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INTRODUCING THE SCHNEIDER RT

W (only 9 Ib in weight)

AVERAGE
PRICE
£150

(Industrial
and Trade

Discounts)

BN DIGIT DISPLAY MULTIRANGEI PORTABLE METER

B 23 RANGES AC-DC -VOLTS ~AMPS — OHMS

I HIGH INPUT IMPEDANCE

B WITHSTANDS TEN TIMES OVERLOAD AUTOMATIC POLARITY &
B O-1% RESOLUTION OVERLOAD INDICATOR
Bl FOLLOWING MODELS AVAILABLE:

Il SELF-CONTAINED DRY-BATTERY MODEL - P

Bl MAINS-DRIVEN .. .. .. .. MODEL-S
For further information and Il MAINS OR BATTERY .. s .. MODEL - SB
specification data contact : (with NiCd rechargeable cells and built-in charger)

KYNMVIORE ENGINEERING COIVIPANY LTD

19 BUCKINGHAM STREET - LONDON * W.C.2 Tel: (01)-839 2371 - Cables: Kynmore * Telex: 24504 (Servopot London)
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It costs

‘andits s
Inexpensive!

With 80 AMPS D.C. output it can do the job of a
number of conventional stabilised power supplies.
For heavy duty applications, choose a model from
the ‘POWERFLEX’ range.

Type 35 350W (0-35V) £360

Type 75 750W (0-35V) £480

Type 170 1700W (0-65V) £510

Type 260 2600W (0-65V) £570

Full technical details on request from:

ELECTRONIC ENGINEERING i DECEMBER 1967
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By how much
will FREON
cut the cost of
your industrial
cleaning?

107.? 507.7? 80'.?

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 failored 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.

R T LR Y U

To: Du Pont COmpany (Umted 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

e

(State application)
Name__

Position

Company. , ey
Address__._ s

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

FREON -

SOLVENTS

Better Thlnos 'or Botter
!hrounh Chomlllry
% Du Pont's registered trademark EE/12/67
1 _r1r r. 1t rrr t. 1 T ‘1 1 [ ]
@ orars

C .t [ [ [ [ (| [ [ [ | [ | [ | ] [ |
~
|
L 0 1 1 1 I 1 I r 7 1 [ 7 [ |
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4 NEW
KSM

PULSE GENERATORS

;(;SE AND FALL TIME independently variable from 10 ns to
ms.
FREQUENCY RANGE from 5HZ to 15SMHZ.

OUTPUT AMPLITUDE variable up to 50 V into 50 OHMS
positive or negative from earth.

PULSE WIDTHS 30 ns to 300 ms.
DELAY 30 ns to 300 ms.

DOUBLE PULSE FACILITY UP to 15 MHZ single]shot button.
External gating. Triggering or synchronising.

K.S.M. ELECTRONICS LIMITED

Bradmore Works, Bradmore Green, Brookmans Park;Hatfield, Herts,

Tel: Potters Bar 59707.
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REED

RUE [LAYS
REED UNISELECTOR

Designed for those special switching applications which
are beyond the capabilities of conventional uniselectors
and stepping switches. Any number of ways up to 100
can be supplied with up to 6 banks. Reverse operation
can be provided and automatic homing to any pre-
selected number.

Higher speed of operation
Fully sealed contacts—no adjustments or maintenance

Instantaneous re-set without going through all
contacts

Changeover or normally closed contacts can be
supplied if required

Independent ‘‘make’’ contacts are employed instead
of a common wiber circuit

Ak b k%

Low contact resistance

Application notes now available

Written as a result of extensive experience into
customer’s problems, a number of notes are now
available and further notes are in preparation. Ask
for a set to-day.

New Miniature Relays

Alma introduce a new range of miniature relays. designed exclus-
ively for printed circuit applications. Combining extreme reliability
with compact size, these relays are available in three standard sizes.

,"i

TYPE gy TYPE TYPE
DRPP a,qp,, DRPM DRPMC ONEOFFMANSHIP IN
Sub-miniature Miniature § Miniature REED RELAYS
normally open normally chlangeover
relay of single ended open relay Sl Bave designed 1
: \ gned nearly
By e i 200 reed relays in little over
Coll Voltages Coil Voltages Coil Voltages two years. Many—originat-
6V, 12V or 24V 6V, 12V or 24V 6V, 12V or 24V ing as specials—have now
Coil Power Coil Power Coil Power been incorporated into our
150 mW average 150 mW average 150 mW average standard range, or have
been adapted to form the
Contact ratings Contact ratings Contact ratings basis of other specials. So
Max. Volts 1ov Max. Volts. 100V Max. Volts 100V if you have a call for a reed
Max. Current 10mA Max. Current 0.25A Max. Current 0.25A 3 I X
Max. Power 0.1 Watts Max. Power 3 watts Max. Power 3 Watts relay quite unlike anything
— you’ve heard of before, con-
Dimensions Dimensions Dimensions tact Alma and save time.
0.57 long 0.8” long 0.87 long
0.25” diameter 0.3 wide 0.3" wide
0.285” high 0.285” high
Park Road - Diss - Norfolk Telephone: Diss 2287 : Telex: 98162

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

ARE YOU?

Among engineers the talk is of gas from the sea—more and
more finds have turned hope into certainty that this new
primary fuel is going to provide an enormous stimulus to
British industry, changing the economics of production and
encouraging expansion. Clean and flexible for delicate pro-
cessing work—plentiful for large-scale use, natural gas has
already proved to be the ideal industrial fuel in other
countries. Soon, backed by the research and technical
know-how of the Gas Industry, it will make its impact on the
industrial scene in Britain. Conversion from town gas is no
problem—talk to your Gas Board’s Industrial Gas Officer—
he'll convince you of your bright new future with High
Speed Gas from the North Sea. Ask him for a copy of
"“Preparing for Natural Gas’’—a progress report to
industry.

Industry is looking forward to

NATURAL HIGH SPEED GAS

5 ELECTRONIC ENGINEERING
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Hall and Kay have green jingers

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.

G. 994

HALL & KAY AIR-CONDITIONING, HEATING AND POWER ENGINEERS

ELECTRONIC ENGINEERING
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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 INSTRUMENTS LIMITED.
Yorktown Industrial Estate, Doman Road, Camberley, Surrey.

(Camberley 21107/8) London Office: 687 Finchley Road, N.W.2. (Swiss Cottage 3038).

7 ELECTRONIC ENGINEERING
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Photograph by counesy of Qerlikon Engineering Company Zurich

It's a slush, wipe, dip and spray cleaner. About the
safest, most versatile, effective and economical in-
dustrial solvent you can buy.

For example, Chlorothene* NU has proved so successful
for electrical maintenance work—including in-service
cleaning of large, dirt-fouled electric motors—that many
contractors and maintenance engineers now use it
exclusively.

Chlorothene NU demonstrates superior solvency, does
no harm to insulating materials, is non-flammable like
trichloroethylene, but low in toxicity as well. It has an
ideal evaporation rate, can be easily recovered for re-use.

In developing this amazing solvent, Dow (world's
largest producer of chlorinated solvents) uncovered
many other effective applications, such as production
equipment cleaning, parts cleaning and general all-
around plant housekeeping.

ELECTRONIC ENGINEERING

'.Q

Y l‘t’!"'.'

Wrong.
Chlorothene NU is not a spray cleaner.

Perhaps you can discover a few more. The sooner you
try it the sooner you'll realize important time and money
savings in your cleaning operations. Send for a test
sample by writing us, or contact your Dow distributor.

row Chemical Europe S.A.
l Alfred Escher-Strasse 82,8027 Zurich, ¢ 051/ 27 4192

: T

I Please send detailed information.
l Name and Title:

Please send Chlorothene NU sample.
1 would like a demonstration,

,éompany:
Address: 67-209/45
AN T % Trademark of The Dow Chemicai Company
8 DECEMBER 1967
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Extra Sensory Dawe instruments prqvide 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
épara-normal powers don’t end there. They can also be applied to
production processes such as cleaning, welding and machining.

EXTENDING YOUR

RANGE OF VIEASUREMENT
DAWE 900 SERES DIGITAL INSTRUMENTS

Counters, Timers, Tachometers, Ratio Meters, Frequency Meters and
2 Multiple Function Units all of plug-in modular construction.

ALSO AVAILABLE AS INDIVIDUAL PLUG-IN MODULES

Digital Timer Type 960/6.

Range; 10us to 10° secs. (Nearly
twelve days) with six digits.
Price. £142,

Three, four or five digit models
also available,

Digital Frequency Meter, Counter,

Timer Type 901A/6.
range: 1 MHz. g i
Price: £154 (illustrated). o .

Dig'tal Frequency Meter, Counter, Supply Frequency Monitor Type
Timer Type 920A/4. 728.

Price: £113, For continuous monitoring of 50,
Three, four or tive digit models also 60 or 400 Hz supplies.

available. Price: £69.

Frequency

Wirite today for full technical details.

DAWE CONCORD ROAD, WESTERN AVENUE, LONDON, W.3..TEL: 01-992 6751

INSTRUMENTS LIMITED A member of the Sim® group of companies

DECEMBER 1967
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ADCOLP roevene 006 Serles

IA '4 Trade Ms 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., : i
ADCOLA HOUSE, . ILLUSTRATED: R 1000 §* dia, BIT OFFSET MODEL
GAUDEN ROAD,

Telephone: 01-622 0291/3

LONDON, S.W.4 Telegrams: SOLJOINT, LONDON, S.W.4

TRANSFER FUNGTION ANALYSERS
and AUTOMATIC NYQUIST
DIAGRAM PLOTTERS

Transfer Function Analyser Type 120 measuring
the transfer function of a demonstration mass-
spring-damping system.

FEATURES:

All Models :

Direct reading] of phase and
amplitude.

Frequency range 0.2-100 Hz.
D.C. input and output for testing
servo systems and networks.

. Modulated carrier for A.C.
\ systems.

Facilities for direct operation
{ of mechanical input systems.

Plotter Type 105 :
Automatic Nyquist Plot with
adjustable sweep rate.

SERVO CONSULTANTS LIMITED

Sunleigh Road, Alperton, Middlesex Telephone: 01-902 4464

For more information circie No. 15
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ten
times
better

than
MIL.

the average resistance change
for
British made
Painton Metlohm Type PMF 60
Metal Film Resistors
when measured after 1000 hours at the
MIL-R-10509F
rating of ¢ watt at 1256°C
(three times the DEF 5115 rating) is
0059,
(Mil spec limit + 0-5%)

Painton & Co. Limited

KINGSTHORPE : NORTHAMPTON
Tel: 34251 (10 lines) Grams: Ceil, Northampton Telex 31576

AUSTRALIA Painton (Australia) Pty. Ltd. U.S.A. Painton Inc.

ITALY Painton ltaliana. SWEDEN Svenska Painton A.B. BENELUX Painton S.A.
GERMANY Painton G.m.b.H.

DECEMBER 1967 1 ELECTRONIC ENGINEERING
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EF)S the smallest, toughest, humidity-proof
power supplies in the world

The first totally encapsulated power

supplies with a performance comparable Output Voltages: 3-8V, 5-30V, 20-60V; preset and selected by a single external
to normal stabilised units. EPS units resistor.
provide DC outputs from unstabilised Output C :
DC sources without the need for s y u.rrents. BBy 9y, AN e ai o
auxiliary rails Protection: re-entrant current, any level up to .5A, up to 2A and up to BA

and selected by a single external resistor. The .25A units are
not protected.

- COMMON
TYPE NO. OUTPUT CURRENT RAIL
preset RATING POLARITY
% NATO code No. 6110-99-924-1162 EPS 2% — £12
5-30V 13"
EPS 3 + £14
X
EPS 4 2A = 13 £12
3-8v v
EPS & + X £14
P
EPS 6 . £15
20-60V
EPS 7 + £16
EPS 8 — £18
5-30V 33"
EPS 9 + , £20 I3
X
EPS 10 B 2" £18
3-8V 5A
EPS 11 + X £20
1 -
EPS 12 — £22
o £22

4 omna
o
INPUT

=

OMMON

COMMON

DC_ v
INPUT boono-ooo o200, ---

now even smaller!
(less than 3 of a cubic inch)

"

A

Roband Electronics Limited Charlwood Works Charlwood Surrey Crawley 20172




=S

SWITCHING
REGULATORS

The only one of its kind, the Roband EPS Switching Reg-
ulator chops an unstabilised voltage at high frequency,
averaging the rectangular pulses produced. A high degree
of stabilisation against load and mains variation, as well as
ripple rejection is obtained through automatic variation of
pulse width.

Apart froni the obvious advantages of encapsulation, (tough-
ness, humidity-proof, etc.) these switching regulators con-
tain a unique form of internal metal screening which dim-
inishes radiation signals inherent in this type of device.
Advantages over conventional series regulators are :
Dissipation : verylow and basically only current dependent.
Efficiency : can be as high as 90%.

Economy : a single unstabilised rail will drive as.many units
as required, even if output voltages differ widely.

Mains Failure: the nature of the circuit permits them to
continue operating for mains faiture of 1/10 sec. duration.
Programming : the output can be swung over the complete
range of voltage, even though the input remains fixed.

For more information circle No, 18

EPV

INVERTERS

(square wave)

within a tough, humidity - proof en-
capsulation, a static inverter of unique
design,

smallest in the world

lowest audio noise level
exceptional frequency stability
short circuit protection
efficiency: 85%

regulation: 24v units: 5%
12v units: 10%

=
COMMON TYPE No. | INPU QUTPUT SIZE PRICE
TYPE NO. INPUT QUTPUT CURRENT RAIL SIZE PRICE D.C. AC. POWER | FREQUENCY {Carriage paid
VOLTS VOLTS RATING POLARITY {Carr. Pd UK) UK)
EPS 108 — W £29 EPY 50/100 | 12v { 115/230V 100W | S0cps. | 3§°x3§"x43” £37.10.0
15-50V 6-30V
EPS 108 + ;(‘ £29 EPV 400/100 | 12v | 1157230V 100W | 400 c.ps. | 337%33°x3%” £37.10.0
5A 1%°
EPS 110 = £29 EPV 507200 | 24V | 115/230V 200W | SDeps. | 437x437x 54" £50. 0.0
10-40v 3-20v X :
EPS 111 + 44 £29 EPY 400/200 | 24V | 115/230V 200W [ 400 cps. | 337x33"x4 ~ £50. 0.0
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@ NEW STYLES

The Hatfield range of Modulators, Fixed Attenuators,
Signal Dividers and Hybrids has been re-styled and
extended by the new developments illustrated.

The compact V.H.F. Double Balanced Modulator Type
MD4 uses “Hot Carrier’ Diodes and Is capable of very good
performance as an amplitude modulator, mixer, phase detector
or current controlied V.H.F. Attenuator. Input and output
frequency range is 0.5-500 MHz, modulation frequency range
DC-500 MHz.

The new Hybrids, Types N81 and N82 are passive couplers
having a very wide operational bandwidth. A significant feature
of these new types is that all outputs are in phase, making the
units particularly suitable for coupling muitiple antennae.

Designed as complementary units and to operate over the
range DC to 1 GHz the new U.H.F. Fixed Attenuator and
Signal Divider will shortly be available. The Signal Divider
provides an efficient and inexpensive method of dividing one
signal between two outputs, whilst maintaining the minimum of
V.S.W.R. and insertion loss. Furthermore, there are no
intermodulation products. The Fixed Attenuators are avail-
able in standard losses of 1, 3, 6, 10 and 20 dB _with a V.S.W.R.
not exceeding 1.2 : 1 at GHz.

All the new units are fitted with B.N.C. Connectors. Write
now for full specifications,

HATFIELD INSTRUMENTS LTD. Dept. E.E.
BURRINGTON WAY, PLYMOUTH, DEVON.

Telephone ;: Plymouth (0752) 72773/5 Telegrams : Sigjen, Plymouth

HATFIELD BALUN

ELECTRONIC ENGINEERING
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$7-0020

LIGBTNING BRAND HIGH PREQUENCY

CERAMICS ANSWER STRICT REQUIRE.

SMENTS OF ADVANCEL RADIO AND

ELECTROMIC TECHNOLOGY:

1) LOW 10SS AT HIGH PREQUENCY

2) ABILITY TO WITHSTAND HIGH
TEMPERATURE AND HIGH HUMI-

DITY.

(3) HIOH DIELECTRIC STRENGTH,
INSULATION RESISTARCE AND
MECHANICAL STRENGTH.

(4) SMALL COEFFICIENT OF EXPAN-

SIOB.

(5) HIGH STABILITY UNDER VARIOUS
OLIMATIC CONDITIONS, UNDER
VIBRATION, IMPACT, RADIATION
OR CHEMICAL REACTIONS.

{6) PRECISION MADE WITHIN CLOSB
TOLERANCES .

MADE TO ORDER.

Esauines and orders are cordially mvised.

CHINA NATIONAL INSTRUMENTS IMPORT & EXPORT CORP.
SHANGHA) BRANCH
27 Chung Shan Road, E.1, Shanghai, Cable Address: INSTRIMPEX Shanghal

BRAZING NEWS

LOW VAPOUR PRESSURE
OXIDE FREE

WESGO

V.P.O.F.

BRAZING ALLOYS

Western Gold & Platioum Company of
California, U.S.A. specialise in the production
of these ultra high purity precious metal
alloys used for brazing vacuum tube com-
ponents and other critical high temperature
applications—gas turbines—Jet and Rocket
Fﬁlgines. Available as powder, wire, strip and
sheet.

Send for further details from the Sole United
Kingdom distributors :—

GILBY-BRUNTON LIMITED
SEAMILL, MUSSELBURGH, SCOTLAND
Telephone Musselburgh 2369

famous for TOPHET Resistance Wires

London Office : 47 WHITEHALL, S.W.I
Telephone : Whitehall 6058

For more information circle No. 21
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With the world's highest performance plotter
45 in/sec writing speed,
1200 in/sec?acceleration—
you can follow transient or rapidly varying inputs more accurately than with any other.
~ Bryans 22000 senes plotters are simpleto
operate.
No manual gam control.
No external unit needed for AC convefsion.
Neat rear. pTug iin panel for accessories and
computer connections.
: ket us demonstrate the 22000 series now. -
Bryans Ltd~ Willow Lane Mitcham Surrey Mitcham 5134

Bryans

A member of Seltromc G\roup Ltd
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Bradley Digital Voltmeters are compact all
solid-state instruments, having an accuracy
of 0.1% of reading. They have been designed
to ensure high reliability, and ease of oper-
ation. They feature high input impedance,
isolated input and visual indication of

polarity and range. Three models are avail-
able.

NOW A
CHOICE OF

BRADLEV

DVIMs

The 160 measures from 1 mV to 1000 V d.c. in 4
ranges and has manual selection of polarity and
range. Price £210.

The 160A in addition has automatic selection of
polarity. Price £240.

The 165 measures from 100 4V to 1000 d.c. in 5
ranges and has automatic selection of polarity.
Price £275.

AND A

mess.
wa,

IHGITAL-OHMMETER 68

55
178 G \Gz/

=y

@ @

@@*@

e
oy $7e0

T e °
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o |

NEW
DIGITAL
OHMMETER

J

o

The model 166 will read résistance from 0.1 ohm to 2 megohms with an accuracy of 0.1%. At £240 it

will rapidly pay for itself when used on production

lines or in inspection centres, because its clear digital

read-out greatly facilitates the repetitive measurement of resistive components.

May we demonstrate these Bradley Instruments,
phone 01-450 7811.

21V I8 nsTRUMENTS

ELECTRONIC: ENGINEERING

or may we send our latest data sheet? Write or

G. &S E. BRADLEY LTD.

Electral House, Neasden Lane, London, NW.10.

16 DECEMBER 1967
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90/ of planar transistor

needs from fifty

or so devices=that's
Mullard Practical Planar

Choosing the right
transistor is simple

Remember, Mullard Practical Planar gives you :

Practical Selection—no need to wade through
hundreds of specs. The Mullard Practical Planar
Guide leads you straight to the right transistor
for your application—selection is almost auto-
matic.

Practical Transistors—all the inherent benefits of
planar technology, with the backing of the
unique Mullard reputation for quality.

Practical Availability—ex stock delivery every
time and assured long-term availability.

Practical Prices—large-scale produetion of the
types that really matter means keener prices than
ever before.

If for any reason you are unable to select from
the Practical Planar types, the full range of
Mullard planar transistors is still available.

But most of the time it will pay you to pick
Practical Planar.

Send for your copy of the Mullard Practical
Planar Guide NOW.

Mullard
PRACTICAL
PLANAR

MULLARD LIMITED, INDUSTRIAL ELECTRONICS DIVISION
Mullard House, Torrington Place, London WC1

01-5806633

For Practical Planar transistors in a hurry, get in touch with your
nearest Mullard Industrial Distributor.

DECEMBER 1967 (B)
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Some of today’s
young engineers are
not yet using our
wire and cable

but they will ...

STC

world-wide telecommunications and electronics

67144
ELECTRONIC ENGINEERING 18 DECEMBER 1967



The new improved S51B oscilloscope is backed
by the proved performance of well over 15,000
S51A's in use throughout the world.

B More scope — D.C. X-Amplifier standard B Only £55 in the U.K. B Large 5” screen —
Bright trace Il Small size — low weight @ DC-3Mc/s — 100mV/cm sensitivity Il Auto sync
and trigger level control M Easy to use oscilloscope B ldea! for inspection, production
control, transistor testing, training, monitoring etc. M Specification leaflet ready for you
RIGHT NOW! s Serviscope is a registered trade mark of Telequipment Ltd.

0>

TELEQUIPMENT LIMITED - 313 CHASE ROAD - SOUTHGATE : LONDON N.14 - TELEPHONE: 01-882 1166

DECEMBER 1967
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means

CCS

you're free
to design your
ideal system
. without compromise

CCSL (Compatible Current Sinking Logic) is the
progressive concept in microcircuits. Now you are
free to build your ideal system without the need
to compromise within the limitations of specific
logic families.

CCSL enables the designer to combine the most
important advantages of the TTplL, DTul and
LPDTuL families. These families are all ‘current
sinking’, current flows out of the inputs of the
driven gates, and into the outputs of the driving
gates. All use positive NAND logic and all are

CCst3

ELECTRONIC ENGINEERING 20

compatible with each other—logically, electrically
and mechanically. Let us give you an example:
Suppose you want to build a high frequency
decade counter. Previously you would have
reviewed the merits of each microcircuit family,
decided which had the characteristics essential for
your system and then agreed to accept the family
with the least number of undesirable characteristics.
With CCSL you avoid this compromise. You can
cross family boundaries using, say, TTpL in the first
stage, DTuL in the second, third and fourth stages
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and LPDTpL in each succeeding stage and thereby
satisfy the requirements of your system. But that is
not all—all new bipolar complex functions being
developed by SGS-Fairchild will be an extension of
the CCSL concept. Future modification of
equipment designs using CCSL will therefore be
relatively simple.

Easy to use loading rules and guides to equipment
design together with abridged data. applications
and summaries of compatible families are all given
in the SGS-Fairchild CCSL Handbook.

DECEMBER 1967 21

WRITE FOR THE CCSL HANDBOOK TODAY

SE5S FAIRCHILLD

CSLo)

the progressive
concept in
microcircuits

SGS-Fairchlld Limited

Planar House - Walton Street - Aylesbury . Bueks.

Telex: 83245 - Telephone: Aylesbury 5877

SGS-Fairchild SPA-MILAN . SGS-Fairchild GMBH-STUTTGART
SGS-Fairchild SA-PARIS - SGS-Falirchild AB-STOCKHOLM

ELECTRONIC ENGINEERING
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How far do you go

to ensure

quality and reliability?

Stop right here!

m ACTUAL SIZES

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 1.0W at
70°C and 85°C. The military versions meet the en-
vironmental requirements of MIL-R-22097B.

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

Put your trust in cermet.

Send us the coupon and let us tell you more.

(M S G SN S S S S S S S SN SN SN S SN SN S NS SN SN SN S R S S S S L1} .
Please send me full details of Morganite Cermet Trimming Potentiometers

NAME . POSITION COMPANY.

ADDRESS

E Morgan MORGANITE RESISTORS LIMITED

Bede Trading Estate, Jarrow, Co. Durham. Tel: Jarrow (ONE-2) 897771. Telex: 563353

1988
THE QURINS AwalD
Te InDuUBTAY

ELECTRONIC ENGINEERING
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JONES 300 and 400 SERIES Mk. i

The Cannon Jones Mk, Il 300 (miniature) and 400 (standard) Manufacturing and stocking facilities In Basingstoke and dis-
are basically similar and intermateable with types produced by tributor network in British Isles as follows:
Cannon for the last 28 years. Important design improvements % A .W.P. Electronics (Surrey) Ltd., Rowan House,

have been made :(— Smallfield Road, Horley, Surrey. Tel. Horley 5481.
% Electronic Services—STC

JONES 300 SERIES 2 )

% Completely re-designed, it features contemporary styling Edinburgh Way, Harlow, Essex. Tel, Harlow 26811,

% Reguires no tools for assembly % Has snap on moulded * James Scott (Electronic Agencies) Ltd., 90 West Campbell
cover with side or top cable entry % Complies with British and *Strlqet. Gl?-lsgow, C.2. Tel. CENtral 3866.
European safety requirements % Mates with the original Jones Holiday & Hemmerdinger, Ardwick Green, Manchester, Lancs.

\ : Tel. ARDwick 6366.

Miniature % 5 amp current rating. %* S.D.S. (Portsmouth) Ltd., 67/69 Commercial Road,

JONES 400 SERIES y Portsmouth, Hants. Tel. Portsmouth 20465.

% Re-designed to include new deep-drawn aluminium can 4 p .S P. Electronics Ltd., 228 Preston Road, Wembley, Middx.
% Improved cable clamp and collet arrangement with variety Tel. 01-904 9521.

of collet diameters supplied % Silver plated contacts % Phenolic
insulator % Entirely intermateable with the existing Jones
Standard Series % 15 amp current rating.

For more information please write, requesting '‘Jones"
Catalogue, to Cannon Electric (G.B.) Limited, Lister Road, ® Trademark, ITT Cannon Electric.
Basingstoke, Hants. Telephone Basingstoke 3171, © 1967 Cannon Electric (G.B.) Limited.

CANNON
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Microwave link analyzer

Make measurements on systems with
up to 1800 channels

Group delay to 0.1 nsec.
IF amplitude response to 0.02 dB.
Modulator/demodulator linearity to 0.1%.
Modulator/demodulator sensitivity.

. Spectrum display.
Return loss to 32 dB with hybrid.
Perform remote tests through link.
Obtain slave display with loop back.

®308 )
ELECTRONIC ENGINEERING

Features

Simultaneous display of group delay and
amplitude response.

Flicker free display with 70 Hz sweep rate.
Swept or fixed {F 45 to 95 MHz,
Three switch selectable baseband
frequencies.

Calibration of amplitude, group delay and
frequency is provided.

=

HEWLETT \hp, PACKARD

Portable — two lightweight units and one
plug in.

Reliable all solid state circuitry.

Full range of accessories provided.
Prices:

3701A Transmission Generator £ 963
3702A Demodulator Display £ 1336
3703A Group Delay Detector £ 256

Hewlett-Packard Limited
224 Bath Road, Siough, Buckinghamshire,
Tel. Slough 28406 and 29486

Headquarters in USA: Palo Alto (Calif.?
European Headquarters : Geneva (Switzerland)
European Piants: South Queensterry (Scotiand)
Bablingen {(Germany)
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CEHOLSY ERECTRIS®
TRANSFOUMER
AV ¢ SV s
DEOA & D7EA »

L.CT2 PN Sl &
CFSA e DTEA .

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 desi n' ENGLISH
'° il ELECTRIC

TFL. 57A

DECEMBER 1967 (¢) 25 ELECTRONIC ENGINEERING
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Instrument
Rectifiers
Now

Ex Stock

b, SEl copper oxide instrument

e _(‘q, rectifiers have been designed
B to suit almost all types of

7“‘_,1 movement in moving coil

b= 2 2

instruments.

Type 1mA, a bridge rectifier
unit recommended for 100uA to
TmA movements.

Type bmA for 1 to bmA
movements.

Type 10mA for 5 to 1T0mA
movements.

Forimmediate
delivery

I ' 7 6BA Clear
3
8

95, g )D
i -é"(zzmm)——L—v“ (1°°mm)——l
L1

posom ] | me———
v

(sx1) (28¢)

Salford Electrical Instruments Limited
Peel Works. Barton Lane, Eccles, Manchester.
Telephone Eccles 5081. Telex 66711.
London Sales Office: Brook Green,
Hammersmith, W.6. Tel: 01-603 9292,

A Subsidiary of The General Electric

Co. Ltd. of England.

ELECTRONIC ENGINEERING
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Puau@snvtcs
PARIS

What is
the latest
In Electronics?
Come and see how men,
ideas and

techniques
have advanced
in a year.

Be
present
at the

INTERNATIONAL EXHIBITIONS OF

ELEGTRONIG
GOMPONENTS

AND OF AUDIO-EQUIPMENT

FROM APRIL 1st TO 6th 1968 - PARIS

PORTE DE VERSAILLES

Ty

INTERNATIONAL CONFERENCE
ON COLOUR TELEVISION

scientific and technical considerations
FROM MARCH 25% TO 29" 1968 - PARIS

Programme angd registration conditions on request

A. - RELATIONS EXTERIEURES

PRESLES - 75 PARIS 15° - FRANCE
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IS YOUR EQUIPMENT
WORTH A DIRECTOR?

Modern equipment styling demands the
severely functional elegance of Sifam’s
‘Director’ range of measuring instruments.
Slim, unobtrusive, finished in matt black,
these instruments are designed to har-
monize with all contemporary panels.
They are also supremely practical—read-
ings can be taken easily and accurately.
Director instruments are made in five : —
sizes with scale lengths of 1.34in., lllustrated actual size is the Director Type 34, with a scale
2.0in., 2.75in., 3.75in. and 5.0in. The length of 2.75in. (69.8mm). ~

three largest sizes are also available with

a taut-band, ligament suspended move-

ment for applications where toughness’

combined with extra sensitivity is re- Director instruments are already installed in equipment
quired. Pointers and scales comply with manufactured by leading British and overseas organisations.
B.S.3693: Part 1: 1964, or to your Deliveries can be arranged to suit your production pro-

requirements. gramme. Please write for full details.
SIFAM ELECTRICAL INSTRUNMENT COVIPANY LIMITED
WOODLAND ROAD TORQUAY DEVON ENGLAND
TG Tel?p!fnone:TORGUAY 63822 Telegnams: SIFAM TORGQUAY

S156
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What price
performance
like this?

Direct gating at 100 MHz. ..
costs just £725 in the Racal 801R Digital Frequency Meter

Like all 800 Series instruments, the 801R, the latest in the line, is custom-designed for specific
function, combining excellent sensitivity with high input impedance and exceptional stability. Gate
times of 10 mS to 10 seconds and the RACAL patent dynamic readout give operational flexibility -
instant follow for fast tuning or resolution of 0.1 Hz. Remote control and BCD output are options of
particular value to the Production Engineer. Measuring to 500 MHz (resolving to 1 Hz in just over one
second) the 801/802 combination at £995 is value engineering at its best, true RACAL performance.

Measures 10 Hz to 100 MHz

1 MQ & 15pF input impedance, 10 MQ with your ‘scope probe

50 mV sensitivity

2 parts in 10? daily stability

500 MHz Resolution with fully automatic heterodyne converter 802

Remote control and BCD output options EHHHE
8-digit latched display
If you need any more convincing, get details and a demonstration by contacting: @@

Racal Instruments Ltd., Crowthorne, Berkshire, England. .
Telephone Crowthorne 5652: Telex 84166 S8ries

Ooooogoo

RACAL
INSTRUMENTS

q GUT GOSTS
NOT

PERFORMANGE
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And what does the panel
think of this?

THIS IS ROTOLOK, THE BIGGEST INNOVATION SINCE QUICK-RELEASE FASTENERS WERE
FIRST THOUGHT OF. No panel’s ever seen anything like it. Rotolok makes it possible with a simple
quarter turn in either direction to remove panels and facias and allow immediate access to whatever

lies behind. Till now, most quick-release fasteners have been made of metal and have been difficult
and time-consuming to assemble. Research and design at GKN led to Rotolok, the fastener which
combines constructional simplicity with rapidity of installation. ‘Rotolok’ made from engineering
plastics is easy to fit and requires no tools for assembly. Thumb pressure is sufficient to click the
grommet and the cam to their plates. Once in place and locked the unit is absolutely secure. Locking and
unlocking is performed with a coin, lever-key, thumb-key or socket wrench. A quarter turn either way
and it's secure, another turn and it’'s released. Rotolok costs approx. 20% less initiaily than its market
rivals and thereafter cuts ‘in-place’ costs dramatically. Rotolok is the most revolutionary fastener
to arrive on the market in years. It has applications in your industry. Ask for a demonstration of it
now. We offer a free design and advisory service for all applications. Contact GKN Screws & Fasteners
Limited, Heath Street Division, Automotive and Dynaflow Components, P.O. Box 61, Heath

worowr vor oo-ss e, GKN ROTOLOK QUICK-RELEASE FASTENERS

Patent Pending

GK N——way ahead in fastener design

DECEMBER 1967 29 ELECTRONIC ENGINEERING
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HAVE 2

& G o ‘
=¥ Q O
YOU fil UARNDON
N~
) y
GoT | 2G| SEMICON'67
YOUR | v 7
COPY | & Z
;'2 o) QUARNDON ELECTRONICS
Y o O ® (SEMICONDUCTORS) LTD.
ET = O il SLACK LANE 3 DERBY
o > Telephone: (0332) 43492/46695
Ll Telex: 37163
< un
o,
WRITE TODAY
FOR YOUR CONTAINS 112 PAGES OF TECHNICAL DATA AND PRICES
COPY: SENT ON TEXAS INSTRUMENTS: S.G.S. FAIRCHILD:
gﬁngéngOUR EMIHUS MICROCOMPONENTS: TRANSISTOR A.G.:
ADDRESS SPRAGUE AND TADIRAN SEMICONDUCTORS

in electronics — Versatile Vitreous Carhon _ |
_ Vitreous carbon crucibles, boats and plates are : ,

being extensively used for the processing of : i
semi-conductor and fluoride laser materials, Vitreous Carbons Limited
together with the growth of alkali halide optical Evenwood, Bishop Auckland, Co. Durham,

crystals, zone refining of metals and wafer supports. England. Telephone: West Auckland 678
i 1 CW 185217

For more information circle No. 39
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You're all right ‘Jack’

~with 8% There's no
need for you to get
stranded for lack of radio N
and electronic components. ~
We supply them ‘by return’, S .
All distress signals to Ro
R% pleasel

Radiospares
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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Let cathodeon
provide you with a
megacycle escort

(. . . anything from 1-140 motorcycles)

We at Cathodeon are very happy to sit back in our swivel
chairs and let your orders for crystals drop into the mailbox
day after day. It's a great life and doubtless has every-
thing to do with our reputation for a first-class product
and reliable delivery. But we know that, on occasion,
you would also welcome some assistance in determining
the optimum crystal specification for a new or unfamiliar
application. That's where you can call on us again! If
you're heading into strange territory, chances are Cathodeon
have already mapped out the route and we'll gladly
provide a megacycle escort to keep you on the right road.

D7)
/ L, :/:',,,///////%}fj/ W{
@ il ”
N ‘;'"?‘:’La\l,‘;].",;jmnmﬂﬂm“'gi'.ﬂil‘!j} ;]

Wl
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Got the drift? Better ‘phone Cathodeon now !—or
write to the megacycle factory, Cathodeon Crystals
Ltd., Linton, Cambridgeshire. Telephone: Linton 501.
Telex:81212. Cables: ‘Quartz’ Cambridge.

cathodeon

QUARTZ CRYSTALS - CRYSTAL FILTERS+ CRYSTAL OVENS

DECEMBER 1967
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INCREASE

THE SENSITIVITY OF
YOUR OSCILLOSCOPE,
VOLTMETER

OR
COUNTER

The TA401

is similar to
the TA60I

(as illustrated)

SPECIFICATIONS
TYPE TA40! TYPE TA60! TYPE TA605
GAIN 40dB +-0.1dB 60dB +0.1dB 20, 30, 40, 50 and 60dB 4-0.2dB.
BANDWIDTH |Hz-3MHz 3Hz-1.2MHz 20-40dB, |Hz-3MHz; 50dB, 2Hz-2MHz; 60dB,
+3dB 4Hz-1.5MHz.
BANDWIDTH 4Hz-1MHz 10Hz-300kHz 20-40dB, 4Hz-1MHz; 60dB, |10Hz-300kHz.
4-0.3dB
INPUT >5MQ, <40pF >IMQ, <50pF >5MQ, <40pF
IMPEDANCE from 100Hz to IMHz| from 100Hz to 300kHz from |00Hz to 300kHz.
INPUT NOISE <15uV, zero source; < 15uV, zero source; As TA401 and TA601 at 40dB and 60dB.
<50uV, 100kQ source <40uV, 100kQ source

POWER SUPPLY

PP3 battery, life 100 hours

PP9 battery, life 1,000 hours, or A.C. Power Unit.

and input lead

AVAILABLE IV up to IMHz, 300mV at 3MHz, into load of {.5V up to 2MHz, IV at 3MHz, into 100kQ and
OUTPUT 100kQ and 50pF SOpF.
OUTPUT IMPEDANCE 100Q in series with 6.4uF
SIZE & WEIGHT %13 %1} 7 oz. 24" x 4" X 54" 24 1b.
PRICE with Battery £17.0.0 | £17.0.0

£27.0.0
{Optional A.C. Power Unit £7.10.0 extra).

PORTABLE INSTRUMENTS

DECEMBER 1967

LEVELL]

Fully detailed leaflets are available on our complete range of portable instruments.

LEVELL ELECTRONICS LIMITED

Park Road, High Barnet, Herts. Telephone: 01-449 5028.

33
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aI]Il Iﬂa I““ 1 | Type 70A/711

Whatever your AC Measurement need For General purpose Wideband SR Type 70§
the chances are DYMAR fill the bill. s Plug-In type 701 i {0 '
ALL Plug - Ins are now available in F°";|'”° F'M'S' ygfs“’emems Ry —bien
the New METER UNIT type 70A. e ":':’ rod sianals ey u
THE DYMAR SYSTEM is unique. ;o poer (70 e eec =19 o i

For VHF/UHF Millivolts = e @

use Plug-In type 711
For R.F. Power Measurements
use Plug-In type 781

(~}
For details of these and many )

nr g Ty 3 ourper

28
88 % i e

pl“g in Wi"l nym(“‘ other Plug-Ins contact : i
TP T DYMAR ELECTRONICS LTD
lllld be Sl“lS'lEll Rembrandt House - Whippendell Road . Watford . Herts . Telephone: 21297

Broadway|DY 708

Nlovinica

A Mark of Quality

CADMIUM
SULFIDE AND
SEI-E NIDE New high performance CV connectors

P -I- 2 for space age applications
A new series of circular environmental connectors. MIL-C-

5015 type configuration employing crimp type contacts with
the proven *“Little Caesar” rear release contact assembly.

Tooled in a wide range of layouts. Operating temperature
55°C to 4175°C.

Cannon Electric

(Great Britain) Ltd.,
Lister Road,
Basingstoke, Hants.

Tel: Basingstoke 3171

Registered Trademark

MO SO CANNON

205 Tozuka-machi, Tozuka- kv, Yokohama, Japan
Cable Add: MORIRIKA YOKOHAMA

For more information circle No. 44 For more information circle No. 45
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Now you can design with top quality metal

encapsulated FET's and stay within budget...

by specifying new Newmarket FET's.
Two ‘N’ Channel Depletion — Junction Gate
ranges are now in production:

NKT 0111 Series — Low Capacitance rf
NKT 0211 Series — Medium Capacitance af

Get the full facts on new Newmarket FET's
for yourself. We'll send data sheets and full
details by return. If you haven’t seen

our new Industrial Products Portfolio, we'll
send that too. Simply post the coupon.

DECEMBER 1967
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N

ewmarket Transistors
Exning Road, Newmarket, Suffolk. ONE 3 3381
Please send me full details of
Newmarket ‘metal can’ FET's at plastic prices by return.

name position

company

address

Please tick if you would also like to
see a copy of Newmarket Transistors
new complete Industrial Products Portfolio. 3

r—-
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Best performance under the sun!

McMurdo Micronector range 1s now
improved with D.A.P. for tropical efficiency

*DIALLYL PHTHALATE - the robust plastic material that McMurdo
have chosen for the improved Micronectors. This is the highest quality
material of its type available for tip-top tropical performance because

it has really exceptional electrical and mechanical properties and super- gl Tl
cedes the moulding formerly made in melamine. For the finest, fool-proof “Hn“
connections under the sun - you've got to take your hat off to McMurdo!

Write for full details of the Micronector range now!

Write to: Technical Sales Department,

THE McMURDO INSTRUMENT COMPANY LTD.,
RODNEY ROAD - FRATTON - PORTSMOUTH
TEL: PORTSMOUTH 35361 - TELEX: 86112

LUGTON & CO. LTD., 209/210 Tottenham Court Road, London W,|, Telephone: Museum 3261
SASCO, P.O, BOX No. 20, Gatwick Road, Crawley, Sussex. Telephone: CRAWLEY 28700 (also Chipping Sodbury 2641, Cumbernauld 25601. Hitchin 2242).
NORWAY. J. M. Feiring, A/S Lilletorvet |, OSLO PERU. Estemag Peruana S.A., P.O., Box 2838, LIMA
PHILIPPINES. C & C Commercial, P.O. Box 2419, MANILA
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System
GComputors
haveit”

Apart from our wide range of analogue
computing equipment, we manufacture
a comprehensive range of technical
and scientific products for use in
industry, research and education.

W‘?z ok
-~ AN T i

Mo

The TAGseries of Transistorised
Analogue Computers incorpor-
ates unique and compact
modular patchboard and highly
engineered consol systems.
Fully solid state transistor
computing amplifier and hybrid
capability areadditionalfeatures.

The Analogue Tutor Mk 2 is a
low cost instrument specifically
designed to give a simple

For more information circle No. 48

direct method of teaching
analogue techniques.

The Logic Tutor is ateaching
aid to the understanding of
combinational logic and
digital computers.

We produce standard computing
moduleswhichcan beassembled
to provide special purpose sim-
ulators or data processing units

to your specification.

Write for more information on our products or computing service to

System Computors Limited
FOSSWAY « NEWCASTLE UPON TYNE 6 * ENGLAND

DECEMBER 1967
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W

Where Quality
and Performance
at the right price
are essential...
specify WELWYN

06-20 scrics

INDUSTRIAL GRADE
POTENTIOMETERS

%k SUPERIOR CARBON TRACK ELEMENT
%k ELECTRICAL ENDURANCE < 6%

%k MECHANICAL ENDURANCE < 3%
% HOP-ON and HOP-OFF < 1%

% OHMIC RANGE 1000 to 4.7 MQ

sk SELECTION TOLERANCE 20%

% LINEAR, LOG and INVERSE LOG LAWS
%k LOW NOISE

%k COMPLETE RANGE OF SPINDLE
& MOUNTING CONFIGURATIONS

™)
WELWYN ELECTRIC LIMITED

BEDLINGTON - NORTHUMBERLAND - ENGLAND

ELECTRONIC ENGINEERING
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Precision micro-welders
from the U.S.S.R.

Electric leads of 0.0010 to 0.10 mm. in diameter can be precision-
welded by the Soviet-made micro-weiders *‘CONTACT-1",
“*CONTACT-2", “CONTACT-3'"" and '‘CONTACT-4", featuring
top-precision micro-manipulator equipment and extra sharp image
binocular microscope. These micro-welders, which can weld in a
protective atmosphere if necessary, are indispensable in the fields

of industry and science—particularly the semiconductor industry.

“CONTACT” micro-welders can effect contact pressure welding
with separate feed of tool and wire, pressure welding with combined
feed of tool and wire, pressure welding with electric pulse heating,

and ultrasonic welding.

For more information please write to:

V/O ¢TECHMASHEXPORT”
MOSCOW B-330, U.S.S.R.

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

standard
miniature
plug-n relays

By standardising on a
selected number of
relays within the
Siemens 154 range, it is
now possible to offer
these types at greatly
reduced prices—over
30%, reduction for large
quantities.

These are the famous
Siemens relays with
gold-flashed silver
contacts and Makrolon
covers. Sockets are
available with solder
tags or printed circuit
pins.

For more information circle No. 51

with are now
2changeover 30%cheaper
4changeover

or and ex-stock
2changeover

heavy duty

contacts

Also within the vast Please send for the

Siemens range of plug- latest Siemens SN
in relays are 56 other leaflet and prices.

combinations of single
and twinned silver and B & R Relays Ltd

gold contacts, and Temple Fields Harlow
many special purpose Essex Telephone
relays including the Harlow 25231-4
hermetically sealed type Telex 81140
V23162, magnetic Sole UK agents for.

- latching type P, Siemens Relays

sensitive type L and ac
operated type W.

The latest addition to
this large range is the

. V23154-N for direct

insertion into printed
circuits.

Siemens relays satisfy
all needs.

iy /¢ / SIEI\§§ENS
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MARGONI HLTTL

Marconi microelectronics high-level transistor-
transistor logic circuits are now available. Typical
propagation delays of 10ns or 6 ns with two
fanout versions for both industrial, 0°C to +70°C
and military, —55°C to +125°C, temperature
ranges.

THE HLTTL RANGE:

SINGLE AND DUAL GATES
TRIPLE AND QUAD GATES
EXPANDABLE GATES

FLIP FLOPS

MULTIPLE POWER DRIVERS

HERMETICALLY SEALED
DUAL IN LINE PACKAGE

IMMEDIAT

GREATER MANUFACTURING CAPACITY

The opening of the new manufacturing plant at Witham enables
immediate delivery to be made of a wide range of microelectronic
devices manufactured to a stringent specification for specialized
applications.

ADVANCED RESEARCH CAPABILITY

Marconi production is backed by Britain’s most advanced
electronics research and development organization.

THE RANGE OF DEVICES INCLUDES

Diode assemblies, single Tunistors. High capacitance
and multiple. and wide range of
Transistors. JEDEC registered capacitance swing.
and specialized single MOS field effect logic
and multiple types. sub-systems.
Linear circuits including MOS field effect transistor
high-frequency cascode arrays.
amplifier and multi-purpose .
‘N’ element. Cross ring modulators and
Varactor diodes for frequency Brdigeli Sl
multiplication and micro- Full range of Micronor II—
wave switching. the fastest DTL available.

CONFIDENTIAL DESIGN SERVICE

The Marconi Microelectronics Applications Engineering Group

offers an experienced confidential design and consultancy service MARCONI MICROELECTRONICS
for the application of microelectronics to customer systems and The Marconi Company Limited, Witham, Essex

the design of specialized circuits. Telephone: Witham 3401 Telex: 99201
AN ‘ENGLISH ELECTRIC' COMPANY LTD/T64
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New

‘A’ Series
Power
Range

The Reliable Way To Keep Power Gosts Down

3 Voltage Ranges.

Current ratings to
50 amps. 2

Parallel and Series
operation.

Single and Twin
Output models.

All types of load.

Remote sensing.

Units are available in a variety of rack
mounting assemblies from simple brackets
to extending slide fittings. We can provide
all your requirements.

Protective covers, instruments cases, in-
dicating lamp switches, meters and screw
terminals, are a few of the available extras
for most of the A"’ Series units.
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SPECIFICATION Voltage ranges, current rating’s & prices
AW 3 Type No.  Current ‘A’ Voltage  Size Ref. Price
Stabilisation Ratio Single | ASA50 0.5amp 10 £23
Output | ASA100 1 amp 10 £24
Greater than 10,000:1 ASA200 2amp 1B £32
ASA300 3amp 1D £37
g ASA500 5amp 12 £41
Output resistance ASAT00 7amp 1-7.5V 13 £53
= = ASA1000 10 amp 12 £60
Less than 1 milliohm for units to 10 ASA1500  15amp 14A £80
amps. Less than 0.2 milliohms for 2222000 20 amp 14B £110
: 3000 30amp 15 £170
units to 10 amps and above | ASA5000 50 amp 15 £930
Twin  ATAS0 | 2x0.5amp 1D £42
Outputimpedance Output | ATA100 |2x 1amp 11D £44
ATA200 | 2x 2amp  2x1-7.5V 1D £58
ATA300 | 2x 3amp 13 £67
Less than 0.1 ohm at 100 K ¢/s ATAS500 | 9 5amp o =]
Low frequency ripple and noise | Type No. | Current ‘B’ Voltage | Size Ref. | Price
: Single | ASB50 0.5amp | 10 £24
Less than 200 microvolts peak to peak Output | ASB100 Tatg 1A . £95
ASB200 2 amp 1C £33
: ASB300 3amp 11D £38
Ambient temperature range | AsBs00 5map 615V 12 o
o o ASB700 7 amp 13 £55
—10°Cto + 65°C | ASB1000  10amp 13 £64
ASB1500 15amp 14B £83
: ASB2000 20 amp 14B £126
Temperature coefficient ASB3000  30amp e ey
o o o o Twin ATB50 2x0.5amp 11D £43
Less than 0.02% /C® (0.005% /C Output | ATB100 2x 1amp 11D £45
optional) ATB200 2x 2amp 2x6-15V 12 £59
!ATaaoo 2x 3amp 13 £69
Overload protection LATBIRCN 2 cganm o 1A 8
Re-entrant characteristic with an Type No. | Current | ‘C’ Voltage = Size Ref. Price
initial constant current period of ol R L PR
about 200 milliseconds to ensure . | ASC200 2ams ' 1D £35
reliable “switch-on” into non-linear ASC300 3amp 12 £41
loads. Recovery from overload is R Sgop G i e
t ti ASC700 7amp 14A £72
automatic. ASC1000  10amp 14A £78
ASC1500  15amp T £145
ASC2000  20amp 15 £170
Input voltage gm ASC3000  30amp | 15 | £214
Twin  ATC50 | 2x0.5amp 11D £45
100 to 125 vplts and 200—259 v9lts Output ATC100 | 2x 1amp 11D £47
45—400 c/s single phase. Permissible ATC200 , 2x 2amp 2% 6-30V 13 £63
deviation + 10% from nominal. i eI e B | MA | £24
| ATC500 | 2x 5amp | 14A £08
Output Voltage Adjustment Size Reference Chart
HEIGHT WIDTH LENGTH
Voltages are pre-set during the ex- 10 3% 3% 7%
tensive test procedures but the new HQ g gi Zi
design a||0YVS you to chlange the 1C 5 33 93
voltage easily. A convenient front 1D 5 33 13
panel control provides a -+ 1v. 12 g g: 13;
adjustment at any voltage——.low 14A 61 83 123
voltage modules have a wider 14B 62 8% 163
adjustment_ 15 8% | 17% | 173

Call Reading 55391 for

full details of thisand electronics Itd
all the Coutant range. Electrotech Instruments Division
3 Trafford Road- Reading - Berkshire-England. Tel: Reading 55391

DECEMBER 1967 43 ELECTRONIC ENGINEERING



For more information circle No. 56

o)
Ay

~thecritical path to fast systems control
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ELECTRONIC ENGINEERING

Network Analysis shows you the shortest

route to complete systems control—

with Vosper Electric. See how the Vosper design,
engineering and manufacturing service fits into
your future projects; taking a complex

problem off your mind and supplying you

with complete design, production and installation
of process and supervisory control systems.
Using highly skilled experts and

the finest components drawn from world-wide
sources, Vosper Electric is the

straightest path to high efficiency, low-cost
systems control. Send us your enquiries,

or ask for one of our Engineers to call.

VO/PER
ELECTRIC

INDUSTRIAL & MARINE CONTROLS DIVISION
OF THE VOSPER THORNYCROFT GROUP

Castle Trading Estate, Portchester, Fareham, Hampshire
Telephone: Cosham 79481, Telex: 86115

DB A SUBSIDIARY OF THE DAVID BROWN CORPORATION LIMITED

DECEMBER 1967
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The Tektronix Type 454 is an advanced new portable
oscilloscope with DC-to-150 MHz bandwidth and 2.4-ns risetime
performance where you use it—at the probe tip. It is designed
to solve your measurement needs with a dual-trace, vertical,
high-performance triggering, 5-ns/div delayed sweep and solid
state design. You also can make 1 mV/div single-trace measure-
ments and 5 mV/div X-Y measurements.

The vertical system provides the following dual-trace performance,

either with or without the new miniature P6047 10X Attenuator
Probes:

Deflection Factor* Risetime Bandwidth

20 mV/div to 10 V/div 2.4 ns DC to 150 MHz
10 mV/div 3.5 ns DC to 100 MHz
& mV/div 5.9 ns ‘DC to 60 MHz

*Front panel reading. With P6047 deflection. factor is 10X panel reading.

The Type 454 can trigger internally to above 150 MHz. Its cali-
brated sweep range is from 50 ns/div to 5 s/div, extending to 5
ns/div with the X10 magnifier on both the normal and delayed
sweeps. The delayed sweep has a callbrated delay range from
1 us to 50 seconds.

Type 454 (complete with 2 P6047 and accessories) . . £1,051 -+ £215 17s. duty
Rackmount Type R454 (complete with 2 P6047 and accessories)

£1,089 4 £223 13s. 2d. duty
New Type 200-1 Scope-Moblle® Cart..........£34-+£7 4s. 0d. duty

Pulse fidelity

This double-exposure photograph
shows the same 12-ns-wide pulse dis-
played on the Type 454 (upper display)
and on a 7-ns, 50-MHz osciiloscope
(lower display). Note the difference in
detail of the pulse characteristics dis-
played on the Type 454 with its 2.4-ns
risetime performance.

10 ns/div
5 ns/div delayed sweep

The delayed sweep is used to measure
individual pulses in digital pulse trains.
The Type 454 with its 1 us-to-50 s cali-
brated delay time, 5-ns/div sweep
speed and 2.4-ns risetime permits high
resolution measurements to be made.
Upper trace is 1 zs/div; lower trace Is

5 ns/div.
. X-Y

The upper display is a 150-MHz signal
thatis 50% modulated by a 2kHz signal.
The lower display is an X-Y trapezoi-
dal modulation pattern showing the
150-MHz AM signal vertically (Y) and
the 2kHz modulation signal horizan-
tally (X). Straight vertical line is the
unmodulated carrier. Multipie expo-
150 MHz AM  sure.

Double Exposure

For detailed intormation on any of our products, please fill
in reader reply card or write, telephone or telex.

Tektronix
U.K. Ltd.

Beaverton House - Station prroach - Harpenden - Herts
Telephone: Harpenden 61251 - Telex: 25559

For overseas enquiries:

AUSTRALIA : Tektronix Australia Pty. Ltd. 4-14 Foster Street, Sydney,
N.S.W.

CANADA: Tektronix Canada Ltd. Montreal, Toronto & Vancouver.

FRANCE: Relations Techniques Intercontinentales, S.A., 134 Avenue
de Malakoff, Paris XVI.

SWITZERLAND: Tektronix International A.G., P.O. Box 57, Zug,
Switzerland.

REST OF EUROPE AND THE MIDDLE EAST: Tektronix Lltd.
P.O. Box 36, St. Peter Port, Guernsey, C.l.

All other territorles: Tektronlx Inc., P.O. Box 500, Beaverton, Oregon, U.S.A.
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BullerS ceramics

for the ELECTRONIC INDUSTRY (and Electrical Appliance Manufacture)

Refractories for high-temperature insulation.
g G0 T I PR

A . & ) -1,
O Dt i o s . 6 oo, " i

Meticutous 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.

". 7 5,'&:‘:» '..“,;f'r'-
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BULLERS LIMITED

Milton. Stoke-on-Trent, Staffs.

Phone: Stoke-on-Trent 54321 (5 lines)
Telegrams & Cables: Bullers, Stoke-on-Trent
London Office: 6 Laurence Pountney Hill, E.C.4.
Phone: MANsion House 9971

ELECTRONIC ENGINEERING
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ARE YOU KEEPING
PHYSICAL DIMENSIONS
WELL IN HAND?

This Digital Indicator makes a
bright display (up to eleven
characters) within a panel area
of less than half a square inch.

This is Type M24, the smallest
in the K.G.M. range. There are
many others described in our
catalogue; may we send you a
copy to prove that we make the
widest range of indicators in the
country.

electronics limited

BARDOLPH RD
Phone: RIChmond 7171

RICGHMOND
Surrey

ELECTRONIC ENGINEERING
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TEMPERATURE TEST CHAMBERS

DESIGNED
AND
BUILT IN
GREAT
BRITAIN

MINI K/CO, MK.Il MODEL *A’ PORTABLE.

TEMPERATURE RANGE —70°C. to +4200°C.

CONTROL SENSITIVITY 40-3°C.
TEMPERATURE GRADIENT WITHIN CHAMBER  +2°C.
INTERNAL CHAMBER SIZE
MODEL A B (o
93" x9" x84 127 x12"x10” 15" x10” x 9"
PRICE £17418 0 £24812 0 £ 308

40 OTHER MODELS AVAILABLE COVERING TEMPERATURE
RANGES —I190°C. TO +500°C.

montford

INSTRUMENTS LIMITED
79 LOTS RD., CHELSEA, LONDON, S.W.l0
Telephone: 01-352 223] (P.B.X.) Telox 264449

Sponsor Member of the Society of Environmental Engineers

. ’
a8 i PREF

&S InEEL. A7
\F..-'
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IN 914 DIFFUSED SILICON COMPUTER DIODE

Vr=75V, 75mA ave. 225mA peak, 500mA surge,

4pF at Vg=0O
trr=4ns max. (I0mA ¢, 6V Vg recover to ImA)
trr=38ns max. (I0mA ¢, 10mA |g recover to ImA)
Forward Recovery Voltage=2.5V (50mA pk. sq. wave,

VERY LOW PRICES: pS P.W,,
I-99 1/5 IOnS rise time,
100 up iid 5-100 Kc/s rep. rate.)

Large quantities quickly available at even lower prices
—ask us for quotation.

RASTRA Electronics Ltd.,

275/281 King Street,London W 6 Tel:Riverside 2960

For more information circle No. 6]
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There's a BRIMAR tube to meet the needs of every
oscilloscope designer—ranging from general purpose
tubes of medium bandwidth to tubes designed speci-
fically for exacting applications requiring features such
as short iength, wide bandwidth or dual phosphors. Face
plates range from 81" large displays to 1" types for
numerical and indicator presentations including the
latest 7 x 5 cm rectangular size.

PERSONALISED
TECHNICAL SERVICE

Every BRIMAR oscilloscope tube is backed by a first-
class technical service and assistance on any type of
problem involving it—from special characteristics to
circuit design. BRIMAR engineers are always available
— contact is on a personal level. Just phone ar write.

DECEMBER 1967
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The BRIMAR D13-51GH is a modern Mesh P.D.A.
6 x 10 cm?-area tube, which gives improved brightness,
higher deflection sensitivities and higher ratios of
screen to deflector voltage with no shrinkage of raster
area. The D13-51GH displays single phenomena up to
30 MHz bandwidth and is suitable for use with transis-
torised circuits. It needs fewer control voltages than
other mesh tubes. Length isonly 131",

We shall be pleased to let you have full details of the
BRIMAR D13-51GH and the rest of the interesting
range of BRIMAR industrial cathode ray tubes.

\0\ l"%
%, ‘ &

llc,

Thorn-A.E.I. Radio Valves & Tubes Ltd.
7 Scho Square, London W1. Telephone: 01-437 5233

TACS5®

ELECTRONIC ENGINEERING
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Electronics Limited
Chatlwood Works
Charlwood

Horley

Surrey

CRAWLEY 20172
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VAREX

the most complete power supplies ever built

3 Modes Constant voltage, constant current and re-entrant current. The re-entrant mode provides the ultimate in
protection of external loads under fault conditions, by dropping to a lower energy state in 3 . sec.

Mode Identity Automatic visual indication of operating mode, even for fault conditions.

Presetting 3 way output switch for pre-setting voltage and current independently before connection to external
load. Continuously variable coarse and fine controls provide 1% incremental accuracy.

Programming/Slaving Remote programming facilities for voltage and current over the entire range. Parallel
and series operation, atlow twin units to be operated at double voltage or double current.

Outstanding Specification Drift: +0-005% Long Term Random Variations (Initial 15 mins: +0-15%)
Temperature Coefficient: 0-:01%/°C

Stabilisation Ratio: 10000:1

Ripple & Noise: 35 V RMS/100 1 V peak to peak

Output Resistance: Constant Voltage: 0-56 mQ 10 Amp units, rising to 10.mQ for 1 amp units

Output Resistance: Constant current: 30K

Output Impedance: 100 m< at 100K ¢/s

Transient Recovery Time: 3 . secs.

Max Ambient Temperature: 50°C

Reliability Varex are totally indestructible under short-circuit and overload conditions; this, coupled with all-
silicon line-up, C-core class H2 transformers and high temperature electrolytic capacitors, ensure a prolonged
trouble-free life.

TYPE OUTPUT | CURRENT | OVERALL | OVERALL | OVERALL PRICE
VOLTS RATING HEIGHT WIDTH DEPTH (CARRIAGE PAID UK)

VAREX 60-1 0-60V 0-1A 103* £75
VAREX 30-2 0-30V 0-2A 83" (266:7mm) ‘ £75
VAREX 60-5 0-60V 0-5A (225:4mm) 163" £155
VAREX 30-10 0-30V 0-10A 5% (387-4mm) £1565
VAREX TWIN 60-1 |2 x 0-60V | 2 x 0-1A |(142:Smm) 1Mz £140
VAREX TWIN 30-2 |2 x 0-30V | 2 x 0-2A 1231* (301:6mm) £140
VAREX TWIN 60-5 |2 x 0-60V | 2 x 0-5A (317-5mm) 161" £285
VAREX TWIN 30-10]| 2 x 0-30V. | 2 x 0-10A (419:1mm) £285




REX

the most sophisticated
stabilised power
supplies of all

67series

the

economy
range
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TYPE NO. outeUT CURRENT PRICES TYPE NO. OUTPUT CURRENT PRICES
VOLTS. RATING WIDTH HEIGHT DEPTH (carriage VOLTS RATING WIOTH HEIGHT DEPTH (carriage
{pre set) paid UK) (pre set) paid UK)
REX 2L 0-12v 2A k'Y W £36. 10. 67-1L 1A 28" 57 6" £22
REX 5L 0-12v 5A 4 1Ny £48. 15 67-2L 2A 2% 57 6 £24
REX 10t 0-12v 10A [ 161" £66. 10. 67-4L 0-7v 4A K 54~ 63~ £33
REX 15L 0-12v 15A 8" 144 £84. - 67-5L 5A 4% 63" 94" £38
REX 1H 0-30v 1-25A 3 w £34. 10. 67-10L 10A 44 63~ 104~ £52
REX 2-5H 0-30v 2:5A a4 5" 9% £44. 5. 67-1A 1A 3 5” 6 £22
REX BH 0-30V 5A 4 14§ £57. 5. 67-2A 2A 3} 58" 6§~ £27
REX 10H 0-30V 10A 83 144 £84. - 67-5A 6-24v 5A 44 64~ 93 £48
REX 1S 30-50V 1A 33" b £37. 15. 67-10A 10A 54" B~ 127 £55
REX 2-5§. 30-50V 2-5A %4 124 £55. 15. 67-Twin 1A} 6-24V {X2) 1A (X2) 4% 54~ L o 4
REX §S 30-50V 5A 84" 12¢ £77. 5. 87 Twin 5A| 6-24V (X2} 5A (X2) 5¢° b 12° £76
PERFORMANCE Input Voltage: 100-126/200-250 -4- 74%. 48-400 cps. ol i i ¥ £ 25
Stability (16% mains variation): 0.01%. Stability (0 to full load): 0.06%.
Ambient Temperature:—10°C to 4 60°C. Temperature Coefficient: 0.01%°C. 67-2H 24-40V 2A 45" (i} 94" £34
Protection: Self-.resetting current Iimiter preset to operate at 110% of maxi-
mum current rating. Ripple and noise: 500‘ microvoits, peak to peak. 67-5H 5A 53" B8 108~ £50

PERFORMANCE Input Voltage: 100-125/200-250 4+ 74%. 48-400 cps.
Stability (16% 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
110% of maximum current rating. Ripple end noise: 2mV RMS.
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e Qudlity &
Retiadility of YOUR PRODUCT START <5 SUPPLIER

) ]

QUALITY
AND
RELIABILITY
YEAR
1967

BRITISH PRODUCTIVITY
COUNCIL CAMPAIGN

HROLLET & Co. L.

ALUMINIUM MAGNESIUM BRASS COPPER BRONZE STAINLESS STEEL NYLON ROD TUBE SHEET STRIP WIRE

Onlly National Independent Stockist~Branches in most Majoe Cities Since 1896 ~No Quantity Too Small”

ELECTRICAL RADIO CO. LTD.

OFFER A COMPLETE SERVICE | [Ty
FOR THE DESIGN AND MANUFACTURE OF P . 5
"ELECTRONIC COMPONENTS AND EQUIPMENT

i i | { /40 ; 1
[ D R e B L

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.

‘"WHITELEY ELECTRICAL RADIO CO. LTD. LONDON OFFICE:

109, KINGSWAY, W.C.2
MANSFIELD - NOTTS < ENGLAND - Tel: MANSFIELD 24762

Telephone: HOLborn 3074

For more information circle No. 66
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Electronic
DC to AC Inverters
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Sorensen DC to AC inverters outdate mechanical choppers and rotary
converters. Since semi-conductors are used throughout, the unit is
immediately operative. :
Sorensen inverters with output power ranges from 125 to 3000 VA
are built for input voltages between 12 and 220 V=1 15%, depending
on the output power. The sine-wave output voltage of 220 V (other
voltages on request) is stabilized against load and input voltage varia-
tions to + 3% or, on special request, to + 1%. Distortion factor at full
load: > 5%. The output frequency is 50 or 60 Hz, stabilized to + 0,5%.
As optional equipments to every model are available: input filter, out-
put radio-noise suppression filter as well as an automatic cross-over
circuit line-inverter.

Please contact us also for DC power supplies, HV power supplies,
AC line regulators.

Sorensen-Ard AG
8045 Ziirich Binzstrasse 18 s
Telefon 051/35 87 24
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If you need magnets. ..
perimanent magnets,
I with special materials,
and special shapes —
like these —

Talk to the specialists — Mullard.
They offer you ceramic or metallic permanent magnets
in large quantities to your specification — quickly.
Mullard materials — Magnadur, Ticonal and Reco —
are household names to magnet users.

For full information send for your copy of the
Mullard Permanent Magnets Book, and a folder of
technical information sheets.
Or discuss your requirements direct with the
Mullard Magnet Group — telephone Southport 86921. Ext. 41

IMO 10§

INDUSTRIAL ELECTRONICS DIVISION,
Mullard Limited, Mullard House, Torrington Place,
- London, W.C.1.
53
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THIS 3-GANG

FULLY ADJUSTABLE

ROTARY
POTENTIDMETER ¢

WAS DESIGNED FOR AN

INDUSTRIAL
ANALOGUE
COMPUTER

Part of this Rotary Potentiometer is
multi-tapped and one of the other sections
has an internally generated non-linear law.

LINEARITY

We offer a wide range of robust Rotary and
Rectilinear Potentiometers. All are sub-
jected to severe environmental testing to
M.O.A. Standards. Rectilinear Potentio-
meters available stroke lengths 0.25in. to
40in. Tappings to customers' requirements,
also sealed or spring-loaded shafts.

CUSTOM - BUILT

PRECISION

POTENTIOMETERS

ALL MAJOR INDUSTRIES
oPEGIFY PENNY & GILES
RELIABLE GUSTOM-BUILT
PREGISION POTENTIOMETERS

OUR CUSTOMERS INCLUDE THE FOLLOWING COMPANIES

ASSOCIATED ELECTRICAL INDUSTRIES LTD. . BRITISH EUR-
OPEAN AIRWAYS . BRITISH OVERSEAS AIRWAYS CORPOR-
ATION . DOWTY ROTOL LTD. . ELLIOTT FLIGHT AUTO-
MATION LTD. . THE ENGLISH ELECTRIC CO., LTD. . THE
MARCONI CO,, LTD. . ROLLS-ROYCE LTD. . S. SMITH & SONS
(ENGLAND) LTD. VACTRIC CONTROL EQUIPMENT LTD.

ALSO IN GENEVA: CASE 2, i211 GENEVE 6, SUISSE.
SEND FOR SPECIFICATIONS & COLOUR BROCHURES. Dept. EE 13

PENNY & GILES LTD

For more information circle No. 71
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0 type markers

Basic Information: A widely accepted means of identify-
ing cables, The thin wall of the sleeves enables them to be
used where space s restricted. Any number can be used
according to required code for either left or rlghjc haqd
entry. Available in the form of alligators—no spilling—in
sizes 2.0mm to 5.5mm. Numbers are obtainable in Inter-
national Colour Code, and White, Letters standard Black
on White. Send for details and prices to:

Critchley Bros. Ltd., Brimscombe, Stroud, Glos.

Tel. Brimscombe 2451 (5 lines) Telex 43194,

GRITCGHLEY

MUDEFORD- CHRISTCHURCH-HANTS -Tel:Highcliffe 2233/4

ELECTRONIC ENGINEERING 54
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NOW FROM TERRY’S!
A RANGE OF RATED SPRINGS!

COMPRESSION AND EXPANSION!

Terry’s brand-new rated range is over 300 springs long. r—__"'___'_ ________ —"'
Compression springs from .25” to 6” free length, outside Please send me my free copy |
diameters .120” to 1.480”. Expansion springs from .75" to 8” of your Rated Springs catalogue.

free length outside diameters.125” to 1.0". All of guaran-

teed ratings. All offered in bulk quantities. The prices are L
competitive and delivery immediate. First-rate news? POSITION
of having all the figures about Terry’s rated springs close COMPANY
at hand. Do it now! ADDRESS

PS5

|

|

|

Then fill in and post off the coupon now, and make certain =
|

|

Everything springs from |
|

| HERBERT TERRY & SONS LIMITED,
POSTTO: | QEDDITCH, WORCESTERSHIRE.

R e e it e e e e e e
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whats a litile one doing in an
advertisement 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 (+ 2 auxiliary)
channels, chart speeds up to 300 cm/s and full width electronic time and grid lines
add up to a pretty powerful versatility.

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

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

Honeywell

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

SAS S E (Above) Sasse Luminous
Switch Bar, Type 1170

SW'TCH ES 2 Sasse Miniature Toggle

Switch, Type 203

SW'TCH BARS 3 Sasse Indicator for
wide-angle viewing

INDICATORS  T1ypesio

'DECEMBER 1967

Essential for the control of more sophisticated
electronic equipment are components designed and
built to standards far higher than those acceptable
in conventional commercial applications.

Those high standards are attained, and even ex-
ceeded by Sasse control components. In design, in
quality of materials, in workmanship, in appear-
ance, and above all, in performance, Sasse
components rank high in their field. Sasse switches
are of all-metal construction, rugged and built to
last.

The Sasse standard range is extensive, covering
practically every requirement of electronic design-
ers and engineers. Three typical components are
shown here, but there are many others. A complete,
dimensioned list will be sent on request to the:

SASSE SWITCH owision

of THE RADIO RESISTOR €O LTD [l [:\2}

PALMERSTON ROAD - WEALDSTONE
HARROW - MIDDLESEX
Telephone: HARrow 6347 - Telex: 25573
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For more information circle No. 75 For more information circle No. 76

[EAGH
RELAYS

SERIES K AND KH
10 AMP 4PDT RELAY IN A1" CUBE CASE

SQUARE ROUND or OBLONG

Precision wound from fabric or paper based
resin impregnated materials to Britsh Standard
Specifications, Enalon manufacture round,
square or rectangular tubes with various types
of finish to tolerances of .0015”. Diameters
range from 0.090 ins. to 8 ins. and can be
supplied pierced, turned, crimped, machined,
slotted, or as required. All tooling produced
Vs in their own Tool Room by craftsmen.

For further details, please write or telephone.

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

i

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

DIOTESTOR IN-CIRCUIT TRANSISTOR TESTER

&

BRITEG LIMITED, 17 Charing Cross Road, London,'w.c.z

requirements. Tel: 01-930-3070
For more information circle No. 77
Quartz Grystal Units
7
For "
ACCURACY
Send for full data and specifications. RELIABILITY
- PRICE ECONOMY
F 7 el dr Ech ltd you can DEPEND hasmacet
London Airport - Hounslow - Middlesex on TR bt
Telephone: SKYport 2811 THE QUARTZ CRYSTAL Company Ltd.

Q.C.C. Works, Wellington Crescent, New Malden, Surrey
Telephones: 01-942 0334 & 2988  Grams & Cables: Quartzco, New Malden

For ‘more information circle No. 78
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ASSOCIATED ELECTRICAL INDUSTRIES LIMITED SWITCHGEAR DIVISION TRAFFORD PARK MANCHESTER 17

sM302/1
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For more information circle No. 79

Cheapest way to chop

DC-to AC with an AEl Synchronous Chopper. It fits a standard
B9A 9-pin thermionic valve holder, is suitable for feeding both high
resistance and transformer-coupled low impedance circuits, its low
noise level allows a 1 microvolt signal to be detected. Typical ap-
plications are: recording thermo-couple and ionisation chamber
outputs ; drift correction in analogue computer amplifiers; general
instrumentation. Stability is high, operational life is long. Available
in two models : CK3 for 50 c/s; CK4 for 100 c/s.

CK3 AND CK4 SYNCHRONOUS CHOPPER

Write to: Power Protection and Meter Department, AEI Switchgear
Division, Trafford Park, Manchester 17, or your nearest AE| office.
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For more information circle No. 80

differential

d.c.voltmeter
with adifference-

a built-in standard reference cell

Unlike other differential d.c. voltmeters, Marconi Instru-
ments’ new TF 2606 has a built-in standard reference
cell, avoiding the need to rely on the stability of zener
diodes for long-term accuracy. Simply by switching to the
standard cell, calibration can be checked at any time.

TF 2606 gives typical accuracy of 4-0.02%, over the full
voltage range of 0 to 1100V. Temperature range 10°C and
35°C. Three voltage ranges (11, 110 and 1100V) and five
decade dials ensure high discrimination whilst reducing
the need for frequent range changing.

Discrimination. Digital measurement discrimination is
0.0005%, full scale. Overall discrimination on the 11V
range is better than 100uV.

High Input Resistance. Input resistance below 11V is
almost infinite: on other ranges 1MQ.

Overload Protection. TF 2606 will withstand consider-
able overranging.

Analogue Output. An analogue output of 75mV full scale
is provided for a chart recorder—a separate digital to
analogue converter is unnecessary.

At half the cost of a 5-digit d.v.m. of similar performance TF 2606 allows even higher accuracy by

reading to 6 significant figures.

/f‘

DIFFERENTIAL DC VOLTMETER TF 2606

Max input
OOV HOV  wv

\

st Cal
X

-~
Sex 2ero

|

MARCONE INSTRUMENTS £

Please write for full technical details.

An English Electric Company

Meter Full Scale

} it 9 4 et oo Yot

ACGN!
TGS BUMEWER 3

-

,\§

5 <\<’\ ptﬂﬁ Minus \0\}
9 D
D e CTl o
SR o y
it - L
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3

HMADE 1IN ENGLAND

MARCONI INSTRUMENTS LIMITED

Longacres, St. Albans, Herts. Telephone: St. Albans 59292 Telex: 23350
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AS EVERYONE KNOWS, telecommunications
affairs in the United Kingdom are in the steady
hands of the Post Office, and are very big business,
with an annual capital expenditure of £300 million.
The near and distant future of this empire was
given by J. H. Merriman, in a lucid inaugural
address at his accession to the chairmanship of the
Electronics Division of the LE.E. He was under-
standably a little cautious, but, as he said, the
system must be economic, open-ended and versatile
so that development can procede; the pattern now
laid down must be seen not to be obsolete before
the end of its useful life.

An important consideration in any planning is
the very large investment which has been put into
local cable networks, and any progress in the
service must, of necessity, include the use of these
networks. They are in some ways an obstacle to
further growth, in that they were laid down when
the idea of a 1009/ ‘on-demand’ service was not
thought necessary or economically feasible. On

- the other hand, the good bandwidth/noise charac-

teristics of local links are not as yet realised to
their full potential, and there is no doubt that
further facilities could be provided to take up this
potential.

It is noticeable that the evolution of our tele-

communications system (and other people’s too) -

is towards p.c.m. A major hitch in the smooth
progress is synchronization overall. Obviously,
delays in transmission of pulses will occur, and the
longer the distance the greater the asynchrony.
One must, therefore, expect that small-scale p.c.m.
will be the first to be tried, and this is where the
Post Office is advancing. Junction circuits between
exchanges are in progress of conversion to p.c.m.
at the rate of 1 million channel miles per annum,
said Merriman, all of them of the order of ten
miles in length. A further stage is to be taken
next year by setting up an experimental p.c.m.

tandem exchange, comparable with the junction
p.c.m, circuits; if several such exchanges are
connected in a star configuration, then servo-
controlled delay circuits can take care of pulse
synchronization. Densely populated areas may
quite well be served by a network of star-connected
complexes of this sort.

The pressure of all-digitization of the channels
must be resisted to some extent until the long-
distance multichannel digital lanes and their
associated multiplexers (and methods of large-area
synchronization) have been developed into econo-
mic units. Such influences towards an overall
digital system may cause, said Merriman, the
evolution of independent special-purpose networks
before a complete system is working. This state
of affairs might cause, and the thought of it is
causing, concern. '

The new chairman touched on one most
interesting subject—total control of the total
network. This really stems from the possibilities
of local traffic overloads and the inevitability of
the occurrence of faults. Both of these phenomena
point to the provision of redundance or slack in
the system, i.e. alternative routing. The more
complex a system, the less likely that human
operators can cope unaided with overloads or
breakdowns. The Post Office is therefore looking
at traffic data collection with a view to its use for
control and is setting up network co-ordination
centres; these will be operated manually in the first
instance. '

We, as engineers, do not generally view the
growth of intricate, almost sentient, organizations
like computer-controlled integral telecommuni-
cations networks as anything but the logical
results of engineering capability. Nevertheless,
our Asimovian seventh sense tells us to beware lest
the networks themselves originate messages of
more import than the time of day.
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Delay unit suitable for
television-field delay

by D. Howorth, B.Sc.Tech., M.LE.E., AM.C.T., and J. G. Ingleton, BBC Research Department

This article describes the design and construction of a 2-5ms delay unit which has been developed

as part of a field delay for television applications. A brief description of the ultrasonic delay line used

is given, together with a detailed description of the input and output amplifiers and the ancillary

circuits necessary to achieve an overall gain of unity and a delay stability of the order of +2ns. The

design of a suitable network for the equalization of the response|frequency characteristic of the
delay line is also described.

(Voir page 798 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 799)

? IN the past, ultrasonic delay lines with mercury or fused

quartz as the transmission medium have been used to
delay television signals by one or two television scanning-
line periods*?#4, There are other applications in television
engineering, however, which require signals to be delayed
by periods of one or two television fields (i.e by periods
of 20ms and 40ms for 50-field systems, and by periods
of 16¢ms and 334ms for 60-field systems). The technology
of ultrasonic delay lines is not yet sufficiently advanced
for single delay lines having delays of this order to be
produced with a performance adequate for television pur-
poses. The maximum delay which can be achieved in a
single delay line with an adequate performance is approxi-
mately 3 to 4ms, and for this magnitude of delay the
adequacy of the performance is, at the present time,
marginal. One high-quality delay line which is available
and which has a performance that permits the cascading
of a number of units to form a field-period delay is the
2-5ms delay line type YL2104/09 developed by the
Mullard Research Laboratories and manufactured by the
M.EL. Equipment Co. Ltd. This article describes the
design and construction of a 2:5ms delay unit based on
this delay line, and it was intended to use eight of these
units in cascade to produce a 20ms delay suitable for
television applications.

2-5ms fused quartz ultrasonic delay-line

The principles of design and operation of fused-quartz
ultrasonic delay lines are well documented®®’. The
YL2104/09, which is shown in Fig. I, is a double-deck
line with a delay of 1:25ms provided by each deck; the
ultrasonic signal is transferred from one deck to the other
by means of a corner reflector. The transmission-path
length for a delay of 1-25ms is in the region of 5m, and,
in order to contain this in a fused quartz block of reason-
able dimensions, a folded transmission path is used. The
fused quartz block is.ground into a 15-sided irregular
polygon in which the signal is made to undergo 31 re-
flexions in each deck, as shown in Fig. 1. In order to
obtain a good compromise between insertion loss and
ultrasonic bandwidth, the delay line uses unbacked Y-cut
quartz-crystal transducers which operate in the transverse
mode and have a capacitance of approximately 200pF.
Unwanted secondary responses of the delay line are kept
to a minimum by the removal of sections of the fused-
quartz block which are not traversed by the wanted signal
but which might be traversed by the unwanted signals, and
also by placing ultrasonic absorbing material on the edges
of the block where necessary. Cross-talk between the two
decks is avoided by cutting away as much material as
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possible between them. The details of the performance
required from the delay lines are given in Table 1 and
the response/frequency characteristics of the eight delay
lines intended to be used as a field delay, as measured at
their specified operating temperature, are given in Fig, 2.

Corner
reflector

Quartz pillar

Corner
reflector

Upper
deck ™| et d

Lower_-v[ | i |

deck

] N

Signal transmission path
through corner reflector

End elevation

Fig. 1 Signal-transmission path and geometry of the 2:5ms
delay line type-YL2104/09
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Table 1 Specification of the 2°5ms delay line type-YL2104/09*

Delay 2485pus

Tolerance on delay 40, —3-5us

Band centre frequency 30MHz

Ultrasonic bandwidtht 10MHz between —6dB
points

Secondary responses <1% with respect to

the wanted signal

Insertion loss at 30MHz <40dB using 75Q
terminations
Operating temperature  343°K
Temperature coefficient 75 X 10~%/degK
of delay (approximately)

Transducer capacitance 200pF +10%

30 |
Terminating resistor 750
35
o
)
z
o
< 40
E
z
w
[
<
45
50
20 30

FREQUENCY (MHz)

Fig. 2 Response/frequency characteristics of the eight 2-5ms
delay lines

Design and construction of a 2:5ms delay unit

The component parts necessary for the construction of a
2:5ms delay unit using an ultrasonic delay line are shown
in Fig. 3. The delay line is mounted in a thermally insulated
container so that it may be conveniently maintained at its
specified operating temperature, and a servocontrol system
is provided to keep the operating temperature constant to
within the required tolerance limits. The input and output
amplifiers are necessary to compensate for the insertion
loss of the delay line and the equalizing network is
required to equalize the ultrasonic response/frequency
characteristic over as wide a frequency range as possible.
The design of the amplifiers and the equalizing network
must be directed towards obtaining as large a signal as
possible (consistent with adequate linearity) across the
input transducer, so that the noise factor of the unit is
as low as possible.

25ms ultrasonic
delay linein thermally
insulated container
Equalizing Y ™7
network 7 3

VA

Output

Input pu
amplifier

amplifier

D

———

: D Output

Input

Error
signal

TEMPERATURE
SERYOCONYROL

Fig. 3 Block diagram of the 2-5ms delay unit

TEMPERATURE CONTROL OF THE 2-5MS DELAY UNIT

The stability of the delay provided by each 2-5ms delay
unit of the eight such units required to provide a field-
period delay is approximately +2ns and, in order to
achieve this accuracy, the operating temperature must be
maintained within +0-01degK of the nominal value. The
design of a constant-temperature enclosure with this degree
of precision has been described previously®.

DESIGN OF THE EQUALIZING NETWORK

The network required to equalize the ultrasonic response/
frequency characteristic of the delay line may be placed
at any point in the circuit of the unit; but it has been
found that the most convenient position is between the
input amplifier and the delay line’. The characteristics of
the eight delays to be used in the field delay, which are
shown in Fig. 2, are to some extent dissimilar. In order to
avoid designing eight separate equalizers, it was detided
to employ a common design based on the average charac-

0

, N
j / \

\\ {a}
/ \

o

* These delay lines use a delay medium prepared from naturally occurring
quartz; recent developments in the preparation of synthetic fused quartz have
made possible the production of delay lines with performance characteristics
better than those given.

% The ultrasonic bandwidth includes the effects of all bandwidth limitations
in the transducers and fused-quartz transmission medjum, but neglects
limitations of bandwidth occurring in the electrical circuits associated with
the delay line. Factors controlling the ultrasonic bandwidth include the
mechanical resonance of the input and output transducers, the variation
with frequency of the directivity of the transducers and the variation with
frequency of the attenuation of the fused-quartz transmission medium.
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Fig. 4 Average response/frequency characteristic (a) of the

eight lines and the equivalent low-pass characteristic (b)
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teristic of the eight delay lines, shown in Fig. 4(a), and
to adjust each equalizer individually to obtain the best
overall response.

In order to calculate the equalizing network for the
delay line, it is convenient to transform the bandpass
characteristic shown in Fig. 4(a) into the equivalent low-
pass characteristic shown in Fig. 4(b). An inspection of
the average characteristic given in Fig. 4(a) shows that it
is very similar to that of a pair of cascaded tuned circuits
which have the same resonant frequency (29MHz) and
the same bandwidth}. In this case, the expression for the
equivalent low-pass characteristic |4(f)] must be of the
form

1

40| = m .............

where f is the frequency in megahertz and the frequency at
which the response of the equivalent low-pass characteris-
tic has fallen by 6dB gives a = 0-8. The equalization of
the low-pass characteristic ' may be investigated by multi-
plying equation (1) by a characteristic which has the same
form as the modulus of the transfer function of a suitable
equalizing network. The input impedance of the trans-
ducer is purely capacitive, and therefore the equalizing
network must include this capacitance; Fig. 5 shows the
circuit diagram of a low-pass network which will be shown

R L

[
transducer )

T (capacitanco

Fig. 5§ Equivalent low-pass equalizing network

to be suitable for this purpose. The modulus of the trans-
fer function of this network |B(f)| is of the form
1
IBO = = @107 + Gaf /107
The expression for the equalized response, |E(f), is there-
fore

[E0)| = A} % |BG)|

T [1+Qa' - by) (f/10y+(a*—2a%b+ bs*) (f/10)+
(2a’bs* - a*b®) (f/10)*+a'b:t (f/10)%]

............................ SOl o= E))
In order to achieve a flat response/frequency characteristic
in the required passband, investigation shows that equa-
tion (3) should have a characteristic which is a close
approximation to the Chebyshev type given by

1

ICO|= i T 15 1oy — 48K grioy+32K Groys @
where 2K is the peak-to-peak magnitude of the permissible
ripple.

The coefficients of the denominator of the transfer func-
tion of the equalizing network given in expression (2) and
the magnitudes of the ripples of the equalized characteris-
tic may be determined by equating the first three co-
efficients of the denominator of the right-hand side of
equation (3) with those of the denominator of the right-
hand side of equation (4) and substituting a value of a =
0-8. The magnitude of the ripple can be shown to be
approximately +0-1dB, and the characteristic of the
equalizing network to be

't This was first pointed out by C. F. Brockelsby, formerly of Mullard
Research Laboratories, who had also calculated a similar equalizing network
independently. -
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1

1B [1-1118 (f/10*+0-619 (f/ 10)'P
By comparing equation (5) with the modulus of the trans-
fer function of the circuit shown in Fig. 5, equations may
be derived from which the circuit component values of
the network can be obtained in terms of the transducer
capacitance (200pF). The low-pass network so obtained
can then be transformed into the bandpass network shown
in Fig. 6. The attenuation/frequency characteristic for this
petwork is given in Fig 7, together with the average
characteristic of the delay lines and the average equalized
characteristic. It can be seen that the latter characteristic
is substantially flat over a bandwidth of 8MHz; however,
because the characteristics of the delay lines are somewhat
dissimilar, the equalized characteristics of the units as
obtained in practice will differ slightly from that shown.

200pF
transducer )
3

: -I- (capacitan:

Fig. 6 Bandpass equalizing network

10Vp-p

-4
Equalizing network
>’ A\ & ch’lracgteristic /,V"\
e / 7T IN
V/ \
a 0 } b \
z /1A /] DpARNERY
g 2 / /, 4/ Equalized - \\ \ X
= / J 7 F characteristic \\
w L E \
5 4 / Z )\ \
/ (11 Average > - Y
/ i delay line \ \
6 - characteristic k‘l
z N
z T
1 N
8 rd

20 22 24 26 28 30 32 34 36 38
FREQUENCY (MHz}

Fig. 7 Response/frequency characteristics of the equalizing
network and the equalized response

In order to place the equalizing network as close as
possible to the input transducer, the reactive components
are assembled on a printed-circuit board which is mounted
in a screened compartment in the aluminium casting along-
side the transducer*. The input amplifier is designed to have
an output impedance which provides the correct resistive
component of the network.

INPUT AMPLIFIER
The input amplifier has a gain of 20dB in order to raise
the level of the input signal from 1V p-p to 10V p-p.
Because a transistor amplifier has an output impedance
high compared with that required by the equalizing net-
work, it is convenient to modify the equalizing network
so as to be suitable for use with a constant-current source.
The circuit of the modified equalizing network is shown
in Fig. 8, and it can be seen that the amplitude of the
current required is approximately 200mA p-p. A circuit
diagram of the complete amplifier (and equalizing net-
work) is given in Fig. 9.

The inPut signal is passed through a 75() attenuating

* These networks were in fact constructed and prealigned to equalize the
characteristic given in Fig. 7.
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0-981uF o
transducer)
e,

T capacitanc

Fig. 8 Bandpass equalizing network modified to suit a
constant-current source

§3-6N

network, which is used to adjust the overall gain of the
delay unit to be exactly unity. The attenuator is terminated
by the 300Q resistor R: across the secondary of the trans-
former T: which has a turns ratio of 1:2. The first stage

2.5ms delay unit suitable for television-field delay —?—
The reactive component of the input impedance of the
grounded-base amplifier used is inductive and therefore
does not narrow the bandwidth of the amplifier. The
internal feedback of the transistor is less troublesome than
with a grounded-emitter stage which eases the practical
construction and alignment of the amplifier. The output
current of each transistor differs from the input current
only by the current which flows through the base con-
nection; therefore the voltage gain of the amplifier is

principally decided by the coupling-transformer ratios.
The output of the second stage is coupled to the input
of the push-pull final stage VT, and VTs by means of
another tightly coupled transformer VT; wound on a
Plug 2 /""

Ry, Ryy
1000 12001

Plug1
input

E i s,
%}7’0{1 0-01uF % -
S

of the amplifier V'T; uses a grounded-emitter configuration
in which some current feedback is provided by means of
a resistor Rs in the emitter circuit. The coupling circuit
between the collector of the first stage and the input of
the push-pull second stage VT: and VT; is, in effect, a
tightly coupled tuned transformer with a centre-tapped
secondary; in practice, the construction of such a trans-
former, with an accurately balanced secondary and the
minimum of effective stray capacitance between the wind-
ings, is quite critical, and for this reason a transformer
T., wound on a small ferrite core, is used together with
a tuning inductor L, across its primaryt The turns ratio
of the coupling transformer was determined by the maxi-
mum voltage-swing at the collector of the first stage
obtainable without significant nonlinear distortion. This
method of design was found to give a more than adequate
bandwidth in this particular case. The transistors in the
push-pull second stage are used in the grounded-base con-
figuration. When driven from a high impedance source
as compared with the input resistance of the transistor, the
linearity of this type of circuit is excellent; in practice,
because the input resistance of each transistor is very low
(10 to 20(2), small resistors are placed in series with the
emitters, to make the circuit less dependent on the tran-
sistor parameters.

t This technique has the additional advantage of making the amplifier more
flexible with regard to changing the gain, centre frequency or bandwidth for
use with other delay lines.
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Fig. 9 Input amplifier and equalizing network

ferrite core; again the turns ratio of the transformer was
decided by the maximum permissible voltage swing at the
collectors of the second stage. In this case, however, the
effective damping of the circuit proved to be so low that
it was unnecessary to tune the coupling transformer to
obtain a good bandwidth characteristic. It was found
empirically that the performance of the circuit could be
improved by placing resistor Ry in series with the centre
tap of the primary winding of the coupling transformer.
This, in effect, reduced the signal current flowing in the
centre tap because of unbalance, and caused the electrical
centre tap to be different from the physical centre tap so
far as the signal was concerned.

The principles of design of the final stage VT, and
VT follow closely those of the second stage, but use
transistors capable of a greater dissipation. The output
transformer T, is again a transformer wound on a ferrite
core, but has an unbalanced secondary winding; in this
case a tuning inductor L, across the primary was found
to be necessary. The terminating resistance Rz of the
amplifier was made a little less than that required for the
equalizing network; so that a small series resistor Ra
could be included to make small adjustments to the circuit.

The amplifier was constructed on a printed-circuit
board which was carefully designed to keep the signal
paths as short as possible and to preserve the symmetry
of the circuit. All the transistors except VT were fitted
with appropriate heat sinks and in the case of the output
transistors, where the heat sinks were mounted on the
printed circuit, the copper was etched from beneath them
so as to preserve the low stray capacity of that stage. It
has been found, so far, that, with the types of transistor
used in the push-pull stages, it is not necessary to select
matched pairs. In the design of the amplifier, it was thought
that the fact that the output transformer was tuned would
not have an appreciable effect on the performance of the
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equalizing network because of its relatively low im-

pedance. In practice, it was found that adjusting the tuning ~

of the output transformer had some effect, in that, over
a small range of adjustment, it modified symmetrically
the degree of peaking in the equalizer response; it could
therefore be used as a fine adjustment of the degree of
equalization,

OUTPUT AMPLIFIER

The output signal obtained from an ultrasonic delay line
with quartz crystal transducers may be regarded as a con-
stant current from a high-impedance source’ with a capaci-
tance equal to the transducer capacitance across the output
terminals. The insertion loss of the delay line is defined
as the ratio of the voltage which this current would
develop across a specified terminating impedance to the
voltage applied across the input transducer; for the 2-5ms
delay line in question, therefore, the output current for a
10V p-p input signal would be approximately 1:33mA p-p.

I 1-33mA p-p %ZOOpF

Fig. 10 Equivalent circuit of the delay-line output

frequencies and the turns ratios of the transformers are
chosen to transform the input resistance of the following
stage to the required damping resistance across the tuned
circuit; in the design of this type of amplifier, some allow-
ance must be made for the internal feedback of the tran-
sistor. The output stage of the amplifier ¥V'Ts is designed
to provide a 75Q output impedance over the whole of
the passband. The output obtained from the amplifier for
a ImA p-p input is 1V p-p across 75(). The amplifier was
constructed on a printed-circuit board carefully designed
to keep the signal paths as short as possible and small
adjustable capacitors Cs and Cs were provided across the
collector circuits of ¥Ty and VTs, in order to compensate
for'variations in transistor capacitance.

Performance e

Because the delay units are intended to be used together
as a field delay, precise measurements on individual units
have not been made. Measurements have been made of
the delay stability and these show that the heating and
servocontrol systems are satisfactory®. Test measurements
have shown that the insertion losses of the delay lines have
a spread of 5dB, each unit should therefore have an overall
gain lying between OdB and +5dB; as mentioned, the
gain of the input amplifiers can be adjusted to make the
overall gain equal to unity. Tests carried out on the feasi-
bility of producing satisfactory overall response/frequency
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*o25v
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é_ BTy 820
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l uC 001 <18k KA
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L | .
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: Constant temperature I =

enclosure
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Thus the equivalent circuit of the output of the delay can
be represented as shown in Fig. 10. With a current of the
order of ImA p-p, a good signal/noise ratio can easily
be obtained, provided that all the current is used effec-
tively. As the output is of interest only over a certain
band of frequencies, the transducer capacitance can be
tuned by means of a shunt inductor, and an optimum
value of shunt resistance chosen to damp the circuit. If
the input resistance of the amplifier were lower than the
optimum, a useful current gain could be obtained by
means of the transformer; in this case, however, the input
resistance of a transistor in the grounded-base configuration
has approximately the optimum value.

The circuit diagram of the output amplifier is shown
in Fig. 11; it consists of three grounded-base stages in
cascade which are connected by tightly coupled tuned
transformers. The transformers in the collector circuits of
the first and second stages VT: and V7, comprise a
stagger-tuned pair. The primary inductances of the trans-
formers are designed to resonate at the stagger-tuning
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" Fig. 11 Output-amplifier circuit

characteristics using the equalizing networks have shown
the latter to be adequate. The measured signal/noise ratio
of the prototype unit is greater than 60dB. Experiments
have been carried out in which television pictures and
waveforms have been recirculated through one unit eight
times, thus providing a 20ms delay, the results indicate
that the performance of a unit is satxsfactory for use as
part of a television field delay.

References

1 Vertical aperture correction using éontmuously variable ultrasonic delay
lines. BBC Engineering Monograph, 47 (196

2 ?5 r(elv;% of television standards conversion. BBC Engineering Monograph,

3 MesserscHMID, U.: The generation of contour pictures in television by
re-shaping the video . Rundfunktech. Mm ., 7, 160-171 (1963)

4 BrockieLsBy, C. F., and PAU'IIEEIAN J. S.: Ultrasonic_delay lines and
their lppllcation to ' television. Phihp: Tech Rev 25, 234-252 (1964)

s Aggﬂaﬂ;&,) D. L.: Ultrasonic delay lines. J. Acoust. Soc. America, 20,

6 HamMmoND, V. J.: Quartz delay lines . . . the state of the art. British
Commun. Elecrromc.v, 9, 104-110 (1962)

7 BrockieLsBY, C. F., PALFREEMAN, J. S., and GiBsoN, R. W.: Ultrasonic
delay lines. Tiiffe (1963)

8 Precision temperature-contro! environments for ultrasonic fused-quartz

trolled
delay lines. Electronic Engng. 39, 706-710 (1967)

.

'DECEMBER 1967



Fast transistorized pulse ampliﬁers

by D. Ivekovic, Institute ‘ Ruder Boskovic’, Zagreb, Yugoslavia

In- this article, the properties of several transistorized pulse-amplifier-stage configurations connected
in cascade are compared. The stages considered are (a) a common-emitter transistor with inductive
compensation in the collector circuit, (b) a common-emitter transistor with RC base compensation,
inductive collector compensation and an emitter follower as an interstage, and (c) a cascode with both
collector and base compensation and with an emitter follower as an interstage. The cascade is sup-
posed to be of identical stages, each having a critically damped response to a step function. The
optimum gain for each stage is found; the cascode stage is shown to have the highest optimum gain
and a cascade consisting of cascode stages has the shortest risetime for a given gain. According to the
results obtained, a 2-cascode-stage amplifier using 2N976 transistors is constructed having a gain of
12 and a risetime of 1-5ns.

(Volr page 798 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 799)

IN pulse-amplifier design, there is often a demand for
the shortest risetime for a given gain or for the highest
gain for a given risetime. To meet such requirements,
the relationship between the risetime and the gain of
the stages which comprise the cascade has to be known.
The relation between an n-stage cascaded-amplifier gain
Ax and the gain of each stage is

Ax=A1AsAs... An ..., 1)
The cascade risetime Tx in terms of stage risetimes is
Tg = V(T4 T2+ T2+ ..... E8TE) .. e (03]

if none of the stage responses to a step function has an
overshoot.

The definition of risetime given by Elmore' will be used
in this article; this is expressed in terms of the circuit
parameters by the gain transfer-function pole and zero
locations. For an amplifier of a monotonic response, the
poles ;1 and zeros zZm being real, the risetime is of the
form

L .
Te/2x =Y 1/p = > lza® ....... e
1=1 m=}

In valve amplifiers, the gain/risetime ratio of a stage
is a gain-independent constant defining the valve figure of
merit. This allows the optimum integral synthesis of the
cascade-gain transfer function. In transistorized amplifiers,
the ratio A:/T: is a gain-dependent function and an
integral gain-transfer-function calculation is rather com-
plex?. In the article, cascaded ampliﬁers of identical stages
will be considered. The cascade gain Ax is a function of
the single-stage gain A4°:

AT VAGE Iy Y Pty Y 4
and the cascade risetime Tx is a function of the single-
stage risetime 7°:

Te=TeVn ...... Ao 6 G 20 )

Cascades of various critically damped circuit configura-
tions will be considered. The circuit giving the shortest
cascade risetime for a given cascade gain will be deter-
mined. Practical results measured for an amplifier realized
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using 2N976 transistors, often used in fast pulse amplifiers,
will be compared with the given analysis,

Common-emitter stage with inductive compensation

in the collector circuit

A common-emitter stage with inductive compensation in
the collector circuit connected in a cascade is shown in
Fig. 1(a) and its equivalent circuit in Fig. 1(b). The voltage-
gain transfer function is of the form

4 bhp+1
A(p) = °azp’+a.p+l . o 345 2(6)
where 4o = A(0) is the low-frequency gain
: 5 LR
Ao————RL+rb+R AR SREAN S (7))

r b’
cil T .
Fig. 1 (a) Common-emitter transistor stage with inductive

compensation in the collector circuit connected in a cascade.
(b) Equivalent circuit
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B is the low-frequency common-emitter current gain, ry
is the base-spreading resistance, R is the emitter resistance
re multiplied by 3, and Cy’ is the input capacitance con-
tributed by the diffusion capacitance C; = 1/rewt and the
Miller-effect capacitance:
ct=Ct+Ce(RL/re) cseianenns (8)
ot = 2afy is the common-emitter current-gain bandwidth
product and C, is the collectorbase capacitance.
When the transfer function is of the form in equation

(6), the Elmore risetime, expressed in terms of the transfer-
function coefficients, is

T02/27r — 012 = bl2 3 2(12 .......... (9)
the coefficients for this stage configuration being
b SRR E RENES X LT (10a)
e RCY L
a; = m ............ (IOb)
__ RnCyY(Ru/rm+ 1)+ L
a = SRERTTs op A (10c)

For the case when the inductive compensation is not

applied, L = 0 and the normalized risetime as a function

of gain has the form
Towt

= - Borv
TE = WE;T_) = (1 + A(}re/,Bbrb)(

ot Bt + AurbCewt>

............ (11)
With inductive compensation in the collector circuit, the
stage response to a step function is critically damped if
one of the following conditions is fulfilled:

(i) the pole is real and second-order and closer to the
origin of the complex frequency plane than the zero

(ii) the poles are real and different, the closer of them
being cancelled by the zero®.

In valve amplifiers, the second-order pole of the stage
with inductive compensation in the anode circuit is always
closer to the origin of the complex frequency plane than
the zero. In the transistor circuit considered, however, this
is not the case until the inequality

Bore
Ao > A s B
which-is derived from equations (6), (7) and (10) according
to condition (i), is fulfilled. The second-order pole will
exist if inductance L is

RCY (rv + Rp)?

)= Lierity = m .......... (13)
The magnitude of the pole is
1 m~+ Ry + R
D= 2C;’R(rb R e T (14)
and the zero
2a==—Ru/L) ......cviuuu.. (15)

The normalized risetime 71 of such an inductively com-
pensated stage is shorter than the risetime T of an un-
compensated one:
I8 =B ) At o e e S o (16)
the risetime reduction factor y here being
4
»n= :
VI8 — (1 + rv/Ru)]

If the gain A4, is less than the value defined by equation
(12), the second-order pole will not ensure a critically
damped response, since the zero is closer to the origin of
the complex frequency plane than the pole. Therefore the
zero must be cancelled by the closer pole; i.e. the induct-

y=
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ance must be

RCyYRyi(rv + Ruy) Ri,
| —— - - e 8
L = L) RIGEET S % (1 e R;) (18)

For this, the risetime reduction factor is
y=y:=1/2)(r/Rr + 1) (Re/rv + 1) X

(3

4
(/R + 1) (Ru/r + 1) }
............ (19)
The function y =y ry/Ryw is shown in Fig. 2. When R
approaches infinity, y approaches 1-51, this being the
gain-invariant risetime reduction factor for the equivalent
valve circuit.

3

/
9
: /
2 /
6
5 /
/)
3
25
2
| ———t—"]
Y85 02 05 10 10
el (ot oy
Ry Ao To+Bo-Te

Fig. 2 Risetime reduction factor y as a function of the base-
spreading-resistance/collector-load-resistance ratio y = y(r,/R1)
for the common-emitter inductively compensated collector circuit

Common-emitter stage with collector- and base-circuit
compensation and with an emitter follower as an interstage

A common-emitter stage with inductive compensation in
the collector circuit and RC compensation in the base
circuit connected in cascade, with an emitter follower as
an interstage, is shown in Fig. 3(a) and the equivalent
circuit in Fig. 3(b). The stage time constant is defined by
two partial time constants, these being the base-circuit
time constant r, and the collector-circuit time constant
r2. Consideration will first be given to 1.

The base-compensating network consists of a parallel
combination of a resistor Rs and a capacitor Cs. The
base-compensating-network time constant RgCs is adjusted
so that the base-circuit current response is critically
damped; i.e.

IRECE =137 AC AN S TN
where Cy’ is defined by equation (8).

When condition (20)( is fulfilled, the common-emitter
transistor input impedance consists of a parallel combina-
tion of R” and C:” connected in series with r,; R” and
C:” are given by :

R”" =B+ Re=0Q Bl ........ @n
CzsCy/ 1
f= == ArCowt) ...... 22
and C; Co ¥ C7 = Oremn (1 + QAwrCowt) (22)
The stage gain is
Ry,
Ay =2 T m e Rg e (23)
the emitter-follower output impedance is
m+ R
Zy==2re + b. ﬂo 2
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and the time constant r; is

71221/ Qut (rofre + QAo/Bo + 1) (14+QArCowt) .... (24)
The emitter-follower contribution to the risetime will be
assumed to be due to a capacitance connected between the
collector of the common-emitter transistor and the
ground*.

Emitter Emitter
follower follower
. L l zo
c
T . RL T
o . o . 0
N re +
L — -
T 1,

(b)

Fig. 3 (a) Common-emitter stage with inductive collector and
_RC base compensation and with an emitter follower as an
interstage when connected in a cascade. (b) Equivalent circuit

The capacitance C.’ in Fig. 3(b) consists of the collector-
base capacitance of the common-emitter transistor, the
emitter follower and the emitter-follower diffusion capa-
citance:

1
(R 21Ch b —— o o hcno ol
2 Q Barews &

So the collector-circuit time constant is

7322 1oCo [1 4+ QAo (re/ rv)] (2 + m) .. (26)

As the emitter-follower input capacitances have been
extracted, the emitter follower will cause a pole in the
stage-gain transfer function of approximately p =~ —uwx.

The complete stage risetime will be calculated under

the following assumptions:

(i) the base-circuit compensation is adjusted to ensure
a critically damped current response in the base
circuit, as already mentioned;

(ii) the collector-circuit inductive compensation is
adjusted to ensure a critically damped voltage response
for the whole stage, meaning that the response of
the collector circuit itself has a certain overshoot.

In the literature, there are diagrams meeting the require-
ments necessary for the realization of the second assump-
tion®.

The complete stage risetime is

Tel[2r =1 + (/Y + 1] ........ Q27
where y’ is the collector-circuit risetime reduction factor
due to the inductive compensation. According to the con-
figuration of the collector RLC network, y’ depends only
on the magnitude of the L/Ri*C.” ratio. This dependence
is well known from the valve-amplifier technique.
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Cascode stage with collector and base compensation
and with an emitter follower as an interstage

Cascade connection of identical cascode stages with col-
lector and base compensation, using emitter followers as
interstages, is shown in Fig. 4(a), with its equivalent circuit
in Fig. 4(b). The criteria for the stage design are the
same as formulated the previous section; namely: a
critically damped base-circuit current response and a
critically damped voltage response of the whole stage,
causing a certain overshoot in the voltage response of
the collector circuit itself. The values-of Ri”A4,, Cs and 73
for this circuit are determined by the relations (21), (23),
(25) and (26), respectively.

The input capacitance C:” of the cascode circuit will
be less than that in the stage circuit previously discussed,
owing to the diminished Miller effect:

1
= RC o DB ASE 8
C: Oreon (1 + reCeu) (28)
and the input time constant is therefore /

1221 [y (rfre + QA/Bo + 1) (14 rCowi) .... (29)
Since the common-base transistor output capacitance has
been extracted and calculated in C,, the common-base
transistor itself will cause a pole in the complete-stage
transfer function of p =~ —w:. The stage risetime is

Te*[2r = 782 4+ (m2fy') + 2/wd® ...... 30)

Emitter Common Emitter
follower base follower

(b}

Fig. 4 (@) Cascode circuit with both collector and base
compensation and with an emitter follower as an interstage
when connected in a cascade. (b) Equivalent circuit

Comparison of cascaded amplifiers

In this section, the properties of the three described stage
configurations are compared. Numerical calculations are
made for when 2N976 transistors are applied. The d.c.
working point is chosen to ensure maximum cutoff fre-
quency fo = wi/2r and a collector-base capacitance C,
as small as possible. This is accomplished by choosing a
high-voltage medium-current working point, the voltage
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20

10 Fig. 5 Diagrams showing the nor-

malized stage risetime T'=Tow/V (27)
and the actual stage risetime T, for
when fi = ws/27r =900MHz as a

function of stage gain A, calculated
for 2N976 transistors

%
B

(a) for a common-emitter stage with
both coliector and base com-
pensation and with an emitter
follower

To(ns) f1 = 900MHz

=l (b)

AR

for a cascode stage with both
collector and emitter compensa-
tion and with an emitter follower
(c) for a cascode stage with collector

Y 2 3 10 EPREMTIONS

and current being limited by the maximum dissipation. At
a collector voltage of 5V and a collector current of 10mA,
the 2N976 transistor parameters are [ =110, f, =
900MHz, C, = 1-5pF and r, = 25Q. i
In Figs. 5(a), (b) and (c), the normalized stage risetime
T = Tw/ V(27) depending on the stage gain A4, is shown.
The actual risetime in nanoseconds for when f, = 900MHz
can be found as well. At higher gains, the base-com-
pensated circuits exhibit an increase in risetime as the
base-compensation coefficient Q increases; because, at
higher gains, the collector time constant, which increases
with @, is a dominant component in the stage time con-
stant. At lower gains, the base time constant is dominant,
and increasing Q decreases the risetime by decreasing the
base time constant [Figs. 5(b) and (c)]. The advantage of
the cascode stage is apparent at higher gains, owing to
the elimination of the Miller effect. At a gain of less than
2, a single-transistor common-emitter stage has the shortest
risetime, because the Miller effect is small and there are
no additional transistor time constants.
It is of interest to find ;
(a) the stage circuit having the highest optimum Aoopt),
i.e. the gain ensuring the shortest cascade risetime,
and
(b) the circuit which ensures the shortest cascade rise-
times Tk for a given cascade gain Ax.

1-8
1

1~6l-

A {4q)
3
T

0-2 1 ] — 1 i ] 1 1 1
0

Fig. 6 Stagerisetimefstage-gain ratio as the function of the
stage gain A, for

(1) common-emitter stage with an inductive collector com-
pensation 4

(2) common-emitter stage with both collector and base

compensation and with an emitter follower

(3) cascode stage with collector and base compensation and

with an emitter follower

\
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Ao and base compensation and with
{c) an emitter follower
(Q is the base RC compensation co-
efficient Q = 1 + Rg/fvrs)
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Fig. 7 Normalized n-stage cascade risetime Tgwi/V(27) as a
function of the number of stages n and for several values of
cascade gain Ag, for
(8) common-emitter, inductively compensated collector stage
(b) common-emitter stage with both collector and base
compensations and with an emitter follower
(c) cascode stage with both collector and base compensation
and with an emitter follower
(N is the number of transistors per cascade)

The normalized stage risetime T will be assumed as the
produce of the stage gain 4, and a gain-dependant factor:

e VQ@2r)
Since all stages are identical, from equations (4), (5) and
(31), the normalized cascade risetime follows:

Tx(norm) = —\17:](52-0:—) = A, K(Ao).\/ o

T (1017 - 7]

in—j; ooooooo
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Fig. 8 Very-fast-response amplifier constructed according to the given

analysis; the amplifier gain is 4 = 12 and the risetime T ~ 1-5ns

-20V

-20v

A%

Input  O47uF

To find the A,

shortest Tx(norm),
dTx(norm)/d4, = 0, and obtain the differential equation

ensuring the put
d\ (40) A (Ao
dA4, 2In 4,

In Fig. 6, the function A(A4,) is shown for the circuits
considered.

For the single-transistor common-emitter stage [curve
(D], AM(Ao) is a constant, and equation (33) has a solution
known from valve-amplifier design; ie. Ay = Ve =
165 = Ao(apt).

For the two base-compensated circuits considered [curves’
(2) and (3)], the function A(A4) can be given the form

AMA) =alAc+ b
a and b being constants. For this case, equation (33) has
the solution

A(Ao) + Ao =0

a
b2 In Awopey — 1)
Since, for the cascode [curve (3)] the coefficients are
ac~215 and b~¢0-22, the optimum cascode-stage gain is

Aoiopty = 41 j
For the common-emitter [curve (2)], the coefficients are
a~213 and b~:042, and the optimum gain for this
circuit is

Avopty =

Apiopry = 2:8
The number n of cascode stages ensuring the shortest
cascade risetime Tx for a given cascade gain Ax has to be
found. The normalized cascade risetime is

TK(norm) = (a + b \‘VAK) V'l .......... (35)
Putting dTK(norm) /d'l = 0,
alb=Q2InVAx — DVAx ...... (36)

and nop(A4x), for several values of gain Ax,
n(10) = 1-6; n(100) = 3-3; and n(1000) = 4-9
In Fig. 7, the normalized cascade risetime for the circuits

considered is given depending on the number of stages
n and for various amounts of cascade gain.
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It can be seen that the cascode stage ensures the shortest
risetime for a given cascade gain and even for a number
N of transistors per cascade.

Realized short-risetime amplifier

Based on the above considerations, a very fast-response
amplifier using 2N976 transistors has been constructed; the
circuit is given in Fig. 8. The amplifier consists of two
identical stages, each consisting of a cascode circuit with
inductive compensation in the collector circuit, RC com-
pensation in the base circuit, and an emitter follower as
an interstage. There is another emitter follower between
the input and the first stage to make the amplifiers insensi-
tive to the generator output impedance. In both stages
the d.c. stabilization is accomplished by a negative feed-
back from the collector to the base. The amplifier gain
is Ax = 12 and the stage gain is 4, = V12, In Fig. 5(c),
the optimum value of QO is about 8. The cascode d.c.
working point is determined by the collector voltage
Vo= 6V and the collector current I, = 10mA in both
transistors. The base current is I, = 0:09mA; the emitter
resistance is 27/I, = 2:7Q2; the collector load resistance
Ry is determined by equation (23) and is, for this case,
68(). The base resistance Rg is determined by equation
(21): Rg = Bore(Q — 1) = 110 X 2-7(7-5 — 1) == 1-8kQ).
Since the Miller effect is practically negligible, the lower
transistor input capacitance is approximately Cy’ =~ 1/rewt.
According to equation (20), the base-compensating capa-

Fig. 9 Amplifier response to a step function recorded_ on a
0'6ns risetime oscilloscope; the sensitivities are 1ns/division
and 1V/division
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citance Cp = SBo/rvw: = 110/(1-8 X 10°X 27 X 900X 10%) =
10-8pF =~ 10pF.

The collector inductive compensation is obtained by
putting two ferrite toroids of permeability approximately
20 on each collector load resistor. The amplifier response
to a step function from a mercury-wetted-contact pulse
generator was recorded on a 0-6ns risetime sampling oscil-
loscope and shown in Fig. 9. The risetime of the amplifier
is approximately Tx =~ 1-5ns, and the stage risetime T, =
1:'5/ V22 1-1ns, showing a good accordance with the
numerical results obtained [Fig. 5(c)].

Conclusions

In a common-emitter single-transistor stage connected in
a cascade of identical stages, the stage risetime reduction
factor due to the inductive compensation in the collector
circuit decreases as the stage A, increases. As A,
approaches its maximum value B, the risetime reduction
factor approaches its minimum value 1:51." At very low
values of A, (approximately 2 and less), this stage exhibits
the fastest response of all three stage circuits considered.

The risetime/gain ratio is a gain-invariant value.

When an emitter follower is used as an interstage, RC
compensation can be added in the base circuit and so
diminish effectively the input time constant, especially at
higher gains. The risetime/gain ratio is proportional to
1/ Ay; the optimum value of gain is Aoty = 2-8.

The cascode stage with both collector and base com-
pensation and an emitter follower is free of Miller effect.
Therefore the risetime/gain ratio diminishes with gain
even faster than in the previously considered stage. This
stage has an optimum gain of Agpty = 4-1.

Of all stage circuits considered, the cascade ensures
the shortest cascade risetime for a given cascade gain and
even for a given number of transistors per cascade.

References

1 ELmore, W. C.: J. Appl. Phys. 19, 55 (1948)

2 f(c)gg;,(l.g. 6:1)University of California Radiation Laboratory report UCRL-
1

3 MuLLiGaN, J. H.: Proc. Inst. Radio Engrs. 37, 516 (1949)

4 Xozikowsky, §J. L.: Trans. IEEE, CT-11, 129 (1964)

5 MaMoONKIN, J. G.: Pulse ampliffers. Gosenergoizdat, Moscow (1958).

In Russian ]

6 WILLIAMS, C. W., and NEILER, J. H.: Trans. IRE, N§-9, 1 (1962)

Decimal-binary encoder using

integrated circuits

by K. J. Dean, M.Sc., FInstP., CEng., F1EE., M1LER.E, Letchworth College of Technology

The article describes the design of a decimal-binary encoder which is based on the logical control of a
shift register. The design has been used with integrated circuits and uses the principle of successive
multiplication in the register.

(Voir page 798 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 799)

RECENT article! aroused some interest in the tech-

nique which was described for converting a number
available in binary code into a binary-decimal code
8421BCD. A comparable problem, which differs in a
number of points from that of the converter, is that of
converting a number available in 8421BCD into pure
binary code. In this case, the BCD number may be derived
from a bank of ten pushbuttons, each of which corres-
ponds to a decimal number. When a button is pushed,
gates connected to the preset inputs of four bistable ele-
ments are controlled to give the corresponding BCD
number. The encoder to be described consists of a register
comprising groups of four bistable elements or flip-flops.
Hence, in this way, a BCD number can be generated and
inserted into the encoder. It now remains to convert this
number to pure binary code, since this is the form best
suited to arithmetic operations.

Principles of operation

Consider the decimal number 243; this may be expressed
in BCD form as follows:
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10 0100 0011

, @ @ 3)
In order to convert this to a pure binary number, the 10
digit (4) must be multiplied by 10, the 100 digit (2) must
be multiplied by 10°, and each of these added to the 1
digit. The method may be extended in this way to cope
with higher powers. The 10 digit is therefore passed
through a multiplier once and the 100 digit passed through
two similar multipliers etc. In each case, the multiplier
must multiply by 10.

To multiply 2 number by 16, a shift to the left of four
binary places is required. Thus, to multiply by 10, the
number is first shifted four places left (or, what is equiva-
lent to this, it is inserted to the left of an empty 4bit
register) and then the product of 6 times the original
number is subtracted from it.

The rules for carrying out the complete multiplication
are best illustrated by a number of examples. In each case,
when the number stored in the four elements which are
controlled subsequent to a shift pulse is not less than 5,
3 must be subtracted from it. This subtraction is carried
out at the same time as the following shift pulse. This is
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thp main problem in the design of the code converter. decoder consists of a register of the kind shown in Fig. 1
F_lrst, the decimal number 43 will be converted to pure using the required number of multipliers, one for each
binary code: decade, into which the BCD number must be inserted in
parallel (i.e. not serially) and from which it is serially
shunted out. However, the first shift, using the method
already described, must take place without modification.

0100|001
@ 3 .

shift and examine number in t"'s-‘i L L Lsd
KLMN Preclear

010 0 0 01 1

shift without modification Preset
01 0000 131

shift without modification

0 {1000/ (011 i »—0(9
08

subtract 3 and shift 07 »

—0 6 §

0010 1810 o 1 Lt §

o L

shift twice and stop %; ;_3
101011 1

Result: binary 43

The method can now be extended to deal with three
binary digits; the number 243 will be used:

L —o1

Fig. 1 Shift register controlled by pushbuttons and capable
of storing the binary-coded decimal numbers 0-9

The need for this to be taken into account in the design

KEWE 208 can be removed if the number is inserted into the decoder
already displaced through one shift. This is illustrated in
10/ 0100 0011 the following example of conversion of the number 279 into
@ @ ©) ; . pure binary code; note that the number has been shifted
shift and examine numbers b 1 s
in KLMN and PQRS b7 W e BIED @l 1 Bl
11,0010 0 0 01 1
K LMN P QRS
shift without modification
1 001 00 00 =1 1 (085 0) o i 1100 1
(¢)] Q) ®
subtract 3 from KLMN subtract 3 from PQRS
and shift and shift
ORIORBISS] 0000 011 1 0 01 I TIENOS 0 (A 501
shift without modification subtract 3 from PQRS
and KLMN and shift
0 0 0 1 1 0 00 0 011
11 0100111
subtract 3 from PQRS
and shift shift without modification
00 00 1 010 1 0011 ) B e (0RO 50 (O8]
subtract 3 from PQRS subtract 3 from PQRS
and shift | and shift
0011 ;110011 153051~ 10111
shift twice and stop ! subtract 3 from PQRS
| and shift
L Ll (0) o (0)- k| [
! 1 00 ORI OLIE 101
It: bi
Sosult: Sy shift out and stop
100010111
From this second example it will be seen that, after the
10 digit, the method is repetitive; so that a complete Result: binary 279
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Design method

Table 1 shows the states which may exist in the register
PQORS before a shift pulse; examination of the table will
show that there are six possible combinations which can
never occur if one considers the results of prior modifica-
tions to the register. Also, if the BCD number is placed
in the register displaced by one shift, as already described,
none of these six immaterial states need be considered
further (immaterial states are shown with asterisks).

TABLE 1
States before shifting | States after shifting
PQRS QRST
0 00O 0000
0 001 .0 0 01
0010 0010
0011 0011
0100 0100
@il Wyl <
ORSTRSIER0 #
ORISR v
1 000 O 15 ONe1
1 001 0110
1010 ORS1S8 S
180, UL 1 1 000
1100 1 001
SR, (e 2
1110 b
L £ T ¥

The design of the shift register can now be carried out
using Karnaugh maps to determine the input conditions.
This is particularly advantageous here as there are these
six immaterial states. It should be noted that, if the reader
compares this method with that for a binary-decimal
converter, the immaterial states in that case are not identi-

TABLE 2

Woo GG o0
RS

01 1
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cal with those here. The master map shown in Table 2
can now be drawn up. This gives the location of each of
the states in the original register. Immaterial states are
marked with an asterisk.

Further maps can only be drawn up when the logic of
the bistable elements is precisely known. Since with new
designs it is almost certain that integrated circuits will be
used, and most integrated-circuit bistable elements are JK
flipflops, these will be used in the design. In this case,
it will be assumed that the inputs are J and K. It should
be noted that, if flipflops are used with inputs J and K,
the required logical inputs can be deduced by negating
those which are derived here. Table 3 summarizes the logic
for a JK flipflop.

TABLE 3
P | J | K |Qunt:
0 y f On
110 0| On
1710 | 1 0
b R B 1
Tea BT L | [

The steering conditions for the flipflops can now be drawn
up from the data given in Table 3. The steering table
(Table 4) is most important, since it gives the information
which is required to steer the flipflop from one state to
another.

TABLE 4
Necessary conditions
From| To

J K
0 0 0 &
0 1 1 &
1 0 o 1
1 1 ¢ 0
t 1 1 0
t | 0 0 1

t unknown states

Using the information given in Table 4, it is now possible
to complete two Karnaugh maps for each flipflop, one for
each input, placing information in the appropriate cells,
as indicated by Table 2. In all, eight maps are required;
these are given in Table 5.

These results, obtained by looping groups of cells in the
usual manner, may be summarized as follows:

Q; = PRS QK=F
R;=PQ + PQ Re=P+S§
S;=R Sx = PR + PR
T; = PS + PS Tx =PS + PS
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TABLE 5

PQ PQ

RSN\_00 01 11 10 RSN\_00 01 11 10
ool o|*]*]o oof(* [1) o | *
o1fo |*| %o o1 % | *|[| = [ =
11 0 | * El MIEAE] * | *
10 0 | % | * | O 10 i_*J * | *

0 Q
Pa ¥ Pa :

RS\ 00 01 11 10 RSN 00 01 11 10
o] o [(1) o | ool % | )| * | *
o1] o {|=|| = |1 01 ﬁ * [« [#)
1] % ([ %] % || % MY [ * [ * IJ
10 * |l * ) ofa]x) %o

R Ry
PQ PQ

RSN\ 00 01 1 10 RSN\_00 01 11 10
oolo|ofofo 00 (*_ﬂ % | %
01 % [ % | % | % 01 u_*J * |0
1 (* * | = *} 1] o » |* 1)
10 Ll x [ % 1J 10| = | = t_-d

s, Sal . *
PQ PQ

RSN\_00 01 1 10, RSN\00 01, 11 10
oof oo [Li]1] oofu[1 )]0 ]o
o1l 1 [%) =0 o1 o | % (=1
11¢* * |0 1M 0 | % b1
10| o 1) w1 ]x)] x| o

1 1}

|
3

It now remains to implement this logic to control the flip-
flops, as outlined in Fig. 2. In order to convert a number
available in binary-decimal code into pure binary code, a
number of these encoding groups of four flipflops and
their controlling gates will be required.

P P+s PR+PR PS +PS
P, — —P L -3 R L4 e sh - T
A — — P — —a — — R — =51 —r
PRS PQ+ PG R Ps+PS

Fig. 2 Logical diagram showing the control of a decimal-binary
encoder

Nonintegral numbers

An interesting extension of this method deals with the
encoding of nonintegral numbers available in binary-
decimal code. Clearly, the integral part of the number can
be handled in the way just described; but to encode the
part of the number to the right of the binary point, this
must be divided successively by 10, instead of multiplying
it. This may, of course, lead to recurring results, since the
binary equivalents of exact decimal numbers are not
always themselves capable of expression other than by
recurring binary numbers. Two examples will illustrate
this.
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(i) Conversion of 0-75 to binary code

0111 0101
Q) §o) _
add 3 to each decade and shift
-1 0101 000
add 3 to first decade and shift
=il 00 0O 00
stop

Result: binary 0-75

(ii) Conversion of 0-76 to binary code

0111 0110
Q) Q= 5
add 3 to each decade
and shift
1 0101 0010
add 3 and shift
1f 1 0000 0100
shift
110 0000 1000
add 3 and shift
-1 1L 0F 0N ORI 0110
add 3 and shift
11000 0011 0010
shift
110000 (OGNS0 0100
add 3 and shift
1100001 0010 1000

There are two points to note: the result shows no sign
of clearing the registers, and the method involves inserting
the digits in parallel into the dividers, whereas ‘the dividers
discussed in the earlier article had numbers inserted into
them in series.

Acknowledgments

The author wishes to thank those who have discussed with
him the methods which have been described for code con-
version, particularly F. K. Hanna? and C. P. E. Brown?,
also D. O'Dell and S. Money of A. E. W. Gosport, for
their most helpful suggestions.

References

1 Dean, K. J.: A binary-decimal converter using integrated circuits, Elee-
tronic Engng. 38 (Oct. 1966)
2 HanmNA, F. K.: Correspondence, ibid. 39 (March 1967)

3 BrowN, C. P. E.: Correspondence, ibid. 39 (July 1967)

ELECTRONIC ENGINEERING



Instantaneous pulse-measuring voltmeter

by N. A. Westman, University of Uppsala,
S. Westerlund, European Space Research Organisation
and S. T. Berglund, University of Lund, Sweden

A robust and fast instrument has been developed for pulse-voltage measurements. The principle is
that of charging a capacitor and reading off the voltage by means of an electrometer amplifier,
and the instrument can be operated in the following modes: pulse-height measurements of single
events; measurement of maximum amplitude in a time interval; and measurement of pulse voltage at
a predetermined time. As described here, the instrument is directly usable for pulse voltages be-
tween 0-1 and 5V and pulse lengths up to several seconds, but it can easily be modified for
operation in other ranges. The output is displayed on a deflectional instrument; resetting is auto-
matic and readoff times of up to several minutes can be selected. Risetime when the instrument
operates in the pulse-height-reading mode is better than 1ps; for instantaneous-value measurement,
the accuracy is related to the time derivative of the pulse at the time of locking.

(Voir page 798 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 800)

IN the study of various pulsed-discharge mechanisms in
gases, there is often a need to record primary, as well
as secondary, voltages, currents and magnetic fields. The
usual manner of recording is by means of oscilloscopes;
but, if several quantities must be recorded simultaneously,
the equipment becomes costly. Furthermore, in some cases
it is sufficient to monitor or record just the peak value of
a quantity during the discharge; sometimes its value at
a predetermined time is preferred. The instrument des-
cribed here is designed to serve a purpose outlined in the
above considerations. First made as a conventional pulse-
height-measuring voltmeter, it was later also developed
into an instantaneous-value-measuring instrument.
Peak-reading instruments rely mostly on the principle
of charging a storage capacitor through a diode by means
of a special charging amplifier, and an electrometer ampli-
fier is used to measure the resulting voltage. If leakage
currents are sufficiently low, the voltage is memorized

C fig.8.

+300V
9
47002

Input Diode Meter
signal CHARGING [ . ELECTROMETER
i AMPLIFIER
AMPLIFIER Storage L
capacitorI
{a) H <
Storage
capacitor
er
I_nputl TR ELECTROMETER s
signa CHARGING et
AMPLIFIER = ViwS I AMPLIFIER /
{b) <

Fig. 1 Schematic diagrams of peak-reading instruments

for a time that is long enough to permit the setting of
an indicating meter. A schematic diagram of such an
instrument is shown in Fig. 1(a). Another type of circuit

;330“).

T0-22.,|.F
Input 1 o 1 Ay MR, ¢
0-4TuF MR, IN914 3-2nF
4 Llr C;
0A186 150kl >51k0 022uF
100k > 0047 qm 1000 5100
uF
- EARREA
—12v
e To control .
ircui B fig.8.
Input 2 4 circuit ° f.g :
ig-8.

Fig. 2 Charging amplifier for peak-value locking with storage-
capacitor circuit and clamping thyratron
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is shown in Fig. 1(b); here the electrometer circuit is con-
nected as an operational amplifier with the storage capa-
citor in the feedback loop. Both circuits have their advan-
tages: a long holding time is more easily achieved with
the latter circuit; however, for the recording of -fast pulses,
large currents are involved in the charging of the storage
capacitor, and in the latter circuit these currents must be
supplied by both amplifiers, and therefore, for pulses of
short risetimes, the circuit in Fig. 1(a) should normally
be better suited, and it was chosen by the authors in
accordance with this assumption.

Charging amplifier .

The device was first constructed as a conventional single-
pulse peak-reading voltmeter, having an additional cutoff
arrangement whereby the charging of the storage capacitor
could be interrupted at a given time. By this means the
instantaneous value at a given time during the rising part of
a voltage pulse could be locked or memorized and read
out. The charging amplifier is shown in Fig. 2. It consists
of an amplifying stage Vs, with the addition of a cathode-
follower V3, and there is overall shunt feedback around the
two stages. The circuit is designed for only positive out-
put pulses which charge the storage capacitor through the
diode MR,. The pentode ESSL. was chosen as a cathode
follower; since this tube can deliver hundreds of milli-
amperes without drawing grid current and has a very large
transconductance, the circuit can be loaded by a relatively
large storage capacitor with retained short risetime and
good linearity. A large storage capacitor has the advantage
that the leakage current in the diode MR., when it is reverse
biased, becomes of lesser significance, and the circuit also
becomes less sensitive to pulses through stray capacitances
and through stored charge in the diode when the amplifier
is cut off for the locking of an instantaneous voltage.

The input signal on input 1 must be negative. The circuit
used here is preceded by an electronic integrator for
magnetic-field measurements, in which case the correct
polarity is chosen by turning the field search coil. For
other purposes, a phase-reversing stage may be necessary
at the input. Another feature of the instrument is that
the storage capacitor is part of a capacitive voltage divider.
By this means, the voltage at the output of the charging
amplifier and at the input of the electrometer amplifier
may be independently chosen for best performance. The
former voltage must be large so that the influence of the non-
linear element MR, can be neglected. The voltage on the

storage capacitor, on the other hand, should be low, since
the leakage conductance may increase when the voltage
across the capacitor increases; also a low voltage allows
for a large capacitance. To summarize: for a given charge,
a large RC holding time is more easily achieved with
a large capacitance and a low voltage.

The three relay switches in conjunction with the capa-
citor voltage-divider are reed relays, which are switched
on and off either manually or by an automatic circuit
to be described later. Before each measurement, the relay
RLA, is the first closed and then the relays RLA: and
RLA3 are momentarily closed to discharge the capacitors
C: and C; The contact of RLA; remains closed during
the charging pulse and is then automatically opened after
a delay of about lms. It has a leakage resistance of the
order of 10¥Q. In Fig. 3, the charging of the voltage
divider when an input pulse of negligible risetime is fed to
input 1 (Fig. 2) is shown. The measurement is made before
the diode MR;. It is the slower pulse with an over-swing

z
=
)
>
o
=
>
o

1us/DIVISION

Fig. 3 Oscilloscope traces (redrawn) that show the risetime
limit for the charging of the capacitor voltage divider

that represents the charging. The other steeper pulse without
over-swing is the voltage from a second input-voltage step
of equal magnitude, when the capacitor chain is already
charged. There is no change in voltage plateaw, which
means that a true reading is obtained for a single pulse;
the overshoot may depend on an induced voltage in the
oscilloscope probe attachments. The charging time, for
a voltage of S50V, corresponding to nearly full scale
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22k Fig. 4 Memory voltmeter circuit
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deflection of the instrument, is seen to be about lus. It
is determined by the peak current obtained from the
cathode-follower, which is about 200mA.

For the measurement of an instantaneous value of a
monotonously rising pulse or maximum amplitude in a
selected time interval, it would be sufficient to cut off the
cathode-follower V3 by a negative voltage step at its grid
at the correct time. Then the instantaneous value in ques-
tion would be seen as a peak value at the cathode-follower
output and measured in the usual way. However, in the
circuit of Fig. 2, the controlling pulse acts directly on the
input signal. The thyratron ¥ is normally nonconducting
and does not influence the signal;, but, if it is triggered
by a positive pulse at input 2, it gives a sharp positive
pulse in parallel with the input signal, which is thereby
replaced by a small positive voltage large enough to cut
off the cathode-follower via tube Vs, and the storage-
capacitor voltage is clamped. The accuracy in time is
limited mainly by time jitter in the thyratron triggering,
which becomes more important when the time derivative
of the pulse is high. Therefore the waveform should be
known or anticipated for an exact definition of the
accuracy.

Memory voltmeter

An electrometer tube ¥V, (Fig. 4) is used as a cathode-fol-
lower at the input of the memory electrometer amplifier.
It is not included in the feedback loop around this ampli-
fier, but high linearity is ascertained by means of a large
load resistance. Furthermore, its anode voltage is taken
from the amplifier output in such a way, via the Zener
diode MRZ,, that it approximately follows the input signal.
A rectifier diode MR;, and two Zener diodes MRZ, and
MRZ; are incorporated in the circuit for the protection
of the electrometer tube and the indicating meter. There
are two longtail-pair amplifier stages ¥> and Vs, terminated
by a cathode-follower, which is loaded by the indicating in-

strument, a moving-coil 1mA panel meter. The cathode
of V; is fed from a direct voltage, which is stabilized by
a 2-stage Zener-diode circuit; the filament supply for V.
is also stabilized. The short-term input-voltage drift thereby
becomes- sufficiently low to be negligible at a full-scale
deflexion of about 1V. The loop gain of the amplifier
is greater than 1000 and the overall gain about unity; so
that the accuracy of the electrometer may be set equal
to that of the milliammeter. Time constants of several
hours are reached, which means that, for a 1% accuracy
in the reading of the instrument, several minutes are
available. The linearity of the instrument as a peak-pulse-
height-measuring instrument is good even down to low
voltage, as is seen from Fig. 5, which shows a measure-
ment series of the meter scale reading single pulses as a
function of the input pulse height.

0-8- §
07+
05|
05

0-ar

DEFLEXION (mA)

0-31-

02

01

1 I 1
0 1 2 3 4 5 6

INPUT VOLTAGE (V}

Fig. 5 Measurement of the linearity of the instrument used as
a peak-reading voltmeter
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Fig. 6 Charging amplifier for instantaneous-value locking
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Instantaneous value-locking amplifier

When the instantaneous value of an arbitrary pulse is to
be locked, the charging amplifier becomes more compli-
cated. The circuit is shown in Fig. 6; the simple cathode
follower is replaced by a White cathode follower V; and
V., with two ESSL valves. It works in class-AB with a
quiescent current of 10mA. However, the peak current
may be more than 100mA in either tube. If both tubes can

B R e o . o = S

z
=]
]
=2
=}
g
>
=

20ps/DIVISION

Fig. 7 Oscilloscope traces (redrawn) when the voltage of a
pulse is locked at an instant of decreasing value

A +30V

ﬂ

extra adjustments involving, for instance, different pulse-
forming circuitry to the grids of Vs and V. The cathode
follower is cut off for a few milliseconds, during which
time the relay RLA; opens.

Fig. 7 shows the locking of a voltage after about 67us;
the time is given by the pulse fed to input 2 (Fig. 6).

Automatic control circuit

The instrument is constructed to allow for two charging
and memory circuits of the type described above; so that
two signals at a time may be measured. It is also pos-
sible to measure the voltage of one event at two different
times. There is an automatic control circuit in common
for both, which, after each measurement, zero-sets the
instruments and closes the relay between the charging and
memory circuits; i.e. it makes the instrument ready to
receive new pulses. The control circuit is shown in Fig. 8;
it consists of a monostable multivibrator for pulse delay
Vi a thyratron V., a ‘switching > triode V3 and a cold-
cathode trigger tube V.. When the instrument is at rest
and ready to receive pulses, ¥; and ¥, are nonconducting.
In Fig. 8, the contacts of the relays RLA, and RLAs are
shown for this condition, and it is seen that thereby the
relay RLA; of Fig. 2 is closed while the relays RLA4, and
RLAs are open. The multivibrator is triggered by a posi-
tive pulse, for instance, from one of the charging pulses;
and when it goes back to its stable state, after a delay

c B
4

+300V

+300V
o——

Fig. 8 Control circuit for automatic resetting

be simultaneously cut off, their common output becomes
floating, and the leakage current, which may be of either
sign, is small enough to be neglected during the time that
elapses before the relay RLA: opens; the delay is still
typically 1ms. There is now, of course, no diode in series
with the capacitive voltage divider, cf. Fig. 2. Negative
feedback around the circuit is arranged vig a cathode-
follower Vs, since no resistive load is allowed at the output.
A transistor monostable multivibrator ¥ T: and V' T», which
is triggered by an external pulse at input 2, controls the
cutoff. It delivers a positive pulse of short risetime to the
pentodes V; and Vs, the anodes of which are d.c.-coupled
to the grids of the White cathode follower. However, the
tubes of this must be simultaneously cut off if they are
both conducting, otherwise an error voltage of positive or
negative sign is added to the signal voltage at the output.
Good results are obtained with the circuit shown, without
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determined by the circuit constants, it triggers the thyra-
tron. When the thyratron anode-voltage goes down, the
triode V; is cut off, and the voltage on the trigger electrode
of V, starts rising at a rate that is adjustable by the setting
of potentiometer P. The choice of delay in the triggering
of V. which is thereby provided for, determines the time
available to read off the indicating instrument. The thyra-
tron also opens the contact of relay RLA,, via which
RLA; of Fig. 2 is also opened. When V, triggers, the re-
lays RLA; and RLA; in Fig. 2 are closed for a moment,
during which time the capacitors C; and C; are discharged.
The anode circuits of thyratron ¥ Fig. 2 and thyratron
V. of the control circuit are simultaneously opened and
the thyratron extinguished. The trigger tube is self-extin-
guishing, and when it has cut off, the instrument is again
ready for a measurement. All indicated supply voltages are
stabilized by conventional voltage-stabilizing circuits.
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Behaviour of a Schmitt—trigger circuit
used 1n conjunction with .
a Current—integrating Capacitor

by L. A. W. Kemp, B.Sc,, Ph.D., F.Inst.P., National Physical Laboratory (formerly with
The London Hospital), and D. O. Bottrill, B.Sc., D.I.C., and S. Klevenhagen, B.Sc., M.Sc., The London Hospital

An analysis is given of the current and voltage conditions obtaining in a Schmitt-trigger circuit

whose input signals are provided by the voltage excursions on a capacitor which is charged by an

ionization current until the Schmitt-trigger voltage is reached, when the capacitor is rapidly discharged

to the reset voltage and the cycle then recommences. Particular attention is given to the theoretical

prediction and experimental confirmation of the existence of a minimum ionization current below

which the Schmitt will fail to trigger, and a maximum above which the Schmitt will fail to reset,
having triggered for the first time only.

{Voir page 798 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 800)

HE Schmitt circuit was first published! as a thermionic
Tdevice, and has found wide application as a voltage
discriminator in, for example, pulse-height analysers; but
implicit in the usual textbook analysis of the circuit is
the assumption that it is fed from a low-impedance signal
source. However, Hampshire and Peterson?® used equivalent-
circuit techniques to investigate the conditions for re-
generative switching of a p-n-p Schmitt circuit, in which
the input transistor is normally bottomed and where the
source impedance is neither very large nor very small.

In the recent design of a digital integrating X-ray dose-
meter, a Schmitt circuit has been employed in a situation
in which the signal voltage is that produced across a
capacitor used to integrate the current from an ionization
chamber monitoring an X-ray beam. The limits of the
voltage excursions between which the capacitor is alter-
nately charged and discharged are determined by the
trigger and reset voltages of the Schmitt circuit. This
arrangement does not constitute the normal low impedance
signal source, and an analysis of the current and voltage
conditions before and after triggering was found to be
necessary in order to elucidate fully the behaviour of the
circuit. In particular, a theory was required to account
for the existence of a minimum ionization current below

_which the Schmitt fails to trigger, and a maximum above
which the Schmitt fails to reset having triggered once only.

The input arrangement and basic Schmitt circuit are
shown in Fig. 1. The integrating capacitor C is of the
polystyrene (unprotected tubular) type with very high
insulation properties: and excellent stability, and has a

Vs
R.
X-rays i Ry
Wi vn vr,
lonisation /7 o —om____. VY 4
chamber
Polarizing  —4H
voltage T R, ? Ra

Fig. 1 Input arrangement and basic Schmitt circuit
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value of about 0-1uF in the circuit studied. VT, and VT
are Fairchild BFY 77 silicon n-p-n transistors, which
have very high current gains at low collector currents and
very low leakage current to the base under reverse-bias
conditions (typically of the order of 0-1nA). In the un-
triggered state of the circuit, this leakage current is a
negligible fraction of the capacitor charging current, the
latter usually being of the order of tenths of a micro-
ampere.

It has been found experimentall