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For continuous

1300

Teramel is BICC’s new polyester enamel covering for
winding wires. It combines the excellent electrical and
mechanical properties called for in BS 1844/1952 with high

thermal stability— Teramel wires can safely be used at

continuous temperatures of 130°C.

They are ideal for:—

Armature and field windings for industrial
and traction motors

Air cooled windings for transformers

D Coils for motor starters

RAMEL
Winding Wetes

Hard and strongly
adhesive to the
copper wire. Neg-
ligible thermo-
plastic flow.

Flexible — can be
twisted, stretched
or flattened with-
out damage.

Resistant to var-
nish solvents,
moisture and che-
mically contamin-
ated atmospheres.

BRITISH INSULATED

il

Further information is contained in
Publication No. 391 —available on request

CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.I|
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An extremely
versatile generator
for time-domain
measurements

TRADE MARK

¢GENERAL RADIO’

PULSE, SWEEP AND

TYPE I391-A

TIME-DELAY GENERATOR

The new Type 1391-A Pulse, Sweep and Time-Delay
Generator performs, individually and in combination,
all the functions described by its title and performs
them all well; its excellent performance results from a
minimum number of compromises in design. Its wide
ranges and complete flexibility of circuit inter-
connection make it a highly satisfactory pulse generator
for laboratories engaged in time-domain measure-
ments and waveform synthesis.

The transition times of the output pulses are com-
patible with most present-day oscilloscopes. The
internal sweep circuit makes it possible to deflect an
inexpensive oscilloscope by direct connection to the
deflecting plates, to monitor the output pulse.

Among its many applications are measurement and
testing in the fields of:

Echo ranging
Radio navigation
Television

Computers
Telemetering
Physiological research

DESCRIPTION The Pulse, Sweep and Time-Delay
Generator consists of the following major circuit
groups: (1) input synchronizing circuits, (2) delay and
coincidence circuits, (3) sweep circuits, and (4) pulse-
timing and pulse-forming circuits.

3 INSTRUMENTS IN ‘I

PULSE GENERATOR SWEEP GENERATOR
TIME-DELAY GENERATOR

This is truly a complete Time-Domain Measuring
Instrument, giving the best performance obtainable
with ultra-modern techniques plus the finest obtainable
materials and components, backed by over forty years
manufacturing experience. A very well thought-out
design, developed over several years, provides the pulse
specialist with the equipment he has long been seeking.
SUPERIOR PULSE CHARACTERISTICS:

Excellent Rise and Decay Times: 0:025 4+ 0-01 usec.
No Duty-Ratio or Frequency Restrictions on the Pulse.
HIGH BASIC TIMING ACCURACY:
Timing Scales are Linearly Calibrated, and accurate
to1%.
WIDE RANGES OF:

PULSE DURATION: 0-05 usec—1-1 sec.

PULSE REPETITION RATE: 0-250 kc.

TIME DELAY: 1 usec—1-1 sec.

DELAY REPETITION RATE: 0-400 kc.

OUTPUT IMPEDANCE: 0-600 ohms.

This is a large instrument, and it is supplied complete with its necessary power supply
(not illustrated), arranged at choice for bench or rack operation. The Generator proper has
thirty-six vacuum tubes. Considering its flexibility and completeness the price is reasonable

—£1,047 net delivered (U.K. only).

For complete data see the 13-Page article in ‘‘GENERAL

RADIO EXPERIMENTER’’ for May 1956, (Vol. 30, No. 12) or request the latest “G.R.” Catalogue ‘0’
Send your written application to our nearest address, please.

laude fpons Ld.

76 OLDHALL STREET . LIVERPOOL @ VALLEY WORKS .- HODDESDON . HERTS

Telephone: Central 464i/2

Electronic & Radio Engineer, January 1958
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Telephone: Hoddesdon 3007 (4 lines)
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Putting
5and5
together

These In-Line Connectors are specially suitable
for plug-in unit construction or small rack
mounting equipment.

Well proven plug and socket contacts are used
and exceptional freedom in dimensional toler-
ances of fixings etc. has been provided for.

5 and 7 Way versions are available and the
Connectors can either be mounted direct to the
panel where clearance is provided for contacts
or mounted on stand-off pillars.

Location is provided by guide pins which are
polarised to prevent incorrect insertion.

mMNHHMW“'
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POWER CONTROLS

EXNING ROAD, NEWMARKET, SUFFOLK

Telephone : Newmarket 3181/2/3. Telegrams: Powercon Newmarket.
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MICROWAVE
FERRITE TYPE F5X

® Available in rod or slab form.

® Suitable for X-Band frequencies
and above.

® Specific rotation 30°/cm.
@® Figure of merit 330°/db.

® Permittivity 12 approx.

Microwave measurements carried out at
9,750 Mc/s.on a 0.2” diameter rod sup-
ported in 0.7” diameter waveguide. The
permittivity of the supporting material
was virtually unity.

FERRITE
SWITCH

® Minimum frequency band 9,600
to 9,800 Mc/s.

® Insertion loss 0.5 db max.
® Peak attenuation 30 db min.

® Power handling capacity 30
Watts mean.

® Dimensions 13" x 1 {"x 2" long.
® Total weight 3 ozs.

FERRITE
ISOLATOR

Designed for operation up to a peak
incident power level of 75 kW or a
mean incident level of 75 Watts. The
reverse attenuation is greater than 20 db
over any 10% frequency band between
8,500 and 10,000 Mc/s with forward
attenuation less than.0.8 db. V.S, W.R.
less than 1.2 over the frequency band.

FERRANT LTD - FERRY ROAD - EDINBURGH
ES[T39
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COMPACT...

series 320

relay

This relay is of compact design and extremely small
for the duty it performs, the contact arrangement is
three pole double throw and connections to contact and coil
are conveniently brought out at one end of the relay.

Contacts and terminations are housed in a high grade Bakelite mould-
ing and the design of the moulding gives increased creepage path and excellent
insulation. Guards are fitted to avoid flashover between contacts.

Maximum Working Voltage: 440 volts A.C. Series 325 Relay. The only difference is that this is
50 cycles. a D.C. Relay and the maximum working voltage
V.A. Rating: 5 V.A. is 250 volts D.C.

Contacts rated up to 10 amperes at 250 volts Wattage: 2 watts.

A.C. or 30 volts D.C. Contacts rated up to 10 amperes at 250 volts

A.C. or 30 volts D.C.

ALD. AND AR.B. APPROVED l. TD.

MAGNETIC DEVICES LIMITED, EXNING ROAD, NEWMARKET, SUFFOLK
Telephone : Newmarket 3181/2/3 Grams: Magnetic Newmarket

4 " Electronic & Radio Engineer, January 1958



we’re reducing...

the size of our electrolytic capacitors. The new type BR miniature electrolytic

capacitor retains all the characteristics of this well-known range with the added
advantage of reduced size.

In modern equipment where every square inch of space is vital, these new
capacitors will meet the physical requirements without any degradation of the

electrical specification.

Capacitance (uF) D.C. Wkg. Voltage . Dia. (in.) Length (in.)
including sieeve

25 12 s 1

50 12 s 0
10 25 I 3

25 25 7s 3
s 50 % 3
10 50 75 3
4 100 = 3
8 100 7 Iy
2 150 = 2
4 150 Z 2

We shall be pleased to supply full information upon request.

RDIUIBIIA

DUBILIER CONDENSER CO. (1925) LTD - DUCON WORKS . VICTORIA ROAD . NORTH ACTON . LONDON W.3

Telephone : ACOrn 224] Telegrams : Hivoltcon Wesphone London
DNI758

Electronic & Radio Engineer, January 1958 5
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Photograph reproduced by S
courtesy of British Communications ‘tn.,‘“
and Electronics
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The recently advertised 4GP, SBHP and 6EP cathode ray tubes are
only three of a wide range of instrument tubes marketed by the
G.E.C.

The range includes both electromagnetic and electrostatic deflection
tubes and all are generally available with any one of six standard
screen phosphors. Other screen phosphors can be supplied to special
order,

Should you have any cathode ray tube problems-—consult the M-O
Valve Company. You will most probably find a tube in the range
which is idecally suited to your particular application. If not, the
Company with its wealth of experience and technical facilities may
be able to make a special tube for you.

Products of the M-O Valve Company Limited, Brook Green, Hammersmith, W.6
a subsidiary of

THE GENERAL ELECTRIC COMPANY LIMITED, MAGNET HOUSE,

6

|

Some of the many products
of the M-O Valve Co. Ltd.

Transmitting Valves
Industrial Heating Valves
Pulse Valves '
Audio Frequency Valves
Instrument Valves
High Figure of Merit Valves
Low Noise Valves
Series Stabiliser Valves
Rugged Valves
Vacuum Rectifiers
Mercury Rectifiers
Xenon Rectifiers
Magnetrons
Klystrons
T.R. Cells
Corona Stabilisers
Geiger—Miiller Tubes
Special Purpose

Cathode Ray Tubes
Radar Cathode Ray Tubes

KINGSWAY, LONDON, W.C.2
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SYSTEM PLANNERS,
® More than fifty civil airlines and over thirty air forces fit ELECTRONIC ENGINEERS,

Marconi ground or airborne radio, radar or navigational aids. Airports DESIGNERS A“D M ANUFACTURERS
all over the world rely on Marconi ground installations ® The

armed services of overseas countries and Great Britain have entrusted : OF AERONAUTEAL, BROADCASTING,
radar defence networks to Marconi’s ® The broadcasting authorities COMMUNICATION AND MARITIME

of 75% of the countries of the world operate Marconi broadcasting e e
or television equipment. ® 80 countries have Marconi equipped : BAND EQUlPMﬂEN},
radio telegraph and communication systems ® All the radio o TELEVISION .EQUQ?MENT?._

approach and marker beacons round the coasts of RADAR ’AND NAV'GA“_O“ALI AIDS

Britain have been supplied by Marconi’s,

MARCONI

on land, at sea and in the air

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND

LG6
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— another contribution 1o electronics by Advance

3000M<F

A completely co-axial attenuator unit specially designed
dc _ for use in precision equipment where rapid selection
L of close tolerance attenuation with absolute
RANGE : 0 to 50 db in 10 db steps. reliability is essential.
Any combination of six pads is available

from 0 to 50 db. in 10 db. steps.

ACCURACY: + | dbupto [000 Mc/s.

V.S.W.R.: Less than [-2 d.c. to 3000 Mc/s for

20-50 db range. by, For use at all frequencies up to
Less than 1.2 d.c. to 1000 Mc/s for !
0-20 db range. e 3000 Mc/s.

At 3000 Mc/s increases below 20 db.
to not more than |7 d.c. at zero

v NET PRICE £ll“
attenuation. : IN U.K.

% CONTINUOUS ROTARY MOVEMENT

selects any pad simultaneously giving visual
indication of pad selected.

SERIES A.83 ATTENUATOR PADS
These pads, as used in the Type A63, are available
as separate units in the following values:

AB3/A ... |10dB  A83/B ... 20dB  A83/)C ... 30dB
NET PRICE IN U.K. £15

AB3/D ... 40dB  AB3/E ... 50 dB
Export enquiries invited. NET PRICE IN U.K. £17 10s.

Full technical details available in Leaflet R49 TYPE A63
ADVANCE COMPONENTS LTD. ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. . Telephone : HAlnault 4444

GD24
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. . . With 1.C.l. Anhydrous Ammonia

I.C.I. provides industry with anhydrous ammonia, a cheap source of pure nitrogen
and hydrogen gases. And to convert the ammonia into these gases efficiently and
economically, I.C.I. offers a full range of crackers and burners. Transport and
handling charges are low because [.C.l. anhydrous ammonia is conveniently

transported in large-capacity cylinders and in tank wagons.

Full information on request:
Imperial Chemical Industries Limited, London, S.W.1.
BLI

Electronic & Radio Engineer, January 1958 9

A*



It doesn’t matter whether you call it...

I______————'___Il the CARPENTER Polarized Relay

or the Carpenter PO LARIZED Relay
or the Carpenter Polarized RELAY

itis the polarized relay, with the UNIQUE combination of superlative
characteristics, that has solved, and is continuing to solve many
problems in...

High speed switching - Control

Amplification - Impulse repetition

Jor : Industrial recording
Aircraft control and navigational equipment
Automatic machine control
Analogue computers
Temperature control
Servo mechanisms
Submarine cable repeaters
Burglar alarm and fire detection equipment
Nuclear operational equipment
Biological research

Theatre lighting ““dimmer”’
and colour mixing equipment

Teleprinter working
Automatic pilots
TYPE 5 Remote control of Radio links
Theatre stage-curtain control
Long distance telephone dialling

V.F. Telegraphy
etc, etc, etc.

Therefore — if your project, whatever it may be, calls for a
POLARIZED relay, with high sensitivity, high speed without contact
bounce, freedom from positional error, and high reliability

TYPE 51

in a wide range of temperature variations, you cannot do better
than use a CARPENTER POLARIZED RELAY.

Write or phone for technical data —

TELEPHONE MANUFACTURING CO. LTD.

T40E manr DEPT. 407, HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2I

. R TELEPHONE: GIPSY HILL 2211
5 Basic types are available each

with several variations for special
purposes.

10 Electronic & Radio Engineer, January 1958



Printed circuits made from BAKELITE Copper-Clad
Laminated material are used in Pam TV sets.

DRAMATIGC PRODUGTION IN VIEW—
with BAKELITE Gopper-Glad Laminated

Extensive use of printed circuits from BAKELITE
Copper-Clad Laminated material has brought a
greater efficiency into the production of television
sets. The simplicity and accuracy of assembly, which
are features of this technique, speed up output by as
much as 300%. All soldering is done in one operation,
and with less likelihood of bad connections or wrong
wiring, testing is minimised and the reliability of the
finished instrument considerably increased.

BAKELITE LIMITED

B
Q)

REGD.

TRADE MARK

Today printed circuits on BAKELITE Copper-Clad
Laminated Materials, either rigid or flexible, are
finding new applications throughout the Radio and
Electronics industries. They allow more freedom and
precision to the designer, reduce production time and
costs for the manufacturer, and give the customer
a lighter, more compact and reliable instrument.

Write today for a copy of * Copper-Clad BAKELITE

Laminated for Printed Circuits”.

Bakelite Limited manufacture an extensive range
of plastics materials and maintain a technical
service unequalled in the industry. No matter
what your plastics problems, this service is at your
disposal. SLOane 0898 is the telephone number.

(2-18 GROSVENOR GARDENS - LONDON SWI « SLOane 0898

TGA P9

Electronic & Radio Engineer, January 1958 11



PERFORMANCE ASSURANCE WITH

CONNOR

PRINTED CIRCUITS

AN INSTRUMENT RANGE
IN KIT FORM

Q. Why has Cossor Instruments decided upon
this innovation?

A. To make available a range of first-class
measuring instruments at a considerable
saving in cost to the Buyer.

Q. Are Kit instruments inferior in performance to
their Factory-built equivalents?

A. Certainly not. If assembled and wired
exactly in accordance with the Manual of
Instructions.

i
e
&
i
3

Q. A certain skill must, surely, be required to
build these instruments?

A. None beyond the ability to use a small
soldering iron.

- Q. How can a performance specification be main-
e : ‘o e tained without setting up with test equipment? &
: A. Largely by the use of PRINTED CIRCUITS = =
which allow no interference with the layout | =

#
g
o
" % of critical parts of the circuit.

! : e Q. How many Kit instruments are at present -

| k v s SRR T i e 1 || available? s dass

A. Three. Two Oscilloscopes, a Single-Beam
and a Double-Beam, and a Valve Voltmeter.
Others will follow shortly.

Model 1071K Double Beam Kit Oscilloscope
List Price £69.0.0

Hire Purchase facilities Q. Could I have more information on these |
Trade terms on application interesting instruments?

A. With the greatest of pleasure. Just write to:

Co S S 0 R INSTRUMENTS LIMITED

The Instrument Company of the Cossor Group

COSSOR HOUSE - HIGHBURY GROVE - LONDON, N.5
Telephone : CANonbury 1234 (33 lines) Telegrams : Cossor, Norphone, London Cables : Cossor, London

12 Electronic & Radio Engineer, January 1958
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RESEARCH

Interesting jobs for young%s"'ci;,

Attractive research jobs for able and
ambitious young scientists are available in
Hollerith electronics. Original work is
encouraged. Laboratoriesare well-equipped
for electronic research. Salaries are excellent
and prospects outstanding. Senior men will




S.E.I. Ferrites are available as
moulded pot cores, and line time
base transformer cores.

Extruded rods of a variety of sizes
and sections cover wide-range

tuning units and directional aerials,

Manufactured under accurately controlled conditions which
give uniformity of dimensions, permeability and low losses, Ferrites are in great demand
for use in television and radio receivers.

SALFORD ELECTRICAL :

INSTRUMENTS LTD.

(COMPONENTS GROUP) TIMES MILL, HEYWOOD, LANCASHIRE
Telephone: HEYWOOD 6868 - London Office: TEMPLE BAR 4669

A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND

14 Electronic & Radio Engineer, January 1958



Before you start a frantic hunt for the ‘odd’
Component do consult our Catalogue. A very extensive
range of over 2,000 ‘bits’ from Electrolytics down to
Nuts and Washers awaits your call. Remember: we
despatch all Orders the day they are received. Do
let us help to Bridge Your Gap!

—
e
P

Radiospares Lid.

A

4-8 MAPLE STREET - LONDON *+ W.l - ENGLAND

Telephone: EUSton 7232-7

Please send me regularly your monthiy Catalogue

Name ..

Telegrams: RADOSPERES, WESDO, LONDON Name of Business

Cables: RADOSPERES, LONDON Business Address.

e

S

8]
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Also manufacturers of
“Cirscale” (reg. trade name)
Ammeters,
Voltmeters,
Wattmeters,
Frequency Indicators,
Power Factor Indicators,
and Rotary Synchroscopes,
Portable Testing Instruments,
Protective Relays,
“Cirscale”

Electric Tachometers, etc.

Inside story...

GRAPHIC RECORDING INSTRUMENTS

are the fastest and most sensitive direct writing Recorders
now available.
E.g. 0/100 microamperes, consumption 02 milliwatts
response time 0'4 second *
0/1'5 milliamperes, consumption 50 milliwatts,

response time 0’1 second *
p (To within 2%, of indication)*

The secret of this remarkable performance lies in the generously
proportioned movement which is designed to utilise every available cubic
inch of a case which occupies the minimum of panel space.

A wide selection of other ranges can be quoted according to requirements,
including Amperes, Volts, Watts, Vars, Frequency and R.P.M,, also
multi-range with Clip-on Transformer.

THE RECORD ELECTRIGAL GO. LTD

“ CIRSCALE WORKS,” BROADHEATH, ALTRINCHAM, CHESHIRE
€8651-1
Offices at: Belfast, Birmingham, Bristol, Dublin, Glasgow, Leeds, London

Electronic & Radio Engineer, Jaruary 1958



— A RANDOM SELECTION__

from a very comprehensive range of electronic instruments

® BANDPASS FILTER (TYPE FU CONTINUOUSLY VARIABLE)

Frequency range ... 1-9~21,000 ¢/s.

Cut-off rate ... 24 dbs/octave.

Insertion loss Zero.

Impedance ... High input, low output. May be inserted into any circuit or instrument
chain without difficulty.

Circuit ... Completely independent high-pass and low-pass filters in cascade, each

having a continuously adjustable cut-off frequency, permit the pass band
to be of any width anywhere in the above spectrum.

® LOW NOISE AMPLIFIER (N\MA 3)

Frequency range ... 1~50,000 c/s (—3 dbs).
Input resistance 300 megohms.
Gain ... X 10, x 30, X 100 (stabilised by 40 dbs feedback).
Noise level ... 3 Mv. RMS at output (i.e. 30 microvolts referred to input on ““‘x 100").
Power ... Internal batteries (500 hours operating time).
Main application ... Vibration pick-up or microphone preamplifier.
® VARIABLE DELAY (VAD Mk. 2)
Purpose To produce positive/negative pulses at an accurately known time after a

positive/negative initiating pulse.

Delay range ... 0-5-1,000 microseconds, continuously variable in three ranges 0-10,
10-100, 100-1,000 microseconds.

Control Helical Potentiometer plus or minus 29, delay accuracy, except below
| microsecond.

Delay resolution ... At least one part in 2,000 of the range in use. E.g. 5 millimicroseconds
when on the |-10 microsecond range.

Jitter ... Less than one part in 10,000.

Output pulse 50 volts, rise 0-15 microseconds, base length 0-4 microseconds.

® MARKER GENERATOR/TIME CALIBRATOR (CU Mk. 3)

Purpose To generate trains of markers time spaced with crystal accuracy.

Marker intervals ... 0-5, 1, 5, 10, 50, 100, 500, 1,000 microseconds.

Outputs Markers are available individually, or any/all may be combined at differing
heights giving a “timing comb” with height identification.

Control Continuous train may be generated (“free-running”’) or the train may be

‘‘gated”’ by the internal gate generator (whose output is brought out to a
socket), or by an external gate waveform.

Internal gate Length — Variable | microsecond to 10 milliseconds.
P.R.F. — Variable 2 microseconds to 100 milliseconds.
Applications ... The applications are obvious except possibly for the gating facility.

Examples of use:
A. Switch on markers with, and for duration of, signal.
B. Measure with 0-5 microsecond accuracy the length of a very
long time interval.

® STABILISED POWER SUPPLIES (PE3l1 A & B)

Mode! A —500 v. 250 ma stabilised.
Model B —500 v. 500 ma stabllised.
Outputs Three *‘rails’ isolated from earth.
A to C—variable 250 to 500 volts.
B—variable within the two outer rails.
Purpose of three “‘rails” ... To enable (if required) one unit to be used as a “‘positive” and ‘‘negative’’
supply.
Example of settings:
B ‘‘earth’’.
A ‘4 300".
C ‘“—200".
Performance ... I ohm output impedance, | mv ripple, 0-19, stability against mains changes.
Construction variants l. Chassis.
2. Chassis, rack panel, metering, etc.
3. As for 2 in case.
Other outputs 63 v. A.C. I5SA (from several isolated windings). Negative biasing supply.
Price ... These instruments are extremely competitive.

Basic supplies L -

There are many more instruments described in our catalogue; your inquiries are invited. All finishes, materials and components are
“‘approved’” wherever possible. This includes the use of impregnated transformers, hermetically sealed potentiometers, “Ruggedised”’
valves, etc.

A. E. CAWKELL, ELECTRONIC ENGINEERS
6/8 Victory Arcade, The Broadway, Southall, Middlesex.  Telephone: SOU 3702/5881

Electronic & Radio Engineer, January 1958 17



We also make Phase
Sequence Indicators,
Synchroscopes and Fre-
quency Meters all up
to 5,000 c.p.s. and full
range of M.C. and M.I.
Instruments.

Ask for new Catalogue. BOSWELL SQUARE - INDUSTRIAL ESTATE - HILLINGTON - GLASGOW * S.W.2 - Teiephone Halfway 1166 and 2194
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Useful for the design of a.c. bridges.
Sensitive to current differences of | in 1,000.
Made for frequencies from 50 to 5,000 cycles per second.
% Indicates small differences in the magnitude of two a.c. currents.

%

THE ELECTRICAL INSTRUMENT CO. (HILL;NGTON) LTD.

18

MUREX sINTERED PERMANENT MAGNETS [IRTY.
in this new FATIGUE METER made by Mechanism Ltd.

: : : Actual size ,"{A: - e b 2

. L | : of Magnet | ~
_ ﬂnén;t;unoL ugut \ Q\_q‘/‘
A2 L -

0054 0453 0753
FATIGUE METER

it NYPE-M 1829
{000 1 24 voLrs ag
“HOURS ™ waw
IRANSIY SCREWS?
HECKAMIGN “EPP”  CROTOOM {
|55. 1954 |

Murex *Sincomax’
magnetsare used to
meet the need for
lowleakage, high flux density,

‘400 and magnetic stability.
© Technical representatives are
[l zL— o "8 always available for consul-

e tation and advice.

MUREX LIMITED (Powder Metallurgy Division) RAINHAM . ESSEX
Telephone: Rainham, Essex 3322. Telex 28632, Telegrams: Murex, Rainham-Dagenham Telex
LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.I. Telephone: EUSton 8265

Electronic & Radio Engincer, January 1958



Berco/BPT Line Voltage
Regulators* hold the voltage

to within ¥ 19
(28 STANDARD SIZES—1-115 KVA)

Berco/B.P.T. Voltage Regulators are at work in transmitting

stations . . . at international airports . . . on ocean going

hiners . . . wherever designers want a strong, reliable unit for
accurate voltage control. Berco/B.P.T.’s team of consultant
Study the features
below, and you'll agree our Line Voltage Regulators prove

Berco/B.P.T. know how !/

engineers are always at your service.

* BERCO/B.P.T. Line voltage regulators. Ask for List 606.

I Voltage held to within 4 28 standard ratings cover

+1%. 1 KVA to 115 KVA.

2 Unaffected by variations in 5 Oil immersed and air cooled
supply volts, load, load types.
power factor, frequency. 6 Standard designs ensure

3 No wave form distortion. good delivery.

BERCO|B.P.T. pioneered this type of Line Voltage Regulator . ..

BERCO/BPT KNOW HOW

THE BRITISH POWER TRANSFORMER CO., LTD,,
in gssocigtion with
THE BRITISH ELECTRIC RESISTANCE CO., LTD,,

QUEENSWAY - ENFIELD - MIDDLESEX
Telephone: HOWard 2411 : Telegrams: Vitrohm, Enfield BR 1411

ADCOLR

{Regd. Trods Mork)

Soldering Instruments
and Equipment

Comprehensive
Range of Models

P.V.C. Cable Strippers
Solder Dipping Pots

Supplied in
ALL VOLT RANGES

A PRODUCT
FOR
PRODUCTION

RADIO, TV
RADAR
ELECTRONICS
TELECOMMUNICATIONS
ETC.

(Illustrated)

Protective Shield
List No. 68

+” Detachable
Bit Model

List No. 64

Traditional British Quality and Workmanship

ADCOLA PRODUCTS LIMITED

Head OI.Tlce. Sales and Service:
GAUDEN ROAD, CLAPHAM HIGH STREET
LONDON, S.W.4 Telephones MACAULAY 310! & 4272

Electronic & Radio Engineer, January 1958
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SULLIVAN & GRIFFITHS

PRECISION BEAT TONE OSCILLATOR
0-16,000 ¢/s

(Incorporating Sullivan & Griffiths Patents)

SCALE—C.C.I. (Internationally adopted)
LINEAR to 100 cycles per second
LOGARITHMIC 100—10,000 cycles per second
LINEAR above 10,000 cycles per second
AUXILIARY SCALE engraved every cycle

MAY BE USED ALSO AS A
FREQUENCY STANDARD

H. W. SULLIVAN
—LIMITED-

LONDON, S.E.I5
Telephone: New Cross 3225 (P.B.X.)

CALIBRATION ACCURACY: 029, 4 0-5 ¢/s.
(Considerably better below [00 ¢/s.)

STABILITY, from immediately upon switching on: 4 1 ¢/s
per day including changes due to temperature.

HARMONIC CONTENT: The harmonic content stated
briefly is — 64 db at | watt and — 56 db at 5 watts. Although
these impurity figures apply particularly to a mean frequency
range in the vicinity of 1,000 ¢/s, the change of distortion with
frequency can be judged from the | watt (resistive load)
distortion which at 100 ¢/s is — 60 db and at 10,000 ¢/s is
— 55 db. In order to provide pure output throughout the
whole frequency range of 20 ¢/s to 16,000 c/s an alternative
output circuit is provided for high impedance loads of not
less than 10,000 ohms. Across such loads a constant voltage of
250 millivolts is availabte with a total harmonic content of less
than — 60 db throughout the whole frequency range of 20 ¢/s
to 16,000 c/s.

TEMPERATURE COEFFICIENT OF FREQUENCY, usually
less than 0-1 ¢/s per degree F.; certainly less than 0-2 ¢/s.

NATURE OF POWER OUTPUT: The total power of 15 watts
will enable the oscillator to feed a number of circuits simul-
taneously. The output impedance for this reason is low (15
ohms) and the earth balancing of the output has been
abandoned. Any of the paralleled output circuits which are
required to be balanced about earth will therefore need an
independent balanced and screened transformer if such is not
included within the bridge or equipment being fed. It is felt
that this omission is of little importance as so much of today’s
equipment is already provided with a suitable transformer.

MAINS HUM: — 70 db above 1 watt,
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Designers of communications equipment,
will welcome the new mounting and terminating arrangements of the Mullard 25mm
and 36mm pot cores.

Unique design features that make installation easier than ever, include positions for
tag boards on three sides and a new system of fixing, which eliminates the need for
additional mounting plates.

Combining constructional advantages with sound technical performance, these 25mm
and 36mm pot cores take full advantage of the low loss of Ferroxcube to produce
inductances of up to 30 henries, together with high Q values over a wide frequency
range. As an additional service these pot cores can be supplied wound to individual
specifications, if required. ’

Write now for full details of the comprehensive range of Mullard pot cores currently
available.

Outstanding features

#  Controllable air gap, facilitating inductance adjustment
%  Self screening

%  Controllable temperature coefficient

%  Operation over a wide frequency range

#%  Ease of winding, and assembly

‘Ticonal’ permanent magnets
Magnadur ceramic magnets
Ferroxcube magnetic cores

Mullard

MULLARD LTD., COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, W.C.l
MC 257A
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Pulse Testing of A.F. Amplifiers

HE idea of using pulse waveforms for the testing of a.f. amplifiers is

advocated from time to time, presumably to save the labour of
extensive steady-state measurements. It is not always realized, however,
that if such a test is to be of arry value the shape of the pulse employed
must be chosen carefully.

An a.f. amplifier is intended to handle only frequencies within the
audible range and, in normal use, its input signal will not contain com-
ponents of frequency outside that range. If the pulse used for testing has a
spectrum extending beyond the audio range, an amplifier which passes
only frequencies in that range will necessarily distort it. The distortion of
the output pulse is then no indication of any fault in the amplifier; it may
still be able to deal perfectly with any audio signal.

This may appear obvious, but we have come across cases where a pulse
of rise-time 0-05 usec has been used for testing an amplifier. Because the
output waveform exhibited marked overshoot, it was said that the over-
shoot would tend to overload the output valves and so limit the maximum
undistorted output.

We regard this criticism as quite invalid. A rise-time of 0-05 usec
demands frequencies up to at least 20 Mc/s for proper reproduction and
it is unreasonable to expect any a.f. amplifier to deal faithfully with such
a pulse. The criticism would be a valid one only if the overshoot occurred
with a test pulse which had a spectrum confined to the audio range.

We referred last month to the use of pulse tests in television and an
article in that issue discussed the kind of pulse needed. It was shown to be
a sine-squared pulse with a duration at half amplitude equal to the
reciprocal of the cut-off frequency of the communication channel.

Applied for a.f.-amplifier testing, this would call for a sine-squared
pulse of half-amplitude duration 50 usec, for this would have a spectrum
up to 20 kc/s only. A first-class a.f. amplifier should pass such a pulse
without distortion, and any distortion at all would have some significance.
It is, however, difficult to correlate pulse distortion with the audible
effects of distortion and we are somewhat doubtful about the usefulness of
such tests on a.f. amplifiers. The television case is different, for the test
waveform is of the same nature as a television signal and it is easy to
relate pulse distortion to picture distortion.
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New Types of D.C. Amplifier—Part 1

THE CASCADE-BALANGE SYSTEM

By D. J. R. Martin, B.Sc., A.Inst.P.*

SUMMARY. In the amplifier described, the zero variations in the first stage due to supply-voltage and temperature fluctuations are
balanced against those in the second stage, instead of the variations being balanced between valves in a stage as is usual. An essential
Seature of the system is the application of the Owen-Prinz method of drift correction to the first stage, which 1s duplicated to preserve

bandwidth.

The outstanding advantage of the system over the parallel-balance type of amplifier is the relative reduction in zero variations
(including those due to valves ageing) by a factor of well over 100, rendering stabilized heater-supplies redundant. Incidental merits
of the amplifier are a very high input resistance and a frequency response level to 25 kels.T

The principal limitation on the performance of
conventional direct-coupled amplifiers is in the matter
of zero variations or ‘drift’. This usually arises from
several causes, the chief among these being supply-
voltage variations and changes in amplifier components
—especially valves—due to temperature fluctuations and
ageing. The effects of supply-voltage variations may be
reduced by the use of stabilized supplies, while the
effects of temperature changes may be minimized by
employing certain compensation techniques within the
amplifier. Further improvement in both respects is
obtained by using pairs of valves in balanced circuits.

INPUT —0 G ~ o————OUTPUT

Fig. 1. The Owen-Prinz method of drift correction

An alternative approach to the problem of drift lies
in the use of automatic drift-correction methods. These
involve circuits which sense any zero variations in the
amplifier and correct them. In the past, two such
methods have been described. The first of these employs
a comparatively simple principle and needs few addi-
tional components. It suffers from the disadvantage that
the amplifier must be periodically removed from service
while the drift is checked and corrected; the bandwidth
of the amplifier is therefore reduced and depends on the
frequency with which the correcting operation can be
carried out. The method seems to have been indepen-
dently devised by C. E. Owen! and D. G. Prinz?; it is
accordingly termed the Owen-Prinz method in these
articles.

In the second, and more common, type of drift-

* Formerly British Scientific Instrument Research Association, Chislehurst; now
Mining Research Establishment.
+ Patent Application No. 28573/56 covers the system described.
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corrected amplifier the signal channel is not interrupted
at any time, and the bandwidth of the amplifier is not
affected. To achieve this, however, a subsidiary amplifier
has to be employed in the correcting operation. This
additional amplifier must itself be drift-free, though it
need not respond to frequencies above a few cycles per
second; in practice, a contact-converter type of amplifier
has hitherto been the inevitable choice in this position.
This method of drift correction was also invented by
Owen! and has been described by many later workers
(see, for example, references 3-6).

The two amplifiers described in these articles make
use of the simpler Owen-Prinz method in ways which
avoid its bandwidth limitation and lead to novel
balancing features. The first is intended for single-sided
input signals; the second has a differential input circuit
with a high rejection factor against in-phase com-
ponents. Both amplifiers are generally superior in
performance to a conventional parallel-balance amplifier,
and their long-term stability, in particular, is over a
hundred times better. They do not require stabilized
heater supplies.

The Owen-Prinz Method of Drift Correction

For a full analysis of this method, reference may be
made to the original publications!> 2; but for present
purposes the following brief description will be found
adequate.

A block diagram of the basic circuit is shown in Fig. 1,
in which A represents a direct-coupled amplifier ol
gain p. It is essential to the operation of the principle
that the amplifier to be drift-corrected causes a net
phase-reversal of the signal; in other words, if normal
methods of coupling are used, the amplifier must contain
an odd number of stages. Another requirement of the
amplifier is that the available output-voltage swing shall
embrace zero; this will usually require potentiometer
coupling to the output circuit, using a negative d.c.

supply.
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With the switches in the position shown, the input and
output terminals of the amplifier itself are directly
connected, and.the input and output potentials are
therefore the same. Assuming a linear amplifier, there is
only one potential that satisfies this condition and, since
the negative feedback connection is inherently stable,
the amplifier settles at it. The capacitor ¢’ charges to this
value, which may be termed the error potential since it
approximates very closely to the potential required to
give zero output. If the amplifier should suffer any
disturbance tending to cause a change in output indica-
tion, the 100% negative feedback connection reduces
the actual effect by a factor (¢ 4 1); this constitutes the
drift-correcting property of the circuit.

Operating the switches puts the amplifier into service.
The capacitor C, charged to the error potential, is
interposed in series with the signal to provide zero
correction. Should any disturbance occur in the ampli-
fier, causing a false change in output indication, correc-
tion will automatically be applied when the switches
are next moved to the ‘correcting’ position, resulting in
a modified charge on the capacitor. To maintain the
correct charge against leakage and changing require-
ments frequent operation of the switches is necessary. In
fact, the process is best made automatic, by some such
means as a change-over relay operated by a multi-
vibrator.

The Owen-Prinz system as it stands seems to have
found little use in practice. The main objection to it is,
of course, the fact that the signal channel is interrupted
while the correction is taking place.

The Cascade-Balance Principle

The new systems utilize the Owen-Prinz method of
drift correction, making use of a fundamental property
of it which has not previously had a precise significance;
this is the fact, already mentioned, that the drift is
reduced by a factor almost exactly equal to the gain of
the amplifier to which the method is applied.

In its basic form the cascade-balance amplifier com-
prises two identical single-sided stages connected in
cascade in the normal fashion. In the absence of correc-
tion, the effects of supply-voltage variations and tem-
perature changes would be approximately the same in
each stage; but referred to a fixed point in the amplifier,
such as the input terminal, variations in the first stage
would predominate by a factor equal to the stage gain,
since they suffer a further stage of amplification. How-
ever, the Owen-Prinz method is applied to the first
stage only. The zero variations in that stage are thus
reduced by a factor equal to the stage gain; in their
ultimate effect, therefore, they are now approximately
equal to the variations in the second stage. Because of
the phase reversal in each stage, they are also opposite
in sign; they therefore tend to cancel out and, in prac-
tice, may be made to do so almost exactly by the use of
balancing techniques such as are normally applied to
parallel-balance amplifiers. '

Since the drift reduction is confined to one stage, the
disadvantage of the periodic interruption of the signal
channel may be overcome simply by duplicating the
first stage, it being arranged that the two counterparts
are taken out of service for correction alternately.

A block diagram of the system is shown in Fig. 2,
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where A, B and C are the identical stages. The automatic
switching must be so arranged that neither of stages A
and B is taken out of service for correction until the other
is restored to service; in other words, there must be a
short ‘overlap’ period in which both stages are operating
in parallel.

An amplifier designed on this principle may easily
have an inherent zero-stability over a hundred times
better than that of a conventional parallel-balance

S~

-

Fig. 2. Block diagram of the cascade-balance system

INPUT OUTPUT

]
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amplifier, and the single-sided nature of the circuit
enables negative feedback to be applied. The practical
design of such an amplifier is dealt with in the succeeding
discussion.

The Basic Stage

Apart from incidental differences in detail, the output
stage and the twin input stages must be identical if the
full advantages of the cascade-balance system are to be
realized. The design of the basic stage is therefore
governed by a combination of requirements, which may
be listed as follows:

(1) the stage gain must be high—preferably over
100—as this is a direct measure of the drift reduction;

(2) a low value of grid current is necessary in the
first stage to avoid significant changes in capacitor
potential between correcting operations;

(3) potentiometer coupling and a negative supply are
necessary to obtain an output zero-level near earth
potential;

(4) an adequate output-voltage swing must be avail-
able from the second stage without overloading.

The circuit adopted is shown in Fig. 3. The first two
requirements are met by operating a pentode under
low-current conditions, and grid current is further
reduced by under-running the heater of this valve. For
the second-stage position some of the component values
are modified slightly, as shown by the references in
brackets; this increases the available output-voltage
swing without spoiling the inter-stage balancing proper-
ties.

: +65V +250V

= 'hesLt
('/: 65N7)

Fig. 3. Circuit of basic stage
100k0
QUTPUT

“510kf)
(330k02)

-250V




Negative Feedback

In such an amplifier as this, negative feedback is a
practical necessity. Apart from its usual benefits, it
enables the gain of the amplifier to be controlled without
disturbing the cascade-balance conditions.

Overall feedback offers the greatest advantage, and
may be applied either direct to the input terminal
(parallel feedback) or to the cathode circuit of the first
stage (series feedback). The former method is usually
adopted in some special cases such as analogue-computer
applications where a current-summation circuit is
required; it may be used here without complication
except that a phase-reversing stage will need to be intro-
duced and precautions taken to preserve feedback
stability.

The preferred method for most applications is to
introduce the feedback voltage across a small resistor
inserted in the cathode return circuit of the twin input
stages. The position is somewhat complicated by the

STAGE 1(A)

STAGE 1 (B)

FROM
AMPLIFIER OUTPUT

1]
3 50k(2
/ 3 GAIN
rooQ:E ....... 310k R
2 S ookl
1001
4 1

Fig. 4. Method of applying negative feedback without disturbing drift-
correction process

fact that while each stage is in the ‘correcting’ phase the
feedback to it must be removed or nullified or it will
interfere with the correcting operation. An exact
analysis shows that the effect of the interference is to
superimpose on the correction potential a voltage
proportional to the feedback and slightly larger in
magnitude. It may be counteracted by returning the
correcting capacitors to a suitable compensating poten-
tial during the correcting phase instead of to earth. The
arrangement is illustrated in Fig. 4.

Adjustment of Gain and Zero Level

The overall gain of the amplifier must be controlled
by negative feedback, as already stated. In addition,
some means of matching the individual gains of the first
stages is required, preferably without disturbing the
zero setting of the amplifier.

Over the small range which is adequate such a control
may be effected in the screen circuit of a stage, by
variation of the resistance presented to the screen. The
method is illustrated in Fig. 5. R, passes the screen
current and is arranged to drop 20 volts or so. R, and Ry
are relatively low in value and their ratio chosen so that
the potential drops across R; and R, are approximately

4

equal. The gain may then be controlled by R, without
seriously affecting the standing potential on the screen.

Control of zero level also may be conveniently effected
in the screen circuit. As well as the main zero control, a
differential adjustment is necessary to ensure that the
same zero level is maintained while each of the input
stages is operating.

The Automatic Switching

Switching Frequency

The choice of switching frequency is governed by
entirely different considerations from those prevailing
with contact-converter types of amplifier, where fre-
quencies below 50 ¢/s are rarely used. The minimum
allowable switching frequency in the present case is
decided by the stability requirements together with two
other factors: these are the maximum rate of drift likely
to be encountered and the rate of leakage of the charge
on the capacitors providing the correcting potential.

Assuming that the h.t. supplies can if necessary be
stabilized, or at least provided with extremely large
smoothing constants, the quickest fluctuations likely to
need correction are those arising from heater-voltage
changes; the ultimate lower limit to the switching
frequency is set by the maximum step-change in mains
voltage to be allowed for and the thermal lags in the
valves. In practice, about five complete switching cycles
per second is sufficient to maintain a zero stability of
100 pV against instantaneous heater-voltage changes
of 0-5%.

The error introduced by the leakage of charge from the
correcting capacitors is a function of the capacitance
employed and the input current of the valves as well as
the switching frequency. At five switching cycles per
second, the effect may be kept well within 100 uV by
using capacitors of 2-8 uF without selecting valves for
low grid current.

Contact Sequences

The switching operations fall naturally into two
groups, associated respectively with the twin input
stages. A prior requirement of the system is that at least
one of the input stages shall be in operation at any given
time; the switching must therefore be so arranged that
none of the contact actions in the one group changes to
the ‘correcting’ condition until all the contact actions
of the other group have adopted the ‘operating’ con-
dition.

The sequence of contact actions within each group
itself is also important if errors and switching transients
are to be avoided; the requirements will be apparent
from a consideration of Fig. 2. The change-over contacts
must be of the normal ‘break-before-make’ type, as
indicated; it is obviously undesirable for the input signal
to be momentarily earthed or the input connections of
successive stages to be bridged. The connection of the
output of the first stage to the input of the second stage
must be the last to be made and the first to be broken
in the change-over operation; in other words, the output
of the first stage must not be passed on unless the signal
is applied to the stage. The remaining requirement is
that the signal connection shall not be made until the
grid-to-output connection has been broken; this is to
prevent the charge on the capacitors from being
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disturbed during the change-over process, and also to
avoid momentary shunting of the signal by the output
impedance of the stage. It will be noted that the com-
plete switching cycle is reversible.

Switching Methods

At the relatively low switching frequencies which are
adequate, the use of standard Post Office relays is
possible and is probably the most convenient means to
adopt. The overlap requirement of the two contact
groups is then simply met by using two relays; one is
allocated to each of the input stages and the overlap
obtained by suitable adjustment of the release lags. The
requirements of contact sequence within each group may
be met by suitably setting the fixed contact springs. To
obtain the necessary alternation of energization, addi-
tional contacts and electrical interlocking of the relays
may be used, in a self-running mode of operation.
Otherwise the relays may be driven from a multivibrator.

As an alternative to relays, cam-operated contacts may
be used; their main advantage would be ease of sequence
adjustment. g

The Complete Amplifier
Fig. 6 shows the circuit of a typical cascade-balance
amplifier, excluding details of h.t. feed arrangements.
The dotted boundary defines the duplicated portion;
stage A only is shown and the connections to stage B
indicated, references in brackets applying to stage B.
Capacitors C3 and C4 are for high-frequency com-

pensation; if maximum bandwidth is not required they
may be omitted but, in that case, it may be necessary to
shunt Rz by a 50-pF capacitor to ensure feedback
stability at low gain settings.

A connection has been brought out from the feedback
chain and marked ‘guard potential’. This potential
follows the signal voltage and is available for the connec-
tion of screens and metal objects when input capacitance
is to be minimized.

Resistors R3 and R4 have been included to prevent the
grids from floating momentarily during the change-over
operation; in their absence, a resulting large switching
transient in the stage out of service might cause inter-
ference in the signal channel through stray couplings.
Their loading on the input circuit is negligible since they
are returned to a potential which closely follows the
signal; the actual effect is in fact negative and if there
is any risk of the input being open-circuited the connec-
tion of these resistors should be tapped a little way
(about 2%) down Ry to reduce the loop gain below
unity and so safeguard stability. The externally-available
guard potential cannot be used for this connection since
it includes the standing voltage drop across Rio.

It should be understood that although the grid of the
first stage has no leak resistor while in service it must
not be regarded as a floating electrode; for the size of
the capacitor ensures that the grid potential is effectively
tied during the short time between correcting operations,
and the capacitor may be considered as a short-circuit
to anything but the correcting potential.

With the specified value of 8 pF for capacitors C; and
Cs, leakage effects during the operating phase are not
discernible. A considerable reduction in capacitance is
possible before the resulting sawtooth reaches the
quoted 100-uV noise maximum, but the valves then
need a longer warming-up period before grid current
falls low enough. The capacitors themselves should be
metal-cased and the casings connected to the guard
potential; reliable paper-dielectric smoothing capacitors
have suitably low leakage tendencies.

+HT.4 (A

+HT.4 (B

+HI3

AAAAA=

SR

+HT2

+HTI Fig. 6. Circuit of cascade-balance amplifier
(Note: relay contacts are shown in
operated condition).

Ry, Ry = 750 kQ (2%) high-stability
carbon; Ry, Ry = 2:2 MCQ); R, Ry =
100 k€2 (5%) ; Ry Ry = 510k€) (5%) ;
Ry, Ry, = 100 Q (2%) wirewound;
Ri1, Ry, = 91 kQ (2%) wirewound ;
Ry; = 680 kQ) (2%) high-stability
carbon; Ry = 100 kL2 (5%); Rys =
330 kQ) (5%); Rys — 50 kQ (2 W);
RV, = 10 k) wirewound; RV, =
50 k) wirewound ; Gy, C, = 8 uF paper;
Cy, C, = 75-125 pF; SA, SB =
2-circuit change-over toggle switch (see also

—H12 Fig. 7); V,, V, Vs = EF374;
— V, = 6SL7; V, = 6SN7

o
2
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Fig. 7. Circuit of multivibrator for driving relays; Ryq, Ryg = 33k (1 W) ;

Ry, Ryy = 3:3 MQ; RV, = 50 kQ; Cy, Gy = 0-02 uF; Gy, Gy =

0:02 uF; Gy, Cyy = 025 uF; M,, M, = Meirosil disc, 1-in diam.

(annular), 25 mA at 50 V (Metropolitan-Vickers) ; X = full-wave rectifier,

50 V, 10 mA; SA, SB (see Fig. 6); LA, LB = relay, type 3,000 ; 5,000-C)
cotl, platinum contacts, 2-pole change-over; Vi — 6SNT

In Fig. 7 is shown the circuit of the multivibrator
which is used to drive the relays. The variable resistor
RT3 provides a control of the release lag of the relays and
thus enables the overlap in the operation of the input
stages to be adjusted. The Metrosil discs M7 and My
reduce the effects of h.t. changes on this overlap time,
and would be omitted if the multivibrator h.t. line were
stabilized. The oscillation frequency is about 5 c/s.

The multivibrator may be switched off by either of
the switches SA and SB. Both input stages then rest in
the correcting condition, and the grid of the second
stage is bypassed to one or the other of these according
to which switch is operated. In this state both signal
and feedback are ineffective, though the cascade-balance
principle operates; preliminary checks on zero-level and
stability, and some of the final adjustments, may be
simply made in this condition of the amplifier.

The relays used are of the standard Post Office type.
As already explained, the contact springs may need
some adjustment to ensure the correct switching sequence.
These checks are best carried out before the relays are
installed, and it is also advisable at this stage to see that
the relays are as closely matched as possible in spring
tensions.

In the layout of the amplifier it is advisable to keep the
input circuits away from the multivibrator; otherwise,
interference may arise from the steep-fronted waveform.
The field of the relay coils is comparatively harmless, as
the high-frequency currents are bypassed through
capacitors (7, Cg, Co and C1g, which should be grouped
with the other multivibrator components. It may be
found necessary to screen the multivibrator valve and
possibly its associated circuits as well. With certain
layouts it may also be necessary to screen the output
valve (V) to preserve stability at high gain settings.

Power Supplies

The effects of all normal changes in heater supplies
and of slow changes in h.t. supplies are subject to a
twofold reduction: the Owen-Prinz method of drift
correction divides them by a factor of 100 or so; and the

6

cascade-balance feature reduces them by a further
similar factor. A sudden change in h.t. voltage, however,
could momentarily escape correction, resulting in an
unacceptable transient in the amplifer output. It is quite
practicable to prevent such occurrences by using
extremely large time constants (of the order of 10
seconds) in the h.t. smoothing circuits, and electronic
‘slugging’ circuits have been devised for the purpose;
but it is probably more straightforward to use conven-
tional stabilized supplies. In any case, it is recommended
that the screen supplies be stabilized, this function being
served very simply by a single neon tube.

Stabilization of the heater supply will not normally be
necessary, though steps may need to be taken to obtain
an improved match between stages for the effects of
supply-voltage changes; the method has been described
in a separate article?.

The recommended supply arrangements are shown in
Fig. 8, which also includes the gain and zero adjust-
ments already mentioned.

Tests and Adjustments

Before the amplifier is switched on for the first time,
variable resistors RVs, RV7, RVs, RVy, RV19 and RV1;
should be set to their maximum values; the other con-
trols should be set half-way. Then, with the heaters only
switched on, resistors RV7, RVg and RVy should be
adjusted for nulls in the voltages across RV19, RV11 and
R respectively.

Fig. 8. H.t. and heater supply arrangemenis; Ry, R,y = 220 £Q (59%)

high-stability carbon; Ry, Ry, Ryy = 10 k) (5%) wirewound; R,

Ry, Ry = 33 kQ (5%) wirewound; R,y = 68 kQ; Ry = 27 Q

wirewound; RV, = 250 kQ; RVy = 10 kQ wirewound; RV, = 5kQ

wirewound; RV,, RV, RV, = 50 Q) (or suitable fixed value) wirewound;
RVi0, RV1y = 100 Q wirewound; Cy; = 0:5 uF
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With the multivibrator switched off by means of SA
or SB, the h.t. supplies may then be applied and a 0-50-V
moving-coil d.c. meter connected between the output
terminals. Provided that RV} is centrally set, it should be
possible to adjust the output voltage to zero by RVs.
The second multivibrator switch should now also be
operated. If there is a change in output reading, RVs
should be adjusted in conjunction with RVs until the
zero adjustment holds regardless of whether SA or SB
(or both) are operated. :

At this stage the response to a.c. signals may be
checked; for this purpose temporary grid leaks of about
2:2 MQ are connected from the grids of stage 1 to the
grid of stage 2. A low-frequency signal applied to the
input terminals is then routed through each of the input
stages in turn by operating the relevant multivibrator
switch. and manually closing the corresponding relay.
The output is observed on an oscilloscope and the gains
of the two channels are equalized by adjustment of RV4.
The gains, may then be matched at a much higher
frequency (say 20 kcfs) by means of C3 and Cy. In this
condition of the amplifier, RV may be set if a pair of
headphones is available; these are interposed in series
with one of the correcting capacitors while a 1,000-c/s
signal is passed through on the other channel with the
gain control turned to minimum (maximum feedback),
and RV; adjusted for minimum sound.

The adjustments for stability against heater-supply
variations are fairly straightforward and not at all
critical. The leaks used in the preceding adjustments are
no longer required; with either SA or SB operated, small
changesin heater-supply voltage are made by means of the
primary taps of the mains transformer and the effects on
the output indication noted. If a rise in supply voltage is
followed by a rise in (positive) output voltage, then the
portion of RV1g or RV11 (as the case may be) in circuit
should be reduced a little and the test repeated; vice
versa for a contrary effect. When the optimum adjust-
ment has been established the other input stage may be
compensated in the same way. If it is found that RV7y
or RV13 is apparently too small in maximum value, then
the link Y-Z should be transferred to X-Y and the
balancing operations begun again. On the other hand,
if a negative value of resistance seems to be required in
RV19 or RV7; then the link should be removed altogether.
It is possible by adjustment of RV, RVs and RVy to
equalize the thermal lags of the valves? but this will not
normally be necessary.

With the input terminals of the amplifier shorted, the
multivibrator should now be switched on by restoring
both SA and SB to normal, and the output of the
amplifier observed on an oscilloscope with a slow time
base. If violent transients at twice the switching fre-
quency are seen to occur, their probable cause is a
momentary interruption of the signal channel as the
input stages interchange. To remedy this, RV3 should be
reduced until a definite overlap is obtained; this adjust-
ment should be made with the h.t. supply to the multi-
vibrator at its lower limit. Transients may also result
from incorrect contact sequences in the relays.

The amplifier is now in a condition to pass a.c. or d.c.
signals applied to the input. If the gain control is set to
minimum a gain of just under 1,000 will be obtained; the
maximum is about 40,000 and will not normally find
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practical use. With a 0-10-V moving-coil d.c. meter
connected to the output, the zero (RVs) and differential
zero (RVs) adjustments may be checked again and also
the differential gain adjustment (RVy).

A final check should be made on the adjustment of
RV1. To do this, a fairly large 50-c/s signal is applied to
the amplifier and the output watched closely on a d.c.
meter. If RV is incorrectly set, small random fluctua-~
tions of the output indication will occur, coinciding with
the switching operations. Another method involves using
RV to match accurately the respective gains measured
on d.c. and on a.c. at about 1,000 c/s.

Whenever the amplifier is sw1tched on from cold it
should be allowed to idle with the multivibrator in-
operative for about ten minutes while the input valves
settle down to a condition of low grid current.

Performance

The characteristics and performance of the typical
cascade-balance amplifier described may be summarized
as follows:

Gain: approximately 900 to 40,000 (continuously
variable).

Stability of zero-level : better than 100 uV referred to the
input for slow mains-voltage variations of 4- 109,
and step changes of 0°5%,, and all normal tempera-
ture and long-term effects.

Input grid current: less than 10-9% A.

Required warming-up time: 10 minutes.

*Stability of gain: 1%,.

* Frequency response : level within 4 1%, over the range
0 c/s to 25 kcfs.

*Qutput impedance : about 20 Q.

*Maximum undistorted output-voltage swing: — 20 to
+ 40 volts.

*at a gain setting of 1,000.

Further Development

As it stands, the cascade-balance system provides only
for a single- s1ded input signal, whereas for many applica-
tions a differential-input circuit is desirable. This
deficiency could be remedied by suitably redesigning the
basic stage circuit to accept a differential signal. How-
ever, the incorporation’ of differential-input facilities
opens up entirely fresh possibilities in the basic nature of
the system and enables some minor disadvantages of the
present amplifier to be eliminated. A completely revised
system is therefore preferable and this will be described
in the concluding part of this article.
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A Feedback Gircuit Equivalence

RECONCILING DIFFERENT POINTS OF VIEW

By A. W. Keen, M.LLR.E., AM.LLE.E.*

SUMMARY . Application of shunt feedback over a bootstrap-type amplifier yields a circuit configuration which is essentially
identical with that of the conventional (i.e., grid input-anode output) shunt feedback amplifier. Despite this similarity, the former
circuit and its variants are often regarded as cases of positive feedback whereas, in the latter the feedback is invariably considered
to be negative. This paper seeks to resolve this apparent inconsistency and show that both points of view may be justified. A notable
JSeature is the use of transfer network representations and their transformations to illustrate and confirm the equivalence.

There is repeated evidence in the literature of
apparent inconsistency in the description of the kind of
feedback (i.e., whether negative, positive, or both)
occurring in the class of circuits typified by the bootstrap
integrator. Thus, O. S. Puckle! divides circuits developed
for the ‘linearization of electrostatic deflection potentials
by means of feedback’ into two groups according as the
feedback is positive or negative, and includes the boot-
strap integrator among the latter. F. C. Williams, on the
other hand, in a well-known paper,? places this circuit in
a section entitled ‘Amplifiers With Positive Feedback’,
stating that the circuit ‘is sometimes regarded as a case
of positive feedback’. In the same paper, and in a more
recent book,3 he shows that the basic circuit of the boot-
strap is, except for a trivial shift of the earth connection
from the cathode to the anode side of the valve, identical
with that of A. D. Blumlein’s Miller-type integrator,
which is invariably considered to be an application of
shunt-type negative feedback. Despite this known
relationship, V. W. Hughes and R. M. Walker, in the
same book,* classify the bootstrap integrator as a
‘circuit involving both positive and negative feedbacks’,
but include the Blumlein-Miller circuit in a section
devoted to purely negative feedback arrangements.
These apparent inconsistencies recur in the more recent
literature.

It is clear, therefore, that if these various treatments
are all factually correct a paradox exists; namely, that
one and the same circuit may equally well be regarded
as a case of positive or of negative feedback, or both. In
this paper it is proposed to clarify this situation, by
confirming the equivalence of these different points of
view, both algebraically and geometrically, using the
transfer network type of representation used in the servo-
mechanism literature. In order to avoid the phase shift
which occurs in the integrator circuits, due to the
presence of a capacitor, a circuit having aperiodic
feedback through an entirely resistive network will be

* Coventry Technical College.
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used as the typical example for analysis. Before consider-
ing this circuit it may prove helpful to restate the feed-
back concept, and to introduce the transfer network
method of representation.

The Feedback Concept
The feedback concept may, in a broad sense, be
applied to any network but is most useful in those con-

O—»—q A L»—o
1—Af3
(1) -
=% ¥ z x . 3 z
+ = -
(2) o 3
z=x +y G=Ce )

Fig. 1. Simple transfer networks and their transformations
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FEEDBACK BRANCH

GRID ANODE

VARIANT ~ SIGNAL INPUT  H.T. INPUT  EARTH TO

coMMoN- | NORMAL ta 3a CATHODE (a)
CATHODE 1 BOOTSTRAP la 23 ANODE (b)
OPERATION | EARTHED GRID 15 2a GRID (¢)

Fig. 2. A regular form of the triode shunt-shunt feedback amplifier, showing
its three practical variants

taining a substantially unilateral transmission element,
such as an amplifier valve, bridged by a bilateral network
or by a second unilateral device acting in the opposite
direction. One can then distinguish a unidirectional
closed signal transmission path, through the unilateral
element and back round the external circuit. The open-
circuit value of the voltage gain round this loop (called
the ‘internal gain’) is of great practical importance since,
when its magnitude is sufficiently great, the gain from
input to output (called the ‘external gain’) closely
approximates the reciprocal of the return part of the
loop, which is a relatively stable quantity. For this effect
to be useful, however, the network must remain stable in
the sense that an adequate margin must be secured
against possible oscillation of the circuit. According to
the Nyquist criterion, avoidance of sustained oscillation
requires that the polar plot of the internal gain must not
encircle the critical point (I, 0).

In general, the feedback may be said to be negative or
positive according as the real part of the loop gain is
negative or positive. In the following sections the argu-
ment will be conducted in terms of purely resistive
networks, so that there will be no quadrature component
of loop gain, and the latter will be purely positive or
negative, thereby making the feedback purely positive
or negative also. Any signal voltage injected into the
feedback loop will be transmitted round it either with or
without exact inversion (i.e., negative or positive feed-
back, respectively), depending on the way in which the
connections are made.

Transfer Networks

In dealing with feedback systems containing several
feedback loops (multiple feedback), as frequently
happens in analogue computers and servomechanisms, a
method of representation known as the transfer or
operator network has been found usefuld. A transfer
network is a block diagram whose building blocks are
mathematical operators which account for the operations
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performed on the signal by the corresponding parts of
the actual system. It is a graphical illustration of the
algebraic form of the transfer function of the system. All
the elements are assumed to act unilaterally in the
direction of signal flow—hence the alternative name
of ‘signal flow graph’, which has occasionally been
employed. An important feature is the use of summing
point symbols to account for the combination of signals,
such as input and feedback, in preference to multiple
inlets to blocks. A simple example is provided by a
single feedback loop; its transfer diagram is shown in
Fig. 1 (1), where the summing point takes the input
signal z; and the fraction 8 of the output voltage v,, and
supplies the forward-acting section (4) of the loop with a
total input »; + Bv,. The total output is, therefore,

vo = A (vi + B.vo)
from which may be obtained the familiar external gain
formula:

vofoe = 4/(1 — 4 8)
In a feedback loop the summing point must provide

either the sum or the difference of the two signals -

depending on the required sign of the open-circuit loop
gain (generally negative), as indicated in Fig. 1 (2).

In the course of analysing these networks a number of
useful transformations have become apparent, two of
which are shown in Fig. 1 (3), (4). In an application of
(4) to be used later (Fig. 8) an outer feedback loop is
transformed into an inner one by combining the two
summing points; this procedure involves modifying the 8
factor of the outer loop by a suitable factor in order to
preserve its feedback value unchanged.

Typical Class of Circuits

A set of circuits typical of those with which this paper
is concerned is shown in Fig. 2. The bootstrap feedback
amplifier, which will be used in subsequent sections as an
example, may be derived from the more conventional
form of shunt-feedback amplifier specified at (a) simply
by earthing the anode end, rather than the cathode end,

(c) - (d)

Fig. 3. Feedback interpretation of a simple passive network



Fig. 4. Addition of unit—B positive feedback to the network of Fig. 3

of the load impedance. This change has no effect on the
magnitude of the gain, but reverses its sign, and leaves
the source of input entirely floating. It is equally possible
to shift the earth lead to the grid terminal, leaving the
load floating, but this circuit is rarely used. Both variants
(b) and (c) call for the interposition of a two-winding
transformer to allow the use of an unbalanced source or
load. All three variants have the same gain and impe-
dance properties, since the location of the earth point
does not affect the basic circuit action. For aperiodic
feedback, as for amplification, both impedances would
be resistances; for integration Z; would be a resistor and

Zsy a capacitor, in which case (a) and (b) are the Blum-
lein-Miller and bootstrap forms, respectively. From this
point onward only form (b) will be considered, with
resistive impedances, and will be derived first in positive
feedback form and then in negative feedback form, the
two forms being found to be identical in configuration.

Positive Feedback Approach

As a preliminary step the simple transmission network
shown in Fig. 3 (a) will be considered. In so far as the
back-e.m.f. developed across Rg, i.e., the output voltage
v,, Opposes the input voltage v;, this network may, in a
broader sense than is generally employed, be regarded
as a negative-feedback system (b). Thus, taking the
general formula for the external gain of a single-loop
feedback system, viz.,

volvi = AJ(1 — A B)

with 8 = —1 (because the entire output is, in effect, fed
back) one obtains:

A/(1 + 4) = Re/(R1 + Re)
A = Ry/R:.

One may, therefore, replace the direct form of the
transfer network shown at (c) by the equivalent feedback
form (d). If, by appropriate circuit modification, the
transmission network (a) could be arranged to provide a
transfer ratio of Rg/R; the change would be tantamount
to the introduction of just sufficient positive feedback to
cancel out exactly the ‘negative feedback’ due to the load
back e.m.f. This result may be achieved by feedback
through a unilateral non-inverting network having unity
voltage gain, with infinite input impedance and zero
output impedance,® as shown in circuit form in Fig. 4 (a)
and in feedback loop form at (b). If the forward-acting
part of the loop is substituted from Fig. 3 by its equiva-
lent negative feedback loop the entire network will
reduce to a single unilateral transfer stage of voltage
gain Rg/R;, as illustrated by the sequence of transfer
network diagrams (c), (d) and (e) in Fig. 4.

Having established the scheme of Fig. 4 (a) as a

whence

Fig. 5. The cathode follower 1 (a); with its transfer function 1 (b); and transfer network representation 2 (c). The latter requires a bootstrap amplifier 2 (d)
in the forward acting part of the loop whose transfer function and network are shown at 2 (b) and (c)
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Fig. 6. Positive-feedback derivation of the bootstrap variant of Fig. 1

positive-feedback system, practical circuits may be
obtained by replacing the hypothetical feedback stage by
actual circuits having similar properties. A close approx-
imation is provided by the cathode-follower stage shown
in Fig. 5 (1) (a), where rearrangement of its transfer
function into feedback form at (1) (b) shows that this
circuit may itself be treated as a localized feedback loop,
as shown schematically by the transfer network at (1) (c).
This will be used later, in the course of transforming the
positive feedback circuit heing derived, into the negative
feedback form obtained in the next section. Substitution
of Fig. 5 (1) (a) into Fig. 4 (a), which has been repeated
in Fig. 6 (a), gives the circuit of Fig. 6 (b). Output may
equally well be taken from the output side of the cathode-
follower without modifying the nature of the feedback,
as shown at (c), resulting in the bootstrap form of Fig. 2.
Thus not only the bootstrap but the earthed-cathode
(Miller feedback), and the earthed-grid variants of the
common-cathode shunt-feedback amplifier are inter-
pretable as positive-feedback loops.

Negative Feedback Approach

Instead of applying positive feedback over a passive
network, thereby increasing its gain, one may equally
well obtain the same resultant voltage transfer by
applying the required amount of negative feedback to an
active network which has more than the required amount
of gain. In the present case, this needs to be done by
rearrangement of the circuit without changing its actual
connections. Beginning with a valve connected as a
bootstrap amplifier [see Fig. 5 (2)], as in Fig. 7 (a),
negative feedback may be applied through a two-element
resistive attenuator (R;, Rg), as shown at (b). This
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circuit has a gain which, with increase of u, approaches
the reciprocal of the feedback ratio; i.e.,

Vo (R1 + Ro)

w T TR
The nature and magnitude of the feedback will be
unchanged if the source of input is shifted in the manner
indicated by the arrow in (b), with the result shown at
(c). In its new position the input signal does not appear
in full between grid and cathode, as before, but is reduced
by Ri, Rz in the ratio Re/(R1 + Rs). Since this reduction
takes place outside the feedback loop the corresponding
transfer network must be modified in the manner shown.
With increase of p the limiting value of gain is now the
product of the signal reduction factor into the reciprocal
of the feedback ratio; i.e., the simple ratio Re/R;. The
circuit obtained at (c) is, of course, identical with that of
Fig. 6 (c), as required, despite the different derivation.
The circuit under consideration has, therefore, been
found to be, with equal validity, an application of positive
or of negative feedback.

-> 00,

Correlation of Derivations

One may confirm the equivalence of the two methods
of approach by showing that the transfer network
representation of the positive-feedback form given in
Fig. 6 (c) transforms into that of the negative-feedback
form shown at Fig. 7 (c)—or vice versa, using the loop
form of the bootstrap (Fig. 5). Starting with Fig. 6 (c),
which has been reproduced at (a) in Fig. 8, the unilateral
voltage transfer network A/(A + 1) is replaced by its
negative-feedback equivalent Fig. 8 (b). In the circuit

Fig. 7. Negative-feedback derivation of the same circuit as in Fig. 6
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under consideration the unity-gain network is a cathode-
follower, which is a bootstrap amplifier with 100 per cent
negative feedback, as shown in Fig. 5 (c). The transfer
network representation now has a localized negative
feedback loop within a more extensive positive feedback
loop; this is the composite feedback interpretation given
by Hughes and Walker.# Next, the positive feedback is
shifted over the attenuator Ry, R to the internal summing
point, and its value reduced by the factor Ro/(R1 + R2)
in the feedback path, in order to preserve the value of the
positive-feedback loop gain Fig. 8 (c). The two feedbacks
are then combined prior to the summing point by adding
the feedback factors —1 and Rs/(R1 + Rs) [see Fig. 8
(d)]. The resultant ratio being negative; viz., —Ri/
(R1 + R»), the network reduces to pure negative form,
with a signal reduction attenuator outside the feedback
loop, as in Fig. 6 (c). Finally, one may check these
network transformations algebraically, as follows:

(Rl rm)*)

- ()

where 4" = A/(1 + A) ~ 1 for 4> 1

<R1 + R2><1 + A>

g _<R1+R2X1 +A>
- (c) <1Tl_1j:—132>] _{ ) +<R1 ¥ R2>}A

T <R1+Rz>* < T >A

Ry + Ry
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Fig. 8. Transformation of the
transfer network of Fig. 6 (c)
into that of Fig. 7 (c)

In conclusion, it may be pointed out that the treatment
given applies equally to the other two practical variants
of the circuit considered (Fig. 1).
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EXPERIMENTAL TELEVISION TRANSMISSIONS

A Band V television transmitter has been installed by the B.B.C.
at Crystal Palace for experimental purposes. Operating at 654.25
Mc/s, the vision transmitter has a peak-white output of 10 kW and
the sound transmitter is 2.5 kW. Manufactured by E.M.I.
Electronics Ltd., both transmitters have low-level modulation with
high-power klystron amplifiers for the final stages which give a power
gain of about 100 and are driven by cathode-modulated amplifiers.

The outputs of the two transmitters are combined in a filter
bridge and the power is conveyed up the aerial tower by an elliptical
waveguide of some 12 in. by 6 in., the power loss in this being no
more than 1.5 dB. The aerial system is mounted on top of the
Crystal Palace tower with its centre line at 691 ft above ground
level. There are four helical aerials mounted vertically above one
another and each is centre-fed by a 5-in. coaxial feeder, the feeders
being junctioned and fed by the waveguide near the base of the
aerial system. The helical aerials are wound in opposite directions
from the centre so that the vertical components of radiation cancel,
leaving a horizontally-polarized field. The effective radiated
power is 125 kW.

The transmitter is being used at present mainly for propagation
tests and is radiating the normal programme of the television service.
These are, of course, 405-line transmissions. About March 1958 it
is intended to transmit 625-line pictures, derived from a flying-spot
film scanner supplied by Cinema-Television Ltd., and conforming
to C.C.I.R. standards. These standards, of course, imply the use of
negative modulation and f.m. sound.

The purpose of the experiments is not merely to find out whether
the propagation characteristics of Band V are suitable for television,
it is also to determine whether the 625-line system has any advantages
over the 405-line under normal reception conditions as they exist
for the normal viewer. By using duplicate copies of films, it will at
times be possible to radiate simultaneously the same programme
with 405 lines on Band I and 625 lines on Band V and to obtain a
direct comparison of the performance on two receivers side by side.
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The FKFringe of the Field

RADAR IN

‘ ~hen I consulted B. J. Mason’s recent book on
The Physics of Clouds last month, it was only to check
dutifully on some points in the theory of the Wilson
cloud chamber. But this is not the sort of subject one
can dip into without becoming interested, and I found
in the latter part of the book so good an example of the
way in which radio engineering permeates the instru-
mentation of pure science that it seemed very suitable
for a ‘Fringe’ discussion. The application is as old as
radar itself—indeed, writing ten years ago in the Pilot
Press book ““Electronics”, R. A. Smith mentioned its use
for the analysis of cloud structures, for the study of the
mechanism of rain formation, and for a detailed exam-
ination of frontal conditions.

Scattered Radiation and its Reception

The usual calculation for the power P, at the receiver
(as given, for example, by Smith in the book referred to
above) introduces the ideas of the ‘scattering area’ of the
target and the effective aperture of the receiving aerial.
The only difference between a water-drop target and an
aircraft from this point of view is that one is treated as an
assemblage of dielectric spheres, and the other as a
continuous conducting sheet. In an electric field, each
water molecule develops a dipole moment proportional
to the field-strength. The Clausius-Mossotti (or Lorentz-
Lorenz) equation gives its value, in unit field-strength, as
proportional to (e — 1)/(e 4 2), where ¢ is the permit-
tivity of the bulk material which, in a radiation field,
depends on the wavelength. This calculation is given on
p. 98 of von Hippel’s “Dielectrics and Waves”, and in
Chapter 18 of Bleaney and Bleaney’s “Electricity and
Magnetism’’. Proceeding from molecules to drops, the
unit-field dipole moment of a drop of diameter D is
proportional to its volume, and is

(F) &)

For the scattering, provided that D is very much smaller
than the wavelength A of the radiation, the classical
Rayleigh ‘1/A% formula, as derived in the standard
works on light, applies. The whole purpose of the
operation in the end is to find out something about the
structure of the target by a method which usually
determines only the effective target area directly. So the
difficult part of the theory is completed when the target
area has been calculated in terms of the dipole moment
of a drop and the Rayleigh scattering. Taking the
simplest possible case, the radiation is supposed to fall
on an assembly of small spheres, all of the same D; in
fact, since D is at most a few millimetres and A is between
3 cm and 10 cm, the necessary condition D <X is
satisfied.

Suppose the transmitter, emitting pulses of centimetre
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by Quantum

THE RAIN

radiation with power P, (of the order of 100 kW) con-
centrates this in a narrow beam, which gives an aerial
gain G as compared with an isotropic radiator. Then the
power received per unit area of target at distance R is
PyG/4mR2. If this beam falls on a target of effective area
T and is scattered back to an aerial of effective area 4
at the same place as the transmitter, the power received
there is P, = ATP,G/(4wR?)2, the extra 4wR2 factor
arising as the inverse square law operates on the way
back without benefit of gain.

Next, to calculate 7 in terms of the properties ol the
particles and their population-density. Let 7 be the
volume traversed by the beam, and 7 the number of
particles per unit volume. The dipole moment of a
sphere in unit field is given by

<e — 1> (D 3

e + 2 2

and the radiation scattered per unit solid angle is propor-
tional to the square of this quantity. It is also inversely
proportional to the fourth power of the wavelength A.

The quantity T is not an actual area, but is more like
what the highbrows call a ‘scattering cross-section’; for

WARM FRONT

10km

WARM FRONT

e

HEIGHT
w»
=
3

COLD AIR
—

ol——

(b)

Fig. 1. (a) The usual isobar pattern of a frontal depression, showing cold and

warm fronts, the general direction of air circulation, and (shaded lightly) the

regions where rain is falling ; (b) A vertical section through (a), along the line

XY. Only the chief radar-target clouds and precipitation are shown. At the cold

Sront, these are massive cumulo-nimbus or cumulus clouds, and heavy rain-

showers ; at the warm front, a more extensive area of layer rain-clouds (nimbo-
stratus) and steady rain
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as the formula for P, shows, T/4mR? represents the
fraction of the incident power which gets back to the
receiver from the target. Anyhow, calculations similar to
those given in the reference books quoted above lead to
the value

Vs (e — )2

T N S
M (e +2)2

. D,

and thus give
P,AG (e — 1)2
P =md =
16R4L (e + 2)2
The assumption that D is the same for all the particles
in an actual cloud or rain-shower is a gross over-
simplification and, if the information is available, then
the factor nVD® should be replaced by a summation
involving the ‘drop-spectrum’ of the » and D for each
size of particle. Many ways of determining the size-
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Tig. 2. Representing the rate of ascent of water-drops and hailstones, which
grow all the time as they rise in the ascending air current within a cumulus
cloud. The radar echo can distinguish between them, and also by the enhanced
intensity can show the level at which the falling hailstone has melted appreciably

(Courtesy of Dr. B. J. Mason and Meteorological O ffice)

Fig. 3. Radar echo from a cold front, displayed on p.p.i. The structure of
Fig. 1 (b) should give such relatively narrow but intense echo-regions
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distribution have been tried, from simply collecting the
drops on dyed filter-paper, vaselined slides, or flour-
covered trays, to a mass-spectrometer analogue in which
they are dispersed by a horizontal air-current as they fall.
Perhaps the most elegant so far is that of Mason and
Ramanadham, in which the drops fall through a zone
strongly illuminated by visible or ultraviolet light; the
energy reflected by each drop depends on its area, and
after focusing on a photocell causes a corresponding
voltage pulse; an electronic pulse-sorting circuit does the
rest. The trouble is, of course, that the precipitation
received on the ground has altered its character on the
way down, and the only way of being sure about the
distribution at a given level seems to be to send an
aircraft with some straightforward sampler to find out.

Finally, the gain G, assuming that the whole of ¥ is
covered by the beam, can be written as 27%7¢/V, where 7
is the pulse duration and ¢ the wave-velocity (the
velocity of light). The minimum detectable power is of
the order of 2 X 10-13 watt; in order to get as high a Py
as possible, A should be short and + should be long. On
the other hand, short waves suffer greater attenuation,
and pulses of long duration locate the target less precisely
and so give less resolution of detail. Most of the figures
given by Mason are for A = 32 cm and A =10 cm,
apparatus employing the former being the more sensitive
by a factor of about a hundred, as the 1/A4 term suggests.
He also states that the optimum A for centimetre-wave
work would lie between these two figures, at 5:6 cm.
Attenuation by air, water-vapour, and light clouds
formed of droplets less than 100k in diameter are
between them relatively trivial even at 3-2 cm; but the
percentage attenuation in heavy rain is about thirty
times as great at 3-2 cm as at 10 cm. In some circum-
stances, then, the 10-cm radar may prove the more
sensitive.

Information from the Echo

The Clausius-Mossotti term (¢ — 1)2/(e -+ 2)2 in the
expression for P, works out, for the centimetre range, to
a little more than 0-9 for water, and to 0-18 for ice—
which is some five times less. The intensity of the echo
thus tells (if we are sure enough about » and D) whether
the reflecting particles are liquid or [rozen. An ice sphere
coated to a depth of one-fifth of its radius with water
reflects as strongly as water.

Spherical particles inflict no change on the plane of
polarization of the radiation; the reflection from non-
spherical particles—prolate or oblate spheroids—con-
tains a perpendicular component, or is partially depo-
larized. The polarization at the receiver thus gives a clue
as to the shape of the droplets, reinforced by the fact that
attenuation is greater for spheroids than for spheres of
the same volume. Ice-particles show effects of the same
kind, but much less in magnitude.

Finally, there is a relationship between the rate of
precipitation, as it would be measured by a rain-gauge,
and the intensity of the echo from falling rain; but this
is rather a poor relation.

Fig. 1 shows the familiar frontal depression isobar
pattern, with the air circulation anti-clockwise, cold air
undercutting the warmer air along the spiked ‘cold
front’, and warm air rising more gradually over cooler
air at the spotted ‘warm front’. Below is a simplified
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weather picture along a vertical section through the
warm sector from X to Y. Along the cold front, the main
clouds are cumulus or cumulo-nimbus, tall heavy rain-
clouds which are precipitating strongly. The warm
sector itself may be covered with low stratus cloud, with
or without rain. At the warm front, more rain-clouds,
usually nimbo-stratus which spread horizontally rather
than vertically—and below them of course more rain.
Because of the clouds and the rain-curtains, the fronts
themselves are detectable at distances of the order of
100 km. It might be added that the rain droplets within
the cloud, and falling from it, will have diameters between
about 1| mm and 5 mm. Outside these limits, smaller
ones fall too slowly to be classed as rain, while larger
ones break up in flight; much larger particles of ice or
hail may be present.

Fig. 2, based on a diagram in the article by B. J.
Mason and F. H. Ludlam in Vol. XIV of the Physical
Society’s ‘Reports on Progress in Physics’ (1951) shows
the growth-lifetime and ascent of a typical small water-
droplet (A) and ice-particle (B) in the ascending current
of air within a large cumulus cloud. At the end of the
full line, A has become a supercooled water droplet of
radius 1 mm and begins to fall. At the end of the dotted
line, B is a large hailstone of several millimetres diameter,
and is well on the downward path; B will start to melt a
few hundred metres below the 0°C level, and will there-
after shed large water drops in its wake. Echoes from a
vertically-directed radar beam, with the information
they can give about the nature of the reflecting particles,
detect this kind of thing as it is happening.

Methods of Observation

Three distinct methods are used. First, the straight-
forward p.p.i. display (Fig. 3) which simply detects and
locates the cloud, front, or rainfall. Secondly, the range-
height indicator (r.h.i.), of which Fig. 4 shows a typical
record; the extensive horizontal trace ‘is that of the
enhanced reflection at the ‘melting-zone’ level, where
hailstones or snowflakes are well on with their melting on
the downward journey. Thirdly, the amplitude recorder
(the ‘A-scope’) which displays the amplitude of the
reflected signal against the range, or against the altitude
if the beam is vertical (Fig. 5). In the picture, altitude is
read downwards; at the ‘top’ is the mark of a calibrating
signal, injected to correct for non-linearity. Quantitative
information more or less equivalent to that of Fig. 5 can
also be obtained by a pulse-integration method,
dealing with the echo from one level at a time; but
conditions are changing so rapidly throughout a cumulus
that only a simultaneous picture of the whole is really
valuable.

Further Outlook :

The primary aim of the work which has been so
briefly outlined here is to find out ‘more about the
physical processes that lie behind the weather. The chief
value to the meteorologist in his day-to-day work would
seem to be in the continuous minute-by-minute reports
it can give on rapidly-changing situations, and the
steady tracking of fronts and storms and hurricanes. It
may be that 10-cm radar can give as good a general
picture of the rainfall over a large area as a thinly
distributed chain of rain-gauges would, but it seems
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{Courtesy of Dr. B. J. Mason)

Fig. 4. Precipitation from a warm front, shown on the r.h.i. display. The
range circles are at two-mile intervals. The upper horizontal echo is that from
the melting band
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{Courtesy of Dr. I. C. Browne and Dr. B. J. Mason)

Fig. 5. Conditions within a warm front, A-scope display. The beam was
directed vertically. Note the difference in intensity between the echoes from
rain and snow, and the very strong echo from the melting band

doubtful in view of the uncertainty about the drop-
spectrum whether an individual estimate of rate of
rainfall can be reliable.

For the purposes described here, the 3-2 and 10-cm
wavelengths appear to be satisfactory; this is fortunate,
since a good deal of existing equipment of this kind was
available to be adapted to the work. But these wave-
lengths are useless for particles below the usual raindrop
size. With millimetre equipment, however, the investi-
gations could be scaled down to fine clouds, mists, and
smaller particles; and future progress will probably
exploit the millimetre-wavelength range for these
purposes.
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Polyphase Oscillators

By A. S. Gladwin, D.Sc., Ph.D., F.Inst.P.*

SUMMARY..

suitable points on the jfeedback nelwork of a single-phase resistance-capacitance oscillator.

A set of polyphase voltages can be produced either by a sjmmetrical polyphase oscillator or by tapping off at

Circuit arrangements suitable for both

types of generator and for an odd and even number of phases are described. It is shown how spurious oscillation in the

symmetrical type of oscillator may be avoided.

A formula connecting the oscillation frequency with the magnitude qf the harmonic voltages is derived and is apphea’ to

estimate the relative per_formance of the two types of oscillator with various circuit arrangements.

The single-phase type of

oscillator is found lo be greatly superior to the symmetrical polyphase form in respect of frequency stability and freedom from

harmonics.

The process by which the oscillation amplitude builds up is examined and it is shown that for the symmetrical type of
oscillator the build-up time is much greater than was forinerly supposed. The discrepancy is related to the frequency change

which occurs during the build-up period. -

’

A polyphase oscillator forms the basis of an electronic
polyphase supply system and is particularly con-
venient for variable-frequency and for very-high or
very-low frequency operation. 3-phase systems are the
most common but 2-phase supplies are often required
in connection with bridg‘cs and other measuring
instruments.

A set of polyphase voltages can be produced in two
main ways: by a symmetrical polyphase oscillator, or
from a single-phase oscillator by the use of phase-shifting
networks. A symmetrical n-phase oscillator is made up
of n identical sections, each consisting of an amplifier and
a coupling network, connected in tandem to form a
closed loop. TFig. 1 shows, for example, a 3-phase
oscillator of the type described by van der Mark and
van der Poll. The phase shift between the voltages at
successive anodes is 2m/3 and the frequency can be
varied by adjusting the values of R or C. This particular
circuit, however, is prone to spurious oscillation at high
frequency and it cannot be made to operate with an
even number of phases. ’

- If a phase-shifting network is used in conjunction with
a single-phase oscillator the network requires readjust-
ment when the frequency is changed. A logical step is
to incorporate the phase-shifting network into the
oscillator as part or whole of the frequency-determining
system. Fig. 2 shows the a.c. equivalent circuit of a
well-known form of RC oscillator. A phase shift of
nearly 7 exists between the voltages at points 0 and 3.
Hence, by tapping at suitable points on the resistors
Ry, R, or R, voltages having any phase between 0 and
with respect to the voltage at point 3 can be obtained.
Thus, to produce a 3-phase system, voltages with
relative phase shifts of 0, =/3 and 2n/3 would be tapped
off. The phase of the second voltage would be changed

* Unidversité Laval, Quebec, Canada. (Formerly at University of Sheffield.)
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to —2n/3 by means of a phase-reversing amplifier, and

he magnitudes of the three voltages adjusted to give a

balanced 3-phase system. A number of other arrange-
ments are also possible.

In the symmetrical type of generator the anode
currents also form a balanced polyphase system and the
current of oscillation frequency in the h.t. supply line
is zero. This simplifies the problem of decoupling,
especially at very low frequencies. However, with
neither form of generator would the load be connected
directly to the oscillator because of the adverse effect on
the frequency and amplitude ; an intermediate amplifier
would always be used. Since the anode currents in the
amplifiers also form a balanced system and are generally
much larger than the currents in the oscillation .
generator, any residual alternating current in the supply
line due to the use of a single-phase oscillator would be
a small fraction of the total direct current. In practice,
the symmetrical type of oscillator has little advantage in
this respect. °

The object of the paper is to compare the various
types of symmetrical polyphase and single-phase oscil-
lators with respect to such factors as frequency stability
and harmonic generation. These questions are particu-
larly important for resistance-capacitance oscillators,
since, because of the poor frequency-discriminating
properties of the network, the oscillator may generate
large amounts of harmomcs unless the operating con-
ditions are carefully adjusted.

1. Conditions for Oscillation

Oscillators are essentially nonlinear devices but it is
convenient to consider first the behaviour of the circuit
when the alternating voltages and currents are so small
that the amplifiers can be regarded as linear. The
circuit equations are then linear differential equations
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Fig. 1. A.C. equivalent circuit of symmetrical 3-phase oscillator

with constant coefficients the solutions of which are of
the form X Vypexp(ant) cos (wnt + 0y). If all the values
of a, are negative, oscillations cannot build up from a
small value. It does not follow that oscillation is
impossible, for the circuit may be able to oscillate with
a large amplitude though not with a small one. Again,
if two or more of the values of ay are positive there is the
possibility, depending on the initial conditions, of
oscillation at one or other of the corresponding fre-
quencies, or of oscillation at two or more frequencies
simultaneously. In what follows the oscillator is assumed
to be ‘well-behaved’ ; i.e., whatever the initial con-
ditions the oscillation eventually reaches the same final
values of amplitude and frequency. The problem is then
to determine the conditions under which one, and only
one, of the values of ay is positive. Any small initial
disturbance then initiates an oscillation which builds up
smoothly to the steady-state regime.

Fig. 3 shows the a.c. equivalent circuit for one section
of an n-phase oscillator made up of n such identical
sections. In practice, no grid current can be permitted
because of its serious effect on the oscillation frequency.
This requirement arises from the fact that in polyphase
oscillators the frequency is determined as much by the
resistive as by the reactive elements in the coupling
network. Hence the output impedance Z; has no effect;
only the open-circuit input and transfer impedances Z;
and Z; need be considered.

In complex notation the relation between the two
grid voltages in Fig. 3 is

'Ugg = AU{g
where 4 = —uZ/(ra + Zs) .. . (LD
and pu and 7, are the amplification factor and anode
(slope) resistance of the valve. For voltages of the form
V exp(at) cos(wt + 6) the values of Z; and Z; are to be
taken at the complex frequency p = a 4 jow.

Proceeding to the following stages, vgg = Avgy = A%vy,
etc., and since the nt? stage is followed by the first stage,
vg = Avgg = A"vy;. Hence

Ar = 1 . (1.2)
The possible values of p are the roots of this equation
and the criterion for an oscillation to build up is that
two, and only two,,of the roots should be complex
conjugates with positive real parts. All other roots must
be negative or have negative real parts. This require-
ment can be expressed in terms of the behaviour of A7
at real frequencies (p = jw) ; for the number of roots
of the equation with positive real parts is equal to the
number of times which the locus of 4" in the complex
plane encircles the point (1,0) as w varies from — oo
to . The criterion for oscillation to build up is there-
fore that the locus should encircle the point twice. This
is Nyquist’s criterion and the conditions under which it
is valid are always met in circuits of the type under
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consideration. Since the value of 4 for a negative value
of w is the complex conjugate of its value for w positive,
only that part of the locus corresponding to 0<w<< oo

" need be drawn.

It'is simpler, however, to express the criterion for
oscillation in terms of the locus of 4 rather than that of
An. Equation (1.2) can be written as

A = 11n = exp(—j2nkjn) k=1,2, . . n
This set of equations will have two roots with positive
real parts if the locus of A encircles once two of the
points exp(—j2nk/n) having complex conjugate values.
as w varies from — oo to co. Again, because of the
symmetry of the locus, the range of w can be restricted
to 0 to oo.
The relation between consecutive grid voltages is

vag = Avig = v1g exp (—Jj¢)

where ¢ = 2nh/n (1.3)
and % is the value of % corrcspondmg to the point
enclosed by the locus of 4 with 0 < w < c0. Thus the
grid voltages are all of equal amplitude and differ only
by a constant phase shift.

As the oscillation builds up the nonlinear properties
of the amplifier are evoked ; the effective value ‘of 7,

Fig. 2. A.C. equivalent circuit of single-phase oscillator

changes and the locus shrinks until it touches the point
exp(—j¢). If the steady-state harmonic voltages are *
negligibly small the steady-state frequency w; .can be
calculated from the equation

A= —pZf(ra + Zy) = exp (—j¢)
with p = jw;. Let Z; = Ry + jX; and Z; = Ry + jXu.
By equating the real and imaginary parts separately two
equations are obtained, and, by eliminating r4 betweer
these, the frequency-determining equation is found to

Rysing + Xycosd + Xifu =0 (1.4

2. Circuit Arrangements

The criterion for oscillation build-up developed in the
previous Section is now applied to examine the per-
formance of oscillators having various forms of coupling
network. Fig. 4 shows the coupling network of the
van der Mark-van der Pol type of oscillator. Cz and G,
represent the anode-earth and grid-earth capacitances ;
the effect of the anode-grid capacitance is discussed later.

Fig. 3. One section of polyphase oscillator
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The impedances Z; and Z; are easily evaluated and it
is a straightforward matter to show that the locus of 4
as w goes from 0 to oo is a circle passing through- the
origin with its centre on the real axis. Fig. 5 shows such
a locus together with the points ‘a’, ‘b’ and ‘¢’ given by
exp(—j2nk/3) with k =1, 2, 3, corresponding to a
3-phase oscillator.

There are two frequencies at which the phase of 4 is
+27/3 ; a low [requency w, determined mainly by the
product RC, and a high frequency w, determined
mainly by the product r(Cy + Cy). It is immediately
obvious that the locus must enclose either no point, in
which case there is no oscillation, or both points ‘a’ and
‘b’, in which case two oscillations of [requencies near to
w; and ws build up simultaneously. Capacitance between
grid and anode has the effect of modifying slightly the
shape of the locus at high frequencies by decreasing the
magnitude of 4. Thus, by careful adjustment of the
gain, point ‘b’ could be made to lie outside the locus
while point ‘a’ remained inside. Single-frequency
operation would then be secured, but the difference in
gain required for this is so small that the discrimination
cannot be achieved in practice.

Unwanted oscillation at high frequency is usually
suppressed by increasing artificially the value of C, or
Cy in one of the coupling networks. At low frequencies
this has little effect and the oscillator continues to
behave as a symmetrical system, but at high frequencies
the symmetry is destroyed and the loop gain round the
circuit is so much reduced that the high-frequency
oscillation is unable to start. A more fundamental
approach to the problem is to design the coupling net-
work so that only one frequency of oscillation is possible.
Fig. 6 shows an a.c. equivalent circuit, and Fig. 7 a
practical embodiment, of a coupling network which
ensures single-frequency operation. The locus of the
stage gain 4 and the three critical points corresponding
to a 3-phase oscillator are shown in Fig. 8.

Inspection of Fig. 5 shows that the network of Fig. 4

Fig. 4. Coupling net-
work for oscillator of
Fig. 1

is unsuitable when the number ol phases, n, is even.
For, as the diameter of the locus is increased by
increasing the amplifier gain from zero, the point ‘d’
(—1,0) corresponding to & = n is the first to be
enclosed. An oscillation then builds up at a frequency
near to ws and with a phase shift of = between successive
grid voltages. A set of polyphase voltages cannot be
obtained. Coupling networks suitable for an even
number of phases are therefore more complicated. A
network suitable for 4-phase operation is shown in Fig. 9,
and Fig. 10 shows the corresponding locus of 4 with the
four critical points exp(—j27k/4) k = 1, 2, 3, 4. When
the circuit constants are chosen to make LC, = C2R2,
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Fig. 5. Locus of stage gain 4 for circuit of Fig. 4

the frequency of oscillation is w; =
and 74 = 0).

Single-phase oscillators have already been mentioned.
Although a voltage of any specified phase between 0
and 7 can be obtained by tapping on the resistors
Ry, R, and R; of Fig. 2 it is usually more convenient to
choose the element values so that the voltages at the
Jjunction points 1, 2, 3 have the required phase differences.
In Fig. 2, for example, let
Cl=Cz=C3:C, R3=R, R2=2R, 1{1=5R/3—7(1—35/[L)

: (2.1)

Taking the grid voltage as the reference, the voltages at
points 3, 2, 1 are then

v3 = V cos (wit), vo =

1/CR (with u = oo

2V cos (wit + 7/3)

10V cos (w1t + 27/3)

where w;CR=3Y2. By reversing the phase of v, and
adjusting the magnitudes of 2, and z3 a set of 3-phase
voltages is obtained. The three capacitances need not
be equal although equality would usually be desirable
in a variable-frequency oscillator.  For example, let
C;; = C, Cz = dC, Cl = bC, R3 = R, R2 = R/d,
Ri=R[f —7 and p= co. Then if d=a —} and
S =0b—(2a—1)(a + 1)/(4a 4- 1), the voltages at
points 3, 2, and 1 are

v3 = Vcos (wit), v2 = V3 cos (wit + 7/3), vy = V; cos (wyt
+ 2m/3) where Vo = 2V and V) = 2V(4a + 1)/(2a—1).
By making a >1 and 63> a, the voltage gain required of
the amplifier can be reduced from the value of about 35
to the minimum value of about 8. In a similar way the
element values can be chosen to give phase shifts of #/3
between the voltages at points 0, 1, and 2. This arrange-
ment gives a somewhat greater voltage output.

Similar results can be derived for the shunt-resistance
type of oscillator obtained by interchanging the positions
of the resistors and capacitors in Fig. 2. In this network
the phase shift increases (instead of decreasing) between
the input and output terminals. Such a network can
be combined with that of Fig. 2 as shown in Fig. 11 to
enable a set of 3- or 6-phase voltages to be obtained
without the use of phase-reversing amplifiers. If r< R
the phase shift increases by /3 between consecutively
numbered points and the voltage magnitudes are in the
ratios 35:10:2:1:2:10 Another way of obtaining a
set of 3-phase voltages is to add a fourth section to the
right-hand side of the coupling network of Fig. 2 to give
an additional phase shift of #/3.

A 2-phase system can similarly be obtained by tapping
on R, in Fig. 2 and taking the quadrature voltage from
point 0 or 3, or alternatively by tapping on R, and

U =
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taking the quadrature voltage from point 1. When the
element values given by (2.1) are used and R; is tapped
at 5/6 of the way between points 1 and 2, the voltage at
the tapping point is g = — (5/3V2)Vsin (w?) when
U3 = V cos (wlt)

Reich? and Fleming?® have proposed an arrangement
in which cathode-follower buffer stages are interposed
between the three sections of the feedback network of
a single-phase oscillator as shown in Fig. 12. The three
resistances can be made equal and likewise the three
capacitances. The overall gain required is slightly more
than 8 and this is provided by the final amplifier stage.
By suitable choice of resistance values a set of balanced
3-phase voltages can be taken from the points 1, 2 and 3,
the resistors between 4 and 5 and 3 and 5 having been
removed. When these resistors are retained a 2-phase
output can be obtained at points 1 and 5.

In order to obtain very low frequency oscillations

Fig. 6. Shunt-capacitance
type of coupling network

without using excessively large values of resistance and
capacitance Smiley? has proposed a symmetrical form
of 3-phase oscillator one section of which is shown in
basic form in Fig. 13. This uses feedback from the
anode circuit (Miller effect) to increase the effective
value of C. The idea may also be applied to the cathode-
follower-coupled single-phase oscillator as shown in
Fig. 14. Here the feedback is in the cathode circuit and
its effect is to increase the effective value of R. For the
same values of R and C and feedback factor, the
frequency of the shunt-resistance oscillator (Fig. 14) is
one-third of that of the shunt-capacitance form (Fig. 13).
In both oscillators the frequency depends on the feed-
back factor and can be controlled, for example, in the
circuit of Fig. 14, by adjusting the value of the cathode
resistor R,. .

Some discussion of the relative merits of the shunt-
resistance and shunt-capacitance types of polyphase and
single-phase cathode-coupled oscillators from the aspects
of variable-frequency operation and the effects of stray
capacitance can be found in references 2-5. In the
following sections the main types of oscillator are com-
pared in respect of frequency stability and harmonic
generation. -

3. Effect of Harmonics on Steady-State Frequency

It is well known that the frequency of an oscillator is
affected by the presence of harmonic voltages at the grid
and anode of the amplifier valve, and Groszkowski® has
derived a very general formula for the frequency of a
single-phase oscillator in terms of the magnitudes of
these voltages. In this section it is shown how Grosz-
kowski’s method can be adapted to polyphase oscillators.

In Section | it was shown that, under linear conditions,
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the relation between consecutive grid voltages is
vag = tigexp (—7¢)
When the complex exponential time factor is restored
to both sides the equation can be written
Vexp (jwt) = Vexp[jw(t — T)]
where V is the magnitude of the two voltages and
wT = ¢. Under steady-state conditions V is constant
and v;4 and vy, are functions of time such that vgy(t) =
ug(t — T). Itis now assumed that, under steady-state
conditions, a similar relation holds also when the
voltages are non-sinusoidal. The frequency is then
changed to wy and the time delay to T, but the product
woly = 0wl = ¢ =27h/n 3.1)
remains constant. The relation between v;4 and vy is
g(t) = veg(t + Th) (3:2)

Let Fig. 3 represent one section of an n-phase
oscillator. The alternating anode current in valve 1 can
be expressed in the form

o«
t1a = 3 X Iy exp (Jnwot 4 jbr) (3.3)
— o0

with I real and I, = I, Iy = 0, and 0_, = 6,. Since
the grid current has been assumed zero the relations
between vi4, 11y and 414 are vy = — Zgiye and vy =
— Zsha- Hence and from (3.3)

via = —% T ZipJpexp (jnwet + j0,)

Vg = —3 T Zinly exp (jnwot + j0n)

where Z;, and Z;, are the values of Z; and Z; at
frequencies nwy.  From (3.1) and (3.2) it follows that

g = —3% T Ziply exp (jnwot + jnd + jOa)

If the amplification factor p is constant, the anode

Fig. 7. Practical form of Fig. 6

current is a single-valued function of vy, + v4/u, say
tg = f (vg + vafp). Since ¢4 is single-valued its integral
with respect to v, + o.u, taken over a complete cycle
of oscillation, is zero.

Thus

$ig d(vg + vafu) = $ig (dvg/dt + dvgfudt)dt = 0

It is obvious that the constant components of the
current and voltages contribute nothing to the integral.
Hence the expressions for the alternating componerits
t1a, V1a and vy may be substituted for i,, v, and v,

19



When this is done and the integrations carried out the
result is

3 nlp2(Zy exp (Jng) + Zinfp) = 0

When the sign of n is changed Zi and Z;, change to
their complex conjugate values. Hence if

Zin = Ry +thn and Zym = R +J'Xin
the equation can be written

T nlut (Runsin () -+ Xon 08 (1) + Xenfet) = 0 (3.4)
i1

Since Rin, Xin and Xi, are known functions of fre-
quency the equation provides a means of calculating

@ -
b
w=0 w=cw -
= \¢ /‘ c
a

Fig. 8. Locus of stage gain A for circuit of Fig. 6

“wp when the magnitudes of the harmonic currents are
known. N
Usually it is more convenient to express the result in
terms of the harmonic grid voltages. The relation
between iy, and vy may be written as :
ta = — Yoy = — (Gt + jBt)vag

where Y; = 1/Z; is the open-circuit transfer admittance.
Hence if vy = ;. Va cos (nwot + o) then

Iy = |Yu|Va ané (3.4) becomes

, >°::nV,,2(Gm sin (1) — Bin 05 (1) +| Yin|2Xini) = 0 (3.5)

where G;, and By, are the values of G; and B; at the
frequencies nwy.
In the absence of harmonics the oscillation frequency
wy is given by '
Giisin ¢ — By cos ¢ + | Yo |2Xufu =0 (3.6)
These results are now applied to some of the circuit

arrangements discussed in section 2. When the capaci-
tances Gy and Gy in Fig. 4 are neglected, elementary

Fig. 9. Coupling network for 4-phase oscillator

~

‘ AY

analysis gives the transfer conductance and susceptance
of the network at a frequency nwg as

Gin = (r + R)/rR, Bin= — l[nwsCrR (3/7)
and lym|2Xm = — l/nwyCR? )
In the absence of harmonics the frequency is given by
(3.6) as

(rjuR — cos ¢)
w1C(r + R) = o (3.8)
Hence and irom (3.5) the formula for wy is
SVa2(rfuR — cos (ng) ) sin ¢
. P (3.9)
w;

EﬂVnz(f/}LR — cos ¢) sin (ng)
1

For 3-phase operation corresponding to point ‘a’ in
Fig. 5 ¢ = 2#/3. If also p is large and the harmonic
amplitudes small compared with the fundamental (3.9)
can be expanded in the form

1 4 3 (Vo V)2 — 2 (VafVi)2 + (3.10)

Similarly for the network of Fig. 6 (with C, neglected)
the frequency without harmonics is

sin ¢

wo/ wp =

wC(r + R) = P S p—1 (3.1?)
and the frequency ratio is
;.".oanz(r/p(r + R) + cos ¢) sin (nd)
Yo _ 1 (3.12)

b Sw2Vp(rfu(r + R) + cos (ng)) sin ¢

1
For 3-phase opcrati(;n corresponding to point ‘b’ of
Fig. 7 ¢ = 4n=/3. If also p is large and the harmonic |
amplitudes are small (3.12) becomes

(1)0/(1)1 = 1 —_— 6(V2/V1)2 + 18(V3/V1)2 + (313)

From an inspection of these results it might be con-
cluded that the first arrangement (shunt-resistance net-
work) is more stable than the second (shunt-capacitance
network). This conclusion, however, would not be
justified, for the amplitudes of the harmonic voltages are
not the same in the two cases. Also, the fact that the
frequency is changed in different directions by the
second and third harmonics makes it difficult to draw
any general conclusions. In order to decide the point,
an analysis taking explicit account of the nonlinear
behaviour of the amplifier is required. The utility of the
above formulae lies in the fact that it is often compara-
tively simple to calculate approximately the harmonic
‘amplitudes from the nonlinear theory when the frequency

_shift is neglected.

Single-phase oscillators may be treated similarly. In
this case ¢ = 0 and (3.5) becomes Groszkowski’s formula
except for the difference in notation. When p = oo this
takes the form

\ w
En Vnthn = 0
1

It is a straightforward matter to show that for the shunt-
capacitance type of oscillator (Fig. 2) with arbitrary
values of resistance and capacitance, the transfer
susceptance is :

rBin = ﬂwo(w12 — ﬂ2w02)010203(R1 + r)R2R3

where
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- cy vz

_ (Batr1) (Ci + Ca+Cy)+ R (Co+Cy) + RsC
(Ry + 1) RyR3C1CoCo
The frequency is given by

w12

(wofwr)? = (En2V)[(EnV2)
1 1

If the harmonic amplitudes are small
wo/wl = 1 - 6(V2/V1)2 _— 36(V3/V1)2 —_ .. (3.14)
Similarly for the shunt-resistance type of circuit

obtained by interchanging the positions of the resistors
and capacitors in Fig. 2 the frequency is given by

(wofwr)? = (ZVdfnd)(EV2)
1 1

If the harmonic amplitudes are small

wolwy = 1 — (3[8) (Vo[ V1)2—(4/9 (Vs[V1)2 .. (3.15)
~ These formulae hold also for the cathode-follower-
coupled oscillator of Fig. 12 and its derivatives, provided
the cathode-follower stages operate linearly and all the
harmonics are generated in the final amplifier.

Again no useful comparison can be made between the
various types of single-phase oscillator or between single-
phase and polyphase oscillators until the actual values
of the harmonic voltages are known.

4. Nonlinear Analysis

The nonlinear analysis of phase-shift oscillators is
greatly simplified by the fact that resistance-capacitance
coupling networks have very poor frequency discrimina-
tion. Consequently, if the harmonic voltages are to be
small the harmonic currents generated by the amplifier
must also be small. On the assumption that the oscilla-
tion amplitude is limited by the nonlinear characteristic
of the amplifier it follows that the small-signal gain of
the amplifier can be only slightly greater than that

required to initiate oscillation. It is, of course, possible -

to construct oscillators in which the gain is limited by
other means, but these are excluded from the present
discussion.

Since only comparative results. are required, it is
sufficient to consider the simplified case where p = oo,
The relation between anode current and grid voltage
will be taken as

la = ao + @y + asvg® + asvg® + .. .. 4
Although the oscillation amplitude is limited mainly
by the odd-power terms the harmonics and modulation
products arising from these terms may be small since
the regeneration is near to the critical value. In these
circumstances, and with the usual three-halves law
amplifier characteristic, the relative magnitudes of the
coeflicients in (4.1) are such that only the term asvy? is
effective in producing harmonics, and the only harmonic
of importance is the second. The alternating grid
voltage and anode current of valve | are then

g = Vi cos (wot) + V, cos (2wt + 6) ST (42
] g + asvrg®

ay V1 CcOs (wot) + ang Vz cos (wot + 0)

.+ 3a2 V12 cos (2wet) +a1V, cos (2wot+-0)  (4.3)
Harmonics higher than the second are neglected.

Since the expressions for the voltages and currents are
real it is convenient to write the trausfer impedance in

lia
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its operational form, Z;(D), where D = dJdt. The grid
voltage at the second amplifier in Fig. 3 is then

vog = — Z4y(D) t1a . . . oo (4.4)

A 3-phase oscillator with coupling networks of the
type shown in Fig. 4 is first considered. For the present
purpose, the capacitances C; and G, may be neglected
and there is also no loss of generality in supposing that
r< R. (For a more exact analysis it is only necessary to
replace R by R + r in the equations which follow.)
With this network ¢ = 2m/3 and the transfer impedance
is :

Zy(D) = r/(1 4+ 1/DCR) a0 .. .. (4.5)
In the steady state the relation between consecutive grid
voltages is given by (3.1) and (3.2). Hence and from
(4.2),
vgg = V1 cos (wot — 2m[3) + V3 cos (2wt — 4m[3 + 8)
From (4.4) and (4.5)

—Tila = V1 CcOos (wot——271'/3) + (Vl/wocR) sin (wot—27r/3)
+ Vi cos (2wt —4m[3 4+ 6) + (V2/2woCR) sin

(L2wot —4w(3 + )
lig is next eliminated between this expression and (4.3)

W

Fig. 10. Locus of stage gain A for circuit of Fig. 9

and the sine and cosine terms of frequency wo and 2wp
are equated separately to give four equations:

%31/2 —_ %/wocR = Tanz sin 6
4+ 33Y2]woCR = ray + rasV, cos 6
(1 =~ 2ray — $3Y2[w,CR) tan § = 3V2 4- }/weCR
(1 — 33Y2]woCR — 2ray) cos 6 +
(31/2 + é/woCR) sin 8 = Tanlz/Vz
When the harmonic voltage is zero the first two
equations give the frequency and the condition for

critical regeneration as w; = 1/3Y2CR and rqy = 2. If

it is assumed that ra is only slightly greater than 2, these
approximations can be inserted into the last two
equations to give § = 57/6 and

Vz = 7’an12/33/2 . “ (4.6)
These results may be substituted back-into the first

21




equation to obtain a more accurate value for the
frequency. Thus

wifwg = 1 — (ray¥1)?2/9. Substituting for ra; accord-
ing to (4.6) gives
1 —+— (ra2V1)2/9 + .
|+ 3(Va/ 72 (4.7)
This is in agreement with (3.10) under the assumed
conditions.

wol wy =

A similar analysis can be carried out for an oscillator
using the shunt-capacitance type of coupling network
shown in Fig. 6. When C, is neglected, the transfer
impedance is Z;(D) = r/(1 + DCR), and for 3-phase
operation ¢ = 47/3. The analysis proceeds on the lines
above with the results:

w = 3Y2[CR, 8 = Tn[6, Vy = raV,2/3V/26
wo/w1 = l—(ra2V1)7/18 — .. = 1—6(V2/V1)2—
The last equation is in agreement with (3.15).

(4.8)
(4.9)

If the valve parameters a;, a; and a3 and the load
resistance r are the same for both types of oscillator then
the value of Vj is also the same. A comparison of (4.6),
(4.7), (4.8), and (4.9) then shows that in the shunt-
capacitance oscillator the harmonic grid voltage is one-
half and the frequency shift also one-half of the values
for the shunt-resistance type. However, the output
would usually be taken from the anodes rather than the
grids of the amplifiers. The second-harmonic anode
voltage in the shunt-capacitance type is greater than in
the shunt-resistance type in the ratio (13/7)V/2.

Single-phase oscillators may be treated similarly. In
the cathode-lollower circuit shown in Fig. 12, the
relation between grid voltage and anode current in the
amplifier stage is —igr1 = (1 + DCR)3y,
where 7; is an equivalent load resistance, and R is
assumed large compared with the cathode resistors in

SR 6 6R IR
— AV

| E7AC IR
O A |
%? =

Fig. 11. A.C. equivalent circuit of composite coupling network

0

the coupling stages. The nonlinear relation between i,
and v, is again taken as the parabolic equation (4.3).
The results are :

Ve = raV12[18(21)1/2 (4.10)
wolwy = 1 —(ragV)2[1134=1—6(V,/V1)? (4.11)
Similarly, for the shunt-resistance form of circuit

obtained by interchanging the positions of R and C in
Fig. 12,

Vo = 4ra,V12/9(39)1/2 (4.12)
wolwy = 1 —2(rayV1)?/1053 = 1 —(3/8)(Ve/V1)2  (4.13)

Equations (4.11) and (4.13) are in agreement with
(3.14) and (3.15).

For the same magnitude of fundamental grid voltage
the frequency shift in the shunt-capacitance oscillator is
about 0-5 and the second-harmonic grid voltage about
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Fig. 12. Cathode-follower-coupled oscillator

0-17 of the corresponding magnitudes for the shunt-
resistance type. In comparison with the corresponding
forms of symmetrical 3-phase oscillators the frequency
stability of the single-phase oscillators with respect to
second harmonic is about 60 times better for the same
magnitude of fundamental voltage at the amplifier grid.

Smiley* has described a very-low-frequency 3-phase
oscillator of symmetrical form in which the oscillation
amplitude is limited by symmetrical peak-clipping. The
equivalent nonlinear amplifier characteristic could be
crudely represented by the expression i, = @19y + asv4®
and the important harmonic would be the third.
Analyses similar to those for the parabolic characteristic
can be carried out, and although the results differ some-
what from those above, the main conclusion is upheld :
namely, the great superiority of single-phase oscillator in
respect of frequency stability.

5. Build-Up of Oscillation

A study of the way in which the oscillation builds up
to the steady-state regime has both practical importance
and theoretical interest. If the build-up rate, i.e., the
fractional increase in amplitude per cycle of oscillation,
is small, an oscillator for very-low frequencies may not
be ready for use until some considerable time after it is
switched on. From the theoretical standpoint the
resistance-capacitance oscillator shows in a striking way
the importance of the frequency change which accom-
panies amplitude change. This relationship is not
peculiar to resistance-capacitance oscillators but exists
in any oscillator where the frequency-response character-
istic of the coupling network is asymmetrical with respect
to the oscillation frequency. In resistance-capacitance
oscillators the asymmetry is very marked.

In order to obtain a manageable solution certain
simplifying assumptions are made ; in particular, the
effects of harmonic voltages are neglected. During the
build-up period the oscillation is then a sinusoidal wave
of slowly-varying amplitude and frequency. Depending
on the initial conditions there may also exist other
monotonic or oscillatory disturbances of exponentially
decreasing amplitude. These, however, rapidly become
negligible compared with the main oscillation and are
therefore neglected. Attention is confined to 3-phase and
single-phase oscillators.

Let the grid voltage in one section of a 3-phase
oscillator be vy = V cos § where Vand 0 are functions
of time. If u is very large the anode current depends
only on vy, thus i1, = f(v14). If harmonics are neglected
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the current is 3, = I cos 8, where, by Fourier’s theorem,

I=FV)=(2/n) ff(Vcos x) cos x dx (5.1)
0

The grid voltage in the next section of the oscillator is
Usg = — Zy(D) 114 where D = d[dt. It was shown in
section 1 that in a 3-phase oscillator the phase displace-
ment between successive grid voltages is 273 or 4x/3 ;
le., +27/3. Hence vyy = V cos (0 42n/3). When the
expressions for vy and ¢4 derived above are substituted,
an equation for ¥ and 6 is obtained.

Vcos (6 £27(3) = —Zy(D) [F(V) cos ] (5.2)
In order to proceed, it is necessary to consider par-
ticular forms of the functions Z;(D) and F(V). If the
relation between anode current and grid voltage can be

expressed by the first four terms of the power series (4.1)
the function F(V) defined by (5.1) is

F(V) = alV “+ 303V3/4' (53)
When the stray capacitances are neglected and when
r<R the network shown in Fig. 4 has a transfer
impedance Z;(D) = r/(1 + 1/DCR). With this net-
work the minus sign must be taken with the phase shift
in the expression for vy. Equation (5.2) can then be
written in the form

(I + DCR) Vcos (6 —2n[3) =

—rDCR ((a1V + 3a3V3/4) cos 6) (5.4)

In the steady state V and df/dt are constants with
values V; and w; which are easily shown to be
Vi2 = —4 (ra; — 2)/3ra3 and w; = 1/CR3Y/2. The con-
dition for the oscillation to build up from a small
amplitude is that ra; > 2 and, for a final stable amplitude
to be possible, az must be negative. Let }g be the
fractional amount by which the gain exceeds the
minimum value necessary for the oscillation to build up ;
ie,letray = 2(1 + }g)org =ray — 2.

When the operations of differentiation have heen
carried out in Equation (5.4) two relations between
amplitude and f{requency are obtained by equating
separately the sine and cosine terms. These are:

w(3 + 2g — 2gV2V12) = 3wy + 32V [V (5.5¢
V'(3 + 2g — 6gV2[V12) = 312V (w; — w) (5.6)
in which V' = dV/di and o = df/dt, and g, w, and V;
have the values indicated above.
Equation (5.6) shows how the deviation of the instan-

Fig. 13. Section of polyphase oscillator with anode feedback
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Fig. 14. Single-phase oscillator with cathode feedback

taneous frequency w from its final value w;, depends on
the rate of change of amplitude. w can be eliminated
between (5.5) and (5.6) to obtain an equation for V
which can be written

Ite+es  (=gV
14 Vg — P2
The integral is

(1 + g + £2/3) loge (V2/V1?) —(1 —g) loge (1 —
VE[V12) — g2 V2[Vi2 = gun(t —ito)[3Y2
where ¢, is an arbitrary constant.

V|V, cannot be expressed as an explicit function of ¢,
but it is not difficult to show that for values of g less than
3 (in practice, g would be less than 1) V/V; increases
monotonically with ¢  The build-up time may be
arbitrarily defined as the time taken for the amplitude
to increase from 109, to 909, of its final value. This
time T} can be calculated from (5.7) and is given by

Ty =10-5/g +4-8 4 1-2¢
The number of cycles of oscillation over which the

build-up takes place is (1/27) [wdl. From (5.6) and the
foregoing expression for T} this number is
n=167[g+ 0-15

When V[V is small V can be expressed approximately

as V= V,exp (kwit) where
P 3g -
312 (1 + g+ 8%3)
From {5.6) the initial frequency is
wlwy =1 —k(3 + 2g)/31/2

When the rate of increase of amplitude is small, w is
close to w;. It might therefore be assumed, as van der
Mark and van der Pol assumed, that in such circum-
stances it would be permissible to put w = w;. How-
ever, if this is done Equ. (5.5) becomes

2wi1g(1 — V2[Vi2) = 312V’|V of which the integral is
loge (V2[V12) —loge (1 — V2[V12) = 4 gy (t — &) [3V/2.

When V[V, is small

V = Vyexp (2gw;t/312)

By comparing this result with (5.8), it can be seen that
the rate of amplitude build-up given by the van der
Mark-van der Pol theory is about four times the true
value. The physical explanation of this discrepancy is
to be found in the frequency shift. During the build-up
period the frequency is less than the steady-state value.
Hence the attenuation in the coupling network (Fig. 4)
is increased. The excess gain and so also the rate-of-

2 d
g—V] 4 = bgw, /32

V2| dt

(5.7)
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amplitude increase is then less than if the frequency
remained constant.

An analysis similar to that above can be carried out
for the shunt-capacitance type of coupling network
shown in Fig. 6. When stray capacitance is neglected
and r < R the operational equation is
(1 = DCR)V cos (8 + 27[3) = —r(aV - 3a3V3/4) cos 6.
The equations corresponding to (5.5) and (5.6) are

w1 (3 + 2¢g —2gV2[V32) = 3w + 312V [V
and 312V = V(iw — wy)
where now w; = 3Y2/CR, and the other symbols have
the same meaning as hefore. The solution for V is

loge (VE[V12) —loge (1 — VE[V12) = gawi(t — &) /32
The build-up time is given by

wy Tb = 10'5/g
For small values of g this is the same as for the shunt-
resistance type of coupling network.

Single-phase oscillators can be treated similarly. With
the circuit shown in Fig. 12 and for small values of V[V,
V = Vyexp (kwyt)
where £ = [(1 + 3¢)/3—1]/3/2 and }g is the excess
gain measured as a fraction of the critical value. When
gissmall £ = ¢/3V/2 X 6 and the initial rate of build-up is
therefore one-third of that for a 3-phase oscillator. A
similar result is found for the shunt-resistance type of

oscillator.

In deriving the results of this section it has been
assumed that the working point on the nonlinear valve
characteristic remains fixed as the oscillation builds up.
In practice, this working point might be varied by an
automatic grid-bias control circuit, and a similar effect
could be produced by thermally-sensitive control
elements. The initial gain might then be high and
would decrease as the oscillation built up. In such

arrangements the build-up times would be somewhat
greater than the above estimates.

6. Conclusions

In comparison with the single-phase oscillator the
symmetrical type of polyphase oscillator is inferior in
respect of frequency stability and purity of waveform.
The existence of unwanted modes of oscillation in some
forms of polyphase oscillator is a disadvantage which is
almost entirely avoided in the single-phase oscillator.
Single-phase oscillators are equally suitable for the
production of polyphase supplies without restriction on
the number of phases, whereas the symmetrical poly-
phase oscillator requires a rather special type of coupling
network for even-phase operation.

In favour of the polyphase oscillator is the fact that
the h.t. supply contains (ideally) no alternating com-
ponent, but this is of little importance except at the very
lowest frequencies. The build-up time is also much less
than for the single-phase oscillator.

The build-up time for the common form of 3-phase
oscillator has been shown to be much greater than was
formerly supposed and the importance of the frequency
change which takes place during the build-up process
has been demonstrated.
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ELECTRONICS AND

The photograph illustrates a constructional technique employed
in the G.P.O.s new Group Routing and Charging Equipment
(GRACE), which performs automatically the functions of a trunk
telephone operator in setting up a call. The part of GRAGE shown
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THE POST OFFICE

is a register for storing dialled digits. Cold-cathode tubes form the
memory elements. The unit shown consists of a number of chassis
which can be opened like the leaves of a book to provide access for
servicing and testing.

A somewhat similar equipment developed by Auto-
matic Telephone & Electric Co. was recently put into
service in London. This is an electronic director for
routing calls between exchanges in a large city. A
magnetic drum is employed for data storage. This
equipment may, in time, replace electromechanical
directors.

The Post Office is also investigating the possibilities of
automatic letter sorting. A semi-automatic machine,
which enables an operator to sort about 3,000 letters an
hour into 144 pigeon-holes, compared with 1,500 into
48 pigeon-holes by manual methods, is already in use.
In order to replace the operator by a machine, it will be
necessary to code addresses in some way. A five-unit
code, giving information about the town of destination
and street of destination, has been proposed. The
success of such a system depends on the degree of
co-operation which can be obtained from the public,
and this will be assessed before further work proceeds.
An exchange of information between Britain, Canada
and the U.S.A. has been arranged.
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MATHEMATICAL TOOLS

By Computer

Numerical Extraction of Roots

Supposc we require to find the nth root of a given
number ¥, and that ¢ is an approximation, so that
74/ N = a+ x, where x is small compared to a. Then a
“better approximation is

b='ll—l[(n——1)a+a—i\j-l] T e))

which can easily be evaluated with or without a
calculating machine,

For example, if we start with 1-4 as an approximation
t04/2, so thatin (1), ¢ = 1-4,n = 2, N = 2, we have

1 2
=3 [“‘“rm]
1
=5 (1:4 41428571 ... ) = 1-41429

which agrees with the value 1-4142 given in five-figure
tables with an error of only 1 in the fifth significant
figure. If we now put 1-41429 for a in (1), we find

1 2
by =3 [1 41429 + s _41429]

1
=5 (141429 + 1-41413713)

=1-414213565
and 6% = 2-000000007 !
Again, supposing we require 64/800, and start with the
approximation @ = 3 (3¢ = 729). We find from (1),
with n = 6, a = 3, N = 800

1 800 1

= 3-048697
Returning to (1) with @ = 3:048697, we find
a% = 802-944596
as = 263-373040

by = é[15-243485 + 3-037517] = 3046834

and b6 = 800-0051]
so that b8, is in error by about I part in 160,000, and b,
by about 1/6 of this or 1 in 108 ; our starting approxi-
mation was quite crude, and an approximation as good
can be obtained by means of a table of higher powers
of numbers up to 100. This is given, for example, in
Attwood’s 5-figure tables, p. 52.

To prove (1), we have

Nin = g 4 x
n 2
. = q [1 +§] = a—l—nx—l—én(n—l)ia—l—... (2)

¢ ogni
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1 N n—1 x2
R EY R e
so that the absolute error is about
1

;1%

and is an over-estimate for n>1.

Note that all we are doing is to take the first three
terms of a binomial series (2) in which the quantity x/a
is small ; we are not therefore concerned with whether
n is an integer or not, or even whether 7 is positive or not.

We could therefore obtain ’

A 3
N23 by putting n = 5 in (1)

N4 by putting n = —4in (1)
and so on. Clearly it is an advantage to start with a
good approximation for @, but using a crude approxi-
mation only means that we have to apply (1) once, or

at worst twice, more often to -obtain a satisfactory
approximation.

As a rough general rule, it may be stated that the

approximation b given by (1) is correct to twice as many
significant figures as was the original approximation a.
For example, to calculate #%3, we have #? = 9-8696,
2-13 = 9-261, 2-2% = 10-648, so #%/3 or 3y/x2 is about
2-14, and this value will do for a. Since n = 1-5,

5 2[2-14 = 3-14159265
1_3[ 2 T \/2-14']
We can obtain 4/2-14 by applying (1) again, with
n=2, N=2-14, and a can be obtained from tables
or slide rule as say 1:46. Our second approximation to
4/2-14 is thus 1-462877, the square of which is
2-1400091, and if 1-462877 is used for 4/2-14 in by,
we find b = 2-145029, which is correct to six places.
Alternatively, we could have calculated #'/3 from (1)
with N =7, n = 3 and a = 1-47 [since 1-43 = 2-744
and 1-53 = 3-375, #1/3 or 34/w must be about 1-47] and
squared the result, but in this ‘case putting n = 1-5 as
above appears to be superior. '

To obtain ¢4 we note that 1-2¢ = 2-0736 and
1-3¢ = 2-8561, so that ¢4 is about 1-28, and we can
take a to be 1/1-28 = 0-781. This gives

1
b = —Z [—5 x 0-781 +2-71828183 x (0-781)5]

and since (0-781)% = 0:29057294, b, = 0-778785
whereas the correct value of ¢%/4 is 0-778801.
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Colour Printing

ELECTRONICS APPLIED TO BLOCK-MAKING

’I:le essential features of the commonest type of
colour-printing processes are straightforward. The
coloured original is photographed through optical
filters to produce three colour-separation negatives, one
for each of the three ink colours normally employed,
yellow, red (magenta) and blue (cyan) and an additional
negative (black) for the greys and blacks when the more
commonly used four-colour process is involved. When
the colour printing is confined to three printings only,
no black is used and the darker areas of the original are
strengthened by the use of a deeper shade of blue ink.

During the making of the colour-separation negatives,
the image, after passing through the normal process
camera lens and colour filter, which is situated immedi-
ately behind the lens, has also to pass through a ‘screen’
before reaching the sensitized negative plate.

This screen consists of two sheets of plate glass each
ruled diagonally across the whole surface with very fine
lines engraved in the glass and filled with a black
pigment. The lines on each sheet are ruled at right
angles to each other and placed face to face to form a
complete lattice-work pattern. The screens are ruled
mathematically correct to a specified number of lines
and for colour work this is usually 120 or 133 lines
per inch.

The effect of the interposing of the screen is to break
up the image into a series of dots, and where there is
plenty of highlight reflection passing through the screen
that portion of the negative will be dark with only
minute white spots to be seen. Alternatively, where
little light is reflected from the dark portions of the
image the negative will be almost clear with only very
small black dots visible.

Intermediate tones will show dots of varying sizes in
relation to the lights and shades of the image.

The negative after development and fixing is used to
print down the screened image on to a metal surface,
usually copper which has been coated with a solution
sensitive to light. This print on metal has the image
hardened on its surface by heat treatment to make it
resistant to the acid etching process which follows. The

YELLOW

o
(=3

MAGENTA

etching bites into the metal surface where there are clear
portions of the image leaving untouched only the dots
in their varying sizes according to the shade densities.

The etch is carried to sufficient depth to enable the
resulting half-tone printing block, when inked in the
normal way on a printing machine, to reproduce on
paper only the ‘dots’.

Each of the colour-separated negatives is treated in
this manner, and when it is explained that the ‘screens’
for colour work are arranged at different angles for each
of the colours to be used it will be understood how the
resulting superimposition of each printing can build up
a colour-separated pattern on the printing paper which
will reflect to some extent the colour values of the
original picture.

Colour printing is a subtractive process. The illumin-
ant consists of nominally white light. Colours are
produced by removing parts of the spectrum, the
function of the ink being to act as a filter which absorbs
light rays selectively. The light is transmitted through
the ink, reflected from the underlying white paper, and
passes through the ink a second time before it reaches the
eye. The inks available are band-pass filters. T'o produce
yellow, it is necessary to transmit green and red and
absorb blue. To produce magenta, red and blue must be
transmitted but not green; and for cyan, blue and green
must be transmitted, and red absorbed. The ideal
transmission characteristics are shown in Fig. 1 alongside
those of standard printing inks.

The departure of standard inks from the ideal is the
root of nearly all the difficulties encountered in colour
printing. Consider the process of making a set of colour-
separation negatives. Let us suppose, for simplicity, that
the original picture contains an area of magenta with
exactly the same spectral characteristics as the ink
which will be used in the final printing process. It is
obvious that the magenta colour-separation negative
must show colour in the appropriate area and nowhere
else. To produce the negative, the original is photo-
graphed through a green filter. Reference to Fig. 1
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Fig. 1. Ideal spectral responses of printing inks compared with actual responses (shown dashed)

26

Electronic & Radio Engineer, January 1958



had PGl
!

=

=

@ 100 106%

= 80

z

g 60

o 40 46%

o

= 25%

= 20 o o o

= 14

S M R Y G ¢ B W

"Fig. 2. Response of filter used in making a yellow plate to various colours

shows that, in fact, magenta ink absorbs nearly all the
green light. The resulting magenta colour-separation
negative will therefore show colour in the right places.
Now consider what happens when the yellow negative
is made. This should, of course, show no colour. A blue
filter is employed, since yellow is the only ink colour
with no blue in its make-up, this fact serving as a
distinguishing feature. If the magenta ink were perfect,
all the blue light would be reflected, and all would
be well. In fact, as can be seen from Fig. 1, only about

intensity of colour is reduced in proportion to the
amount of surface material removed (because the area
-of contact between block and paper is thereby reduced).
For example, the craftsman would compare the yellow
block with the original and, where the original had
magenta, he would etch away the surface. The process
is, of course, complicated by the fact that real originals
are not in pure colours. The craftsman must then
decide from his experience what proportion .of the
primaries are present in a particular colour and ‘fine-
etch’ his blocks accordingly. This is a tricky business and
takes a lot of time. A set of colour blocks may take a
week’s work.

A new machine, the Finella Colour Klischograph,
employs electronic methods of colour correction.
Basically, these take the form of measuring the size of
the unwanted responses, deriving appropriate a.g.c.
voltages and using the latter to modify the printing
block at the outset, instead of after it has been made.
Correction is made possible in this particular machine
by the fact that no photographic processes are involved.
The small areas of the surface of a printing block which .

-
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Fig. 3. Block diagram of the electronic parts of the Colour Klischograph equipment
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half of the blue light is reflected. This means that the
yellow colour-separation photograph will register about
509, yellow in magenta areas, and yellow will eventually
be printed in these areas, thereby degrading the magenta.
Similarly, when the cyan colour-separation negative is
made with the aid of a red filter, the imperfect reflection
of red by the magenta will cause a certain amount of
cyan to be registered in magenta areas. Thus, our
hypothetical original, which had only magenta, will be
reproduced as a mixture of magenta, yellow and cyan.
The result will be a rather dull reddish colour bearing
little resemblance to the original.

In order to obtain proper colour rendering, a process
of colour correction is necessary. If the colour blocks are
made by the traditional process, the necessary correction
is performed by hand by a skilled craftsman. He starts
with the uncorrected half-tone blocks and corrects them
by etching away part of the surface in appropriate areas,
so that, when the blocks are used for printing, the
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are removed to leave the ‘dots’ of the picture are cut
away by a stylus instead of being etched selectively with
the aid of a ‘resist’. The colour correction can, therefore,
be applied at any point on the picture by suifably
modifying the depth of cut of the V-shaped stylus.

It is convenient to call the peak response of any filter
to white light 100, and the response to other colours
some fraction of this. On this basis, the response of the
blue filter employed when making a yellow printing
block to various colours is as shown in Fig. 2. The
responses shown are those which occur when a com-
pletely saturated colour, illuminated by ‘white light,is
viewed through the filter by a photocell. Violet, cyan
and magenta should all give 1009, responses when
viewed through a blue filter. In practice, all three, and
especially violet, give signals that are too low. If these
outputs were passed to the engraving stylus, the depth of
cut would be decreased and this would increase the
intensity of the yellow printed at that point. Since cyan,
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magenta and violet contain no yellow, this is obviously
undesirable.

We wish, therefore to increase the amplification for’

magenta, cyan and violet, but not for white. A colour-
sensitive amplifier is required and, to effect this, a
second filter and photocell are employed.

Fig. 3 is a block diagram of the electronic part of the

Colour Klischograph machine. The light source used in
the scanning system is ‘chopped’ to avoid the need for
d.c. amplification. Scanning is effected by moving the
light source and picture in a series of lines, like a tele-

Fig. 4. Electromagnetic torsion

. system for producing stylus move-

ment. The rod R carries a soft-
iron armature

vision raster, over the original. The system carrying the
cutting stylus is mechanically coupled to the light source
so that the position of the light over the original picture
is followed by that of the stylus over the plate.

An eléctromagnetic-torsion system (Fig. 4) is used in
the engraving process. A rod R is fixed at one end and
supported by a bearing at the other. It twists as the coils
are energized, and the movement is converted mechanic-
ally to a vertical stylus movement. The continuous up-
and-down movement of the stylus, which gives the plate
its dot structure, is imparted by adding a triangular

The Finella Colour Klischograph machine
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waveform to the main channel output. It is essential that
there should be a fixed number of dots per inch of scan.
To obtain this, a tone-wheel pick-off on the table
drive-shaft is employed to trigger the multlwbrator
which generates the dot frequency.

The modulator consists of two pentodes in push-pull.
The gain for small signals is a linear function of the d.c.
bias applied to it from the second channel.

The filter, which. looks at the same point on the
original as the main filter, is chosen to see a low-signal
(compared with white) when looking at magenta, cyan
and violet, but a reasonably high signal for yellow,
green and red. A certain ‘green’ filter fulfils this require-
ment,

The light passing through this second filter (the
‘correction filter’) impinges on a photomultiplier. The
resulting signal is amplified, rectified and passed to the
modulator stage in the main channel. The nature of this
is such that the higher the d.c. voltage from the second
channel, the lower the amplification in the main
channel, and vice versa.

Thus, in the above case, the amplification is a mini-
mum for white but larger for violet, magenta and cyan.
By proper choice of filter and non-linear characteristic
of the second-channel amplifier, it is possible to arrange
for'the signal coming out of the modulator to be equal
for white, magenta, cyan and violet, which is what ‘is
required.

The modulator is followed by a non-linear amplifier.
This has the purpose of allowing for the non-linear
relationship between depth of cut and tone value
(reflectivity) and also introduces the necessary distortion
of the curve required for the half-tone printing process.

The non-linear amplifiers used in the equlpment are

‘made up of three parts:

1. A linear amplifier.

2. A triode limiter- amphﬁer which limits both
positive and negative half-cycles.

3. A linear amplifier, which is biased so that it does
not pass signals until some predetermined level is
exceeded.

The non-linear relationship is different for each
colour. This is necessary to ensure correct reproduction
of neutral greys. Different proportions of the three
colours have to be printed to obtain greys, because of the

imperfect absorption of the inks.

All power supplies to the equipment are thoroughly
stabilized. A.C. supplies are stabilized by saturable
reactor systems and, in addition, d.c. stabilization is used
in .the h.t. “supplies to photomultipliers (gas-filled
stabilizers), picture lamps (barretters), and the main h.t.
supply (series-parallel valve stabilizer). Gas-filled voltage
stabilizers are used at various points in the circuit. In
practice, the equipment gives reliable operation. A
newer and more complex machine, the Multi-Vario
Klischograph, has also been developed. This has
additional facilities for enlarging or reducing the size of
the colour blocks with respect to the original, working
from transparencies, as well as opaque originals, either
monochrome or in colour, and producing line engraving
or line-and-tone combinations as well as half-tone
blocks. It works about 509, faster than the original
machine, and can produce large blocks up to about
17 in. by 12 in.

Electronic & Radio Engineer, January 1958

/



Underwater Acoustic Echo-Ranging

SPECTRUM OF REVERBERATION AND INFLUENCE OF PULSE DURATION AND
RECEIVER BANDWIDTH ON SIGNAL/REVERBERATION RATIO

By J. W. R. Griffiths, B.Sc.,* and A. W. Pryor, Ph.D.{

SUMMARY.

It is shown as a result of some experiments at sea that reverberation from the sea bottom resulting from an

acoustic pulse transmission has a power spectrum similar to that of the pulse.

Using this information, a theory has been developed to determine the effect of pulse duration and receiver bandwidth on
reverberation level, peak signallreverberation ratio. A comparison is made with the corresponding effects when the background is
white noise, and it is shown that in both cases optimum results are obtained when the product of bandwidth and pulse duration

is approximately unity.

An underwater echo-ranging system is similar in
principle to radar but, since electromagnetic waves are
severely attenuated in sea water, it is necessary to use
some other form of transmission; it has been found that
acoustic waves of a frequency lying in the ultrasonic
region are most suitable. Historically, acoustic echo-
ranging devices preceded radar by many years, very
crude systems being used for detecting enemy submarines
during the first World War. During World War 11,
under the code name A.S.D.I.C. (Allied Submarine
Devices Investigation Committee) acoustic echo-ranging
systems played a big part in the war against the U-boats.
(The United States used similar systems under the
code name S.O.N.A.R.; i.e., SOund N4vigation and
Ranging). In this country, the name ‘asdic’ is now
used in a much wider sense to cover most underwater
echo-ranging systems in which the beam is aimed in a
direction other than vertically downwards below the
ship. When the beam is so directed; i.e., when deter-
mining the depth of water below the ship, the traditional
name of echo-sounder is retained. A more detailed
discussion of underwater echo-ranging can be found in
a very comprehensive study of the subject by D. G.
Tucker4.
The background against which a wanted echo-signal
has to be detected comprises two main parts, namely :—
(a) Noise; i.e., random fluctuation not dependent on
the acoustic transmission, comprising circuit
noise or sea noise caused by waves, currents, etc.
(b) Reverberation; i.e., acoustic energy which is
derived from the acoustic transmission of the
asdic set being scattered by the particles or gases
suspended in the water or lying on the sea bed,
or by the irregularities in the water-air surface.
In the design of an asdic set, both factors have to be
known, although, as the reverberation power is pro-
portional to the transmitted power, it is often possible

* Electrical Engineering Depariment, University of Birmingham.

1 Awustralian Atomic Energy Commission. .

(The authors were both in the Royal Naval Scientific Service when the experimental
work discussed was carried out.)

Electronic & Radio Engineer, January 1958

to make the reverberation predominate by increasing
the latter. It is therefore important to know what is the
spectrum of reverberation and how its shape affects
detection. It is the subject of this paper to investigate
these matters.

General Considerations of the Problem

In radar, the background is usually ‘white’ noise; i.e.,
noise having constant energy per c/s over the relevant
frequency band. The effect of this type of noise on the
detection of pulsed signals has been extensively investi-
gated by many authors (e.g., Lawson and Uhlenbeck?)
and it has been shown that there is an optimum
bandwidth for the receiver, a fact which depends on
the uniform energy spectrum of the noise.

Reverberation is formed from the addition of numerous
individual reflections of the transmitted pulse; since

Fig. 1. Typical curve of decay of reverberution energy with range
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the path lengths will not be identical, the pulses are of
random phase and consequently the instantaneous
amplitude of the reverberations will be random. But
as the reverberation is generated by pulses—the
frequency spectrum of which is not uniform—there is
every reason to suppose that the reverberation spectrum
is also not uniform although, owing to the [act that the
number of contributions to the total return is varying
continuously, some spreading of the spectrum would be
expected, together with some smoothing of the dis-
continuities in the power spectrum of the pulses. When
the spectrum of the transmitted pulse is fairly narrow
(i.e., for pulse durations of 100 msec or more) marked
spreading has been reported?, but the experiments
discussed below, in which the maximum pulse duration
was 1| msec, show that for small pulse durations the
spreading is sufficiently small not to influence the shape
of the spectrum significantly.

The reverberation spectrum is thus different from that
of white noise and, hence, it becomes necessary to
re-examine the problem of the effect of receiver band-
width on the output signal/background ratio.

In the calculations that follow, the case considered is
that where the signal echo consists of a single pulse
identical in shape to that transmitted. This sort of
echo will only be received from the simplest of targets
(e.g., a smooth sphere) and, in general, the returning
echo comprises a number of individual reflections from
different parts of the target. These reflections are
spaced in time to combine to form a pulse shape which
can be quite different from that of the transmitted pulse.
The effect of this on the calculations depends on how
the signal/background ratio at the output of the receiver
is defined.

Consider a single echo of rectangular shape in a
background of noise. It is obvious that while the echo
is being received the signal/background ratio--defined
as the ratio of signal amplitude to r.m.s. background—
is constant but, over the remainder of the scan, the
signal/background ratio is zero. If the receiver band-
width is insufficient to pass the pulse without envelope
distortion then, at the output of the receiver, the
signal/background ratio will increase to a maximum
and then fall again to zero. Most works on the subject
of the detection of signals in noise consider, in such
cases, the signal/background ratio at the maximum as
being the criterion of detection.  If the ratio of the
average signal power to average background power is
used as a criterion (i.e., the distribution of the energy
in time is ignored) then it is obvious that when the
spectrum ol the signal and the background are similar,

" 100ke/s { 10ke/s
| AMPLIFIER | _ [ FREQUENCY | | AMPLIFIER
(2] ATTENUATOR P38 o0 /s TRANSLATOR (| VARIABLE
| BANDWIDTH ~ |BANDWIDTH

as in the case of reverberation, variation of receiver
bandwidth can have no effect.

It is shown in reference 5, in which the addition of a
number of randomly phased sinusoids is considered,
that the probability distribution of the total amplitude
rapidly tends to a Gaussian form even when the number
of contributions is relatively small. Hence, when the
echo is complex (i.e., consisting of a number of individual
reflections) the amplitude distribution tends to be similar
to that of the background, and thus we are aware of the
presence of the echo only because of an increase in the
mean background power—the increase lasting over a
period which will be determined by both the extent of
the target and the transmitted pulse duration. A useful
criterion of detection under these conditions is the
ratio of the new mean-—or better still the change in
mean when the signal is present—to the r.m.s. back-
ground, the maximum value of this ratio being used.

Practical asdic sets produce echoes which will
obviously lie between the two extremes; i.e., the single-
echo return on the one hand and the very complex
return on the other. High-definition asdic, such as
might be used to distinguish large fishes, is likely to
produce relatively simple echoes, whereas an asdic
using a fairly long pulse will receive a very complex
echo from, say, a shoal of fish. Consequently, the
results obtained below must be assessed in relation to
the particular requirements of performance of the asdic
set considered.

Experimental Determination of the Spectrum of
Reverberation

Owing to the spreading and attenuation of the
acoustic energy both on the outward and on the return
journey the reverberation energy, as measured at the
receiver, from the more distant reflectors is smaller than
for those nearby; hence measurements of reverberation
must be made at a particular range. This is possible
by choosing the returning energy at a definite time after
transmission. Fig. 1 shows a typical curve of the decay
of reverberation energy with range. For the purpose
of these experiments, the reverberation energy from a
strip of range about 10 yds long was selected by means
of a ‘range gate’. Since the reverberation is random,
however, it was necessary to average the samples over
a number of successive transmissions. This was achieved
by using a detector with a fairly short charging time-
constant (20 msec) and a long discharge time-constant
(2 secs). :

The asdic equipment used for the experiments
operated at 100 kc/s which meant that, since a suitable

4 AVERAGING

LocaL §
OSCILLATOR |
110kefs

30

METER
<3 RANGE
- GATE [""] DETECTOR

Fig. 2. Block diagram of
experimental equipment
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commercial frequency analyser was not available at
this frequency, it was necessary to improvise using, as
far as possible, available instruments. A block diagram
of the arrangement is shown in Fig. 2. The electrical
output from the transducer was applied via an attenuator
and a 100-kc/s amplifier of 20-ke/s bandwidth to a
linear frequency translator. The bandwidth of the
10-ke/s receiver following the translation was set at
100 c¢/s and the range gate set at a fairly close range,
and adjusted so that no predominant single echoes
were included. By varying the frequency of the local
oscillator, it was possible to sweep the spectrum of the
reverberation signal with the 100-c/s bandwidth of the
10-kcfs receiver. By adjusting the attenuator at each
frequency the meter output was kept constant and the
attenuator reading recorded.

The spectrum of a rectangular pulse of duration + and
carrier frequency f, has the well-known form shown
by the full line in Fig. 3. Although the width of the
spectrum is dependent on = the shape is not [see Equ.
(1) in Appendix 1], and it is possible to draw one curve
representing all possible values of 7 by using a scale of
frequency deviation multiplied by pulse duration for
the abscissa. Experimental results for three different
pulse durations, namely 0-2 msec, 0-5msec and 1
msec, are shown on the graph, from which it can be
observed that the measured values suggest that the
reverberation spectrum does not depart greatly from that
of the pulse.

It may be noted that the cusps are not so evident on
the results based on the 1-msec pulse duration, but this
is probably due to the smoothing effect of the 100-c/s
receiver bandwidth. For the 1-msec measurements,
the zeros are only 1,000 c/s apart and, hence, the
100-c/s receiver bandwidth is significant in comparison
whereas, with the 0-2-msec measurements, the zeros
are 5,000 c/s apart and the smoothing is less noticeable.

Effect of Receiver Bandwidth and Pulse Duration
on Signal/Background Ratio

Having examined the spectrum of reverberation and
decided that it is of the same shape as that of the pulse,
it is of interest to see how this affects detection of a single
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target* and, in particular, to calculate the effect on the
output signalfreverberation ratio of passing a pulse
signal, in a background of reverberation, through a
receiver of limited bandwidth.

The bandwidth of the receiver, when very wide, will
have negligible effect on either the pulse signal or the
reverberation background; but, as the bandwidth is
reduced, it will control the shape of the pulse and,
hence, the maximum amplitude which the signal
attains at the receiver output, and also will control the
amount of reverberation energy which is allowed to
pass.

If we assume that the receiver has a rectangular
pass-band of width B c/fs, then it can be shown that the
maximum height which the pulse attains is:

B
Si <”TT>

7 = pulse duration (sec.)

x

and Si(x) = f
0

In the Appendix to this paper an expression is derived
relating the reverberation energy at the output of the
receiver to the receiver bandwidth. Curves representing
the maximum amplitude attained by the signal and the
output of reverberation energy, plotted against band-
width are shown in Fig. 4. The ordinate scales of both
these curves are relative and have no particular relation
to one another.

If we define the output signal/background ratio as
the ratio of peak signal/r.m.s. background then, from
the above results, we can determine the effect of band-
width on this ratio. A curve of thisis shown in Fig. 5 and,
for comparison, a similar curve has been calculated for
the peak signal/noise ratios. It may be noticed that in
contrast to the case of white noise there is no defined
optimum bandwidth for the reverberation-limited
detection other than the small oscillations introduced
by the oscillatory nature of Si(x) and probably of little
practical significance. Thus, for reverberation-limited

where

sin x

dx.

* The echo from the target is assumed to be different from the transmitted
pulse in amplitude only

31



detection, it is only necessary to make B > /7 in order
not to introduce any deterioration. However, if B is
made much larger than necessary more ‘white noise’, due
either to the receiver itself or noise in the sea, is allowed
to pass and, hence, detection may no longer be reverbera-
tion-limited. Taking this into consideration, it would
appear that optimum results will still be obtained, as
in the noise case, with the bandwidth kept in the region
1/7 to 2/~

So far in the theoretical investigation, we have kept
7 fixed and varied B. Now if we fix B and vary 7 then
another factor has to be taken into consideration.
Reverberation energy is proportional to the transmitted
energy; hence since the latter is proportional to the
pulse duration so also, ipso facto, must be the reverbera-
tion energy. Taking this into account and assuming
that the peak amplitude of the incoming target-signal
is unaffected by the pulse duration, Table 1 can be
drawn up to show how the background, bandwidth and
pulse duration affect the signal/background ratio.

If both B and 7 can be varied independently then
obviously we obtain maximum signal/reverberation
ratio by reducing = as much as possible while, at the
same time, maintaining the product Br at a value of
approximately unity. In practice, this process may be
limited by the performance of the display. It isshown in
reference 6 that, due to the physical size of the spot
on a cathode-ray tube and the stylus size on a chemical
recorder, the display acts like a low-pass filter and thus
limits the effective bandwidth of the system. Hence
once 7 is reduced to the point where its product with
this effective bandwidth is unity, then no further
improvement of signal/background ratio results from
subsequent reduction.

TABLE 1
The Effect.of B and + on Signal{Background Ratio

Background ‘ | Br <l ‘I Br>1
— ] —
. S 1
Effect of Nil ~ oc 10 log ~
| R T
Reverberation ’ i ‘ —
S
Effect of B | & o 10log B Nil
R | ; _
| 3 ‘
Effect of » v 20 log = Nil
White Noise I |-
[
| § - 1
Effect of B W< 10 log B ‘—Noc lq logB»

Summary of Results and Conclusions

The practical results show that for short pulses the
reverberation power-spectrum can be assumed to be of
the same shape and extent as the power-spectrum of the
pulse, and from this is has been possible to derive the
effect of pulse duration and receiver bandwidth on the
Signal/Reverberation ratios. The main conclusions are :

(a) For narrow bandwidths, pulse duration has little

or no effect, and the .S/R ratio is proportional to
10 log B dB.

(b) For wide bandwidths, the bandwidth has little
or no effect, and the S/R ratio is inversely pro-
portional to 10 log = dB.

32

~
‘m
°

Nt
us
3
<
o
a
w
&
-
<<
_
w
@

Fig. 5. Gomparison of effect of bandwidth on signal|reverberation and signalf

notse ratios

Thus, when detection is limited by reverberation, as
short a pulse as possible should be used and the band-
width of the receiver adjusted so that the product of the
bandwidth and pulse duration is approximately unity.
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APPENDIX

The determination of the reverberation energy passed by a
receiver with a rectangular band shape of width B c/s.

The energy spectrum of the pulse as shown in Fig. 3 is
proportional to :

{Tsinn(f—fo) 1}2 (1)

m(f—So) 7

Thus the energy in any band can be found by integrating this
expression between the appropriate limits. In particular, to find
the energy Eg in the band f; — B/2 to fy + B/2 (i.e,, a band of
B cfs symmetrically placed around the carrier frequency f;) then
Ep is proportional to

So+ B2
rsinw (f—fo) 7|
e ]
Jo — B2
Making the substitution = (f — f;) 7 = x we obtain
wB7r[2
2K+ <sin \?
Ep = P »—xM/) dx

0
where K is a factor of proportionality.

This expression can be integrated by parts to obtain

2K~( . sin? (va‘)/Ql
Eg {Si (mBr — - (wBr) 2 J .. 58 " (2)

m L
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Safety Ohmmeter

WHEATSTONE BRIDGE ENERGIZED BY SELENIUM PHOTOCELL

TIC use of a selenium photocell as the power source
for a resistance bridge eliminates the normal hazards
involved in the testing of detonating circuits. Tests rely
on a measurement of resistance, which necessarily
implies the application of electrical energy to the circuit.
To remove the possibility of accidental ignition, the
energy applied during the test must be below the safety
margin of the component under any condition of
instrument failure or misuse. In conventional methods
this is achieved by including a current or voltage limiting
device with the power source. In the event of a break-
down of this device, dangerously high currents can be
introduced into the firing circuit, with a consequent risk
of ignition. This danger is overcome by the use of a

TABLE |

Percentage Scale Reading
5% | 10% | 50% |100%
0-10Q | 9 l 525 3

Range |

Illumination intensities
27 | required to produce a
! detectable galvanometer

0-100 Q2 2 B3] 0-8 0-7 | current for a + 109
i | | incremental change 1n
0-1kQ \ 2:5 2 1-7 16 | resistance setting (foot-

candles).
o-10kal 13 |12 12 | 12

t

| Foot-candles |

selenium barrier-layer photocell, the output of which,
under any condition of light saturation or failure,
cannot exceed a short-circuit current of 10 mA or an
open-circuit voltage of 0-7 V.

Designed and developed by the Weapon Division of
The Fairey Aviation Company, Ltd., Heston, Middlesex,
the instrument utilizes a Wheatstone bridge, providing a
range of resistance measurement from 0-10 kQ in four
switched ranges (0-10 Q, 0100 Q, 0-1 k€, 0-10 kQ).
A ‘transit’ position on the switch is arranged to place a
short-circuit across the meter terminals for galvanometer
damping. The power source for the bridge is a sensitive
infra-red selenium photocell, the characteristics of
which are modified in manufacture to limit the short-
circuit current of the cell at light saturation, and yet
maintain a high sensitivity at low illumination intensi-
ties. Null indication is provided by a centre-zero
galvanometer, the pole pieces of which are shaped for
off-balance insensitivity. To achieve a high accuracy
and stability, 4 0-19, wire-wound resistors, cast in an
Araldite block, are used for the bridge ratio arms, and
a wire-wound cam-corrected potentiometer of 4 0-19,
linearity for the variable element. To compensate for
the 4- 59, overall resistance tolerance of this potentio-
meter, a 5-Q variable wire-wound resistance is included
in the fixed ratio arm. This is accurately adjusted on
initial assemnbly and locked.

The fundamental bridge accuracy (determined by
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Fairey photo-electric safety

ohmmeter. The selenium cell

is concealed by a hinged cover
which is lifted in use

component tolerances) is of the order of + 0:39%,. The
measurement accuracy, however, is dependent upon the
sensitivity of measurement and the scale-reading
accuracy. At low illumination intensities (i.e., below
50 foot-candles), and under the load conditions presented
by the bridge at any setting, the photocell is essentially
a constant-current generator. The current output, and
therefore the sensitivity of the bridge, is directly propor-
tional to the intensity of the light incident on the photo-
cell. The illumination intensities required to produce a
detectable galvonometer current for different range and
scale settings are shown in Table 1. They are based on a
- 10% incremental change of the variable element and
are an indication of the measurement sensitivity of the
mstrument.

Using normal bridge-balancing techniques, an im-
provement of at least 2 : | in bridge-setting accuracy can
readily be achieved, since the figures quoted far measure-
ment sensitivity relate to a detectable galvanometer
deflection. Thus, the intensities given in Table 1 are
sufficient to provide a measurement accuracy of approx-
imately 4 59,.

Checking a firing circuit with a Fairey safety ohmmeter

33



Corréspondence

Letters to the Editor on technical subjects are always welcome. In publish-
ing such communications the Editors do not necessarily endorse any technical
or general statements which they may contain.

Measuring Earth Conductivity

Sir,—I have read with interest the article by M. Strohfeldt
under the above title in your November issue, and am rather
concerned about certain statements made regarding the Wenner
or four-electrode method. In the section on ‘“‘Comparison of Data®
the author states : “The Wenner equation is derived on the assump-
tion of homogeneous ground and neglects also the highly variable
resistances in the electrode-to-earth contacts”. Again, in his “Con-
clusions’ he states: ‘‘Apart from the inaccuracy of the Wenner
method when applied to non-homogeneous ground, it is not possible
to allow for variations in the ground-to-electrode contacts”.

The Wenner method has been used very successfully for many
years in the resistivity method of geophysical surveying and there
is a large amount of literature available on the subject. The simple
formula given by the author applies only to homogeneous soil, and
there are available other formulae which deal with various forms of
non-homogeneity. By making measurements by the Wenner
method and making use of the theoretical investigations it is possible
to make deductions as to the nature of the underlying soil, resistivities,
etc.

The author appears to have a wrong conception of the part
played by the resistances of the electrodes themselves. The two
outer electrodes are included in the main current path, and this
combined resistance is one of the factors determining the value of
this current. Since this current is measured and produces the
voltage drop between the inner electrodes, the value of this combined
resistance can have no influence at all on the final value of resistance.
Whether the resistance of the two inner electrodes affect the result
depends on the nature of the equipment used to measure the potential
difference between them. If this is of the potentiometer type,
drawing no current from the soil at balance, then the resistances
of the electrodes have no effect on the measured potential difference
and hence on the calculated resistance. If the measuring system is
of the voltmeter type drawing current from the soil, then an error
can be introduced if the resistances of the electrodes are not small
enough to be negligible compared with the resistance of the volt-
meter. It is, however, a simple matter to measure the resistances of
the electrodes and to apply a correction. Instruments are available
which will measure the resistance directly on a scale, and in which
it is possible to correct easily for high electrode resistances. It is
thus clear that electrode resistances are no prcblem, and that a
final result can be obtained which is independent of them.

Evershed & Vignoles Ltd., G. F. Tace
Chiswick, London, W.4.
20th November 1957.

New Books

An Introduction to Transistor Circuits

By E. H. Cooke-YarBorOUGH, M.A.,, M.ILE.E. Pp. 154 + xii.
Oliver & Boyd, 39a Welbeck Street, London, W.l. Price 15s.

.- The first chapter, Transistor Action, gives an elementary account
of the action of semiconducting devices and explains junction diodes
and both junction and point-contact transistors. As is but natural
in only 26 pages, the treatment is very far from exhaustive, and the
main purpose of this chapter is to give the equations relating voltage
and current in the transistor upon which. much of the rest of the
book depends.

Chapters 2 and 3 deal with Low-Frequency Amplification and
‘The Performance of Transistor Amplifier Circuits. Chapter 4 covers
Pulse Circuits, while Chapters 5 and 6 treat Some Circuit Applica-
tions of Transistors and The Application of Transistors in Automatic
‘Computers.

It is a disconcerting peculiarity of the book that all p-n-p transistor
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circuits are drawn upside down. This is done so that the positive
power-supply line can be at the top of the diagram and conventional
direct currents fiow downwards in the manner usual in valve circuits.
The author claims that this assists “‘the building up of a mental
picture of the flow of currents in a transistor circuit”.

It has the effect of making quite simple circuits unrecognizable.
Instead of being able to see the general form of a circuit at a glance,
one has to examine it carefully to find out what it really represents.
This is very necessary if one is not to be misled. The circuit of a
direct-coupled amplifier with d.c. feedback on p. 61, for instance,
looks like the transistor equivalent of three cathode followers. It is
only the arrows of the transistor symbols which reveal it to be three
cascade-connected common-emitter transistors.

It is not possible with p-n-p transistors to draw a diagram which
is in all ways analogous to that of a valve circuit; either the diagram
must be inverted or the directions of voltages and currents. It is
debatable which should be done, as the author points out, but it is
the reviewer’s opinion that it is easier to cope with reversed voltages
and currents than with an upside-down diagram.

The treatment involves only elementary mathematics and the
general approach is quite different from the usual one. The circuit
relations are developed in a way which gives a good insight into the
important factors. Only small signal amplifiers are dealt with but,
in the case of pulse circuits, conditions in which transistors are swung
between cut-off and bottoming are treated.

No great attention is given to the practical problem of stabilizing
the operating point against temperature changes, and power ,
amplifiers are not discussed. As its title indicates, the book is an
introduction. As such, it is 2 good one which merits study by any
serious student of transistor circuitry. W.T.C.

Progress in Semiconductors (2)
Edited by ALan F. GiBson, B.Sc., Ph.D. Pp. 280 4 vii. Heywood
& Co. Ltd., Southampton Street, Strand, London, W.C.2. Price 63s.

This is the second volume of an annual collection of critical review
articles under the general editorship of Dr. A. F. Gibson. The need
for such a publication is evident because of the hundreds of papers
which are published every year in this field. Indeed, the authors of
one of the papers in the present collection feel it necessary to point
out that their bibliography of 65 references is chosen to be repre-
sentative rather than exhaustive. It is therefore useful to have a
limited number of topics discussed each year by authorities in
particular branches of the subject as an antidote to the ever-
increasing specialization to which semiconductor physics is subjected.

The eight papers deal with the properties of semiconductor
materials rather than devices constructed from them, which are
mentioned only incidentally. Until recently, most*work on the study
of semiconductor materials was concerned with germanium and
silicon. A search is now under way in some laboratories for new
materials, partly in order to obtain optimum properties for certain
applications and partly by way of scientific curiosity. A paper by
Herman, Glickstnan and Parmenter (of R.C.A.) describes experi-
mental and theoretical work on the germanium-silicon alloy system.
A significant advance has been made in this field and it has proved
possible to interpret the observed variation with alloy composition
of certain major electrical and optical properties. A paper by
Cunnell and Saker (of S.E.R.L.) describes the properties of semi-
conducting compounds of elements from groups III and V of the
periodic table (such as indium antimonide). Investigation of these
compounds was initially stimulated by the hope that they would be
useful in the transistor field because of their large energy gaps and
high mobilities together with low melting points. However, there is
at the moment no clear evidence of transistor action (i.e., power
gain), although several of the compounds show good rectification.
Consequently, such practical applications as have been found for
these compounds have been based on the Hall effect or the magneto-
resistive effect. This is partly because the materials, as prepared at
the moment, are comparatively impure. A great deal of further
effort will have to be given to purification before their future
potentialities become clear.

Despite recent research on other materials, almost the whole of
transistor production uses germanium. The demand for improved
transistor characteristics and greater uniformity between samples
has resulted in increased demands being made on the technology
of producing germanium single crystals. A paper by Cressell and
Powell (of M.W.T.) surveys the available methods of crystal growing
and deals particularly with the horizontal zone levelling technique
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recently introduced for preparing crystals with uniform resistivity
along their length. The authors describe their own successful results
with this method. The best-known impurities in germanium are the
elements in groups III and V which are often used for doping (such
as antimony and indium). A paper by Dunlap (formerly G.E.)
presents some recent results on the donor and acceptor action of
these elements and discusses particularly other elements besides those
in groups III and V, which have been shown to have electrical
activity in germanium.

A paper by Crawford and Cleland (Oak Ridge Lab., U.S.A.)
deals with the effects of atomic radiation on semiconductors. The
sensitivity of the electrical properties of semiconductors to imper-
fections of the crystal lattice is well known. Fast particle bombard-
ment has been used to investigate the defect sensitivity of semi-
conductors. Conversely, because of their great sensitivity to lattice
defects, semiconductors have aided in the study of the nature of
radiation damage. A paperbyJ. B. Gunn (Univ. of British Columbia)
deals with the effects of high electric fields in semiconductors and
with avalanche ionization in particular. This process is of consider-
able technical importance, as it limits the reverse bias voltage which
can be applied to a p-n junction. Among the.experimental results
described is the emission of visible light from a region of avalanche
multiplication in silicon.

A paper by Rose (R.C.A.) discusses lifetimes of free electrons
and holes in solids, a subject of great importance in the broad fields
of luminescence, photoconductivity and semiconductor devices. The
final article by Curie (Univ. of Paris) deals with theories to explain
the luminescence which certain phosphors, such as zinc sulphide,
exhibit under the action of an electric field. J.E.F.

Electronic Voltage Stabilizers for Laboratories, Computers
and Control Systems

By J. Miepzinskr, B.Sc., AM.LE.E,, and S. J. Zcorskr. Pp. 19 +
5 of figures. The British Electrical & Allied Industries Research
Association, Thorncroft Manor, Dorking Road, Leatherhead,
Surrey. Price 12s. 6d.

Discusses the economics of the provision of multiple stabilized
power packs for laboratories, etc., and proposes the solution of
using a single source of high-voltage (600 V) d.c. as the basic h.t.
supply. This is fed to individual stabilizers which derive Lt. power
from the a.c. mains. The design and construction of the stabilizer
used for one application are described.

. Piezoelectricity

By members of the Staff of the Post Office Research Station. Pp.
369. H.M.S.0., York House, Kingsway, London, W.C.2. Price
75s.

A collection of research reports comprising theoretical papers and
information required for the practical application of certain water-
soluble crystals. Techniques for growing and fabricating crystals
are also described.

Microwave Measurements
By Epwarp L. GinzToN. Pp. 515. McGraw-Hill Publishing Co.
Ltd., 95 Farringdon Street, London, E.C.4. Price 90s.

Contains chapters on: Generation of Laboratory Signals;
Detection of Microwave Power; Measurement of Microwave
Power ; Impedance Concepts at Microwave Frequencies ; Measure-
ment of Impedance ; Representation and Measurement of Micro-
wave Circuits ; Measurement of Wavelength ; Measurement of
Frequency ; Resonant Cavity Characteristics—Measurement of
‘QQ> and Ry/Q,; and Measurement of Attenuation. The book is
intended for use as a textbook in a first-year course in microwave
measurements and covers the subject in general terms, not merely
with respect to radar. The treatment is not highly mathematical.
Elecktronenréhren: Lehrbuch der drahtlosen Nachrichten-
technik, Vol. 3
By M. J. O. StrutT. Pp, 391. Springer Verlag, Reichpietschufer 20,
Berlin, W. 35. Germany. Price DM 58.50.

Contents include : the physics of electron devices ; manufacturing
techniques ; valve characteristics ; electron optics, electron devices
(photocells, transistors, gas-filled valves, etc.); cathode-ray tubes,
(including those for colour television).

Index of Technical Articles -

Published monthly by Iota Services Ltd., 38 Farringdon Street,
London, E.C.4. Annual subscription £6. 6s. Articles are classified
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under 33 headings, which include “Electrical and Electronic
Engineering’” and ‘“‘Process Control Systems’’.

Transistor A.F. Amplifiers

By D. D. Jones, M.Sc., D.I.C., and R. A. HiLBOURNE, B.Sc. Pp. 152.
Published for Wireless World by Iliffe & Sons Ltd., Dorset House,
Stamford Street, London, S.E.1. Price 2ls.

Deals with the design of audio amplifiers with outputs up to
20 watts. Details of five circuits of proved performance are included.
The authors are at the research laboratories of The General Electric
Company. )

Definitions and Formulas : Radio and Television Engineering
By A. T. Starr, M.A,, Ph.D.,, M.LLE.E. Pp. 65. Sir Isaac Pitman
& Sons Ltd., Pitman House, Parker Street, Kingsway, London,
W.C.2. Price 2s.

Wireless World Guide to Broadcasting Stations 1957-58
Published by Iliffe & Sons Ltd., Dorset House, Stamford Street,
London, S.E.1. Pp. 80, Price 2s. 6d.

Tabulated information giving frequency, wavelength, and power
of over 2,000 short-wave stations, and some 750 European medium
and long-wave transmitters.

Basics of Phototubes and Photocells
By Davip Mark. Pp. 136. John F. Rider Publisher Inc., 116
West 14 Street, New York 11, N.Y. Price $2.90.

A non-mathematical account of photocells and their application.

CABMA Register 1957-58 of British Industrial Products for
Canada
Published jointly by Kelly’s Directories Ltd., and Iliffe & Sons Ltd.,
Dorset House, Stamford Street, London, S.E.1. Pp. 624. Price 15s.,
post free.

BRITISH STANDARDS

Methods of Testing Vulcanized Rubber
B.S. 903. Pts. A4 and A9: 1957. Price, Part A4, 3s.; Part A9, 5s.

Universal Decimal Classification

Abridged English Edition. B.S. 1000A: 1957. Pp. 252. Second

Edition, revised 1957. Price 42s. (bound), 35s. (unbound).
Contains a general introduction explaining the U.D.C. system,

tables of auxiliaries, main tables and alphabetical index.

Memorandum on the Standard Conditions for use during
the Testing and Pre-Conditioning of Electrical Insulating
Materials

B.S. 2844 : 1957. Price 3s.

The Reduction and Presentation of Experimental Results
B.S.2846: 1957. By J. T. RicHARDsON, B.Sc. Price 10s.

Flexible Insulated Sleeving for Electrical Purposes
B.S. 2848: 1957. Price 6s.

Nickel-Iron Transformer and Choke Laminations

B.S. 2857 : 1957. Price 3s.
The above are obtainable fro~ British Standards Institution,
British Standards House, 2 Park Street, London, W.1.

NATIONAL BUREAU OF STANDARDS

Standard Samples and Reference Standards
N.B.S. Circular 552 (2nd Edition). Pp. 24. Price 25 cents.

Report of the International Commission on Radiological
Units and Measurements (ICRU) 1956

N.B.S. Handbook 62. Pp. 48. Price 40 cents.
Worldwide Occurrence of Sporadic E

By ErnesT K. Smith, JrR. N.B.S. Circular 582. Pp. 278. Price
$3.35.
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N.B.S. Annual Report 1956
Pp. 158. Price 60 cents.

Fractional Factorial Experiment Designs for Factors at
Two Levels
N.B.S. Applied Mathematics Series 48. Pp. 85. Price 50 cents.

Metrology of Gage Blocks
N.B.S. Circular 581. Pp. 119. Price $1.50.

The above are obtainable from the Superintendent of Documents,
U.S. Government Printing Office, Washington 25, D.C., U.S.A.
(One-fourth of publication prices to be added for postage.)

MEETINGS
I.LE.E.
22nd January. ‘‘Special Problems of Broadcasting in Sweden”,
by E. Esping.

27th January. ““An Enquiry into the Specification of Transistors”’,
informal talk by F. F. Roberts, B.Sc.(Eng.).

28th January. Symposium on ‘“Long-Distance Propagation above
30 Mc/s”’. At 2.30, “Ionospheric Forward Scatter Propagation®,
to be followed at 5.30 by papers on ‘“Tropospheric Propagation
Beyond the Horizon”. Both members and non-members will be
required to register and to purchase a set of the papers if they wish
to attend the symposium. Price of the set of papers to members is

25/- (no registration fee) and to non-members 35/- (registration
fee 10/-).

These meetings will be held at the Institution of Electrical Engineers,
Savoy Place, Victoria Embankment, London, W.C.2, and will commence
at 5.30, except where otherwise stated.

Brit. IL.R.E.

7th January.  ‘“Mass Production of Television Tuners”,
discussion to be opened by P. C. Ganderton.

29¢h January. ‘‘Ultra-High-Speed Oscillography”’, by I. Maddock,
OB.E., B.Sc.

These meetings will commence at 6.30 and will be held at the London
School of Hygiene and Tropical Medicine, Keppel Street, Gower Street,
London, W.C.1.

The Television Society

9th January. ‘A French Portable Television Camera”, by
J. Polonsky, at 7 o’clock at the Cinematograph Exhibitors’ Asso-
ciation, 164 Shaftesbury Avenue, London, W.C.2.
 23rd January. ‘‘Crystal Valves”, Fleming Memorial Lecture by
T. R. Scott, D.F.C., B.Sc., to be held at 7 o’clock at the Royal
Institution, Albemarle Street, London, W.1.

The Institute of Navigation

17th January. ““The Influence of Atmospheric Conditions on
Radar Performance”, by J. R. Saxton, D.Sc., Ph.D. at 5.15 at the
Royal Geographical Society, 1 Kensington Gore, London, S.W.7.

STANDARD-FREQUENCY TRANSMISSIONS

The National Physical Laboratory has just published a new
edition of its pamphlet describing MSF-—the Standard-Frequency
Transmissions from the United Kingdom. These radio transmissions
are on the air almost continuously from the Post Office Station at
Rugby. They enable anyone needing a precise frequency to check
his apparatus against a standard which is known to one part in ten
thousand million.

The pamphlet announces that the MSF frequencies are now
based on the resonant frequency of the caesium atom. Provisionally,
the value of 9 192 631 830 c/s per second has been adopted for this.
This frequency is a fundamental physical constant, free from the
small corrections and uncertainties associated with astronomical
time. The precise value of the frequency is based on the value of
astronomical time for 1955. Some years must pass before the
astronomical and atomic units can be compared to the full accuracy
attained by the atomic clock, because astronomical time must be
averaged over a long period to eliminate small errors and un-
certainties of measurement. If any corrections prove necessary in
years to come, they can readily be made and therefore will not
restrict the accuracy already available.

The MSF frequencies and modulations are maintained to 45
parts in 10° but are monitored to 41 part in 10*°. The results
published in Electronic & Radio Engineer are given only to 1 part in
10° to allow for slight transmission and propagation errors, but even
more precise average values can be used when steps are taken to
eliminate these errors. The modulation programme of the MSF
transmissions is as follows :—

Minutes past cach hour Modulation
0-5 3035 45-50 1000 cfs.
5-10  20-25 3540 50-55 l-c/s pulses, 60th pulse in-
creased in duration.
10-14 25-29 40-44 55-59 Unmodulated.
14-15 29-30 4445 59-60 Speech announcement.

Transmissions made on 2-5, 5, and 10 Mc/s are continuous except
for a break between 15 and 20 minutes past each hour, and there is
also a transmission on 60 kc/s between 14-29 and 15- 30 hours G.M..T.
Temporarily 19-59-21-00 G.M.T. The carrier frequency of the 16
ke/s GBR transmitter is now also controlled by the MSF standard.

A pamphlet entitled ““MSF—Standard Frequency Transmissions
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from the United Kingdom” is available free on application to:

The Director, National Physical Laboratory, Teddington, Middx.

(Communication from the National Physical Laboratory)
Deviations from nominal frequency* for November 1957

Date
1957
November

MSF 60 kc/s
2030 G.M.T.
Parts in 10°

Droitwich 200 kc/s
1030 G.M.T.
Parts in 108
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* Nominal frequency is defined to be that frequency corresponding to a
value of 3 192 631 830 ¢/s for the N.P.L. caesium resonator. N.M. = Not
Measured.
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Pocket-Size Multi-Range Meter

Avo have produced a new multi-range
meter, the Multiminor. Two models are
available: Model 1 for use in temperate
climates and Model 2 for use under adverse
climatic conditions.

The makers state that all components
which could be moulded have been made on
precision moulding presses, the panclimatic
version using a recently developed moulding
powder which endows the finished product
with very good electrical insulation under
conditions of extreme humidity, and resists
the growth of fungus. The indicating move-
ment is constructed in a dustproof casing,
and all wiring is termite proof.

The instrument is fitted with a high-grade
rotary switch, similar to that incorporated
in the Avometer.

A feature of the instrument is the use of

printed resistors. It is claimed that this is
the first time that such resistors have been
used in any mass-produced apparatus. In
one instance, it has been possible to combine
a printed resistor with an auxiliary switch
plate as an integral part of the selector-
switch mechanism, another printed resistor

Voltage and Current Ranges

D.C. A.C. D.C.
VOLTAGE | VOLTAGE | CURRENT
Sensitivity Sensitivity
(10,000Q/V) | (1,000Q/V)

First First First
indication indication indication
2 mV 200 mV 2 uA
0-100mV |0~ 10V | 0-100 pA
0- 25V 0- 25V |[0- ImA
0- 10V |0- 100V |0- l0mA
0-— 25V | 0- 250V | 0- 100 mA
0- 100V |0-1,000V 0- 1A
0- 250V
0- 1,000V ‘
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New Products

forming the universal meter shunt. High-
stability carbon resistors have also been
employed wherever necessary.

Two resistance ranges are provided
(020kQ and 0 2 MQ), both of which
employ an internal 13-V cell of international
availability (Type Ul2). An ohms adjuster
control provides compensation for the
deterioration of the cell with age and use.

The accuracy is given as d.c., 3% of full
scale and a.c., 4% of full scale. Approximate
overall

weight: 11b. (0-45kg); size :
5§ in. by 3% in. by 1§ in. (14-3cm by 9-2cm
by 35 cm).

Avo Ltd.,

92-96 Vauxhall Bridge Road, London, S.W.1.

Directly-Heated Subminiature Valves

Hivac Ltd. are marketing an augmented
range of directly-heated subminiature valves,
many of which are exact equivalents of
American types used in portable radio
communication equipment.

The range includes XFY14, output
pentode (U.S. equivalent 5672); XFRI r.f.
amplifier pentode (U.S. equivalent 1AD4);
XFR3 r.f. oscillator triode (U.S. equivalent
5676) and the XR4 r.f. power amplifier
(U.S. equivalent 6397). All the valves, with
the exception of the XR4, are 38-1 mm
long, 10-1mm wide and 7:6mm in
thickness. The filament voltages are 1-25.
The XR4 is 40-64 mm long and has a
diameter of 10-16 mm. The r.[. amplifier
pentodes have metallized screening.

Hiyac Ltd.,
Stonefield Way, Victoria Road, South Ruislip,
Middsx.

U.H.F. Attenuator Pads

Type A83 attenuators are coaxially-
constructed pads with rod and disc-type
resistors in T networks. Five units are avail-
able in steps of 10dB and each unit is
fitted with Plessey minor coaxial fitlings so
that they may be joined together in the
same line.

These attenuators are said to be capable
of handling up to 0-5W of sine-wave
power. In sharply-pulsed conditions, their
rating is limited by the peak voltage of the
signal. The limit of the voltage is of the
order of 100 V for pulses of a few micro-
seconds duration. The attenuators are
claimed to be suitable for use from d.c. to
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3,000 Mc/s, and performance figures are
given below :
Accuracy: -+ 1 dB up to 1,000 Mc/s.
Input/Qutput Impedance : 75 ohms.
VS WR.:
10-dB attenuator pad, less than 1-2 d.c.
to 1,000 Mc/s. Increases above 1,000
Mc/s to not more than 1-7 at 3,000
Mc/s.
20-50-dB attenuator pads, less than
1-2 d.c. to 3,000 Mc/s.
Advance Components Ltd.,
Roebuck Road, Hainault, Ilford, Essex.

Polarized Relays

An improved Carpenter polarized relay,
Type 51, is available in both centre-stable
(Type 5IM) and each-side-stable (Type
51A) forms. In the latter, the armature

remains in contact with the side to which it
was last operated until the relay is energized
in the reverse direction, when a snap-over
action takes place.

The sensitivity of the

51A is quoted as 60 uW, and that of the
51M as 10 uW. Both relays are suitable for
use in aircraft.

Telephone Manufacturing Co. Lid.,

Dulwich, London, S.E.21.

Instrument Cathode-Ray Tubes

Two new instrument cathode-ray tubes
have been introduced by Electronic Tubes
Ltd. They are a 5in.-diameter precision
oscillograph tube with a two-stage. distri-
buted post-deflection accelerator (Type
5BKP1), and an inexpensive 2%-in. tube of
unusually high sensitivity (Type 3AFPI).

Some details from the makers’ specifica-
tion are given below :

SBKPI1 (5-in. circular screen)

With a p.d.a. ratio of 5:5:1, the
maximum pattern distortion and maximurm
deviation from deflection linearity are 2%.
Y-plate sensitivity for an overall voltage of
10kV is 0-8 mm volt. The screen uses
medium-persistence Pl (green) phosphor
and has a metal backing. Heater ratings:

6-3V, 0-55A; capacitances x; to X,
2-3pF; vy, toy, 1-7pF.
Typical operating conditions: Vg,

1,400V, Vg, —45 to —90V 5 V,,, 440 to

560 V; Vg, 1,800V; Sy, 26.5V/cm; Sy,

12:5 V/em; Vg, 4,000 V; Vg, 10,000 V.
3AFP1 (2§-in. circular screen)

This tube is suitable for symmetrical or
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asymmetrical operation. Heater is 6-3V,
0-55 A.

Typical operation conditions: Vy; 4. 4,
1,000 V; Vg, 210-320 V; S,520 V/em; Sy,
11:5 V/em; Vg, —28 to —65 V.

Electronic Tubes Ltd.,
Kingsmead Works, High Wycombe, Bucks.

New D.C. Relay

A compact relay, designated Series 285,
has been designed by Magnetic Devices Ltd.
It has a lifter comb and buffer block between
stacks of contacts, and the clamped ends of
the contact springs are encapsulated to ensure
good insulation. The makers state that up to
ten sets of light-duty change-over contacts,
or up to eight sets of heavy-duty contacts,
can be used, and that contact bounce is
negligible. The sensitivity is such that with
a 12,750-Q coil and two sets of change-over
contacts the operating current is 3 mA.

The Series 285 relay is available with

standard coil windings to suit a variety of
common operating voltages. Coil resistances
are up to 25,000 Q.

Magnetic Devices Ltd.,

Exning Road, Newmarket, Suffolk.

Small Ships’ Radio

A tr.f. type of radio receiver, the ‘Heron’
employing transistors, has been designed for
use in such vessels as inshore fishing boats,
coasters and yachts. It is also suitable for
light aircraft. The receiver, which weighs
5% Ib. and measures 8 X-4§ X 2% in., is said
to operate for 500 hours from four Mallory
hearing-aid cells when headphone reception
is used, and half as long with loudspeaker
reception. Frequency coverage is 150-255
kefs, 250420 kefs, and 570-1,550 kcfs. Six
transistors are used. There are two r.f.
stages, the second of which can be made to
oscillate for the purpose of c.w. reception.
The receiver is hermetically sealed.

A simple d.f. device employing a ferrite
loop aerial is also available. There are two
versions to cover the frequency ranges
250-350 kcfs (shipping) and 190-420 kcfs
(aircraft).

Brookes & Gatehouse Ltd.,
5 Captains’ Row, Lymington, Hants.

Power Oxide Resistors

Medium-power rod-type resistors, in
which the resistive element is a metal oxide
bonded to a porcelain rod, are now available.
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Advantages claimed are low price, resistance
to moisture and mechanical damage, low
reactance, and a reliability as good as that
of comparable wire-wound resistors. Opera-
tion up to 250°C is permissible, provided that
the power dissipation is suitably reduced
above 40°C. The photograph shows 3-watt
and 6-watt resistors, but 8-watt types are
also made.

Points from the manufacturers’ specifica-
tion are given below :

Nermal Tolerance: =+ 5%.

Stability : Average resistance change less
than 2% after 12 months storage. Less
than 5% change after 1,000 hours’
operation at full rated power.

Temperature Coefficient: Less than
0-035% per °C. :

The maximum value of resistance is
10 kQ-20 kQ according to type, and the
minimum is 10 Q to 25 Q. The inductance
and ecapacitance of these resistors are stated
ta be negligible up to 10 Mc/s and, in
general, the high-frequency characteristics
are expected to be similar to those of high-
stability carbon resistors with spiral tracks.
Welwyn Electrical Laboratories Ltd.,

Bedlington, Northumberland.

New Plessey Selector Unit

A new lightweight selector unit, known as
type 9008, has been developed by The
Plessey Company in collaboration with the
Royal Aircraft Establishment. This is
described as a remotely-controlled device
for ratating a shaft to any one of twelve
predetermined angular positions contained
within one 320°-turn, and locking it in the
selected position within 6 minutes of arc. It
is currently being employed in u.h.f.
transmitter/receivers for the selection of
12 pre-set channels by remote switching.

Primary movement of the unit, which has
been granted R.A.E approval, is provided
by an electric motor operated from a
48-volt d.c. supply, which may vary between

46 volts. A relay is used to control the
operation of the motor and to reverse its
rotation. Selection of the required pre-set
position is provided by means of a single-pole
12-position switch at the remote operating
position.

Each of the angular positions can be set
individually without affecting the remaining
eleven settings, and facilities are provided at
the rear of the unit for limiting the arc in
which the twelve angular positions are
contained. Accuratesettings can be obtained
by fine adjustments being made to the
output or tuning shaft with a geared-down
control knob. When not in use, this control
knob can be securely housed in the front
panel.

The unit is said to be capable of driving
an external frictional load of 2} lb.

The Plessey Co. Ltd.,
Ilford, Essex.

Foamed Materials

Isocyanate compounds which can be
made into flexible or rigid ‘foams’ are avail-
able from I.C.I. These are said to have
good electrical properties, and to be
resistant to mechanical shock. Among the
uses suggested for isocyanate-castor oil
compounds is the ‘potting’ of components.

Rigid polyurethane foam compounds can
be prepared by mixing two chemicals. The
mixture can be poured into a cavity, where
it will foam, set hard, and stick. The
density of the final product can be con-
trolled and can be as little as 2-3 lb. per
cubic foot.

The new compounds can be applied as
coatings to ‘difficult’ materials such as °
aluminium and nylon.

Imperial Chemical Industries Lid.,
Imperial Chemical House, Millbank, London,
S.W.l.

Operation Recorder

This instrument has been developed for
recording the timing of operations and
events, such as the on/off times of machines
or electrical circuits. Twenty-four hour and
seven-day charts are available, the periods
of revolution being one hour and twenty-four
hours, respectively.

A pair of contacts must be provided which
close when it is desired to make a trace. An
‘inkless pen’ with a heated stylus is used in
conjunction with heat-sensitive paper to
produce a black line 1/16 in. wide. During
off periods, enough power is supplied to
produce a faint thin line; this enables the
trace to be followed when no operations are
recorded.

Fielden Electronics Ltd.,
Wythenshawe, Manchester, 22.
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' ACOUSTICS
AND AUDIO FREQUENCIES

534.2-13: 536.3 1

Effect of Heat Radiation on Sound
Propagation in Gases.—P. W. Smith, Jr.
(J. acoust. Soc.. Amer., June 1957, Vol. 29,
No. 6, pp. 693—698.)

534.21-8-14 2

Ultrasonic Propagation Measure-
ment in Sea Water up to 400 kc/s.—
T. Hashimoto & Y. Kikuchi. (J. acoust.
Soc. Amer., June 1957, Vol. 29, No. 6,
pp. 702-707.) Methods of measurement
for horizontal and for vertical propagation
are described. Measured values of absorp-
tion were 10-20 dB/km at 28 kc/s increasing
to 120 dB/km at 400 kcfs.

534.23 3

Sound Transmission through Thin
Cylindrical Shells.—P. W. Smith, Jr.
(J. acoust. Soc. Amer., June 1957, Vol. 29,
No. 6, pp. 721-729.) An analysis of the

impedance presented by a thin cylindrical
elastic shell to a pressure or normal stress as
a function of the axial wavelength and the
angular dependence of the forces.

534.23: 537.227 4

Vibrations of Ferroelectric Cylin-
drical Shells with Transverse Isotropy :
Part 1—Radially Polarized Case.—]. F.
Haskins & J. L. Walsh. (J. acoust. Soc.
Amer., June 1957, Vol. 29, No. 6, pp. 729—
734.) Expressions for the coupled mechanical
vibrations and electrical admittance of
ferroelectric tubes having transverse isotropy
are derived and the results supported by
experimental data.

534.232 5

Experimental Investigation of Conical
Horns Used with Underwater Sound
Transducers.—W. R. Owens & C. M.
McKinney.  (J. acoust. Soc. Amer., June
1957, Vol. 29, No. 6, pp. 744-748.) A
simple conical horn lined with pressure-
release material is very effective in increasing
the axial sensitivity of transducers and
improving directivity. Design curves are
given.

Electronic & Radio Engineer, January 1958

Effect of a Reflecting Plane on the
Power Output of Sound Sources.—
U. Ingard & G. L. Lamb, Jr. (J. acoust.
Soc. Amer., June 1957, Vol. 29, No. 6,
pp. 743-744) The effect of a rigid
reflecting plane on the output from a sound
source above it is expressed as a ‘ power
amplification factor’. This is calculated
for a number of elementary sound sources
and power output is determined as a
function of source height.

534.414 ) 7
Acoustic Impedance of a Helmholtz
Resonator at Very High Amplitude.—
D. A. Bies & O..B. Wilson, Jr. (J. acoust.
Soc. Amer., June 1957, Vol. 29, No. 6,
pp. 711-714.) A Helmholtz resonator
terminating a 10-in.-diameter tube has
been investigated for sound pressure levels
100-170 dB. With  increasing  sound
pressure the same general rise in acoustic
resistance and resonance frequency was
observed for two different mountings.

534.612 8

Acoustical Radiation Pressure due
to Incident Plane Progressive Waves
on Spherical Objects.—G. Maidanik.
(J. acoust. Soc. Amer., June 1957, Vol. 29,
No. 6, pp. 738-742.)

534.75 9

On the Fusion of Sounds Reaching
Different Sense Organs.—D. E. Broad-
bent & P. Ladefoged. (J. acoust. Soc. Amer.,
June 1957, Vol. 29, No. 6, pp. 708-710.)
Experiments with synthetically produced
speech show that fusion occurs when the
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hirst tormant 1s presented to one ear and the
second formant to the other, but not if the
formants are given different fundamental
frequencies.

534.78 10

Constant-Ratio Rule for Confusion
Matrices in Speech Communication.—
. R. Clarke. (J. acoust. Soc. Amer., June
1957, Vol. 29, No. 6, pp. 715-720.) ““Three
experiments are reported which give
support to an empirical rule which may be
used for predicting the entries in a closed
confusion matrix for any subset of items
drawn from a master set of items with a
known confusion matrix.”

534.78 11
The Intelligibility of Synthetic Speech.
—O. Warns. (Frequenz, June 1957, Vol. 11,
No. 6, pp. 169-175.) The results of
subjective tests on the intelligibility of
synthetic logatoms are analysed. For the
German language 700-1 100 interchange-
able speech elements would be adequate,
requiring an information rate of 40 bits/s.

621.395.625.3 : 621.397.5 12
Video Tape Recorder Design.—(Sce
294.)

“~AERIALS

AND TRANSMISSION LINES

621.315.212 13

The Characteristic Impedance of
Coaxial Cables.—F. Raggi. (Note Recen-
sioni  Notiz., March/April 1957, Vol. 6,
No. 2, pp. 174-188.) Note summarizing
the factors which determine the character-
istic impedance of coaxial cables.

621.315.212 : 621.397.24 14

A New 4-Mc/s Coaxial Line Equip-
ment—C.E.L. No. 6A.—M. E. Collier &
W. G. Simpson. (P.O. elest. Engrs’ J.,
April 1957, Vol. 50, Part 1, pp. 24-34.)
The equipment described is suitable for the
transmission of either 16 telephony super-
groups (960 circuits) or a 405-line television
signal.

621.315.212: 621.397.24 15

A 4-Mc/s Coaxial Line Equipment—
C.E.L. No. 4A.—E. Davis. (P.0O. elect.
Engrs’ J., July 1957, Vol. 50, Part 2,
pp.- 92-97.) A description of equipment
suitable for the transmission of either
17 telephony supergroups (1 020 circuits) or
a television signal of 3-Mc/s video band-
width, See also 14 above.

621.372.2 16

Return Loss: Part 1.—T. Roddam.
(Wireless World, Nov. 1957, Vol. 63, No. 11,
pp- 521-524.) The use of the concept of
return loss instead of standing wave ratios
is recommended in dealing with reflections
of short pulses on long loss-free incorrectly
terminated lines.

621.372.8: 621.372.5 17

Noisy and Noise-Free Two-Port Net-
works Treated by the Isometric Circle
Method.—E. F. Bolinder. (Proc. Inst.
Radio Engrs, Oct. 1957, Vol. 45, No. 10,
pp. 1412-1413.)

A2

621.372.823 18
Circular Electric Wave Transmission
through Serpentine Bends.—H. G.
Unger. (Bell Syst. tech. J., Sept. 1957,
Vol. 36, No. 5, pp. 1279-1291.) An
analysis of the propagation in a circular
waveguide with equally spaced discrete
supports and deformed elastically into a
serpentine bend under its own weight.

621.372.831.4 19

Slots in an Imperfectly Conducting
Waveguide.—B. Chatterjee. (Indian J.
Phrys., May 1957, Vol. 40, No. 5, pp. 278—
282.) The shunt conductance of a slot
initially increases with departure from
perfect conductivity of the guide wall but
decreases rapidly in almost direct proportion
to further decreases in conductivity.

621.372.852.21 20

Theory of Curved Circular Wave-
guide containing an Inhomogeneous
Dielectric.—S. P. Morgan. (Bell Syst. tech.
J., Sept. 1957, Vol. 36, No. 5, pp. 1209-
1251.) General equations are derived for all
modes in a curved circular waveguide
containing an inhomogeneous dielectric.
The results are applied to the problem of
preventing mode conversion from TEy to
TM,;. Design equations are given for
various compensators with criteria for
keeping the power level of spurious modes
at a minimum.

621.372.853.1 - 21

Circular Electric Wave Transmission
in a Dielectric-Coated Waveguide.—
H. G. Unger. (Bell Syst. tech. J., Sept. 1957,
Vol. 36, No. 5, pp. 1253-1278.) The
mode conversion from the TE, wave to
the TM,;; wave in a curved circular wave-
guide may be reduced by applying a thin
uniform dielectric coating to the inner wall.
Design curves are given for both uniform
bends of small radius and for large bending
radii which may occur in a normally
straight guide.

621.372.853.1 22

Normal Mode Bends for Circular
Electric Waves.—H. G. Unger. (Bell
Syst. tech. J., Sept. 1957, Vol. 36, No. 5,
pp. 1292-1307.) The TE(-TM,;; degen-
eracy is removed by a thin dielectric coating,
and a further reduction in the mode
conversion at a bend is obtained by tapering
the curvature along the guide. Details are
given of the bend loss for A = 5-4 mm. See
also 21 above.

621.396.674 : 621.396.93 23

A Versatile Multiport Biconical An-
tenna.—R. C. Honey & E. M. T. Jones.
(Proc. Inst. Radio Engrs, Oct. 1957, Vol. 45,
No. 10, pp. 1374-1383.) This aerial can
be used as a wide-band direction finder, as
it excites in the feeding waveguide modes
whose ratios are azimuth dependent. It
also has uses as a multiplexer.

621.396.677 24

Bi-directional F.M. Aerials. H. B.
Dent. (Wireless World, Nov. 1957, Vol. 63,
No. 11, pp. 534-536.) Description of
stacked horizontal half-wave dipoles which
are simple to construct and erect.

621.396.677.43 25

Rhombic Aerials.—F. J. Norman &
J. F. Ward. (Electronic Radio Engr, Nov.
1957, Vol. 34, No. 11, pp. 398-403.)
The design of aperiodic rhombic aerials
is examined and a method derived whereby
a set of charts of open scale yields all the
aerial parameters of practical significance
for high-frequency operation. The angle
of fire and the gain with respect to a
dipole in free space are displayed for an
adequate range of aerial side lengths and
included angles. Corrections are given for
the height above ground and a simple
method to find the shape of the main lobe
is suggested.

621.396.677.8: 523.16 26
The Mullard Radio Astronomy Obser-

vatory, Cambridge.—Ryle. (See 107.)

621.396.677.833 : 523.16 27

World’s Largest Radio Telescope.—
(See 108.)

621.396.677.85 28

Calculated Intensity and Phase Dis-
tribution in the Image Space of a
Microwave Lens.—G. W. Farnell. (Canad.
J. Phys., June 1957, Vol. 35, No. 6, pp. 777-
783.) Intensity and constant-phase con-
tours and an energy-flow diagram are shown
for a 3-2-cm-A lens with exit pupil of 25 cm
radius distant 105 cm from the image point.
Calculations are based on scalar diffraction
theory. Results of measurements show
close agreement.

621.396.677.85 29

Study of Optical Diffraction Images
at Microwave Frequencies.—M. P.
Bachynski & G. Bekefi. (J. opt. Soc. Amer.,
May 1957, Vol. 47, No. 5, pp. 428-438.)
‘¢ Experimental investigations of the intensity
distribution in the region of the focus of
microwave lenses are described. The
circularly symmetric lenses, made from
polystyrcne plastic, were illuminated by a
linearly polarized beam of radiation of
1-25-cm wavelength. Most of the measure-
ments are presented in the form of intensity
contours in planes both containing the
principal ray and lying perpendicular to it.
Images formed by nearly perfect optical
systems and by systems suffering from
various third-order monochromatic aber-
rations were examined. In most cases the
results are compared with calculations made
from the scalar-diffraction theory of optical
systems. In general, good agreement
between theory and experiment is found.”

AUTOMATIC COMPUTERS

681.142 30

Controlling the Digital Computer.—
R. W. Hamming. (S¢i. Mon., Oct. 1957,
Vol. 85, No. 4, pp. 169-175.) A non-
mathematical discussion of the program-
ming and application of computers for
scientific purposes.

Electronic & Radio Engineer, January 1958




681.142 31

An Experimental 50-Mc/s Arithmetic
Unit.—R. M. Walker, D. E. Rosenheim,
P. A. Lewis & A. G. Anderson. (IBM J.
Res. Developm., July 1957, Vol. 1, No. 3,
pp. 257-278.) Detailed description of a
unit which performs a repetitive multi-
plication program and checks the results for
errors.

681.142 32

The Design of the Ferranti Pegasus
Computer: Part 2.—G. Emery. (Elec-
tronic Engng, Sept. 1957, Vol. 29, No. 355,
pp. 420-425.) The detailed engineering
aspects of the design problem are discussed.
Part 1: 3753 of 1957 (Braunholtz).

681.142 33

A 32 000-Word Magnetic-Core Mem-
ory.—E. Foss & R. S. Partridge. (IBM
J. Res. Developm., April 1957, Vol. 1, No. 2,
pp- 102-109.) The storage matrix consists
of 128 x 256 x 36 ferrite cores and has a
read-write cycle of 12 us. Its construction
is described, together with the driver and
sense amplifier circuits.

681.142 34

A Positive-Integer Arithmetic for
Data Processing.—R. W. Murphy. (IBM
J. Res. Developm., April 1957, Vol. 1, No. 2,
pp- 158-170.)

681.142 35

Irredundant Disjunctive and Con-
junctive Forms of a Boolean Function.
—M. J. Ghazala (Gazale). (IBM J. Res.
Developm., April 1957, Vol. 1, No. 2,
pp. 171-176.) A thorough algebraic
method is described for determining the
complete set of irredundant normal and
conjunctive forms.  The procedure is
mechanical and the method can be applied
for programming computers.

681.142 36
Electronic Computers.—W. Taeger.
(Frequenz, June 1957, Vol. 11, No. 6,

pp- 185-191.) The application of analogue
computers to the solution of control-system
problems is discussed.

681.142 37

Approximating Nonlinear Functions
by Shunt-Loading Tapped Potentio-
meters in Analogue Computing

Machines.—D. W. C. Shen. (Electronic
Engng, Sept. 1957, Vol. 29, No. 355,
pp.- 434439.)

681.142: 621.314.7 38

The Multipurpose Bias Device : Part 1
—The Commutator Transistor.—B.
Dunham. (IBM J. Res. Developm., April
1957, Vol. 1, No. 2, pp. 116-129.) A study
of the application of the Rutz commutator
transistor to three-input, one-output logical
problems for handling by automatic com-
puter systems. The Rutz commutator is a
single-emitter amplitude-sensitive device
with three separate input wires applied to
the emitter. Its design will be detailed in a
subsequent paper.

681.142 : 621.314.7 39
Two-Collector Transistor for Binary
Full Addition.—Rutz. (See 315.)

681.142 : 621.395.625.3 40

A Mathematical Model for Deter-
mining the Probabilities of Undetected
Errors in Magnetic Tape Systems.—
M. Schatzoff & W. B. Harding. (IBM J.
Res. Developm., April 1957, Vol. 1, No. 2,
pp. 177-184.)

681.142 : 621.395.625.3 41

The Magnetic Tape Store for Pegasus.
—T. G. H. Braunholtz & D. Hogg,
(Electronic  Engng, Oct. 1957, Vol. 29,
No. 356, pp. 484-489.)

681.142 : 621.395.625.3 42

The Recording of Digital Information
on Magnetic Drums.—D. G. N. Hunter
& D. S. Ridler. (Electronic Engng, Oct.
1957, Vol. 29, No. 356, pp. 490-496.)
* Methods of representing binary digital
information on magnetic drums are dis-
cussed with regard to their reliability, cost
and technical merits.”

CIRCUITS

AND CIRCUIT ELEMENTS

621.3:061.3 43

International Components Sympo-
sium.—(Electronic Radio Engr, Nov. 1957,
Vol. 34, No. 11, pp. 428-431.) Summary
of papers read at the Royal Radar Establish-
ment, Malvern, in September 1957, Reli-
ability, efficient use of space, liquid cooling
techniques and optimum component shapes
for automatic assembly are discussed.

621.3.011.3 44

Calculation of Inductance of Toroids
with Rectangular Cross Section and
Few Turns.—R. F. Schwartz. (Proc.
Inst. Radio Engrs, Oct. 1957, Vol. 45,
No. 10, pp. 1416-1417.)

621.3.049.7 : 621.39.03: 061.3 45

‘Solid Circuits.’—(Wireless World, Nov.
1957, Vol. 63, No. 11, pp. 516-517.)
Discussion of the International Symposium
on Electronic Components held at Malvern,
England. A ‘solid circuit’ forming the
equivalent of several transistors connected
by resistors and capacitors is obtained by
depositing films of conductive, resistive and
dielectric materials on a small block of
semiconductor material. The solution of
problems regarding the operation of com-
ponents at high temperatures is mentioned.

621.3.049.75 46

Printed Circuits in Receiver Con-
struction.—W. I. Flack. (J. Telev. Soc.,
Jan./March 1957, Vol. 8, No. 5, pp. 176—
185.) Outline of development of the
printed circuit, and description of modern
production techniques.

621.3.049.75 47

Pro & Con on Seven Different
Methods of Printed Wiring.—A. E.
Stones.  (Electronic Ind. Tele-Tech, March
1957, Vol. 16, No. 3, pp. 64-66..158.)

Electronic & Radio Engineer, January 1958

The basic techniques for each method are

described and compared. A table of
relevant U.S. patents is included.
621.314.6 48

A General Circuit Theorem on
Rectification.—]. W. Gewartowski. (Proc.
Inst. Radio Engrs, Oct. 1957, Vol. 45, No. 10,
p. 1410.) Nonlinear capacitors and inductors
cannot effect rectification unless nonlinear
resistance is present in the circuit.

621.318.424 49

New Method of Evaluating Ferro-
inductors.—W. J. Polydoroff. (Electronic
Ind. Tele-Tech, April 1957, Vol. 16, No. 4,
pp. 78-79..150.) Formulae for calculating
the insertion loss and the resistance increase
due to the iron core, are derived. The
practical factors governing optimum coil
design are investigated.

621.318.57 : 621.387 50
Cold-Cathode Voltage-Transfer Cir-
cuits.—]. H. Beesley. (G.E.C. Telecommun.,
Feb. 1957, No. 23, pp. 6-19.) Practical
techniques used in the application of cold-
cathode triodes are given in detail. A
number of circuit diagrams is included.

621.319.4: 537.311.33 51

Charge and Discharge of a Nonlinear
Condenser through a Linear Nondissip-
ative Inductance.—A. Mozumder. (Z.
angew. Math. Phys., 25th July 1957, Vol. 8,
No. 4, pp. 261-280.) Macdonald (J.
Chem. Phys., Aug. 1954, Vol. 22, No. 8,
pp. 1317-1322) has shown that for a
capacitor with a semiconductor as dielectric

. - ; sinh «
the capacitance is proportional to —;V—

where ¥V is the voliage across the capacitor
and « is a constant. A circuit is analysed
in which such a capacitor is connected in
series with a lossless inductance and a
direct-voltage source, and a comparison is
made with an exponential capacitor (C o
exp |« ¥[). Applications to the generation
of rectangular and triangular waveforms

are indicated. See also 958 of 1955
(Macdonald & Brackman).
621.319.42 : 621.3.049.75 52

Evaluating Base Materials for Printed
Capacitors.—]J. J. Logan. (Electronic Ind.
Tele-Tech, Aug. 1957, Vol. 16, No. 8,
pp. 72-73..160.)  Definition of terms
specifying the losses of base materials used
for printed circuits, which affect the size
and @ factor of printed capacitors.

621.372.412.002.2 : 549.514.51 53
1621.793.14

A Vacuum Plant for the Frequency
Calibration of Quartz Vibrators.—
J. Green, L. Holland & B. D. Power.
(Electronic Engng, Sept. 1957, Vol. 29,
No. 355, pp. 440—444.) Seec also 503 of
1956 (Awender et al.).

621.372.5 54

A Network Theorem.—E. Green.
(Mareoni Rev., 2nd Quarter 1957, Vol. 20,
No. 125, pp. 35-38.) The impedance level
of half a symmetrical network can be
changed without altering the frequency
response ; the use of this theorem for the
solution of network problems is discussed
and illustrated by an example.
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621.372.5: 621.372.8 55

Noisy and Noise-Free Two-Port Net-
works Treated by the Isometric Circle
Method.—E. F. Bolinder. (Proc. Inst.
Radio Engrs, Oct. 1957, Vol. 45, No. 10,
pp. 1412-1413.)

621.372.5: 621.375.2.018.75 56

On the Design of Four-Terminal
Interstages for Pulse Applications.
A. K. Choudhury & N. B. Chakrabarti.
(Indian J. Phys., April 1957, Vol. 40, No. 4,
pp- 193-210.) The limits set by the input
and output capacitance on the time response,
and the conditions for no overshoot . are
determined.  Methods for achieving the
necessary pole distributions are described
and circuit networks suggested.

621.372.52: 621.314.7 57

The Mathematical Treatment of
Transistor Feedback Circuits.—W.
Glaser.  (NachrTech., April 1957, Vol. 7,
No. 4, pp. 159-162.) Formulae are tabu-
lated giving in convenient form the para-
meters of transistor networks for four types
of feedback circuit.

621.372.54.029.64 58

Design and Development of Strip-
Line Filters.—E. H. Bradley. (Trans.
Inst. Radio Engrs, April 1956, Vol. MTT-4,
No. 2, pp. 86-93. Abstract, Proc. Inst.
Radio Engrs, July 1956, Vol. 44, No. 7,
p.- 956.)

621.372.543.2 : 538.652 59

Concentric-Shear-Mode 455-kc/s Elec-
tromechanical Filter.—R. W. George.
(RCA Rev., June 1957, Vol. 18, No. 2,
pp. 186-194.) An experimental filter of
simplified design is described which consists
of four magnetostrictive ferrite disk
resonators.

621.372.55: 621.396.4 : 621.376.3 60
A Broad-Band Variable Group-Delay
Equalizer.—R. Hamer & R. G. Wilkinson.
(P.O. elect. Engrs’ J., July 1957, Vol. 50,
Part 2, pp. 120-123.) The equalizer has
been developed for use in f.m. microwave
systems. It is inserted in the 70-Mc/s i.f.
signal path in long radio-relay systems.
The performance is adequate for the trans-
mission of frequency-division-multiplex tele-
phony of at least 600 channels, or subcarrier
colour-television transmission.

621.373.029.64 : 538.569.4 61

Comments on Frequency Pulling of
Maser Oscillators.—C. H. Townes. (J.
appl. Phys., Aug. 1957, Vol. 28, No. 8,
pp- 920-921.) The physical origin is
illustrated of the theoretically predicted
reduction in frequency-pulling with increas-
ing number of beam molecules, and reasons
are given for its failure to occur in practice.

621.373.029.64 : 538.569.4 :538.221 62

A Solid-State Microwave Amplifier
and Oscillator using Ferrites.—M. T.
Weiss. (Phys. Rew., 1st July 1957, Vol. 107,
No. 1, p. 317.) Experimental results
obtained with an oscillator based on the
proposal by Suhl (3076 of 1957). The
active element is a piece of magnetized
ferrite at room temperature.
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621.373.421 63

Sensitivity of a Self-Excited Oscillator.
—I. S. Shpigel’, M. D. Raizer & E. A.
Myae. (Zh. tekh. Fiz., Feb. 1957, Vol. 27,
No. 2, pp. 387-390.) Theoretical and
experimental investigation of the character-
istics of a valve feedback oscillator suitable
for nuclear resonance detection.

621.373.5: 621.396.621 64
Crystal Oscillators in Communica-
tion Receivers.—A. G. Manke. (T7ans.
Inst. Radio Engrs, Dec. 1956, Vol. PGVC-7,
pp. 10-15.  Abstract, Proc. Inst. Radio
Engrs, Feb. 1957, Vol. 45, No. 2, p. 258.)

621.373.52 : 621.373.431.1 65

Unijunction Transistor forms Flip-
Flop.—E. Keonjian & J. J. Suran. (Elec-
tronics, lst Sept. 1957, Vol. 30, No. 9,
pp. 165-167.) The construction and
performance are described of a multi-
vibrator circuit for astable or monostable
operation (see also 2878 of 1955). Its active
element is the double-base diode, a
3-terminal p-n junction device [see 3562 of
1956 (Suran)].

621.373.52.018.756 66

Pulse Generator uses Junction Tran-
sistors.—E. J. Fuller. (Electronics, Ist Sept.
1957, Vol. 30, No. 9, pp. 176-179.) A
transistor circuit is described giving pulses
of 1-10 us duration at repetition rates of
50-5 000 pulses/s with internal delays of
1-100 ps.

621.373.52.018.78 67
Distortion in Transistor Amplifiers.
—P. Tharma. (Mullard tech. Commun., March
1957, Vol. 3, No. 22, pp. 62-64.) An
analysis of the distortion in low-level
grounded-emitter stages due to input-
circuit nonlinearity and to variations of
collector-to-base current gain.

621.373.52.029.4 68

Low-Frequency Transistor Oscilla-
tors.—L. G. Cripps. (Mullard tech. Com-
mun., March 1957, Vol. 3, No. 22, pp. 44-58;
Electronic Applic. Bull., May 1957, Vol. 17,
No. 3, pp. 113-128.) Theoretical treatment
of a junctien-transistor oscillator for fre-
quencies of a few kefs. Frequency and
amplitude stability, conversion efficiency
and the conditions governing starting, are
considered. A practical circuit design is
derived and experimental results are given.

621.374.32 69

Build-Up of Large Signals with
Elimination of Reflections in Magneto-
strictive Storage Lines.—D. Maeder.
(Z. angew. Math. Phys., 25th July 1957, Vol.
8, No. 4, pp. 326-327.) Greater reliability
and increased storage capacity are obtained
by substituting twelve energizing coils for
the usual one. With this arrangement, a
steel-wire delay line can be used. See also
2385 of 1957.

621.374.33: 621.314.7 70

A Transistor Gating Matrix for a
Simulated Warfare Computer.—W. H.
MacWilliams, Jr. (Bell Lab. Rec., March
1957, Vol. 35, No. 3, pp. 94-99.) Brief
description of a circuit, devised in 1949,

which used a matrix of 4 10 point-contact
transistors. Amplification of signals was
also achieved.

621.374.5 71
Signal-Enhanced Delay Line.—T. I.
Humphreys. (Electronic Ind. Tele-Tech, Aug.
1957, Vol. 16, No. 8, pp. 70-71..167.)
To maintain pulse shape the high-frequency
response of the delay line described is
improved by selective amplification.

621.374.5: 621.396.962.3 72

Pulse Compression.—R. Krénert.
(NachrTech., April 1957, Vol. 7, No. 4,
pp. 148-152, 162.) A method is described
for compressing frequency-modulated r.f.
pulses, i.e. shortening them and increasing
their amplitude, by passing them through
a delay-distortion network consisting of a
chain of lattice quadripoles. The theory
outlined is based on work by Cauer,
published posthumously.  Its practical
application in the field of radar should
result in higher resolving power for a given
signal/noise ratio.

621.375: 621.372.51 73
Minimizing Mismatch Loss.—H. E.
Hollmann. (FElectronic Ind. Tele-Tech, Aug.
1957, Vol. 16, No. 8, pp. 74-75..165.)
Simple formulae and curves are given.

621.375.2 + 621.375.4 74

Upper Limits of Output Power in
Vacuum-Tube and Transistor A.C.
Amplifiers.—L. M. Vallese. (Commun.
& Electronics, March 1957, No. 29, pp. 87—
92.) Simple analysis, and comparison
based on idealized characteristics.

621.375.2 75

Stacked Valve Circuits.—]. B. Earn-
shaw.  (Electronic Radio Engr, Nov. 1957,
Vol. 34, No. 11, pp. 404-406.) An analysis
by means of feedback theorems and modified
equivalent circuits. Application of the
method to the cascode amplifier and the
cathode-follower circuits is given in detail.

621.375.2.029.3 76
Single-Ended  Push-Pull  Output
Stages.—(Electronic Applic. Bull., May 1957,
Vol. 17, No. 3, pp. 81-106.) The develop-
ment of low-d.c.-resistance pentodes and
high-resistance moving-coil loudspeakers
has made possible the construction of
transformerless output stages several types
of which are described. The paper is based
on the work of W. Aschermann and ]J.
Rodrigues de Miranda (see 3727 of 1957).

621.375.2.029.4 77
A Low-Frequency Selective Amplifier.
—C. K. Battye. (J. s¢i. Instrum., July 1957,
Vol. 34, No. 7, pp. 263-265.) The frequency
is variable in steps from 1 to 1 000 ¢/s. The
selectivity can be set up to @ = 100. The
amplifier is d.c. coupled; a twin-T network
shunted by a capacitor acts as a selective
network in the negative feedback line.

621.375.2.029.55 78

PT-15 P.A. Unit.—]J. N. Walker.
(Short Wave Mag., Feb. 1957, Vol. 14, No. 12,
pp. 624-630.) Description of a band-
switching r.f. amplifier for 80, 40 and
20 m, which uses a pair of valves Type
PT 15 in parallel.
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621.375.221.029.62 : 621.396.4 79
1621.376.3

A Broad-Band Intermediate-
Frequency Amplifier for Use in Fre-
quency-Modulation Microwave Radio-
Relay Systems.—R. Hamer & C. H.
Gibbs. (P.O. elect. Engrs’ J., July 1957,
Vol. 50, Part 2, pp. 124-126.) A 70-Mc/s
amplifier is described which is suitable for
the transmission of 600-channel frequency-
division-multiplex telephony or subcarrier
colour-television signals in f.m. microwave
radio-relay systems. A test-tone/noise ratio
of 70 dB is not significantly degraded after
transmission through five amplifiers in
tandem.

621.375.227.029.3 80
400-Watt Audio Amplifier.—G. R.
Woodville. (Wireless World, Nov. 1957,
Vol. 63, No. 11, pp. 543-546.) The
circuit described includes small output
valves in parallel push-pull connection.

621.375.3 81

Self-Balancing Magnetic Amplifiers
of the Differential-Feedback Type.—
W. A. Geyger. (Commun. & Electronics,
March 1957, No. 29, pp. 3946.) A 60-cfs
magnetic amplifier for extending the range
of a moving-coil ink recorder is described.

621.375.4.029.3 : 629.13 82

The Use of Transistors in Airborne
Audio Equipment.—V. P. Holec. (T7ans.
Inst. Radio Engrs, July/Aug. 1956, Vol.
AU-4, No. 4, pp. 90-93. Abstract, Proc.
Inst. Radio Engrs, Nov. 1956, Vol. 44,
No. 11, p. 1641.)

621.375.43.029.3 : 621.314.7 83

Negative-Feedback Transistor Amp-
lifiers.—H. R. Lowry. (Radio Telev. News,
May 1957, Vol. 57, No. 5, pp. 55-58..
109.) Design data are given for high-
fidelity a.f. amplifiers.

621.375.9.029.64 : 538.569.4 84
Microwave Amplification by MASER
Techniques.—W. V. Smith. (IBM J. Res.
Developm., July 1957, Vol. 1, No. 3, pp.
232-238.) Elementary analysis of maser
operation, including its application to wide-
band, short-transit-time amplification.

621.376: 621.316.7.078 85
Demodulator-Limiter for Control
System Signals.—N. L. Johanson. (Elec-
tronics, 1st Sept. 1957, Vol. 30, No. 9, p. 155.)
Description of transistor circuit for auto-
matic control systems which acts as limiter
during modulation or demodulation.

621.376.239 86

Magnetically Keyed, Phase-Sensitive
Demodulators..—R. B. Mark, W. X.
Johnson & P. R. Johannessen. (Commun. &
Electronics, March 1957, No. 29, pp. 1-6.)
The operation and performance of a pulse-
shaping circuit using magnetic reactors is
described. The properties of three types of
phase-sensitive demodulator are compared.
Diode demodulators have linear character-
istics, magnetic amplifier demodulators have
high input impedance, and transistor
demodulators combine good linearity with
low noise level.

621.376.4: 621.314.7 87

Transistorized Phase Discriminators.
—A. N. De Sautels. (Commun. & Electronics,
March 1957, No. 29, pp. 19-26.) Half-wave
and full-wave phase discriminators are
described with two- or three-terminal d.c.
outputs. An analysis of the operating
characteristics of transistors in discriminator
circuits is given; temperature stability and
power limitations are discussed.

GENERAL PHYSICS
o

535.33-1 88

Interferometry for the Far Infrared.
—J. Strong. (J. opt. Soc. Amer., May 1957,
Vol. 47, No. 5, pp. 354-357.)

535.61-1 89

Infrared Radiation and its Detection.
—(Electronic Radio Engr, Nov. 1957, Vol. 34,
No. 11, pp. 412—415.) A comparison of the
sensitivity and time constant of available
detectors of infrared radiation. Thermal
detectors of thermocouple, bolometer and
pneumatic type and photoelectric detectors
are discussed.

537.311.1: 536.21: 537.311.33 90
The Lorenz Number.—P. ]. Price.
(IBM J. Res. Developm., April 1957, Vol. 1,
No. 2, pp. 147-157.) The theory of the
Lorenz number of a conducting crystal is
developed for the ‘band’ and ‘one-electron’
models of the electron assembly. With
certain approximations, the Lorenz number
is found to be equal to the mean square
fluctuation of the thermoelectric power.

537.311.14-536.212.2] : 539.13 91

Some Scattering Problems in Con-
duction Theory.—P. G. Klemens. (Canad.
J. Phys., April 1957, Vol. 35, No. 4, pp.
441-450.) An expression derived for the
scattering of electrons by inhomogeneous
slowly-varying strain fields is applied to

scattering by dislocations and stacking
faults.
5317.5 92

Free-Path Formulae for the Co-
efficient of Diffusion and Velocity of
Drift of Electrons in Gases.—L. G. H.
Huxley. (Aust. J. Phys., March 1957,
Vol. 10, No. 1, pp. 118-129. Correction,
ibid., June 1957, Vol. 10, No. 2, p. 329.)

537.5: 538.6 93

Type of Plasma Oscillations in a
Magnetic Field.—S. I. Braginski. (Dokl.
Ak. Nauk S.S.S.R., 21st July 1957, Vol. 115,
No. 3, pp. 475-478.) Mathematical analysis
based on a model of ideal electron and ion
gases.

537.5: 538.63 94

Free-Path Formulae for the Elec-
tronic Conductivity of a Weakly
Jonized Gas in the Presence of a
Uniform and Constant Magnetic Field
and a Sinusoidal Electric Field.—

Electronic & Radio Engincer, January 1958

L. G. H. Huxley. (Aust. J. Phys., June 1957,
Vol. 10, No. 2, pp. 240-245.) ‘A general
free path formula is given for the drift
velocity of electrons in a weakly ionized
gas in a sinusoidal electric field. Most
special cases of interest, including the
magnetic deflection of an electron stream
in a gas, are readily derivable from the
general formula. The results find applica-
tion in microwave and ionospheric studies
of the motion of electrons in gases as well as
in experiments on the magnetic deflection
of an electron stream.” See also 92 above.

537.525.8 95

Oscillations in Direct-Current Glow
Discharges.—A. M. Pilon. (Phys. Rev.,
Ist July 1957, Vol. 107, No. 1, pp. 25-27.)
Experimental results are given concerning
the stable oscillations with the same period
which occur in the current and in the light
emitted by the positive column.

538.244.2 96

Magnetization in the Presence of
Magnetic Viscosity.—M. I. Rozovski.
(Zh. tekh. Fiz., Feb. 1957, Vol. 27, No. 2,
pp. 355-359.) A mathematical expression
is derived for solving problems of magne-
tization of magnetically viscous samples, in
particular those of cylindrical shape. See
also 3697 of 1956 (Tikhonov & Samarski).

538.566: 535.42 97
Diffraction of Electromagnetic Waves
by Ribbon and Slit : Part 1.—Y. Nomura
& S. Katsura. (J. phys. Soc. Japan, Feb.
1957, Vol. 12, No. 2, pp. 190-200.) Rigorous
solutions are presented for a wave incident
on a plane normal to the edge of the ribbon
or slit, but with arbitrary angles of incidence
and polarization.  For diffraction by
circular plate and hole, see 3235 of 1955.

538.566 : 535.422] -+ 534.26 98

Diffraction of a Spherical-Wave Pulse
by a Half-Plane Screen.—]. R. Wait.
(Canad. J. Phys., May 1957, Vol. 35, No. 5,
pp. 693-696.) Fourier-integral treatment
for a point source.

538.569.4 99

Distortions of Magnetic Resonances
by Additional and Excessive Oscillatory
Fields.—H. R. Lewis, A. Pery, W. Quinn
& N. F. Ramsey. (Phys. Rev., 15th July
1957, Vol. 107, No. 2, pp. 446449.) A
theoretical explanation is given of the
shift of the resonance frequency which
occurs as a result of the presence of an

extraneous r.f. electric field. See also
1386 of 1956 (Ramsey).
538.569.4 : 539.15.098 100

The Dependence of the Amplitude of
the First Harmonic of Nuclear-
Magnetic-Resonance Absorption on the
Amount of Detuning.—I. S. Shpigel’,
M. D. Raizer & E. A. Myae. (Zh. tekh.
Fiz., Feb. 1957, Vol. 27, No. 2, pp. 351-354.)

538.569.4 : 546.171.1 101

Equivalence between the Line Width
and the Rate of Energy Relaxation in
the Inversion Spectrum of Ammonia.
—K. Tomita. (Progr. theor. Phys., March
1957, Vol. 17, No. 3, pp. 513-515.)
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538.6 102

On the Equilibrium Configurations
of Oblate Fluid Spheroids under the
Influence of a Magnetic Field.—S. P.
Talwar. (Proc. nat. Inst. Sci., India, Part A,
26th Sept. 1956, Vol. 22, No. 5, pp. 316—
323.)

538.6 103

Toroidal Oscillations of a Spherical
Mass of Viscous Conducting Fluid in a
Uniform Magnetic Field.—K. Stewart-
son. (Z. angew. Math. Phys., 25th July 1957,
Vol. 8, No. 4, pp. 290-297.) See also 3352
of 1956.

539.1 = 541.124 104

Theoretical Treatment of the Kine-
tics of Diffusion-Limited Reactions.—
T. R. Waite. (Phys. Rev., 15th July 1957,
Vol. 107, No. 2, pp. 463-470.) The

diffusion-limited reaction A + B—AB has
been solved for a random initial distribution
of 4 and B particles.

523.16: 551.510.535 105

Radio-Star Ridges.—M. Dagg. (J.
atmos. terr. Phys., 1957, Vol. 11, No. 2,
pp. 118-127) The distinctive amplitude
variations known as ‘ ridges’ can probably
be explained in terms of divergent-lens
effects in the E region. See also 2058 of
1956 (Wild & Roberts).

523.16 : 551.510.535 106

A Consideration of Radio-Star Scin-
tillations as Caused by Interstellar
Particles Entering the Ionosphere:
Part 1—Daily and Seasonal Variations
of the Scintillation of a Radio Star.
Part 2—The Accretion of Interstellar
Particles as a Cause of Radio-Star
Scintillations.—G. A. Harrower. (Canad.
J. Phys., May 1957, Vol. 35, No. 5, pp. 512
535.) An analysis is made of measurements
of scintillations of the r.f. source in Cassio-
peia recorded at Ottawa during 1954 at a
frequency of 50 Mc/s. The data show
certain daily maxima occurring at solar
times dependent on the date of the year
and grouped unsymmetrically in a way
which suggests that they are due to the
infall of interstellar particles from outside
the solar system. The velocities of certain
of these particles are derived by simple
applications of vector addition employing
the known velocity of the earth. See 2116
of 1957.

523.16: 621.396.677.8 107
The Mullard Radio Astronomy
Observatory, Cambridge.—M. Ryle.

(Nature, Lond., 20th July 1957, Vol. 180,
No. 4577, pp. 110-112.) The observatory
was formally opened in July 1957. Two
instruments then under construction were a
radio-star interferometer for 1:7 m A, and
a pencil-beam system for investigating

Ab

continuous galactic radiation at 7-9mA.
The aperture synthesis technique applied

in the two systems is described. See also
3749 of 1957.
523.16 : 621.396.677.833 108

World’s Largest Radio Telescope.—
(Overseas Engr, Aug. 1957, Vol. 31, No. 356,
pp- 15-18.) An illustrated description of
the design and construction of the 250-ft
fully steerable paraboloid of the Jodrell
Bank instrument, with details of the driving
system and drive control equipment.

523.5 109

The Distribution of the Orbits of
Sporadic Meteors.—A. A. Weiss. (Aust.
J. Phys., March 1957, Vol. 10, No. I,
pp. 77-102.) Radio observations at Ade-
laide during 19521956 are analysed. A
distribution of orbits is derived which is
consistent with radar and visual observa-
tions in the northern hemisphere.

523.5:621.396.11.029.62 110

Variations in the Intrinsic Strength
of the 1956 Quadrantid Meteor Shower.
~C. O. Hines & E. L. Vogan. (Canad.
J. Phys., June 1957, Vol. 35, No. 6, pp. 703—
711.) Analysis of the occurrence rate of
meteoric signals detected on a v.h.f. forward-
scalter east-west path in Canada. See also
3392 of 1955 (Forsyth and Vogan).

523.5: 621.396.11.029.62 :551.510.535 111

A Theory of Long-Duration Meteor-
Echoes based on Atmospheric Turbu-
lence with Experimental Confirmation.
—L. A. Manning & V. R. Eshleman.
(J. geophys. Res., Sept. 1957, Vol. 62, No. 3,
pp- 367-371.) Comments on 1417 of 1957
(Booker & Cohen). The experimental
evidence is examined with the conclusion
that the theory does not accurately represent
the properties of meteoric echoes.

523.5: 621.396.96 112
Meteor Activity in the Southern
Hemisphere.—A. A. Weiss. (dust. J.

Phys., June 1957, Vol. 10, No. 2, pp. 299~
309.) Activity and radiants of meteor
showers are discussed and compared with
similar data for the northern hemisphere.
See also 109 above and 2938 of 1355.

523.74: 551.510.535 113

Ionospheric Indices of Solar Activity.
—W. J. G. Beynon & G. M. Brown. (J.
atmos. terr. Phys., 1957, Vol. 11, No. 2,
pp. 128-131.) It is suggested that a simple
index based on E-layer measurements at a
single station is adequate, and that the
additional effort required to provide the
index Ig,, based on Fy,-layer measurements

at three stations, is not justified. See also
1397 of 1956 (Minnis).
523.75 114

Observation of a New Type of Flavre.
—R. J. Bray, R. E. Loughhead, V. R.
Burgess & M. K. McCabe. (Aust. J. Phys.,
June 1957, Vol. 10, No. 2, pp. 319-323.)
A mass of very bright material was ejected
from a {lare about 28° from the sun’s limb.
Except for the velocity, the mass possessed
all the properties of a small flare.

550.372 115
The Effective Electrical Constants of
Soil at Low Frequencies.—J. R. Wait.
(Proc. Inst. Radio Engrs, Oct. 1957, Vol. 45,
No. 10, pp. 1411-1412.) A possible explana-
tion is presented for the large apparent
dielectric constants (a210%) which occur at
frequencies of the order of 15 kc/s.

550.389.2 116

I.G.Y. Rocket Program.—N. W. Spen-
cer. (Sei. Mon., Sept. 1957, Vol. 85, No. 3,
pp. 130-142.) An outline of the work of
the 1.G.Y. subcommittee of the U.S.
Technical Panel for Rocketry. A table is
given -listing organizations participating,
and their objectives.

551.510.52 : 551.510.535 117
A Possible Troposphere-Ionosphere
Relationship.—S. J. Bauer. (J. geophys.
Res., Sept. 1957, Vol. 62, No. 3, pp. 425-
430.) A relation is suggested between
F,-layer characteristics and the passage of
meteorological fronts through the tropo-
sphere. A hypothesis for dynamical coup-
ling between the two regions is outlined.

551.510.53 118

Electric Field Measurements in the
Stratosphere.—C. G. Stergis, G. C. Rein
& T. Kangas. (J. atmos. terr. Phys., 1957,
Vol. 11, No. 2, pp. 77-82.) Above the
exchange layer the field decreases mono-
tonically up to the limit (90000 ft) of
measurements made in 1955 and 1956.
The measured and calculated values are
in good agreement.

551.510.53 : 551.594.21 119

Electric Field Measurements above
Thunderstorms.—C. G. Stergis, G. C.
Rein & T. Kangas. (J. atmos. terr. Phys.,
1957, Vol. 11, No. 2, pp. 83-90.) In
measurements at heights of 70000 to
90 000 ft above central Florida a positive
upward-flowing current of about 1-3 A was
found.

551.510.535 120

Models of the Lower Ionosphere as
may be Inferred from Absorption
Results.—P. Bandyopadhyay. (Indian J.
Phys., June 1957, Vol. 31, No. 6, pp. 297-
308.) Values of deviative and nondeviative
absorption and their variations with cos x
are calculated for the D-region models of
Nertney (2306 of 1953), Piggott (un-
published) and Mitra (see 2087 of 1954)
and for the E-region model of Jones (1661
of 1955). Satisfactory agreement with
experimental resulis is found for Mitra’s
model of the D region but not for Jones’s
model of the E region.

551.510.535 121

A Study of ‘Spread-F’ Ionospheric
Echoes at Night at Brisbane: Part 3—
Frequency Spreading.—D. G. Singleton.
(Aust. J. Phys., March 1957, Vol. 10,
No. 1, pp. 60-76.) Diurnal and seasonal
variations in spreading of the penetration
frequency are compared with similar
world-wide data. The observations are
interpreted in terms of scattering from
clouds of enhanced ionization near the F,-
layer maximum and a seasonal vertical
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movement of these clouds is suggested the
extent of which increases with latitude.
Parts 1 & 2: 119 of 1957 (McNicol et al.).

5OESI0E5'35 122

Severe Ionospheric Storm.—(Wireless
World, Nov. 1957, Vol. 63, No. 11, p. 553.)
Notes on the disturbances of 29th August—
6th September 1957.

551.510.535: 523.75 :621.396.11.029.62 123

Disturbances in the Lower Ionosphere
Observed at V.H.F. following the
Solar Flare of 23 February 1956 with
Particular Reference to Auroral-Zone
Absorption.—D. K. Bailey. (J. gegphys.
Res.,-Sept. 1957, Vol. 62, No. 3, pp. 431-
463.) The effects of the flare on ionospheric-
scatter links in the band 30-40 Mc/s at high
latitudes are reported. An abrupt increase
in oblique-incidence signal intensity, occur-
ring almost simultaneously with the arrival
of cosmic rays, was followed during the
next three days by abnormally high levels
at night and low levels during the day.
Background cosmic noise measurements
showed increased absorption at night and
greatly increased absorption during day-
light. The penetration into the D-region
of moderately heavy solar atomic ions is
suggested as an explanation of the absorption
phenomena.

551.510.535: 523.78 124

Solar Eclipse of 30th June 1954 and
its Effect upon the Ionosphere.—S. N.
Mitra. (Indian J. Phys., June 1957, Vol. 31,
No. 6, pp. 309-323.) The investigations at
Delhi reported include vertical-incidence
ionospheric measurements, the recording of
variations of s.w. and m.f. signals, and the
recording of solar noise on 204 Mc/fs. Evi-
dence of three distinct ‘corpuscular eclipses’
was obtained both on the ionization density
of the F-layer and on the absorption in the
nondeviating region. These were found to
occur 2, 4, and 64 h before the optical
eclipse. Theoretical arguments and past
observations indicate that these corpuscular
emissions may have originated from the
so-called M-region of the sun.

551.510.535: 523.78: 621.396.11 125

Ionospheric Research.—A. P. Dale.
(R.S8.G.B. Bull., May 1957, Vol. 32, No. 11,
pp. 499-501.) Note on signal-strength
changes during the annular solar eclipse on
25th December 1954 and the control days
for transmitters both in South Africa and in
other countries.

551.510.535 : 550.385 126
Disturbances in the F, and E Regions
of the Ionosphere Associated with
Geomagnetic Storms.—T. Sato. (J.
Geomag. Geoelect., March 1957, Vol. 9, No. 1,
pp. 57-60.) The E and F, layer variations
which occur during geomagnetic disturb-
ances are examined for different phases of
the solar cycle and for a number of latitudes.
The data are discussed in relation to the
electron drifts associated with geomagnetic
disturbances. See also 127 below.

551.510.535: 550.385 127

Disturbances in the Ionospheric F,
Region associated with Geomagnetic
Storms: Part 2—Middle Latitudes.—
T. Sato. (J. Geomag. Geoelect., March 1957,

Vol. 9, No. 1, pp. 1-22.) Disturbances at
middle latitudes are divided into negative
and positive types, characteristic of high
and low latitudes respectively. These
results are discussed in terms of vertical
drift of electrons and the disturbance daily
variations in the geomagnetic field. The
bearing of the Sz dynamo current on
seasonal and latitude variations of disturb-
ances is discussed. Part 1: 3139 of 1957.

551.510.535: 621.396.812.3 128
Ionospheric Irregularities Causing

Random Fading of Very Low Fre-

quencies.—Bowhill. (See 251.)

551.510.535:621.396.9:523.3 129

Ionospheric Studies by the Lunar
Technique.—B. C. Blevis. (Nature, Lond.,
20th July 1957, Vol. 180, No. 4577, pp. 138-
139.) Equipment operating near Ottawa
comprises a 10-kW 488-Mc/s transmitter,
keyed ‘on’ for 2 sec and ‘off’ for 4 sec,
feeding a 28-ft paraboloid via a horn, and
orthogonal dipoles with a similar reflector
feeding a dual-conversion receiver (i.f. 32
and 4 Mcfs). Synchronous detection is
used to give an a.f. output signal equal in
frequency to the Doppler shift of the signal
reflected from the moon. Preliminary
results indicate the presence of fading due
to libration, long- and short-period Faraday
rotation and long-term fading without
Faraday rotation.

551.594.21/.25 130

The Electrification of Precipitation
and Thunderstorms.—R. Gunn. (Proc.
Inst. Radio Engrs, Oct. 1957, Vol. 45, No. 10,
pp. 1331-1358.) A review article. Cosmic
rays, radioactivity and other agencies
produce ion pairs which are transferred to
cloud droplets or ice crystals and establish
a droplet charge distribution greatly
influenced by differences in conductivity
for positive and negative ions. Rain formed
from these droplets may be electrified,
usually both positive and negative drops
being present. Processes are considered
which charge this rain and may eventually
lead to a lightning stroke. The conditions
necessary to establish gross free charge
distributions by regeneration are specified
and shown to be met under frequently
occurring meteorological situations. 47
references.

551.594.5 131

Rotational Temperatures Measured
in Aurorae at Churchill, Manitoba.—
R. Montalbetti. (Canad. J. Phys., Aug.
1957, Vol. 35, No. 8, pp. 831-836.) The
measurements indicate there is no latitude
effect. A vertical temperature gradient of
6°K/km is deduced. See also 3871 of 1957
(Montalbetti & Jones).

551.594.6 : 523.745 132

A Study of the Audio-Frequency
Radio Phenomenon Known as ‘Dawn
Chorus’.—G. McK. Allcock. (dust. J.
Phys., June 1957, Vol. 10, No. 2, pp. 286—
298.) Experimental evidence supports the
hypothesis that ‘dawn chorus’ signals are
generated by the entry into the ionosphere
of clouds of positively charged particles of
solar origin. Propagation appears to take
place in the extraordinary magneto-ionic
mode along the earth’s magnetic lines of
force.
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LOCATION
AND AIDS TO NAVIGATION

621.396.932 133

Electronic Clock-Coder for Marine
Radio Beacons.—A. C. MacKellar &
A. ]J. B. Baty. (Brit. Commun. Electronics,
Aug. 1957, Vol. 4, No. 8, pp. 476-477.)
Crystal control is used to give more reliable
service.

621.396.932.2 134

The TALBE: a V.H.F. C.W. Radio
Aid for Air/Sea Rescue.—W. Kiryluk.
(J. Brit. Instn Radio Engrs, Sept. 1957,
Vol. 17, No. 9, pp. 489-500.) Describes
the development and construction of a
‘talk-and-listen beacon’, together with prior
work on an unmodulated dinghy transmitter.

621.396.932.2 135

An Introduction to Radio Aids to
Air/Sea Rescue.—G. W. Hosie. (J. Brit.
Instn Radio Engrs, Sept, 1957, Vol. 17, No. 9,
pp. 481-488.) Developments since 1940
are surveyed, and the m.f. c.w. and v.h.f.
radar beacons in general use during the war
are discussed, together with post-war
equipment. A crystal-controlled v.h.f.
beacon of low duty cycle is suggested, and
also a crash location beacon.

621.396.962.3 : 621.374.5 136
Pulse Compression.—Krénert. (See

72.)

621.396.965.8 137

Optimizing the Dynamic Parameters
of a Track-While-Scan System.—].
Sklansky. (RCA Rew., June 1957, Vol. 18,
No. 2, pp. 163-185.)

MATERIALS
AND SUBSIDIARY TECHNIQUES

535.215: 546.48.241.1 138

Preparation and Photeconductive
Properties of Cadmium Telluride
Films.—G. G. Kretschmar & L. E.
Schilberg. (J. appl. Phys., Aug. 1957,

Vol. 28, No. 8, pp. 865-867.) A thin film
gave a high dark resistance, falling by 10 to
200 times with 2 ft-candle illumination. A
film prepared in indium vapour gave a dark
resistance of 1-10 MQ falling to a few
hundred kQ.

535.37 139
Critical Comment on a Method for
Determining Electron Trap Depths.—
C. H. Haake. (J. opt. Soc. Amer., July 1957,
Vol. 47, No. 7, pp. 649-652.) “A critical
analysis of Garlick and Gibson’s method
[3421 of 1948] based on a mathematical
determination of the applicable temperature
range and on experimental evidence shows
that the trap depths obtained are lower than
those found by other methods. Especially
the frequency-of-escape constants calculated
subsequently contrast strongly to those
determined by separate measurements.”
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535.37 140

Energy Transport by Cascade and
Resonance Processes in Doubly Acti-
vated Phosphors.—E. W. Claffy & C. C.
Klick. (J. electrochem. Soc., July 1957, Vol.
104, No. 7, pp. 445-447.)

535.376 141

Review of Articles on Luminescence
for 1955-1956.—G. R. Fonda. (J. electro-
chem. Soc., Aug. 1957, Vol. 104, No. 8, pp.
524-530.) Review covering articles pub-
lished in English, German and French.
156 references.

535.376: 546.472.21 142

Electroluminescence of ZnS Single
Crystals.—G. F. Neumark. (Sylvania Tech-
nologist, April 1957, Vol. 10, No. 2, pp.
29-34.) Electroluminescence in ZnS
depends on the number and type of traps in
the crystal. Impact ionization appears to be
the predominant mechanism for the excita-
tion. 31 references.

~537.226/.228.1 : 546.431.824-31 143
: 534.232
An Investigation of some Barium
Titanate Compositions for Transducer
Applications.—D. Schofield & R. F.
Brown. (Canad. J. Phys., May 1957, Vol. 35,
No. 5, pp. 594-607.) The addition of Co
to 5% Ca, 95% Ba titanate compositions
produces a large reduction in the dielectric
loss in high electric fields without significant
effect on the piezoelectric characteristics.
Preliminary results were given earlier (3160
of 1957).

537.226/.227 : 534.1.087 144

The Use of Ferroelectric Ceramics
for Vibration Anmalysis.—R. C. Kell,
G. A. Luck & L. A. Thomas. (J. sci.
Instrum., July 1957, Vol. 34, No. 7, pp.
271-274.)

537.227 : 546.431.824-31 145
Preparation of BaTiO; Single Crystals

in Coal Gas Atmosphere.—K. Kawabe *

& S. Sawada. (J. phys. Soc. Japan, Feb.
1957, Vol. 12, No. 2, p. 218.)

537.227 : 546.431.824-31 146

Heating Effects in Single Crystal
Barium Titanate.—D. S. Campbell. (J.
Electronics Control, Sept. 1957, Vol. 3, No. 3,
pp- 330-338.) The coercive field increases
with frequency up to a certain limiting
frequency above which it falls due to heating
effects. This gives a criterion for the
maximum frequency at which crystals can
be expected to operate in a matrix storage
system.

537.227 : 546.431.824-31 147

Quasi-static Hysteresis in Barium-
Titanate Single Crystals.—K. Zen’iti, K.
Husimi & K. Kataoka. (J. phys. Soc. Japan,
April 1957, Vol. 12, No. 4, p. 432.)

537.227 : 546.431.824-31 148

On the 180°-Type Domain Wall of
BaTiO; Crystal.—W. Kinase & H.
Takahasi. (J. phys. Soc. Japan, May 1957,
Vol. 12, No. 5, pp. 464-476.) At room
temperature the domain width is about
104 cm and its energy is 1-4 erg/cm?® The
structure of the domains and their reversing
process are also discussed.

A8

537.228.5: 546.36 149
Stark Effect on Caesium-133 Hyper-
fine Structure.—R. D. Haun, Jr, & J. R.
Zacharias. (Phys. Rev., 1st July 1957, Vol.
107, No. 1, pp. 107-109.) The change of
the hyperfine-structure separation energy
caused by an electric field has been measured
in 133Cs by the atomic-beam magnetic-
resonance method and is compared with
other experimental and theoretical data.

537.311.33 150
. Generation of an E.M.F. in Semi-
conductors with Nonequilibrium
Current Carrier Concentrations.—]J.
Tauc. (Rev. mod. Phys., July 1957, Vol. 29,
No. 3, pp. 308-324.) A general formulation
of the problem is presented. Sclutions are
obtained for two special cases for which the
impurity-concentration change occurs over
a distance either long or short compared with
the diffusion length of current carriers; these
are bulk and barrier-layer photovoltaic
effects respectively. Practical. implications
are discussed. 102 references.

537.311.33 151

Statistics of the Charge Distribution
for a Localized Flaw in a Semicon-
ductor.—W. Shockley & J. T. Last. (Phys.
Rey., 15th July 1957, Vol. 107, No. 2, pp.
392-396.) The charge situation is described
by a set of energy levels which are indepen-
dent of the Fermi level but are temperature-
dependent. The charge of the flaw increases
by one electron unit of negative charge as
the Fermi level is raised successively above
each level of the set and, conversely, as it is
lowered.

537231 )RS3 152

Scattering of Current Carriers in
Semiconductors with Ionic Type of
Bond.—T. A. Kontorova. (Zh. tekh. Fiz.,
Feb. 1957, Vol. 27, No. 2, pp. 269-274.)
The scattering of carriers in the optical and
acoustic modes is investigated and their free
path is calculated. Approximate formulae
for the carrier mobility are derived. The
dependence of mobility on temperature is
examined.

537.311.33 153

High-Frequency Relaxation Processes
in the Field-Effect Experiment.—C. G. B.
Garrett. (Phys. Rev., 15th July 1957, Vol.
107, No. 2, pp. 478-487.) A theoretical
treatment is given of two dispersion pheno-
mena in the semiconductor field-effect
experiment [see e.g. 3532 of 1951 (Mont-
gomery)]: (a) dispersion arising from the
finite time required to generate minority
carriers, and (b) relaxation of the fast
surface states.

537.311.33: 538.632 154

On the Electrical Properties of
Degenerate Semiconductors.—E. Haga.
(J. phys. Soc. Japan, Feb. 1957, Vol. 12,
No. 2, p. 217.) Theoretical derivation of
quantitative data on resistivity and the Hall
coefficient.

537.311.33: 538.632 ' 155

Resistivity and Hall Coefficient of
Semiconductors.—K. Shogenji & S.
Uchiyama. (J. phys. Soc. Japan, April 1957,

Vol. 12, No. 4, p. 434.) Calculations,
assuming scattering of current carriers by
acoustic and optical modes of lattice
vibration, but neglecting scattering by
impurity centres.

537.311.33: 546.23: 621.314.6 156

The Surface Potential of Selenium
and its Relation to the Rectification and
the Photovoltaic Effects.—U. Yoshida &
A. Suzuki. (J. phys. Soc. Japan, May 1957,
Vol. 12, No. 5, pp. 459-463.) The changes
with time of the surface potential and the
rectification ratio after heat treatment are
reduced by coating with a thin film of
synthetic resin.

537.311.33 : 546.24 157

Electrical Properties of Tellurium
at the Melting Point and in the Liquid
State.—A. S. Epstein, H. Fritzsche & K.
Lark-Horovitz. (Phys. Rev., 15th July 1957,
Vol. 107, No. 2, pp. 412—419.) The experi-
mental results show that semiconductor
properties persist in the liquid state, but as
the temperature is raised a gradual transition
to metallic behaviour occurs.

537.311.33 : 546.27 158

Electrical Properties of Boron Single
Crystals.—W. C. Shaw, D. E. Hudson &
G. C. Danielson. (Phys. Rev., 15th July 1957,
Vol. 107, No. 2, pp. 419427.) The electrical
resistivity, Hall coefficient and thermo-
electric power of microscopic crystals have
been measured as functions of temperature.
A value of 1-55 4 0-05 eV is deduced for
the energy gap.

537.311.33 : [546.28 + 546.289 159
Expansions in Reactor Irradiated
Germanium and Silicon.—M. C. Wittels.
(J. appl. Phys., Aug. 1957, Vol. 28, No. 8,
p- 921.) The lattice expansions observed
were greater in Ge than Si, as expected from
theory. The retained damage in Ge was
dependent on the irradiation temperature.

537.311.33: 546.28 160
Donor Electron Spin Relaxation in
Silicon.—E. Abrahams. (Phys. Rev., 15th
July 1957, Vol. 107, No. 2, pp. 491-496.)
The effects of spin-orbit coupling on the
relaxation time for donor electron spins are
considered. :

537.311.33: 546.28 161

Damage to Silicon Produced by
Bombardment with Helium Ions.—
U. F. Gianola. (J. appl. Phys., Aug. 1957,
Vol. 28, No. 8, pp. 868-873.) Helium ions
at 3 X 108eV were used. The surface
layer was found to be converted to a quasi-
stable amorphous form, which becomes
partially crystalline on annealing. The
amorphous material is soluble in aqueous
hydrofluoric acid and has about 1/10th the
thickness of the affected Si.

537.311.33: 546.28 162
. Oxygen Content of Silicon Single
Crystals.—W. Kaiser & P. H. Keck. (J.
appl. Phys., Aug. 1957, Vol. 28, No. 8, pp.
882-887.) The oxygen content of pulled Si
crystals is correlated with the infrared
absorption at 9 u. Methods of altering the
oxygen concentration are discussed.
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537.311.33 : 546.289 163

Study of the Minority-Carrier
Mobility in Germanium.—M. Shtenbek
& P. 1. Baranski. (Zh. tekh. Fiz., Feb. 1957,
Vol. 27, No. 2, pp. 221-232.) Report of
investigation on n-type single-crystal Ge.
The transit time, the mobility and the
coefficients of longitudinal and transverse
diffusion of minority carriers are calculated.

537.311.83: 546.289 164

Experimental Investigation of the
Correlation between Peltier Effect and
Thermo-e.m.f. in Germanium.—M.
Shtenbek & P. 1. Baranski. (Zh. tekh. Fiz.,
Feb. 1957, Vol. 27, No. 2, pp. 233-237.)
This correlation is investigated in the
impurity and intrinsic conduction bands for
samples of n- and p-type Ge of differing
specific resistance.

537.311.33 : 546.289 165

Nature of Recombination Centres in
Germanium Originated by Low-Tem-
perature Heat Treatment.—T. V.
Mashovets & S. M. Ryvkin. (Zh. tekh. Fiz.,
Feb. 1957, Vol. 27, No. 2, pp. 238-241.)
See also 2794 of 1956.

537.311.33 : 546.289 166

Probability of Capture by Carrier
Recombination at Frenkel-Type Defects
in n-Type Germanium.—L. S. Smirnov
& V. 8. Vasilov. (Zh. tekh. Fiz., Feb. 1957,
Vol. 27, No. 2, pp. 427-429.) Bombard-
ment of Ge crystals with electrons of energy
over 500 keV produces, at room tempera-
ture, stable dislocations of crystal structure,
called Frenkel defects, corresponding to
several levels in the forbidden zone, which
act as effective recombination centres of
holes and electrons.

537.311.33: 546.289 167

Electrical Properties of Nickel-Doped
Germanium at Low Temperatures.—
Y. Kanai & R. Nii. (J. phys. Soc. Japan,
Feb. 1957, Vol. 12, No. 2, pp. 125-133.)
Anomalous behaviour was found at tempera-
tures in the range 120-170°K, the resistivity
increasing as the temperature was reduced.
The electrical properties could be explained
by use of the model proposed by Hung
(Phys. Rev., 15th Aug. 1950, Vol. 79, No. 4,
pp. 727-728.)

537.311.33: 546.289 168
Peripheral Inhomogeneities of the
Alloyed Germanium p-n Junction.—

M. Kikuchi. (J. phys. Soc. Japan, Feb.
1957, Vol. 12, No. 2, pp. 133-139.) The
local photocurrent exhibits peaks, the

positions of which depend on the bias
voltage. A model for the junction is
proposed.

537.311.33: 546.289 169

Observation of the Drift of German-
ium Surface by Field-Effect Experiment.
—M. Kikuchi. (J. phys. Soc. Japan, April
1957, Vol. 12, No. 4, p. 436.) The surface
conductance and photoconductance were
measured at various time intervals after
the etching of n-type Ge.

537.311.33: 546.289 170
Alloying Properties of Germanium

Free of Edge Dislocations.—C. W.
Mueller. (RCA Rev., June 1957, Vol. 18,
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No. 2, pp. 205-212.) The main factors
involved in alloying In on dislocation-free
Ge are considered. The controlled alloying
method described gives extremely flat and
uniform junctions.

537.311.33: 546.289 171

The Dissolution of Germanium by
Molten Indium.—B. Goldstein. (RCA
Rev., June 1957, Vol. 18, No. 2, pp. 213-
220.) Experimental results of an investi-
gation of dissolution as a function of crystal
axis orientation, temperature and amount
of Ge already contained in the molten In
solvent.

537.311.33 : 546.289 172

Preferential Diffusion of Sb along
Small-Angle Boundaries in Ge and the
Dependence of this Effect on the
Direction of the Dislocation Lines in
the Boundary.—F. Karstensen. (J. Elec-
tronics Control, Sept. 1957, Vol. 3, No. 3,
pp- 305-307.) Experiment shows that
preferential diffusion occurs if the grain
boundary contains dislocation lines parallel
to the direction of diffusion, but does not
occur if these are perpendicular to it.

537.311.33: 546.289 173

Diffusion of Antimony out of Ger-
manium and Some Properties of the
Antimony-Germanium System.—R. C.
Miller & F. M. Smits. (Phys. Rev., Ist July
1957, Vol. 107, No. 1, pp. 65-70.) Experi-
mental Sb distributions are shown to be
consistent with a rate limitation or potential
barrier at the Ge/ambient interface. Intro-
duced external rate limitations provide
data for calculating partition and sticking
coefficients for the system and estimating

the binding energy of.Sb in Ge. See also
1478 of 1957.
537.311.33: 546.289 174

Distribution and Cross-Sections of
Fast States on Germanium Surfaces in
Different Gaseous Ambients.—A. Many
& D. Gerlich. (Phys. Rev., 15th July 1957,
Vol. 107, No. 2, pp. 404-411.) Simul-
taneous measurements of surface recom-
bination velocity and trapped charge
density in the fast states as a function of
surface potential, show that the energy
distribution of the fast states consists of four
discrete sets of levels. Only one of these
sets is significant in the recombination
process.

537.311.33: 546.289 175

The Depth of Surface Damage Pro-
duced by Lapping Germanium Mono-
crystals.—D. Baker & H. Yemm. (Brit.
J. appl. Phys., July 1957, Vol. 8, No. 7,
pp. 302-303.) The depth of damage is
estimated from the variation of the effective
diffusion distance of minority carriers as
the disturbed layer is removed by etching.

537.311.33: 546,289 : 534.13-8 176

Ultrasonic Attenuation by Free Car-
riers in Germanium.—G. Weinreich.
(Phys. Rev., lst July 1957, Vol. 107, No. I,
pp- 317-318.) The close relationship with
the acoustoelectric effect is noted and the
amount of attenuation is predicted from the
observed magnitude of this effect. See also
2499 of 1957 (Blatt).

1958

537.311.33: 546.289: 537.32 177

Magnetic Field Dependence of the
Seebeck Effect in Germanium.—M. C.
Steele. (Phys. Rev., Ist July 1957, Vol. 107,
No. 1, pp. 81-83.) The thermoelectric
power of n-type Ge single crystals increases
with magnetic field at temperatures from
78° to 278°K. The thermal conductivity is
constant for magnetic fields between zero
and 11 500 oersteds.

537.311.33 : 546.289 : 538.6 178

Investigation of Thermomagnetic
Effects in p-Type Germanium.—I. V.
Mochan, Yu. N. Obraztsov & T. V.
Krylova. (Zh. tekh. Fiz., Feb. 1957, Vol. 27,
No. 2, pp. 242-259.) The transverse and
longitudinal Nernst-Ettingshausen and Hall
effects are measured on samples of p-type
Ge of specific resistance 69Q.cm at room
temperature, in the impurity conduction
band. In the temperature range 80°-240°K
and a field of 5 000 G the tranverse Nernst—
Ettingshausen effect appears to be due to
hole transfer by phonons.

537.311.33 : 546.289 : 538.63 179

On the Measurements of the Gal-
vanomagnetic Effect in Semiconductors
at Microwave Frequencies.—T. Fukuroi
& M. Date. (Sci. Rep. Res. Inst. Tohoku
Uniy., Ser. 4., June 1957, Vol. 9, No. 3, pp.
190-195.) The resonant cavity method is
used to make measurements at 9 800 Mc/s
at temperatures down to 1-5°K. The results
obtained for the magnetoresistance of pure
Ge are compared with those of Fritzche
(153 of 1956).

537.311.33: 546.289: 538.632 180
Galvanomagnetic Theory for n-Type
Germanium and Silicon: Hall Theory
and General Behaviour of Magneto-
resistance.—L. Gold & L. M. Roth. (Phys.
Rep., 15th July 1957, Vol. 107, No. 2, pp.
358-364.) The magnetoresistance Ap/p and
Hall coefficient Ry for n-type Ge and Si
are calculated from the resistivity tensor.
The angular dependence of Ap/p is compared
with experimental data. The field depend-
ence of Ap/p and of Ry are considered for
various current and field orientations.

537.311.33 : 546.289: 539.1 181

Diffusion-Limited Annealing of
Radiation Damage in Germanium.
T. R. Waite. (Phys. Rev., 15th July 1957,
Vol. 107, No. 2, pp. 471-478.) The theory
given in 104 above has been applied to
experimental data [see e.g. 1469 of 1954
(Brown et al.)]; reasonable agreement

was found.

537.311.33: 546.682.19 : 535.215 182
Photoelectromagnetic Effect in

Indium Arsenide.—]. R. Dixon. (Phys.

Rep., 15th July 1957, Vol. 107, No. 2, pp.
374-378.) Experimental studies on »- and
p-type single crystals at room temperature
are described. The dependence of the
photoelectromagnetic short-circuit current
on magnetic induction is consistent with the
theory of Kurnick & Zitter (2429 of 1956).
Bulk lifetimes are found to be about 6 x 1078
for n-type, and 5 X 10710 for p-type material;
estimates of surface recombination velocity
for n-type material are 0-10® cm/s for an
etched surface, and 10° cm/fs for a ground
surface.

A9



° —H. Watanabe.

537.311.33: 621.5.049.7 183

Technique for Connecting Electrical
Leads to Semiconductors.—O. L. Ander-
son, H. Christensen & P. Andreatch. (J.
appl. Phys., Aug. 1957, Vol. 28, No. 8, p.
923.) Two techniques are described which
give adhesion between certain soft metals
and semiconductors at! temperatures well
below the eutectic point.

537.311.33: 621.314.63 184

Minority Carrier Lifetime in p-n
Junction Devices.—M. Byczkowski & J. R.
Madigan. (J. appl. Phys., Aug. 1957, Vol.
28, No. 8, pp. 878-881.) Minority-carrier
lifetime is conveniently determined by
studying the switching time in junction’
diodes. Some theoretical and experimental
results are given.

537.533 : 546.883 185

Electrostatic Emission from Tanta-
lum Single -Crystals.—N. A. Gorbatyi,
L. V. Reshetnikova, E. P. Sytaya & G. N.
Shuppe. (Zh. tekh. Fiz., Feb. 1957, Vol. 27,
No. 2, pp- 296-298.) Field-emission patterns
for Ta single crystals appear identical to
those obtained for W and Mo.

538.22 186

Effective Gyromagnetic Ratio for
Triangular Ferrimagnetic States.—A.
Eskowitz & R. K. Wangsness. (Phys. Rev.,
15th July 1957, Vol. 107, No. 2, pp. 379-
380.) '

538.22 187

Magnetic Properties of Perovskites
Containing Strontium: Part l—
Strontium-Rich Ferrites and Cobaltites.
(J. phys. Soc. Japan, May
1957, Vol. 12, No. 5, pp. 515-522.) Mag-
netic susceptibilities and electrical con-
ductivities for samples sintered in vacuo
differ from those sintered in oxygen. An
interpretation of experimental results is
given.

538.22 : 538.569.4 : 546.763-31 188

Antiferromagnetic Resonance in
Cr,0,.—E. S. Dayhoff. (Phys. Rev., st July
1957, Vol. 107, No. 1, pp. 84-91.) Theory
and experimental data are given for the
antiferromagnetic resonance spectrum of
single-crystal Cr,O3 for 12-2-8 mm A and

magnetic field intensities from zero to-

30 000 oersteds.

538.22: 538.613 189

Magnetography—the Microscopy of
Magnetism.—F. G. Foster. (Bell Lab. Rec.,
May 1957, Vol. 35, No. 5, pp. 175-178.)
The Kerr magneto-optical effect is applied
to the microscopy of magnetic domain
structure.

538.221 190

Transverse Impedance Transforma-
tion for Ferromagnetic Media.—F. R.
Morgenthaler. (Proc. Inst. Radio Engrs, Oct.
1957, Vol. 45, No. 10, p. 1407.) The
transformation relates to media magnetized
transversely, and is valid for TE,,, modes
with the magnetization in the E-field
direction.

538.221 191

Domain Wall Orientations in Silicon-
Iron Crystals.—C. D. Graham, Jr, &
P. W. Neurath. (J. appl. Phys., Aug. 1957,

Al0

Vol. 28, No. 8, pp. 888-891.) The stable
orientation of a 180° ferromagnetic domain
wall in a cubic crystal is calculated and the
results are compared with experimentally
determined orientations.

538.221: 538.122 192

Experimental Investigation of the
Magnetic Field Distribution due to
Artificial Surface Defects in Ferro-
magnetic Substances.—N: N. Zatsepin.
(Zh. tekh. Fiz., Feb. 1957, Vol. 27, No. 2,
pp- 368-373.)

538.221: 539.23 193

Magnetization Reversal in Thin Films
at Low Fields.—R. L. Conger & F. C.
Essig. (J. appl. Phys., Aug. 1957, Vol. 28,
No. 8, pp. 855-858.) Statistical theory is
presented for reversing fields less than the
anisotropy field under the assumption that
reversal takes place by domain wall motion;
experimental data supporting the theory are
given. Seealso 1513 of 1957.

538.221: [621.318.124 + 621.318.134 194

Dielectric Spectroscopy of Ferro-
magnetic Semiconductors.—P. A. Miles,
W. B. Westphal & A. von Hippel. (Rev.
mod. Phys., July 1957, Vol. 29, No. 3,
pp. 279-307.) Methods of measuring the
electric and magnetic spectra, within the
range from d.c. to optical frequencies, are
described and results discussed. In addition
to a general review some new experimental
data including the r.f. spectra of a single-
crystal Ni ferrite, are presented.

538.221:[621.318.124+621.318.134 195

On the Origin of the Magnetic
Anisotropy Energy of Ferrites.—K.
Yosida & M. Tachiki. (Progr. theor. Phys.,
March 1957, Vol. 17, No. 3, pp. 331-359.)
The anisotropy energy for Ni ferrites comes
mainly from Fe3* ions, for magnetite from
Fe?t and Fe3* ions and for Mn ferrites from
Fe*t and Mn2t.ions. " The large aniso-
tropy energy of Co ferrites arises from the
pseudo-quadrupole and anisotropic exchange
reactors among Co and Fe ions.

538.221: [621.318.124+621.318.13¢ 196

A Theory of the Uniaxial Anisotropy
Induced by Magnetic Annealing in
Ferrites.—S. Taniguchi. (Sci. Rep. Res.
Inst. Tohoku Univ., Ser. A, June 1957, Vol. 9,
No. 3, pp. 196-214.)

538.221: 621.318.134 197

Magnetic and Magnetostrictive Pro-
perties of Magnesium-Nickel Ferrites.
—P. O. Hoffmann. (J. 4mer. ceram. Soc.,
Ist July 1957, Vol. 40, No. 7, pp. 250-252.)
A study of mixed Ni-Mg ferrites of various
compositions shows them to be inferior to
Ni ferrite.

538.221 : 621.318.134 ’ 198
Magnetic Properties and Associated
Microstructure of Zinc - Bearing
Square-Loop Ferrites.—G. G. Palmer,
R. W. Johnston & R. E. Schultz. (J. dmer.
ceram. Soc., lst Aug. 1957, Vol. 40, No. 8,
pp. 256-262.) A series of Mn-Mg ferrites
in which Zn is substituted for Mg has been
prepared and tested in a successful attempt
to obtain a material having a lower coercive
force and higher magnetic saturation than
standard rectangular-loop ferrites used
extensively in digital computers.

538.221 : 621.318.134 : 538.6 199

Rotation of the Plane of Polarization
in a Longitudinal Magnetic Field
(Faraday Effect) in the Millimetre
Wavelength Range.—D. I. Mash. (Zh.
tekh. Fiz., Feb. 1957, Vol. 27, No. 2, pp. 360-
363.) Results of tests on ferrites are
summarized and discussed.

538.632 200

Temperature Dependence of the Hall
Coefficients in some Silver Palladium
Alloys.—F. E. Allison & E. M. Pugh.
(Phys. Rev., lst July 1957, Vol. 107, No. 1,
pp- 103-105.) '

666.1.037.5 201

Fundamentals of Glass-to-Metal Bon-
ding : Part 3—Temperature and Pres-
sure Dependence of Wettability of
Metals by Glass.—R. M. Fulrath, S. P.
Mitoff & J. A. Pask. (J. Amer. ceram. Soc.,
1st Aug. 1957, Vol. 40, No. 8, pp. 269-274.)
Part 2: 3576 of 1957 (Mitoff).

! MATHEMATICS

512.25 202

A Least-Squares Solution of Linear
Equations with Coefficients Subject to
a Special Type of Error.—]J. K. Macken-
zie. (Aust. J. Phys., March 1957, Vol. 10,
No. 1, pp. 103-109.)

‘
MEASUREMENTS AND TEST GEAR

529.786+531.711 203

The Units of Time and Length.—L.
Essen. (Nature, Lond., 20th July 1957,
Vol. 180, No. 4577, pp.-137-138.) Diffi-
culties in an ideal system using an atomic
frequency standard to define the ‘unit of
time are discussed. A practical solution
would be to define time in terms of the
caesium line, and length in terms of the
radiation of a suitable light source. A
system in which time interval is based on an
atomic unit and epoch on astronomical
measurements has been satisfactory during
two years of operation at the National
Physical Laboratory.

529.786 N 204

The Caesium Resonator asa Standard
of Frequency and Time.—L. Essen &
J. V. L. Parry. (Phil. Trans. A., 8th Aug.
1957, Vol. 250, No. 973, pp. 45-69.) The
construction, operation and testing of the
standard are described. The present
experimental model can be used to define
frequency with a standard deviation of
4+ 1 part in 10%°. The design of a resonator
with sharper resonance less than 100 c/s
wide appears possible and should improve
the definition. See also 2471 of 1956.
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529.786 : 538.569.4 205

Recent Developments in Measure-
ment of Time.—C. H. Townes. (Nuovo
Cim., 1957, Vol. 5, Supplement No. 1, pp.
222-229. In English.) The use of the mole-
cular oscillator described in 100 of 1955
(Gordon et al.) as a frequency standard is
discussed.

621.3.018.41(083.74) + 529.786]
: 538.569.4
Precise Frequency of the 3,3 Inversion
Line of Ammonia.—K. Shimoda. (J.
phys. Soc. Japan, May 1957, Vol. 12, No. 5,
p. 558.)

206

621.3.018.41(083.74) : 621.385.029.6 ~ 207

A New Microwave Frequency Stan-
dard by Quenching Oscillator Control.
—N. Sawazaki & T. Honma. (Trans. Inst.
Radio Engrs, April 1956, Vol. MTT-4, No. 2,
pp- 116-121. Abstract, Proc. Inst. Radio
Engrs, July 1957, Vol. 44, No. 7, pp. 956~
957.)

621.317.1.087: 519.24 208

The Automatic Classification and
Storage of Measurement Results.
H. J. Vogt & E. Zimmer. (Elektronik, July
1957, Vol. 6, No. 7, pp. 191-197.) Descrip-
tion of methods and electronic equipment
for use in the statistical analysis of manu-
facturing processes, with particular reference
to applications in the textile industry.

621.317.3: 537.311.33 209

Direct-Reading Minority-Carrier-
Lifetime Measuring Apparatus.—A. R.
Engler & C. J. Kevane. (Rev. sci. Instrum.,
July 1957, Vol. 28, No. 7, pp. 548-551.)
The decay of optically-injected excess
minority carriers is compared with voltage
decay in a RC circuit, and lifetimes
(> 10 us) are read directly from a calibrated
dial.

621.317.3: 538.63 210

Geometrical Effects in Transverse
Magnetoresistance Measurements.
J. R. Drabble & R. Wolfe. (J. Electronics
Control, Sept. 1957, Vol. 3, No. 3, pp. 259~
266.) ““The effect of finite length-to-width
ratio and of probe positions on measure-
ments of resistivity in a transverse magnetic
field is investigated for various Hall angles.
Wick’s method (3161 of 1954) is extended to
include the case of measurements made
between probes symmetrically placed at
various distances from the ends. Graphs are
included which give the fractional change of
resistance for various probe positions and
Hall angles for specimens of any length-to-
width ratio greater than two.”

621.317.3 : 538.632 211

Experimental Use of Hall-Effect
Linear Detector for Measurements.
V. N. Bogomolov & V. D. Vasil’ev. (Zh.
tekh. Fiz., Feb. 1957, Vol. 27, No. 2, pp.
260-261.) The circuit described incor-
porates an n-type Ge plate as the Hall
detector; an experimental application is
briefly described.

621.317.3: 621.314.63 212

Measurements of Crystal Impedances
at Low Levels.—H. N. Dawirs & E. K.
Damon. (Trans. Inst. Radio Engrs, April

1956, Vol. MTT-4, No. 2, pp. 94-96.
Abstract, Proc. Inst. Radio Engrs, July 1956,
Vol. 44, No. 7, p. 956.)

621.317.3: 621.314.7 213
Transistor Tests Predict High-
Frequency Performances.—R. L.
Pritchard. (Electronic Ind. Tele-Tech, March
1957, Vol. 16, No. 3, pp. 62-63 .. 144.)
Methods are described for measuring the
alpha cut-off frequency, the ohmic base
resistance and the collector-base capacitance,
from which parameters the high-frequency
performance may be determined.

621.317.3: 621.396.822
: 621.396.62.029.6
Absolute Measurement of Receiver
Noise Figures at U.H.F.—E. Maxwell &
B. J. Leon. (Trans. Inst. Radio Engrs, April
1956, Vol. MTT-4, No. 2, pp. 81-85.
Abstract, Proc. Inst. Radio Engrs, July 1956,
Vol. 44, No. 7, p. 956.)

214

621.317.331: 621.316.993 215

Measuring Earth Conductivity.—M.
Strohfeldt. (Electronic Radio Engr, Nov. 1957,
Vol. 34, No. 11, pp. 425-427.) Measure-
ments at an ‘ideal’ site by radio methods
gave a much lower value than those obtained
by electrode methods. Some correlation
exists between measurements by the two
methods when applied to the variation of
conductivity with distance.

621.317.335.3.029.64 216
A Rod Method of Measuring
Dielectric Constants. Application to
(NH,) ,HI;O; at 3-cn Wavelength.—H.
Granicher & W. Schurter. (Z. angew. Math.
Phys., 25th Sept. 1957, Vol. 8, No. 5, pp.
382-400.) A modified version of the method
described by Le Bot & Le Montagner (2067
of 1953) was adopted to measure the
complex permittivity of rod specimens. The
experimental results are discussed.

621.317.34.029.63/.64 217

Automatic Microwave Transmission
Measuring Equipment.—]. B. Linker, Jr,
& H. H. Grimm. (Rev. sci. Instrum., July
1957, Vol. 28, No. 7, pp. 559-563.) The
phase of a 200-kc/s heterodyne is compared
with that of a phase-coherent 200-kc/s refer-
ence source by a null-seeking servo phase-
discriminator, and loss is measured by a
commercial ratio meter. A travelling-wave
valve produces the phase-coherent 200-kc/s
frequency offset which is passed through a
waveguide containing the ferrite or other
material to be measured.

621.317.343.019.6 218

V.H.F. Line Measurements.—F. ]J.
Charman.  (Electronic Engng, Oct. 1957,
Vol. 29, No. 356, pp. 499-503.) A method
is described of using a single loop directional
coupler by which the impedance or admit-
tance of an unknown load may be obtained
graphically. The method is compared with
that of the impedometer [155 of 1950
(Parzen)]; the parameters measured by the
new device are not directly applicable to a
Smith chart.

621.317.351: 621.397 219

Equipment for the Oscillographic
Display of the Phase and Amplitude
Characteristics of Video and I.F. Net~
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works.—W. Kroebel & L. A. Wegner.
(Rundfunktech. Mitt., April 1957, Vol. I,
No. 2, pp. 37-44.) In the equipment
described parameters representing phase
shift and amplitude distortion are displayed
on two c.r. tubes as a function of modulation
frequency in the range 0-1-6-0 Mcfs,
together with an electronically produced
graticule.  Special methods of phase
measurement are described and some test
results are reproduced.

621.317.353.1 220

A New Method of Measuring Non-
linear Distortion.—Q. Henkler. (Nachr-
Tech., April 1957, Vol. 7, No. 4, pp. 145—
147.) The ‘combination-factor’ method
outlined is more suitable, particularly for
application to carrier-frequency systems,
than the conventional distortion-factor and
difference-tone methods. Two test signals of
equal amplitude are used, with a frequency
difference depending on the application.
The ‘combination factor’ obtained is the
ratio of the amplitude of a certain inter-
modulation product to that of one of the
test signals.

631.317.382 221

A Wide-Band Level-Measuring Set.
—R. C. Bolt. (4.T.E. J., April 1957,
Vol. 13, No. 2, pp. 151-156.) The instru-
ment is suitable for power measurements at
various input impedances, in the frequency
range 200 c/s-612 kefs at levels from —50
to 4 40 dB relative to 1 mW.

621.317.444 : 621.385 222

Rectilinearity of Electron-Beam
Focusing Fields from Transverse Com-
poneut Determinations.—P. P. Cioffi.
(Commun. & Electronics, March 1957, No. 29,
pp- 15-19.) An accurate method of measur-
ing the transverse component of the magnetic
focusing field using a small search coil is
described. The longitudinal field com-
ponent produced by errors in positioning
of the coil is eliminated. For a description
of the recording fluxmeter used, see 3174 of
1952.

621.317.733.025 223

Component Testing Bridge.—C. D.
Lindsay.  (Wireless World, Nov. 1957,
Vol. 63, No. 11, pp. 549-550.) Design of
an a.c. comparator working at 50 cfs.

621.317.755 224

Calibrated D.C. Oscilloscope.—B.
Pearce. (Wireless World, Nov. 1957, Vol. 63,
No. 11, pp. 539-542.) Design details are
given.

621.317.755: 621.397.5 225

Oscillographs for Television Work.
—O. H. Davie. (J. Telev. Soc., April/June
1957, Vol. 8, No. 6, pp. 225-233.) A
description of the design and application of
ancillary equipment required when using
a general-purpose oscilloscope for television
measurements.

621.317.79.029.64 226

A Focused Spectrometer for Micro-
wave Measurements.—E. G. A. Goodall
& J. A. C. Jackson. (Marconi Rev.,
2nd Quarter 1957, Vol. 20, No. 125,
pp. 51-59.) Two variants of spectrometer

All



are described for X-band frequencies.
Measurements of transmission and reflection
characteristics for incident angles of 15° to
70° on single sandwich-type radome samples
are presented.

621.317.79.029.64 : 538.569.4 227

A Frequency-Modulated Microwave
Spectrometer for Electron-Resonance
Measurements.—A. C. Rose-Innes. (J.
sei. Instrum., July 1957, Vol. 34, No. 7,
pp. 276-278.) The instrument is designed
for use in the 3-cm band. Frequency
modulation allows spectra to be recorded
with simple equipment; details are given of
a special technique for increasing the
sensitivity. The instrument is especially
suitable for measurements at low tempera-
tures and for recording wide lines.

621.317.794 228
Comparison of Subtraction-Type and
Multiplier-Type Radiometers.—
J. Galejs. (Proc. Insi. Radio Engrs, Oct.
1957, Vol. 45, No. 10, pp. 1420-1422.)

621.317.794.029.64 229

A Calibration Procedure for Micro-
wave Radiometers.—R. N. Whitehurst,
F. H. Mitchell & J. Copeland. (Proc. Inst.
Radio Engrs, Oct. 1957, Vol. 45, No. 10,
pp. 1410-1411.) A procedure allowing for
the aerial side lobes in estimating radiation
from a stellar source. Three measurements
are made : one with the fixed aerial pointing
to the west of the source, one towards it,
and one with the forward lobes absorberd.
See also 2739 of 1957.

621.317.799 : 621.385.832 230

An Electrostatic Cathode-Ray-Tube
Tester.—R. B. Hale. (Brit. Commun.
Electronics, Aug. 1957, Vol. 4, No. 8, p. 496.)

OTHER APPLICATIONS OF [
RADIO AND ELECTRONICS

621.373.52: 612 231

A Simple Physiological Stimulator,
using a Transistor Oscillating Circuit.
W. T. Catton, L. Molyneux & B. Schofield.
(Electronic  Engng, Oct. 1957, Vol. 29,
No. 356, pp. 496-498.)

621.373.52.029.3 : 53.087.25: 616 232

Monitoring of Low-Frequency
Phenomena.—C. F. Rothe & M. W.
Street. (Science, 12th July 1957, Vol. 126,
No. 3263, pp. 77-78.) A transistor regener-
ative oscillator has been adapted to convert
sub-audio frequencies into a.f. for monitoring
phenomena such as the electrical activity of
the heart in a way more convenient than
visual observation of instruments.

621.387 : 654.924.56 233

The Ionization Fire-Alarm. Elec-
tronics in the Service of Fire Protection.
—H. P. Halm. (Elektronik, July 1957, Vol. 6,
No. 7, pp. 205-207.) The apparatus
described uses an ionization chamber in
which the presence of combustion gases

Al2

causes a change in the normal ionization
produced by a radioactive source. Some
recent refinements are discussed.

621.387.4: 621.374.3 234

Some Electronic Instruments used in
Nuclear Spectroscopic Investigations.—
B. Astrém. (Ark. Fys., 1957, Vol. 12, Part 3,
pp- 215-236.) A description is given of two
complete sets of equipment: (a) an auto-
matic scintillation spectrometer comprising
scintillation detector and single-channel
pulse-height analyser, (b) an a«-particle
spectrometer comprising ionization chamber
and 50-channel pulse-height analyser of
stacked discriminator type. To facilitate
maintenance and improve cooling, all valves
are mounted horizontally and concentrated
in a ventilated space.

621.398 : 551.508.822 235

Telemetering System is Balloon
Borne.—E. K. Novak. (Electronics, 1st Sept.
1957, Vol. 30, No. 9, pp. 158-164.) Descrip-
tion of fm./a.m. telemetry system for a
weather radiosonde. It provides a 1 680-
Mc/s carrier with three simultaneous
channels one of which is time-multiplexed
into 12 additional channels with sampling
rate of one samiple per minute; the maximum
rangc is approximately 360 miles.

‘PROPAGATION OF WAVES

621.396.11 236

A New Solution of the Problem of
Propagation over a Flat Earth.—G.
Boudouris. (Nuovo Cim., 1957, Vol. 5,
Supplement No. 1, pp. 71-91. In French.)
Simplifications of classical theory are intro-
duced in fixing the boundary conditions for
the problem. This ‘method of approximate
boundary conditions’ is more convenient for
practical applications.

621.396.11 237
Electromagnetic Fields due to
Current Flowing Parallel to Interface
of Two Different Media.—K. Horiuchi.
(J. phys. Soc. Japan, Feb. 1957, Vol. 12,
No. 2, pp. 170-176.) Integral equations are
established for various configurations. The
results have applications in problems of
wave propagation over an inhomogeneous
earth, or through a stratisfied atmosphere.

621.396.11 238

Fading of Radio Waves Scattered by
Dielectric Turbulence.—R. A. Silverman.
(J. appl. Phys., Aug. 1957, Vol. 28, No. 8,
p- 922.) Note of corrections to 3274 of 1957.

621.396.11 239

Short-Range Echoes Observed on
Ionospheric Recorders.—R. L. Dowden.
(J. atmos. terr. Phys., 1957, Vol. 11, No. 2,
pp. 111-117.) Echoes from the 20-100-km
region observed at ionospheric stations near
the sea are found to arrive at very low angles
of elevation with vertical polarization. They
are due to coherent back-scatter from sea
waves of length A/2.

621.396.11: 551.510.52 240

A New Technique for the Study of
Scatter Propagation in the Tropo-
sphere.—J. H. Chapman, W. J. Heikkila
& J. E. Hogarth. (Canad. J. Phys., Aug.
1957, Vol. 35, No. 8, pp. 823-830.) Fluctua-
tions of received field strength may be con-
sidered to have the characteristics of noise.
Measurements on 500-Mc/s near-optical
links show the ‘propagation noise’ power
varies as 1/f% for 0-lc/s<f< 10¢fs, f
being the difference between carrier and
sideband frequencies.

621.396.11: 551.510.535 241
Refractive Corrections to Scatter
Propagation.—A. D. Wheelon. (J. geophys.
Res., Sept. 1957, Vol.62, No. 3, pp. 343-349.)
An cxamination of the role of the mean
electron density of the ionosphere in scatter
propagation.  Correlations between the
field strength of F-layer scattered signals and
the maximum usable frequency for classical
propagation along the path are studied.

621.396.11: 551.510.535 242

A Method for Obtaining L.F. Oblique-
Incidence Reflection Coefficients and
its Application to 135-6-kc/s Data in
the Alaskan Area.—]. E. Bickel. (J.
geophys. Res., Sept. 1957, Vol. 62, No. 3,
pp. 373-381.)

621.396.11: 551.510.535 243

The Relation of Forward Scattering
of Very High Frequency Radio Waves
to Paxtial Reflection of Medium Fre-
quency Waves at Vertical Incidence.—
J. B. Gregory. (J. geophys. Res., Sept. 1957,
Vol. 62, No. 3, pp. 383-388.) Some char-
acteristics of v.h.f. forward scatter, such as
temporal variations and the region of the
ionosphere responsible, are shown to be
similar to those of vertical-incidence
reflection at 1-75 Mc/s. It is considered
that the two phenomena have a common
origin.

621.396.11: 551.510.535 244
Studies of Transequatorial Iono-
spheric Propagation by the Scatter-
Sounding Method.—O. G. Villard, ]Jr,
S. Stein & K. C. Yeh. (J. geophys. Res.,
Sept. 1957, Vol. 62, No. 3, pp. 399-412.)
Long-delay echoes on a hf. radar are
interpreted as ground back-scatter pro-
pagated by two or more successive reflections
from the F region without intermediate
ground reflection. Ionospheric tilts could
lead to this type of propagation, which
occurs regularly in equatorial regions.

621.396.11 : 551.510.535

Self-Distortion of Radio Waves
in the Ionosphere, near the Gyro
Frequency.—F. H. Hibberd. (J. afmos.
terr. Phys., 1957, Vol. 11, No. 2, pp. 102-
110.) The theory described in 2198 of
1956 is extended to include the effect of the
geomagnetic field near the gyro frequency.
The reduction in modulation depth varies
slowly with frequency and shows no
resonance-like variation. The reduction is
proportional to radiated power and decreases
rapidly as the modulation frequency is
increased.

621.396.11: 551.510.535 246
Ionospheric Demodulation of Radio
Waves at Vertical Incidence.—G. J.
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Aitchison. (Aust. J. Phys., March 1957,
Vol. 10, No. 1, pp. 204-207.) Agreement
between observations and theory indicates
that demodulation occurs in the E layer,
affecting the wave on both upward and
downward paths. The actual mechanism
of the demodulation requires further
investigation. See also 3070 of 1955
(Aitchison & Goodwin).

621.396.11:551.510.535: 523.78 247
Ionospheric Research.—Dale. (See

125.)

621.396.11.029.6 248

Radio Propagation above 40 Mc/s
over Irregular Terrain.—]. J. Egli.
(Proc. Inst. Radio Engrs, Oct. 1957, Vol. 45,
No. 10, pp. 1383-1391.) The available
statistical wave-propagation data on terrain
effects as a function of frequency, aerial
height, polarization and distance are
analysed and expressed by empirical
formulae and in the form of nomographs
and correction curves.

621.396.11.029.6 : 551.510.535 249

Delayed Signals in Ionospheric For-
ward-Scatter Communication.—G. W.
Luscombe. (Nature, Lond., 20th July 1957,
Vol. 180, No. 4577, p. 138.) Long-delay
multipath effects observed at Slough in the
reception of 37-Mc/s pulsed transmissions
from Gibraltar, indicate that the signal with
the largest delay was due to round-the-
world propagation and that ground back-
scatter was not involved. See 1217 of 1957
(Crow et al.).

621.396.11.029.62 : 651.510.535 250
1 523.75
Disturbances in the Lower Ionos-
phere Observed at V.H.F. following
the Solar Flare of 23 February 1956
with Particular Reference to Auroral-

Zone Absorption.—Bailey. (See 123.)

621.396.812.3 : 551.510.535 251
Ionospheric Irregularities Causing
Random Fading of Very Low Fre-
quencies.—S. A. Bowhill. (J. almes.
terr. Phys., 1957, Vol. 11, No. 2, pp. 91-101.)
An investigation, based on measurements
at 75 and 150 kc/s, into the two component
sources of random fading of signals reflected
from the ionosphere: (a) scattering in the
reflecting layer, (b) diffraction during
propagation down to the ground.

RECEPTION

621.376 252

Intermodulation Products for v-Law
Biased Wave Rectifier for Multiple-
Frequency Input.—E. Feuerstein. (Quart.
appl. Math., July 1957, Vol. 15, No. 2,
pp- 183-192.) The intermodulation pro-
ducts obtained by passing the sum of N + 1
sinusoids of amplitudes Py, ... Py through
a rectifier of characteristic

I = {0 V< B

T le(V—BYV>B v>0

has been expressed in terms of contour
integrals involving products of Bessel

functions [see e.g. 2169 of 1945 (Rice) and
3506 of 1947 (Bennett)]. These integrals
are rewritten as improper integrals on the
real line plus constant terms. These
integrals converge fast enough in many
cases to be useful in numerical integration.

621.376.23 : 621.396.822 253
Optimum vs. Correlation Methods
in Tracking Random Signals in Back-
ground Noise.—R. C. Davis. (Quart.
appl. Math., July 1957, Vol. 15, No. 2,
pp. 123-138.) A comparison of the use of
statistical methods of analysis in estimating
unknown parameters of probability distri-
bution with the use of correlation methods
previously applied to the problem of
obtaining maximum signal/noise ratio.

621.376.332 254
An Improved F.M. Discriminator.
—V. B. Hulme. (Electronic Fngng, Sept.
1957, Vol. 29, No. 355, pp. 416-419.)
Details are given of a constant-area type
circuit which provides a relation linear to
0-19% between input frequency and output
voltage over the range 100 kc/s-1 Mc/s.

621.396.62.029.6 : 621.396.822
:621.317.3

Absolute Measurement of Receiver
Noise Figures at U.H.F.—E. Maxwell &
B. J. Leon. (Trans. Inst. Radio Engrs,
April 1956, Vol. MTT-4, No. 2, pp. 81-85.
Abstract, Proc. Inst. Radio Engrs, July 1956,
Vol. 44, No. 7, p. 956.)

621.396.621 256

Receiver Selectivity.—B. J. Rogers.
(R.S.G.B. Bull., April 1957, Vol. 32, No. 10,
pp. 444-448.) Some modern methods of
improving the selectivity of communication
receivers are described.

255

621.396.621 257
F.M./A.M. ‘Second Set’.—G. D. Browne.
(Mullard  tech. Commun., March 1957,
Vol. 3, No. 22, pp. 38-43.) Design

suggestions for a simple and economical
receiver in which all valves are operative in
both systems of reception.

621.396.621 : 621.314.7 258

Design Considerations in the First
Stage of Transistor Receivers.—L. A.
Freedman. (RCA Rev., June 1957, Vol. 18,
No. 2, pp. 145-162.) Noise performance of
transistor r.f. stages using capacitive aerials
and mixer stages with loop aerials is dis-
cussed with examples. Comparisons are
made between transistor stages and corres-
ponding valve stages.

621.396.621 : 621.314.7 259

Circuit Techniques associated with
Transistor Broadcast Receivers.—]J. N.
Barry. (Electronic Engng, Sept. & Oct. 1957,
Vol. 29, Nos. 355 & 356, pp. 408415 &
478-483.) A discussion of transistor circuit
problems and their solution. The various
stages of the receiver are considered and the
economic aspects of using transistors are
discussed with reference to the performance
of six commercial-type portable and car
receivers.

621.396.621 : 621.314.7 260

The Thunderbird —a New Tran-
sistorized Portable Radio.—T. Vana-
core. (Sylvania Technologist, April 1957,
Vol. 10, No. 2, pp. 35-37.)

Electronic & Radio Engineer, January 1958

621.396.621 : 621.376 261

A New Method of Demodulation for
Phase, Frequency and Amplitude.—P.
Kundu. (Indian J. Phys., April 1957, Vol. 40,
No. 4, pp. 231-234.) Limiting and differenti-
ating a modulated sinusoidal wave produces
pulses with leading edges separated by an
amount dependent upon the instantanecous
phase of the modulated wave, and upon its
amplitude if the limiting level is above the
zero axis. The pulses are converted to
variable-amplitude sawtooth waves and
passed through a low-pass filter to reproduce
the modulating signal. See also 551 of 1956.

621.396.621 : 621.396.822 262

Receiver Detects Signals below Noise
Level.—W. L. Blair. (Electronics, lst Sept.
1957, Vol. 30, No. 9, pp. 168-171.) The
integrating receiver described uses a modified
form of Dicke’s technique (475 of 1947) with
a comparison switching rate of 500 c/s and
a counter display.

621.396.621.029.63/.64 263

Design for a Broadband Microwave
Receiver.—B. Rosen & R. Saul. (Electronic
Ind. Tele-Tech, March 1957, Vol. 16, No. 3,
pp. 81-82..170.) Brief description of a
receiver covering the frequency range 950—
11 260 Mc/s in four bands. It is suitable for
a.m., f.m. and p.m. reception and for use as
a microwave power meter.

621.396.8: 621.3.018.41(083.74) 264

Doppler Shift of the Received Fre-
quency from the Standard Station
Reflected by the Ionosphere.—I. Taka-
hashi, T. Ogawa, M. Yamano, A. Hirai &
M. Takiuchi. (Proc. Inst. Radio Engrs, Oct.
1957, Vol. 45, No. 10, p. 1408.) Equipment
for recording frequency continuously is
described, and results of Doppler-shift
measurements made on waves reflected from
the E region on 4 Mc/s over a 400-km path
are given.

621.396.8 : 621.396.931.029.62/.63 265

Propagation Tests of Frequencies for
V.H.F. Mobile Radio.—E. Shimizu, T.
Morinaga, T. Kawano, S. Sato & M.
Hirasaki. (Rep. elect. Commun. Lab., Japan,
Jan. 1957, Vol. 5, No. 1, pp. 13-16.)
Measurements are given of signal and noise
received at a mobile station from fixed
transmitters in Tokyo operating at 60, 200
and 470 Mc/s. Less fluctuation was observed
than in comparable U.S. measurements, and
this is attributable to the wooden houses
normal in Japan.

621.396.812.3 : 621.396.666.029.64 266

Some Results with Frequency
Diversity in a Microwave Radio System.
—F. H. Willis. (Commun. & Electronics,
March 1957, No. 29, pp. 63-67.) The
results of tests with 240-Mc/s frequency
separation and an appreciable switching
differential are discussed.

STATIONS
AND COMMUNICATION SYSTEMS

621.39.001.11 : 621.372.012 267
Signal-Flow Graphs and Random
Signals.—L. A. Zadeh: W. H. Huggins.
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(Proc. Inst. Radio Engrs, Oct. 1957, Vol. 45,
No. 10, pp. 1413-1414.) Comment on
1227 of 1957 and author’s reply.

621.394.3 : 621.394.828 268

Distortion Correction of Teleprinter
Signals by Electronic Means.—E. K.
Aschmoneit. (Elektronik, July & Aug. 1957,
Vol. 6, Nos. 7 & 8, pp. 199-203 &244-245.)
The principles and circuits of some electronic
distortion-correcting and regenerative re-
peaters are described.

621.396.41: 621.396.324 : 621.314.7 269

Transistorized Multiplex Radio-
Teletypewriter.—P. G. Wray. (Electronics,
1st Sept. 1957, Vol. 30, No. 9, pp. 150-154.)
Lightweight four - channel time - division
multiplex equipment for use on board ship
is described. Ring counter and digital
synchronizer circuits using transistors give
an operating speed of 100 words/min.

621.396.41.029.63 270

Ultra-high-Frequency Radio Equip-
meut for 60 Speech Circuits.—(G.E.C.
Telecommun., Aug. 1956, No. 22, pp. 3449.)
The Type-SPO 5500 equipment described
uses f.m. and operates in the band 1 700—
2 300 Mcfs. Up to three r.f. channels each
carrying 60 speech channels can be arranged
in multiplex.

621.394.441 271

An Electronic Error-Correcting
Multiplex Telegraph System.—(P.0.
elect. Engrs’ J., April 1957, Vol. 50, Part 1,
p- 4.)

621.396.5.029.6 : 621.396.822 272

Noise Considerations on Toll Tele-
phone Microwave Radio Systems.—
T. A. Combellick & M. E. Ferguson.
(Commun. & Electronics, March 1957, No. 29,
" pp. 67-70.) The noise level requirements
for microwave radio equipment to be used
in multichannel telephone systems are
discussed. The magnitude of and relation
between the noise generated in the trans-
mitter, in the receiver, or by intermodu-
lation, are examined.

621.396.71.029.55 273

The Rugby ‘B’ High-Frequency Trans-
mitting Station.—A. Cook & L. L. Hall.
(P.O. elect. Engrs’ J., April 1957, Vol. 50,
Part 1, pp. 15-23.) The layout and
technicalfacilities of the station are described.
There are 28 h.f. transmitters of 30-kW
power rating in operation and some 70

aerials on a site of 700 acres. See also
2538 of 1956 (Booth & MacLarty).
621.396.74 : 621.397.743 274

Frequency Transposers as Very-Low-
Power Transmitters.—A. Kolarz.
(Rundfunktech. Mitt., April 1957, Vol. 1,
No. 2, pp. 53-57.) A 50-mW relay trans-
mitter for providing a local television
service is described. The transposition from
received to transmitted frequency is made
without the use of an i.f. See also 1927 of
1957.

621.396.74.029.62 : 621.376.3 275

Investigation of Coverage Facilities
with Frequency-Offset U.S.W. F.M.
Operation.—E. Belger, E. Paulsen &

Al4

I. Dahrendorf. (Rundfunktech. Mitt., April
1957, Vol. 1, No. 2, pp. 58-64.) The
limitations and advantages of this method
of obtaining regional coverage are discussed
with reference to experimental results. See
also 1869 of 1956 (Belger & von Rautenfeld).

621.396.931 276
Radio Communication in Railroad
Tunnels.—H. S. Winbigler. (Bell Lab.
Rec., Feb. 1957, Vol. 35, No. 2, pp. 57-60.)
Radiation from a continuous length of twin
transmission line suspended from the
tunnel wall is received satisfactorily up to
5000 ft from the transmitter, using fre-
quencies in the 159-162-Mc/s band.

621.396.932 277

Ships and Coast Stations.—N. P.
Spooner.  (Short Wave Mag., Feb. 1957,
Vol. 14, No. 12, pp. 636-639.) Details of
systems, procedure, operating frequencies
and general organization.

621.396.945 278

The Guided Radio Telephone.—W. H.
Hill. (A.T.E. J., April 1957, Vol. 13,
No. 2, pp. 113-118.) This communication
system uses currents induced in metallic
conductors by the transmitter. A satis-
factory portable transmitter/receiver is
described for use in coal mines.

SUBSIDIARY APPARATUS

621.3-71 279

Removal of Heat from Sealed Minia-
ture Equipment.—F. P. Newell. (Brit.
Commun. Electronics, Aug. 1957, Vol. 4,
No. 8, pp. 468-475.) Experimental investi-
gation has shown that the most satisfactory
way of dissipating the heat generated
internally is by providing thermal conduc-
tion paths from the heat sources to the
front panel.

621.311.6: 537.311.33: 535.215 280

Utilizing the Sun’s Energy.—(Elect. J.,
Ist Nov. 1957, Vol. 159, No. 4142, pp. 1256
1257.) Report on progress in the develop-
ment of solar batteries of the Si p-n-junction
type, with description of experimental
installations in England.

621.311.6: 621.314.7 281

A Stabilized D.C. Power Supply using
Transistors.—T. H. Brown & W. L.
Stephenson. (Electronic Engng, Sept. 1957,
Vol. 29, No. 355, pp. 425-428.) A mains-
operated unit is described which provides
an output voltage variable from 0 to 30 V
at currents of up to 1 A.

621.314.63 : 546.289 282
Germanium Rectifiers as Electronic
Components.—]. T. Cataldo. (Electronic
Ind. Tele-Tech, Aug. 1957, Vol. 16, No. 8,
pp- 61-63 .. 168.) Discussion of advantages
and applications. Cooling methods and
overload characteristics are considered.

621.316.722.1: 621.314.7 283

A Low-Voltage Stabilizer employing
Junction Transistors and a Silicon
Junction Reference Diode.—D. Aspinall.

(Electronic Engng, Sept. 1957, Vol. 29,

No. 355, pp. 450-454.)

621.316.722.1: 621.314.7 284
Voltage Regulator wuses Multi-

vibrators.—W. A. Scism. (Electronics,
Ist Sept. 1957, Vol. 30, No. 9, pp. 184-186.)
Voltage changes vary the frequency of an
astable transistor multivibrator and the
average value of the load voltage is thus
kept constant.

621.396.662.029.5 285

Multichannel Drives for Transmitters
and Receivers in the H.F. Band.—D. J.
Fewings. (Marconi Rev., 2nd Quarter 1957,
Vol. 20, No. 125, pp. 60-76.) Methods of
tuning accurately to a prescribed frequency
are described, as applied to (a) a diversity
oscillator with manual tuning, (6) an
automatically tuned airborne receiver/trans-
mitter drive.

621.396.664 : 621.376 286
Monitoring the Modulator.—P. M.
Carment. (Short Wave Mag., Feb. 1957,
Vol. 14, No. 12, pp. 631-632.) A circuit
for monitoring the output of a high-power
modulator on a pair of headphones.

TELEVISION
AND PHOTOTELEGRAPHY

621.397 : 628.93 287

Techniques of Television Lighting.
—D. Thayer. (J. Soc. Mot. Pict. Telev. Engrs,
April 1957, Vol. 66, No. 4, Part 1, pp. 212—
216.)

621.397.2: 621.372.55 288

Error-Predicting D.C.-Restoring
Circuits for Television Signals.—E.L.C.
White. (Electronic Engng, Oct. 1957, Vol. 29,
No. 356, pp. 472—477.) The performance
of direct and negative-feedback types of
d.c. restoring circuit is analysed. By a
combination of slope equalization and error
prediction the low-frequency cut-off of the
circuit prior to d.c. restoration may be
raised by a large factor. Some experimental
results are given.

289
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621.397.24

Performance of the
Transmission System.—R. W. Ed-
monds.  (Bell Lab. Rec., March 1957,
Vol. 35, No. 3, pp. 85-88.) Design con-
siderations and performance details of a
broad-band local wire transmission system
for monochrome and colour television.

621.397.24 : 621.315.212 290

A New 4-Mc/s Coaxial Line Equip-
ment—C.E.L. No. 6A.—Collier & Simp-
son. (See 14.)

621.397.24 : 621.315.212 291
A 4-Mc/s Coaxial Line Equipment—
C.E.L. No. 4A.—E. Davis. (See 15.)

Electronic & Radio Engineer, January 1958



621.397.242 292

Television Terminals for the L3
System.—]J. J. Jansen. (Bell Lab. Rec.,
May 1957, Vol. 35, No. 5, pp. 179-183.)
600 telephone channels and a 4-:2-Mcfs
television channel may be transmitted by
the coaxial cable system the terminal equip-
ment of which is described.

621.397.5:535.623 293
Some Alternatives to the N.T.S.C.
Colour Television System.—E. L. C.
White. (J. Telev. Soc., Jan./March 1957,
Vol. 8, No. 5, pp. 191-206.) The N.T.S.C.
system is compared with the two-subcarrier,
the French, L.E.P. ‘3 double-message’, and
the Valensi systems. For a three-gun
picture tube, the first system seems most
satisfactory. The signal requirements of
single-gun tubes, such as the chromatron
and ‘apple’ tubes, are then discussed; here a
symmetrical ratio system may be better.

621.397.5: 621.395.625.3 294

Video Tape Recorder Design.—(J.
Soc. Mot. Pict. Telev. Engrs, April 1957,
Vol. 66, No. 4, Part 1, pp. 177-188.) Three
papers, describing equipment incorporating
a system of four magnetic recording heads
on a revolving drum for recording transverse
tracks on tape travelling at 15 in./sec. See
also 4018 of 1957 (Snyder).

Comprehensive Description of the Ampex
Video Tape Recorder—C. P. Ginsburg
(pp. 177-182).

The Modulation System of the Ampex
Video Tape Recorder—C. E. Anderson
(pp. 182-184).

Rotary-Head Switching in the Ampex
Video Tape Recorder.—R. M. Dolby (pp.
184-188).

621.397.5(083.74) 295

Comparison of Four Television Stan-
dards.—R. D. A. Maurice. (Electronic
Radio Engr, Nov. 1957, Vol. 34, No. 11,
pp. 416-421.) “The resolutions of four
C.C.L.R. standard television systems are
compared, some account being taken of
the effects of the asymmetric sideband
reception. The extent to which some of the
distortions may be due to nonlinearity of
the phase:frequency characteristic is briefly
mentioned.”

621.397.611: 778.5 296

The Limits of Optical Compensation
by Polygonal Prisms in relation to
Freedom from Flicker, Registration
and Relative Aperture.—H. Grabke.
(Rundfunktech. Mitt., April 1957, Vol. 1,
No. 2, pp. 65-72.) Theoretical treatment
of the problem based on earlier experiments
with film scanning equipment (1227 of
1956). The design of a ‘polygon-ring
scanner’ is discussed and data for calculating
tolerances and colour correction of the
system are given. The manufacture of such
a scanner with 40-60 faces appears feasible;
it should produce satisfactory pictures
comparable to those obtained by other
flying-spot scanners.

621.397.621.2 297

Television Frame Pulse Separator.—
H. D. Kitchin. (Wireless World, Nov. 1957,
Vol. 63, No. 11, pp. 554-559.) A single-
pulse circuit for accurate interlacing is
described.

Electronic & Radio Engineer, January

621.397.621.2 298

The Return of Electrostatic Focusing.
—R. R. Pearce. (J. Telev. Soc., April{June
1957, Vol. 8, No. 6, pp. 237-248.) A
survey of the developments in post-war
television tubes and techniques with a
detailed discussion of the characteristics and
relative merits of modern electrostatic guns.

621.397.82 299

The Visibility of Sinusoidal Inter-
ference in Television Images.—H.
Grosskopf & R. Suhrmann. (Rundfunktech.
Mitt., April 1957, Vol. 1, No. 2, pp. 45-52.)
The nature of interference patterns is
reviewed and the effects of interference due
to frequencies which are specially related to
line or frame frequency are examined.
Curves for evaluating some of these effects
are given and the requisite ‘safe’ frequency
spacing between adjacent transmitters is
compared with that recommended by
C.C.ILR.

"~TRANSMISSION

621.396.61.029.6 : 621.396.662 300

Transmitter Tuned by Distortion
Indicator.—C. R. Ellis, K. Owen & G. R.
Weatherup.  (Electronics, 1st Sept. 1957,
Vol. 30, No. 9, pp. 180-183.) The system
described gives harmonic distortion of less
than 3% r.m.s. over the range 200 cfs—
20 kcfs when the transmitter is operated at
225-400 Mcfs, with 80% a.m. of a 1-kW
carrier.

621.396.61.072.9 301

A New Device for the Automatic
Radio-Frequency Synchronization of
Common-Frequency Broadcasting in
the Medium-Wave Band.—A. Kara-
minkov. (Nachr Tech., April 1957, Vol. 7,
No. 4, pp. 163-166.) In the system proposed
synchronization is carried out by radio
transmission during breaks in the pro-
gram. During these interruptions of
about 12-s duration which are intentionally
introduced at intervals of about 1h, the
carrier of the local transmitter is stopped so
that the distant master transmitter can be
received for the automatic frequency
correction of the local carrier. Using
quartz oscillators with long-term stability
I part in 10® an hourly stability within
about [ part in 10® can be achieved.

VALVES AND THERMIONICS

621.314.63: 621.317.3 302

Measurements of Crystal Impe-
dances at Low Levels..—H. N. Dawirs &
E. K. Damon. (Trans. Inst. Radio Engrs,
April 1956, Vol. MTT-4, No. 2, pp. 94-96.
Abstract, Proc. Inst. Radio Engrs, July 1956,
Vol. 44, No. 7, p. 956.)

1958

621.314.63 : 621.372.632 303

The Frequency Dependence of Noise
Temperature Ratio in Microwave Mixer
Crystals.—M. E. Sprinks, G. T. G. Robin-
son & B. G. Bosch. (Brit. J. appl. Phys.,
July 1957, Vol. 8, No. 7, pp. 275-277.) A
discussion, with experimental results, of the
contribution of the noise temperature ratio
of the mixer to the overall noise factor of
the receiver. The latter has an inter-
mediate frequency in the range 10-60 Mcfs.

621.314.7 304
Some Aspects of Transistor Progress.

—H. W. Loeb. (A4.T.E. J., April 1957,
Vol. 13, No. 2, pp. 119-134.) Reprint.
See 295 of 1957.

621.314.7 305

Heat Sinks for Power Transistors.—
O. J. Edwards. (Mullard tech. Commun.,
March 1957, Vol. 3, No. 22, pp. 59-61.)
Sinks of mild steel and aluminium are
examined and the effects of thickness, area,
and surface treatment are discussed.

621.314.7 306

Design Theory for Depletion-Layer
Transistors.—W. W. Giértner. (Proc.
Inst. Radio Engrs, Oct. 1957, Vol. 45, No. 10,
pp. 1392-1400.) This new type of high-
frequency transistor uses maximum attain-
able carrier velocities in solids by injecting
electrons or holes into the high electric
fields prevailing in properly-designed deple-
tion layers of reverse-biased p-n junctions.
Low- and high-frequency performance,
small-signal behaviour, power gain and
stability are discussed in a particular
theoretical design. The short transit times
should be important for solid-state micro-
wave amplification.

621.314.7 307
Design for an Improved High-
Frequency Transistor.—C. Thornton,
J. Roschen & T. Miles. (Electronic Ind.
Tele-Tech, July 1957, Vol. 16, No. 7,
pp- 47-49..124) The construction and
properties of the Type L-6100 silicon surface-
alloy transistor are described. It has a base
width of 7 X 107%in. and a maximum
oscillation frequency of about 16 Mc/s.

621.314.7 308

The Junction Transistor as a Charge-
Controlled Device.—R. Beaufoy & J. J.
Sparkes. (A.T.E. J., Oct. 1957, Vol. 13,
No. 4, pp. 310-327.) Transistor operation
is described in terms of the charge in the
base region so that the transistor perform-
ance is defined in the form of time constants
(pC/pA). The analysis was developed for
large-signal operation but yields complete

expressions for small-signal admittance
parameters. Methods of measurement are
outlined.

621.314.7 309

Flow Line Analysis.—R. B. Hurley.
(Electronic Ind. Tele-Tech, April 1957, Vol. 16,
No. 4, pp- 52-54..140.) A pictorial
representation of the expressions derived by
Ebers & Moll (884 of 1955) to analyse
transistor behaviour in various types of
switching circuit.
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621.314.7 : 546.289 310

Influence of Surface Oxidation on
Alpha., of Germanium p-n~p Tran-
sistors.—]. T. Wallmark. (RCA Re.,
June 1957, Vol. 18, No. 2, pp. 255-271.)
Oxidation of the Ge surface is shown to be
a major factor influencing surface recom-
bination and thereby the slow decay of the
current transfer ratio «y in p-n-p tran-
sistors. An outline of the underlying
processes is given.

621.314.7:621.317.3 ' 311
Transistor Tests Predict High-
Frequency Performance.—Pritchard.

(See 213.)

621.314.7: 621.318.57 312

Determination of Transient Response
of a Drift Transistor using the Diffusion
Equation.—H. B. von Horn & W. Y.
Stevens. (IBM J. Res. Developm., - April
1957, Vol. 1, No. 2, pp. 189-191.) The
one-dimensional diffusion equation is solved
to give the time required for the collector
current to reach a steady value in response
to a step function of emitter current.

621.314.7:621.373.51 313

Unique Properties of the Four-Layer
Diode.—W. Shockley. (Electronic Ind. Tele-
Tech, Aug. 1957, Vol. 16, No. 8, pp. 58-60. .
165.) Description of a new bistable two-
terminal semiconductor device and details
of some of its applications. See also 3899 of
1956 (Moll et al.).

621.314.7: 681.142 314

The Multipurpose Bias Device: Part
1—The Commutator Transistor.—Dun-
ham. (See 38.)

621.314.7: 681.142 315

Two-Collector Transistor for Binary
Full Addition.—R. F. Rutz. (/BM J. Res.
Developm., July 1957, Vol. 1, No. 3, pp.
212-222.) Two versions of a two-collector
transistor are described, one using point
contacts, and the other using p-n ‘hook’
junctions as collectors. The function of such
a transistor as a binary adder, and its

circuit characteristics, are discussed. See
also 38 above.
621.314.7 (083.7) 316

Semiconductor Symbols.—P. M.
Thompson & J. Bateson. (Wireless World,
Nov. 1957, Vol. 63, No. 11, pp. 525-528.)
A logical system for diodes, transistors and
other junction devices is proposed.

621.383.27 317

Photomultiplier Tubes.—]. Sharpe.
(Brit. Commun. Electronics, Aug. 1957, Vol.
4, No. 8, pp. 484-492.) The design and
applications of the various types of photo-
multiplier tube are described. A table of
representative tubes available in the U.K.
is given.

621.383.27 : 621.387.464 318

Improved Performance of Photo-
multipliers in Scintillation Counters.—
A. Ashmore, B. Collinge & S. K. Sen.
(Indian J. Phys., May 1957, Vol. 40, No. 5,
pp. 261-264.) A cathode follower reduces
the effective capacitance to earth of the
collecting electrode of a photomultiplier,
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enabling bigger voltage pulses to be obtained
for the same degree of nonlinearity in the
photomultiplier.

621.383.4: 535.371.07 319

An Improved High-Gain Panel Light
Amplifier.—B. Kazan. (Proc. Inst. Radio
Engrs, Oct. 1957, Vol. 45, No. 10, pp. 1358-
1364.) A grooved photoconductor light-
amplifying picture panel is described,
whose gain is more than 10 times greater
than any previous amplifier and whose

threshold for input light is reduced. See
also 933 of 1956 (Kazan & Nicoll).
621.385: 621.317.321 320

A Survey of Methods Used to Deter-
mine Contact Potentials in Receiving
Tubes.—E. R. Schrader. (RCA Rev.,
June 1957, Vol. 18, No. 2, pp. 243--254.)

621.385:621.317.444 321
Rectilinearity of Electron - Beam
Focusing Fields from Transverse Com-~

ponent Determinations. — Cioffi. (See
222.)
621.385.029.6 322

Investigation of a Special Type of
Reflex Klystron.—W. N. Shevchik, S. A.
Suslov & Yu. D. Zharkov. -(Zh. tekh. Fiz.,
Feb. 1957, Vol. 27, No. 2, pp. 377-386.)
A theoretical and experimental investigation
of a reflex klystron operating with a large
transit angle (> 2#) in the interaction
space is described.
found between the theoretical evaluation of
the valve efficiency and the experimental
results.

621.385.029.6 323

On the Nonlinear Behaviour of
Electron-Beam Devices.—F. Paschke.
(RCA Rev., June 1957, Vol. 18, No. 2, pp.
221-242.)  The -nonlinear space-charge-
wave equation is derived and reduced by
third-order successive approximation to
three simultaneous linear differential equa-
tions which are solved for the case of a
velocity-modulated electron beam. Non-
linear phenomena in travelling-wave valves
can be treated similarly.

621.385.029.6 324

Electron Beam Focusing in Three-
Anode Guns for Travelling-Wave Tubes.
—T. S. Chen & L. Kovach. (J. Electronics
Control, Sept. 1957, Vol. 3, No. 3, pp.
287-304.) The electron, trajectory in the
accelerating region is solved and beam
rippling in the drift region discussed. The
principle of compensated three-anode guns
is developed in the form of design formulae
and curves. Experiments confirm that
compensated guns result in a reduction of
the focusing magnetic field for parallel-
flow beams.

621.385.029.6 325

The Large - Signal Behaviour of
Crossed-Field Travelling-Wave Devices.
—]J. Feinstein & G. S. Kino. (Proc. Inst.
Radio Engrs, Oct. 1957, Vol. 45, No. 10, pp.
1364-1373.) The limits of validity of the
conventional small-signal theory are ob-
tained theoretically, and the analysis is
extended to follow the interaction to power
saturation. Forward-wave and backward-

Good agreement is -

wave amplifiers and a backward-wave
oscillator are considered. In the amplifier
valves the gain is inherently low, and
suggestions for improving this deficiency
are examined.

621.385.029.6 . 326
An Experimental High-Power Pulsed

‘Travelling-Wave Tube.—]J. F. Gittins,

N. H. Rock & A. B. J. Sullivan. (J. Elec-
tronics Control, Sept. 1957, Vol. 3, No. 3, pp.
267-286.) A high-impedance slow-wave
structure with good thermal dissipation and
suitable for a 100-kV electron beam is used.
A saturated efficiency of 34%, power output
of 3 MW and a gain of 35 dB are obtained.

621.385.029.6: 621.372 327

Interdigital and other Slow-Wave
Structures.—]J. C. Walling. (J. Electronics
Control, Sept. 1957, Vol. 3, No. 3, pp. 239-
258.) A method of calculating the properties
of structures consisting of arrays of parallel
conductors is developed and a table of
numerical values is presented. This is
applied to obtain dispersion characteristics,
input and beam-coupling impedances for
the Karp structure, interdigital line and
tape helix.

621.385.029.6: 621.376 328

The Modulation of Travelling-Wave
Tubes.—G. F. Steele. (Electronic Engng,
Sept. 1957, Vol. 29, No. 355, pp. 429-433.)
“The simple theory of travelling-wave
tube modulation is discussed and some
expressions derived for the cases of phase
and amplitude modulation. Details are
given of the experimental procedure used
to measure phase shift, and the sideband
power resulting from a 60-Mc/s modulation.”

621.385.029.64 - 329
~Velocity-Jump Amplification at
10 000 Mc/s.—B. V. Dore. (Canad. J. Phys.,

June 1957, Vol. 35, No. 6, pp. 742-752.)

Description of a v.m. valve based on an
earlier design [2068 of 1951 (Field et al.)].
Theory previously developed for space-
charge-wave amplifiers is applied to its
operation and conclusions are drawn
regarding the operation of coupling helices
and the effect of small gaps in the amplifying
section of the valve. See also 3721 of 1954
(Agdur).

621.385.832 : 621.317.799 330

An Electrostatic Cathode-Ray-Tube
Tester.—R. B. Hale. (Brit. Commun.
Electronics, Aug. 1957, Vol. 4, No. 8, p. 496.)

* MISCELLANEOUS

621.39 (091) 331

Fifty Years of the Institution of Post
Office Electrical Engineers.—(P.O0. elect.
Engrs’ J., Oct. 1956, Vol. 49, Part 3, pp.
147-274.) A number of papers surveying
the history and activities of the Institution
and detailing its achievements in all fields
of telecommunications.

Electronic & Redio Engineer, January 1958
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Published by:
THE MICROWAVE RESEARCH 1 NSTITUTE, Polytechnic Institute of Brooklyn

HANDBOOK OF ELECTRONIC MEASUREMENTS /n two volumes
Edited by M. WIND

An authoritative handbook of electronic measurements, designed to fill the critical need for concise and
complete sources of information in the field of electrical engineering. Each chapter describes in detail the
better-known and more readily applicable techniques of electronic measurement of the quantity under con-
sideration, and contains a comprehensive bibliography. Complete descriptions and illustrations of necessary
equipment are given, with orders of accuracy, and extended theoretical treatment where this was considered
desirable.

1956 971 pages 657 figs. Two volumes Set price 120/-

HANDBOOK OF MICROWAVE MEASUREMENTS /n two volumes
Edited by M. WIND and H. RAPAPORT

The purpose of this report is to present a unified collated handbook of microwave measurement methods,
prepared with the view of meeting the needs of both engineering and technical personnel. This second edition
incorporates corrections and revisions to the first edition—which was prepared for the Signal Corps Engineering
Laboratories—and contains extended reference matter.

1955 1,151 pages 513 illustrations. Two volumes Set price 96/-

SYMPOSIUM SERIES
Edited by JEROME FOX

Volume 1 Modern Network Synthesis .. .. 1952 .. .. .. 40/-
Volume 1l Nonlinear Circuit Analysis .. .. .. 1953 .. .. 32/-
Volume 111 Information Networks .. .. .. 1954 .. .. .. 40/-
Volume IV Modern Advances in Microwave Techniques .. 1954 .. .. 40/-
Volume V Modern Network Synthesis .. .. 1955 .. .. .. 40/-
Volume VI Nonlinear Circuit Analysis .. .. .. 1956 .. .. 40/-

Distributed in the United Kingdom by:
INTERSCIENCE PUBLISHERS LTD .s 88-90 Chancery Lane, London, W.C.2

Hall-mark your products with

NAMEPLATES ¢ DIALS ” C.J.R. Electrical and

by Electronic Development Ltd.
Metal Manufacturers of
Gravure Industrial Electronic Control Equipment

Transformer and Coil Winding
to customer’s specification

INSTRUMENT
PANELS BICKFORD ROAD, WITTON
A BIRMINGHAM, 6 Telephone EAST 0822
SPECIALITY

ESTABLISHED
OVER 50 YEARS

A.LD. = Approved
\V)

MACHINE

ENGRAVING

Thisserviceisavail-
able to customers
calling for small
quantities or
where plates are
required for proto-
type products or

{equipment. As actual makers we offer you precision to
match your own, inJa wide range of finishes in
all non-ferrous metals and other materials.

THE METAL GRAVURE C€O. LTD.

BABINGTON WORKS - KNOLLYS ROAD - LONDON - S.W.16
PHONE STREATHAM 2171

24

TRANSFORMERS of all types up to 25 KVA for Single or Three
Phase operation, Phase conversion, etc.

MAINS Output and Special Purpose Transférmers for
Radio Equipment; Chokes, etc.

COILS for Contactors, E.M. Brakes, Air Valves, etc.
and coil WINDINGS for all purposes.

SOLENOIDS for A.C. and D.C. Operation.

W. F. PARSONAGE € C° L™
INDUCTA WORKS

PARK RD BLOXWICH WALSALL
TELEPHONE: BLOK. 66464
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/M///// CONSTANT AMPLITUDE

VALVE MAINTAINED TUNING FORK

Type 5224CA . . . with frequency characteristics

approaching those of a crystal !
25-100 C/S according to specification

Due to a patented circuit incorporated in this design, the
amplitude of the vibrating system is maintained constant.
The system is not subjected to a constant straining, polarisa-
tion nor to any electromechanical shock. Energy is supplied
to the fork whilst the limbs are moving in one direction only.

The instantaneous voltage generated in the pick-off coil is

strictly proportional to fork velocity and is therefore free
from harmonics.

Write for list 69A for full details
H. TINSLEY & CO. LTD Werndee Hall, South Norwood, London, S.E.25 * Addiscombe 6046-7-8

@

ELCOM

Plugs and Sockets
2,4,6,8, 12, 18, 24 and 33 Way

DELIVERIES 2 TO 3 WEEKS
QUANTITIES BELOW 500—I10 DAYS

FOR DETAILS OF
FADERS AND ATTENUATORS - ROTARY STUD SWITCHES - PRECISION WIRE-WOUND RESISTORS

T ELECTRONIC COMPONENTS

WEEDON ROAD INDUSTRIAL ESTATE * NORTHAMPTON
NORTHAMPTON 2467 AND 1873 GRAMS ‘ELCOM’ NORTHAMPTON
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IN FULL PRODUCTION

SINTERED
PERMANENT
MAGNETS

all lndustries

Write for literature
and samples

TELEPHONE SHEFFIELD 41341

TELEX No. 54-215

SHEFFIELD - 9 ENGLAND

FITZWILLIAM WORKS + TINSLEY -

0.9,

%JI|III1IIIII[[IIIIIIIIIIIIIIIIIIlllIlllllIIIIIIIIIIMIIIlIIIIIIIIII!IIIHIIIIIII[III[!IIIHIII]IIIII[l[llIIllIllllIlIMIIIIIIIIIIIIIIIIIIllIIIIIIIIIIIIIllIIlIlIHIIIIIIIIHIIHIIIIHIIIMIHHE
THE WORLD’S GREATEST BOOKSHOP =

+* * FOR BOOKS ¥ »

FAMED CENTRE FOR

Technical Books

JOIN THE SCIENTIFIC BOOK CLUB!
You buy Books published at 10/6, 12/6, 15/-
and more for ONLY 4/-. Write for details.

119-125 CHARING CROSS ROAD, LONDON, WC2
GERrard 5660 (20 lines) Open 96 (including Saturdays)

Two minutes from Tottesham Court Road Station

%IIIIIIIIIIIIII|IlllﬂIIIlllll|lIIIIllmlIIIIIIIIIII[IllIINHlIIIIIlllmmI]lIIIIIIIIlmlHIlIHIIIIIlIIIIIll!lIIIIIMIHIIIIIIHH[IHHIlII|IIIIIllNlIlIllllHIlllllllllllllllllllﬂlll[%

THOMSON-VARLEY '
POTENTIAL DIVIDER SHORT-WAVE RADIO

made by a well-known manufacturer. & T H E I o N os P H E R E

This is a precision potentiometer having

three decades plus divided wire, total By T. W. BENNINGTON, Engineering Division, BBC

resistance 70,000 ohms; resolution

1/100,000 of total resistance. Built-in Long-distance communication by means of short waves is

galvanometer approx. 1 microamp. dependent on the state of ionosphere, which changes during the

F.S.l?. accuracy 0.01 per cent. Ul!used day and at different seasons of the year. This book explains simply

and in absolutely brand new condition. the reasons for these changes and shows how they influence the
Price £25 choice of wavelength for signalling between different points of the

earth’s surface. Published for the *“Wireless World”.

Z & I AERO SERVICES LTD. 82” x 54”138 pp.  2nd Edition  10s 6d net By post |15 4d

14 South Wharf Road, Paddington, London, W.2 Obtainable from leading booksellers or by post from

Telephone: AM Bassador 0151/2 The Publishing Dept., Iliffe & Sons Limited
Dorset House, Stamford Street, London, SEI
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Opportunities

scientists and engineers at

O p e n i n g s Men with previous process

for

oy

for

POWERS-SAMAS research establishment

The continuing expansion of this leading Company in the accounting machine industry offers exceptional
opportunities for scientists and engineers to engage in the absorbing work of designing and developing
electronic, electrical and mechanical equipment for the world market.

The vacancies are all for permanent, pensionable staff appointments at the Research Establishment at
Whyteleafe, Surrey. Completed in March, 1957, the Establishment is one of the finest and best-equipped in
Britain. It is in a most pleasant eountry setting yet is only some 35 minutes from central London by Southern.
Region to Whyteleafe South Station.

Generally (and subject to any speeific qualifications stated below), applicants should have an engineering
degree, H.N.C., O.N.C., or similar qualifications, and previous shop and design experience in the electronic,
electrical or mechanical fields. A five-day week is in operation and working conditions and amenities are
those to be expected in a madern, well-equipped research establishment.

Applicants should send a brief deseription of their qualifications and experience to the Personnel Officer at
the address shown below.

RESEARCH

PROJECT

ENGINEERING

Senior and junior research

planning and/or methods in applied research in the field
; H t engineering experience both PRODUCT of Data Processing. Applicants
eXi s electrical and mechanical, IMPROVEMENT should have a degree in electrical
. for liaisen between research, engineering or physics, or be
design and production. Senior and junior mechanical  Corporate or Graduate members of
engineers with technical the L.E.E., or Associates or
qualifications, and design and Graduates of the Institute of Physics.
production experience Applicants for senior positions
LOGICAL in light engineering to join should have some experience
Senior Designers and DESIGN teams improving the design in digital computing or allied fields.
Draughtsmen with experience and performance of the Vacancies also exist for
in either the mechanical Mathematicians or others current ranges of machines. Laboratory Technicians to assist in
field or the electrical and with an eptitude for logical A knowledge of mechanism research and development
electronics field, for work on design and some knowledge design using modern techniques, projects. Applicants should have
design and development of of compnter programming and an open enquiring mind, technical qualifications or
modern accounting machinery.  for commercial accounting. are essential requirements. experience in electronics or physics

POWERS-SAMAS ACCOUNTING MACHINES LIMITED, Research Establishment, Whyteleafe, Surrey.
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A new wide band

Two channel

0SCILLOSCOPE

Model DE 103 A
—D.C. to 10 Mc/s

The new troiley mount-
ing of this instrument has
facilities for conveniently
carrying accessories, such
as signal delay lines,
cathode follower probe
and single shot camera.

Note the useful writing
desk attachment.

Incorporating many im-
provements over its pre-
decessor, among the most
important being:—

. The standard of accuracy 3. Internal synchronising
with which the displays facilities provided.
on the two channels can
be compared with each
other.
2. The linearity of the time
base, making possible
time measurements 5. Higher sensitivity with-
within 29, accuracy. out loss of band width.

4. Greater accuracy of the
voltage calibration.

In its present form it provides unique facilities for the accurate
display and measurement of two high frequency signals simul-
taneously, and is a well tried, reliable instrument.

Having two signal channels which are free from any inter-
action, and which do not depend on beam switching techniques,
the two signals may be aligned for comparison in any desired
way with confidence that their waveform details are strictly
relative, under either single stroke, triggered, or repetitive sweep
conditions.

In effect the design provides two first-class wide band
oscilloscopes combined in one unit.

Ask for data sheet No. 5570 for full details.

NACAR

I (. TD

18 Avenue Road, Belmont, Surrey. VIGilant 9161/2

FERGUSON RADIO CORPORATION LIMITED
require

SENIOR ENGINEER

A high salary is available for a Senior Engineer to
work on a variety of projects connected with
Television. Circuit design experience in at least one
of the following subjects is essential.
(1) Television tuners
(2) Wide band amplifiers operating at around
40 Mc/s
(3) Video frequency pulse amplifiers
(4) Television scanning circuits and com-
ponents
(5) Colour television systems
(6) Industrial television systems
Applicants should normally possess a good Univer-
sity Degree in Electrical Engineering or A.M.LLE.E.,
but this requirement will be waived if evidence of
satisfactory practical ability is available.

Contributory Pension Fund and Life Assurance
Scheme
Canteen and welfare facilities

Apply in writing to:
The Personnel Manager
FERGUSON RADIO CORPORATION LTD.
Gt. Cambridge Road, Enfield, Middx.

RADAR ENGINEERS

The SHAPE Air Defense Technical Centre has a
few vacancies for graduate engineers and physicists
with several years experience in Radar Engineering.

The projects to be undertaken will be concerned
mainly with radar receivers, with special emphasis
on refined detection techniques and the applica-
tion of modern methods thereto.

The basic salaries will be based on the European
average for corresponding background and ex-
perience.

Successful applicants from foreign countries will
benefit by a number of privileges including a
foreign allowance of the order of 70 per cent of
the basic salary, and reimbursement of the cost
of moving their families and household effects to
The Hague and back to their country of origin
on termination of contract. The total income is
tax free in the Netherlands.

Applications, containing detailed information on
training and past experience, should be sent as
soon as possible to:

The Director,
SADTC, P.O. Box 174,
The Hague, The Netherlands

28
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ELECTRONIC &

RADIO ENGINEER

GLASSIFIED ADVERTISEMENTS

Advertisement Rates. 6d. per word, minimum charge 6/-, each paragraph charged
separately. Remittances payable to lliffe & Sons Ltd., Dorset House, Stamford St., S.E.1.
Series discount of 159, ts allowed for 12 consecutive insertions.

Box Numbers are available at an additional charge of 2/- to defray cost of registration
and postage. Replies should be addressed Box No. 0000, clo ““Electronic & Radio
Engineer”, Dorset House, Stamford Street, London, S.E.1.

Semi-Display advertisements with centralized lines £1/15/- per single column inch—no
additional charge for Box Numbers. The Publishers are not responsible for clerical or printers’

errors although every care is taken to avoid mistakes.
Press date for the February 1958 issue is first post 23rd January 1958

SITUATIONS VACANT

SITUATIONS VACANT

SITUATIONS VACANT

COMMONWEALTH OF AUSTRALIA
COMMONWEALTH SCIENTIFIC AND
INDUSTRIAL RESEARCH ORGANIZATION

Division of Plant Industry

Appointment No. 130/324 of Electronics
Engineer

THE Division of Plant Industry is concerned with
research into many aspects of agriculture and biology
basic to the continued development of Australian
primary industry. Its research programmes in
Biochemistry, Biophysics, Physiolo?, Ecology,
Microbiology and other fields, both in the laboratory
and the field, offer considerable scope for the
application of electronic principles and for colla-
borative research in the electronics field.
APPLICATIONS are invited from graduates
interested in this field to establish an electronics
laboratory. within the Division at Canberra. The
appointee will be required to initiate research into
the application of electronics to problems of agricul-
tural research.

APPLICANTS should possess a University
Honours Degree in Science or Engineering and have
had research experience in the fields of instrumenta-
tion and applied electronics.

DEPENDENT on qualifications and experience,
commencing salary will be determined within the
ranges of Senior Research Officer {A2,048-£A2,323
or Research Officer £A1,313-£A1,938.

THE appointment may initially be for a period of
three years, although an indefinite appointment
would be considered. Appointment will be con-
ditional on a satisfactory medical examination. If
appointment is made on an indefinite basis the
position will carry Superannuation Fund or Provi-
dent Account privileges.

IN the case of an appointee domiciled overseas,
first-class sea fares to Australia will be paid for the
appointee, his wife and family. If the appointee does
not take Up an indefinite appointment with the
Organization at the expiry of his fixed period, return
fares will aiso be paid.

APPLICATIONS quoting Appointment No.
1%0/324 and stating full name, place, date and year
of birth, nationality, marital state, present employ-
ment, particulars of qualifications and experience
and war service, if any, accompanied by the names
of three professional persons willing -to act as
referees and copies of not more than four testi-
monials should reach the undersigned, from whom
further particulars may be obtained, not later than

2s5th January, 1958,
A. SHAVITSKY,
Chief Scientific Liaison Officer.
Australian Scientific Liaison Office,
Africa House,
Kingsway,

London, W.C.2. [1158

COSSOR INSTRUMENTS, LTD. Senior En-
gineer required for circuit development on oscillo~
graphs and other instruments. Preference given to a
man holding degree or equivalent academic qualifi-
cations, plus five years design experience; although
proven design ability and wider experience would be
considered in lieu, For a progressive post with a
f'oung and expanding company within an estab-
ished group, write to: The Technical Director,

Cossor  Instruments, Ltd., Highbury Grove,
London, N.s. [r157
EXTREMELY difficult problems., Hard and

concentrated work. The need for a continuous flow
of bright ideas in the research and development of
revolutionary electronic equipment, Compensated by
high salary. A senior Electronic Engineer and an
Assistant Electronic Engineer wanted to join a
rapidly expanding company with world sales of
electronic _equipment. Qualifications for Senior
Engineer: Degree, Graduate L.E.E. or H.N.C. For
Assistant Engineer: good practical experience and
some theoretical knowledge required. Applications
will be treated as confidential and should be made to
Research Department, J. F. Crosfield, Ltd., 232 Old
Street, London, E.C.1. | {1160

COMMONWEALTH OF AUSTRALIA
Department of Supply

AUSTRALIAN DEFENCE SCIENTIFIC
SERVICE

THE WEAPONS RESEARCH ESTABLISH-
MENT, SALISBURY, ADELAIDE; DEFENCE
STANDARDS LABORATORIES, MARIBYRN-
ONG, MELBOURNE; ALEXANDRIA, SYD-
- NEY; AND FINSBURY, ADELAIDE.
INVITE applications for positions of Scientific
Officer, Grades 1 and 3, at the above Laboratories
from Honours Graduates and experienced research
workers.
SALARY
Scientific Officer, Grade'1, fr,313—£1,628.
Scientific Officer, Grade 3, £1,718-£1,938.
DUTIES
Defence research in one of the fields of Aero-

dynamics, Chemistry, Electronics, Mathematics,
Meutallurgy, Optics, Physics and Mechanical or
Electrical Engineering.
QUALIFICATIONS

Scientific Officer, Grade 1.—Appropriate honours
degree. Some relevant research experience would be
an advantage.

Scientific Officer, Grade 3.——Agpropriate honours
degree or other academic qualifications considered

equivalent together with research experience
desirable.
LOCATION

Maribyrnong, Alexandria and Finsbu% are within
the suburban areas of Melbourne, Sydney and
Adelaide respectively. Salisbury is situated approx-
imately 16 miles north of Adelaide.
THE salaries quoted are Australian currency.
WHILE the positions are on a temporary basis, the
tenure of employment is not limited.
FIRST class boat fare for the appointees, their
wives and dependent children will be paid by the
Commonwealth of Australia.
APPLICATION forms, together with a descriptive
leaflet, are available from the Senior Representative,
Department of Supply, Australia House, Strand,
London, W.C.2, with whom applications should be
lodged by 14th January, 1958, quoting Ref. A[P.89.
1150

ELECTRICAL/ELECTRONIC ENGINEER
required at the

ATOMIC ENERGY RESEARCH
ESTABLISHMENT, HARWELL

TO operate and maintain a nuclear physics machine
consisting of 28 MeV electron accelerator used to
bombard uranium and so to produce intense neutron
pulses for nuclear experiments.

APPLICANTS should have a professional qualifi-
cation. An Electrical Engineering Degree and
experience of high-vacuum or high-frequency
techniques, or of electro-mechanical plant, is
desirable. Salary £815 (at 25) to £1,270. Housing,
superannuation and ~excellent conditions. Send
POSTCARD to Recruitment Officer (902Y/46),
A.E.R.E.,, Didcot, Berks. (1154

SENIOR Scientific Officer/Scientific Officer re-
quired at Ministry of Supply, Aeroplane and
Armament Experimental Establishment, Boscombe
Down, Amesbury, Wilts, for work on electronic and
electrical systems and development of test tech-
niques and instrumentation for Service clearance of
special armament stores. Qualifications first or second
class honours degree or equivalent in electrical
engineering or physics, with experience in elec-
tronics. For S.S._S. at least three years post-graduate
exiperience re%v;n.red. Post unestablished but possi-
bility of establishment whilst under 31. Salary
ranges: $.8.0. £1,130-£1,330 (men), £1,038-£1,248
(women); S.0. £’59s-£x,oso (men), £595-£974
(women). Forms from M.L.N.S., Technical and
Scientific Register (K), 26 King Street, London,
§.W.1, quoting A.359/7A. {1155
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THE PHGENIX TELEPHONE & ELECTRIC
WORKS, LTD.
The Hyde, Hendon, N.W.9

SENIOR and JUNIOR ENGINEERS

ARE required for a new and extensive programme
of development work which will ultimately extend
over the whole telecommunication field. For some
of the posts design experience in one of the following
fields is desirable:

1. Carrier Telephone Systems

2. Cold Cathode Tube Circuits

3. Automatic Telephone Systems

4. Network Theory
IN general, the educational qualifications required
correspond to those demanded for corporate
membership of the professional societies, but
ambitious juniors with O.N.C. or Intermediate
C. & G. are invited to apply. Salaries and conditions
are in line with general practice in the industry.
APPLICATIONS should be addressed to the
Personnel Manager, and will be treated as strictly
confidential. [r159

BROADCASTING and Radio Technicians re-
quired by Government of Cyprus for appointment
on contract for two years. gglary scale (including
overseas allowance and present temporary allow-
ance of 2139% of salary) £1,273 rising to £1,494 a
year. Gratuity at rate of £80-£100 a year. QOutfit
allowance £30. Free passages. Liberal leave on full
salary. Housing provided at low rental. Candidates
must be able to take charge of 20-kW broadcasting
transmitters. Ex-Army Foremen of Signals and
comparable ex-R.N. and R.A.F. personnel may
apply. Write to the Crown Agents, 4 Millbank,
London, S.W.1. State age, name in block letters,
full qualifications and experience and quote
M/2C/42540/EO. 1153

BRITISH PETROLEUM COMPANY, LTD.,
has a vacancy for an Electronic Engineer for work in
the Instrument Group at its Research Station at
Sunbury-on-Thames. Applications are invited from
men with a University Degree in Physics or Elec-
trical Engineering or equivalent. Some experience in
the design and development of electronic instru-
ments preferable. Work will include development of
instruments for the control and testing of internal
combustion engines, for process control, and for
chemical and physical measurements. Age under 35.
Salary according to age, qualifications and exper-
ience. Non-contributory pension fund. Assisted
house purchase scheme. Removal expenses and
settling-in allowance payable in certain cases.
Luncheon club. Write, giving full details, quoting
H.éaoaA, to Box 5639, c/o 191 Gresham House,
E.C.2. (1156

HOME OFFICE: Wireless Technician. The Civil
Service Commissioners invite applications from men
for about fifty permanent posts in Pinner, Middlesex,
and at Regional Wireless Depots in various parts of
England and Wales, Duties include installation and
maintenance of radio equipment used by police and
fire services. Age at least 22 on 15t December, 1957..
Candidates must have sound theoretical and
practical knowledge of wireless engineering and
communications equipment, including V.H.F.
apparatus. Possession of C. and G. certificates, or
comparable qualifications, an advantage. Ability
to drive a car desirable.

STARTING pay at Pinner £540 at age 24 (£30 less
for each year under 24) up to £630 at age 28. Scale
maximum £68s. Slightly less at Regional Depots.
Promotion prospects. Five-day week.

FURTHER particulars and application form from
Secretary, Civil Service Commission, Trinidad
House, Old Burlington Street, London, W.I,
quoting No. S4792/58. Completed application forms
to be returned by 6th February, 1958. (1151
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SITUATIONS VACANT

SERVICE

PATENTS

TEST Gear Maintenance Technician (25-45) with
practicai experience in deveiopment or repair
electronic test gear required. O.N.C(E.E.) or
C. & G. certificate desirable. 44-hour, s-day week;
staff canteen; pension scheme. Please apply by

ASSEMBLY and Winding Capacity Electronic
Equipment supervised by technicians experienced in
modern technique applicable to computers, V.H.F.
and high voltage oscillatory circuits. D.T.V.
Contracts Dept., 134/136 Lewisham Way, New

letter giving age, experience, qualifications, salary Cross, S.E.14. TIDeway 6666, Ext. 1. [1046
required to Personnel Manager, Bush Radio, Ltd.,
Power Road, W.4. [1148
® @
TUITION
STEEL SHELVING
BO};SOUGHhI;OLnggﬂNIC 100 bays of brand new adjustable
oroug oad, S.E.x o ”
Special Lecture Course on STEEL SHELVING, 72 hlgh x 34
ELECTRON OPTICS wide x 12” deep, stove enamelled
(with particular application to Cathode-ray Tubes) bronze green. Sent knocked down,
A course of eleven lectures on the fundamental 5. 0d
principles %f electron opm;f w]xll be given on Fr}i‘igy 6-shelf bay—£3 15s. 0d.
evenings egmnmg 17t anuary, I1958. e i
lectures will y concerned with electron Sample delivered free.
behavi:)ur in C}althod%-ray g‘ubes ax;d allxerij appara-
tus showing ow ar theoretica! considerations
influence tube design. N. C. BRO A} N LTD-
THE fee for the course will be £1 ss. and the
lectures will be given in the evening from 7 to EAGLE STEELWORKS
9 p.m. HEYWOOD, LANCS. Telephone 69018
FURTHER details and application form from the
Secretary. (1149 ® L ]

PATENT No. 706298—Method for comparing the
Frequencies of Two High-frequency Generators and
Apparatus for carrying out this method.
THE proprietors of Patent No. 706298 desire to
enter into arrangements by way of licence or other-
wise on reasonable terms to ensure its full develop-
ment and commercial working in this country,
ADDRESS inquiries to:
W. P. THOMPSON & CO., Chartered Patent and
Trade Mark Agents, 12 Church Street, Liverpool, 1.
[1152

BOOKS, ETC.

“SECOND Thoughts on Radio Theory.” By
Cathode Ray of WIRELESS WORLD. Forty-four
articles reprinted from popular WIRELESS WORLD
series, in which the author examines various aspects
of elementary radio science, explains them clearly,
and shows that there may be more behind them than
is apparent from the usual text-book. This volume
deals with basic ideas; circuit elements and tech-
niques; circuit calculations; and some matters in
lighter mood. An entertaining and helpful text-book
for the student, refresher course for the engineer,
and reference book for all, combined. 25s. net from
all booksellers. By post 26:. 4d. from Iliffe & Sons,
Ltd., Dorset House, Stamford Street, S.E.1,

METROPOLITAN-VICKERS ELECTRICAL
COMPANY LTD.

DEVELOPMENT ENGINEERS

for
ELECTRONICS DEPARTMENT

Graduate Engineers or Physicists with two or more
years experience in the field of microwave techniques or
microwave receiver systems are required for theoretical or
practical work in the development laboratories of the
Radar Division. Applicants are requested to write,
quoting reference F.10, to:

AUTOMATIC TELEPHONE & ELECTRIC COMPANY LIMITED
SCHOOL OF ELECTRONICS
Applications are invited for the following appointments in the school
of electronics of the Automatic Telephone & Electric Company
Limited, Liverpool.
SENIOR LECTURER ONE POST
LECTURER o0 TWO POSTS
The work is post-graduate in nature and involves lecturing on
modern electronic technique as applied to communication engineering.
Candidates should possess an honours degree in either:
(a) Electrical Engineering with Electronics or Tele-
communications
(b) Physics, with Electronics and/or Mathematics
Salaries will be in accordance with the Burnham Techmcal scale.
Persons appointed will be required to join the company’s super-
annuation scheme, Assistance can be given with housing in suitable

Personnel Manager

Trafford Park
Manchester, 17

Metropolitan-Vickers Electrical Co., Ltd.

Application forms and details may be obtained from:
THE PERSONNEL MANAGER
AUTOMATIC TELEPHONE & ELECTRIC CO. LTD.
STROWGER WORKS, LIVERPOOL, 7

cases.

Anderton

€2p ic/&/oc& s
%%W”

3D Jrom /18" to 15"

Write for DATA SHEETS
to Dept. A.3, ANDERTON
SPRINGS LTD., BINGLEY

Telephone: 2388, 2351 & 2226
Tetegrams: Clrclips, Bingley
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Three things you

should know about

EDISWAN transistors

MAZDA

1 More and more
manufacturers are

speclfylng them.

2 They are available
In a range that covers

numerous applications.

3 Their prices are

competitive.

Your reference files are incomplete

unless they include our latest folder
of Ediswan Mazda PNP Junction Transistor Data.

May we send you a copy ?

SIEMENS EDISON SWAN LIMITED

An A.E.l. COMPANY
155 Charing Cross Road, London, W.C.2, and branches

Telephone: GERrard 8660. Telegrams: Sieswan Westcent, London

CRC 15/11
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have pleasure in announcing that their range of Sensitact Precision Measuring
Relays and electrical meter movements are now available in the United Kingdom
and British Commonwealth and Empire through LELAND LEROUX LIMITED, LONDON

High sensitivity measuring reloys with two odjustable cantacts. . L E lA N D
Moving-coil type movement for d.c. operation or with rectifier for alternating current of
all frequencies.

Screened movement with patented spring suspension—standard octal valve base mounting. s I R M E N L l D
Operating Power: from 0.0l micro-watts upwards. Accuracy better than 2 per cent.
sornc

Automation and Communication Engineers
are invited to write for details to:

Operating Response time: one to two-tenths of a second, depending on angular position

: L2eess &
of adjustable contacts.

Available as a polarized relay with centre zero, or as @ minimum/maximum controller. TELEPHONE: VI CTO RIA 3243 (FIVE LIN ES)

22 & 23fMILLBAN.K - WESTMINSTER - I.ONDON S.W.,I
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