 
frequency then it is permissible to equate the imaginary 
components of the series arm to derive the resonant 
frequency. 

o 
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i.e.,  R2 + R3 
Wo2 

C . R  . Ri . Rs 
  (1) 

Expressing this in terms of time-constants T= CR, 
Ti = C1 Ri, and a reduction factor a = R31 (R2+ R3) gives: 

fo— Ir V (T .T1 . a) 

1 

and the Q factor is given as: 

tooRRei 
Q 

R1 + R2 + R 

Substitution of equation (2) in equation (3) gives: 

Q    V(TilT . a) 
R Ri ± R2 

(2) 

(3) 

(4) 
Filter Design 
From equation (4) it is seen that the Q value is deter-

mined largely by the numerical value of V(TilT.a) and 
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if R> R1 + R2 then: 

Q . (Ti I T . a)   (5) 

which is a useful figure for design purposes. 
If a small value is chosen for a, say 0.01, then equation 

(4) can be substituted in equation (2) to obtain a simple 
relationship between Q ., T, and fo. 

T = (16000//c,Q .). kn/LF   (6) 

This can be translated into the\ nomogram form shown 
in Fig. 4 to facilitate calculation where a number of filters 
are to be designed. 

This nomogram can also give a value for T1 since this 
is implicit in the relationship given in equation (5). 

Zi 

yin 

Fig. 5. Use a twin-T in operational amplifier circuit 
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Design is further simplified if certain assumptions are 
made regarding the values of the resistive components. 
Making R1 = R2 and also, due to the small value of a 
chosen above, then R3 =2 aR2 = 0.01R2. 

The value of R is adjusted to vary the resonant fre-
quency of the filter. Its value also has an effect on the 
stability of the circuit when the filter is used as the 
control impedance of an operational amplifier (see Fig. 
5). It is possible for this circuit to act as a phase-shift 
oscillator with the second stage of ir / 2 phase shift being 
provided by the value of R and the stray capacitance at 
the summing junction. This limits the value of R in prac-
tical terms to below iookn for Q values up to about 50 
in this type of application. Choice of R1 is related to the 
need to keep the Q factor as constant as possible through-
out the desired frequency range. A practical limit to this 
range is about 3 : 1 which corresponds to a resistance 
value change of about 10 : 1 (equation (2)). 

Under these conditions it can be shown that a choice 
of R1 equal to the minimum value of R will give similar 
values of Q at either end of the range. 

Thus from equation (4) at minimum R value, R.. 

Rink , 

Qi  ) 

and at maximum R value, RIllaa = 10Rmin 

Rine,/ 
Q2 —  + 211.I. V(  T1 CR...a) 

Rori3(kn) 
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0 • 3 — 
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100  — 

= (10/12)(1/V10) 
'NA  IL  CR ) 

so that the ratio of Qi/Q2 becomes 

Qi/Q2 = 0.33/0.27 = 1.2 

Choice of time-constant com-
ponent values for T and T1 is faci-
litated by means of the second 
nomogram of Fig. 6 which relates 
T to C and R and also T1 to CI 
and RI. Having calculated T and 
T1 using the nomogram of Fig. 4, 
and chosen a suitable value for 
R (and hence R1) the values of C 
and C1 can be determined from 
Fig. 6. 

Choice of RI also allows R2 and 
R3 to be obtained from the fixed 
relations already quoted. 

A Design Example 

A filter is to be incorporated in 
an operational amplifier as shown 
in Fig. 5. It is to cover the range 
of 400 to 1 000Hz and a 301d2 
potentiometer is specified for R. 
The desired Q factor is about 20. 

The maximum value of R will 
correspond to the lowest frequency 
required and from Fig. 4, taking 
Q = 20 and f -= 400Hz a figure 
is derived of T = 2 and Ti = 8.5. 

Given R = 301dI and T = 2 the 
capacitance value for C is 0.06,uF 
from Fig. 6. 
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From Fig. 4 it is found that given T1 = 8.5 and the 
maximum required frequency of fo =•-• lkHz/s then the 
new value of T  0.3, which corresponds to a minimum 
value of 4-7kS2 for R with C = 0.06µF. Choosing this as 
a value for R1 = R3 gives a value of 2pF for C1 from 
Fig. 6. This also fixes a value of 471) for R4. 
A practical filter, designed on this basis could be tuned 

A New Colour Television Picture Tube 

The Compagnie Française de Télévision (CFT), the 
originators of the SECAM colour television system, have 
developed a new colour television picture tube which, it 
is claimed, has an electron transparency of 80-90 per cent, 
as compared with 15-20 per cent of the conventional 
shadow mask tube. 

In addition this new picture tube operates on a lower 
modulating voltage and therefore permits an increase of 
transistorized circuits thus reducing overall cost. 

As with the shadow mask tube, the new CFT tube can 
be used with any of the existing colour television systems 
and can also, of course, produce a monochrome picture. 

The fundamental features of the new CFT tube are that 
it replaces the mask by a grid of parallel wires, and the 
colour dots on the shadow mask tube by a series of strips 
of colour phosphors. 

The tube has a rectangular screen with a 19in diagonal. 

The luminescent screen is deposited on a glass plate 
and consists of a series of straight luminescent strips 
positioned vertically each with a constant width of 0.27mm. 
These strips are placed edge to edge and three consecu-
tive strips form a group which corresponds to the three 
primary colours (green, blue and red). There are 480 
groups of such parallel strips each 0.81mm wide. The 
luminescent screen is covered with an aluminium film on 
which a layer of porous graphite is fixed. This layer of 
graphite is designed to decrease the factor of secondary 
emission from the aluminium-fluorescent screen assembly. 

The grid is formed by a curtain of 550 parallel wires 
which are also parallel to the luminescent strips. The 
wires of 0.1mm diameter are spaced 0.75mm apart. 

The electron sources for each of the three primary 
colours are three electron guns which are angled with 
respect to each other such that their beams converge along 
the tube axis close to the grid. 

Principle of Operation 

POST-FOCUSING AND POST-ACCELERATION 

A set of cylindrical electrostatic lenses, which focus the 
beams from the electron guns, is formed by the grid and 
the screen as the grid is taken to a lower potential than 
that of the screen. When the beams strike the screen, 
slightly elliptical spots are formed .which have their major 
axes parallel to the luminescent strips. Owing to the 
focusing, the width of the spot from each electron gun 
is made smaller than the width of a colour strip. The 
screen-grid potential difference introduces post-accelera-
tion which ensures high luminosity. 

COLOUR SEPARATION 

As the electron guns converge between the grid wires, 

from 400 to 1 000Hz with potentiometer values of 27kn 
down to 4-3k(1 and the Q factor varied between 16 and 
28 over this frequency range. 
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the beams have separate striking points on the screen. 
The width of the screen strips, the grid-to-screen distance, 
the applied voltages and the inclination of the electron 
guns have been chosen such that the three striking points 
are located on three strips of different colours. The elec-
trons from the electron gun for a given colour can only 
strike that colour. 

The magnetic fields of four permanent magnets, which 
can be adjusted positionally, enable the juxtaposition of 
the spots at the centre of the screen to be set up. Position-
ing the spots on the axis of the respective luminescent 
strips is achieved by the action of a constant magnetic 
field between the exit of the electron guns and the 
deflexion system. 

DYNAMIC DEFLEXION AND CONVERGENCE 

The main deflexion assembly ensures the general dis-
placement of the three beams over the tube screen. 
Proper convergence of the spots over the whole sur-

face of the screen is achieved by the action of the variable 
magnetic fields applied to the beams emitted from the 
guns. These fields are generated by a convergence correc-
tion system which comprises pole pieces inside the tube 
and electromagnets outside. Voltage waveforms at the 
appropriate line and picture scan frequencies are applied 
to these electromagnets. 

COLOUR PURITY 

The tube has been designed so that the three colours 
are pure over most of the screen. Colour distortion in the 
peripheral areas is corrected by the electrostatic field of 
a peripheral electrode painted on the internal wall of the 
glass bulb. The effect of the earth's field is corrected by 
an axial field coil in the same plane as the screen. 

The luminous lines which appear on the screen are 
sufficiently near to each other for it to be difficult to dis-
tinguish them. Picture blending is satisfactory with a 
triplet pitch of 0.81mm. 

OPERATIONAL EXAMPLE 

Screen voltage (e.h.t.) 

Chromatic purity electrode 

Cone voltage 

Focusing grid voltage 
Gun focusing electrode voltage 

Gun first anode voltage 

Cut-off voltage 

Modulation voltage (for a total screen 
current of 1004A from the three guns)  15V 

Brightness measured over a white area of 
395 x 310nrun (for a total screen current 
of 100,tA from the three guns)  15ft.L 

Useful screen surface  1150cm2 

25kV 

voltage  10kV 

8.600kV 

7.1kV 

2.5kV 

400V to 500V 

—50V 
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An Accurate Triangular-

Wave Generator 

with Large 

Frequency Sweep 

By G. Klein* and H. Hagenbeuk* 

.0"  e"  .e .e 
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Li S  is>  PM SIE.2 SWEEP GENERATOR 
*Ii.041, 

A triangular-wave generator is described which combines a wide frequency sweep (=-.10') with a very 
accurate symmetrical waveform. The amplitude response and the symmetry exhibit variations of less 
than 0-1 per cent, while the frequency stability is better than 1:104. The circuit can serve as the basis 
for a single-sweep sine-wave oscillator or an f.m. modulator and voltage (current)-frequency 

convertor. 

(Voir page 408 pour le résumé en français: Zusammenfassung in deutscher Sprache auf Seite 409) 

M ANY applications require a generator of symmetrical 
triangular voltages, the frequency of which can be 

varied over a wide range by an external voltage or 
current. The stringency of the requirements made on the 
accuracy of the amplitude and the symmetry of the tri-
angular waveform depend on the use. For most f.m. 
applications, these requirements are not particularly rigid. 
If, on the other hand, a single-sweep sine wave oscillator 
is to be designed by combining such a triangular-wave 
generator with an instantaneous triangle-sine convertor, 
the distortion in the -sine-wave voltage will be determined 
by the symmetry and amplitude stability of the triangle. 
In order to be most universally applicable a generator was 
therefore designed to a very stringent specification. 

Principle 

The starting point for such a generator was a circuit 
that has been in use for a considerable time as an f.m.-
modulator and already satisfies rigid requirements in 
many respects. Its principle is given in Fig. 1. The Schmitt-
trigger is used to make the difference between the base-
voltages of VT1 and VT2 alternately positive and negative 
by a few volts so that VT2 carries either a current h or 

no current. By this means the capacitor C is alternately 
charged with a current /2 and discharged with a current 
11 — /2, provided that h > /2. The amplitude constancy 
of the triangular waveform is determined by the difference 
between the changeover levels VH and VI, of the Schmitt-
trigger (about +2 and —6V in the example) which is, 
in turn, primarily determined by the resistance values and 
the supply voltages in the Schmitt-trigger, thus allowing 
considerable accuracy to be attained. The frequency can 
be varied over a wide range by changing h but the tri-
angular waveform is not symmetrical because /2 is main-
tained constant. For the system to work properly, /2 would 
have to vary simultaneously and satisfy the requirement 
= 2/2, a condition which would be hard to be main-

tained for large variations of h. Fig. 2 gives a possible 
improvment which has been in use for some years. 
Transistor VT2 of the balanced pair carries the current 11 
in one position of the Schmitt-trigger. Since VT1 then 
carries no current, the base voltage of VT3 will be equal 
to the positive supply voltage, so that 12 is then zero. 
Therefore, in this position, C is discharged by the current 
h. In the other position of the Schmitt-trigger, VT1 
carries the current h and the base voltage of VT2 will be 

* Philips Research Laboratories, N.V. Philips Gloeilampenfabrielcen, Eind-
hoven-Netherlands.  t J. J. Zaaiberg van Zelst: private communication. 
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about I1R volts negative with respect to the positive supply 
voltage. If the emitter resistance of VT3 is correctly 
chosen, /2 can be made equal to /1. The symmetry of the 
triangular wave which can be made perfect at a given 
value of /1, is difficult to maintain if /1 is varied over 
more than one decade because the base-emitter voltage of 
VT3 will not remain equal. 

In the proposal put forward here, care is taken to keep 
the current h accurately equal to /1, even when the latter 
varies greatly. Fig. 3 shows how this can be done by 
making use of a second capacitor C2. Here, switching tran-
sistors VTi and VT2 are symbolically represented by 
switches S1 and S2. These switches, together with S3 and 
St, are controlled by the Schmitt-trigger as before in such 
a way that Si and S4 are closed when S2 and S3 are open, 
and vice versa. 

The basic principle of the circuit is the use of the 
voltage on capacitor C2 to control the current 12 in such 
a way that the average voltage across C2 is kept constant. 

If Te and Ta are the times during which Si and S4 
(S2, S3) are closed (open) and open (closed) respectively, 
the following equalities should apply: 

for CI: 1iTd = 
and for C2: U. = 12Td. 

Hence: 
= /2 and T, = Ta as required. 

The extent to which these equalities will apply in prac-
tice depends on the accuracy with which the currents fed 
to C1 and C2 are equal and this is determined by the 
leakage currents of the switching transistors and the base 
currents of the input stages of the Schmitt-trigger and the 
control amplifier. The inequality between the currents can 
be kept down to about 10-9A in a transistorized circuit. 
This means that, if the currents /1 and /2 are no smaller 
than a few microamperes, the currents satisfy the above 
equations to within about 0.1 per cent. On the other hand, 
the currents should not be made greater than about 10mA. 
This means that where suitable current sources are used, 
a frequency sweep of 104 can be obtained. Furthermore, 

Fig. 1. Basic circuit for triangular-wave generator 

—20V 

+30V 

—20V 

Fig. 2. Possible regulation of symmetry 

Fig. 3. Proposed regulation of symmetry 

Schmitt 
trigger 

14 

less than 0.1 per cent asymmetry can be guaranteed. 
With a reduced frequency sweep, higher minimum values 
of /1 and /2 may be used and the symmetry will be even 
better. 

The principle as given in Fig. 3 has only one disadvan-
tage: Since h is controlled by the ripple voltage on C2 
as it charges C1, the rising ramp of the triangular voltage 
on C1 will exhibit a slight deviation from linearity. This 
effect is reduced by increasing C2 and/or decreasing the 
loop gain. This means, however, that the speed with which 
/2 follows a change in /1 is reduced. A simple calculation 
shows that for this the following relation applies: 

r= -- T/86   (1) 

where T = period of the triangular voltage, 

time-constant of the control system of /2, 

6 = maximum relative deviation from linearity in 
the rising flank of the triangular voltage. 

Thus, to limit 6 to 0-1 per cent, the control would require 
—30V  more than 100 periods. 

In the case of an external variation of Ii, the other 
current may be varied simultaneously by approximately 
the same amount. The control system would then only 
have to correct a possible deviation, and this could normally 
be allowed to take some time. 
A better solution is given in Fig. 4. The ripple in the 

control voltage can be made zero by making C2 equal to 
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2i,1930 

AF118 

BSY41  I  BSY41 

BSY39  B5Y39 

cl 18kf1   

BFY11 

BCY32 

Fig. 5. Practical circuit 

68kri  3.9kfl 

C1 and by connecting one side of C2 to a point that follows 
the voltage on C1. In theory, the non-linearity and the 
control speed are now no longer related. If the adjustment 
is perfect, the ripple is zero and no distortion occurs. In 
practice, however, this perfect adjustment cannot be relied 
upon as deviations in the values of the capacitors will 
occur. The ripple voltage can, however, easily be com-
pensated to within 1 per cent. Hence, the denominator in 
equation (1) is multiplied by 100 and this is adequate for 
all practical purposes. 

Practical Circuit 

Fig. 5 gives a simplified diagram of a triangular wave-
generator incorporating the principles given above. Where 
necessary, the transistors were arranged as Darlington 
pairs. Since only currents are switched, the transistors may 
be replaced, with advantage, by field-effect transistors. 
Various current sources may be used for /1, thus pro-

viding, for instance, linear or exponential relationships 

Fig. 4. Improved regulating circuit 

 o+ 

Schmitt 
trigger 

 o 

BFY11 

47pF  4.7k11 

B5Y39  B5Y39 

62kfl 

BFY11  8.2kfl 

2.2k11  2.7kfl  BFY11 

680f1 

BF109 

BFY11 

5.6kfl  101(f1 

between the frequency and a voltage which may be 
controlled externally. /1 may also be supplied by two or 
more current sources connected in parallel. Where the 
switching circuit is designed with Darlington pairs the 
asymmetry proved to be much smaller than 0.1% for 
frequencies below some tens of kilohertz. At higher 
frequencies an inaccuracy will be introduced by the finite 
switching time and by parasitic effects of the switching 
circuit. With the available h.f.-transistors very good sym-
metry is still possible for frequencies up to some hundreds 
of kiloherty. 

The frequency stability is determined by the constancy 
of the current source /I and the switching level of the 
Schmitt-trigger. At normal ambient temperatures a fre-
quency stability better than 10-4 was easily obtained for 
linearly variable current sources. Using sources with 
exponentially varying currents, the stability is generally 
less by one order of magnitude. The influence of tempera-
ture changes can be kept below 0.01 per cent/ °C without 
difficulty. The amplitude is also determined by the con-
stancy of the switching levels of the Schmitt-trigger. 

The amplitude constancy with changing frequency is 
perfect as long as the transit times of the switching circuit 
are negligible. Due to this effect some increase in ampli-
tude will occur at higher frequencies. It is obvious that 
the application of high-frequency field effect devices for 
the switches will give still better results. 
The instrument shown in the photograph on page 388 

is the first commercially available generator in which the 
described circuits have been applied. The main charac-
teristics of this function generators—the Philips type 
PM 5162—are : 
Frequency range: 0-1Hz to 100kHz, divided in three; 

Ranges: 0.1 to 103, 1 to 104 and 10 to 1041z; 

Waveforms: sine, triangular, square; 

Output voltage: 3V peak-to-peak into 6oul. 
Sweep mode: internal and external with a maximum 

sweep ratio of 1:10 000. 
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LETTERS TO THE EDITOR 
(We do not hold ourselves responsible 

for the opinions of our correspondents) 

A Novel Voltage Reference Source 

DEAR Sm.— We would like to make a 
few comments on the article by Messrs. 

V 
Fig. L Characteristics of two arms of bridge 

Dawson & Taylor on "A Novel Voltage 
Reference  Source,"  (February  issue). 
The authors refer to "constant current 
type"  and  "constant  voltage  type" 
devices, but, in fact, the bridge will not 
operate with such devices. A constant 
voltage device has a low incremental 
resistance  while  a constant  current 
device must have a high incremental 
resistance but, in fact, (as stated) the 
incremental resistance of the four arms 
must be the same. This is in contradic-
tion to the definition of constant voltage 
and constant current devices. 
The bridge operates due to the fact 

that the characteristics of the two arms 
of the bridge are as in Fig. 1 i.e. they 
have the same slope or incremental 
resistance but are displaced in terms of 
voltage, the output voltage being due to 
this displacement. Due to the fact that 
the characteristics are parallel (for a 
portion only) the output is independent 
of the current and hence voltage input. 
The transistor arms are not constant 

current devices and do not operate as 

Fig. 2. Diode resistance compensating circuit 

suggested.  The  transistor incremental 
resistance may be of the order of 
30 000e, but it is in parallel with the 
1.2ke resistor and Zener incremental 
resistance. The latter can be neglected 
and  since the effect of 30 000e in 
parallel with 1.2ke is negligible these 
bridge arms act as constant voltage 
sources of 4-3V in series with 1.2ke 
(i.e. constant voltage sources substan-
tially) as regards incremental changes. 
It would thus appear that the transistors 
could be dispensed with. When batteries 
are used in place of the Zener diodes 
the  1-2ke  resistors  are  presumably 
omitted and hence the need for shunt 
resistors across emitter and collector to 
reduce the slope resistance to the order 
of lke. 

For the complexity of the circuit its 
performance is not outstanding. The 
incremental  resistance  of  the  Zener 
diode can largely be compensated by 
the circuit of Fig. 2. The voltage drop 

Fig. 3. Constant current circuit 

across R, is made such that it is the 
same as the drop across the incremental 
resistance of the Zener diodes MRZ,. 
With a variation of input voltage from 
25 to 35V the output is constant within 
±7mV. The circuit suffers the disadvan-
tage (and that of the article suffers the 
same disadvantage) that there is a large 
change of current in the diode and 
hence  there  are  changes  in  diode 
temperature  and  the  compensation 
required is different for fast and slow 
changes. 

A better circuit is shown in Fig. 3 
which  maintains an almost constant 
current in the Zener diodes MRZ,. 
Zener diode MRZ, provides an approxi-
mately constant voltage and hence a 
constant current flows in R, as the 
transistor  VT,  acts  as  an  emitter-
follower. Thus an approximate constant 

Fig 4. Final circuit arrangement 

current flows through the Zener diodes 
MRZ,. In this case the transistor VT, 
acts as a constant current device. 
The output of this circuit is also 

constant within -±7mV for an input 
change from 25 to 35V. This is reduced 
to -±-2mV by using two Zener diodes in 
cascade to feed the transistor base. 
The final circuit is shown in Fig. 4 

which is a combination of the two 
circuits. This gives an output which is 
constant within ±0-4mV for an input 
voltage change from 25 to 50V. There 
are small changes which occur due to 
changing temperature of the' transistor 
when slow changes are made and these 
may be reduced by using a larger tran-
sistor. The variations were reduced to 
±0.2mV for input voltage changes of 
25 to 60V but the circuit has now 
reached the stability limit due to varia-
tions of ambient temperature. 

Yours sincerely, 

G. N. PATCHETT, 
A. R. BAILEY, 

University of Bradford. 

The authors reply: 

DEAR SIR, —I would like to reply to 
some of the points raised by Messrs. 
Patchett  and  Bailey  concerning  the 
article written by Dawson and myself. 
I agree that a constant voltage device 

has  zero  slope  resistance,  while  a 
constant current device has an infinite 
slope resistance. Practical devices must, 
however, have finite slope resistances 
(at least over any significant range) and 
in this case it is instructive to examine 
the  intercepts  of  the  incremental 
resistance lines with the voltage and 
current axes. Thus a "constant current 
type" device has an intercept on the 
positive current axis and the negative 
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Operation in this 
quadrant not 
possible 

Fig. S. Characteristics for constant current and 
constant voltage devices 

voltage axis, while a "constant voltage 
type" device has an intercept on the 
positive voltage axis as shown in Fig. 5. 
Hence  a  "c.c.  type"  device  is 
characterized in its working region by 
V = Ir, — v, while a "c.v. type" may 
be represented by V = Ir, + y,, where 
v, is the magnitude of the negative 
voltage intercept and v, is the positive 
voltage intercept. These classifications 
correspond to those of "type I" and 
"type H" devices referred to by Morton' 
when considering non-linear elements 
for use in stabilizing circuits. 

If a bridge network is formed with 
diagonally opposite pairs of "c.v. type" 
and "c.c. type" devices, then over the 
linear ranges of the device characteris-
tics  it can  be  represented  by  an 
equivalent circuit of the form shown in 
Fig. 6. At first sight Fig. 6 might suggest 
that output voltage VL could be greater 
than VIN . However, in operation the 
voltage  drop across the  incremental 
resistance r, due to the current i, must 
cause the overall p.d. across the arm to 
oppose the current and V is of the 
polarity indicated. If this were not so 
the arm would be acting as a source of 
energy. 

Because the incremental resistance of 
the four arms of the balanced bridge 
must be the same and because the "c.v. 
type" elements have a low incremental 
resistance, while the "c.c. type" elements 
have a high incremental resistance, to 
achieve the balanced condition it is 
necessary to add resistors in series with 

Fig. 6. Bridge formed from c.v. and c.c. type 
devices 

c.c. type  j,  ,  c.v. type 

v' 

c.v. type 

vn 

c.c. type 

ELECTRONIC ENGINEERING 

the former and/or in snunt with the 
latter. The I-V characteristics of the two 
arms forming one half of the bridge 
will then be as shown in Fig. 7, i.e. 
parallel in the operating region. By 
drawing  a load  line  across  these 
characteristics the output voltage can be 
determined. 

With a battery biased transistor as a 
"c.c. type" element (shunted to reduce 
the slope resistance) the incremental 
resistance line makes a negative intercept 
on the voltage axis and hence the arm 
operates as a "c.c. type" device in the 
sense used by the authors. When the 
transistor is biased with the aid of a 
Zener diode, this intercept is reduced 
and in practice may fall near to the 
origin, but the current passed by the 
transistor prevents the arm from becom-
ing  a constant  voltage  element  as 
suggested by Professor Patchett. 

Voltage stabilizing bridges can operate 
with one or more of the arms containing 
a non-linear device, and various com-
binations of "c.v. type", "c.c. type" and 
purely  resistive  arms  can  be  used. 
Professor Patchett's first circuit (Fig. 2) 
is an example of a circuit using one 

For increased Vin 

Fig. 7. I.V. characteristics of the two arm& of 
bridge 

non-linear arm, while in our article a 
circuit containing two Zener diode arms 
and  two  purely  resistive  arms  was 
mentioned.  In this  sense,  then, the 
transistor arms are unnecessary; but it 
was found that stabilization occurred 
over a much greater range when the 
transistors were introduced. It is interest-
ing to note that the output voltage of 
both the battery and Zener diode biased 
versions of the bridge described by 
Dawson and myself rises at high input 
voltages, whereas the output from most 
bridges containing non-linear elements 
(including the Zener diode bridges) is of 
the form shown in Fig. 8. This occurs 
because the I-V characteristics shown 
in Fig. 3 usually converge and can even 
intersect at high voltages causing the 
output voltage to reverse polarity. 

Changes in dissipation are bound to 
cause difficulty in all circuits of this type 
and it is advisable to under-run all 
components. In the circuit described the 
transistors were used in conjunction with 
heat sinks to maintain a good response 
to slow changes of input voltage. 
As to the performance of the circuit 

described, -4---2mV represented the un-
certainty introduced by possible experi-
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Operating 
region as 
a stabilizer 

o 

Fig. 8. Output from bridge 
elements 

Vis 

with non-linear 

mental  errors  with  the  measuring 
apparatus available, and I suspect that 
the output voltage remained appreciably 
more constant than this; but I cannot 
claim that it could rival the performance 
of  Professor  Patchett's  sophisticated 
circuit of Fig. 4. However, my interest 
in this field was limited to a simple 
extension of the earlier work on stabiliz-
ing bridges using more modern devices. 

Yours sincerely, 

G. C. TAYLOR, 

University of Surrey. 

REFERENCE 

1. MORTON, C. J. Sci. Instrum. 21, 15. 

Stabilizing Output of Wien Bridge 

DEAR Sm,—Following the letter in 
your December issue ' Stabilizing Output 
of Wien Bridge' by R. Krishna the use 
of a thermistor to stabilize the frequency 
of a Wien bridge oscillator may prove 
of interest. A recent application in this 
company was for an oscillator to be 
cheaply produced giving a stable output 
frequency, adjustable between 4 and 
5kHz, when operating within a tempera-
ture of 10°C to 30°C. 
A typical Wien bridge circuit using 

npn  silicon  planar  transistors'  was 
adapted for the purpose and this oscil-
lator, together with its Zener diode 
regulated supply, exhibited a reduction 
in preset frequency of 32 parts per 
1 000 for an increase in temperature 
from 15°C to 45°C. Referring to Fig. 1 
it can be shown that the frequency of 
oscillation is given approximately by: 

1   
— 

and a compensating increase in fre-
quency can therefore be obtained by 

Fig. 1. Arrangement of bridge oscillator 

JUNE  1967 



reducing the R or the C components in 
this expression. 
Oven tests were carried out on the 

oscillator and when the value of R. was 
altered to compensate for drop in fre-
quency due to increase in temperature 
the relationship shown in Fig. 2 was 
obtained. Fig. 2 also shows the variation 
in resistance of an n.t.c. thermistor 

5000 

4000 

E 
3000 

2000 

1000 

3200 

E 
.52'c 3100 

1-16001 
L45°C 

3000 
r, 
I   

20  30  40 
TEMPERATURE 1°C) 

Fig. 2. Effect of temperature 

R. 

\ 

—  R.- -

Fig.  3. Thermistor-resistor network 

50 

(STC Type M53) over the same tempera-
ture range, the logarithmic characteristic 
of the thermistor being represented by a 
straight line. If R, is replaced by an 
n.tc. thermistor/resistor network then 
compensation will occur by reduction of 
the equivalent resistance of the network 
with increase in temperature thus main-
taining the preset frequency. 
In  the  thermistor/resistor  network 

shown in Fig. 3 the value of R to give 
the required compensation may be calcu-
lated from the solution of the simul-
taneous equations arising from: 

RtR 
R. — R. = 

Rt + R 

for temperatures t, and t2, where R5 is 
the resistance of the thermistor and R, 
the corresponding resistancé required to 
give a particular frequency at tempera-
ture ti and 12. 
This produced a calculated value for 

R of 63412 and the use of a 68012 
resistor produced a frequency stability 
of 1 part per 1 000 over the temperature 
range 15°C to 45°C, the frequency 
rising with increase in temperature. The 
thermistor R5 was fixed to the outside 
of one of the larger components of the 
oscillator to make it insensitive to rapid 

variations in ambient temperature, this 
arrangement producing a thermal time 
constant similar to that of the complete 
oscillator of approximately lOtnin. 

The effects of non-linearities in the 
oscillator phase shift network and the 
thermistor have little effect on the over-
all stability of oscillation within the 
temperature range given above. 

Yours faithfully, 

A. J. DAVIS, 

Star Paper Mills Ltd. 

REFERENCE 
1. Wide Band Transistor Phase Shift Oscillator. 
Application Note No. 1, Ferranti Ltd. 

The author replies: 

DEAR SIR, —My communication pub-
lished  in your December issue was 
concerned with the output amplitude 
rather than the output frequency. 

The idea of using a thermistor to 

in the true cascade by leaving part of 
the input emitter resistor unbypassed. 

It may be noted that the output 
transistor has a much higher output 
impedance (because of the high imped-
ance emitter load) in the true cascode 
. than it has in the long-tail-pair arrange-
ment. Also the noise performance of the 
cascode is superior to that of the long-
tail-pair for much the same reason. 

L. H. DAWSON, 
Chelmsford, Essex. 

The correspondent replies: 

DEAR S1R,—It had not occurred to me 
that  the  emitter-emitter  connected 
cascode  arrangement  could  also  be 
regarded as a long-tailed pair which had 
experienced the same fate as the three 
blind mice; but I remain unrepentant 
in the use of the term. 

The relative performance of the two 
arrangements shown in Fig. 2 and Fig. 3 
is tabulated below. 

Input impedance 
(parameters for VT1) 

Output impedance 
(parameters for VT2) 

Current gain 

B = 1 + A 

EMITTER-EMITTER CASCODE  COLLECTOR-EMITTER CASCODE 

B • hie + CbelB + Cob 

1 /hoe ±  Cob 

(VT1) 

improve frequency stability seems in-
teresting. For a single or over a narrow 
range of frequencies, obtaining a stable 
frequency output presents relatively little 
difficulty. However, it will be very useful 
if Mr. Davis' idea could be extended 
to  wide-band  oscillators  to  achieve 
higher stabilities against ambient tem-
perature variation. 

Yours faithfully, 

R. KiusaNA, 

University of Saskatchewan. 

A Modified Cascode Circuit Using 
Complementary Transistors 

DEAR S1R, —Your correspondent J. L. 
Linsley Hood in the April issue connects 
a pair of complementary transistors into 
an r.f. amplifier and calls it a cascode 
(his Fig. 3). This does not follow the 
recognized usage of the name which is 
that of a grounded emitter (cathode) 
stage driving a grounded base (grid) 
stage. The circuit he has drawn is that 
of a long-tailed-pair, i.e. a grounded 
collector  (anode)  stage  driving  a 
grounded base (grid) stage. This comple-
mentary arrangement has an infinite 
' tail' and this fact can give an advan-
tage in certain differential amplifiers. 

He claims the input transistor _has 
improved h.f. performance. This is mar-
ginally so because the impedance in its 
emitter is not zero. However, this imped-
ance is small, being the input impedance 
of the following grounded base stage. 
He could have obtained this advantage 

ce.h1a + C2. + B • Cob 

1/hob ÷  Cob 

hfo (VT1) 

where A is the effective open-loop gain 
of VT1 in the circuit, 

----J. life (Y U X it,b(VT2)/hia (VT1). 

A typical value for this with silicon 
planar transistors having an ht. = 100 
would be of the order of 2 or 3. 
The input impedance of the emitter-

emitter connected arrangement will be 
higher than that of the more normal cir-
cuit connexion by this amount. The pro-
portionation of the noise components 
between the two transistors is altered 
but the overall noise product appears to-
be similar. 

Yours faithfully, 

J. L. LINSLEY HOOD 
Taunton, Somerset. 

Corotrons' 

DEAR Sm,— We have read with interest 
an article in your February issue by Mr. 
Barlow and Dr. Watson entitled  Some 
approaches  to photomultiplier  power 
supply design.' 
The article states that the current range 

of Victoreen Corotrons' is limited to 
between 5µA and 100µA. 
As Victoreen's U.K. representative, we 

would like to point out that Victoreen 
Corotrons, with maximum currents up 
to 3.0mA and voltages from 350V to 
30kV, are now available. 

Yours faithfully, 
JarrHA, 

Walmore Electronics Ltd., 
London, W.C.2. 
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NE W 

BOOKS 
Analysis of Discrete Physical 

Systems 
By H. E. Koenig. 447 pp. Med. 8vo. McGraw-

Hill Pub.  Co. Ltd. 1967. Price 110s. 

THE title of this book implies that it is concerned with the analysis of 
systems which are subject to quantiza-
tion in either time or amplitude. How-
ever,  the  author's  interpretation  of 
'discrete' is the description of systems 
made up of a finite number of inter-
acting components. By means of the 
concepts of state space and linear graph 
theory, they aim to provide a technique 
for the logical development of mathe-
matical  models  of complex physical 
systems. 
The  first chapter introduces  some 

fundamental concepts of system theory 
and the mathematical representation of 
certain  basic  signals.  The  following 
chapters  describe  the  modelling  of 
simple two-terminal and n-terminal com-
ponents. A large number of worked 
examples are included in the text, draw-
ing  primarily  from  three  types  of 
physical processes—electrical, mechani-
cal and hydraulic. The next chapter in-
troduces the concept of a linear graph 
and uses it to develop the overall descrip-
tion of a series of interconnected ele-
ments. Chapters 5 and 6 include many 
important results of matrix theory in its 
application to the analysis of linear 
systems. At this point, the  authors 
appear to have drawn heavily on the 
work of Gantmacher. Stability, in the 
sense of Lyapunov, is defined and its 
application to linear systems is de-
veloped in terms of the roots of the 
system's minimal polynomial. The re-
sponses of systems to some simple de-
terministic inputs are derived in the 
following chapter and the final chapter 
appears under the heading 'Analysis of 
large-scale systems'. Appendices contain 
further matrix theory, the results of 
which are used in the text. 
Modelling of physical systems is of 

considerable current interest because one 
important application is directed towards 
the overall computer control of com-
plex systems. However, the mathematical 
description of many systems incorporat-
ing thermal or chemical processes re-
sults in partial differential equations as 
well as differential equations because 
of the inherent distributed parameter 
nature of parts of the system. This book 
gives no indication how its modelling 
techniques could be applied to such a 
system  although  infinite  dimensional 
space could be avoided by use of, say, 

finite difference techniques. Further, the 
linear graph method appears to become 
cumbersome  for  high  order  multi-
variable systems. This is evidenced by 
the final chapter. An example quoted 
here to indicate the application of the 
methods to a 'large-scale system' is 
the  remote  position  control  servo-
mechanism  with  velocity  damping! 
Clearly, this is included only to illustrate 
the principles involved, but application 
of a modelling technique to say, a 
power station boiler, must be able to 
cope with up to a hundred algebraic, 
differential  and  partial  differential 
equations. Moreover, it is by no means 
a straightforward task to represent the 
system in terms of interconnected basic 
components.  Any  modelling  process 
must be accompanied by a high degree 
of physical insight. After a matrix model 
of a large scale system has been derived, 
further progress is usually only made 
possible after a reduction in system 
order. The currently active field of 
system model reduction techniques re-
ceives no reference in this text. 
A number of points arise from a de-

tailed reading of the book. Firstly, the 
introductory  chapter  deals  with  the 
Fourier series representation of signals 
yet fails to mention the important mini-
mization of mean square error and non-
interaction of coefficients properties of 
the orthogonal functions. The Gibb's 
phenomenon is also omitted. 
It is pleasing to see that the authors 

acknowledge  the  frequently  ignored 
possibility  of input derivative  terms 
arising in the state space representation 
of systems. Such a system is reduced 
to the simpler form by a change of state 
variables. However, it would have been 
wise to point out at this stage that the 
new state variables have generally lost 
any physical significance. This is an im-
portant factor for design by Lyapunov 
and in the formulation of a cost func-
tion for, say, dynamic programming. 
In the eigenvector and eigenvalue 

analysis no reference is made to multiple 
zero eigenvalues which would evidently 
be encountered in the representation of 
more than a single pure integration. 
Further, the stability analysis given pro-
vides only a yes/no decision on the 
stability or instability of a system. Tech-
niques for the stabilization of an un-
stable  system  or for increasing the 
damping in an oscillatory system are 
not given. Analysis is the more power-
ful if it can be used to indicate the road 
to design. 

Finally, the book analyses the res-
ponse of systems to simple inputs only. 
Because the input to a practical system 
can generally be specified only in statis-
tical terms, some attention to system 
response to stochastic or spectral inputs 
would have been expected. 

R. EDWARDS. 

Differential and Difference 
Equations 

By L. Brand. 698 pp. Med. 8vo. John Wiley 
& Sons Ltd. 1966. Price 90e. 

T HE title of this book is a good one. 
Both  differential  equations  and 

difference equations are adequately dealt 
with and there is a good supply of 
exercises and applications. 
Chapters 1 to 6 give a full, though 

not original, treatment of differential 
equations. Incidentally, there is a very 
useful  section  on  eigenvalues.  Full 
coverage of the D operator theory is 
given so that a comparison can be drawn 
between D and the difference operators 
used later. Chapter 7 deals with the 
Laplace transform and applications of its 
use. 
Difference equations are treated in 

Chapters 8, 9. Chapter 10 is a long 
chapter orf solution in series and one 
wonders why it did not precede Chapter 
8. Chapter 11 is an interesting exposi-
tion of an operational calculus with a 
' modern ' approach  developed  by 
Mikusinski,  a Polish  mathematician. 
Chapter 12 deals with Existence and 
Uniqueness of solutions and Chapters 
13 and 14 revert to numerical analysis 
again. 
It is not apparent to the reviewer why 

the subjects are so mixed and perhaps 
this is the place to comment on the 
preface. Great emphasis is placed on the 
analogies between some ordinary differen-
tial equations and some difference equa-
tions, but although these analogies are 
indisputable, the text does not possess 
the originality suggested in the preface. 
This is, however, not a criticism of what 
the book does, but only what it appar-
ently intended to do. 
This is undoubtedly a very useful 

book, with clear exposition and com-
prehensive notations. It has been written 
to be understood, which cannot be said 
of all books on advanced mathematics. 
The author has not been frightened of 
putting in an apparently trivial step 
where it was thought necessary. The ex-
cellent supply of exercises and applica-
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tions makes it a book to recom mend to 

undergraduates  with  exa minations  in 

mind, but this is by no means the limit 

of its market. 

D. W . PORTER. 

Signale und Systeme 

(Signals and Systems) 
By F. H. Lange. 428 pp. Med. 8vo. Friedr. 
Vieweg & Sohn. Germany. 1966. Price DM.36 

T HIS very thorough treatment of the 

1  mathe matical  methods  used  in 

modern engineering is designed to sup-

ple ment  lectures  given  to  advanced 

students (about third year) in co m muni-

cations and control. W hile the emphasis 

is  on  electrical  syste ms  the  author 

intends  to  supply  the  basic tools for 

handling all manner of signals and of 

signal handling syste ms. This first volume 

deals with the frequency analyses of the 

subject. The great merit of the treat ment 

lies in its organization, that is, in the 

fact  that the whole of the  subject is 

presented as a logically developed unit. 

A  number  of  traditionally  known 

methods  of  electrical  engineering  are 

shown to fit into a larger syste m thereby 

attaining fuller meaning and at the sa me 

time helping towards the understanding 

of the less familiar aspects. The field 

covered can be judged by the six main 

chapter headings: 

Un modulated periodic signals 

M odulated periodic syste ms 

Non-periodic  double  side  band 

signals 

Non-periodic  single  side  band 

signals 

Pole/zero  representation  of  linear 

syste ms (in the p-plane) 

Statistical and spectral characteristics 

of rando m processes. 

It must be stressed however that this 

is a text book for the advanced student 

who  will  have  to  work  through  it 

syste matically, making  full use of the 

su mmaries,  extensive  notes  and  test 

questions at the end of chapters. M ore-

over as lengthy calculations and deriva-

tions are consciously avoided according 

to the introduction the student may have 

to refer to his mathe matics text to under-

stand so me of the steps, or to check 

so me  of the expressions  as  there are 

so me printing errors, a very disconcert-

ing feature for those, like the reviewer 

who are not too sure of their mathe-

matics. In short, this is a di fficult book 
to  read  even  for those  fa miliar with 

German,  it is not reco m mended as a 

reference book but would probably be 

an ad mirable guide for the conscientious 

lecturer preparing a thorough and fascin-

ating  course  for  his  more  advanced 

students. 

A small point worth mentioning per-

haps  is  the  extensive  bibliography 

quoting  both  Anglo-A merican  and 

Russian sources. 

K. L. SELIG 

Basic Mathematics for Electronics 
By F. L. Jusalli, N. Mahler and J. M. Reid. 
450 pp. Med. 8vo. Prentice-Hall International. 

1966. Price 72s. 
An elementary but systematic approach 

is presented to the application of algebraic, 
logarithmic exponential and trigonometric 
functions in the solution of electric current 
problems. 
No background knowledge of electrical 

fundamentals is required but sufficient elec-
trical theory is included to allow the reader 
to gain some understanding of the subject. 

Integrated Electronics 
By K. J. Dean. 132 pp. Crown 8vo. Chapman 

& Hall Ltd. 1967. Price 28s. 
The principles of operation of integrated 

circuits together with their limitations and 
advantages are discussed in this small book. 
The applications of these circuits are dealt 

with and the design methods both for basic 
circuits and for systems using integrated 
circuits are considered. 
The book contains a glossary of terms, 

bibliography and two appendices dealing 
with the types of bistable elements and 
with the use of Karnaugh maps in logical 
design. 

Automation and Instrumentation 
Edited by L. D. U. Pellegrini. 722 pp. Crown 4to. 

Pergamon Press Ltd. 1967. Price £7 
This book contains the proceedings of the 

8th  International  Convention  on Auto-
mation and Instrumentation held at Milan 
in November  1964  and s ponsored  by 
F.A.S.T.  (Federazione delle Associazioni 
Scientifiche e Techniche) at which 56 papers 
were presented. 

Magnetism and Magnetic Materials 
1966 Digest 

Edited by C. Warren-Haas and H. S. Jarrett. 
273 pp. Med. 8vo. Academic Press Inc. (London) 

Ltd. 1966. Price 88s. 
The 1966 Digest presents a survey of 

papers published in the preceding year deal-
ing with this subject, the main source of 
references being the Index to the Literature 
of Magnetism. 

Basic Electricity for Electronic Engineers 
By A. W. N. Kerkhofs. 212 pp. Demy 8vo. 
Philips' Technical Library. 1967. Price 38s. 
The principles of electrical theory as 

taught in the electrical engineering courses 
of the Philips Company are provided in 
this book. Short sections dealing with fuller 
mathematical treatment aré included for the 
benefit of radio technicians. 

Handbook of Basic Transistor Circuits 
and Measurements 

By R. D. Thornton. 156 pp. Demy 8vo. John 
Virdev & Sons Ltd. 1967. Price 34s. 

This is the seventh volume in the series 
dealing with transistors and other semi-
conductor devices published for the Semi-
conductor Electronics Education Committee. 

Electronic Conununications 
By R. L. Shrader. 682 pp. Crown 4to. 

McGraw-Hill Publishing Co. 1967. Price 76s. 
Written for junior college and technical 

school students, this book contains an elec-
tronics and radio communication course in-
cluding practical information and questions 
required to pass examinations for Federal 
Communications Commission radio licences, 
both commercial and amateur levels. 

The Latest Additions to the 
Modern Electrical Studies 
Series 

INTEGRATED 
ELECTRONICS 
K. J. Dean 

An outline of the principles of 
modern planar technology, as 
applied particularly to inte-
grated circuits, with special 
emphasis on silicon chip cir-
cuits, their application and de-
sign methods. Illustrated 28s 

ELECTRICAL 
NOISE 
Robert King 

A complete survey of those 
mechanisms which are re-
sponsible for electrical noise in 
amplifiers and other circuits. 

Illustrated 35s 

CHAPMAN & HALL 
11, New Fetter Lane, 
London, E.C.4. 

Particle Accelerators 
Edited by R. Kollath. 337 pp. Demy 8vo. 

Sir Isaac Pitman & Sons Ltd. 1967. Price 75s. 
This book is a translation of the second 

edition of the book of the same title pub-
lished in Germany, and consists of a collec-
tion of papers written by specialists in their 
own field. 
It deals with the theoretical principles, 

design and operation of the various types 
of particle accelerators. 
Linear and cyclic accelerators for elec-

trons as well as heavy particles are described. 
A list of some 300 references is included. 

Electronic Computers Made Simple 
By II. Jacobowitz. 330 pp. Demy 8vo. W. H. 

Allen, Publishers & Co. 1967. Price 10s. 
Intended primarily for self-tuition, this is 

the first book in the  Made Simple' series, 
dealing with analogue and digital computers. 
Other subjects in this series include mathe-
matics, intermediate algebra and analytic 
geometry, physics and chemistry. 

Electronic Laboratory Instrument 
Practice 

By T. D. Towers. 164 up. Demy 8vo. Wife 
Books Ltd. 1967. Price 35s. 

A practical introduction is given in this 
book to the application of meters, signal 
generators, oscilloscopes and bridges used 
in electronic laboratories. 

Programmierung von 
Datenverarbeitungsanlagen 

(Programming of Data Information) 
By H. J. Schneider and D. Jurksch. 144 pp. 
Post 8vo. Walter de Gruyter & Co. 1967. DM.5.80 
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NE' EQUIPMENT 
DIGITAL ENCODER 

Moore Reed & Co. Ltd, Walworth, 
Andover, Hampshire 

(Illustrated be/ow) 
A 13 digit binary encoder is now avail-

able from Moore Reed and Co. Ltd, 
having the advantages of very low cost, 
coupled with a ' noise free' output. The 
electromechanical part of the encoder is 
housed in a size 18 frame 2-}in long. The 
associated electronics is based on English 
Electric Norlog elements and uses plug 
in cards for ready accessibility and ease 
of installation. 
This new product is intended for appli-

cations in which space is not at a 
premium, but in which long life and zero 
contact noise are of paramount im-
portance. The established M̀R Scan' 
principle of encoding is used, which was 
developed for very high reliability. 
An added feature of this digitizer is 

the ability to freeze' all outputs at any 
desired instant, even though the encoder 
shaft continues to rotate. The same en-
coder is also available with all electronics 
 ̀built in' to the size 18 frame. 

For more information circle No. 291 

ELECTROLUMINESCENT DIODES 
Ferranti Ltd. Gem Mill, Oldham, Lancashire 

A comprehensive range of gallium 
phosphide (GaP) and gallium arsenide 
(GaAS)  light  emitting  semiconductor 
devices is now being manufactured by 
the Electronic Display Department of 
Ferranti Ltd. 
The basic GaP lamp is a plastic en-

capsulated device only 0.05in long by 
0.03in in diameter, with two 0.005in 
diameter lead wires extending from the 
body. 
The most important application of 

these lamps is in the recording of high 
density information on film with parti-
cular reference to aerial reconnaissance 
photography. The fast rise and fall time 

A description, compiled from information 

supplied by the manufacturers, of new com-

ponents, accessories and test instruments. 

of the light output, typically 25 and 
25Onsec respectively, also enables them 
to be used for film marking in high 
speed cameras. The arrays can be manu-
factured  with flexible film-wire con-
nexions terminating in standard multi-
pin plugs. A minimum density of 0.8 
above fog level on Ilford HP3 film is 
achieved by a red lamp (XPIO series) 
film marking array using a lmsec pulse 
at 50mA drive current. Due to the low 
sensitivity of most films in the red regice 
of the spectrum, red lamps are generally 
only used for contact film marking, 
where they give a digital record the 
same size as the block format of the 
array. Most films however are very much 
more sensitive in the green region of 
the spectrum, and the green lamp (XP50 
series) can be used for film marking 
through a lens system. Green lamps can 
therefore be used to record digital in-
formation of a very high density, so 
making available a greater picture area 
on each frame of the film. 
The red and green lamps can also be 

used as visual indicators to show the 
state of circuit' in logic circuits, where 
the voltage and current requirements for 
driving the lamps are compatible with 
the  power  supplies  of transistorized 
circuits. 
The intensity of red or green light 

produced by the lamps when they are 
forward biased is proportional to the 
drive current. The maximum dissipation 
is 50mW under drive conditions of 
typically 1.9V at 20mA. The red lamps 
have a peak emission at 7 000A and 
the green lamps at 5 650A. The energy 
output of the XPIO series extends from 
1.7 to 22.5µW and the luminous intensity 
from 40 to 500 microlumens. The corre-
sponding figures for the XP50 series are 
from 0.05 to 1.5i1W and 27 to 900 micro-
lumens. When forward biased the lamps 
have an indefinite life if pulsed at less 
than full dissipation, e.g. no degradation 
of light output occurs after 12 x 106 
50mA pulses of I msec duration.  If 
operated at full d.c. dissipation the light 
output degrades by up to 30 per cent in 
the first 48 hours and thereafter at 
typically 15 per cent every 1 000 hours. 
The GaAS diodes which are being 

manufactured  emit  in  the  infra-red 
region at approximately 9 000A when 
biased in the forward mode, with the 
intensity of the output being propor-
tional to the drive current. The XS3OL 
and XS3OP series are mounted on TO-46 
headers and have lens-can and resin 
droplet encapsulations respectively. They 
have a maximum continuous output of 
5001. W at typically 1.3V and 100mA. 

The  XS4OL  and  XS4OP  series  are 
mounted on TO-5 headers and have 
optical window and resin droplet en-
capsulations respectively. The maximum 
continuous output of this series is 5mW 
at typically 2V and 1A. 
The emission of the diodes fitted with 

lens-cans has an inclusive angle of 100°, 
and the diodes encapsulated in the resin 
droplet emit as a point source. GaAS 
diodes may be used in conjunction with 
silicon diode detectors, having a peak 
sensitivity at 9 000A. 

For more information circle No. 292 

TRANSISTORIZED INDICATOR 
Distributed  by:  Litton Precision  Products, 
503 Uxbridge Road, Hayes, Middlesex 

(Illustrated be/ow) 
A new subminiature  Mini-Lite', the 

STL series, has been introduced by 
Transistor Electronics Corporation. In 
this rugged, extremely small device, a 
neon or incandescent lamp is transistor 
controlled  from  low-level  signals 

typically present in discrete component 
or integrated circuit systems. 
This long-life, solid-state indicator is 

designed for use in applications where 
many indicators are required in a small 
area. Lamp, transistor, and related cir-
cuit are packaged in a 0.36in diameter 
by 0-6in long body. Overall length is 
only hin. It mounts from the rear with 
a knurled nut in a  hole on centres 
as close as ¡in. It will fit panel thickness 
from 1/16in to 3/16in. 
The TEC-LITE STL series indicator 

is available with a permanently wired 
neon or incandescent lamp that operates 
on signals as small as 0.5V with supply 
current  of only 0.7mA.  Lenses are 
offered in a choice of 13 colours. One 
letter, numeral or symbol up to 5/32in 
or two characters 3/32in high can be 
hot stamped on the lens face in various 
colours. Terminals are turret lug, brass 
with gold finish, isolated from the indi-
cator body which is black or clear ano-
dized aluminium. Operating and storage 
temperature range is —40°C to +65°C 
at 95 per cent humidity, maximum. 

For more information circle No. 293 
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For more information circle No. 100 

From man-size 
to midget-size 
The need for progressively smaller and more compact 
equipment creates its own cooling problems, and 
Marston Heat Sinks offer the electronic engineer 
outstanding advantages in his approach to design. 
Marston Heat Sinks, cooled by natural air convection, 
are specially designed for use with power transistors 
and semi-conductor devices. 
Marston Heat Sinks have low thermal resistances, are 
compact and light in weight. They have been 

extensively tested and are performing satisfactorily in 
many different types of equipment. 
Marston Heat Sinks are supplied in a wide selection 
of lengths, hole patterns and surface finishes. 
Marston Heat transfer equipment has the reliability 
which is the result of 50 years experience in the 
design and manufacture of heat exchangers. 
Fill in the coupon for further information on Marston 
Heat Sinks. 

Marst 

To Marston Excelsior Ltd, Fordhouses, Wolverhampton, England. 
Please send me full details of Marston Heat Sinks 

Name........   

Company   

Position   

Address   

Marston Excelsior Ltd • Fordhouses • Wolverhampton 
Telephone Fordhouses 3361  en I MI company 

MAR 111.0 
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For more Information circle No. 101 For more information-circle No. 102 

NE W— 

NOUVEAUTÉ 

Reliance Controls 

rirammi» 
REUANCE CONTRO 

C.W.90 C.W.91 C.W.92 
Trimmer—wire Wound 

Two Potentiometers 
TRI M MER 
VVIREVVOUND MULTI 

High resolution. 
Low noise levels. 
Gold plated terminals. 
Diallyl Phthalate body. 
Ceramic Former. 

HELICAL: 
TURN  10 TURN i" DIAMETER 

-V Diameter. 
Wide resistance range. 
High accuracy. 
Low noise. 
High end stop torque. 
Good resolution. 

New products from our multi 
turn, single turn and trimmer po-
tentiometer range. Proven quality 
and reliability. Off-the-shelf ser-
vice for MW, MWT, HEL 07 
and WL 18. 

Full specification leaflets or a 
short form catalogue of these 
and all other Reliance Controls 
components are available on 
request. 

RELIANCE CONTROLS LI MITED 

DRAKES WAY • SWINDON • WILTS 
Phone: Swindon 21 351 

NEW 
from ler'0 

CARD FRAME 
SYSTEM E 
SPACE FOR 
38 or 32 
CARDS 

4-" PITCH BET WEEN CARD CENTRES 

„ plt,11,1,11101014111:1!;0111t0 

1111,1111111111111111:iii FAST 
ONNECTOR 
MOUNTING/ 

STANDARD WIDTHS 22" & 19" 

CARD SIZES 2A9"  4.75" 

6.125" X 4.75" 

MAIN FEATURES 
I.  Five Basic Components that can be rapidly 

assembled with a screwdriver using only 8 
screws (14 in 7" unit Double Tier). 

2.  Rigid Lightweight Construction. 

3.  Excellent Cooling. 

4.  Simple Identification System. 

5.  Multiple  Connector  Mounting  to  reduce 
assembly time. 

6.  7" Unit permits mixing 
[of the two sizes of Card/ 
or Two Tier Mounting 
of small cards. 

Send now for full details to:— 

V E R O  ELECTRONICS LTD 

I  ORDERS AY-' 
RETURN 
OE POST , 

INDUSTRIAL ESTATE, CHANDLERS FORD, EASTLEIGH, 
HANTS. Telephone: Chandler's Ford 292114. Telex 47551 

BRANCHES AND AGENTS THROUGHOUT THE 
WORLD. 
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YARN CLEARER 
Crabtree  Instruments  Ltd,  Green  Works, 

Coke, Lancashire 

(Illustrated below.) 

An advanced type of yarn clearer 
available from Crabtree Instruments Ltd 
is the  recently  introduced  Peyerfil 
D-Type. This is a yarn clearer capable 
of controlling the length of the short 
faults (including torpedo slubs) taken 
out of the yarn and is also capable of 
eliminating spinners doubles and similar 
long thick occurrences in the yarn. 
Operating on an optical system, light 

is diffused by means of a patented 
optical system over the total surface of 
the yarn passing through the detector 
head. This ensures that no slub in any 
plane can escape detection. 
The  new D-Type  control unit is 

designed to supply up to 50 clearers in 
five banks of ten. Each bank may have 
independent settings. The D-Type control 
unit has two sets of controls, one being 
used for setting for diameter and length 
of short term faults, and the other being 
used for setting for increase in yarn 
count, i.e. spinners doubles. 
The reference datum for the yarn is 

obtained by means of a simple but 
accurate  instrument  known  as  the 
D-Tester which measures the yarn in a 
similar manner to the clearers. 

For more information circle No. 294 

THERMOELECTRIC MODULES 
The Plessey Co. Ltd, 

Chemical and Metallurgical Division, 
Towcester, Northamptonshire 

(Illustrated above right) 

High output and the ability to operate 
at high  temperature  are the major 
features of thermoelectric devices de-
veloped by The Plessey Company's Allen 
Clark Research Centre, Caswell, and 
now in production by the company's 
Chemical and Metallurgical Division at 
Towcester. All the devices are similar 
in being made from a semiconductor 
material—iron disilicide—by a specially 
devised process that produces a mono-
lithic ceramic mass with no external 
connexions at the hot junctions and only 
two terminals on the cold side. The units 
differ solely in number of junctions and 
size, according to the output voltage and 
power required. Output voltage is pro-
portional to the number of junctions and 
power to the cross-sectional area. 
A typical unit is type TEG 3, which 

has three junctions formed in a mono-

lithic slab of iron disilicide 15 by 19 by 
3mm, with flying leads. This gives an 
open circuit voltage of 600mV with a 
maximum output of 100mW for a 500°C 
difference between the hot and the cold 
junctions. The mean resistivity is 7.5 x 
10-41cm, giving an internal resistance of 
l•in. A maximum operating temperature 
of 800°C is recommended. 

The method of manufacture, briefly, 
is to melt iron and silicon in an r.f. 
furnace under an inert atmosphere, add-
ing to the melt the doping element that 
produces the semiconducting properties. 
The interesting point here is that unlike 
most semiconductors, which need closely 
controlled impurity and doping levels in 
the order of a few parts per million, the 
purity of the iron disilicide is not critical 
and the doping levels are around 2 to 
3 per cent. The dopants are unusual— 
cobalt for n type, aluminium for p. 
The 'n' and p̀' materials are then 

rendered into a form suitable for making 
cold compacts. A stack of alternate 'n' 
and p̀' compacts is then built up with 
thin  sheets  of  a ceramic  insulator 
between them, allowing contact only 
where the junctions are to be formed. 
A r.f. heating and pressing technique 

converts the stack into a dense mono-
lithic mass from which individual devices 
of the required dimensions are cut. 
During the process a special heat 

treatment ensures that the correct phase 
of the material is formed to give the 
thermoelectric properties. 
One device, the TEG 1, has a single 

junction giving 25mW at 200mV for 
500°C between hot and cold sides. This 
is particularly intended for flame failure 
detection on gas burners, and offers fast 
response and oxidation resistance at high 
temperatures: 800°C is the recommended 
maximum, but operation is possible at 
up to 900°C.  Unlike telluride semi-
conductor sensors, which must be en-
capsulated, the Plessey devices can work 
diri..ctly in the flame, since the first few 
seconds' exposure creates a silica glaze 
that protects the underlying material: 
life is therefore indefinitely long. 
Using the TEG 3. sufficient power is 

available for completely electrical opera-
tion of gas valves, instead of the usual 
manual set, electrical hold method used 
with metal couples. The high power and 
relatively high internal resistance allow 
the use of fine connecting leads and 
ordinary solenoids, instead of the heavy 
braids and special low resistance circuits 
required by metal thermocouples. 

A larger module is available that gives 
0-6V and 400mW for 500°C across the 
faces.  Applications  envisaged  include 
control of and power supply to larger 
gas systems, and running small electrical 
apparatus up to about 5W, e.g. com-
munication repeaters and trickle chargers 
for batteries. 

For more information circle No. 295 

DECADE CAPACITANCE BOXES 
J. J. Lloyd Instruments Ltd, Brook A   

Warsash, Southampton 

(Illustrated below) 
Two new precision decade capacitance 

boxes, suitable for use over a very wide 
frequency range, are now manufactured 
by J. J. Lloyd Instruments Ltd. The 
four decade model has a range from 
0 to 1.111µF and the three decade from 
0 to 0.111µF. 
Both models are a mixture of care-

fully aged silvered mica and polystyrene 
capacitors having a guaranteed minimum 
accuracy of ±  per cent. Losses at 
1MHz are less than 00005 per cent and 
the maximum working voltage is 500V. 
The units are housed in screened cases, 

the dimensions of which are only 131in 
by 4in by 3-lin for the four and three 
decade models respectively. 
All  instruments  are  individually 

trimmed so that for any given setting 
of the decades the capacitance obtained 
is absolute and there is no need to make 
an allowance for stray capacitance, in 
addition to which each box is supplied 

with an individual test certificate, giving 
the actual values of each setting of the 
bottom decade to an accuracy of 01 
per cent. 

For more information circle No. 296 

POWER SUPPLY 
Electro Inductors Ltd, Grafton Road, Croydon. 

Surrey 

(Illustrated on page 398) 
This new, low priced power unit is 

completely transistorized, and permits 
the close regulation of voltage necessary 
for both classroom work and research. 
The input voltage may be either 230V 

or 115V a.c., in either case -±-10 per 
cent, 50 or 60Hz. The output voltage 
varies by only ±0.02 per cent or 10mV, 
whichever is greater, for ±10 per cent 
change in line voltage. 
The output voltage is continuously 

adjustable from 0 to 30V d.c. by means 
of a helical type control; fine adjustment 
is possible since ten turns cover the full 
voltage range. 
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The  maximum  output  current  is 
600mA, and the regulation is such that 
over the full current range, and at 
ambient temperatures up to 45°C, the 
output voltage varies by only -1701 per 
cent or 10mV, whichever is the greater. 
The ripple content is less than lmV. 
The unit is protected by an automatic 
current limiting device, giving full short-
circuit protection. The output voltage 
and output current is indicated on a 
meter with a scale length of 21m,  having 
an accuracy of 2 per cent. 

For more information circle No. 297 

HIGH POWER V.H.F. LIMITERS 
Microwave Associates Ltd, Cradock Road. 

Litton, Bedfordshire 
(Illustrated below) 

A completely new series of passive 
semiconductor  limiters,  designed  for 
operation in the v.h.f. range 20 to 
200MHz at power levels of 1MW peak, 
5kW average, are available from Micro-
wave Associates Ltd. They are intended 
for use in high-power surface-to-base 
tracking radars. 
Over any 20 per cent bandwidth with-

in this frequency range, these limiters 
provide complete receiver protection by 
allowing  the  passage  of  microwave 
energy only below a specified power 
threshold and limiting the energy above 
this threshold to a safe/ level. Their 
design consists of two stages: the first 
comprises a number of pin diodes which 
radially shunt the coaxial transmission 
line; the second stage which employs 
varactors to reduce the leakage level 
from the first. All these diodes are 
individually replaceable. 
The devices have a recovery time of 

less than 1psec and an insertion loss of 
1dB nominal. Spike leakage is non-
existent They are extremely compact 
and a pressure seal is provided at the 
input flange which is specified as either 
3-kin or llin EIA. Type N connectors are 

standard  but  other  types  may  be 
specified. 

For more information circle No. 298 

BINARY CODED DECIMAL 
ENCODERS 

Moore Reed & Co. Ltd, liVa'worth, Andover, 
Hampshire 

(Illustrated be/ow) 
Moore Reed & Co. Ltd has added a 

new series of b.c.d. encoders to its range. 
These encoders in size 23 (2kin dia-
meter), have an output of two or three 
decades, each of which is in natural 
binary consisting of four digits weighted 
1, 2, 4 and 8. The total count is obtained 
in one shaft revolution and the ranges 
available are 0 to 99, 0 to 199, 0 to 359 
and 0 to 399. The brush choosing and 
gating circuits are built into the encoder, 
which ensures that the output is un-
ambiguous for any shaft position with-
out the necessity of any external circuits. 
The 100 and 200 count versions also 

have  an  ' odds  parity'  output per 
decade. Thus the sum of binary ones' 
at any instant in any decade is always 
odd. 

The output takes the form of zero 
volts for a binary nought and 9V for a 
binary one when the unit is energized 
with 12V d.c. An 'inhibit' line, con-
trolling the least significant digit, enables 
the user to hold' this in a steady state 
during readout. 

For more information circle No. 299 

NULL DETECTORS 
K.S.M. Electronics Ltd, 139-149 Foothill Road. 

Finsbury Park, London, N.4 
(Illustrated above right) 

K.S.M. Electronics Ltd has produced 
two new instruments to add to its range 
of products, these are two models of a 
combined null detector and tuned ampli-
fier. These models are battery driven 
with exceptionally long battery life. 
Both models can be used as sensitive 

detectors for a.c. bridge work or as low 
noise amplifiers. The input sensitivity 
being as low as ltV for f.s.d. Another 
application is as a wave analyser at 
audio frequencies. In the case of the 
NK3 the tuned frequency range is I5Hz 
to 20kHz. Another application for both 
models is their use as a transducer 
amplifier. 
Both models contain frequency selec-

tive amplifiers which can also be used 
as a flat response  amplifier.  These 
amplifiers can be used as linear or 
logarithmic to avoid overload. 

For more information circle No. 300 

GRADIENT PUMP 
Caneo Instrumenten Mii. N.V., Koaijnenberg 40. 

Breda, Netherlands 
(Illustrated below) 

The  availability  of  a new  pro-
grammed ratio metering pump suitable 
for chromatographic applications as well 
as for many  other gradient elution 
systems has been announced by a Cenco 
subsidiary,  Phoenix  Precision  Instru-
ments Company. 
Designated the  Varipump', this new 

unit  utilizes  a photoelectric  curve 
follower which allows the reproduction 
of any desired gradients. The gradient 
to be produced is simply drawn on a 
piece of chart paper, or any other sheet 
of paper, with a pen or pencil, cut 
with a pair of scissors, and fastened 
to the drum of the photoelectric curve 
follower.  The  curve  follower  then 
follows the pre-cut curve, transmits the 
signal to the pump unit which repro-
duces the exact same curve in form of 
a pH or ionic strength gradient. After 
use, the curve can easily be removed 
from the drum and stored for future 
use. The complexity of gradients is only 
limited by the art of drawing and cutting 
of such curves from paper. 
The drum, upon which the gradient 

curve is fastened, can be varied in speed 
to make a complete revolution in 24, 12 
or 2 hours. Due to the continuous loop 
of the gradient curve, repetitious runs 
can be made without resetting or refill-
ing of reservoirs. 
The  highly  sensitive  photoelectric 

curve follower allows for accurate re-
production of gradients with maximum 
slope steepness of 89°. The maximum 
contrast principle of black to white, as 
is the case in this system, assures posi-
tive tracking and prevents the photocell 
from losing the trace as often occurs 
on so-called line followers. 
Volume delivery of the Varipump is 

adjustable from 0 to 130m1/h with 
an accuracy of 0-5 per cent of pre-set 
volume. The pump unit and all fittings 
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For more information circle No. 103 

Write or phone for full details, 
Wave Analysers, Phase-Power-Modula-
tion-Volt Meters, Oscilloscopes, Counters, 
Signal Generators & Standards, Insula-
tion Testers etc. 

0 0 0 0 
o o o 0: 

Just one 
of the 

large range of 
thoroughly 
reliable 

long lasting 
laboratory 
instruments 
by Ai rmec 

AC/DC Millivolt-
meter Type 301A 

Thiswide range millivoltmeter 
enables alternating voltages 
from 300µV to 3V to be 
measured over the frequency 
range 100 c/s to 900 Mc/s, and 
direct voltages from 100 µV to 
10V. 

Special features include the 
provision of a high impedance 
low capacitance probe and the 
incorporation of 50n and 75a 
terminated T Heads of low 
VSWR on the front panel. 
Accurate measurements in 50 

..5.eiodoo 

and 75 ohm systems can 
therefore be made without the 
need for external accessories. 

In addition to two voltage 
scales and a decibel scale the 
meter has a milliwatt scale to 
enable power measurements 
in the micro and milliwatt 
range to be carried out in an 
impedance of 50n. 
The proven circuitry of the 
Type 301 giving low noise 
level and high stability has 
been  retained  whilst  the 
instrument  has  been re— 
designed and restyled in the 
Airmec new look range of 
instruments. 

°°0 0 o 0** 

ro 0 di 
.1.00 00 00 0 e 

@  0 
o 0 0 0 0 
.  . 

0000 
:o 000 

AIr mec 
AIRMEC LIMITED 
HIGH WYCOMBE BUCKS 

Tel: High Wycombe 21201 (10 lines) 
Telex: 83243 

LABORATORY 
INSTRUMENTS 
DIVISION 
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For more information circle No. 104 

The world's largest manufacturer of 
electrical heating & resistance material 
Kanthal has a wide temperature range divided into separate alloy groups with individual 
characteristics. It is used as wire strip and tapé for most applications in the field of 

electrical heating. 

KANTHAL A-1, the premier grade, is manufactured as large cold-rolled strip and as wire 
above 1 mm in diameter (SWG 19 or B&S 18). It is recommended for element temperatures 
up to 1375°C (2507°F). 

KANTHAL A will stand element temperatures up to 1330°C (2426°F) and is manufactured 
in wire sizes heavier than (SWG 47 or BFeS 44). 

KANTHAL DSD is manufactured as wire sizes heavier than 0.05 mm (SWG 47 or BEIS 44) 
and as cold-rolled strip and tape. The maximum element temperature recommended for 
KANTHAL DSD is 1280°C (2336°F). 

KANTHAL DSI is manufactured as wire sizes heavier than 1 mm (.04") diameter and as 
large strip. Maximum element temperature recommended is 1150°C (2102°F). 

KANTHAL today is a by-word in the field of electrical heating. 

KANTHAL PRODUCTS ARE SOLD THROUGHOUT THE WORLD IN MORE THAN 65DIFFERENT COUNTRIES 

AKTIEBOLAGET  KANTHAL 
HALLSTAHA M MAR  SWEDEN 

Sole Distributor in the U K 

HALL 8L PICKLES LI MITED 
ECCLESFIELD  •  SHEFFIELD 

TEL; ECCLESFIELD 3135  TELEX 54407 
13 PE 37 
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and lines are fabricated from stainless 
steel allowing operation with corrosive 
fluids with discharge pressures up to 
1 000 lb/in2. 

For more information circle No. 301 

TRANSVERTORS 
Valradio Ltd, Browells Lane, Feltham. 

Middlesex 
(Illustrated below) 

The circuit of these units consists of 
a stable oscillator unit driving heavy 
duty transistors, the resultant output 
being fed to a special transformer of the 
ferro-resonant type, which besides pro-
ducing a sinewave output also achieves 
a high degree of voltage regulation 
against changes of input voltage and 
load. 
Two voltage outputs are provided, i.e., 
115V and 230V selected by a simple 
switch. The units are designed to operate 
over the voltage range of 11V to 15V 
for 12V types, 22V to 30V for 24V 
types. 
Frequency output is 50Hz ±-. +Hz, or 

better than  0.005 per cent with a 
Resonator'  frequency  synchronizer. 
The frequency stability is such that the 
frequency will be within -±-1Hz when the 
input of a 12V unit is down to 6V. 
The driving oscillator which is of the 

RC type, incorporates temperature stable 
components, maintaining a steady fre-
quency  over  the  range  of  —40°C 
+45°C. 

This range of sinewave transvertors 
has been specifically designed for wave-
form and frequency sensitive equipment 
such as video tape recorders, sound re-
corders and scientific instruments, etc. 
Both 12V and 24V types are available 

with either 120W or 200W output. 

For more information circle No. 302 

REED RELAYS 
Distributed by: Automatic Controls & 
Components Ltd, Bridge Chambers, 
Bridge Street, Leatherhead, Surrey 
(Illustrated above right) 

The  Magnadek' reed relay deck, 
manufactured by Bon Automation Ltd, 
is designed to accommodate a permuta-
tion of coils and reed switches within 
a standard body, thus meeting virtually 
every switching requirement. 
The Magnadek is supplied in six 

standard arrangements giving a maxi-
mum of six single or double wound 
24V d.c. coils, suitable for switching 
100At reed switches. Up to ten reed 
switches can be accommodated in each 
deck. Each coil has separate solder 
connexions and the reed switches can be 

changed at any time without removing 
the deck from the complete assembly. 

For more information circle No. 303 

INTEGRATED CIRCUIT ADDERS 
Motorola Semiconductor Products Inc., 
York House,  Empire Way,  Wembley, 

Middlesex 
(Illustrated below) 

Motorola Semiconductor Products Inc 
has introduced a new concept in logic 
circuits which more than doubles the 
operating speed of integrated circuit full 
adders and subtractors. 
Simultaneous gating, called series cur-

rent steering, is used, which eliminates 
the successive delays experienced with 
cascaded gating. Instead, the complete 
gating  function—whether  sum,  carry, 
difference  or  borrow — is performed 
simultaneously. This represents a saving 
in gate delays of at least one and 
frequently three or more. Coupled with 
the inherently high speed of current 
mode ECL circuits, the series gating 
technique provides 4 or 5 to 1 reduction 
in propagation delay compared to other 
monolithic full adders. 
The new full adder is the Motorola 

MC1019  and  the  subtractor  is the 
MCI021.  Both units are part of the 
Motorola MECL II family of high speed 
emitter coupled integrated circuits. This 
family is fully compatible in logic level 
with the original MECL series, but offers 
high speed and even lower can count. 
While the slowest propagation delay 

in the adder is very short—a maximum 
of 15nsec for the addend to sum or 
carry—the design is such that the highest 
speed response is provided where it will 
most improve system performance. For 
example, in the MC1019P full adder, the 
carry input to carry output propagation 
delay is the shortest—a maximum of 
only 8nsec. This means that in a parallel 
or ripple adder, the propagation of the 
carry across the adder will be as short 
as possible. This same system orientated 
design is shown in the MC1021 full sub-

tractor which shows an 8nsec maximum 
propagation time for the borrow in to 
borrow out. 
The inputs to the adder are single rail 

(function only) for the addend and aug-
end, and double rail (function and its 
complement) for the carry input. Both 
the sum and carry outputs are double 

rail (SUM and SUM and CARRY and 
CARRY). For the full subtractor the 
corresponding relations exist. (The minu-
end and subtrahend inputs are single 
while the borrow in, difference, and 
borrow out are double rail.) 
Like  all  MECL JI circuits,  the 

MC1019 and MC1021 are designed for 
operation from a —5.2V d.c. power 
supply. The a.c. fan out is 15. Both the 
MC1019P and MC1021P are housed in 
the 14-pin Unibloc plastic package. This 
is a dual in-line configuration with 
100 mil spacing between adjacent leads. 
The devices are rated for operation over 
the  commercial/industrial  temperature 
range of 0 to +75°C. 

For more information circle No. 304 

ULTRA-VIOLET RECORDER 
Southern  Instruments Ltd,  Frimley  Road. 

Camberley, Surrey 
(Illustrated below) 

A new addition to the range of ultra-
violet recorders is being introduced by 

Southern Instruments Ltd. It offers a 
number  of improvements,  the  main 
being the use of optical grid lines, full 
width timing lines, and the facility for 
adding a further six speeds. 
The instrument has ten data recording 

channels, two datum traces and an 
event marker. The optical grid lines 
occur every 2mm and full width timing 
lines are at intervals of 0.01, 0-1, 1 and 
lOsec. Paper capacity is 106.7m (350ft) 
using u.v. recording paper of up to 
152-4mm wide (6in). Paper speed range 
is from 2 500mm/sec to 4irnn/sec in 
12 steps. The addition of a further six 
speeds will extend the lower end of 
the range down to 0•54mm/min. By use 
of a high quality light and optical 
system  writing  speeds in excess  of 
1 016m/sec  are  achieved.  The  twin 
electrode mercury super pressure lamp 
used has an independent power supply, 
and a guaranteed life of 200 hours. A 
comprehensive range of S.M.I. galvano-
meters is available and other facilities 
offered are remote control, trace identi-
fication and paper take-up. 

For more information circle No. 305 
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12-5MHz COUNTER 
Venner Electronics Ltd, Kingston By-Pass, 

New Malden. Surrey 

(Illustrated above) 
A  12.5MHz  all  silicon  frequency 

meter/counter/timer, type TSA 6636, 
has been introduced by Venner Elec-
tronics Ltd. Designed for general test 
and research use, the instrument gives 
a six-digit readout, including decimal 
point display, on neon number tubes. 
For frequency measurement (10Hz to 

12.5MHz), gating times are 1µsec to 
10sec in decade steps. Input sensitivity 
is 75mV into 2501a Single and multi-
period measurement covers a 10Hz to 
1MHz range with periods from  1µ 
to 107. As a timer, the TSA 6636 covers 
1µsec to lOsec in decade steps, single 
and two-line start/stop facilities being 
provided. Provision is also made for 
gated counting. 
Display time is variable from 0.5 to 

5sec or infinite, and accuracy is -±-1 
count ± crystal stability (-±-1 x 10-6 ). 
An optional extra is a five-line code 

printer output. 
For more information circle No. 306 

MICROMINIATURE MOTOR 
Reno S.A., 165 rue Numa-Droy, 

2300 La Chaux-de-Fonds, Switzerland 

(Illustrated below) 
The Escap 15 motor, which is of 

extremely small dimensions, is a new 
product of the Swiss watch industry. 
Its high starting-torque and the short 

time it takes to reach its full speed are 
due to its original design: the rotor, 
in the form of a cylinder open at one 
end, is formed only by the winding. The 
turns of wire are oblique and crossed 
over one another, so that they require 
no support. Thus the entire available 
air-gap  space is filled with  copper, 
which makes the motor highly efficient. 
Moreover, as the rotor turns round a 
stator consisting of a two-pole perma-
nent magnet, it has been possible to 
give it an exceptionally large diameter 

in relation to the overall dimensions of 
the motor. 
The  bearing  is of  self-lubricating 

powder-pressed bronze. The brushes are 
of gold and the collector is of silver. 
Lastly, a reduction gear covering the 
housing can be coupled to the motor. 
These motors measure 15mm X 16mm 

and weigh 12g. The maximum voltage is 
2V and the minimum starting voltage 
without load is 60mV. The normal 
operating speed is about 10 000rev /min, 
but reduction gearing can be fitted. The 
starting torque is 5.5g.cm. 

For more information circle No. 307 

TRIMMER POTENTIOMETER 
Colvern Ltd, Spring Gardens, Romford, Essex 

(Illustrated below) 
The trimmer potentiometer type T.P.1 

introduced by Colvern is intended as 
a low cost, high grade item for com-
mercial  applications.  With  the  case 
moulded in glass loaded nylon, a stain-
less steel lead screw positions a beryl-
lium copper contact incorporating a 
slipping clutch to avoid overturning. 
The pick off is lead through a separate 
bus bar to the terminal pin and the end 
connexions to the resistance element are 
welded to ensure good stability. Dis-
sipation is 1W at 70°C derated to zero 
at 125°C. Resistance range is ton to 
zoxt2 -± to per cent. Dimensions are 
1.250in x 0-3M X 0.360M. Terminal pins 
on 0-lin module. 

For more information circle No. 308 

MICRO-MINIATURE 
TRANSFORMERS 

Gardners Transformers Ltd, Somerford. 
Christchurch, Hampshire 
(Illustrated above right) 

To be known as the Lilliput series 
these transformers will be available for 
wide  band  carrier  frequency  line 
coupling, carrier frequency inter-stage 
coupling, invertor driver transformers, 
pulse  transformers  and  s.c.r.  trigger 
transformers. They are designed to be 
compatible with many other miniature 
components  used  on  printed  circuit 
boards and are provided with dual-in-
line output leads in a flat pack system. 
Very  high  performance  has  been 

achieved by the use of new forms of 
construction  offering  more  flexibility 
than true toroidal fabrication and per-
mitting the use of ultra thin highly 
permeable nickel iron cores down to 
.000125in thickness.  By  these means 
switching times of less than  lOnsec 
have been achieved. Also available in 
this series are ferrite cored screen trans-

For more information circle:No. 309 

formers suitable for direct insertion into 
printed boards. 

INDUCTOR ANALYSER 
Marconi Instruments Ltd, St. Albans. 

Hertfordshire 
(Illustrated below) 

Marconi  Instruments' new inductor 
analyser, type TF 2702 covers virtually 
every aspect of inductor analysis, and 
is very easy to balance. It is both a self-
contained low- and medium-current in-
ductance bridge (up to 0.5A) and the 
nucleus of a complete high-power in-
ductor test assembly. The robust circuit 
elements and sensitive detector permit 
measurements at currents ranging from 
10A to 10µA and voltages from 500V 
to 1 OrnV. The inductance range is 0-3µH 
to 21 000H and it can be used at any 
frequency from 10Hz to 20kHz. Up to 
3kHz the accuracy is ± 1 per cent and 
at higher frequencies it is within 1-25 per 
cent. 
The instrument has facilities not pre-

viously combined in one instrument. The 
current rating of 10A extends up to 21H 
and at 3A it is possible to measure 210H. 
Switched alternative arrangements permit 
inductors on test to be measured in 
either  the  series  or  parallel  mode, 
depending upon the application, so that 
the required value is measured direct; 
this eliminates the need for calculations 
based on frequency and Q. Balance is 
achieved by a variable capacitor, and 
this ensures that even low Q inductors 
can be measured without the interaction 
of a sliding balance. The resistance 
balance has at least three scales on each 

ELECTRONIC ENGINEERING 400 JUNE  1967 



For more information circle No. 105 

ROTAXGOVPONENTS&TRANSDUCERS 

401 Transducer 200 Series Encoder HT-250 Trimmer Potentiometer Teledyne Relay 

Reliable instrumentation to suit your needs exactly 
Rotax produce a specialised range of equipment to very 
high standards of precision and reliability. Existing stocks 
provide for most norma! needs. If your specification cannot 
be met exactly, Rotax will manufacture your requirements. 

These instruments are designed to meet military environments. To find out more about 
Rotax Components and Transducers, ring EL Gar 7777. Ext. 302—now, or write to 

Pressure transducers potentiometric 

Relays miniature 

Digital shaft encoders photo-electric 

Trimmer potentiometers miniature, metal-film 

IN S T R U M E N T A TI O N  DI VI SI O N 

ROTAX LIMITED, INSTRUMENTATION DIVISION, WILLESDEN JUNCTION, LONDON, N.W.10. Telephone: ELGar 7777 

Its price is not 
your main consideration 

For more information circle No. 106 
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For more information circle No. 107 

VITREDSIL® and  SPECTROSIL 
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•  TYPICAL 
TRANSMITTANCES 

FOR 10 ./n1 PATH-LENOTIS 
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160  200  300 

WAVELENGTH (my) 

SPECTROSIL GRADES 

VITREOSIL GRADES  

We will be pleased to receive details of your 
requirements or arrange for one of our technical 
representatives to discuss your problem. 

Where chemical  purity and  inertness is required, 
combined witly high transmission in the Ultra-Violet and 
Infra-Red spectral regions, these grades of fused silica 
are supreme. 

SPECTROSIL For transmission into the far ultra-violet and where 
metallic impurity levels of less than one part per million are required. 

VITREOSIL 055, 066 and 077 These three new grades of 
transparent fused silica are intended for general optical applications, 
especially where large components with good ultra-violet transmission 
are required. 

VITRE OSIL I.R. This material has good transmission in the 
ultra-violet but is especially suitable for use in the infra-red region 
giving good transmission beyond 3.5 microns. 

THER MAL SYNDICATE 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 263946 

SILICA INDUSTRIAL WARE • LABORATORY WARE • OPTICAL COMPONENTS • HIGH TEMPERATURE OXIDE CERAMICS 
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inductance range, so that the balance 
setting is not cramped. 
A small cathode-ray tube is provided 

for  easy  searching  and  preliminary 
balance for unknown values, and for the 
display of overload characteristics of the 
iron core; this is a particularly useful 
feature when cores are overloaded at 
unexpectedly low current levels. The 
final balance is indicated on a meter, 
which also acts as a monitor for the 
a.c. inductor voltage. 
Internal oscillators supply low power 

at the supply frequency and at 1 and 
10kHz. These supplies can be monitored 
and d.c. bias applied directly into the 
bridge up to 0.5A or up to 10A using 
an optional accessory, a.c./d.c. mixer unit 
TM 8339. 

For more information circle No. 310 

MINIATURE A.C. RELAY 
Oliver Pell Control Ltd, Cambridge Row. 

Woolwich,  London, S.E.18 
(Illustrated above) 

What is claimed to be the first British 
miniature plug-in a.c. relay to fit the 
internationally recognized socket has just 
been announced by Oliver Pell Control 
Ltd. This is the Varley VPAC relay, 
which is available in three standard 
contact arrangements: with two change-
over contacts, four changeovers, or six 
makes or breaks. All of these normally 
handle  IA,  but  the  two-changeover 
model can also be ordered with 5A or 
5A (special duty) contacts. 
Standard coils range from 6V to 250V 

operating voltage, and standard contacts 
are of gold-flashed fine silver, or hard 
gold alloy. Operate time from random 
switch-on is 5 to 15msec. 
Dimensions are length 0.960in, width 

0-730in, height 1-580in, and with the 
maximum number of contacts the length 
becomes 1.180in. 
As with all Varley miniature relays 

the dust cover is made of transparent 
plastic, and all are delivered in throw-
away sterile plastic packs. 

For more information circle No. 311 

CO-ORDINATE MARKING-OUT 
TABLES 

C. & N. (Electrical) Ltd, The Green, Gosport, 
Hampshire 

(Illustrated above right) 
Just over a year ago C. & N. (Elec-

trical) Ltd  introduced  the  7800 co-
ordinate marking out table that enabled 
the previously laborious and expensive 
marking out of sheet material to be 
carried out by semi-skilled labour, with 
greater accuracy, in a much shorter time. 
A new and improved version is now 

available, among the improvements is 

the incorporation of a floating zero that 
enables both X and Y co-ordinates to 
be zeroed at any position in their travel. 
This dispenses with the need to work 
from a fixed datum. The capacity of the 
machine is 19in in the X plane and 
12.5in in the Y plane, maximum clear-
ance under the workhead is lin. The 
digital read-out  gives  increments  of 
0-001in or to an accuracy of ±0-002in. 
The display also indicates  ̀plus or 
minus' dimensions when working either 
side of zero datum. The co-ordinate lead 
screws  are  electrically  driven,  final 
adjustment being made by handwheels. 
Inch and metric versions are available 

together with a range of accessories 
including punching and scribing tools, a 
drill head and an optical inspection 
attachment. 

For more information circle No. 312 

DATA ACQUISITION SYSTEM 
Smiths Industries Ltd, Kelvin House, 

Wembley Park Drive, Wembley, Middlesex 
(Illustrated be/ow) 

The Industrial Instrument Division of 
Smiths Industries Ltd has introduced a 
new range of data acquisition equipment 
known as  Scan-Tel'. 
The range is an extension to the exist-

ing Smiths telemetry systems. Designed 
to operate over the temperature range 
—5°C to +55°C to fully meet industrial 
conditions of operation, the system uses 
solid state silicon devices throughout and 
the printed circuit boards are inter-
connected using either wrapped joints 
or  hypertac' plug-in connectors. 
The equipment is designed to fit into 

standard 19in P.O. racks and is made 
of a number of styled plug-in sub-units. 
By using various combinations of these 
sub-units, systems may readily be built 
up to cover applications of data acquisi-
tion, including telemetry and telecontrol, 
at highly competitive prices. 
In addition to telemetry and tele-

control the range embraces the trans-
ducer, data-logging and print-out aspects 
of data acquisition to give fully com-
prehensive systems. 

For more information circle No. 313 

MICRO-OSCILLATOR 
The Marconi Co. Ltd,  Chelmsford, Essex 

(Illustrated below) 
A completely  new micro-oscillator, 

probably the smallest in the world, has 
been developed by The Marconi Co. Ltd. 
Completely sealed inside a transistor can, 
this unit is by far the smallest in the 
Marconi range of solid state, packaged 
oscillators, which provide design engin-
eers with a comprehensive selection of 
low cost, ready-to-nse' oscillators for a 
wide variety of tasks, both for produc-
tion equipment and in experimental use. 
This tiny oscillator, type F3185, con-

sists simply of an integrated circuit feed-
back amplifier with a crystal mounted 

above it. The micro-circuits are attached 
to the TO-5 header in the normal posi-
tion, while the crystal is supported on 
its two connexions to this circuit. In the 
prototype, a 5th overtone, AT-cut crystal 
is used, to give an oscillator frequency 
of 100MHz. In this case, an external 
inductor and trimming capacitor are 
necessary, but future models will employ 
crystals operating at their fundamental 
frequencies, which will not require any 
additional circuit elements. Where this is 
not possible, these external components 
will be designed into a slightly larger 
container taking full advantage of the 
small size of the oscillator itself. 
The  complete  oscillator  is sealed 

inside the TO-5 header can, together with 
its crystal, and is therefore completely 
isolated from the atmospheric environ-
ment. Temperature stabilization is not 
provided in the same unit, but the small 
size of the oscillator makes this a simple 
matter in cases where high stability is 
necessary.  The complete unit is suf-
ficiently small in size to make it possible 
to mount a number of oscillators in a 
single crystal oven. 

For more information circle No. 314 

TRANSISTOR DECADE 
OSCILLATOR 

Leven Electronics Ltd, Park Road, High Barnet, 
Hertfordshire 

(Illustrated on page 402) 
Very pure and stable sinusoidal oscil-

lations at frequencies from 0.21-h to 
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1-22MHz are produced by this light-
weight portable signal source. Frequency 
is selected by four  additive  decade 
controls with in-line digital read-out and 
a five position multiplier switch. The first 
three  controls  are  twelve  position 
switches marked 0, 1, 2 . . . 11 and the 
fourth decade control is continuously 
variable with a linear calibration 0 to 10 
divided into 40 divisions. Any frequency 
may be selected with a discrimination 
better than -±0.03 per cent or 1/10th of 
the specified frequency accuracy. 
The output is monitored by a meter 

with an expanded scale covering a range 
of 6dB. A continuously variable control 
and a step attenuator permits the output 
to be varied from —94dBm to +10dBm 
into 6001I. The output impedance is 6009 
at all settings. 
The power supply is four internal 

batteries with a life of 400 hours but 
a.c. mains operation is possible by re-
placement of the batteries with a Levell 
power supply unit. 

For more information circle No. 315 

RATIOMETER 
Yficrotest Ltd, 9 Old Bridge Street, 

Kingston-upon-Thames, Surrey 

(Illustrated below) 

The type 701A ratiometer was designed 
for reflectometer applications in con-
junction with unlevelled signal sources 
or sweep generators. 
The ratiometer can provide accurate 

results independent of incident power 
variations as high as 20 to 1. The front 
panel  meter displays v.s.w.r.  and/or 
reflection coefficient (per cent). An out-
put socket is provided which allows 
oscilloscope presentation to be made in 
conjunction  with  swept  frequency 
measurements. 
Three types of r.f. detectors may be 

used in conjunction with the type 701A, 
viz, crystals or bolometers at either 
4-3mA or 8.7mA bias current. As the 
bias current is derived from a constant 

current source bolometer burn-out due 
to the instrument is prevented. 

For more information circle No. 316 

D.C. BRIDGE SUPPLY AND 
INDICATOR 

Vibro-Meter S.A.,  Haletop  Cevio  Centre, 
Wythenshawe, Manchester, 22 

(Illustrated below) 

Vibro-Meter SA, the Swiss instrument 
company, has introduced a new d.c. 
measuring system which provides an ac-
curate indication of load, pressure or 
stress when used with resistive trans-
ducers or strain gauges. 
The indicating instrument is particu-

larly noteworthy; a  Gossen Pantam 
Meter' is fitted which uses a light beam 
technique both to indicate the measured 
value and to operate up to four photo-
electric switches for warning and control 
purposes. 
The bridge supply and indicating unit, 

Vibro-Meter type PBA-1/A incorporates 
a chopper amplifier; the sensitivity of 
which can be adjusted to accept signals 
as low as lmV for f.s.d. An output signal 
of IV is available to drive recording 

instruments. The amplifier also includes 
coarse and fine balance controls for the 
transducers and a pre-set calibration 
facility to reset or check the amplifier 
gain. The special feature of the instru-
ment is the long term stability and 
accuracy. 
The accuracy is within 0.25 per cent 

f.s.d. variations in temperature affect the 
accuracy by less than 0.2 per cent and 
the stability against mains variation is 
less than 0.5 per cent for 240V±10 per 
cent deviation. 
Vibro-Meter also offer resistive pres-

sure transducers, load cells and strain 
gauges compatible with this equipment. 

For more information circle No. 317 

QUARTZ TRIMMER CAPACITORS 
Oxley Developments Co. Ltd, Priory Park, 

Diversion, Lancashire 

(Illustrated above right) 

Oxley Developments Co.  Ltd  has 
recently introduced a trimmer capacitor 
of  unusual  design,  utilizing  quartz 
as a dielectric, and has been specifically 
developed to meet the needs of modern 
industrial  and  professional  electronic 
equipment. 
The patented design incorporates a 

non-rotating, self-aligning piston, anti-
backlash drive mechanism  and non-
extending adjustment screw. 

The materials and construction com-
bine to create a capacitor which displays 
excellent low loss, high frequency charac-
teristics. 
These ultra high stability capacitors 

are available for printed circuit board 
and chassis mounting and are available 
in capacitance values from 2 to 10pF; 
nominal temperature coefficient of +20in 
106/°C; power factor less than -0005 at 
10kHz; insulation resistance greater than 
2 x 166Mn; working voltage IkV d.c. 

For more information circle No. 318 

MODULAR PLUG-IN CONTROLS 
Distributed by: Britec Ltd, 17 Charing Cross 

Road, London, W.C.2 

(Illustrated below) 

'Elesta' series 14S modular plug-in 
controls combine easily with each other 
to form extremely compact systems to 
control machines and automatic pro-
cesses. 
These  modular  plug-in  controls 

measure only 2 7/8in x 1 3/32in wide x 
4 3/16in high, and consist of electronic 
timers type ZS.14S for interval, delay 
and sequence timing, of universal switch-
ing amplifiers type KS.14S for photo-
electric control, contact thermometers or 
sensitive probes, and of type MR.14S 
relays having up to four changeover, or 
six normally-opened, or six normally-
closed contacts. 
Electrontc Timers: 
Type ZS.14S10 = unstabilized timers. 
Type ZS.14S20 = stabilized timers. 
These plug-in RC timers incorporate 
Elesta' precision  cold-cathode tubes 
with a virtually unlimited operating life, 
they are particularly recommended where 
reliability and long service life under 
arduous conditions are of prime im-
portance. 
Time ranges: 0-1-lsec, 0.5-5sec, 2-20sec. 

These time ranges can be extended 
by connecting an external capacitor 
to terminals 3 and 6 of the socket. 

Supply voltage: 220-250V a.c. 40/60Hz. 
Repetition accuracy: --E2 per cent with 

constant supply voltage. 
Influence of supply: ZS.14S10 = -±20 per 

cent for ±10 per cent. 
variations  ZS.14S20  ±5  per cent 
for rt 10 per cent. 

Contact rating:  250V a.c. 6A, non-
inductive. 

0e 
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For more information circle No. 108 

A NE W RANGE OF LO W COST ENVIRONMENTAL CABINETS 
specially developed for testing 
components and equipment 

TYPE 505 
Working volume of stainless steel chamber-9" x 7" x 8" deep 
Outside dimensions-20" xlex 13' 
Temperature range-150°C to +200°C +4°C 
Temperature gradients in standard chamber better than +1°C 
Cooling and heating rate of change from 100°C/min 
Additional features of the 505, now include a TEMPERATURE 
STABILIZING CIRCUIT to enable any ambient temperature to 
be obtained between  15°C and +30°C 
This feature can be included on any of our temperature chambers 

SPONSOR MEMBER OF THE SOCIETY OF ENVIRONMENTAL 

Write for details. 

These cabinets give a choice of control panel to suit your 
particular requirement, from single temperature selection to fully 
programmed control. They are modular built around a 19 in. 
standard rack and cabinet heights can be extended to house 
additional cabinets, recorders or other equipment. 
Look at these features:-

• PORTABLE 
• SIMPLE OPERATION 
• CLEAR INDICATION OF TEMPERATURE CONTROL 
• VARIABLE RATES OF TEMPERATURE CHANGE 
• INDEPENDENT UPPER AND LO WER CONTROL 

POINTS 
• NO HOT SPOT 
• HIGH QUALITY INSULATION 
• CLEAR INDICATION OF MODE OF OPERATION 
• INLET PORTS AND DOORS CAN BE MADE TO 

CUSTOMERS' SPECIFICATIONS 
• INTERCHANGEABLE DOORS 
• FORCED AIR CIRCULATION 
• LO W TEMPERATURE GRADIENTS 
• THERMAL SHOCK 

ENGINEERS 

M edical Electro nics Li mite  
CULFORD  W ORKS,  KING  HENRY'S  W ALK, 

INDUSTRIAL DIVISION 

LONDON,  N.1 

Telephone:  01-249 1633-4 
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Even iiff  cost were your main consideration, Lucas 
18/25 Amp press fit rectifiers are still ideal for 
your low cost applications whether the volume is 
large or small. 

Lucas industrial press fit rectifiers-

*  Simplify and speed assembly. 

*  Are immediately available in volume. 

And have these added reliability features-

Made with etched dice to ensure low 
leakage currents and sharp breakdown 
characteristics. 

Junctions are cleaned and sealed 
before final encapsulation. 

Has no internal dessicant to 
breakdown under vibration. 

Thermal cycling tests ensure freedom 
from thermal fatigue. 

Yet another all-British Lucas product. 

G. & E. Bradley Ltd., Electral House, Neasden 

Lane, London N. W.10. Tel : DOLlis Hill 7811 

A Subsidiary Company of Joseph Lucas (Industries) Ltd. 

Its price is not 
your main consideration 

its reliability is! 

LUCAS 
SE MICONDUCTORS 

or more information circle No. 109 
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For more information circle No. 110 

OPENS THE WAY 

This is the microelectronics R & D laboratory. 
It isone of the most advanced purpose-built laboratories 
of its kind in Europe. And it is in operation NOW! 

Here a team of design and development engineers 
are engaged on such projects as 

Bi-polar large scale integration. 
M.O.S. process technology. 
M.O.S. large scale integration. 
Beam-lead technology. 
Large scale integrated device packaging. 

Already a number of M.O.S. integrated circuits 
have been produced and are available. 
The facilities of this Laboratory are open to 
your engineers. They can work with our 
specialists in complete confidence and 
commercial security on specific integrated 
circuit devices. 

ELLIOTT-AUTOMATION MICROELECTRONICS LTD Glenrothes/Fife/Scotland/Tel: Glenrothes 3511 
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Remote control: Type ZB.41 potentio-
meter with scaled dial allows for 
remote control of the time scale, 
'if desired. 

Sockets: All timers are supplied with 
socket ZB.35 14-pin. 

Universal Switching Amplifiers: 
Type .KS.I4S 

These are versatile plug-in controls, 
suitable for operation with sensitive high-
impedance contacts as well as with 
photo-resistors. Used in conjunction with 
the Elesta' range of photo-electric light 
sources and photo-receivers, and with 
miniature  lamp  transformer  type 
ZS.40/20, they form compact photo-
electric systems to monitor meters, to 
control level of liquids or powders, to 
guard automatic presses, open doors, 
control traffic, etc. 
Supply voltage: 220-250V a.c. 40/60Hz. 
Contact rating:  250V a.c. 6A, non-

inductive. 
Max. counting rate: 4 to 5 per second 

(min. input pulse duration 100msec). 
Plug-in Relays: Type MR.I4S 
The MR.14S is a plug-in relay, sup-

plied in a transparent case having the 
same dimensions as the 14S modular 
controls. These relays are available with 
coil voltages from 3V to 240V a.c., or 
3V to 300V d.c., and with slugged coils 
for use with cold-cathode tubes. The 
maximum number of contacts are either 
four  change-over,  or  six  normally-
opened, or six normally-closed—rated at 
250V a.c. 6A non-inductive. These relays 
combine with ZS timers and KS controls 
to provide auxiliary switching facilities. 

For more information circle No. 319 

TRIMMER POTENTIOMETERS 
Reliance Controls Ltd, Drakes Way, Swindon, 

Wiltshire 
(illustrated above) 

The  CW.50  rectangular  trimmer 
potentiometer is 0.74in long, and is fitted 
with printed circuit base pins. It is avail-
able in resistances up to 20162 and is 
rated at 1W at 40°C with a temperature 
range of —65°C to +125°C. It has an 
insulation resistance of 100M2 at 500V 
d.c. and is designed to meet vibration 
and  shock  to  MIL-STD-202B  and 
acceleration  to  MIL-R-27208A.  It 
should have an electrical life of at least 
1000 hours under full load. A slipping 
clutch is fitted to protect the unit at 
end of travel. 

For more information circle No. 320 

NUMERICAL INDICATOR TUBES 
Mallard Ltd, Mullard House, Torrington Place, 

London, W.C.1 
(Illustrated above right) 

Two new cold-cathode numerical in-

dicator tubes announced by Mullard Ltd 
make possible more compact digital read-
out systems in calculating machines, 
electronic  measuring instruments and 
instrumentation  and  control  systems. 
Details as follows: 
ZM1162 
The ZM1162 is a ten-digit, end-

viewing, numerical indicator tube. Its 
rectangular  shape  within  minimum 
dimensions ensures that compact stack-
ing in both the vertical and horizontal 
plane can be achieved without any com-
promise in performance. The characters 
are approximately 15mm high. 
A 14-pin plug-in type, the ZM1162 can 

be used as an advantageous replacement 
for many of the rectangular tubes at 
present being imported into the U.K. 
Overall dimensions are 27rrun high x 
20mm  wide x 23mm  seated  depth. 
Under typical d.c. operating conditions 
the tube requires a minimum d.c. anode 
voltage of 170V. The tube may also be 
operated from a half-wave single-phase 
supply. The nominal cathode current is 
2mA—a current level at which drive 
transistors such as the Mullard type 
BSX21 are suitable. 
The ZM1162 may be controlled by 

either  mechanically  or  electronically 
switching the supply voltagp to its indi-
vidual cathodes. 
ZMI172 
Side-viewing ZM1172 indicator tubes 

are the Mullard compromise between 
optimum stacking and minimum price. 
Stacking in the horizontal plane is within 
dimensions similar to those of the new 
rectangular types, although in the vertical 
plane more space is required—a feature 
which, for in-line read-outs, is usually 
unimportant. The characters are approxi-
mately 15mm high. Electrical perform-
ance and readability is as for the 
ZM1162. Overall dimensions are 9mm 
diameter x 47.5mm seated height. 
The ZM1172 also has a special fine-

mesh sputter guard which provides maxi-
mum protection for the viewing window 
combined  with  minimum  obstruction 
of the viewing area. If required, a low-
cost plastic support (type 56022) can be 
supplied to enable these tubes to be 
mounted on the edge of a typical printed 
circuit board. 
Both of the new tubes have conserva-

tive life figures similar to those quoted 
for other Mullard gas-filled indicator 
tubes. However, when considering this 
minimum figure, it should be appreciated 
that this is the result of strict laboratory 
tests. The test requirements consist of 
illuminating a single digit under maxi-
mum current conditions and then, after 
a specified period, carrying out a check 
for discernible loss in illumination under 
minimum current conditions.  Continu-
ously illuminating the same digit is a 
particularly severe measure because it 
eliminates the self-cleaning effect pro-
duced when, as under normal working 
conditions, different digits are illuminated 
in turn. 
The stringent test conditions applied 

to representative samples ensure that, 
under normal operating conditions, users 
will obtain the maximum possible life 
that can be achieved for tubes of this 
type. 

For more information circle No. 321 

DIGITAL VOLTMETER 
Fairchild Instrumentation Ltd, Grove House, 

London Road, Isleworth, Middlesex 
(Illustrated below) 

Use of integrated circuits has allowed 
Fairchild Instrumentation Ltd to an-
nounce a new low-price four-digit in-
tegrating digital voltmeter with 0.01 per 
cent accuracy. 
The new model 7000 has complete 

front panel control of all functions and 
ranges and uses function cards instead 
of expensive plug-ins for its extended 
capabilities. The model 7000 combines 
maximum  performance  with  high 

accuracy  and  is suited for use  in 
laboratory, production and general test-
ing situations. 
Using the dual slope integrating tech-

nique, the model 7000 combines the 
.excellent noise rejection capability of 
integration with accuracy and stability 
of automatic comparison to an internal 
source. 
Read-out is made with bright, easy-

to-read  in-line  indicators.  Four  full 
decades plus a fifth digit give full scale 
read-out of 10000 with display storage. 
Automatic polarity, decimal point and 
measurement units are standard features. 
Over-ranging of 20 per cent is provided 
with no degradation of accuracy. 
The basic instrument provides d.c. 

voltage capability. Options in the form 
of plug-in boards extend the capability 
to a.c. voltage, resistance, d.c. Current 
measurement, auto-ranging and b.c.d. 
output. 

For more information circle No. 322 
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SHORT  NEWS ITEMS 
The Control and Automation Division 

of the Institution of Electrical Engineers 
has arranged a Summer School on Con-
trol Theory to be held at the RenoId 
Building of the University of Man-
chester Institute of Science and Tech-
nology on 3 to 14 July this year. 
The School is designed to introduce 

practising engineers to recent theoretical 
developments in control engineering. An 
intensive course of lectures and tutorials 
will  be  given  on  the  fundamental 
mathematical and dynamical theory re-
quired. This will provide a background 
for later study of the current literature, 
and for a special series of survey lec-
tures on the main topics of current in-
terest. 
Enquiries  concerning  registration 

should be addressed to the Secretary, 
The Institution of Electrical Engineers, 
Savoy Place, London, W.C.2. 

A revised M.Sc. course in quantum 
electronics is to start at the University 
of Southampton in October this year 
and will cover the following additional 
subjects: 

Lasers 

Opto-electronics 

Optical communications 
Holography 
Non-linear optics 

Masers 

The course is normally open to univer-
sity graduates with suitable science or 
engineering degrees (e.g. in electronics, 
physics, mathematics, electrical engineer-
ing), but in special cases candidates 
with other qualifications approved by 
the Professors of Electronics may be 
considered. The course is recognized by 
the Science Research Council for the 
award of postgraduate course student-
ships. 
Applications for the course should be 

made as soon as possible to: 
The Academic Registrar, The Univer-

sity, Southampton, Hampshire. 

Esse Metotest AB, Sweden, has taken 
over the Industrial Ultrasonics Non-
Destructive Testing business of Kelvin 
Electronics Company of Glasgow. The 
takeover includes the right to manufac-
ture and sell throughout the world non-
destructive  testing  equipment,  using 
ultrasonic techniques, under the current 
relevant Smiths Patents. 

Metotest,  a subsidiary of Svenska 
Metallverken  of  Sweden,  is already 
manufacturing and marketing a wide 
range of non-destructive testing equip-
ment using eddy current and other tech-
niques. 

A Summer Course is to be held on 
4 to 15 September this year at the 
University of Louvain. Belgium, by the 
Electronics  Laboratories,  Microwave 
Department. The topics to be covered 
are: guided waves, obstacles in wave-
guides, cavities, junctions and passive 
non-reciprocal devices, periodic struc-
tures and filters. Several seminars will 
be held, covering measurement tech-
niques, microwave tubes, ferrites, low-
noise devices and their use in spatial 
communications, microwave solid state 
and industrial applications. 
The fee for the course is $200 (or 

equivalent) and further information can 
be obtained from: 
Prof. A. S. Vander Vorst, Electronics 

Laboratories, 94 Kardinaal Mercierlaan, 
Heverlee—Leuven, Belgium. 

The fourth edition of the Handlist 
of basic reference material for librarians 
and information officers in electrical and 
electronic engineering has recently been 
published  by the ASLIB Electronics 
Group. 
Copies  are  available  at  lOs  for 

ASLIB members (15s for non-members) 
on application to: 
R. S. Lawrie, Chief Librarian, Sperry 

Gyroscope Division, Sperry Rand Ltd, 
Downshire Way, Bracknell, Berkshire. 

The Cambridge Instrument Co. Ltd 
has acquired the whole of the share 
capital of H. W. Sullivan Ltd for a 
consideration  of  100 000  Cambridge 
5s Ordinary shares ranking pari passu 
with the 5 166 795 Cambridge Ordinary 
shares in issue. The book value of 
Sullivan's net assets on 31 March, 1967 
is estimated at £133 WO. 
Cambridge Instruments, founded 80 

years ago have factories at Cambridge, 
Finchley, Muswell Hill and Richmond. 
There are Cambridge companies in the 
USA, France, Italy, India, Australia and 
Canada. 
They produce measuring, controlling 

and recording instruments for a wide 
range of industrial application, including 
special gas analysers for fuel efficiency 

and  high  pressure  steam  generating 
plant, instruments for measuring physio-
logical phenomena in medicine, and 
highly complex electron probe instru-
ments, such as the Stereoscan scanning 
electron microscope. 
H. W. Sullivan Ltd founded in 1895, 

has a new factory at Orpington, Kent, 
and foremost among its products are 
inductance, capacitance and resistance 
standards. 

The total sterling value of sales of 
British radio valves, tubes and semi-
conductor devices for 1966 shows an 
increase over those for 1965, accord-
ing to figures released by the British 
Radio Valve Manufacturers' Association 
(BVA) and the Electronic Valve and 
Semiconductor Manufacturers' Associa-
tion (VASCA), as follows: 

1966  1965 
£(M)  £(M) 

Valves & Tubes  47-3  46-1 
Semi-conductor devices  311  28-1 

79-0  74-2 

The figures for the last quarter of 
1966 were: 

Valves & Tubes 

Semi-conductor devices 

£(M) 

11-5 

76 

19-1 

Of the total for 1966, according to 
figures previously released, export sales 
accounted  for  nearly  £131M—higher 
than ever before. 

Advance Electronics Ltd is offering 
an annual grant of £1 000 to finance a 
research  studentship  at Southampton 
University, Department of Electronics for 
research connected with electronic in-
strumentation and control. 
Advance will be holding interviews 

very shortly and applicants should al-
ready have reached a standard of at 
least an upper 2nd class honours degree. 
Applications should be addressed to: 
Research Scholarship, Advance Elec-

tronics Ltd, Roebuck Road, Hainault, 
Ilford, Essex. 

G.E.C. Road Signals Ltd and The 
Marconi  Co.  Ltd  have  agreed  to 
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collaborate in the field of computer 
controlled area road traffic signalling 
schemes in the UK and overseas. 
G.E.C. Road Signals has a compre-

hensive range of road signalling equip-
ment including traffic lights, controllers 
and detectors. Contracts recently won 
for the West London -Area Traffic Ex-
periment included the provision of the 
Queue Detectors, Closed Circuit Tele-
vision and much other equipment. 
The Marconi Company which has 

been involved in air traffic control has 
developed  a Myriad  microelectronic 
computer and has recently entered the 
field of road traffic control. 
This  Myriad  computer  has  been 

chosen by the Road Research Labora-
tories of the Ministry of Transport to 
provide  the  central  process  control 
facilities for an experimental system in 
Glasgow, which is aimed at assessing 
different methods of area traffic control. 
It forms part of a major programme 
by the Ministry of Transport, to solve 
the increasing problem of traffic con-
gestion in Britain's major towns and 
cities. 
The  Glasgow Computer Centre is 

located in Broomielaw, in central Glas-
gow, and some 80 traffic signals with 
associated traffic detecting sensors will 
be connected to the computer in an area 
covering about a square mile in the 
crowded central business and shopping 
aistrict, an area which includes four 
bridges over the Clyde. Various types of 
traffic sensor will be used, and the com-
puter system has to be able to accept 
'real time' information from a wide 
variety of sources. 
Comprehensive area traffic schemes 

will now be put forward by G.E.C. 
Road Signals Limited, who will provide 
the  road  signalling  systems,  while 
Marconi will provide the central data 
processing systems. This collaboration 
will also provide customers with a wide 
and competitive choice of associated 
equipment, such as closed circuit tele-
vision, from the ranges of the two Com-
panies or from other sources. 
The joint activity will be centred on 

the offices of G.E.C. Road Signals Ltd, 
at East Lane, Wembley. 

A 6 000 mile undersea telephone and 
telegraph cable carrying 360 telephone 
circuits  between  Cape Town,  South 
Africa and Lisbon, Portugal, is to be 
manufactured  and  laid  by Standard 
Telephones and Cables Ltd. 
The value of the order is estimated 

at f22M. 
The cable will be equipped with 643 

repeaters at intervals of 9+ nautical 
miles and 51 equalizers. It will travel 
from Cape Town to Ascension Island 
(2 554n. miles) then to Cape Verde 
Island (1 723n. miles), Canary Islands 
(902n. miles) and  finally to Lisbon 
(762n. miles). 
At the Canary Islands, the cable will 

have connexions with the 160 circuit 
cable  to Cadiz,  Spain,  supplied  by 
S.T.C. 

The cable  will be of the  single 
coaxial form and the deep-water sec-
tion will consist of a central strength 
member clad with a welded copper tube 
conductor,  a layer  of  polyethelene 
dielectric and outer conductor made 
from a single copper tape. The outer 
conductor, lin in diameter, is covered 
in a layer of high density polyethelene 
to a diameter of len. 
In shallow water, at depths up to 

about  40 fathoms, heavy armouring 
wires are used to prevent damage by 
such hazards as currents, chafing and 
ships' anchors. 
Two-way working will be achieved by 

using separate 1MHz wide bands of 
frequencies: 312 to 1 428kHz in one 
direction and 1 848 to 2 964kHz in the 
other. Each band accommodates 360 
telephone channels 3kHz wide. 
At Cape Town, the Canaries and 

Lisbon, multiplexing and other electronic 
equipment will 'stack' the channels, 
dropping circuits off as necessary at the 
Canaries. The equipment includes fully 
duplicated  carrier supply equipments, 
supergroup translating equipment, group 
translating  equipments,  and  3kHz 
channel  translating  equipments.  For 
dropping off circuits at the Canaries 
and for routeing beyond Lisbon through 
supergroup' and 'through group' filter 
equipments will be used. 
The process of stacking the speech 

channels into the transmission spectra 
will be performed mainly by S.T.C.'s 
new Mk6 multiplexing equipment. 
Groups of 16 speech channels form 

the starting point for the translation. 
A separate carrier is applied to each 
of the 16 channels in each group so 
that, by choosing the appropriate side-
band resulting from each modulation 
process, translated groups of 16 channels 
re-appear spanning the range 60 to 
108kHz. There being 360 channels, this 
process results in 360/16 = 221 groups, 
each spanning 60 to 108kHz. These are 
taken 5 at a time (once at 21), and to 
each group a separate carrier is once 
again applied to produce a translated 
set of groups each within the band 312 
to 552kHz. Each of the 4 sets, and 
the half set, forms a 'supergroup'. 
Finally, each of the supergroups under-
goes another, similar translation process 
to place the set of supergrotips either 
in the 312 to 1 428kHz band for one 
direction of transmission, or 1 848 to 
2 964kHz for the reverse direction. 
The repeaters, using thermionic valves, 

have an expected life of over 20 years, 
and consist of only one, wideband, 
amplifier for the high and low frequency 
transmission bands moving in opposite 
directions through the repeater, although 
in fact two  amplifiers are used in 
parallel with a common feedback path. 
If one amplifier path fails, the gain of 
the complete amplifier is not appreciably 
affected. 
40dB of overall voltage and current 

feedback is applied to both amplifiers 
and a fault within either changes the 
overall gain by less than 0.1dB. Each 

amplifier has three stages and in con-
junction with feedback and other com-
ponents a gain characteristic that rises. 
suitably with frequency is obtained. 
Power for the repeaters will be fed 

into the cable over the centre conductor 
at Cape Town, Ascension and Santa. 
Cruz in the Canaries, at voltages up to 
10kV using accurately stabilized con-
stant 'supply equipment. 

A Marconi-Thomson Secar secondary 
radar system is to be despatched to 
the Vnokovo Airport near Moscow for 
a six months evaluation trial following 
negotiations with the Soviet State Com-
mittee for Science and Technology. 
Vnokovo is one of the two main air-

ports of Moscow and is the site of 
the air traffic control centre. 
Secar was developed and is manufac-

tured jointly by the Marconi/Thomson 
Consortium, formed from The Marconi 
Company  and Compagnie Francaise 
Thomson-Houston Hotchkiss-Brandt of 
France. The system is designed to ex-
tract information from an aircraft in 
flight to supplement the normal radar 
position  finding  function.  This  is. 
achieved by transmitting a number of 
interrogation signals to the aircraft from 
a ground station. These signals are re-
ceived in the aircraft by a transponder 
which automatically transmits an ap-
propriate reply in the form of a digital 
code. 
Secar systems have been supplied to 

Eurocontrol  for  installation  at  the 
regional air traffic control centres at 
Brussels and Shannon for monitoring 
air traffic in the upper air space. 

The Post Office has placed a £200 000, 
contract  with  Redifon  Ltd  for  the 
supply and installation of equipment for 
a new  high-power  v.l.f.  transmitter 
(GBZ)  at Criggion, in Wales.  This 
follows the recent' re-opening of the 
similarly-modernized v.l.f. transmitter at 
Rugby (GBR). 
The new Criggion transmitter will be 

of similar design to that provided at 
Rugby. It will enable the output to be 
increased from 200kW to 500kW and 
permit F 1 as well as Al modulation 
at telegraph speeds up to 50 baud. The 
present aerial system would be too 
small to sustain the large voltages pro-
duced and a new aerial system covering 
twice the present area and requiring 
three further 700ft masts is being pro-
vided. When completed in 1968, the 
effective power of the station will be 
increased by four times. 

A new type of radio terminal equip-
ment, known as Lincompex (Linked 
Compressor and Expander), which will 
greatly improve the quality and efficiency 
of radio  telephone  circuits, is now 
going into service on a number of high-
frequency  circuits  operated  by  the 
General  Post  Office  of  the  United 
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Kingdom and the American Telephone 
and Telegraph Company. 
The new system largely eliminates 

variations in speech volume and timbre 
caused by fading of the radio circuit 
and is very little affected by radio noise, 
which is effectively suppressed between 
syllables of speech. It also dispenses 
with  the  anti-singing  device  which 
seriously  interferes  with  the  snlooth 
flow of conversation in the conventional 
terminal system and which causes pre-
mature shut-down of the circuit when 
radio noise is present. 
The equipment is already in operation 

dn  circuits  provided  between  New 
York and Uruguay and also on circuits 
to Argentine, Brazil, Chile and Peru. 
The GPO will shortly introduce the 
equipment on circuits between London 
and  India,  Ceylon,  Kenya,  Nigeria, 
South Africa and other overseas ter-
minals. 
Lincompex equipment was developed 

and designed by the GPO and is manu-
factured in the United Kingdom to a 
specification jointly agreed between en-
gineers of the GPO and the American 
Telephone and Telegraph Company. It 
has something in common with the 
compander  systems  used  on  long-
distance cable circuits in that the speech 
signal  is heavily  compressed.  This 
achieves a high level of modulation of 
the transmitter irrespective of speech 
amplitude and thus helps to minimize 
the effects of radio noise. The informa-
tion required for restoring the original 
variations in speech amplitude is passed 
at syllabic rate to complementary ex-
panders at the receiving end of the 
circuit by means of a narrow-band 
frequency-modulated control signal con-
tained within the normal speech channel. 
The  overall  bandwidth  requirements 
are, therefore, unchanged and modern 
independent sideband radio equipment 
will accept one or more Lincompex 
channels. 
GEC (Electronics) Ltd has received 

an order valued at over £100000 for 
Lincompex terminal equipment from the 
USA. 

An  International  Symposium,  or-
ganized by the International Federation 
of Automatic Control (IFAC), is to be 
held at Haifa, Israel on 11 to 14 Sep-
tember. 
The Conference will deal with the 

application and utilization of control of 
natural resources and public utilities, 
with subjects ranging from gas supplies 
to traffic lights and refineries. 

A new ultrasonic research facility 
has been installed at the Feltham re-
search laboratories of EMI Electronics 
Ltd to be used primarily for investigat-
ing the radar cross-section of aircraft 
and other radar targets. 
The Feltham facility includes a small 

tank for experimental use and a large 
concrete pool measuring 32 x 22 x 

14ft, containing 60000 gallons of water. 
This pool is believed to be the largest 
of its kind in Britain. It houses the 
ultrasonic source which is capable of 
movement in three axes and the target 
which has freedom of movement in 
four axes. A high degree of positional 
accuracy is achieved by closed loop 
servos coupled to an EMICON B100 
numerical control system. Control can 
be either manual or by punched tape 
input from a central console. Closed 
circuit television enables the operator 
to view clearly the source and the target. 
In addition to the programme of 

work  on  radar  cross-section  EMI 
Electronics indicate that time will be 
available on the facility for investiga-
tions involving more conventional use 
of  ultrasonics  such  as  sonar  and 
oceanography. 

G.E.C. (Telecommunications) Ltd, of 
England, has won a contract worth 
over £500 000 for a 450-mile micro-
wave radio link between Tripolis in 
southern Greece and Zakros on the 
island of Crete. 
The new link will go via the islands 

of  Kythira  and  Antikythira.  Semi-
conductored equipment will be used 
throughout: 6000MHz for the main 
section and 7 000MHz for spur' routes 
on Crete. 
The former is suitable for trans-

mitting up to 960 telephone circuits or 
television, and the latter can carry a 
maximum of 300 circuits. In both cases 
there will be a standby channel which 
will take over automatically should the 
working channel fail. 
The  company's  microwave  systems 

already link Patras with the island of 
Corfu, Athens with Mt. Parnis and 
the island of Syros, and Larrissa with 
Mt. Pillion. 

Datafair 67, organized by the British 
Computer Society, is to take place at 
Southampton University on 26 to 29 
September. 
There will be a symposium of about 

80 papers in about three parallel ses-
sions—hardware, software and applica-
tions—taking place in the afternoons of 
each day. 
During the mornings four parallel 

events are to be set up, presentations 
by computer and equipment manufac-
turers, consultants, service bureaux, etc.; 
British  Computer  Society  discussion 
groups, university presentations; visits. 
In the evenings there will be similar 
parallel events of presentations, visits 
and discussion groups. 
Three special one-day seminars have 

been organized during the week. A dis-
cussion on cemputer education in schools 
on Tuesday, 26 September, will be fol-
lowed on Wednesday, 27, by a seminar 
on computer studies on computer educa-
tion. The final seminar on Thursday, 
28 September, is to deal with the com-
puter as it affects business management. 

Accommodation for 950 delegates has 
been  arranged  at  the  Southampton 
University halls of residence and alloca-
tion of rooms will be made by the British 
Computer Society.  Further details of 
Dataf air may be obtained from The 
British Computer Society, 23 Dorset 
Gardens, London,. N.W.1. 

A microwave print drier has recently 
been installed by Coventry Newspapers. 
The drier was developed and manufac-
tured by a joint company Eden Fisher & 
Hirst (Microwaves) and at Coventry it 
is applied to a Halley-Aller web offset 
machine with four-colour newsprint. The 
web (the continuous sheet of newsprint) 
is passed between the two halves of a 
waveguide made up of a labyrinth with 
a total length of 60ft. The speed is 
900ft/min but future development is 
aimed at increasing this to 2000ft/min. 
The magnetron power source operates 

at 2-4GHz with a c.w. output of 5kW. 
The waveguide labyrinth is terminated 
in a water load so that changes in work-
ing load do not cause reflection back to 
the magnetron; the water also provides 
cooling for the valve. The drying process 
depends on the differential dielectric loss 
between the paper and the coloured inks, 
so that the paper is minimally heated, 
most of the energy being absorbed by 
the inks. In this way the hitherto intract-
able problem of the paper becoming 
too dry, and therefore reduced in elasti-
city, is avoided. Stabilizers set opposite 
each other at intervals across the whole 
length of the paper in the drier maintain 
the web in position. Two systems of 
stabilization may be employed: either 
pneumatic pressure on the stabilizer face 
or by means of two guide path strips 
which have a low coefficient of friction 
and a low dielectric constant. 
The waveguide labyrinth is so con-

structed that the top half hinges upwards 
for inspection or starting a run. If the 
drier is opened in this way when micro-
wave power is present a microswitch 
reduces the e.h.t. to the magnetron so 
that no danger occurs from mismatching 
and there is, moreover, no microwave 
field hazardous to the operator. The total 
leakage of power under normal operating 
condition is about lmW, approximately 
1/10 of the maximum laid down in safety 
regulations. 

The Wayne Kerr Co. Ltd, which 
specializes in electronic measurement, 
is to endow a chair in measurement 
science at the new University of Surrey. 
The chair will be in the Department of 
Chemical Physics, headed by Professor 
V. S. Griffiths. The holder of the chair, 
who is yet to be appointed, will devote 
the bulk of his time to research and will 
lead the research team which is to carry 
out, under the Ministry of Technology 
contract announced in April, an investi-
gation into the establishment of measure-
ment standards and techniques in the 
radio frequency field. 
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For more information circle No. Ill 

Small, reliable? 

CLARE MICROCLAREED RELAYS 
Small package permits high packing density. 

Long life, hundreds of millions of operations under normal 
operating conditions. 

Low level switching - special range for switching in low du V 
region with better than 1% accuracy. 

Fast switching speed: example: 1 ms for 1 Form A. 

Contact  : up to 5 Form A, 2A 2B in standard packages. 

Choice of packages : Lead type, molded and potted modules. 

CLARE 

Relays and related control components 

Write or phone for documentation : 

C. P. CLARE (INTERNATIONAL) LTD., 43, Clarendon Road, Watford, Herts. 
Tel. Watford 422 77 - Telex : 261 888 
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For more information circle No. 112 

Load problems? 
Try Vernistaf A.C. pots 

o  

CONVENTIONAL POT 

4  

E. 

100 Krl 
Load 

+0.05% 
0.6 % 

+0.65% 

Absolute linearity without load 
Loading error 

Absolute linearity with load 

Maybe your pot looks great when you test it under 
no-load conditions. But how does it perform in a 
real circuit? 
With today's accuracy requirements for systems, 

you can get an error that will break the back of your 
design even with loads that are generally considered 
trifling. 
Our a.c. potentiometers are beyond compare for 

solving loading problems. No other 
potentiometers  can  match  the 
resolution of a VERNISTAT.  Its 
heart is a tapped autotransformer, 
not an ordinary resistance element 
or winding. It is a multiturn device. 
Thirty-six  hundred  degrees  of 
rotation let you take full advantage 
of its inherent precision.  Thanks 
to its high input and low output 

VERNISTAT 

±0.05 
0.011% 

+0.061% 

impedance, the VERNISTAT stays accurate even 
under varying load conditions. 
Non-linear VERNISTATS can be used as precise 

function generators or as non-linear controls. They 
give you very accurate conformity over any slope 
ratio. 
All VERNISTAT a.c. Potentiometers feature: 
• Reliability and long life • High input and low output 

impedance • Low quadrature error 
• Small loading error • Negligible 
pick-up of stray energy • Con-
tinuous rotation in a multi-turn unit. 
We'll be glad to send you a descrip-
tive brochure on this really unique 
electronic component.  Write to : 
PERKIN-ELMER Netherlands NV, V. 
Foreestweg 4, Delft, The Nether-
lands. Tel: 01730-35919 Telex: 31262 

PERKIN-EL MER 
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Résumés des Principaux Articles 

Calcul des courbes V-1 de thermistors NTC  par M. R. McCann 

Lorsqu'on augmente légèrement le courant passant à travers un thermistor N.T.C., la tension 
correspondante augmente jusqu'à un maximum de Enax puis commence à baisser. Cette caractéristique 
est due à l'auto-échauffement du thermistor. 
Les formules de base comprenant la résistance, la température et la puissance sont utilisées pour 

obtenir un diagramme indiquant des courbes de tension et de courant normalisées pour des thermistors 
à coefficient de température négatif. A partir de ces courbes, de la connaissance de la résistance à 
froid et de  on peut déterminer la caractéristique de tension-courant du thermistor dans n'importe 
quelle température ambiante.  Un exemple de ce calcul est indiqué pour un thermistor monté dans 
des conditions d'environnement différentes. L'analyse comprend une méthode simple pour calculer 
E. (sur la caractéristique V-1) et sa variation en fonction de la température ambiante. On obtient 
une ligne de charge résistive universelle pouvant être utilisée en liaison avec des caractéristiques de 
tension-courant reportées à l'aide d'échelles logarithmiques. 
Plusieurs exemples de caractéristiques de tension-courant de différents types de thermistors 

(caractéristiques mesurées dans des conditions d'utilisation effective) sont indiqués et comparés à des 
caractéristiques calculées à partir de courbes normalisées. 
L'analyse est étendue à des thermistors montés sous vide dont le comportement subit une dérivation 

considérable par rapport à celui de thermistors montés dans d'autres milieux. 

Résumé de l'article 
aux pages 346 à 351 

Un amplificateur à transistor et à large bande de 50 à 500 MHz  par A. E. Hilling 

L'amplificateur à large bande dont il est question dans cet article a un gain de 21,5 ±1,5dB de 
50 à 500MHz.  Un indice de bruit maximum de 8dBs' obtient à 500MHz et les rapports maxima 
d'amplitude de tension d'entrée et de sortie sont de 2,0:1 pour son. Le facteur de distorsion 
d'intermodulation de troisième degré est maintenu à un faible niveau par l'emploi du transistor 
Mullard BFY90. 

Résumé de l'article 
aux pages 352 d 355 

Circuit de blocage de comparateur à paire de diodes Esaki couplées et se faisant face  par Y. Murata 

Par l'emploi du circuit à paire de diodes Esaki couplées et se faisant face on obtient des circuits à 
mémoire et à fonction de comparaison d'une application étendue. 
Le fonctionnement du circuit à paires de diodes Esaki couplées et se faisant face a été étudié au moyen 

Résumé de l'article  de plusieurs expériences ainsi que par l'analyse numérique à l'aide d'une calculatrice numérique. Les 
aux pages 356 d 361  limites de fonctionnement du circuit en ce qui concerne la charge, l'entraînement, la vitesse de réponse, 

etc. ont été déterminées dans le cas des diodes Esaki SONY, type 1T1101. Il a été constaté que le 
circuit pouvait servir d'élément à mémoire de qualité ainsi que d'élément de commutation à action 
rapide. 

Un circuit électronique à transistor de jonction  par T. K. Cowell 

La résistance d'entrée maxima pouvant être obtenue avec des circuits à transistors de jonction 
conventionnels est limitée par la résistance de fuite du collecteur et de la base ainsi que par le gain 

Résumé de l'article  de courant effectif aux courants de fonctionnement nécessairement faibles. 
aux pages 362 d 366  Le montage du circuit de base décrit dans cet article, soit un circuit complémentaire à charge 

cathodique par transistor et à anneaux de garde au collecteur, obvie à ces limites et peut donner, s'il 
est muni d'étages en cascade, des résistances d'entrée dépassant I million de mégoh m. 

Un circuit monostable à haute stabilité et à cycles de régime élevés  par R. C. French 

L'auteur décrit un circuit monostable capable d'assurer des cycles de régime pouvant atteindre 
99% et produisant une impulsion dont la longueur demeure stable à 1% près par rapport à une 
variation de tension d'alimentation de 10%. 
Un changement de longueur d'impulsion ne dépassant pas 1,5% se produit lorsque le cycle de 

régime varie entre 0 et 99%. 

Résumé de l'article 
aux pages 372 à 373 

Un inverseur stable de 50Hz pour matériel à fonctionnement secteur  par W. T. Maloney 

L'auteur décrit un inverseur d'une bonne stabilité de fréquence aux fréquences secteur. L'inverseur 
Résumé de l'article  fonctionne sur alimentation de 12V et fournit une sortie d'environ 40 W à 240V. Il est démontré que 
aux pages 374 d 375  moyennant quelques légères modifications un fonctionnement sûr peut être obtenu à partir d'une 

source de 6V. 
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La représentation sur tube cathodique d'indications de vitesse proportionnelle  par M. R. Green et K. Lord 

Cet article décrit des circuits permettant de présenter des informations au moyen de deux faisceaux 
électroniques sur un tube à rayons cathodiques.  Ce dernier a donc les mêmes fonctions qu'un 
instrument à aiguilles ordinaire mais ne comporte, évidemment, aucune pièce mobile mécanique. Le 
modèle cité est un appareil de bord fournissant des indications d'altitude et de vitesse verticale sur un 
même écran. 

Résumé de l'article 
aux pages 376 d 380 

Un convertisseur analogique numérique simple à lecture réciproque  par L. Davison et R. Wilson 

Ce convertisseur constitue un moyen de lecture pratique et direct de la vitesse des compteurs 
numériques dont le contenu représente des temps transitoires. Non seulement il évite les pertes de 
temps lorsqu'il s'agit d'indications de résultats comportant plusieurs chiffres mais il élimine également 
toute possibilité d'erreur résultant d'une fausse lecture du compteur, d'une panne de la lampe de 
lecture ou d'une erreur de calcul. 

Résumé de l'article 
aux pages 381 à 383 

Un filtre à T jumelé et à fréquence médiane réglable  par K. G. Beauchamp 

Une difficulté majeure dans la réalisation de filtres à T jumelé couvrant une gamme étendue de 
fréquences est d'assurer un moyen simple de réglage de fréquence tout en ne réduisant pas, en même 
temps, le facteur Q de façon drastique. 
Dans le modéle décrit dans cet article, une variation d'un seul paramètre permet de contrôler la 

fréquence avec un effet très réduit sur le facteur Q. 

Résumé de l'article 
aux pages 384 d 387 

Ungénérateur précis d'ondes triangulaires à balayage de fréquence étendu  par G. Klein et H. Hagenbeuk 

Cet article décrit un générateur d'ondes triangulaires qui allie un balayage étendu de fréquence 
(---.10') à une forme d'onde symétrique très précise. La réponse d'amplitude et la symétrie donnent 
des variations inférieures à 0,1%, la stabilité de fréquence étant supérieure à 1:10*. Le circuit peut 
servir de base à un oscillateur à ondes sinusotdales à balayage unique ou de convertisseur de fréquence 
de tension (courant) et de modulateur de fréquence. 

Résumé de l'article 
aux pages 388 d 390 

Zusammenfassung 
der wichtigsten Beitrâge 

Die Berechnung von U-I-Kennlinien für NTC-Thermistoren  von M. R. McCann 

Zusammenfassung des 
Beitrages auf Seite 356-351 

Wenn der durch einen Thermistor fliessende Strom langsam erhôht wird, steigt die entsprechende 
Spannung, bis emn  Ilâchstwert Uniax  erreicht ist, und beginnt dann zu fallen. Die Eigenschaft beruht 
auf der Selbsterwürmung des Thermistors. 
Mit Hilfe der Widerstand, Temperatur und Leistung einbegreifenden Grundformeln kann man eme 

grafische Darstellung erstellen, deren Kennlinien normierte Spannungen und Strôme für Thermistoren 
mit negativem Temperaturkoeffizienten geben. Diese Kennlinien und die Kenntnis des kalten 
Widerstandes sowie Um. gestatten Bestimmung der Spannung-Strom-Eigenschaften des Thermistors 
für jede beliebige Umgebungstemperatur.  Solche Berechnungen werden beispielsweise für einen 
Thermistor in verschiedenen Umgebungsbedingungen vorgenommen. In der Analyse wird u.a. emn 
einfaches Verfahren zur Berechnung von Umax (an der U-I-Kennlinie) und deren Ánderung mit der 
Umgebungstemperatur gegeben. Für die mit logarithmischen Massstiiben aufgetragenen Spannung-
Strom-Kennlinien wird eme allgemeine ohmsche Belastungslinie abgeleitet. 
Die unter praktischen Bedingungen gemessenen Spannung-Strom-Kennlinien verschiedener 

Thermistorentypen werden ais Beispiele gebracht und mit den auf Grund der normierten Kurven 
berechneten Eigenschaften verglichen. 
Die Analyse wird auf im Vakuum arbeitende Thermistoren ausgedehnt, deren Verhalten wesentlich 

von dem in anderen Medien betriebener Thermistoren abweicht. 

Ein Breitband-Transistorverstürker für 50 . . . 500 MHz  von A. E. Hilling 

Ein beschriebener Breitbandverstárker hat von 50 . . . 500 MHz eme Verstárkung von 21,5 ±1,5 dB. 
Zusammenfassung des  Ein Hitchstrauschmass von 8 dB wird bei 500 M Hz erreicht, und das maximale Eingangs- und 

Beitrages auf Seite 352-355  Ausgangsstehwellenverháltnis ist—auf 50  bezogen-2,0:I.  Durch Anwendung des Transistors 
BFY90 werden niedrige ZM-Faktoren dritter Ordnung erzielt. 
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Vergleichshalteschaltung 

Zusammenfassung des 
Beitrages auf Seite 356-361 

mit gegengexoppelten Esaki-Diodenpaaren  von Y. Murata 

Durch Anwendung gegengekoppelter Esaki-Diodenpaarschaltungen lassen sich breit anwendbare 
Schaltungen mit Speicher- und Vergleichsfunktionen erstellen. 
Die Arbeitsweise von Schaltungen mit gegengekoppelten Esaki-Diodenpaaren wurde in mehreren 

Experimenten untersucht und mit Hilfe emes Digitalrechners numerisch analysiert.  Die Betriebs-
grenzen der Schaltung wurden in bezug auf Belastung, Steuerung, Ansprechgeschwindigkeit usw. für 
die SON Y-Esaki-Dioden 1T1101 gekkirt. Es wird gezeigt, dass die Schaltung ais gutes Speicherele-
ment und sehr schnelles Schaltelement Anwendung finden kann. 

Eine Flâchentransistor-Elektrometerschaltung  von T. K. Cowell 

Der hachste mit einer herkümmlichen Fliichentransistor-Schaltung erreichbare Eingangswiderstand 
¡st durch den Isolationswiderstand zwischen Kollektor und Basis und die bei den unvermeidlich 

Zusammenfassung des  niedrigen Betriebsstriimen reduzierte wirksame Stromverstárkung begrenzt. 
&Wages auf Seite 362-366 Diese Begrenzungen werden durch die beschriebene Grundschaltungsanordnung—ein komplementüres 

Emitterfolgerpaar mit abgeschirmtem Kollektor—überkommen; mit hintereinandergeschalteten 
Stufen kônnen Eingangswiderstânde von über emn  Teraohm erreicht werden. 

Em hochkonstanter rnonostabiler Oszillator mit hoher Impulskennziffer  von R. C. French 

Eine beschriebene monostabile Schaltung kann mit Impulskennziffern bis zu 99 betrieben werden 
Zusammenfassung des und erzeugt Impulse, deren Dauer bei Speisespannungsschwankungen von 10 Prozent innerhalb I 

Beitrages auf Seite 371-373  Prozent konstant bleibt. Bel Ánderung der Impulskennziffer von 0 . . . 99 schwankt die Konstanz 
der Impulsdauer nur 1,5 Prozent. 

Em 50-Hz-Konstantwechselrichter für netzbetriebene Gerâte  von W. T. Maloney 

Zusammenfassung des 
Beitrages auf Seite 374-375 

Der beschriebene Wechselrichter hat bei Netzfrequenzen gute Frequenzkonstanz. Er arbeitet mit 
einer Speisespannung von 12 V und gibt bei 240 V etwa 40 W ab. Es wird gezeigt, dass mit nur 
geringfügigen Abwandlungen auch bei Speisung mit 6 V zuverlássiger Betrieb erreicht werden kann. 

Darstellung von Proportional- und Geschwindigkeitsirtformation auf einem Oszillografenschirm 
von M. R. Green und K. Lord 

In diesem Beitrag werden Schaltungen beschrieben, die Darstellung von Information auf einem 
Oszillografenschirm in Form von zwei Zeigern gestatten. Das Gerin übt daher die Funktion emes 
Zeigerinstrumentes aus, in dem es jedoch keine mechanisch beweglichen Telle gibt. In der ais Beispiel 
beschriebenen Ausführung ais Flugzeug-Bordgeréit ist das Geréit für die gleichzeitige Anzeige vuo 
Hiihe und senkrechter Geschwindigkeit bestimmt. 

Zusammenfassung des 
Beitrages auf Seite 376-380 

Ein einfacher Digital-Analogumsetzer mit Reziprokwertanzeige  von L. Davison und R. Wilson 

Der beschriebene Umsetzer ¡st em  zweckdienliches Mittel zur Direktanzeige der Geschwindigkeit 
von Biniirzdhlern, deren Inhalt Fortpflanzungszeiten darstellt. Durch den Umsetzer wird nicht nur 
bei der grossen Anzahl der anfallenden Ergebnisse Zeit eingespart, sondern es werden auch die durch 
Fehlablesung von Ziihlern, Ausfall von Anzeigeróhren und Berechnungsirrtümer auftretenden 
Fehlermóglichkeiten beseitigt. 

Zusammenfassung des 
Beitrages auf Seite 381-383 

Ein Doppel-T-Filter mit verstellbarer Mittelfrequenz  von K. G. Beauchamp 

Eine der Hauptschwierigkeiten beim Entwurf emes Doppel-T-Filters für einen Frequenzenbereich 
liegt in der Konstruktion einfacher Mittel zur Frequenzverstimmung, die nicht gleichzeitig den 
Gütefaktor scharf reduzieren. 
In dem beschriebenen Entwurf erfolgt die Frequenzverstellung durch Ánderung emes einzigen 

Parameters und mit nur geringem Einfluss auf den vorgegebenen Gütefaktor. 

Zusammenfassung des 
Beitrages auf Seite 384-387 

Ein Prâzisionsdreieckwellen-Generator mit grossem Frequenzhub  von G. Klein und H. Hagenbeuk 

In diesem Dreieckwellengenerator wird breiter Frequenzhub (--104) mit sehr genauer symmetrischer 
Wellenform kombiniert.  Die Abweichungen des Amplitudengangs und der Symmetrie liegen 
innerhalb 0,1 Prozent, und die Frequenzkonstanz ¡st besser ais I x 1O-'. Die Schaltung kann ais 
Grundlage für einen Sinuswellenoszillator mit einmaligem Durchlauf oder einen FM- Modulator und 
Spannungs-(Strom-) Frequenzumsetzer dienen. 

Zusammenfassung des 
Beitrages auf Seite 388-390 
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For more information circle No. 113 

HATFIELD MUM 

N E L DYNAMICALLY LOADED BEARII\ .deb 

SWITCH ASSEMBLY 
FOR 

Write for full details of the Hatfield Matrix 
Switch Assembly to: 

H ATFI EL D B AL U N 

H ATFIEL D IN S TRU MEN TS LTD., 

This new Hatfield Matrix Switch Assembly saves time, trouble 
and 30%, of costs. It offers an entirely new approach to contact 
arrangement without loss of efficiency. Assemblies can be 
supplied with the required number of rows and columns of con-
tacts and any combination can be rapidly selected by the insertion 
of the appropriate number of pin plugs—themselves available as 
simple "shorting" types or with a diode or other components 
fitted within the plug cap. Applications in logic systems, auto-
mation, programming, monitoring, numerical tool and process 
control, data handling, etc. are unlimited and the assembly offers 
scope for a high degree of simplicity in setting-up operations 
of all kinds. 

• Gold-plated contact surfaces. 

• 118—in. diam. pins do not bend in use. 

• Low capacitance. 

• Low contact resistance. 

• High insulation resistance. 

• Multi-layer boards and pins available. 

The Hatfield Matrix Switch Assembly shown above is employed in a 
Control Console forming part of the N.E.L. Dynamically Loaded Bearing 
Machine, built for the National Engineering Laboratory by G.E.C. (Elec-
tronics) Ltd., Aerospace and Defence Division, Applied Electronics 
Laboratories. Photograph reproduced by courtesy of National Engineering 
Laboratory and G.E.C. (Electronics) Ltd. 

Dept. EE, BURRINGTON WAY, PLYMOUTH, DEVON. 

Telephone: Plymouth (0752)7277314 Telegrams: Sigjen, Plymouth. 
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For more information circle No. 114 

ieTALK PO WER SUPPLIES WITH ETHER', 

POWER SUPPLIES 
FROM ETHER... 
OFF THE 
SHELF 

TAYN Series 
Continuously variable 
twin outputs at 0.5k 
1A, 2A; 0-30V 

ABM Series 
Continuously variable 
single outputs at 0.5A, 

1A, 2A; 0-30V 
Series KK 
Single-output preset 
units at 5k 10A, 
15k 20A, 30A; 0-50V 

A SMALL SELECTION FROM THE LARGEST RANGE IN EUROPE 
—and we make 'specials' to order 
Stabilisation ratios up to: 10,000:1 
Typical ripple down to: 200p.V p/p 
Output resistance down to: o.oun 

Ether Limited, General Products Division, Caxton Way, Stevenage, 
Herts. Telephone Stevenage 4422. Telex Ether Stevenage 82319. 

G.P.24 
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For more information circle No. 115 

ee lip for tee  

POTTER 
AND 

BRUMFIELD 
HAVE 

GOT YOU 
COVERED 

WITH A RANGE 
OF 

120 RELAYS 
AVAILABLE EX-STOCK FROM 

Hardmans of Rochdale 
Hardman & Co Ltd 
P.O. Box 23 Hardale House 
Baillie Street Rochdale 
Tel: Rochdale 47411 

Send to 
any of \ 
these \ 

addresses for  ° 
our detailed \ 
catalogue 

SASCO 
Stewart Aeronautical Supply 
Co Ltd P.O. Box No. 23 
63 Gatwick Road 
Crawley Sussex 
Tel: Crawley 28700 

Texas Instruments Limited 
Supply Division 
12 Wellcroft Road 
Slough Bucks 
Tel: Slough 29481 

P OTTER G. B R UIVIFIELCI 
Division of A. M.F International Ltd 
Binsey Lane Oxford Tel: Oxford 40701 

For more information circle 

leaders 
• 
in their 
field 

No. 116 

Newport—best-known 
name for electromagnets, 
magnet power supplies 
and magnetometers in 
laboratories all over the 
world. Because Newport 
specialisation gives 
superbly accurate, 
dependable equipment at 
economical prices. 

See the full range in the 
Newport Catalogue 
.. send for your copy now 

laboratory electromagnets 

magnetometers magnet 
power-supplies 

Newport 
ilinstruments 
NE WPORT INSTRU MENTS;LTD. 

Newport Pagnell, Bucks, England 
Telephone: Newport Pagnell 401 
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ACTUAL SIZE 

TANTALUM 
CAPACITORS 

69F SERIES POROUS ANODE, WET ELECTROLYTE 

ACTUAL SIZE CHART 

From 80µF ® 125V 
To 1200mF @  6V 

0.375' Dia 
1.062' Long 

25mF @ 125V 
560µF (41  6V 

0.375' Dia 
0.756" Long 

9µF@125V 
270!LF @  6V 

0.281' Dia 
0.641" Long 

1.7mF @ 125V 
68 µF (4) 6V 

0.188" Dia 
0.453" Long 

* HIGHEST VOLUMETRIC EFFICIENCY 
of any military grade electrolytic—up to 4 times the CV 
product for equivalent case size compared with solid 
tantalum 

*VERY LOW LEAKAGE CURRENT 
as low as 1/50 of that for solid tantalum 

* WIDE APPLICATION RANGE 
1.711F to 1,200lsF at 125V to 6V; operating between 
—55°C and +125°C 

*HIGH RIPPLE RATING 
up to 750mA rms ripple current at 85°C 

*SPECIAL THIXOTROPIC GELLED ELECTROLYTE 
no orientation problems; excellent thermocycle stability 

*NO MOUNTING PROBLEMS 
4 parallel sided tubular case sizes 

*TOP MILITARY PERFORMANCE 
designed to meet or exceed the requirements of 
MIL—C--3965 and DEF 5134A 
Write or 'phone for further information to our Sales Office. 

EMIHUS 
MICROCOMPONENTS 
LIMITED 
Sales Office: Heathrow House, Bath Road, Cranford, Hounslow, Middlesex. Tel: 01-759 9584/5, 9961/2. Telex 23613 

EML 7 
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For more information circle No. 118 

NE inolloi 
series 

cuts frills and costs to give 
exactly the performance 
you need! 

... and this is the Racal 806R Digital Frequency Meter 



For more information circle No. 119 

The increased complexity and advanced performance 
of much of today's equipment has created the need 
for a new approach to specialised instrumentation. 
Racal's answer to this can be summed up in two 
words—effective standardisation. The critical circuit 
and "adjust-on-test" approach have no place in this 
new Racal concept. Racal digital experience has 
produced preferred circuitry in the form of standard 
interchangeable modules. The result? —a simplified 
purpose-designea range of digital instruments: the 
Racal 800 Series. 
Each instrument gives you the highest degree of 
accuracy in its own specialised field. Just that. No 
fancy 'extras' that you don't need for your particular 
application. So you don't have to pay £1,000 for an 
instrument to do a £500 job. That makes sense, 
doesn't it? And that's the measure of the type of 
saving Racal now offers you. 

For example-
the Racal 806R 
Digital Frequency Meter 
at £445 has been 
specifically designed 
for HF spectrum use. 

OSCILLATOR STABILITY 1 IN 107 IN THREE 

C Measures 2 Hz to 32 MHz 

C 1 Megohm input impedance with 
10 mV sensitivity 

D "Instant follow" latched display when 
significant frequency change occurs 

D Modular wrap-around construction allows 
rack mounting or free standing use 

C Type 803—First ever fully automatic 
Heterodyne Converter extends range to 500 MHz 

D 2 parts in 108 daily ageing rate 

MINUTES 3 

In rapid succession to the 806R, Racal will 
release, for delivery this year, more 800 series 
instruments. 
Including: A 100 MHz DIRECT Frequency 
Meter, three 500 MHz Automatic Heterodyne 
Converters, a 1 MHz preset Counter/Timer, a 
VHF/UHF calibrator using state-of-art sampling 
techniques. Others now in final development 
stage will follow quickly. 

800 series information 
and a demonstration date from 
Brian Cuthew, 

RACAL INSTRUMENTS LTD 
CROWTHORNE 
BERKSHIRE • ENGLAND 
Telephone: Crowthorne 2273 
Telex: 84166. 
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For more information circle No. 120 For more information circle No. 121 

TYPE LP 9B. 
Oil Industry. 

PRECISIO N 

P OTENTIO METERS 
(ROTARY & RECTILI NE AR) 

ARE GEARED TO 
EVERY 

M AJOR INDUSTRY 
OVER 5000 TYPES OF 

CUSTO M-BUILT PRECISION 
POTENTIO METERS WITH 

DIFFERENT APPLICATIONS 

M ANUFACTURED IN THE 
LAST T WO YEARS 

Rectilinear Potentiometer used in the 

ten 

FOR ENCLOSED LOOP, VALVE 
CONTROL AND REMOTE INDUSTRIES. 

Our precision potentiometers have found universal application in the Chemical 
and Oil Industries, in tankers and refineries, and provide complete reliability in 
the indication and control of flows.  For example, they are widely used for valve 
indication in oil tankers.  Also as an integral part of chemical and oil plants 
actuators (fitted inside piston rods).  A recent development is for remote valve 
indication for linear and rotary valves, so that the precise valve position is 
known.  Our rectilinear potentiometers are also in feedback devices of valve 
actuators controlling valves. 

W E H AVE A REP UTATI O N FO R S OLVI N G 

A PPLICATI O N P R OBLE MS FOR A LL IN D USTRIES 

SEND FOR COLOUR BROCHURES AND SPECIFICATIONS TO DEPT. E.E.7 

)PE N N Y  GILES L T D 
MUDEFORD•CHRISTCHURCH•HANTS•Tel:Highcliffe223314 

Also in Switzerland, Case 2 -1211, 6, Suisse 

NEW! 

Datum 

These outstanding new cases 
have now been introduced to the 
highly successful Datum DB 
series and incorporatethe follow-
ing important design features: 

I] Smart modern appearance 
blends with "space-age" 
equipment. 

U Immense strength and rigidity 
by means of exclusive Datum 
corner inserts. 

D Choice of silver grey or silver 
blue  hammertone finish — 
other colours to order. 

D Full ventilation facilities. 

D 4 sizes. 
D Optional accessories include, 
sectional  chassis,  front 
panels, panel handles. 

E Send for your specification 
leaflets NO W! 

sets 
the 
standard 
in 
CASES 

BEDCO LI MITED 
DATU M DIVISION 

Colne W ay Trading Estate, W atford By-pass,. 
W atford, Herts. Telephone: W atford 22351. 

C H AI R M AN:  SI R  ED WAR D  BE D DI N GTO N-BE H RE N S-
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Cook for ten minutes 
and season 
Microwave heating can be used to dry or heat all kinds of materials 
and products with incredible speed and economy. Heating food and 
seasoning timber are just two of its applications. The successful 
development of microwave heating equipment largely depends on. 
the choice of magnetron. The EEV 25kW BM25L/M5036 is ideal 
because it copes with the conditions likely to be encountered in micro-
wave applications. If you are exploring the-possibilities of microwave 
heating, have an early word with EEV. Details of the 25kW BM25L1 
M5036 and other EEV magnetrons are available on request. 

ENGLISH ELECTRIC VALVE COMPANY LIMITED CHELMSFORD, ESSEX. TELEPHONE: 61777 
AP 297 
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raising efficiency 

400 Hz CANOPY SET 

to the id Al 
In all situations where reliability, minimum maintenance and high performance are essential. 
Mackie 400 Hz brushless type Motor Alternators have achieved outstanding popularity in 
Industry and electro-mechanised Commerce. 
Illustrated above is a canopy protected power supply designed for semi-permanent siting on 
missile stations throughout the world. The two electrically-driven alternators embodied 
provide outputs of 208V, 3-phase and 115V, single-phase respectively. Output voltages are 
controlled within ±1 % and total waveform distortion is less than 1 % at 0.8 RE. Voltage 
modulation less than 4-%. Recovery time, after switching 100% load, less than 40 milliseconds. 
Complying with B.S.2G100 (Part 3). The unit is designed to withstand a bombardment of 1 
inch diameter hailstones and winds up to 110 knots and will operate satisfactorily in ambient 
temperatures of between minus 40°C and plus 52°C. 
A range of single-carcase, vertical, brushless machines is available. Also horizontal brushless, 
double-inductor or slip-ring type alternators—tailored to your needs. 

For further advice and discussion.Mackie 
engineers are at your disposal. 

W MACKIE ft CO. LTD. Willow Lane, Mitcham, 
Surrey. El Telephone MITcham 0951-6 
Grams: Mackie Croydon Surrey. D Telex 264041 
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Why 
Stewarts and Lloyds 

tubes 
seam longer 

The success of continuous seam welding of tubes at Stewarts & Lloyds 
has a lot to do with their RF generators. Its reliability has meant trouble-
free runs in the production of some of the longest seam welded tubes ever 

made. Power for these generators comes from 4 English Electric BW194 
high power triodes, which are particularly well suited to this application 
and are part of a whole range of valves developed by EEV for industrial 
purposes. This industrially orientated range is available in outputs up to 
250kW with air, water or vapour cooling. For further technical details and 
the name of your nearest stockist, write to: 

ENGLISH ELECTRIC VALVE COMPANY LIMITED CHELMSFORD, ESSEX. TELEPHONE: 61777 
AP290 
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àe uety (Sr, 
&!ia6iL_iy Lof YOUR PRODUCT START a!your SUPPLIER 

BRITISH PRODUCTIVITY 
COUNCIL CAMPAIGN 

ROL LET & CO. LTD. 
ALUMINIUM MAGNESIUM  BRASS COPPER BRONZE  STAINLESS STEEL NYLON ROD  TUBE SHEET STRIP  WIRE 

On3y Mitional In 9endent Stocet—Branches in most 31:_ajor aties.Since 1896 -No Ckeiegliio Smair 

A Mark of Quality 

CADMIUM 
SULFIDE AND 
SELEMDE 
PHOTO-
CONDUCTIVE 
CELLS 
MORI PHYSICS & CHEMISTRY 

LABORATORY CO., LTD. 
205 Tozuka-machi, Tozuka-ku,Yokohama, Japan 

Cable Add: MORIRIK A YOKOHAMA 

For more information circle No. 126 

RESISTANCE, CAPACITY & INDUCTANCE BOXES 

Accuracy at 
economic prices 

Wide selection of units 
covering the following 
ranges: — 

Capacity  —10pf to 1 I luF 
Resistance -0.1n to 100 KO 
Inductance—I mH to 10 H 

* Foreign AGENCY 
,enquiries welcomed 

LIOND2OUNT 

Resistance Voltage Dividers and Wheatstone Bridges available 

LI O N M O U NT & CO.  LTD. 
Bellevue Rd., New Southgate, London, N.I I, England. Tel: Enterprise 7047 

For more informationcircle No. 127 

FRACTIONAL H.P. MOTORS 
H.P. G.E.C. Resilient  97/6 
H.P. HO OVER Capacitor ISO/. 
H.P. L.D.C. Capacitor  200/-

4 H.P. L.D.C. Capacitor  300/. 
SUDS PUMPS for lathes 230/250 vt 210/. 

SEND FOR COMPLETE STOCK LIST 
RACKS—POST OFFICE STANDARD. 6ft. high 
with U-channel sides drilled for I9in. 
panels, heavy angle base. C7-10-0 

RELAYS P.O. 
TYPE 3000 

Built to your own specification 
COMPETITIVE PRICES 
QUICK DELIVERY 

QUOTATIONS BY RETURN 

L. WILKINSON (CROYDON) LTD. 
LONGLEY HOUSE, LONGLEY ROAD, CROYDON, SURREY 

For more information circle No. 128 
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The sole of this K-Shoe was made by the 
injection moulding process pioneered by The 
British United Shoe Machinery Co. Ltd. During 
the  development  of their  injection  moulding 
machinery, British United relied on Kodak 'Lina-
graph' Direct Print Paper in their oscillograph 
recording. 

More than likely Kodak 'Linagraph Direct Print Paper 
could save time and money for you, too. Post the coupon 

today for full details. 

Kodak 

For more information circle No. 129 
1 

graph' 
t aper 
with 
ing . 

British United Shoe Machinery! 

Why 'Linagraph'? Let Mr. D. J. Simmons, a 
Manager in British United's Research Department, 
tell you. "In work of this type," he says, "we need 
a really rapid and reliable print-out image. 'Line-
graph' by providing an almost instant image, 
without processing, enables us to make critical 
on-the-spot adjustments in our tests. This of course 
saves us time and money." 

MM  IIIIII  1111 

To: Kodak Limited, Department 73, Kodak House, 

I Kingsway, London, W.C.2. 

I NAME  
mi ADDRESS'   

I  Please send full details of Kodak   
SERVES INDUSTRY  'Linagraph' Direct Print Paper. 

  LMIIII  MIMI MIMI 11•1 MI Ma 
EE 1 
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Grab the new Solartron 
portable 'scope. Pack your bag. 
Travel anywhere. 

S OL A  T R O N  C O16712 
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Your shaver may buck at 
the mains supply. But never your 
oscilloscope. 

Meet CD 1642. 
The new Solartron solid-state go-anywhere 

oscilloscope with the clearest cleanest trace you 
ever saw on a portable. 
It works anywhere there's power. And any-

where there isn't. 
Plug in to Ioo -13o V a.c. or 2oo -260 V a.c. 

at any frequency from 44-440 Hz. 
Or in to 12-30V d.c. A car battery maybe. 

Or use the built-in rechargeable battery. 
CD 1642 works anywhere because it is built 

to travel. It weighs only 22 lbs ready for 
work. Or 3olbs with the battery pack. 
Yet it gives you full laboratory 

performance. Better than is MHz 
bandwidth at io mV/cm. Dual trace. 
And the most effective triggering 
yet devised. 
How much is CD 1642? 

Only £295. Better write for 
full specifications. 
Wherever you are. 

SOL ARTRO N 

w r  France Société D'Instrumentation 
Schlumberger Diffusion Commerciale E 241 Avenue Gambetta Paris 20 ème. 

West Germany Schlumberger (Overseas) 
Messgeratebau und Vertrieb 

nI  I, Gmbh 8000 Múnchen 15, Bayerstrasse 13. 

Australia The Solartron Electronic Group Ltd. P.O. Box 138, Kew, Victoria. In addition there are 68 agents in territories throughout the world. 

The Solartron Electronic Group Limited  Farnborough Hampshire Telephone 44433 A member of the Schlumberger Group 
0/EE/ 

+-
Sweden Schlumberger Svenska AB 
Vesslevagen 2-4 Lidingo 1. 

Italy Schlumberger Italiana Spa 
Divisione Strumentazione 
via Veniero 7 Milano. 

-  Switzerland Schlumberger 
Messgerate AG Badenerstrasse 333 
8040 Zurich. 

Austria Schlumberger 
Overseas GES.M.B.H. 
A 1120 Vienna, Twoligasse 74/8. 
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COPPER CLAD 
LAMINATES 

FOR THE PRI NTE D CIR CUIT IN DUSTR Y 

1. WHERE TO GO FOR PROMPT DELIVERY ? 

2. WHERE TO GO FOR SUPERIOR QUALITY ? 

3. WHERE TO GO FOR REAL VALUE P 

4. WHERE TO GO FOR INTERESTED TECHNICAL HELP ? 

Also at: 
ZURICH 
PARIS 
HAMBURG 
MILAN 
BRUSSELS 

W OKING 

Oswald E. Boll 
Limited 

of 4A COMMERCIAL ROAD, WOKING, SURREY. 
(Tel: Woking 61633 or 2018) 

[
SUPPLY THE ANSWERS TO ALL 4 QUESTIONS. WE hold in stock in the U.K.:— 
G.10, G.11, FR4 and FR5 Glass Epoxy (American) 
FR3-1201 Paper Epoxy (American). 
Paper/Phenolic (American & Continental) 

to meet ALL SPECIFICATION work, together with a.wide 
range of Black, White, Red, Blue and Green Copper Clad 

Intermediate grades for special purpose work. Pre-preg 

(B Stage) and thin Glass/Epoxies, also available. 

WE can also help you with flexible Copper Clad. We now represent 
Riegel Corporation of the U.S.A. and enquiries for their wide range 
of plastic Substrates and conductor metals will be welcomed. 

Q UIETLY SUPERI OR 

I- PIC. DUCTING 
o 

LU 
CO 

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 3ff. 

eegse send for details ded prices. 1177. 

CRITCHLEY BROS LTD BRIMSCOMBE•STROUD•GLOS. 
Tel Brtmscombe 2208 (3 lines/ 

TELEX 43194, 
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PRECISI O N 
V OLT AGE 

A N D 
C URRE NT S OURCES 
WITH A CCUR AC Y 

OF 0.05 olo 

Two additions to the Bradley range of Calibrators have recently been made. 

The Type 127 D.C. CALIBRATOR provides  The Type 132 D.C. CURRENT CALIBRATOR 
from lmV to 509.9V d.c. at an accuracy  provides from li.tA to 100mA d.c. 
of 0.05% ±25A/, with a current  at an accuracy of 0.05% ±0.01 A, 
capability of 20mA.  with a voltage capability of 100 volts. 

Features of both models include a Percentage Deviation Indicator giving continuous variation over 
two ranges —1% to +1%, and —5% to +5% of output setting, with meter indication; and a Sweep 
Facility to vary the output from —5% to +105% of output setting, again with meter indication. 
Provision is made for automatic programming over the full ranges of output. 

Details are given in the booklet "Calibration Equipment". May we send you a copy ? 

BRADLEY INSTRU MENTS 
G. S. E. B R ADLE Y LTD 
ELECTRAL HOUSE, NEASDEN LANE, LONDON, N.W.10. 
TELEPHONE: 01-450 7811 TELEGRAMS: BRADELEC LONDON N.W.10. 

 .1 TELEX: 25583 
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The DVM's: 

We make our 
digital volt meters 
with integrated 
circuits. They 
do more and sell 
for less. We make a 
model for every 
price range. One is 
for you. Made 
to measure. F AIFI C HIL—C1 

Fairchild 7200: 

A full 5-digit meter made for precision measurements in the laboratory 

or on the production line. It operates to a high standard of accuracy, with 

lOpY resolution, and excellent short and long term stability. The principle 

of operation is based on a new concept where high accuracy and long 

term stability are achieved by a digital time base memory (Pat. Pend.). 

The basic unit provides DC voltage measurements, DC ratio measurements, 

and counting functions to 1MHz. Optional plug-in cards or modules pro-

vide AC measurement, frequency measurement, resistance measurement, 

and other capabilities. Basic unit price is $3500.00. 

Fairchild 7100A: 

A full 4-digit meter with extensive capabilities for laboratory and produc-

tion line measurements. The 7100A measures voltage, resistance and ratio, 

with AC capabilities optionally available in a plug-in unit. It features 

guarded construction, 10,uV resolution, 0.01 % performance, and excellent 

stability. Price is $2075.00. 

Fairchild 7000: 

A small, half-rack size, portable, medium price 4-digit meter, the 7000 

features 0.01 % accuracy. The basic unit provides DC voltage measure-

ments, with provisions for adding AC voltage, resistance and current 

measurements as well as autoranging and BCD output. The front panel 

of the instrument controls all measurement functions, so that capabilities 

may be added simply by plugging in a circuit board. Basic unit price is 

$1150.00. 

Fairchild 7050: 

This low-cost, accurate, 3-digit instrument is intended primarily as o 

replacement for analog-type meters and panel indicators in such applica-

tions as production testing, general testing, quality assurance, servicing 

and the like. Basic features include DC volts and resistance, full scale 

readout of 1500, input impedance greater than 1000 megohms, floating 

input, and readout storage (non-blinking display). Price is $299.00 

F AI R C HI L D 

INSTRU MENTATION 

Representative: Aveley Electric Ltd. South Ockendon, Essex, Tel: South Ockendon 3444, TWX: 24120 AVEL OCKENDON 

European Headquarters: FAIRCHILD INSTRUMENTATION LTD., Grove House, 551 London Road, Isleworth, Middlesex, England, Tel: 560-0838, TELEX: 24693 
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WHY IS THIS 
NEW VARIABLE 
POWER SUPPLY 

SO EXTRAORDINARY 

COLLEANT ELECTRONICS OD. READING. 

1.11. M IR 

Because it is not a 'run-o'-the-mill' unit. It 
is Coutant designed, Coutant built and has 
in-bred Coutant reliability. Its star opera-
tional features include: constant current 
overload protection, precise voltage setting 
by multi-turn potentiometer, 0.005% volt-
age regulation, and provision for remote 
sensing. Each component has been in-
cluded for its record of high-performance 
reliability. Here are all the advantages of an 
advanced all-silicon design in a moderately 
priced power supply. 

TYPE VOLTAGE CURRENT HEIGHT WIDTH LENGTH WEIGHT PRICE 

LA100 0-50 1 amp 
81" 

216 mm 

51" 

143 mm 

91" 

250 mm 

12 lbs 

5.5 kg 

£76 

LA200 0-30 2 amp £79 

LA400 0-15 4 amp £81 

LB200 0-50 2 amp 
81" 

216 mm 

51" 

143 mm 

141" 

368 mm 

18 lbs 

8.2 kg 

£105 

LB500 0-30 5 amp £110 

LB1000 0-15 10 amp £115 

PAM CT2 

c oullati nut 
amll ctreceni cs Ittl 
Electrotech Instrument Division, Trafford Road, Richfield 
Estate, Reading, Berkshire.  Tel: Reading (0734) 55391 
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JUST LOOK AT It..1 
but don't be hypnotized by its quality 
A Coutant Power Supply Module is a perfect 
example of quality being seen by the naked 
eye. But with Coutant beauty is not just 
skin deep. Beneath this module's aesthetic 
geometry is sophisticated circuitry designed 
to ultra high standards in the Electrotech 

ALL SILICON MODULAR POWER SUPPLIES 
"E" SERIES MARK Il 
Stabilisation ratio: 5000: 1 Ripple: 20011 V 
Output resistance: 2 m/ohms Ambient temperature : 60°C Max. 
TYPE  SIZE REF. CURRENT VOLTAGE* U.K. PRICE 
ES 50  IA  -1 amp 
ES 100  18  1 amp 
ES 200  2  2 amp 
ES 300  3  3 amp 
ES 500  4  5 amp 
ES 700  5A  7 amp 
ES 1000  5A  10 amp 
ED 50  2  2 xf amp  2 x 5-30 
ED 100  2  2 x 1 amp  2 x 5-30 
ED 200  4  2 x 2 amp  2 x5-30 
ED 300  5A  2 x 3 amp  2 x 5-30 
ED 500  5A  2 x 5 amp  2 x 5-30 
"ELV" SERIES LOW VOLTAGE MODULES 
ELV 50  lA  amp  5-15 
ELV 100  1A  1 amp  5-15 
ELV 200  18  2 amp  5-15 
ELV 300  2  3 amp  5-15 
ELV 500  3  5 amp  5-15 
EU! 700  4  7 amp  5-15 
ELV 1000  4  10 amp  5-15 

5-30  £24 
5-30  £26 
5-30  £33 
5-30  £37 
5-30  £50 
5-30  £65 
5-30  £70 

£42 
£47 
£63 
£71 
£96 

£22 
£24 
£28 
£30 
£40 
£47 
£51 

Instruments Division. Coutant do not make 
light use of the word quality. In this 
advertisement it means circuitry designed 
by engineers for engineers. It means the 
use of high-performance components. It 
means in-bred reliability. 

"K" SERIES 
Stabilisation ratio: 5000: 1 
Output resistance: 2 m/ohms 
Ripple: 200 1.1V 
TYPE 
KS 50 
KS 100 
KS 200 
KS 300 
KS 500 
KS 700 
KS 1000 
KS 1500 
KS 2000 
KS 3000 
KO 50 
KO 100 
KO 200 
KO 300 
KO 500 

Ambient temperature: 65°C 
Series or parallel operation 
Linear or non-linear loads 

SIZE REF. CURRENT VOLTAGE* U.K. PRICE 
1A  + amp 0-30 £33 
18  1 amp  0-30  £42 
2  2 amp  0-30  £54 
3  3 amp  0-30  £66 
4  5 amp  0-30  £82 
5A  7 amp 0-30 £112 
5A  10 amp  0-30  £132 
6A  15 amp  0-30  £175 
6A  20 amp 0-30 £210 
6A  30 amp  0-30  £270 
2  2 xf amp  2 x 0-30  £53 
2  2x1 amp  2 x 0-30  £76 
4  2 x 2 amp  2 x 0-30  £97 
5A  2 x 3 amp  2 x 0-30  £119 
5A  2 x 5 amp  2 x 0-30  £148 

KO 1000 6A 2 x 10 amp 2 x 0-30  £240 
OA 10 double output miniature power supply 12 to 15 V. 
at 100 mA on each rail £22 
* Higher voltage models and unregulated supplies also available 

SIZE REF. 
1A 
18 
2 
3 
4 
5A 
58 
6A 

WIDTH 
3* 
3f 
3f 

6f 
13f 

17f 

HEIGHT 
4 

5* 
7 

7 
7 
81 

DEPTH 
71 
91 
12 
121 
121 
121 
161 
171 

APPROX. WEIGHT 
5 lbs. 
7 lbs. 
8 lbs. 
15 lbs. 
20 lbs. 
34 lbs. 
38 lbs. 
77 lbs. 

PAM CT 



VT  VT?' 

••••• I 

c  ulleinit 
ftlectronics ltd 
Electrotech Instrument Division, Trafford Road, Richfield 
Estate, Reading, Berkshire. Tel: Reading (0734) 55391 
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TEST WITH THE BEST 
TEST WITH A SANWA 

is used 
throughout the world 

for its unbeatable performance 
The Sanwa Model 380-Co is a high-sensitivity circuit tester equip-
ped with a meter movement of 30 microamperes.  Like all other 
multitesters from Sanwa Electric, 380-Co offers the utmost in per-
formance, versatility and durability. 

Features of Model 380-CD: 
• Rugged construction combines with the double meter movement protec-
tion device to withstand heavy-duty service. 

• Capacity and inductance can be checked by employing external power 6 
or 8 (at option) volts AC, which is calibrated by the meter to eliminate 
reading error. 

• Despite high-sensitivity movement, the pointer's, response is quick for 
good damping effect. 

• Large-size knob which rotates the range switch smoothly and securely 
selects prescribed measurement ranges. 

Measurement ranges available: 
DC voltage:  0.3r 3v 12r 60r 300v (33.3 W/v) 1200r 3000r (18.8k0/r) 

AC voltage:  3v 12r 30v 120r 300v 1200r (51d2/v) 
DC current:  30ya 3ma 30ma 300ma (300mv) 
Resistance:  Range  — X1  X10  X100 X10000 

Midscaie — 200  2000  21d2  2001d2 
Volume level:  +10— +23dh up to +63db 

Capacity:  0.001 —0.1 4  1pf-100pf } Use external power. 
Inductance:  10H-0.1H  2000H-20H 
Batteries:  One 1.5r (UM-2) and four 1.5v (UM-3) dry cells. 
Size and weight: 185mm x 128mm x 74mm and 1120 gr. 

e SANWA ELECTRIC 
INSTRUMENT CO., LTD. 

Dempa Bldg., 2-chome, Sotokenda, Chiyoda-ku, Tokyo, Japan. Cable: "SANWANIETER TOKYO" 

KagDE Household Bectrix lid 
47-49 High Street, Kingston on Tha mes  Telephone: KINston 4585 
Cables:  HOUSELEX KINGSTONONTHAMES 

LEACH 
RELAYS 
SERIES l( AND DI 
10 AMP 4P0T RELAY IN A 1 CUBE CASE 

A true subminiature 4-pole relay! Not 
much bigger than a sugar cube—yet it 
will switch 10 amp over 100,000 times 
and will resist shock to 100-500 g's 
and vibration to 30-50 g's. All-welded 
can. Polarized. Designed to meet 
the severest environmental applications 
in the aircraft and electronics 
industries. Available in a variety of 
mounting and terminal styles. Just one 
of the series of Leach Relays, Time 
Delays, Power Contactors and High 
Environmental Tape Recorders, covering 
the whole range of electronic 
requirements. 

Send for full data and specifications. 

FieldTech Ltd 
London Airport • Hounslow • Middlesex 
Telephone: SKYport 2811 

ELECTRONIC  ENGINEERING  106 JUNE 1967 



For more information circle No. 141 

• Erie take a pride 
in performance 
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Erie manufacture two Ceramicons of specific interest 
to the communicationsfield : the Style 390 sub-miniature 
axial-lead Ceramicon and the Style 395 Transcap 
Ceramicon, in the identical configuration. Both are 
identical in quality, yet they have subtle differences in 
performance and in application. 

Designed as a conformal package, these Ceramicons 
are ideal for high density circuitry. 
The single miniature ceramic plate of Erie high permit-
tivity or barrier layer material gives a discrete capacitance 
range of 5.6pf to 1,200pf and 5,000pf. The unique 
manner in which the axial leads are attached to these 
dielectrics produces a robust construction and good high 
frequency performance. The capacitance ceiling is very 

Erie. Transoap and Ceramico,, are registered trade marks of Erie Resistor Limited 

in communications 

high for insulated capacitors of this size and is comple-
mented by optimum voltage ratings over the range -55 C 
to  125 C. 
These three features are positive proof of Erie's flair 
and know-how in the design of components for 
communications. 
In communications, as in instrumentation, aerospace and 
defence circuitry systems and the whole range of modern 
electronics . . . Erie take a pride in performance. 

Write for details of the 390 and 395 to: 
ERIE RESISTOR LIMITED, 
Great Yarmouth, Norfolk England. 
Telephone: Great Yarmouth 4911. 
Cables: Resistor Great Yarmouth. 
Telex: 97421 
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These new rectangular potentiometers incorporate a variable resis-
tor controlled by a multi-turn lead screw with clutch mechanism 
to prevent overwinding.  Reliable operation over long periods is 
assured, combined with unusually low noise output  The price is 
realistic and delivery Is good. 
May we send you a sample and detailed specification for evaluation. 

"You can rely on Rivlin" 

RIVLIN INSTRU MENTS LI MITED. I 

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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UK3 
* 

• 

* 

* More than 6000 solar cells, made by Ferranti Limited, provide 
the power for the electronic circuits in this satellite, UK 3. 

*The printed circuits used in the assembly of these solar cells 
have been made by Ernest Turner Electrical Instruments Limited 
and are based on Copper-clad BAKELITE Laminated. 

*Copper-clad BAKELITE Laminated was chosen for the same 
reasons that it is used in computers, radio, television, 
telecommunications and all electronic fields—because of 
its outstanding mechanical and electrical properties 
and complete dependability of performance. 

*For more information on Copper-clad BAKELITE Laminated 
for printed circuits, send for a copy of our detailed booklet. 
Write to BXL Plastics Materials Group Limited, Dept. 812, 
12/18 Grosvenor Gardens, London SW1. Tel: SLOane 0898 

Printed circuits for the 
solar cells of this first 
all-British satellite 
are hued nn Copper-clad 
BAKELITE Laminated 

B  M O 
BXL Plastics Materials Group Ltd 
(FORMERLY BAKELITE LTD) 
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B ALZERS 
in 
Thin Film 

Even the most difficult Evaporation problems are solved 
with the 

Electron Beam 
Evaporation 
Device EVR 3. 
Fully water cooled Electron Beam system built on a 
single Lead-in of only 32 mm. dia. 
3 kW Beam power allows the evaporation of materials 
such as: 
W, Ta, Mo, Rh, Pt, Pd, Ni, Fe, Co, Ti, SiO2 A1203, Th02, 
Be0. 
Please request complete documentation. 

E3ALZE R 

BAILERS HIGH VACUUM LIMITED • BERKHAMSTED • HERTS • TEL.: 2710 • TELEX: 82 209 
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Now 
draw NanovoIts 
You know, of course, that Bryans 

20000/S has the highest sensitivity 
.available in standard plotters 
50µV. cm. 
Now Bryans new 51.N./cm. variant 

makes clear pen movements from 
input signals in the Nanovolt range. 
Writing speed 27in. sec. 
Be the first to draw Nanovolts. 

Let us demonstrate the 20000/S 
under your conditions. 
Bryans Limited, Willow Lane, 

Mitcham, Surrey. Mitcham 5134 

20000/S plotters 
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High Quality 
Components for the 
Professional User 

Subminiature Lamps 
and Lampholders 

10)111101IN 

Thorn Special Products Ltd —among the leading 
manufacturers and suppliers of high quality com-
ponents for the professional, electrical, electronic and 
aircraft industries —offer the widest range of products 
plus a complete service in instrument panel lighting. 
Technical literature is freely available. 

eetr Thorn Special Products Ltd t 
GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX.  ENFIELD 5353 

4.4  e  
a member of the Thorn Electrical Industries Ltd group of companies 

TSP 22 

R. G. INSOLL(COMPONENTS)LTD. 

P.T.F.E. LEAD-THROUGH 

AND STAND-OFF 

INSULATED TERMI NALS 

ELECTRONIC COMPONENT 

MANUFACTURERS 

• 

SPECIALISTS IN P.T.F.E. 

39 WILBURY WAY, HITCHIN, HERTS 
HITCHIN 5074Ij2 
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For 
ACCURACY 

RELIABILITY 

PRICE ECONOMY 

you can DEPEND 
on 
THE QUARTZ CRYSTAL Company Ltd. 
Q.C.C. Works, Wellington Crescent, New Malden, Surrey 
Telephones: MAL den 0334 8. 2988 Grams 8« Cables: Quartzeo, New Malden 

For more information circle No. 148 

Write for 
illuetreted 
Brochure& 
Price Use 

VACUU M  COATI NG  FR O M 

AL to ZN 
REFLECTING  •  TRANSMITTING 
CONDUCTING • ANTI-REFLECTING & 

ANTI-STATIC THIN FILMS ON GLASS 

Unequalled in Service to Science and Industry for over 20 years 

SPEEDY DELIVERY 

VACUUM COATINGS LTD. 
25 LEA BRIDGE ROAD • CLAPTON • E5 

01.806 7335 

For more information circle No. 149 

JUNE  1967 



For more information circle No. 150 

Jackie's a regular pulse-stopper. 

How many micro-seconds shall we put you down for? 

Jackie works on delay line assembly at Lexor. She makes marvels of miniaturisation: precisely and reliably to specification, as 
designed by the leading delay line engineers in the country. 
'Not that any of us girls'- she says -̀mind the men taking most of the credit. But it's fair to say that we're delay line experts too. 
How about working it in with the sign-off line f'rinstance?' 
While we're thinking about it, would you like Jackie to reserve some pulse-stopping time for you? 
How many micro-seconds shall we put you down for? 

Lexor Britain's leading delay line engineers (and assemblers) 
LEXOR ELECTRONICS LIMITED Allesley Old Road, Coventry. Tel: 72614 & 72207 CLexozi, 
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We pay our people to work for you 

•  mene  •••••  h., MM. 

t • 4 

Q•trélou• 

.tudi 

Iledeoubeer  • 

V. bawl ..  '1 Deedluxe 

Ile bu mmer 
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oat gm.  <eke* Ps. 

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. 

BROXLEA 
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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INESTINGHOU 
1•5 Am er Di il!ed Silicon I ode 
\\ 

To supplement the established range of power semiconductors. Westinghouse 
are producing the M.1. series of diffused diodes to provide d.c. forward currents 
up to 1.5A with reverse voltage ratings of 50 to 1000 volts. 

The M.1. diodes are encapsulated in a rugged epoxy resin case, providing high 
insulation resistance and full protection from moisture and humidity. The com-
bination of high operating and surge currents with minimum size results in a 
diode that provides greater flexibility for designers. The M.1. diodes conform to 
VASCA SO-78 and JEDEC DO-27 outlines. 

Westinghouse quality diodes and thyristors are manufactured in our 
Chippenham factory. 

1/e2 r-10 
QUALITY 
BRITISH 

PRODUCTS 

When it's a question of semiconductors 

O WEST 
is the power behind them! 

INGHOUSEO 

For further information write to: Dept. EE6/67 
SEMICONDUCTOR DIVISION 

WESTINGHOUSE BRAKE AND 
SIGNAL COMPANY LIMITED 
82 YORK WAY, KING'S CROSS 
LONDON N.1., 
TERminus 6432, Telex 261629 
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low cost 
ceramic plate 
capacitors 
1pf-50,000 pf 
Reliable automated production makes available at 
low cost type EpKu capacitors offering high 
capacitance per unit volume. 
Temperature compensating and High K types in 
seven dielectric materials with values ranging 
from r pf . 50,000 pf make them ideally suited 
to a wide range of equipment. 
Capacitance tolerances down to ±5% are 
available, and the voltage rating is 5 oV-. All 
types suitable for •1" grid and the physical sizes 
of the capacitors range from • i6" square to .47" 
square. All are .12" thick. 

steatite insulations ltd 
HAGLEY HOUSE, HAGLEY ROAD, 
EDGBASTON, BIRMINGHAM, 16. 
Telephone: EDGbaston 6961 

For more information circle No. 154 

61-8020 

"LIGHTNING" 

LIGHTNING BRAND HIGH FREQU EN CY 
CERAMICS ANSWER STRICT REQUIRE-
MENTS OF ADVANCEL RADIO AND 
ELECTRONIC TECHNOLOGY : 
(1) LOW LOSS AT HIGH FREQUENCY 

TEMPERATURE AND HIGH HUMI-
DITY. 
HIGH DIELECTRIC STBENGTH, 
INSULATION RESI STANCE AND 
MECHANICAL STRENGTH. 
SMALL COEFFICIENT OF EXPAN - 
STIR. 
HIGH STABILITY UNDER VA RIOUS 
CLIMAT IC CONDITIONS, UNDER 
VIBRATION, IMPACT, RADIAT ION 
OR CHEMICAL REACTIONS. 

(6) PRECISION MA DE WITHIN CLOSE 
TOLERANCES. 

(3) 

(4) 

(5) 

M ADE TO ORDER. 

Enquiries and ordeal are cordially molted. 

CHINA NATIONAL INSTRUMENTS IMPORT & EXPORT CORP. 
SHANGHAI BRANCH 

27 Chung Shan Road. El, Shanghai.  Cable Address: INSTRIMPEX Shanghai 

FREQUENCY 
CONTROL 

for 
communications 
equipment 

BOO KIS 

CRYSTALS 

Providing an extensive range 
of crystals for frequency 
control, in all sizes, designed 
to meet the requirements of 
the communications equip-
ment designer and manufac-
turer, Brookes Crystals are 
available in either hermeti-
cally sealed metal cans, or a 
variety of evacuated glass 
envelopes. 

Write now for detailed 
literature and price lists. 

Stand for dependable 
frequency control 

Brookes Crystals (1961) Ltd., 
Cornhill,  IlmInster,  Somerset. 
Telephone: Ilminster 2271/2 

For more information circle No. 155 
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Before you specify tantalum 
for temperature and reliability, 

take a look at Mullard 
solid aluminium electrolytics 
—they're bigger but a 
fraction of the price 

15 million component-hour life tests on Mullard solid 
aluminium electrolytics have established a failure rate 
comparable with solid tantalum types. 
Long term stability is as good. 
So is low temperature performance. 
There are no shelf life problems—reforming is eliminated. 
And they are available ex-stock. 

BUT THE BIG THING IS THE PRICE 
Just look at this graph. Compare costs on a 
Capacitance x Voltage basis. 

Working  4V  6.3V  10V  16V  25V  40V 
Voltage 

Value C415 16 to 100 12.5 to 80  8 to 50  5 to 32  3.2 to 20 

(uF)   
121 180 to 390 150 to 330 100 to 220 56 to 120 39 to 82 

By the way, Mullard also makes solid tantalums. 
Get the whole story (and a quotation) from 
Mullard Limited, Industrial Markets Division, 
Mullard House, Torrington Place, 
London WC1. Telephone: 01-580 6633 

2 to 12.5 

18 to 39 
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This is the only aluminium 
electrolytic available in the UK 
which operates over this 
temperature range 

It's smaller than an equivalent tantalum foil type, 
two thirds the weight and two thirds the price. 
The TCC Extended Temperature Range capacitor is 
the big breakthrough in aluminium foil electrolytic 
design. Improved foil etching processing plus new 
formula electrolytes enable an extended temperature 
range to be achieved with a considerable reduction in 
size and weight. 
At the same time you get near tantalum performance 
... life tests prove excellent reliability and stability of 
parameters. Changes of capacitance, power factor and 
leakage current meet the requirements of MIL-C-39018. 

The Telegraph Condenser Company Limited, 
Wales Farm Road, North Acton, London W.3. 
Telephone: Acorn 0061 Telex: 261383 
Telegrams: Telefarad, Wesphone, London. 

PLESSEY 
Components Group 

There are seven sizes, values range from 3.3 to 
1,000µF. Working voltages from 5 to 200V at 125°C. 
Get the full story. Send the coupon now. 

Please send me Bulletin 100 
on the TCC Extended Temperature Range 
Electrolytic capacitors. 

Name   

Position   

Company   

Address   

I am particularly interested in capacitors for 
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BOOKS 

eltette,r 
All purpose 6" & 12" Units 
* I', 2', 3' or 4' Vacuum Systems 
* Fully fitted workchamber 
* 10-4 torr in 4 minutes with 4' system 
* I2v. 40A. LT Evaporation supply 
* 3000v. 100mV. Ion clean up supply THE QUEEN'S AWARD 

TO INDUSTRY 

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. 

RADCLIFFE  • MANCHESTER 
Tel.: Radcliffe 3041-5 

Branch Offices: 
LONDON  MIDLAND SCOTTISH  MANCHESTER LIVERPOOL 
Te1.1(STD.01)  Tel.:  Tel.:  Tel.: BLACKFRIARS  Tel.: 
643 4541-4  SHIRLEY 4508 CALEDONIAN 5597 0185 and 0230  CENTRAL 9532-3 

" I resolved that, whenever I heard 

a rumour about existing automa-

tion, I would pack my bags and 

go and have a look at it" 

•  I 
• 
• 

ltI 
• I Thus Dr. David Foster—and a fascinating 

story he has brought back from his global 
explorations.  He divides his  new book 
"MODERN AUTOMATION" into three 
parts:— 

I. A plain man's guide to cybernetics. 

2. Practical examples of automation from 
various parts of the world. 

3. A searching discussion of the economics 
and politics of automation, past, present 
and predicted. 

MODERN  AUTO MATION' 
by David Foster, Ph.D., M.I.Mech.E.,  M.I.Chem.E. 

is vital reading for every engineer, manager or intelligent 
layman in 1963.  Order it from your bookseller price 42s., 
or have it sent by post for 43s. (post paid) from 

MORGAN BROTHERS (Publishers) LTD, 
28 ESSEX STREET • STRAND • LONDON • W.C.2 

VITALITY 
Miniature and Sub-Miniature 
Indicator Bulbs in sizes from 4.5mm 

CataIogue from 

VITALITY BULBS LTD 
MINIATURE LAMP SPECIALISTS 

BEETON'S WAY, BURY ST. EDMUNDS, SUFFOLK, TEL: 2071 STD 0284/2071 

For more information circle No. 161 

We supply B.A. 
Screws etc. in brass, 
steel,stainless,phos-
phor bronze and 
nylon to laboratories 
throughout  the 
Commonwealth. 

We can now offer 
early delivery for 
many sizes of 
screws, etc. with 
Metric Threads. 

Please send for List 
W9/65 (EE). 

WALKER-SPENCER COMPONENTS LTD. 
5, High Street, Kings Heath, Birmingha m, 14. 

Telephone: (021 for STD) H1GHBURY 3155 

For more information circle No. 160  For more information circle No. 162 

ELECTRONIC ENGINEERING  120  JUNE  1967 



For more information circle No. 163 

NE W APPROACH TO 
IM P E D A N C E 
MEASUREMENT 

PUSH FOR 25 RANGE 

rei e Wi elrea. 

SIGN OF PHASE ANGLE 0 

10 

SIGN INDICAliD SY POSN-all1.011 

INCR Ut e eC V1 = =f•INCI 

MULTIPLIER 
01  1  10  100 

LE -ET" I 
10 

2 O 

L JE METER 
SWITCH 

IMPEDANCE METER 

, ARD 

0 GROUND 

Z-MODE 

110,1 

AMPLIFIER 
RESPONSE 

RADIOMETER <DE COPENHAGEN 

GENERATOR 

FREQUENCY 
CPS 

IS 2SS , 

I. >  
100 , -  ••• ‘ „, 

SD ,  Ilk% 011  

23 I. 1100k 

IIIIIIIIm. 

COARSE  FINE 

"re. +0 
-® 

The type GB11 Impedance Meter is a fully transistorized 
impedance measuring bridge with the following features: 
• Fast and accurate measurements of impedance in terms 
of magnitude and phase angle through adjustment of only 
one precision resistor.  Measurements of negative im-
pedances. 
▪ .Measurements on floating, grounded, or balanced-to-
ground impedances. 
• Measurements of dc polarized impedances.  Wide 
frequency range. 
Measuring Range: Magnitude 1 Q to 1.1 MQ, phase angle 
0° to ±900. 
Accuracy: Magnitude 1 MI ± 0.1  Q, phase angle ±1° (be-
low 10° ±0.5°). 
Test Current: Adjustable from 3.2 ,uA to 1 A. 
Internal Generator: 25 cps to 100 kc in a 25 — 50 — 100 — 
250 sequence. 
With External Generator: up to 1 Mc (with reduced ac-
curacy). 

RADI O METER 

Repi WrItee in Great Britain by  
, ................... LABORATORIES LTD.,   
tiViiiGeltilY HOUSE. GRtYCAINES 
t4ORTI-( 0/ATfORD, HEATS 

11/ GEN 
RADI O METER A/S  —  EM DR UPVEJ 7 2 
CO P E N H A G E N  NV  —  DE N M A R K 
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D CO Lt SOLDERING  606 Series 
I ODUCTII LI M TIE  EQUIPMENT 
(t•go  k) 

NEW 

HIGH EFFICIENCY 

TOOLS 

AVAILABLE IN 

FOUR TEMPERATURES 

FROM 250°C TO 410°C 

For Catalogues apply to: 

SALES & SERVICE DEPT., 

ADCOLA PRODUCTS LTD., 

ADCOLA HOUSE, 

GAUDEN ROAD, 

LONDON, S.W.4 

ILLUSTRATED: R 1000 r dia. BIT OFFSET MODEL 

Telephone:  01-622 0291/3 

Telegrams:  SOLJOINT, LONDON, S.W.4 

Darwins calling.. 

,4: 7t11  ) 

magnet 
users 

Whether it's for electric guitars, television sets, food 
mixers, car safety belts, or to satisfy the innumerable 
requirements of the Electronics industry, you will 
find Darwins provide the magnets. 

Indeed, it is more than likely that the telephone 
you are using at this very moment to contact us is 
equipped with a Darwin magnet. 

M AGNET DIVISION . FITZ WILLIA M W ORKS . SHEFFIELD 9 

BALFOIJR 11,  

• DARWI NS 
AND 

tbe • 
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MARCONI 11E110110R II 
The British designed Micronor II range of silicon 
integrated circuits is available in a wide variety of 
parameters and packaging to meet every requirement. 
High speeds of 9 nsec or 15 nsec, temperature ranges 
of —55°C to +125°C or 0°C to +70°C, packaged in 
TO78, TO88 flat pack or plastic dual in-line form. 

THE MICRONOR II RANGE COVERS: 

SINGLE AND DUAL DIODE EXPANDERS 

SINGLE AND DUAL J-K BI-STABLES 

SINGLE, DUAL, TRIPLE AND 
QUADRUPLE GATES 

SINGLE AND DUAL PO WER GATES 

IMMEDIATE DELIVERY 
LARGE RESEARCH CAPABILITY 
Marconi Microelectronics Research and Development labora-
tories are one of the largest in Europe investigating materials, 
production methods and applications. 

EXPANDING MANUFACTURING CAPACITY 
The rapidly expanding manufacturing capacity will be 
accelerated by the opening of the new £3 million plant at 
Witham which will provide immediate delivery of a wide range 
of products manufactured to a stringent specification for 
specialized applications. 

THE RANGE OF PRODUCTS INCLUDES: 
Diode assemblies,  Tunistors. 

single and multiple.  M OS field effect 

Specialized single and  transistor arrays. 

multiple transistors.  MOS field effect 

Power transistors for  logic subsystems. 

operation up to 200 MHz.  Cross ring modulators 

Linear circuits.  and bridge rectifiers. 

Varactor diodes for  Full range of Micronor II 
frequency multiplication,  —the fastest D.T.1, 
microwave switching.  available. 

CONFIDENTIAL DESIGN SERVICE 
is available for the development of specialized circuits to 
customer specification. 

Marconi microelectronics 
The Marconi Company Limited, Witham, Essex 
Telephone : Witham 3401  Telex : 99201 

AN 'ENGLISH ELECTRIC' COMPANY LTD/75111 
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MIMI  M il 
0111101  
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• 
• 
• 
• 

Why design your I  I when Westinghouse 
circuit to fit I  I custom-makes CRT's 

available CRT's... at competitive prices. 

I I  You don't have to design your circuits around 
an existing cathode ray tube...just because 

I I  it's available off the shelf. Do what many 
Westinghouse customers aré already doing 

I i  —let us custom-design a tube to meet your 
needs. 

I I We can give you a tube from one to 25 
inches in diameter, with a complete range of 
phosphors. And we can give you the exact 

I I  characteristics you want. 
For example, we'll give you your choice of I I  magnetic focus and deflection or electro-

static focus and deflection. Commercial or 
I I ruggedized military construction. Integral 

shielding. Integral implosion protection if you 

I I  want it. Or fiber-optic faceplates for extremely 
high visibility under ambient light conditions 

I I  without the need for extra power that would 
shorten the life of the tube. 

I I In fact, no matter what you want in a CRT, 
just name it—chances are we can supply it 

I «00 I  ... with fast delivery at competitive prices. 
We'd welcome the opportunity to quote on 

am%  so.  your requirements. Contact 

Westinghouse Westinghouse Electric International S.A. 
1 - 3, Regent Street. 

(  London, S.W.1.  0  

You can be sure if it's Westinghouse 
WESTI NG H O USE  ELECTRIC  INTER NATI O NAL  CO MPANY,  200  PARK  AVE N UE,  NE W  YORK  10017  U S A 
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CLASSIFIED ADVERTISE MENTS 
RUN-ON AND SEMI-DISPLAYED The charge for these advertisements is 6s. per line of approximately 

6 words (Minimum 24s.), for Run-on advertisements. For Semi-displayed advertisements the charge is 
72s. per single column inch. Use of Box Number 3s. extra. Copy is required by 14th of the month for 
insertion in the next issue. 

FULLY DISPLAYED (With border rules, larger type faces and blocks if required). The charge is 80s, per single 
column inch—minimum 3 inches. Eighth page £15 Os. Od. Quarter page £30 Os. Od. Half page £57 10s. Od. 
Full page £115 Os. Od. Use of Box Number 3s. Blocks must be supplied mounted. Copy is required by 
5th of the month (if proofs are wanted), or by 10th of the month (without proofs) for insertion in next 
issue. 

Advertisements for publication and replies to box numbers should be addressed to: 
Classified Advertisement Dept., "Electronic Engineering", 28 Essex Street, Strand, London, W.C.2.  01-353 6565 

OFFICIAL APPOINTMENTS 

UNIVERSITY OF KEELE 

DEPARTMENT OF COMMUNICATI ON 

POST-DOCTORAL RESEARCH  FELLO W re-
quired for 5-year programme of basic research into 
perceptual and communication problems of the 
blind.  Salary, according to qualifications in scale 
£1,050-£1,740  with  F.S.S.U.  Multi-disciplinary 
approach  projected,  combining  techniques  of 
experimental  psychology, electro-physiology  and 
electronics.  Digital computer available for on-line 
control and analysis of experiments.  Candidates 
experienced in one or more of these fields are invited 
to apply to the Registrar, (EE) The University, 
Keele, Staffs., from whom application forms can be 
obtained for, return by 14th June, 1967. 

W 8632 

UNIVERSITY OF ABERDEEN 

ENVIRONMENTAL PHYSICS 

Applications are invited for two posts for 
work in BOTANY Department, supported 
by N.E.R.C. on transfer of energy and 
matter in forest canopies: — 
RESEARCH FELLOW: should have degree 
in Physics, with Ph.D., or other post-
graduate  experience;  interest  in  aero-
dynamics or heat transfer and computing 
desirable.  Salary:  £1,470 x 85 —£2,150. 
Superannuation (F.S.S.U.) 
INSTRU MENTATION  ENGINEER: 
should preferably have H.N.C. or pass 
degree in Electrical or Electronic Engin-
eering,  with  experience  in  electronic 
laboratories  or  the  services.  Salary: 
£945 x 55 —£1,110.  F.S.S.U.  or  other 
superannuation depending on qualifications. 
Appointments initially 2 years, renewable 
to 5 years; permanent posts possible. 
Further details may be obtained from 
The Secretary, The University, Aberdeen, 
with whom applications (2 copies)  should 
be lodged by 3 June 1967. 

W 8627 

NORTH EAST ESSEX TECHNICAL 
COLLEGE AND SCHOOL OF ART 

COLCHESTER 

The following new posts arise as a result of the 
continued expansion of this large Area College. They 
are all available from 1st September, 1967. 

DEPARTMENT OF ELECTRICAL 
ENGINEERING 

SENIOR LECTURER to teach either APPLIED 
ELECTRONICS OR TELECOMMUNICATJONS 
up to A3 level. Applicants should have a University 
degree in Electrical Engineering or Physics together 
with suitable teaching and industrial experience. 
LECTURER with specialist knowledge in the field 
of either  TELECOMMUNICATIONS  or  IN-
DUSTRIAL ELECTRONICS.  Candidates should 
have good industrial experience, together with 
appropriate academic qualifications. 
Application forms  and  further  particulars are 
available from the Principal, to be returned within 
two weeks of the appearance of this advertisement. 

W 8630 

THE ROYAL FREE HOSPITAL 

ELECTRONIC ENGINEER 

Electronic Engineer required by a London Teaching 
Hospital.  The successful candidate will be part of 
a team of electronic engineers but will have special 
responsibility for the maintenance and modification 
of electronic diagnostic apparatus including electro-
physiological and data processing equipment in the 
Department of Psychological Medicine at the Royal 
Free Hospital, Lawn Road, Hampstead N. W.3. 
Experience with either biological or pulse techniques 
would be an advantage but is not essential. A good 
salary will be paid.  Detailed applications stating 
age, qualifications and experience to the Administra-
tor, The Royal Free Hospital, Gray's Inn Road, 
London W.C.1.  W 8625 

UNIVERSITY OF BIRMINGHAM 

DEPARTMENT OF CIVIL ENGINEERING 

POSTGRADUATE RESEARCH IN W ATER 
RESOURCES TECHN OLOGY 

Applications are invited for the posts of 1.) Research 
Assistant in Electronics, 2.) Research Assistant in 
Flood Movement.  The first position is concerned 
with the development and application of electrical 
analogues to the solution of unsteady state problems. 
The second position will involve the analysis of flood 
movements in river systems and the effectiveness of 
control by regulation. Applicants for both appoint-
ments should possess, or anticipate possessing this 
year, an honours degree in Engineering or Applied 
Science or its equivalent.  It will be possible, in 
appropriate circumstances, for the persons appointed 
to submit work for a higher degree of this University. 
Salary in the range £840-£900 p.a. for a period of 
two years to commence as soon as possible. 
Applications (3 copies) naming three referees, should 
be sent to the Assistant Registrar (S), P.O. Box 363, 
University of Birmingham, Birmingham, IS. 

W 8623 

UNIVERSITY OF EDINBURGH 

LABORATORY SUPERINTENDENT 

Applications are invited for the post of 
Superintendent of the Laboratories of the 
Department of Natural Philosophy (Physics). 
Candidates for the post should preferably 
be graduates in physics or in some branch 
of engineering, or holders of a Higher 
National Certificate, or equivalent.  Ex-
perience in mechanical workshop practice 
is desirable; a talent for leadership is 
essential. 
Duties will include assistance to members 
of the teaching staff in the design of 
apparatus for research, general supervision 
of the technical staff, oversight of the 
mechanical workshop and stores and of the 
maintenance of apparatus in the teaching 
laboratories,  and the organisation and 
supervision of a departmental technician 
training programme. 
Salary will be on a scale identical to that for 
University Lecturers (£1,470-£2,630 per 
annum), with initial placing according to 
qualifications and experience. 
Applications, by letter (three copies), giving 
the names of two referees, should be lodged 
with The Secretary to the University. 
University of Edinburgh, Old College, 
South Bridge, Edinburgh, not later than 
26th April, 1967.  W 8594 

UNITED NE WCASTLE UPON TYNE 
HOSPITALS 

MEDICAL PHYSICS UNIT 

A Technician with knowledge of electronics is 
required in the Department of Medical Physics at 
the Royal Victoria Infirmary, Newcastle.  The 
successful candidate will be required to assist in 
the design, construction and maintenance of electronic 
apparatus, research and clinical. 
Candidates should have at least O.N.C. in electrical 
engineering or applied physics, or an equivalent 
qualification. 
Salary according to qualifications and experience. 
(a) £711 per annum rising to £1,000 by annual 

increments, or 
(b) £980 per annum rising to £1,300 by annual 

increments. 
As a result of the Government's Prices and Incomes 
Policy these scales will not be implemented im-
mediately but will be paid retrospectively to the date 
of appointment.  In the interim the salary will be 
£696 per annum in respect of (a), or £868 per annum 
in respect of (b). 
Applications stating age, qualifications, experience 
and the names and addresses of two referees should 
be sent to the House Governor and Secretary, 
Royal Victoria Infirmary, Newcastle upon Tyne 1, 
within 14 days of the appearance of this notice. 

W 8622 

NORTHERN POLYTECHNIC 

HOLLO WAY, LONDON, N.7 

CHIEF TECHNICIAN 

Applications are invited for the permanent and 
pensionable post of Chief Technician with experience 
in the building and servicing of electronic equipment, 
to take charge, in conjunction with the Organising 
Technician, of electronic instrumentation used in 
the teaching and research work of the Department 
of Physics.  Salary scale: £1,260 x35 —1,435. 
Write, stating age, qualifications, experience, etc. 
to the Secretary.  W 8628 

IMPERIAL COLLEGE 

TECHNICIAN/SENI OR TECHNICIAN 

Technician/Senior Technician required for operation 
and maintenance of Cary 81 helium-neon laser 
Raman Spectrometer shortly to be installed as part 
of the University of London Intercollegiate Research 
Service.  Interest in Raman Spectroscopy desirable 
but experience not essential if basic knowledge of 
electronics is adequate.  Salary in University Scale 
(Technician) £713-£1,028 or (Senior Technician) 
£962-£1,240; superannuation; good holidays. Apply 
in writing with full details to Departmental Super-
intendent, Chemistry Department, Imperial College, 
London, S.W.7.  W 8624 

CLASSIFIEDS 

continued on pages 126 & 127 
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SITUATIONS VACANT CONTINUED 

OFFICIAL APPOINTMENTS 

THE UNIVERSITY OF SUSSEX 

SCH OOL OF MATHEMATICAL AND 
PHYSICAL SCIENCES 

TECHNICIAN AND SENI OR 
TECHNICIAN IN ELECTRONICS 

- -
Applications  are invited  for posts  of 
TECHNICIAN  and  SENIOR  TECH-
NICIAN to join a group which carries out 
the design and construction of a wide range 
of electronic equipment for use in experi-
mental physics research. 

Applicants for the senior post should 
possess or expect to obtain shortly H.N.C. 
or equivalent.  Opportunities are available 
for day release and salaries will be offered 
according to age and experience within the 
approved scales: — 
Technician:  £683-4968 per annum. 
Senior Technician: £942-41,180 per annum. 
Further details and application forms may 
be obtained from the Laboratory Super-
intendent, School of Mathematical and 
Physical Sciences, University of Sussex, 
Falmer, Brighton, Sussex.  (Please quote 
Ref. 425/1).  W 8619 

SITUATIONS VACANT 

TEST AND SERVICE ENGINEER REQUIRED 
by firm producing machine tool electronic control 
systems. Experienced persons with initiative able to 
work without supervision, who prefer a go-ahead, 
small, but independent organisation, should apply, 
stating salary required, to Box No. W 8620, cio 
ELECTRONIC ENGINEERING, 

YOU NG AMBITIOUS ELECTRONICS  sales 
engineer, with good qualifications, experience and 
sound knowledge of semi-conductor applications, 
required to fill pest with rapidly expanding semi-
conductor distributors.  Extremely good prospects, 
and rapidly increasing responsibility and salary for 
right man. 
Applications with details in writing to: Box No. 
W 8618, clo ELECTRONIC ENGINEERING. 

OVERSEAS 

We have a steady flow of enquiries for 
qualified men. 
If you are interested, write to: 
Major ENgagements Ltd., Sheepy Parva, 
Atherstone, Warwickshire. 

W 8606 

EDUCATIONAL 

UNIVERSITY OF SOUTHAMPTON 

QUANTU M ELECTRONICS 

Applications are invited for the one-year post-
graduate course in the Department of Electronics 
commencing October 1967. The course provides a 
thorough training in the principles, design and 
application of a wide range of quantum electronic 
devices, in particular masers and lasers.  Lectures 
are given by members of the University's large 
quantum electronics research group and by scientists 
from industrial and governmental laboratories. An 
essential part of the course is a research project on 
an aspect of the work of the research group. A 
Diploma is awarded on the results of an examination 
in June and graduates (and with special approval 
those with other qualifications) may continue with 
the project for a further three months and submit a 
dissertation for an M.Sc.  The course is recognised 
by the Science Research Council for the award of 
Advanced Course Studentships. 
Full time research posts are also available in the 
Quantum Electronics Research Group. 
Further details of the course and the research 
positions may be obtained from 
The Academic Registrar, The University, 
Southampton.  W 8601 

Electronic Control Devices 

We wish to recruit a young 
Electronic Engineer with experience 
of, and interest in, the application of 
Electronic Control Devices—such 
as Thyristors—to heavy industrial 
systems, equipment and processes. 
We currently have projects 
requiring this expertise under way 
in the steel, glass and chemical 
industries. 

Salary on a Band within the overall 
range of £980—£3,025. 

Please write for further information 
to Mr. D. C. Page, Head of Personnel 
Services, quoting reference number 
E.E./66 

ELECTRICITY COUNCIL 
RESEARCH CENTRE, 
Capenhurst, near Chester 

BUSINESS OPPORTUNITIES 

ALARM EVENT RECORDING EQUIPMENT 

The Proprietors of British Patent No. 971024 entitled 
'Improvements in or relating to Recording Systems' 
wish to enter into negotiation for licensing manu-
facture or other arrangements.  This system should 
be of particular interest to manufacturers of alarm 
annunciator systems. Other data handling equipment 
is also available.  Box No. W 8633, c/o ELEC-
TRONIC ENGINEERING. 

FOR SALE 

FOR SALE—I  Ediswan  8 Channel Electro-
Encephalograph Mk. II Machine (purchased 195D 
with spare Valves, Motors, and Pens plus paper. 
Offers should be submitted within 14 days to the 
Supplies Officer, Taunton H.M.C., Taunton & 
Somerset Hospital, Musgrove Park Branch, Taunton, 
Somerset.  W 8621 

CAPACITY AVAILABLE 

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 

BOX NUMBER REPLIES 

SHOULD BE ADDRESSED 

AS FOLLO WS:-

BO X N O   

ELECTRONIC ENGINEERING 
28 ESSEX STREET, STRAND, 

LONDON, W.C.2 
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SITUATIONS VACANT CONTINUED 

DEVELOPMENT 
ENGINEERS 
G.E.C. Hammersmith invite applications from men 
over 22 years of age for general design, development, 
and pre-production work on Therrnionic Vacuum 
Tubes. Their work would be under the guidance of a 
Senior Engineer and would include detailed control of 
assembly, processing, testing, assessment and recti-
fication of faults and the use of microwave measure-
ments and techniques to improve design. 

The successful candidates will have U.K. Degrees 
in Electrical Engineering or Physics or will have had 
sound practical experience in valve manufacture with 
an H.N.C. as a minimum qualification. 

Attractive starting salaries and excellent fringe benefits 
will be offered. 

Please write, giving brief details of experience, to: 
Mr. M. B. Stevenson, Personnel Officer, M-0 Valve 
Co. Ltd., Brook Green Works, Hammersmith, W.6. 

GM HAMMERSMITH 

W 8629 

ÇLEB 
LONDON 

ELECTRICITY 

BOARD 

ENGINEER 
(DEVELOPMENT) 
Applications are invited for the above position in the 
Development Branch of the Chief Engineer's:Department 
at Spa Road, Neckinger, S.E.1, for a young Engineer 
interested in the general fields of measurement and 
instrumentation. 

Duties include the development of analogue and digital 
systems and general laboratory measurement work. It 
would be an advantage if applicants were experienced in 
the fields of data handling or telecontrol. 

Commencing salary in scale £1,310 to £1,635 per annum 
inclusive. 

Application form obtainable from the Personnel Officer 
at 46 New Broad Street, E.C.2, to be returned completed 
within 14 days of the publication date of this notice. 
Please quote reference number PER/V/6326/AR 

W 8631 

senior 
telemetry 
systems 
engineer-
natural gas 
The Gas Industry is entering an exciting period of 
expansion. Within recent years its scientists and 
technologists have discovered new ways of making gas 
from oil and have carried through the project which brings 
liquefied natural gas to Britain from the Sahara Desert. 
Beneath the North Sea there are rich reserves of natural 
gas which will not only further transform the Gas Industry 
but will be of great importance to the nation's economy. 

An Engineering Research Station has been set up by the 
Gas Council to solve the problems which arise and to 
establish plans for the future. The research team recruited 
for this new station will have special responsibility for 
distribution engineering and materials. Modern laboratories 
are under construction and will be ready for occupation 
later this year when advanced experimental and computing 
facilities will become available. 

A SENIOR TELEMETRY SYSTEMS ENGINEER, with at 
least five years experience, familiar with current practice 
on microwave, radio and G.P.O. communication lines is 
required to lead research and development projects. 

Immediate attention is to be given to the preparation of 
equipment and system standards together with design codes 
of practice for use in the establishment of a National 
Telemetry Control Scheme. 

An interest in the assessment of general purpose electronic 
equipment standards is also desirable. 

QUALIFICATIONS: Must include a good degree. 

STARTING SALARY: Up to £2,370 per annum. There are excellent 
prospects of promotion. 

LOCATION: Newcastle upon Tyne. 

APPLICATION FORMS FROM: Gas Council Engineering 
Research Station, Benton Park Road, Newcastle upon Tyne. 7. 

Please quote reference STE/DT. 

IGas Council Engineering 
Research Station 
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The Circulation Manager 

ELECTRONIC ENGINEERING 

80/20 NICKEL-CHROME— 
gives best results in all 
high temperature applications. TOPHET À 

TOPHET 'C' 

CUPRON 

LOW 
RESISTANCE 
ALLOYS 

EVANOHM 

For complete data 
on all our resistance 
alloys and stainless 
steel wire, write for 
a  copy  of  our 
Resistance Handbook 

NICKEL-CHROME-IRON— 
lower priced but excellent for use 
at slightly lower temperatures. 

COPPER-NICKEL— 
low temperature coefficient alloy 
for use at low temperatures. 

Meets the demand for a series of 
alloys with resistance between 
that of copper and Copper-
Nickel. 

The best available materials for 
super precision resistors. 
Highest specific resistance and 
lowest temperature coefficient. 

GILBY-BRUNTON LTD 
Head Office & Works: 
SEAMILL, MUSSELBURGH, SCOTLAND 
Telephone: Musselburgh 2369 

London Office: 47 WHITEHALL. S.W.I 
Telephone: WHIteholl 6058 

KEYS WITCH RELAYS 

vive la difference 
vive le keyswitch 
It's just a little difference, but it means a lot! 
With Keyswitch relays, the extra attention given to 
details, the stringent testing at every stage of 
manufacture means you can be that little bit more 
sure of the outcome. 
Relays to BP° 3000 specification—miniature or 
sub-miniature relays (all from stock)—it's the same 
difference. Get to know Keyswitch relays, 
you'll find you can trust them. 

Type P33 plug-In version of the 
Keyswitch BP° 3000 Type Relay 

MK2P Miniature plug-in relays. 
2 and 3 pole 

always to price >1 always to specification D< always on time 

KEYSWITCH RELAYS LTD  • CRICKLEWOOD LANE 
LONDON NW2 • Telephone 01-452 3344 • Telex: 262754 

W eft ? 
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 (£6.0.0 for three years) 
Overseas £2.15.0 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   
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For more information circle No. 4 

the muy sc. %) of 
it's type 
in captivity 

L1639/B incorporates a unique pres-
sure pad which is free to rotate and is 
capable of clamping the finest wires 
without damage. Moulded in flexible 
P.V.C. the block can be mounted in 
any position. Terminal screws are 
captive and vibration proof. 
For full specifications ring ENField 5393 or write for data sheet12 

BELLI NG-LEE COMPONENTS 

research to industry 
BELLING &L E LIMITED, GREAT CAMBRIDGE ROAD, ENFIELD, MIDDLESEX 
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