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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.—

D Armature and field windings for industrial
and traction motors

Air cooled windings for transformers

D Coils for motor starters

RAMEL

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.

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

BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.I
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A-C AUTOMATIC VOLTAGE REGULATORS

39 BASIC TYPES IN 6 DESIGN SERIES

WIDEST RANGE IN THE WORLD?

So far as we are aware, our range of A.C.
Automatic Voltage Stabilisers is the largest
in the World. We have a very wide range
of standard models, single-phase patterns
ranging from 200 VA to about 30 kVA
(3-phase types up to about 90 kVA).

There are 39 basic types, in six distinct

design series, and all are available in
standard form or as tropicalised instru-
ments. We feel that on this account
there can be few, if any requirements
covering Stabilisers that we are not in a
position to meet economically, efficiently
and promptly.

Here are very brief details of the six main series, in handy tabular form: cut this ad.
out and use it as a Buying Guide ; but please remember that if you do not see exactly
what you require a written enquiry will probably reveal that we have a “special’ to
suit, or that the answer is under development. New stabilisers are regularly being
added to our range. Several are at the very advanced development stage now—and
we do design “specials”. One such “special” (AM type 10D/20161) is illustrated
(Ilustrations not to scale). Nearly 100 have been supplied to Murphy Radio Ltd. for
incorporation in equipment supplied by them to the Air Ministry for use on a chain
of Radar Marker Beacons. 45 in slightly differing form are currently being made by
us for the Air Ministry for another Radar Chain.

For complete data request our new 32-page illustrated
Catalogue-Technical Manual, C.L.L. Form S-574.

DESIGN SERIES ASR ATC BAVR BAVR-E BMVR TCVR
|
Input Voltage | —10% —20% —10% = —10% D
“Swing” to+5% | to+10% | to+5%  to+5% typical is from
! —19% to +8.5%
Output Voltage { t | Usually Usually
Stability +24% +5% +0.15% |, +0.15% +0.5% $0.5%
! I )
Change due to load
(0-100%) NEGLIGIBLE ‘ +2.0% +0.39, NIL NIL
| 1
\ ‘ '
Harmonics Generated NIL NIL YES . YES NIL NIL

PRACTICALLY INSTANTANEOUS
Response Speed AVERAGING I V/Sec. |40V/Sec. 3

2-3 CYCLES ‘ I CYCLE

200VA 200VA | 1600VA to | 1600VA to
Power Ratings ;;ggxﬁ If;gxﬁ 500VA 500VA | 30kVA (18 | I2kVA (11
1000VA 1000VA models) models)
s | | |
Basic Prices £24 to £34 £24 to £34 | £50 to £79 | £59 to £88 | £75 to £237  £91 to £144

% From May Ist 1956, subject to 74% increase.

@laude Mpons Atd.

STABILISER DIVISION

HODOESOON - ENGLAND - TEL: HODDESDON 3007 (4 LINES) - ‘GRAMS: MINMETKEM, HODDESDON ‘
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MODEL 8/600. + 2501Ibs. at | kefs.
with built-in monitor coil and
cooling equipment.

RESONANCE TESTED

... for Passenger Safety

THE HERALD

Resonance Search Testing is now an accepted technique
@  in the aircraft and guided weapon industries.
Information thus tabled forms the basis of prolonged
fatigue tests, when components can be incorporated
under proved conditions without fear of failure in flight.
Typical of the exacting test procedures now undertaken,
® HANDLEY PAGE LTD., in developing their new
‘HERALD °’, subjected the entire aircraft to resonance
L sweeps from 1—50 c/s. The illustration shows a test in
progress using a model 8/600—one of the
wide range of GOODMANS Vibration

Generators producing forces up to 8,000 1bs.

Photograph by courtesy
of Handley Page Ltd.

Also available to drive the 8/600, MODEL
D.1250 POWER Oscillator—a complete
“Kilowatt Plus " driving equipment.

For the solution of your Vibration problems...
look to GOODMANS.
* Full technical data from

Vibration Division.

i Vibsation, benoeatons —

GOODMANS INDUSTRIES LIMITED - AXIOM WORKS - WEMBLEY + MIDDX - Telephone WEMbley 1200 (8 lines)
GDI7
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: Ih the shadow
of a great

| ...comes a new range of
sub-miniature electrolytic

J:

for transistor circuits

| Capaci- | Wkg. . Capacitance Tolerance
. Voltage Length| Diameter —204100%
25uF 12 1’ 1 Power Factor > 25%
souF 6 1’ -3 Leakage after 15 min-
L VSRR TSN 75uF 3 1’ ¥ utes application of rated A
L ATLTR AT Yoty 8uF 12 ¥ o f” working voltage will L+ ¢
TR e 16uF 6 3 17 be less than o.Is5pA. =
AL AT AL 24pF 3 ¥ %" per unit CV, where = .
sRI AN 32pF 1} ki &7 C=Capacitance uF. .
3uF 12 @ & V =rated working volt- .
A d 6uF 6 ¥ a age.
ae L 8}LF 3 %_// 136'” . .
| . ) L ” ” Please write for full in-
A N YR Y Ze 13 ¥ i formation.

U S M pENER:!

DUBILIER CONDENSER CO. ([1925) LTD., DUCON WORKS, YICTORIA ROAD, NORTH ACTON, LONDON W.3

Telephone: ACOrn 224| Telegrams : Hivoltcon Wesphone London.
DN 187.

Electronic & Radio Engineer, August 1957 3



The logical advance in JRGLETIIIT!
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%«nmummuulllmumm i sealed with an expen-

; sive cap-nut. The

- assembly was laborious

and spanners were
needed.
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THE SALTER WAY

The tube is recessed
and then simply

] ? grooved with the
TScireLip SALTER Grooving Tool.
N FITTED IN A Circlip is snapped
into position and

GROOVE secures the fluid retain-

ing plate with positive,
vibration-free locking.
When necessary the

Circlip can be removed
V/ / %77 quickly and easily.

R
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save material-reduce assembly time

When it’s a question of assembling components machining operations. A large standard range is
in any engineering field, Salter Retainers are the at your immediate disposal, and we should
answer. They replace nuts and bolts, screws, welcome the opportunity to assist in developing
cotter pins, and eliminate expensive threading and special retainers to solve your problems.

Send for the Salter Retainer
catalogue — no designer is
complete without if.

Circlips Fasteners Retainers IEI Fixes

Geo. Salter & Co. Ltd., West Bromwich - Spring Specialists since 1760

M-W.448
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MARCONI
MILITARY AND CIVIL

airborne

DOPPLER
NAVIGATORS

CONTINUOUS AUTOMATIC POSITION
INDICATION WITHOUT GROUND-BASED
AIDS, ALL OVER THE WORLD

POSITION IN LATITUDE AND LONGITUDE
DISTANCE RUN AND DISTANCE TO GO ¢ WIND VELOCITY
ESTIMATED TIME OF ARRIVAL ¢ TRACK GUIDANCE

Write for details to:

AERONAUTICAL DIVISION

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

Electronic & Radio Engineer, August 1957



Quality Approval

ONLY STEATITE & PORCELAIN
NICKEL METALLISING HAS ||
THE FULL JOINT SERVICE
QUALITY APPROVAL

(Cert. No. 980 issue 2)

METALLISED

BUSHES

Approved
Humidity class H.I.
Temp. category 40/100

Samples sent

on request

Please write for Catalogue No, 47

STEATITE & PORCELAIN PRODUCTS LTD.

STOURPORT ON SEVERN, WORCS - Telephone: Stourport 2271 Telegrams: Steatain, Stourport.

S.P.SO0A
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VALLEY WORKS -

40 VOLTS/SECOND AUTOMATIC CORRECTION
-with the type TCVR voltage regulator

Where pure waveform arnd extremely fast response are
necessary at the same time, the type TCVR voltage regu-
lator provides undistorted output waveform with a
correction speed of the order of FORTY VOLTS
PER SECOND.

Unaffected by frequency and load changes, the TCVR is
now generally accepted as the best means of controlling
the input to electron microscopes, X-ray equipment,
spectrometers, computors, business machines, radio and
television transmission equipment and all types of
measuring and research instruments.

TCVR voltage regulators produce no harmonics and give
their rated output accuracy (usually &= 0'5%) from
zero to full load.

A range of models from 16 to 12kVA, single phase,
and 4'8 to 36kVA three phase is available and any
model can be fully tropicalised if required.

Specials can be designed to order. Write for our new
Catalogue ref. S-574 which gives full details.

HODDESDON -

Electronic. & Radio Engineer, August 1957

HERTS

Type TCVR volt-
age regulator with
cover removed

SINGLE-PHASE MODELS

@) Glasde Tpons T (£)

STABILISER DIVISION

- TELEPHONE: HODDESDON 3007 (4 LINES)

* These are based on a 400/230v. output setting : other voltages available.

. INPUT VOLTAGE MAX KVA*
TYPE No. ["SWING” AROUND CURRENT ' paTiNG
OUTPUT VOLTAGE*| (AMPS))
§ TCVR-2750-A —II'5t0 + 8% 12 276
TCVR-2750-8 —15 to +10°5% 9 H 207
§ TCVR-2750-C —17 to +12% 8 1-84
TCVR-2750-D [ —19 to +13'5% | 7 161
; TCVR-2750-VV 200-250v I 9 207
TCVR-7u00-A —I19 to + 85% 32 i 7°36
TCVR-7C00-8 —I5 o + 7.5% 40 920
§ TCVR-7000-C —Il to + 6% 53 i 12:19
TCVR-7000-VV as ordered | as ordered as ordered
§ * These are based on a 230v output setting : other voltages available.
§ ““Y¥" indicates models with variable output voltage.
THREE-PHASE MODELS
g INPUT VOLTAGE PIAX
e ” ND | CURRENT KVA®
| TYPENo. SUTPUT VOITAGE: PERFHASE  RATING
! TCVR-2750-Af3PH —l1'5t0 + 8% | 12 | 828
TCVR-2750-8/3PH { —I15 to + 10°5% | 9 621
i TCVR-2750-C/3PH | —I17 to +12% ! 8 552
TCVR-2750-D/3PH —I19 to +13.5% | 7 483
] TCVR-7000-A/3PH —19 o + 85% i 32 ‘ 22°08
; TCVR-7000-8/3PH —I5 to + 7°5% | 40 27-60
i. TCVR-7000-C/3PH —Il o+ 6% ! 53 | 3657

CcL38
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CONSTANT VOLTAGE TRANSFORMERS

GDI6

EilT-]Mains Voltage

there’'s a case for d"m

Arkwright’s “ spinning jenny > of 1769 laid the foundation of today’s
vast textile industry, From that relatively simple mechanical device
has grown a wide range of electronically controlled equipment. The
starting-up and operation of these mammoth machines imposes heavy
loads on the power supply which results in local voltage fluctuations.
Control gear must be protected against these fluctuations. That is one
of the functions of “ Advance * Constant Voltage Transformer.

‘“Advance ” Constant Voltage Transformers provide a.c. voltage stabilisation of
+ 1% for input variations of up to = 15% at maximum load. For power require-
ments from 4 to 6,000 watts, they are automatic and contain no moving parts.

Full technical details available Leaflet R.28

ADVANCE COMPONENTS LIMITED
ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. Telephone: HAlnault 4444 i
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Hanna Curves taken from
measurements on

FERROSIL 100 at 50 c/s

The figures against
the various points
of the graph give
the value of%

Bm. 1000 gauss

=\
Bm. 100 gauss

‘Hanna’ curves for ‘FERROSIL 100’

Typical data of ‘Ferrosil 100" stampings is shown by Hanna Curves such as are
widely used by electronic engineers in the design of iron cored chokes and trans-
formers carrying both A.C. and D.C. currents. lLow-loss high-permeability
Ferrosil stampings are ideally suited to an infinite number of applications, of
which only a few are shown. Not only is there an R.T.B. stamping for every job,
but a wealth of technical data is available both in our new catalogue and by
request from

RICHARD THOMAS & BALDWINS LTD.

LAMINATION WORKS : COOKLEY WORKS, BRIERLEY HILL, STAFFS.
MIDLAND SECT!ON OFFICE : WILDEN, STOURPORT-ON-SEVERN, WORCS.
HEAD OFFICE : 47 PARK STREET, LONDON, W.I

Our Cookley Works is one of the largest in Europe specializing in the
manufacture of laminations for the electrical industry.




The famous Avometers are possibly the most widely used instruments of their type in the
World and have an excellent record of service under all climatic conditions, even at arctic
temperatures. In tropical climates, however, there is a constant risk of derangement due to
humidity, heat, and the development of fungoid growths. To meet these conditions, the
manufacturers of Avometers have produced special types known as Models 7X, 8X and
8(8)X, which are suitable for continuous use in any extremes of heat or cold. In these instru-
ments, certain components are potted in Araldite epoxy resin, which has the advantages of
remarkable adhesion to metals, ceramics, etc., good dielectric properties, low shrinkage,

resistance to moisture and extremes of climate, and complete freedom from micro-biological

attack.

Araldite epoxy resins have a remarkable range of characteristics and uses.

They are used * for producing glass fibre laminates

% for bonding metals, porcelain, glass, etc. % for producing patterns, models, jigs, tools, etc.

* for casting high grade solid insulation * as fillers for sheet metal work
*

* for impregnating, potting or sealing as protective coatings for metal, wood
electrical windings and components and ceramic surfaces

Araldite epoxy resins

Araldite 1s a registered trade name

Aero Research Limited scie Company - Duxford - Cambridge - Telephone: Sawston 2121

AP316
10 Electronic & Radio Engineer, August 1957



We are living in \]@@7

—— (T e—

The idea that a strong screw had to be good and big
would now be regarded as a joke, but in the Before-
Unbrako era it was true. Unbrako showed how it was
possible to miniaturise—to use fewer and smaller screws
to do the same job.

Unbrako brought a new way of thinking to screwmaking,
the scientific way. Revolutionary designs and superb
craftsmanship allied to the finest alloy steels and heat
treatment made it possible to produce a better screw—
a higher tensile screw — a screw with infinitely
greater fatigue resistance — and a better made screw

altogether.

THE

Electronic & Radio Engineer, August 1957

Die designers and machine tool builders were quick to

see the possibilities and have used socket head screws

lavishly. Look what they have done in space and weight
saving.

Today, the practice of using fewer and smaller screws
is accepted by progressive technicians throughout the
world. Wherever there is an Unbrako stockist, in fact,
and that is most places.

We have an enthusiastic team of experts who will be
pleased to co-operate with you on your fastening prob-
lems if you care to make an appointment. There is no

obligation involved, of course.

UNBRAKO SCREWS
COST LESS

THAN TROUBLE

co LIMITED COVENTRY

11
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FERRANTI SEALED

INSTRUMERNTS

COMPLY WITH RCS 231 AND RCL 23]

2" SEALED INSTRUMENT

TYPE APPROVED |

2} AND 31"

SEALED INSTRUMENT

l;J
= E
| FERRANTI

Ferranti sealed instruments comply with the
requirements of the Joint Service Radio
Components Standardisation Committee.

Full Type Approval has been obtained for
2” instruments, Humidity Class H.1 and
Temperature Category 40/85.

FERRANT! LTD - MOSTON -
London Office: KERN HOUSE - 36

MANCHESTER 10
KINGSWAY - W.cC.2

Fl163
Llectronic & Radio Ingineer, August 195
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when you need

equipment wires

for OPer;iOn

at high temperatures...
ol

consult ¢ Blcc :

about P.T.F.E.

— =

-

BRITISH INSULATED CALLENDER'S CABLES ULIMITED;=21 BLOOMSBURY STREET, LONDON, W.C.1



MODEL 500

[

A revolutionary new idea, Taylor’s ‘Centre Pole’ moving coil movement sets the standard for panel meters.

iwis e MOST SENSITIVE AND MOST POWERFUL MOVEMENT

ON TH E MAR KET measuring § millionths of an amp with complete reliability, and accuracy to

B.S.89/54 Industrial limits. Extremely robust, this instrument consists of a centre core magnet surrounded by

a soft iron ring where the coil rotates around the magnet. TORQUE To WEIG HT RATIO
IS AT LEAST TWICE THAT OF CONVENTIONAL MOVEMENTS

Stick-free operation. Inherent magnetic shielding. A novel method of dry balancing ensures permanency

and reliability. Patented anti-parallax mirror scale gives accurate reading. The meters can withstand 10,000

per cent overload. A wide range of ‘meters,‘round or
rectangular, available with scale lengths
from two to five inches

“VERY COMPETITIVE PRICES - PROMPT DELIVERY

Write for a catalogue ~ Samples delivered in
stating your requzrements seven days, quantities
in about four weeks.

TAYLOR ELECTRICAL INSTRUMENTS LTD., Dept. E.R.E., Montrose Avenue, Slough,{Bucks. Telephone Slough21381

14 _ Electronic & Radio Engincer, August 1957



saves desi gn time

and effort

Performance figures unaffected by capacity

loading on the H.T. outpuz.

It's so easy to put in a ready-made, self-contained,
completely reliable Power Supply sub-unit!

A COMPLETE —
RANGE OF SELF-
CONTAINED UNITS
v to sons [SRS 156 | AS 619 | AS 516 | AS 517 | AS515 | AS 615 | AS 616
INTO YOUR PROJECT
+ 150V to + 250V or +250V or +250V or +9250V or %250V or
VOLTAGE 150V +180V +300V £300V £300V +300V £300V
0-150ma or
CURRENT 0-40ma 0-200ma 0-50ma 10-100ma 50-200ma at 250V. 0-500ma 0-1A
100-200ma at 300V.
6.3V 4A C.T. 6.3V4A C.T. 6.3V4A C.T.
A.C. OUTPUTS 6'36"31/‘, 2‘T' 6.3V 4A C.T. 2§¥ Tﬁ C-T. 6.3V 2A C.T. 6.3V 4A C.T. 23332 2;1; 6.3V (0A C.T.
) 6.3V IA C.T. ) 6.3V 1A 6.3V 1A
D.C. SOURCE IMPEDANCE <2Q <I1Q <IQ <IQ <iQ <1Q <iQ
e L 400:1 400:1 400:1 400:1 300:1 400:( 400:1
A.C. SOURCE IMPEDANCE
40c/s— | 00ke/s <2Q <2Q <0.25Q <0.25Q <0.5Q <05Q <0.5Q
AL ATy LT <350pV <300pV <2501V <300pV <imv <300pV <3001V
94" x6}" 10”7 x 10" 94" x 63" 94" x 74" 93" x 94" 19” x (21" 19”x19”
DIMENSIONS X 61" high X 67%" high X 63" high X 63" high X 63" high x 104 high X 103" high
WEIGHT 144 tbs 211 Ibs 144 1bs 204 Ibs 211 Ibs 80 Ibs approx [50 Ibs

From this complete range of regulated power supply sub-
units you can choose, ready-made, the right power source
for your prototype or production equipments. Why waste
design time and effort on a part of the problem which we
have already thoroughly covered for you?

-——
= _—— o ——-—

/ -~ =
-0 ~ N
( // \\ \
7 \\ /
/ \\ // \
\ \\ P /
\ ~. — & °
\\ __’/\\ "/

— g - — -

THE SOLARTRON ELECTRONIC GROUP LTD

These robustly made units are giving excellent service in
many forms of electronic equipments, computers, simu-
lators, industrial controls, etc. Educational and servicing
establishments find them most useful as bench instruments
because of their compactness.

Notable features are

% LONG TERM RELIABILITY

% LOW SOURCE IMPEDANCE

* VERY LOW RIPPLE AND NOISE CONTENT
% GOOD STABILISATION RATIO

% LOW COST. DELIVERY EX STOCK

Power Supply Sub-units

THAMES DITTON e SURREY ¢ ENGLAND

Telephone: EMBerbrook 5522 e Cables: Solartron, Thames Ditton
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“...send the electrical equipment by ‘AFRICARGO’ . ..

... it’ll be in Africa in two days ... "’

Steadily increasing loads of electrical equipment and replacement
parts, etc., are evident in every ‘Africargo’ flight to Africa.
This scheduled all-cargo service is being used regularly as an auxiliary
supply pipeline to agents, distributors and direct to development projects, and
particularly those in inaccessible areas. The ‘Africargo’ service, with space
reservations guaranteed, can be depended upon for punctual delivery.
Rates are commercially reasonable when one considers the large capital savings
on reduced dormant stocks of equipment, together with reduced costs of packing,
insurance, storage and handling. Ask any forwarding agent for further information,

or write to HCA at the address below.

SEND G0ODS FAST BY— -‘#ﬂ:cﬂﬂﬁa

the all-cargo air service to AFRIGA

opwrmvﬁzz HUNTING-CLAN AIR TRANSPORT LIMITED

LONDON AIRPORT, HOUNSLOW, MIDDLESEX. Phone: SKYPORT 643! (6 lines)

Electronic & Radio Engineer, August 1957



FROM THE RANGE OF ADVANCE SERVICE INSTRUMENTS

Mﬂfﬂ from 7.5 Mcss to 230 Mc/s

AW

Advance 63 FM/am

SIGNAL GENERATOR

Here, within this one mod-
estly priced instrument, are the
essential facilities and the essential
accuracy demanded for servicing radio
and television receivers on bands I, I
and III. But more than that, its excellent
specification and wide range make the 63 FM/ )
AM a valuable instrument for the electronic
development laboratory.

F.M. at Bands |, 2 and 3 and I.Fs.
Crystal check at 5 Mc/s points

AM at 10%, and 309,
modulation depth

M’W”K“k,
Full technical details in Leaflet R36 £ 8 5 nett pr ice in U.K.

available on request,

Export enquiries welcomed

ADVANCE COMPONENTS LTD - ROEBUCK ROAD - HAINAULT « ILFORD - ESSEX - TEL : HAINAULT 4444

GD23

Electronic & Radio Engineer, August 1957
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WHDEE

Wwrom & Lurckr

Regd. Regd.

N/ICKEL CHROME CUPRO —NICKEL

‘Vacrom’ and ‘Eureka’ resistance wires can be supplied BARE or with STANDARD
COVERINGS of cotton, silk, rayon, enamel and glass.

‘Vacrom’ is used where a high resistance is required in a limited space, while ‘Eureka’
with its low temperature co-efficient is always in demand for precision work.

THE LONDON ELECTRIC
WIRE COMPANY
AND SMITHS LIMITED-

LEYTON, LONDON, E.10

VACTITE WIRE COMPANY
LIMITED

75 ST. SIMON STREET,
SALFORD 3, LANCS.

KLYSTRON
POWER
UNIT
Type 698B

THE POWER UNIT TYPE 698B is designed to provide H.T. and L.T. supplies for high-voltage Klystron valves. All

the H.T. supplies are stabilised, the output change being less than 0.5 per cent of the input voltage change. Internal
oscillators provide square-wave and saw-tooth modulation, and switching enables either the internal modulation or
modulation from an external source to be applied to the grid or reflector voltages. A switch position is also provided
for operation under c.w. conditions. This instrument, which operates from 210-250 volts 50 ¢/s mains, is suitable for

bench use or flush mounting on a standard 19-inch rack.
IMMEDIATE DELIVERY

Full details of this or any other Airmec instrument will be forwarded gladly upon request

AIRMEC HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND
L I M I T E

D Telephone High Wycombe 2060 Cables Airmec High Wycombe

18 Electronic & Radio Engineer, August 1957



Now in production !

The Centre-Stable

TYPE 5imMm
CARPENTER
POLARIZED

RELAY

This new highly sensitive centre-stable*
polarized relay is a development of the well-
known Type 5 Carpenter Relay.

Like its companion—the each-side-stable
Type 51A relay—the 51M’s high performance
is due largely to a new form of armature sus-
pension, and the provision of variable slugs for
adjusting the flux of the polarizing magnets

T

DIMENSIONS (excluding connecting tags and guide pins):

thereby enabling the magnetic and mechanical HEIGHT: 23in. WIDTH: 1}}in. DEPTH: 2.%;in.
parameters to be balanced with greater pre-

cision than has hitherto been possible.

With a sensitivity of approximately 10,W,
the Type 51M relay is ideally suited for use
as a sensing relay in Servo Systems, or as a
detector in self balancing bridge circuits. Fit-
ted with S.P.D.T. contact action, the relay
is available in sealed or non-sealed forms.

For further details send for leaflet F.3526
which gives information of operating charac-
teristics and the available range of coils.

Close-up of armature suspension
—magnet removed

* In the centre-stable form, the armature of the relay remains in a central

position between the side-contacts when the relay is unenergized, and moves

to one or other side-contact when current is applied to the coil.

Manufactured by the sole licensees:

TELEPHONE MANUFACTURING COMPANY LTD
HOLLINGSWORTH WORKS, DULWICH, LONDON SE21

224DE MARY

Telephone: GIPsy Hill 2211

Electronic & Radio Engineer, August 1957 19
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<« DISTRIBUTED AMPLIFIERS

TYPE 2B AND 2C

Maximum output 150V p-p

Gain X2 or .
Gain X300 (achieved with low-
level driver stage).

Frequency response 50c/s to
100 Mc/s

Input impedance
75 ohms (type 2B)
150 ohms (type 2C)

Output jmpedance 200 ohms

Power unit type DA2C is suit-
able for both amplifiers

DELAY LINE TYPE 1 »

Maximum delay 0.6us
Frequency response 0to 30 Mc/s
Capacity compensated tapping
points at 0.l us intervals

Input impedance 75 ohms
Output impedance 75 ohms

OTHER PRODUCTS

STROBOSCOPES - OSCILLOSCOPES - DYNAMIC
BALANGERS - H. F. HEATERS * PHOTO-ELECTRIC
TRANSOUCERS - INDUSTRIAL T.V. EQUIPMENT - ETC.

Full details available from:—

E.M.l. ELECTRONIGS LTD.

INSTRUMENT DIVISION (Dept. 20F)
Hayes * Middlesex * England * Tel: SOU 2468 Exts. 1013 107)

These units have particular applications
with wide band networks and high speed
oscilloscopes.

EESO

Electronic & Radio Engineer, Augusi 1957
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Radio on Show

TOWARDS the end of this month (28th August—7th September) the
National Radio Exhibition will open at Earls Court. It i§ an exhibi-
tion designed primarily for the non-technical public and is concerned
mainly with domestic sound and television receivers.

Hidden behind the facade of cabinets, the discerning will find much
of technical interest if they refuse to let themselves be distracted by the
popular sideshows of. the B.B.C. and LT.A. Domestic apparatus does
not have the complexity of the radar set or of the computer, nor does it
have to withstand the extremes of temperature and vibration of military
equipment. It does, however, have to perform reliably in the hands of
completely non-technical people; it must be attractive in appearance
and low in price and, at the same time, be suited to quantity production.

All these things are not easy to achieve in combination and a good deal
more sound engineering goes into modern domestic apparatus than is
always realized. Because the exhibition is for the public the technicalities
of the apparatus are not always evident and the visitor who is interested
in them does not always find it easy to get behind externals. Our report of
the exhibition, which will be in the October issue, will therefore be
concerned mainly with the engineering aspects of the apparatus on view.

The National Radio Exhibition is not the only show in our field this
month. Almost coincident with it is the Engineering, Marine, Welding
and Nuclear Energy Exhibition (29th August-12th September) at
Olympia. This is, of course, in itself neither an electronics nor a radio
show. However, electronics enters into most branches of engineering
nowadays and radio and radar are important ancillaries to all forms of
shipping. It may thus be expected that there will be a good many exhibits
of interest to us.
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Golour Television Transmission

PRACTICAL ASPECTS OF THE TWO-SUB-CARRIER SYSTEM

By K. Teer*

SUMMARY. In recent years a colour-television transmission system using two sub-carriers for the transmission of the chrominance

information has been developed.

Practical results were demonstrated to Study Group XI of the C.C.LR. in 1955 and 1956. The principles and evolution of the
system have been described and discussed in previous articles. In this article the technical aspects are considered in more detail and
data are given about modifications and improvements which have since been introduced.

In the last three years a colour-television system
has been developed which is based on the use of two
sub-carriers combined with a luminance signal. The
underlying principles of multiplex transmission for
colour-television purposes and a description of this
so-called two-sub-carrier system (t.s.c. system) have been
published in previous articles.l» 2 The practical results
were demonstrated on the occasion of the meeting of the
C.C.I.R. Study Group XI in Brussels in 1955 as well as
during the visit of the C.C.I.R. Study Group XI to
Holland in April 1956.

In this article the principles and experimental circuits
are treated in more detail and subsequent improvements
and modifications made are described. The description
is split into the following sections:

Choice of the sub-carriers

Sub-carrier modulator

Pre-emphasis of sub-carrier sidebands

Cross-talk compensation

. Demodulation

. Matrixing

Automatic ratio control

. Receiver diagram.

Of these, pre-emphasis, cross-talk compensation and
automatic ratio control, in particular, have been im-
proved in order (a) to reduce as much as possible the
‘overswing’ of the sub-carriers beyond the signal range
while keeping the colour signal-to-noise ratio acceptable
and (b) to safeguard the colour balance against variations
in the amplitude characteristic of the transmission path.
By means of pre-emphasis and cross-talk compensation
random noise and luminance-signal cross-talk in the
colour signals can be decreased; this permits lower
sub-carrier amplitude levels. Relative sub-carrier ampli-
tudes of 259, and 159, are considered to be suitable if
pre-emphasis and cross-talk compensation are applied.
(Percentages are referred to the black-to-white range of
the luminance signal.)

For these values no overswmg will occur beyond black

© N O e

* Philips Research Laboratories, N.V. Philips* Gloeilampenfabrieken, Eindhoven,
Netherlands.
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level, whereas the maximum overswing beyond white
level is 409, as shown in Fig. 1. Although the latter
value is only 7%, above that in the N.T.S.C. system, it
cannot be denied that at this point the t.s.c. system is at
a disadvantage compared with the N.T.S.C. system,
because maximum overswing conditions occur more
frequently in it. This effect was noticed in practice.

The stringent requirements on the amplitude balance
of the luminance signal and the sub-carriers seem to
result in less difference from the N.T.S.C. system than
was expected, for automatic gain control can be obtained
fairly simply at both transmitter and receiver. Moreover,
in recent papers® on requirements in the N.T.S.C.
system, 2-3 dB is mentioned as being the maximum
permissible sub-carrier amplitude deviation for that
system also.

Of the remaining sections, ‘Choice of the sub-carriers’

i Yot cooonomoom

4%, 33%
WHITE LEVEL —————f————

1007, I 100%,

———

BLACK LEVEL —————f—————  NO OVERSWING —————]

50,  BEYOND BLACKLEVEL { s2%, 3%,

g - —-— e
SYNCLEVEL — ¥ —QL—
(a) (b)

Fig. 1. Maximum overswing in t.s.c. system (a) and N.T.S.C. system (b)

gives a description of the experiments which led to the
final choice of frequency and phase relations. ‘Sub-
carrier modulator’ and ‘Demodulation’ deal with the
typical problems which occur due to the large relative
bandwidths of the sub-carriers. In ‘Matrixing’, the
addition of mixed highs to small-band primary signals is
discussed prior to a description of practical propositions.
‘Automatic ratio control’ gives some calculations con-
cerning feedback gain control and the derivation of a
reference voltage as well as practical solutions for the
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comparison of colour-signal levels with luminance-signal
level. Finally, in ‘Receiver diagram’ a complete dia-
gram of the video part of a t.s.c. receiver is given.

Choice of Sub-Carriers

In order to find the frequency and phase relations for
the sub-carriers which ensure minimum annoyance in
the compatible picture, several experiments were
carried out with combinations of two frequencies added
to a television signal and having special relations to the

scanning frequencies.
As described elsewhere,2 not only the sub-carrier
frequencies but also their difference frequency must
show a pattern of low visibility, because this last fre-
quency may easily occur in the picture in consequence
of non-linearities in the transmission path, especially the
non-linear cathode-ray tube characteristic. It is desir-
able, therefore, to choose an odd multiple of half the line
frequency for this difference frequency. In order to
establish such a difference the first idea was to choose
“sub-carrier frequencies which are an odd multiple of a
quarter of the line frequency, because multiples of the
line frequency have to be avoided. Experiments have
shown, however, that for the lower sub-carrier frequency
(about 3-6 Mc/s) an odd multiple of a quarter of the line

frequency causes intolerable stroboscopic effects which -

appear as sloping lines moving in the horizontal direc-
tion.

As the second sub-carrier, with a corresponding
pattern and thus with corresponding stroboscopic effects,
gave much less annoyance than the first one, it was
concluded that these effects decrease rather quickly with
increasing sub-carrier frequency.

An experiment was made-to find out whether this
decrease in annoying effects with increasing frequency
would permit the use of a second sub-carrier frequency
which was a multiple of the line frequency. In this, the
first sub-carrier was (n 4+ 3)f; and the second was mf;.
Although in large areas of the picture the presence of the
second sub-carrier was not very disturbing, it could not
be tolerated owing to the interference of the vertical
line structure, inherent in a multiple of the line fre-
quency, which affected the fine picture detail. Annoying
moiré effects occurred, especially in the vertical wedges
of the test pattern.

An attempt was made to reduce these effects by
introducing phase shifts in the second sub-carrier
frequency at the beginning of each frame. Between even
and odd frames a phase shift of 180° was introduced.
This caused an interlacing of the dots on even and odd
lines, which broke up the vertical line pattern (see
Fig. 2). By means of this phase alternation the disturbing
effects were eliminated and this pair of sub-carriers
showed no effects that made their presence in the
picture intolerable.

A further improvement was obtained in the first
sub-carrier by introducing a phase alternation over 90°
as described in Ref. 2. As this phase alternation causes a
corresponding phase alternation in “the difference
frequency, the perceptibility in this pattern is also
reduced. Apart from this reduction in visibility the
introduction of the 90°-phase shift in the first sub-carrier
gives another advantage which will be discussed in the
section entitled ‘Cross-talk compensation’.

Electronic & Radio Engineer, August 1957
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The combination of an odd multiple of half the line
frequency with 90°-phase alternation and ‘2 multiple of
the line frequency with 180°-phase alternation was used
in all experiments with the t.s.c. system.

Sub-Carrier Modulator

The sub-carriers are modulated by colour signals
which in the t.s.c. system are the red and blue primary
signals Eg and Eg. The modulation depth is 100%.

As is well known, modulation can be obtained by
means of non-linear devices or valves with multiplicative
action between two of their electrodes. If these devices
are used in single-ended circuits, the sub-carrier and
colour signals will not be suppressed. Separation of the
colour signal E, and the modulated sub-carrier E,
cos wt by filtering is also not readily possible, owing to

Fig. 2. The dot pattern of a multiple of the
line frequency with a phase alternation of 180° B B B B
at the beginning of each frame

the partial overlap of their frequency bands. For this
reason modulator circuits are often used in which two
modulators work in push-pull so that video signal and
sub-carrier cancel on the common output impedance.
For this purpose video signals and sub-carriers of
opposite polarity are necessary at the input-terminals.
The circuit has to be carefully designed in order to
ensure proper balancing. For the video signal especially
it is rather difficult to obtain and maintain good suppres-
sion over the whole band. Nevertheless, it is possible to
build suitable modulators of this kind.

If pre-emphasis of the sub-carrier sidebands is used,
as has been proposed in the ts.c. system in order to
improve the signal-to-noise ratio for the colour signal at
the receiver, it is still more difficult to procure sufficient
cancelling of the video signal.

In this case it is advisable to look for another solution
of the problem. This can be found by modulating the
colour signal first on a higher frequency than the sub-
carrier in such a way that the video signal can be
eliminated by a high-pass filter. By means of frequency
conversion in a second modulator the carrier is. con-
verted into the right sub-carrier frequency. :

Of course, sub-carrier elimination is still necessary in
the first modulator, but the critical video-signal balance
can be omitted. The second modulator can be of very

simple design. Suppression of sub-carrier and colour

signal presents no problems here because the carrier
(which is the difference between the carrier of the first
modulator and the sub-carrier) as well as the modulating
signal (which is the output signal of the first modulator)
can be easily eliminated by filters. This method was used
in the experimental t.s.c. system. The colour system was
first used to modulate the third harmonic of the sub-
carrier frequency, and then the appropriate frequency
conversion was effected by mixing with the second
harmonic. .

o
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Fig. 3. A simple pre-emphasis and
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Fig. 4. Characteristics of the circuit of
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Pre-Emphasis of Sub-Carrier
Sidebands

The choice of the relative sub-carrier amplitude in the
composite signal has to be a compromise between
compatibility and colour-picture quality. If the ampli-
tude is increased, the annoyance caused by the sub-
carrier in monochrome reception will increase and, if it
is decreased, the colour noise and luminance-signal
cross-talk in colour reception will increase. In order to
determine a suitable value it is necessary to study both
annoying effects: the presence of the sub-carrier in
monochrome reception and the noise in colour signals.
In either case, the influence of all undesired components
over the whole frequency spectrum of the modulated
sub-carrier has to be considered. In this section we shall
consider whether an improvement in the t.s.c. system
can be made, especially in the signal-to-noise ratio for
colour signals at the receiver, by transmitting the
colour-sub-carrier sidebands with a higher relative
amplitude level than the sub-carrier frequency itself.
This may be of use because the annoyance of the
modulated sub-carrier in the monochrome picture is
mainly caused by the sub-carrier frequency and much
less by the sub-carrier sidebands. An emphasis of the
sidebands, therefore, results in only a slight increase of
annoyance, whereas a substantial gain in signal-to-noise
ratio at the receiver can be expected.

282

o Q\Q S~
02 \§ :3
06 05 04 % 09 08 07 06 05 04
x =g
(b)

At the transmitter, pre-emphasis has to be applied to
the modulated sub-carrier before the addition to the
luminance signal, and in the receiver the pre-distortion
introduced has to be eliminated by a corresponding
‘de-distortion’ (de-emphasis).

Of course, it would need extensive work to obtain all
the necessary data. However, owing to some practical
restrictions the number of possibilities is limited.

In the first place, the receiver de-emphasis circuit
must be of simple design and well-reproducible type.

In the second place, peaking of sidebands may not go
so far as to allow the transients in the sub-carrier
envelope to reach far beyond the signal range of the
transmitter.

In Fig. 3 simple pre-emphasis and corresponding
de-emphasis circuits are shown. Both sidebands are
peaked by the pre-emphasis circuit. This is not strictly
necessary, as the sub-carrier is transmitted with only the
lower sideband. However, this type of emphasis contri-
butes to the necessary band-pass filter action which is
needed for separating the modulated sub-carrier from the
combined signal.

In Fig. 4 the amplitude characteristics of the pre-
emphasis and de-emphasis circuits of Fig. 3 are repre-
sented for several values of the parameters K and Q.
If Q(1 + K) is chosen sufficiently small, the series
resistance R’/K in the receiver circuit can be omitted,
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because its influence in the region of the sidebands can
then be ignored. If Q /(1 4+ K) <C 0-45 the deviation at
the lower limit for the 3-6-Mc/s sub-carrier sidebands is
less than 209, (curves 2 and 4).

For all curves of Fig. 4 is also given the percentage of
overshoot that will occur in the response to a carrier
transient. These figures hold for a bandwidth of the
colour signal which is half the carrier frequency.

These values seem to be very high, but it should be
noted that an overshoot of 100%, of the red sub-carrier
amplitude is only 109 of the maximum picture carrier
level if sub-carrier amplitudes as given in the intro-
duction (25% and 159%,) are applied.

The permissible amount of overshoot depends on
many things including the duration of the overshoot and
possible measures at transmitter and receiver to reduce
overmodulation distortion. For instance, it would be
possible at the receiver to boost the picture-carrier
frequency before the chrominance detector in order to
reduce modulation depth during sub-carrier transients.
However, the utmost limit is reached at 1509, to 200%.

Once the practical restrictions have been formulated
we must consider the influence of the pre-emphasis on
noise and luminance-signal cross-talk in the colour
signal.

We shall first direct our attention to the random noise
which is assumed to be added in the transmission path
and to be of equal energy distribution.

The distribution of the noise spectrum will be changed
at the receiver by the de-emphasis circuit and the filter
network in the colour-signal channel. Moreover, it has
to be taken into account that the visual sensitivity for
noise decreases with increasing frequency. This effect
can be taken into consideration by the introduction of a
so-called ‘weight function’ giving the relative sensitivity
for noise as a function of frequency.

If F;(w) represents this weight function, Fy(w) the
filter characteristic and Fs(w) the de-emphasis curve,
converted to the video band, the weighted r.m.s. value
of noise will be proportional to

A/ f Fi(w)F2?(w)Fs2(w)dw

If the de-emphasis is not applied this value will be

A/ fFl(w)FZZ(w)dw

E
g \
L
=
=
“ 06
—
S \
w04 S
02
0 05 1 -5 2
7 (Mcfs)

Fig. 5. Weight-function for random noise in a 625-line television system
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So the improvement in signal-to-noise ratio is given by

. fFl(w)FZZ(w)dw

wB
V[ Fi(w)Fe¥(w)Fs?(w)de
0
For some de-empbhasis characteristics this value has
been calculated, applying a weight function given in
Fig. 5. This function was derived as the mean value of
curves published by several authors, % & and a filter
characteristic of the form shown in Fig. 6 was assumed to
be present. The gain in signal-to-noise ratio for the
characteristics of Fig. 4 is:

Curve No. 1 1:69
pbl » 2 1'39
3 35 3 158 -

4 1-18

2 3

For No. 2, which is the characteristic applied in the
experimental system, the gain was also estimated by
observing the picture, and a satisfactory correspondence
was found (a gain of 1-5).

It is more difficult to give a corresponding figure of
merit for the decrease in luminance signal cross-talk as
has been done for the random noise. The spectrum
components of the cross-talk signal are correlated and
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Fig. 6. Low-pass filter characteristic as applied in signal-to-noise considera~
tions for a ‘pre- and de-emphasized’ sub-carrier

Fig. 7. Transient response of a sub-carrier band-pass filter
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Fig. 8. Transient response of the de-emphasis circuits of Fig. 4 (b): (a)
circuit 2, (b) circuit 4

this annoying effect depends on picture content. Never-
theless, we will try to get some information by consider-
ing the cross-talk of a transient in the luminance signal.
We shall do this only for the red signal, because the blue
sub-carrier region is higher in frequency and the cross-
talk is much less important.

In Fig. 7 is given the transient response of the band-
pass filter which has to be employed in the sub-carrier
channel if no pre-emphasis is used. This response was
obtained experimentally using a flat-staggered triple
which was 3 dB down at 1-8 Mc/s and 4-2 Mc/s.

If pre- and de-emphasis are introduced in the trans-
mission of the sub-carrier, the cross-talk of the luminance
signal is reduced by the de-emphasis circuit. In Fig. 8
the results are given for curves 2 and 4 of Fig. 4(b)
if only the de-emphasis circuit is present in the sub-
carrier channel and no further band-filter is used. The
maximum excursion appears to be decreased to 569,
and 849, of that of Fig. 7.

Of course, the annoyance of this cross-talk effect
depends not only on this excursion but also on the
increment of the response. It was found by observing a
television picture made up of the red colour signal that
for equal annoyance the relative sub-carrier level could
be decreased to 50%, and 659, respectively applying
the de-emphasis curves 2 and 4 respectively.

Summing up the foregoing considerations and experi-
ments, it may be concluded that the application of
pre-emphasis in the t.s.c. system reduces the noise as well
as the cross-talk in the colour signals. The gain in
signal-to-noise ratio is not very high; but what is more
important is the cross-talk reduction. In addition to these
improvements, a simplification of the sub-carrier chanuel
is obtained, because the band-pass filter is entirely or
partially replaced by the simple de-emphasis circuit. In
the experimental system, a pre-emphasis has been
introduced for the red sub-carrier according to curve
2 of Fig. 4. Band-pass filters in the receiver for the
red sub-carrier could be omitted. Provisionally, no pre-
emphasis was applied to the blue sub-carrier. For
reasons of receiver simplicity it is also useful there.

Cross-Talk Compensation

The reduction of cross-talk in the colour signal as
Jjust described is based on an attenuation of the relative
value of the luminance signal in the pass-band of the
sub-carrier. This attenuation varies with frequency and
is maximum for the outer regions of the pass-band and
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Fig. 9. Vector diagram for ‘cross-talk
compensated’ sub-carrier

zero for the sub-carrier frequency. Near the sub-carrier,
therefore, the cross-talk is not decreased.

Now there is another method for cross-talk diminution
which is especially effective near the sub-carrier fre-
quency. This method is here called ‘cross-talk compensa-
tion’, because the cross-talk effects are eliminated by
introducing extra cross-talk effects of opposite sign.

If a luminance-signal component

A cos (ut + o)
is present near the sub-carrier
B cos (wt + 8)
a cross-talk component proportional to
A cos [(wt + ¢) — (ut + )]
= A cos [(w — u)t + (¢ — §)]

will be found in the colour signal.

Fig. 10. Frequency spectrum
JSor  ‘cross-talk  compensated’
sub-carrier

b oo (2w-w)
FREQUENCY

Such a component would also be found if a luminance-
signal component

A cos [(wf + ¢) + {(wt + ¢) — (ut + P)}]
= A cos [(2wt + 24) — (ut + )]

were present.
Thus the cross-talk effect of 4 cos (ut 4 ) can be
eliminated by introducing an extra interference

— A cos 2wt + 24 — (ut + ¥)],
because after demodulation both interfering frequencies
give rise to cross-talk effects of opposite sign.

The cancellation will be complete if synchronous
detection is used. If envelope detection is used—as in the
t.s.c. system—the cancellation is partial. This can be
seen from Fig. 9, in which sub-carrier- and luminance-
signal components are represented as vectors. The
envelope is

VB2 | 442 cosz{((; = .;L)l + (¢ — ‘/’)}

Hence its value varies between B and VB2 1 442
If 442/B? is sufficiently small

VB2 + 442 ~ B (1 + 242/B?)
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If only the original component 4 cos (ut + ¢) is present
the envelope varies between B + 4 and B — A.
The modulation is therefore decreased by a factor 4/B,
which is a considerable reduction if the cross-talk
components are sufficiently small with respect to the
sub-carrier amplitude.

The cross-talk compensating signal

A cos {20t +2¢ — (ut + 4)}

can be obtained by modulating the second harmonic of
the sub-carrier frequency with the luminance signal and
by filtering off the lower sidebands in the region of the
sub-carrier frequency (Fig. 10). It will be clear from the
foregoing that the phase of this second harmonic has to
be matched to the sub-carrier phase.

The cross-talk compensating signal of proper ampli-
tude and phase is added to the combined signal before
transmission. Its compensating action will be maintained
during transmission only if there is no asymmetrical
influence on the transmission characteristic for the
modulatéd sub-carrier from transmitter up to sub-
carrier demodulation. As the sub-carrier is single-
sideband modulated and therefore passes a vestigial
sideband filter in the receiver, the compensation is only
possible for a rather small region on both sides of the
sub-carrier. Consequently, at the transmitter, only a
small band of compensating signal has to be added.

Of course, the cross-talk compensation will cause in
principle a disturbing visual effect in the monochrome
picture. However, this effect is small for two reasons. In
the first place only a small band of signal components is
introduced. In the second place, due to the phase
alteration of 90° in the red sub-carrier, a 180°-phase
alternation will occur in the second harmonic of this
sub-carrier, which means that the disturbing effect is of
opposite sign in successive fields.

The latter circumstance does not hold for the blue
sub-carrier but, in general, means of reducing the
interference level are more important for the red signal.
Interference by the blue signal is far less perceptible.

The experiments were carried out by means of an
arrangement shown in Fig. 11. The luminance signal
modulates the second harmonic of the red sub-carrier.
The phase of this frequency can be varied over 360°.
From the modulator output signal a small frequency

SECOND HARMONIC
~ 7-2M¢
O

LUMINANCE
SIGNAL IN

MODULATED

SYNC
SUB-CARRIERS PULSES

Fig. 11. Arrangement for the addition of cross-talk compensating signal
components
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range near the sub-carrier frequency (about 0-2 Mc/s on
both sides) is filtered out and added to the luminance
signal, which is combined with the modulated sub-
carriers and synchronizing pulses in order to form the
composite signal. The amount of compensating signal
can be adjusted and it can also be switched off. In order
to correct for the phase shift applied to the compensating
signal by the modulator filter, a corresponding delay of
the luminance signal in the composite signal. is intro-
duced. The effect of cross-talk compensation was studied

Zy
—> _ f :4 ’._J—:). 1
i _ !
1 Ly JaCa =ALgCq
Lg Ra :%:C,, Ra M

J =2mx3-6Mc/s
| Co
i i

L 4 L L }_*’
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Fig. 12. Detector circuit for the sub-carrier used in the t.s.c. system

by observing the red receiver picture of the t.s.c. system
under normal conditions and when cross-talk compensa-
tion was introduced. Optimum cross-talk compensation
was adjusted by varying the amplitude of the com-
pensating signal and the phase of the second harmonic.
An attempt was made to get the same cross-talk level for
both cases by changing the luminance-signal level; it
was found that for this arrangement the decrease in

cross-talk effects in the red picture was equivalent to a
decrease of luminance-signal level by a factor of two.

The question may arise as to what the effect of cross-
talk compensation will be in the N.T.S.C. system. This
has already been discussed by Loughlin, who first
mentioned the possibility of cross-talk compensation.’

In the N.T.S.C. system only a limited reduction of
cross-talk can be obtained, because the colour signals are
modulated on sub-carriers having the same frequency
and differing 90° in phase. The required phase of the
second harmonic for compensation in one colour signal
therefore differs 180° from that required for the other
signal. Consequently if cross-talk cancellation is estab-
lished for one signal the cross-talk effect increases in the
other colour signal.

" In general, it can be shown that in the N.T.S.C.
system one of the colour components (which may be a
colour-difference signal, the hue or the saturation) can be
freed from luminance cross-talk, at the cost of a corre-
sponding increase of cross-talk in the complementary
colour information.

Perhaps the properties of human visual perception will
allow an improvement of a picture-quality amelioration
by a modified ‘cross-talk distribution’.

However, there is a difficulty in the spurious pattern
of the cross-talk compensating components. As a phase
alternation of 90° is not introduced in the N.T.S.C.
sub-carrier, the second harmonic is a multiple of the line
frequency and so the added signal components will be
fairly clearly visible in the luminance signal picture.

Demodulation
In the ts.c. system, sub-carriers are demodulated by
non-synchronous detectors. This type of detection is a
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common technique in communication engineering and
is used in all radio and television receivers, but the
problem here is somewhat more complicated because the
relative bandwidth of the modulated carrier is not very
small. The bandwidth of the red signal, for instance, is
about half the sub-carrier frequency.

As in the literature only few data are present about
the optimum design of detection circuits for single-
sideband modulated sub-carriers with 1009, modulation
depth and large relative bandwidth, an investigation of
this subject seems desirable for the t.s.c. system. However,
the necessity for receiver simplicity limits the applica-
tion of complicated networks and, as fairly good results
were obtained by the simple detection circuit of Fig. 12,

in all experiments with the t.s.c. system this circuit
was used.

REFERENCES

! I, Haantjes and K. Teer, “‘Multiplex Television Transmission”, Wireless En-
gineer, September and October, 1954, Vol. 31, pp. 225 and 266.

* J. Haantjes and K. Teer, “‘Compatible Colour Television”, Wireless Engineer,
January and February, 1956, Vol. 33, pp. 3 and 39.

® K. Mcllwain and Ch. E. Dean, *Principles of Colour Television”, Ch. 11, p. 249
(John Wiley & Sons Inc., New York).

*J. J. P. James, “Fluctuation Noise in Television-Camera Head Amplifiers”,
Proc. Instn elect. Engrs, Part I11A, 1952, Vol. 99, pp. 796-803.

® J. M. Barstow and H. N. Christopher, “The Measurement of Random Mono-
chrome Interference’’, Communications and Electronics, January, 1954, p. 735.

¢ M. Gilbert, ““The Visibility of Noise as a Function of Frequency’’, B.B.C. Engng.
Divn., Monograph No. 3, Part 2, 1955.

? B. D. Loughlin, ““Recent Improvements in Band-Shared Simultaneous Colour
Television Systems"”, Proc. Inst. Radio Engrs, October, 1951, Vol. 39, No. 10,
p- 1,271,

* A. G. Clapp, et al.,, “Colour Television Receiver Design', Proc. Inst. Radio
Engrs, March, 1956, Vol. 44, p. 300.

(To be concluded )

Transducer Indicator System

ANALYSIS OF AN INDUCTIVE DISPLACEMENT INDICATOR

By W. C. Vaughan, M.B.E., B.Sc., Ph.D., A.M.L.E.E.

In the first article! to appear in this journal under its
present title, a brief description was given of a displace-
ment indicator consisting of an inductance transducer
and a moving-coil dynamometer indicating instrument.
The essential features of this device are illustrated in
Fig. 1. In effect, this is an electromagnetic servo-
mechanism which uses a.c. throughout. It comprises
two units, a transmitter or sensing unit in which the
small mechanical displacements to be measured modify
the inductive arms of a bridge network, and a dynamo-
meter indicator., Among the advantages which have
been claimed for this system are higher sensitivity and
better stability than can be achieved with the more
common d.c. systems®. Performance has been stated to
be substantially independent of variations of supply
voltage and frequency. So far as the writer is aware, no
theoretical analysis of the system has yet been published.
Without such investigation, one’s understanding of the
behaviour of the arrangement can be only superficial
and, of course, it is then not possible to assess the validity
of these claims. The ingenuity of the system, no less
than the importance it seems likely to acquire in
telemetry, have prompted the following quantitative
examination of its principles. Before commencing this,
it should perhaps be mentioned that the same type of
indicator has been employed with a transducer in which
the mechanical displacement varies the mutual induct-
ances of a pair of differentially-coupled transformers.
Details of the theory of this system have been published?,
but these throw no light on the performance of the
device now to be considered. The two systems are, in
fact, fundamentally dissimilar.
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From the circuit diagram of Fig. 1 it is seen that
separate secondary windings of a mains transformer
energize the yoke of the dynamometer indicator, and
feed the bridge network consisting of the resistors R, and
R, and the inductors L, and L, Across the other
diagonal of the bridge is connected the moving coil of
the indicator instrument. The latter is not spring-
controlled, but is fed through ligaments which impose
negligible mechanical torque. It is therefore free to
take up a position in which the electromechanical torque
is zero. The indicator coil is threaded by a fraction of
the alternating flux carried by the yoke, and this induces

R b R, Ly & Ly
INDICATOR TRANSDUCER

Fig. 1. Transducer indicator system

Electronic & Radio Engineer, August 1957




in it a voltage E; which depends on its orientation. The
current in the coil will therefore be a function of its
position, the voltage E; applied to the bridge, and the
values of the bridge components. The mechanical
displacements which it is desired to indicate are com-
municated through a stylus shaft to a high-permeability
disc armature which moves in the air gap between the
two coils. Displacement therefore modifies their self-
inductances L; and L,, and possibly their mutual
inductance M as well.

It is, of course, well known that, averaged over a
complete cycle, the torque experienced by a coil
situated like that in the indicator instrument will
not be zero if it carries a current having a component
in phase with the alternating flux threading it. Since
this current depends, in part, on the orientation of the
coil, the latter, being without restraint, will seek the
equilibrium position in which the current through the
coil has no component in phase with the flux in the gap.
The analytical problem is therefore to relate this
equilibrium position to the values of the bridge para-
meters.

The Analytical Problem

Let us suppose that the flux in the yoke of the indicator
instrument is represented by @ cos wt. The flux in the

5 . b .
indicator gap is then — cos wt, where « is the leakage
K

factor. Ify is the angle which the plane of the indicator
coil makes with the flux direction, the flux threading the

coil will be— cos wtsin . This will induce in its ng turns
K

a voltage E, proportional to — @ sin wtsin . The yoke
K

flux induces a voltage proportional to nr @ sin wt in the
np turns of the field winding ; this is equal and opposite
to the applied voltage Ep. Now n,Er = n,E; where
n, and n, are the numbers of turns on the secondaries of
the supply transformer. The loads connected across the
indicator and field coils will, of course, vary as the
transducer setting is altered, but, from elementary trans-
former theory, this can be shown to have no effect on
the flux linking them. Accordingly, Es and E; will
remain in quadrature with the flux variations for all
settings of the transducer. Furthermore E; will be

proportional to - & sin w?. Thus,
i

E.= —npsing Es .. ac ac oc (1)
where 7 is an instrumental constant proportional to the

factor [ﬁfﬁl—] The problem may now be stated as
npng
follows. Determine the value of ¢ for which the current
in the indicator coil has no component in quadrature
with E; — and hence in phase with & — when the
bridge network shown in Fig. 2 is energized with volt-
ages E; and E; = — sin § E; of the same phase.

The prospect of analysing an unbalanced bridge net-
work energized across both diagonals may, at first sight,
seem formidable. The problem is, however, tedious
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rather.than difficult. Appendix 1 derives the following

expression for I; in terms of Es, E., and the values of the

bridge parameters R, R,, Ls, L,, and M

_ Esjo [Ry (Ly—M) —R, (Ly —M)]
R\Ryjw(Ls+ Ly—2M) —w® (Ry+ Ry) (L L, — M?)

Ie

[Ry Ry — w?(LsLy—M?) + jw(RyLy+ R1Ly)]
R\Ryjw[Ly+ L, —2M) — w?(Ry+ Ry)( Ly L, — M?)
‘ ' 2 oc 2 ac (2)

The component of I; in quadrature with Es and E,
is, of course, the imaginary part of the expression on the

+E.

£e

Fig. 2. Equivalent bridge network

right-hand side of Equ. (2). If the latter is rationalized
I';, the imaginary part of I, is given by the relation,

I's=

ff‘) o {[Ry(Ly— M) — Ry(Ly—M)]
< [w?(Ry+ Ry) (LsLy—M3)]}
Ee o wt(LoLy—MY)[R2L,+ R Lo+ 2R, RyM]
J@ —(RR)HLy+L,—2M)} ..  (3)
where

—f(2) = [RiRyw(Lg+ L, —2M)]*
(R, + Ry) (LsLy—2M) ]2
The imaginary component I’ of the current in the
indicator coil is thus zero when

[Ry(Ly—M) —Ry(Ls—M)1[w*(Ry + Ry) (LyLy— M?)]
w(LgLy—M?)[R2L,+ Ry*Ly+2R, RyM ]
’ ' —(Rle)Z(L3+L%_2M)

(Ry+ Ry)[Ry(Ly— M) — Ry(L;—M)]

(R,Ry)*(Ly+ L, —2M)
[R12L4+R22L3+2R1R2M] —= ‘jz(Lazfl_;MZ)

(4)
Owing to the presence of magnetic materials in the
system, I, will inevitably contain harmonics of the
supply frequency ; moreover, the harmonic content may
vary with the setting of the transducer. It is therefore
important that the condition specified by Equ. (4)
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Fig. 3. Value of ratio L,[L, to give deflection of +90°

should be independent of frequency. This requires that

w?(LyL,—M?)
If this is so, then since, according to Equ. (1),

< [R2L,+ R2Ls+2R,R,M].

E¢ = —qE; sin i, the indicator will take up the position
for which
psiny = Bt RIR(L M) —R(Ls—0) o

R2L,+R2L,+2R,R,M

The Response of the System

The implications of Equ. (5) become more evident if
we consider the special case in which both resistive arms
are equal to R. In this instance, the torque on the
indicator coil will disappear when
_ 2(114,_1‘3) 3 (6)
Lo+ L, 20 a0 A .
and the condition that the system should not be
frequency sensitive is that R? should be negligible in
comparison with w? (Ly L,— M?).

From a knowledge of the manner in which ¢ varies
with the values of the transducer inductive elements, it
is now possible to ascertain the way in which displace-
ment should vary these in order to give indicator
deflections proportional to displacements. To simplify
the illustration of this, we shall assume that there is no
mutual coupling between the transducer windings. In
this case, Equ. (6) reduces to,

L 2(LJL—1)
sing = "+ . .. .. .. 7
| (LIt T) )

and the ratio L,/L, required to give full-scale deflection
of 90° is seen to be,

Li_2+4n

Ly 2 —1
The value of the instrumental constant  therefore
determines the sensitivity of the system. Fig. 3 shows

7 sin ¢ =
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how, as 7 is reduced, smaller values of the ratio L,/L, are
needed for full-scale deflection.

For any given value of 9 in Equ. (7) we may calculate
the ratio L,/L, corresponding to a series of indicator
deflections between +90°. Typical results are shown in
Fig. 4. If now the horizontal scale of this diagram is
regarded as representing the displacement § of the
transducer stylus, then each of the curves indicates the

type of variation in the ratio L,/L; required to ensure

a linear relationship between transducer displacement
and meter deflection for the selected value of the
instrumental constant 5. The latter, which can be
adjusted by altering the ratio of turns on the two
secondary windings of the supply transformer, determines
the indicator deflection corresponding to the maximum
displacement of the transducer stylus. The shapes of the
curves in Fig. 4 suggest that it will usually be easier to
secure a reasonably linear relation between § and ¢ if
deflections are limited to, say, + 60°.

Restoring Torque

When designing a system such as this, it is important
to know the factors affecting the magnitude of the
torque experienced by the indicator coil when it is
displaced slightly from its equilibrium position. Such
a displacement affects E, but leaves Es unaltered. In
the simplified case in which there is no mutual coupling
between the transducer windings and R, = R, = R, if
R¥w?* LgL, is very much smaller than unity,

E,
o= 22 w2 RRL, L, (L,—I,
ﬂa[E (L—Ly)]
¥ el RLL(LAL) . @

Fig. 4. Variation of ratio Ly/L, with § to give linear relation between
transducer displacement § and inductor deflection ¥
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where — f(2) =w? R?[R? (L; + L,)? + 40? (L3 Ly)*]
~ 4w R (L, L,)?
if R? is negligible in comparison with

w? L, L,
3 (LofLy + 2 + Ly/Ly)
Then, since E; = — n E;sin g
5 E :
I'e= LT:IZI: {2 (Ly—Lg) —n (Ly + L,) sin i}

When the coil is in equilibrium in a position i, the

term in the bracket is zero. Displacement of the

indicator coil through a small angle Ay increases I'c

from zero to

_ Es w (Ly + Ly)
4L, L,

This will set up a restoring torque A7 proportional to

Al'y = cosyp 4 ¥

& AI';. The coefhicient —AA—z is the ‘stiffness’ of the

system. Thus,

AT B (Ls + Ly
A 4wl I,

cos

g . E
Now & is proportional to —— =% and hence to

= NF M2 @
2 235 so that the variation in ‘stiffness’ through the
Ne @
scale range is,
AT 2
22T
Ay me

The general inferences from this relation are not
unexpected. As ¢ approaches  90°, AT/Ay falls to
zero. Elsewhere the force tending to restore equilibrium
may be increased by raising the supply voltage to the
bridge network, or by making 7 larger. The latter
method, however, reduces sensitivity. The value of the
factor (L, + L,)/L; L, may be expected to increase
slightly towards the extremities of the stylus displace-
ment. Consequently, the coefficient AT/A¢ is main-
tained at a somewhat higher value than if it followed
the simple cosine relation. Its fall as ¥ approaches + 90°
will therefore be correspondingly steep.

Provided it does not vary with deflection, the effect
of mutual coupling between the transducer windings
can be inferred from the foregoing analysis. If, however,
M is a function of §, theoretical investigation becomes
very complicated.

E2 (Ls + L4)

R
N haak ®

Alternative Connection of Transducer and
Indicator

In Appendix 2, the solution of the network problem
has been carried a stage further in order to obtain an
expression for I;, the supply current to the bridge. An
interesting alternative to the circuit arrangement in
Fig. 1 is that in which the points of application of the
supply voltage Ejs, and of the indicator coil are inter-
changed. In this instance, the voltage E; is applied
between a and ¢, and the indicator coil connected across
b and d as shown in Fig. 5.

An expression for the current in the indicator coil is
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.

then given by replacing Es by E, and I; by I; in Equ.
33 of Appendix 2. We then have,

Jol[Ry(Ly—M) —Ry(L;—M)]
ijle(L3+L4—2M)"wz(R1+R2)(L3L4_M2)
LB jo(Rit Ry) (Ly+Ly—2M)

JoR\Ry(Ly+ Ly —2M) — (R, + Ry) (Lg Ly —M?)

.. (10)
The imaginary component I’c of the current in the
indicator coil is given by,

Ilc = -

Ic= ES

E
E wZ[Rl(L-;_M)_RZ(Ls_M)]
J(2) [(Ry+R,) (LyL,—M?)]
+ 75 MR R Lt Le—2M) (Ll =M (1)
where

—f(2) = [Ri Ry o(Ly+L,—2M)]?
+ [w2 (R1+R2) (Ls L4_M2)]2
I'; is zero when,

Es (Ri+Ry) (Ly+L,—2M) B

This relation, unlike that shown in Equ. (4) is not a

Fig. 5. Alternative connection of transducer and indicator

function of w and therefore the condition which it
represents is independent of frequency for all values of
R, and R,. As before, E;, = —n E; sin ¢ so that with
the transducer connected in this way, the indicator coil
will take up the position for which,

(R, + Ry) (Ly + Ly — 2M)

In the special case in which R, = R, = R, and there
is no coupling between the inductive elements of the
transducer, this relation reduces to

L, — Ly
2 (Ly + Ly)

The ratio L,/L, required in order to obtain a 90°
deflection is, in this instance,

L, _ 1+ 27

L, 1 —2q
The sensitivity of a system connected in this manner is,
for any given value of 7, evidently lower than that for

the arrangement analysed earlier. Indeed, a value of

psinyg =

psin g = (14)
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the ratio L,/Ly which, for a given value of the instru-
mental constant 5 provides a 90° deflection with the
circuit shown in Fig. I, will require a constant of n/4 to
give the same deflection if the circuit is connected as in
Fig. 5. Lower sensitivity is, however, compensated by
a higher coefficient of ‘stiffness’, since for the system
shown in Fig. 5

AT oc UK Eg (Ls + Ly) cos ¥
A e w?L; L,

Although the network analysis suggests that the
equilibrium position of the indicator coil in the arrange-
ment just described is independent of frequency, it
would not be satisfactory in practice to rely on calibra-
tion at one frequency for operation at another. The
constants of the magnetic materials, and in particular
the transducer characteristics are, to some extent,
functions of frequency. Nevertheless there may be
substantial advantages in a system in which no inherent
restrictions are placed on the choice of values for the
resistive arms of the bridge. Such an arrangement may
be designed and calibrated for use at any convenient
frequency in the audio range. Moreover it may offer
attractive possibilities for obtaining a particular type
of indicator response from a given transducer character-
istic by using unequal resistive arms in the bridge.

(15)
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APPENDIX I

If the inductive arms of the network shown in Fig. 2 have negligible
resistance, then at a frequency w/2w, the currents in the four arms
of the bridge satisfy the following relations

L+ I, =1 + I (16)
E, = LR, + LR, i, (17)
Ey= LR, — Lijw Ly + I joM (18)
Eg= — LR + I jw Ly — I, joM (19)

The current I, for which we require an expression in terms of the
voltages £, and E and the values of the bridge components, is
related to the currents in the bridge arms as follows,

L=L+L=1+1I

Substituting
L =1 —1I
and L~ 1 — 1:} (1)
in Equ. (17), (18) and (19), we obtain,
E. =1 (R + Ry) — LR, — IR, (21)
Eg = I Ry + L joM — I, (Ry + jwl,) (22)
and Eg = —ILR, + I, (R, + jwL;) — I, joM (23)
From Equ. (21),
Is=—%+IC(RlR%RZ)—I,I% (24)
which, if substituted in (22) and (23) gives,
Es Ry + EcjoM = I [RiR, + (R, + Ry) joM]
=1 [RiRy + jo (RyLy + RIM)] = (25)
and
EsR, + E; [Ry + jowL,] = I [RiRy + (R, + Ry) JwLy]
—I [RiRy + jw (ReLy + RyM)] 00 .. (26)

It remains to eliminate I, between (25) and (26). This may be done
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by multiplying the former by [R,R, + jw (R,Ls + R M)] and
the latter by [R R, + jw (RL, + R,M)]. Subtracting the
resulting equations we find
Esjo [Ry (Ly— M) —Ry(Ly—M)] + E, [RyR,— w?* (LyL,— M?)
+ jw (RiL; + RyLy)]

=L[R\Ry jo(Ly+ Li—2 M) — (R + Ry) (LyL,— M?)]  (27)
whence,
Jo [Ry (Li—M)—R, (Ly—M)]

* RiRy jo (Ly+ Li—2M) — w*(Ry+ Ry) (LyLy— M?)
[RiRy—w? (LyLy— M?) + jw (RyLy+ RiL)]

RiRyjw (Ly+ L—2M) —w? (Ri+ Ry) (LyLy— M?)
(28)

I =

+ E;

APPENDIX 2

We may obtain an expression for I in a similar fashion. The
following alternative method is, however, more attractive. From
Fig. 2 it is evident that

L=15—1
Substituting for I; from Equ. (24) we have,

IR = —E + I (R + Ry) =1, (R, + Ry) (29)
If we now multiply (29) by [R,R, + jw (R, L, + R,M)] and (25)
by (R; + R,) then on subtracting the resulting equations we find,

Es (Ri+Ry) —E; [Ry+jw (Ly—M)]= —I (R +R,) jw (Ly— M)

+ I [RiRy + jw (RiLy + R,M)] .. .. (30)
Similarly, on multiplying (29) by [R,R, + jw (R:Ls + RiM)]
and (26) by (R, + R;) we obtain on subtracting,

Es (Ri+Ry) + E; [Ritjw (Ly—M] = I (Ry+Ry) jow (Ly— M)

+ I3 [RiRy+jw (RyLy+ Ry M)] .. .. (3D
To eliminate /. from (30) and (31) we multiply the former by

(Ly — M) and the latter by (L, — M) and add the resulting
equations. This gives

Es (Ri+ Ry) [Ly+ Ly—2M] + E; [Ry(Ly— M) —Ry(Ly—M)]

= I {RyRy (Ly+ Ly—2M) + jw[(Ry+Ry) (L L,—M?]}  (32)
The current I is therefore given by,
L= Esio[(RatRy) (Lt L,—2M)] :
$ RRyjow (Ly+Li—2M)—w*(R,+ R,) (LyLy— M?)
Egje [Ry (Li—M) =R, (Ly—M)] -

T RiRyjo (Lot L—2M) —at (Ry+ Ry) (LoLy— M%)

RADIO TELESCOPE

The control desk of the Jodrell Bank radio telescope with the telescope
itself visible through the window. This structure is 360 ft in diameter and
weighs 2,000 tons.  The reflector weighs 750 tons
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Institution of Electronics Exhibition

Held in Manchester from llth to 20th July, this
exhibition comprised both research and commercial
sections. In addition, a convention was held in con-
junction with it.

Among the research exhibits were some examples of
special-purpose equipment developed by the U.K.A.E.A.
for use in connection with nuclear power reactors where,
for various reasons, the conventional techniques are
inapplicable. Fig. 1 shows the essentials of a device
for indicating the level of liquid metals, strong acids or
other highly-conducting liquids. It is based on the fact
that a section of shorted coaxial line behaves like an
inductance below the quarter-wave resonant frequency.
A section of hollow line is immersed in the liquid so
that, as the liquid level changes, so does the inductance.
The latter forms part of a series-tuned circuit, the other
reactance being the fixed capacitor C. A small r.f.
voltage is applied to the circuit by way of a large shunt
capacitor offering a very low reactance. Resonance is

e GERMANIUM
l[_ 7 DIODE
] ! CABLE MATCHING
! ! RESISTANCE _IC
l 1 }
i o ~o |
—J!
| TANK CIRCUIT |
! OF OSCILLATOR ' x
Lo oo
OSCILLATOR INDICATOR UNIT 1<
d,
LQuio_ _ AT
teveL TP AT

Fig. 1. Schematic diagram of liquid level indicator;
inductance of probe L — 2 x 10° log, x dy[d, &

PRE-
AMPLIFIER

TW0-PHASE
~ SERVO MOTOR

~,
Fig. 2.  Schematic diagram of <
logarithmic ion-current recorder

BN 0SCILLATOR
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Marconi Instruments f.m.[a.m. signal generator TF1066/1

detected by rectifying the voltage which appears
across C and displaying the resulting current on a
microammeter. Analysis shows that, if the frequency is
varied by means of capacitor Cp in the oscillator tank
circuit, then at resonance the length of the cable not
immersed (x) is proportional to Co, which can therefore
be calibrated directly in units of length. In practice,
most of the r.f. energy is dissipated in a cable-termina-
ting resistor. The cable is therefore well matched, so
that the level-detecting device may be remote from the
oscillator. The accuracy of measurement is 4 19.

An ion-current recorder of good accuracy (4 29) is
given an accurate logarithmic characteristic by a novel
method. The device employs the usual d.c. balancing
arrangement whereby a servo loop is arranged to
apply a voltage which nearly cancels the input voltage.
This nulling voltage is accurately measurable, since it
can be a known fraction of a large voltage. In the new
equipment (Fig. 2), a servomechanism drives a slide-
wire which forms part of a ladder attenuator. The
attenuator is supplied at one end from a reference
battery, the d.c. output at the slider forming the nulling
voltage which opposes the input signal. The difference
signal is converted to a.c. by a vibrating reed, and this
a.c. output, suitably amplified, drives the servo motor.
The pen of the recorder is coupled to the slider of the
attenuator. The constants of the attenuator can easily
be arranged so that the resulting record is logarithmic,
a 3-decade scale being achieved in practice. The
attenuator is also employed to control the level of signal
applied to the main amplifier, so that the total gain
round the feedback loop is constant. An additional
advantage of the arrangement is that there are no
rectifier plus smoothing circuits in the a.c. path, the
a.c. output being applied directly to the servo motor.
This reduces the lag in the servo loop.

Another U.K.A.E.A. exhibit was a special reactor
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control-rod position indicator for use in sealed reactors.
In this application, the measuring system must operate
in a confined space at temperatures up to 300°C, and is
inaccessible when the reactor is in service.

The control-rod is coupled mechanically to a ferro-
magnetic plunger which moves in a non-magnetic tube.
A static coil system external to the tube enables changes
in position to be detected. Coarse and fine measuring
systems are incorporated. The plunger consists of
alternate collars of magnetic and non-magnetic material.
The coarse measuring system (Fig. 3) makes use of a
type of differential transformer. The plunger is always
in coil Ca, which is so proportioned that the amount of
iron in its field is effectively constant; the resulting output
voltage is used as a reference. The extent to which the
plunger acts as a core to C, varies as the control rod
moves. The ratio of the voltages in C, and C, is there-
fore an indication of rod position. In the fine measuring
system (Fig. 4) three secondary windings are used.
The voltage induced in each varies sinusoidally as an
iron collar moves through it. The spacing of the
windings is such that these three sinusoidal variations
are 120° apart. A synchro and servo system gives an
angular displacement which varies linearly with the
control-rod position.

The application of semi-conductors to automatic
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292

train control was shown in an experimental system

"developed by British Railways Research Department.

The purpose of the train-control system is to cause a
train’s brakes to be applied if it over-runs a ‘caution’
signal. The means of communicating information to
the train about the state of a signal takes the form of
two magnets laid between the rails. One is a permanent
magnet and the other an electromagnet, which is linked
with the signal and energized only when the latter is at
‘clear’. (This arrangement ‘fails safe’.) As a train
passes the first magnet, an alarm and braking system is
set, but does not operate immediately. If the second
magnet is energized (line clear), the system is unset
before it has time to operate. If not (signal at ‘caution’)
the brakes are put on and the alafm sounded.

The proposed applications of semiconductors to the
system take the form of a Hall effect probe for detecting
the track magnets and transistor amplifiers for perform-
ing the other functions. The Hall effect device consists |
of a thin slab of indium antimonide. If a current is
applied as shown in Fig. 5, the application of a magnetic
field at right .angles to the direction of current flow
causes an output current to flow in a direction perpendi-
cular to those of both the input current and the field.
The device is quite sensitive and can detect the track
magnets at a distance of several inches. Both d.c. and

OUTPUT
CURRENT

[

Fig. 5. Hall effect device

3,000-c/s a.c. inputs are applied to the Hall effect
device. The resultant d.c. output is used for switching
transistor amplifiers on or off, while the a.c. output is
convenient for amplification to the required- power
levels.

British Railways also showed a number of devices for.
measuring the stresses and strains to which railway
vehicles are subject. These included load cells used in
determining the correct depth of ballast on the track,
and buffer testing equipment. A compact six-decade
dekatron counter, complete with power supply, occupies .
only 1% in. of panel space. Ten six-decade counters
can thus be stacked on a standard 19-in. panel, and the
counts recorded photographically.

Most of the commercial exhibits were of standard
instruments. Avo showed some new coil-winding
machines of large capacity. Vibrators with large power-
handling capabilities (up to 2 kW) were shown by
Goodmans. J. Langham Thompson had a Courtney-
Pratt high-speed image-dissector camera embodying a
Nipkow disc, and capable of picture rates up to 150,000
per second. A television receiver for schools broadcasts
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Dawe Instruments
transistor oscillator

Cossor wide-band oscilloscape. The Y-ampli-
fier response is flat from d.c. to 14 Mcfs

Philips transistor hearing
aid with adjustable li niter
and ielephone pickup coil

(High-Definition Television) had a 27-in. aluminized
tube. Transistors were used in some of the instruments;
for instance, Marconi Instruments had a portable
transmitter-receiver output test set, containing a transis-
tor amplifier, and Dawe Instruments showed a bridge
oscillator.

In a more conventional transistor application—
hearing aids—Philips showed some very compact
models. One of these is very versatile, in that it can be
operated from one 1-5-V penlite cell, or two mercury
cells (2:6V) or three mercury cells (3-9V), the
amplification and output increasing with the battery
voltage. The current consumption is 4-11 mA. A
limiter with a variable threshold is included, as well as
a ‘listening coil’ for picking up signals inductively from
the earpiece of a telephone. Four transistors are
employed in an RC-coupled circuit.

An interesting industrial device, the Hivolt ‘Flocko-
stat’, makes use of high-voltage static charges to apply
fibres to adhesive surfaces. The fibres and surface are
given opposite charges. Under these circumstances
the fibres are oriented vertically by the attractive
force and, when the charge is increased, precipitated
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The Harrison eolorimeter

The Isotope Developments gamma switck empleys a source of gamma-rays
and a Geiger counler to detect objects, liquid levels, etc.  The Geiger tube is
mounted inside the equipment housing

on to the adhesive in such a way as to form a ‘pile’.

The Harrison colorimeter is a simple instrument for
use in the textile, plastics and paper industries. It is
claimed that the accuracy of hue and brightness measure-
ment is equal to that of a trained human observer. A
number of colour filters are used in conjunction with a
standard light source and a large-area barrier-layer
photocell. Measurements are taken by a null method
with the aid of a mirror galvanometer.

A number of nucleonic instruments were shown by
Isotope Developments, including scintillation counter
heads, e.h.t. units, ratemeters and a simple ‘radioactivity
meter’ (Geiger counter) for schools use. In the ‘package
monitor’ gamma rays are used to detect unfilled con-
tainers on a conveyor belt and operate the necessary
gjection mechanisms. A similar unit, the ‘gamma
switch’, is available for industrial applications, where it
is the nucleonic counterpart of the much used lamp and
photocell type of detector. Since gamma rays are
capable of-penetrating metals and other dense sub-
stances, the device forms a ready means of detecting the
level of liquids inside storage tanks, raw materials in
hoppers, and so forth.

i 293



The Fringe of the Field

X

by Quantum

THERMODYNAMICS THROUGH THE LOOKING-GLASS

The expression ‘negative temperature’ is occurring
more and more often in the literature and it is apt to
puzzle the engineer as its most obvious meaning, a
temperature below absolute zero, is unimaginable. The
expression, which seems first to have been used by
E. M. Purcell and R. V. Pound as long ago as 1951
and is now regularly applied to certain state- and spin-
distributions, has recently been examined in more
general terms in an important article by N. F. Ramsey
(“Thermodynamics and Statistical Mechanics at
Negative Absolute Temperatures’, Phys. Rev., Vol. 103,
p- 1, July 1956). It seems a bit much, having just about
completed the list of anti-particles, to top it up with anti-
temperature as well for good measure. But this is not a
new ‘discovery’, nor yet a mere name for the unusual
state of things to which it applies; it is a means of
extending the ideas of ordinary thermodynamics into a
field which could never have been suspected when they
were formulated.

Temperature as a Statistical Concept

In this context, temperature is used to denote some-
thing quite different from the ordinarily understood
idea presented to us by a thermometer, and the basic
concept of temperature is really that of a statistical
factor. It is a coefficient which turns up almost as a
pleasant surprise in the Maxwell-Boltzmann distribu-
tion of energy among the members of a system in
equilibrium. Indeed, the climax of the usual derivation
of this, which opens like Haydn’s Creation with a
Representation of Chaos (symbolized by a quantity H)
and leads on to an exponential formula with a lower-
case h (which isn’t Planck’s constant) in the index,
comes when this £ is suddenly identified with 1/2kT.
This distribution formula, which need not be given in
full here, leads to the constantly-used result for the ratio
between the numbers N, and N, of particles in a system
in equilibrium at 7° Kelvin which possess energies W,

and W,. Ttis Ny/N, = e~ (Wa="IET Here the symbol
1 denotes the lower, and 2 the higher energy state; that
is, W,>W,. As to algebraic signs, N, and N, are
necessarily positive numbers ; W, and W, are always
positive (but not necessarily, for negative energy states
can occur in, for example, the Dirac theory of the
electron); and 7 is in every ordinary case positive
(but not necessarily, because a negative sign is simply
extraordinarily unusual). If T'is positive, than N,<N,.
An equilibrium distribution in which N,> N, is a rare
achievement, a sort of mirror-image of the common
state of affairs; and this is what is represented by a
negative value of 7. Fig. 1 shows N,/N; plotted
against T ; "and Fig. 2 the complete plot of T against
N,/ N, for all imaginable values of N,/N,.
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The Maxwell-Boltzmann calculation, though based
on the idea of perfect-gas molecules interchanging energy
by collisions, ends up only with energy and numbers,
and is valid for any kind of process, provided (a) that
the detailed balancing by which as many enter a given
state as leave it during any interval persists, and (b)
that classical considerations hold. In quantum-
mechanics, the distribution formula is modified by a
factor representing the number of possible wave-
functions for each state ; and if Fermi-Dirac statistics

apply, the e~ (WamWIKT 4 replaced by
(1 + Wem Wl)/kT)_l. Neither of these modifications,

even if they happen to be relevant, affects the present
discussion. For it appears that the ratio N,/N, in any
case works out to the Boltzmann exponential.

term

What Negative Temperature is Not

It seems worth while at this stage to clear up some
points which might confuse the literally-minded person
who is suspicious of statistics.

First, since the microwave experimental work in
which the term originated is done at liquid helium
temperatures, it would be easy for the idea to get
abroad that some temperature below absolute zero
had been reached by simple cooling, or that such a
process could be regarded as conceivable. The statistical
T becomes negative by passing through infinity, not by

Fig. 1. The graph of N,/ N,
plotted against T for the
Boltzmann  equilibrium  dis-
tribution.  This is the only
possible plot if T is the
independent variable, changed
at will. Here (Wy— W)k
has been taken as 1, a
reasonable microwave value

overshooting absolute zero. The temperature —1°K is
infinitely distant from +1°K; and, in fact, —10,000°K
is closer to +1°K than —1°K is. If this has aroused,
rather than allayed, suspicions, so much the better; the
title warned you that we were going into the looking-
glass world.

Next, as the degree K is already used in microwave
work as an energy unit of single-quantum or micro-
scopic status, and microwave values happen to be a
little less than one degree as a rule, it may be well to
emphasize that this has nothing at all to do with the
matter. Indeed, it is a distortion of the proper idea of
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temperature, assigning to individual quanta what is
more properly an attribute of averages. The relations
used are:
kT=}mp*=(W,—W,)=hv=¢V,

where k is Boltzmann’s constant, £ this time really is
Planck’s constant, ¢ is the electronic charge, and the
other symbols have their usual meanings. In this way
T°K can represent the kinetic energy of a particle,
a difference in energy levels, or a quantum of radiation,
as an alternative to using ergs, wave-numbers, or
electron-volts. One degree K corresponds to about
1-38x 1013 erg; one eV is about 1-6x10-1% erg;
so one eV can be expressed as 11,600°K, and so on.
This is purely a numerical matter, and needs no
interpretation. People who use this system are not
suspicious of statistics, but merely callous towards the
subject.

Finally, there is a relevant case of the statistical
use of the term temperature, which comes grammatically
into this paragraph by rights, since it illustrates what
positive temperature is. In nuclear physics, the state of
an excited nucleus is determined by observing the
numbers N; of neutrons it emits with energy Wj; from
N, and N, with energies ‘W, and W,, using the Boltz-

—(Wa=WOT 5 yalue T for

mann formula N,/N, =¢
the temperature of the nucleus is calculated. If this is
about 1012 °K, or 10% €V, say, it doesn’t mean that it is
excessively thermonuclear; the figure describes the
energy distribution between its constituent parts. A
negative value for 7 in such a case is not inconceivable;

but it just doesn’t happen to happen.

Temperature and Thermodynamics

We ought now to try to see why ordinary distributions
never demand a negative 7. Referring to J. K. Roberts’
“Heat and Thermodynamics”, he says that equality of
temperature between two communicating systems
happens when no energy is being transferred from one
to the other. If energy is being transferred, then there
is a temperature difference. He calls this the ‘“zeroth
law of thermodynamics”’; as a definition, it simply
says that there is something, other than energy itself,
which determines whether energy will flow or not, and
giving that something a name.

The second law of thermodynamics states how
temperature does its job if left to itself. When, unassisted
by externally supplied energy, a quantity of energy d@Q
travels from a system at temperature T; to another at

temperature T, then the expression <£—IB —d—Q >, which
T, T,

is called the change in entropy, must always be positive.
That is, the naturally occurring process is for energy to
flow from a higher temperature to a lower temperature,
and to stop flowing when the temperatures are equal.
But why does this happen, and what does this named but
vaguely defined something have to do with it really ?

Maxwell-Boltzmann statistics give the answer. When
temperature has been equalized among the different
parts of a system, then the most chaotic, and hence
the most probable, distribution of energy amongst the
individual particles is attained. Temperature is the
factor which determines how the total energy available
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is parcelled out, if pure chaos reigns. For every tempera-
ture there is a definite distribution, and to every
distribution there corresponds a definite temperature.
The zeroth law of thermodynamics states that there is a
one-one correspondence between distribution and
temperature, while the second law as it is often expressed
shows that the distribution-probability tends always to
increase. The reason why this always happens in the
ordinary way is that, with what might be called second-
order chaos, there are huge numbers of particles and
huge numbers of energy states, and anything else would
be extremely improbable !

The point is, that the mirror-image trick can be
done with a pair of Ns, or possibly several pairs of Ns
taken separately, but to rearrange huge numbers of
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Fig. 2. The graph of T against N,/N,. Both branches of the curve are
possible if N,/ N, is regarded as the independent variable, which we can
imagine to take any value we like

Ns and Ws to simulate a complete Boltzmann distribu-
tion inverted is a statistically inconceivable process,
and to preserve it in equilibrium for a finite time is a
feat even further beyond the grasp of the imagination.
With a two-state system, however, it is relatively
simple both to invert the numbers, and to secure a
transient equilibrium.

Two-State Systems

The next steps in the argument contain a number of
assumptions. The first is that if we consider huge
numbers of particles but only a very few states, perhaps
only two states, then the relative distribution of particles
between the states will be just the same as it would have
been if there had been huge numbers of other states
about. That is to say that, although this time (N, -+ N,)
must add up to the total number N of particles, we still
have % = e———(w,:T £

1

, with the additional result,

(NI_N2) — (WZ—WI)

since (N;+N,) = N, that N T

approximately.
One feels intuitively that this is something like trying
to apply the laws of black-body radiation to calculate
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relative intensities of the lines in a line-spectrum, and
that it does need some justification ! Here intuition has
been over-apprehensive, for the procedure is quite
correct in fact, and justified by quantum mechanics.

The second assumption is that if we start altering the
relative numbers in the two states by some external
process, and so change the temperature, we can preserve
equilibrium at every stage in the process. (No equili-
brium, no temperature!) This can be done if the
process is adiabatic; that is, isolated thermally from the
surroundings and proceeding slowly via a series of
successive transient equilibria.

The third is that we can actually get a simple two-
state (or few-state) system, and that we can disarrange its
population distribution adiabatically. Such systemns,
and also the means of redistribution, are found in the
(3, 3) ammonia resonance, for example, and also in the
very limited range of spin-levels used in nuclear and
paramagnetic resonance, the latter only being of
interest for microwave purposes. And transitions
between two chosen electron-spin levels occur with the
emission or absorption of microwave radiation at the
resonant frequency. Adiabatic conditions can be
secured by cunning negotiation with or moderation of
the spin-spin and spin-lattice relaxation times, but this
is too long a story to go into now.

Supposing then that the electron-spins have all
exchanged roles, so that there are N, in state W,, and
N, in state W,.

Ny —(W=W) N—N, (W,—W))
2o T g TN (W)
Then, 7 =e= g »and = kT

This inversion of the original distribution has simply
reversed the sign of 7!

The difference (N, —N,) is inversely proportional to
T, so that if the difference is to be employed, then the
numerical value of T, whether positive or negative, is
best made as small as possible. At negative tempera-
tures, however, the higher energy state is the more
densely populated; so the negative temperature rep-
resents a reservoir of usable energy. Negative temperatures
are thus ‘hotter’ than any normal positive temperature,
and the smaller the size of 7, the hotter they are.
Unfortunately, it is impossible to obtain useful work by
making energy travel from a system for which 7 is
negative, however hot it is, to a system for which T is
positive, however cold. Infinity intervenes !

Applications .

It would be better if I discussed the applications of
these ideas in a later article. The mathematics of
“population inversion” and the method of “adiabatic
fast passage” are described in the article by J. P. Wittke
which T quoted last month. A theoretical paper by
H. Motz, on “Negative Temperature Reservoir
Amplifiers”, considering doped silicon, appeared in the
Journal of Electronics for May 1957, and an operating
solid-state maser using paramagnetic salts, proposed
by N. Bloembergen in 1956, has been described by
H. E. D. Scovill, G. Feher, and H. Seidel (Phys. Rev.,
1957, Vol. 105, p. 762). I feel that it might be more
useful to sort out the underlying principles than merely
to quote the work; but I am not so sure that this is going
to be easy.
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N. F. Ramsey’s Article

What I want to do now is to get back to the tempera-
tures. It might appear that negative temperature is
little more than a convenient way of describing a spin
system in an unusual excited equilibrium condition.
To some extent this may be so, but it opens a vast
extrapolation of ordinary thermodynamics which may
conceivably be applicable to the mirror-image world of
anti-particles and anti-matter discussed in a recent
Times Science Review by Prof. O. W, Frisch, as well as
to the inverted distributions of ordinary states.

In his article, Ramsey goes into the matter very
thoroughly, both as regards the assumptions made in
describing this kind of system, and the conclusions
reached about its properties. In the first place, suppos-
ing that we isolate a two-state system, and alter N, and
N, adiabatically, establishing equilibrium at each
successive stage, then the first thing that happens when
N, is slightly increased is that T is raised; as N,
approaches N, then T gets larger and larger, becoming
infinite when N,=N,. If N, is only slightly larger than
Ny, then T has a large negative value, while if N, is
much greater than V,, then T is numerically small and
negative. In particular, the complete inversion of N,
to N,, which just reverses the sign of T, takes place via
infinity, not via absolute zero.

The second and third laws of thermodynamics are
both obeyed. For the third law, the unattainability of
absolute zero persists, from whichever side it is
approached. For the second law, heat can be extracted
from a negative-temperature reservoir to perform
work, violating one of the usual formulations of the law;
but the more general statement of the second law, due
to Carathéodory, is not contravened.

There are a number of inversions of ordinary effects.
Most resistances are negative at negative temperatures,
so that a negative-temperature resistance amplifies
instead of attenuating. For nuclear spin systems at
negative temperatures, adiabatic demagnetization raises
the temperature instead of cooling it. The realm of
negative temperatures is shown to have its mirror-
image counterparts of all ordinary thermodynamic
observations, and Ramsey states that, though cases of
this kind are necessarily infrequent, they should be
considered in any really.general discussion. I think
I have probably done what I set out to do, in explaining
what the term “negative temperature” means, though
perhaps rather fuzzily. If you really want to go into
things properly, I recommend you to Ramsey’s article.

INTERNATIONAL CONFERENCE ON SOLID STATE
PHYSICS

The Postal and Telecommunications Group of the Brussels
Universal and International Exhibition is to hold an international
conference on solid state phenomena in electronics and tele-
communications at the University of Brussels from 2nd to 7th of
June 1958.

Three major subjects will be treated at this conference: semi-
conductors, magnetic materials and photo-sensitive and luminescent
materials. The complete proceedings of the conference will be
published in a special volume. The official languages of the
conference will be English, French and German.

Those interested in attending the conference should write to the
Hon. General Secretary, Société Belge de Physique, Loverval,
Belgium.
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Artificial Transmission Lines

COIL DESIGN FOR THE NEGATIVE MUTUAL INDUCTANCE TYPE

By A. C. Hudson*

SUMMARY. Some relations are derived betwzen the dimensions of the coils for negative mutual inductance transmission lines and the

constants of such lines.

Artiﬁcial lines of the negative mutual inductance type
were first described by Johnson and Sheal! and are now
frequently used,? for example, as the anode and grid
lines of distributed-line amplifiers. An investigation has
been made of the relations between the geometrical
parameters of the coil and the constants of the line, and
some equations derived, notably (19a) and (20a), which
may be used for design.
" The negative mutual inductance line comprises
cascaded m-derived low-pass filter sections, with m
typically between 1 and 1-5. A value of m greater than
unity requires that the shunt inductance [see Fig. 1 (a)]
be negative; in practice, this is achieved in effect by
constructing the circuit of Fig. 1(c), where series-aiding
mutual inductance exists between the two halves of Ly.

The required mutual inductance M may be obtained
by employing either two adjacent solenoids separated by
a suitable distance, or contiguous solenoids, as in Fig. 1 (c},
with a length-to-diameter ratio chosen to give the correct
coefficient of coupling. The latter alternative would
appear to be better from considerations of undesirable
shunt capacitance across the coil. The argument for this
is outlined briefly here. Section 11.2 of Reference 3 shows
that the stray capacitance of a single-layer solenoid is
directly proportional to coil diameter and much less
strongly dependent on length. Thus it is desirable to use
as small a diameter as possible. Since the inductance is
fixed, this requires as large a pitch n as possible, The
maximum pitch will be limited either by heat dissipation
(for example, in the anode line of a distributed-line
amplifier the coils must carry the anode current of all
valves); or by mechanical weakness of the wire; and
this maximum will apply equally to the spaced or
contiguous design. Thus, in a typical design problem we
have determined pitch, inductance, and coefficient of
coupling. But under these conditions it is easily seen that
the contiguous design will always have a smaller diameter
than the spaced design, and hence will have smaller
stray capacitance. The contiguous case is the one
considered here, the coil being indicated in Fig. 1(c). It
is assumed that coupling between successive full sections
is negligible.

It is also possible to construct the coil assembly of a

* Radio and Electrical Engineering Division, National Research Council,
Ottawa, Canada.
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negative mutual inductance transmission line as one
continuous tapped solenoid. This method is not con-
sidered here. Among the disadvantages of this method
are the difficulty in adjustment of individual coils, and
the fact that, for the case of a distributed-line amplifier,
the use of a continuous solenoid arbitrarily equates coil
length to the realizable spacing between valves, and
hence will not, in general, provide an optimum design
from the point of view of stray capacitance.

Relations Between the Coil Parameters

Any one of the four parameters I/D, K, m and L;/Lr
will determine the others, and hence twelve equations
may be derived by expressing each explicitly in terms of
one of the others. The relations which are needed to
derive these twelve equations are:

(1) The Esnault-Pelterie formula [see Section 10.1
(i11) of Reference 3]:

e N2
[+ g‘[92a (1)
which gives an approximation to the inductance
of a single-layer solenoid. (This relation is applied
in turn to the full coil Lz and to the half coil L;.)
The condition that the networks of Figs. 1(a)
and (b) must appear identical to the external
circuit.

(i) The exact relations K = M|Ly and Ly = L, +
Ly 4+ 2M.

The twelve equations are arranged in 2 manner indicat-

ing their derivation in Fig. 2. They are also collected in

Table 1.

L =0-1008 (microhenrys)

(i)

Coil Design

Fig. 3 is a chart showing relations which exist between
various design parameters.

Ly, Co, Rg and w, are related by the usual filter theory
relations which are summarized in Table 2.

In Fig. 3 each node represents an equation and a
quantity is determined when it connects to a node for
which the other quantities joined to that node are
already determined. For example, if C; and Ry are
given, then obviously Ro4/Cs is fixed. Now if m is also
chosen, then the chart shows that B is determined.

The derivations of the important relations implied in
Fig. 3 are given below.
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- FULL SECTION———1
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Fig. 1. Three equivalent representations of the coil;
(a) parameters as given by filter theory, (b) exact
equivalent, (c) coil geometry

Fig. 2. Derivation of the twelve coil equations

The most useful relations implied in the chart of
Fig. 3 are Equs. (19) and (20) relating Ro4/Cs and
wey/Cs to m and the coil-form parameters; they are
derived as follows.

TABLE |
’ Equ. (2) ll Equ. (3) | Bqu. )
| =Zu_r 1 ;KNHLL[K:%/LT_
046 D
Equ. (5)1_ ~ |Equ 6 | (Equ () B
= #1; mw\/ol.—/gDz+l'm=l/\/4L€;-—l
Equ. (8) Equ. (9) _l . Equ. (10) o
BNO-‘}G(»--I) é o~ '% émo-gzzl—L_‘LZLL’;TO:’
Equ. (11) Equ. (12) Equ. (13)
L_ o8 (L _ 14wz, 509
Lr 1+K |Lr  4m* |L; 1_84+2£’
D-
298

Cudf

The Esnault-Pelterie relation, Equ. (1), may be
arranged as follows:

L 00252 (ID)
D3n2 1 4 0-46D/l
Applying this to the entire coil Ly, with inductance
2mLo, and substituting (0-92)/(m2 — 1) for [[D [see
Equ. (9)], gives:
2B2
m(mt — 1)
Combining this in turn with Equs. (15) and (14),
using also the relation Cs; = 2mC, gives,

Ly = (18)

= 2B

RoVCs = T (19)
—  myVmt — 1

weV/Cy = " (20)

Equs. (18) and (19) may be put in a slightly more
convenient form by replacing B with its definition, giving,
D3n2 = 21-55R¢2C; (mt — 1) (19a)
Digz — 862m? (mt — 1)

wczcs '

and (20a)
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TABLE 2

Equ. (14) Equ. (15) | Equ. (16) Equ. (17)
| . — | B 1
| Ry = VILgjCy | Ro= Ry = wilq
| wCo |
- ) -
1 1 \
we = we=—— | we= Ry/L
\/ann | RyCy ‘ oo
— T —
° = o2C Ly = GoRy? Ly = RyJw.
"l
J— — |—
C — 1 I . 1
[ ;ch: Cy = Lo/R, Co = woR,
1

The coil design may start from these relations or,
more conveniently, from either one of them and the
basic m-derived filter relation

m = (1/2) RoCswo
—— _ . RO — S
" Reactance of Cs/2 at f = fe

The specification of a negative mutual inductance
transmission line when substituted in these relations will
be sufficient to determine B, and hence the coil pitch
and diameter may be chosen, since these two variables
affect the design only through B.

Briefly, the coil design procedure could be as follows:

(1) State the wanted values of Ro, Cs and we.

(2) Calculate m from Equ. (21).

(3) Decide if m has a practical value (see References
1 and 2); if not, one or more of Ry, Cs or we must
be altered.

Find D3n2 from Equ. (19a) or Equ. (20a).
Choose » and find D, or vice versa.

Find [ from Equ. (9), or NV from Equ. (22) of the
Appendix.

(21)

(4)
(5)
(6)

.

Conclusion
The chief result is to show how the coil-form para-
meter D3n2 is related to the parameters which are

b e e — = 4
ANY TWO DETERMINE
THE OTHER TWO
(SEE EQUNS. 14 T0 17)

Fig. 3. Chart of design equations
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initially given in the design of a negative mutual in-
ductance line.

No attempt is made to discuss fully the design of such
lines—reference may be made to References 1, 2 and 4;
while the theory of distributed amplification is discussed
in Reference 2 by Ginzton et al. and Reference 5 by
Percival.
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LIST OF SYMBOLS

R, = Characteristic impedance of transmission line in ohms.

we = 27fe.

f. = Cut-off frequency of artificial line in cycles per second.

C, = Half-section shunt capacitance of constant-k artificial line in
farads.

L, = Half-section inductance of constant-k artificial line in henrys.

M = Mutual inductance between the two halves of a full coil, in
henrys.

m = Zobel’s parameter in filter theory.

f = Frequency in cycles per second.

! = Length of a full coil, in inches.

D = Diameter of a full coil, in inches.

a2 = Radius of a full coil, in inches.

N = Number of turns.

n = Pitch, in turns per inch.

K = Coefficient of coupling between two halves of a full coil.

L, = Inductance of a half coil. :

Ly = Inductance of a full coil.

C, = Total shunt capacitance of a full m-derived section of artificial
line, in farads.

B = +4/0-0116D3n% a property of the coil form.

Note: Microhenrys and microfarads are used in some cases in
place of henrys and farads.

APPENDIX

Obtaining a Given Inductance on a Given Form

It is sometimes convenient to establish properties of a coil of given
pitch and diameter, either because a coil form is already in existence,
or because certain pitches and diameters are more convenient to
fabricate, or for reasons of standardization.

The inductance of a single-layer solenoid of length at least one-
quarter of its diameter is given by the Esnault-Pelterie relation

a2N2
L = 0-1008 —————
{ + 0:92a
[Section 10.1 (iii) of Ref. 3.]
Pitch may be introduced explicitly in this equation by writing Nin
for { and the resulting relation solved for N, giving
N =Lik[1 + V1 + (kL))
where k, = (D?®n)[(19-84)
k, = (D®n?)/(21-56).
Thus if a coil form of given pitch and diameter is to be used fre-
quently, &, and k, may be calculated once, and Equ. (22) used for
coil design. In practical work there is no need to measure the result-
ing inductance. Wheeler’s formula could also be used, but it is
slightly less accurate in the regions of interest for distributed-line
amplifier design.

microhenrys .. 00 00 (1)

(22)

and
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V.H.F. Broadcasting

REDUCTION OF IMPULSIVE INTERFERENCE IN F.M. RECEPTION

By R. D. A. Maurice, Ing.-Dr., Ing.E.S.E., A.M.LE.E.*

“Put not yourself into amazement how these things should be : all difficulties are but easy when they are known’.
(W. Shakespeare, *“ Measure for Measure”, Act IV, Scene 2.)

Recourse to very-high-frequency sound broadcasting
seems to be the only way of ensuring listeners in the
United Kingdom of a reasonable freedom from inter-
ference, a freedom which has been denied to many on
account of the failure of the nations of Europe to evolve
and maintain a satisfactory plan of channel allocation
in the medium and long-wave bands.

The principal advantage in using the very high
frequencies is the absense of long-distance interference.
This enables a broadcasting authority to serve a more
well-defined area than would be possible on longer
wavelengths.

The main disadvantage of the use of v.h.f. is the
susceptibility of receivers to man-made interference or
impulse noise, and this aspect is discussed here at some
length.

Relative freedom from impulsive interference may
be bought at a price, the cost being reckoned in band-
width, Shannon’s formula for channel capacity
measured in ‘bits’ per second shows that decibels of
signal-to-noise ratio are equivalid with kilocycles per
second of bandwidth. Wide-band frequency modulation
is a way of increasing the bandwidth required by the
signal or the signal spectrum width, and it thus leads
to a gain in signal-to-noise ratio over that obtainable
with amplitude modulation.

The major part of the article is concerned with showing
how this gain in signal-to-noise ratio is achieved.

An example serves to show what field strengths are
required to protect a given reception from motor-car-
ignition interference.

The f.m./a.m. controversy has at last come to a close,
probably due, in this country, to the Government’s
adoption of the Television Advisory Committee’s report
which recommended f.m. as the system of modulation
to be used for a very-high-frequency sound broadcast
service,

The B.B.C. ran two experimental transmissions using
a.m. and fim. respectively from two transmitters and
one wide-band aerial at Wrotham, in Kent. A number
of receivers were tried and, in particular, forty f.m./a.m.
comparison sets! were made by a commercial firm and
circulated to a large number of members of B.B.C.

:E B—E Ez:se;h Fepartmmt, Kin_gswa_ad V;arrzn, Ta;l)aa, ;S—urrz;
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staff and others. These were designed to a very complete
and stringent performance specification? and could be
used to compare most features of the three modulation
systems under investigation at the time. These were
first, narrow-band a.m. ; secondly, wide-band a.m. with
an impulse limiter ; and thirdly, wide-band f.m.

If in what follows there seems to be undue stress on
fm. performance rather than on the behaviour of the
other two systems, this is because f.m. is now of imme-
diate interest in view of the existence of virtually
nation-wide coverage.

The F.M./A.M. Improvement for Random
Fluctuation Noise
Normally, an f.m. receiver may be assumed to be
quite insensitive to amplitude fluctuations but by means
of its discriminator it will be directly subject to phase or
frequency fluctuations. The action of a discriminator
of the type usually employed in fim. receivers is to

| | olee
Vi \/l_+ w?w?,

wfwy, B

Fig. 1. An elementary differentiator. If R|L= w,,

V,|
If wlo, <1, 77| = wfw,

,VJ
convert changes of frequency directly into changes of
amplitude ; these are then detected in the usual manner
by a conventional envelope detector or demodulator.
Now to change a frequency fluctuation into one of
amplitude one may use either the reactance of an
inductor or the susceptance of a capacitor, the operation
being described in the frequency or spectrum or
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impedance world by a multiplication by jw or p. These
symbols transformed into the time world represent a
differentiation. Thus a discriminator is, over the linear
portion of its characteristic, an electrical differentiator
and nothing more. An elementary low-pass differentiator
is shown in Fig. 1. The coefficient of the differentiation?
is the time-constant of the circuit 1/we.

Now consider two equally sensitive receivers with
identical r.f. circuits except that the a.m. receiver has
an r.f. bandwidth of + f; (say =+ 10 kcfs) while the f.m.
receiver has an r.f. bandwidth of + A f (say + 75 kcfs).
Suppose the densities of the spectra of random fluctua-
tion noise voltage in the two receivers, Fig. 2, be N
volts per cycle per second. The a.m. receiver mean
noise power would be
(1)

| (e
Wam o —J N2df = N? ..

2
f“ _fa

Now the discriminator of the f.m. receiver will, as
already stated, differentiate this noise voltage with a
time-constant equal to the reciprocal of the half-band-
width of the r.f. or discriminator circuits. Thus the
noise-voltage spectrum emerging from the discriminator
will be the product of the uniform r.f. spectrum in a
bandwidth 2 A £, NV/c/s, and the ratio = w/w, where
wef2 is the half-bandwidth of the entire r.f. portion of
the receiver and w/2r is the departure of frequency from
the mid-band value f,. The f.m. receiver noise spectrum
before detection and passage through the audio circuits
is thus Nofw, = NfJAf with —Af~f~Af The
mean power of this noise restricted to a bandwidth
+ f4 cfs around f; (the audio portion of the spectrum) is

Ja
Wru o LJ (NJAf)YHf = N¥%/(V3Af)E (2)

2
f“ _fa

The ratio of the a.m. r.m.. noise to the f.m. r.m.s.
noise is

A (Warl Wru) = V3Aflfa 3

This is the well-known f.m./a.m. improvement.* If
the a.f. band is taken as 7} kcfs for both a.m. and f.m.
and the r.f. band is taken greater than 15 kc/s for a.m.
and + 75 kc/s for f.m. equation (3) gives an ‘improve-
ment’ of 25 dB.

It must be remembered, however, that f.m. is not
25 dB better’ than double-sideband a.m. The 25-dB
improvement is obtained at the expense of bandwidth.
Shannon’s formula for the information-carrying capacity
of a communication channel shows that bandwidth
and decibels of signal-to-noise ratio are equivalid ; so
that f.m. is not necessarily more efficient than a.m. It
has simply exchanged transmitter power for trans-
mission bandwidth.

Pre- and De-Emphasis

The idea of pre-emphasising the higher frequency
components of an audio signal at the transmitter to
account for a de-emphasis (top-cut), whether intentional
or not, at the receiver is not new. It does, however,
appear to be most profitable when used in a trans-
mission system which, for one reason or another, has a
triangular noise spectrum at the receiver. It cannot be
used, however, unless the wanted signal has a spectrum
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Fig. 2. Noise spectra

which falls off at the higher frequencies. Were this not
so, then pre-emphasis would cause over-modulation at
the transmitter.

Experiments conducted by the B.B.G.5 showed
beyond doubt that 50 us was the best compromise for
the pre- and de-emphasis time constants to be used for
an f.m. transmission. Shorter time constants than this
gave no improvement to f.m. or a.m., while longer time
constants caused such over-modulation that transmitter
‘line-up level’ had to be so reduced as to nullify the
advantage obtained in noise reduction. If account be
taken of the necessary reduction in transmitter line-up
level it is found that 50 us gives a 0-dB improvement on
a.m. and 4 dB on f.m.

The effect of de-emphasis in the receiver is to reduce
the higher audio-frequency components of the noise
but to restore the pre-emphasised components of the
audio signal to their correct proportions. Its effect can

Fig. 3. Response of meters to different noises; all meters aligned on random

Suctuation noise. a, mean square meter (B.B.C. Research); b, G.P.O. speech

voltmeter; ¢, Portable noise meter (B.B.C. Research), 150 ms charge time

and 1 500 ms discharge time; d, V.U. meter; e, C.LS.P.R. 1 ms charge

time and 500 ms discharge time; f, Peak programme meter (B.B.C.)
15 ms charge time and 1 100 ms discharge time
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Fig. 4. Annoyance as a function of noise p.r.f.

thus be accounted for by a mere reduction in audio
noise spectrum. Equ. (3) can be modified to account
for pre- and de-emphasis by a suitable change in f;.

Impulsive Interference

Subjective Tests Relating (o Annoyance

So far we have dealt objectively with random fluctua-
tion noise and subjectively with pre- and de-emphasis.
It we wish to deal objectively with impulsive noise such
as ignition interference and the noises produced by
many domestic appliances, we must find or choose a
suitable electrical parameter which will adequately
represent the annoyance caused to listeners by this sort
of interference.

A great many experiments® were undertaken by the
B.B.C. in this connection. A proportion of the experi-
ments consisted of asking listeners to adjust the level of
an impulse noise emerging from a loudspeaker in the
presense of programme to equality of annoyance with
random fluctuation noise which could be interchanged
instantaneously with the noise under test. The listener-
adjusted levels were then measured on a number of
different types of meter including power or root-mean-
square meters, quasi-peak meters and V.U. meters, six
meters in all. The meters were aligned on random
fluctuation noise having a uniform audio spectrum.
Fig. 3 shows the average change in meter readings
between the -reference fluctuation noise and each of
eight different types of noise. It is easy to see that the
high-crest-factor r.m.s. meter (a) gave readings which
were in closer agreement with the listeners’ results
than any other meter.

This experiment was most encouraging because the
power in a signal is a simpler quantity to measure or to
calculate than such parameters as quasi-peak.

A further experiment tended to confirm that r.m.s.
was the best criterion of annoyance of noise in the
presence of a wanted programme. Listeners were asked
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to adjust the level of impulsive noise at a certain pulse-
repetition frequency until it coincided in annoyance in
one case with a previous sample of the same impulsive
noise having a known but different p.r.f. and in another
case with random fluctuation noise. The listener-adjusted
attenuator readings could then be plotted against p.r.f.
The result is Fig. 4. It can be seen that in the range
2 ¢/s to 700 cfs annoyance increases with p.r.f. at the
rate of 3 dB per octave. This is, of course, the rate of
increase of power and again favours the r.m.s. criterion.

Several other experiments confirmed the foregoing
conclusions so that finally the ratio of signal power to
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Fig. 5. Amplitude of the i.f. impulse vector.
Ay~ eV i it} Qv/2, if @ > 1 and KQ = +/2
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noise power, or its square root, was taken as the appro-
priate form of signal-to-noise ratio.

The Effect of F.M. Receiver L.F. Circuits on an
Impulse )

Let us consider the case of a wide-band v.h.f. {m.
superheterodyne receiver having an i.f. half-bandwidth
greater than the audio bandwidth. The advantage of
assuming an i.f. width greater than twice the audio band
is merely one of simplicity in that noise pulses emerging
from the discriminator may be treated as unit impulses
in the Dirac or Heaviside sense from the point of view
of the audio circuits ; thus, any small changes of shape
which may result from differences in intermediate-
frequency response-curve shape need not be taken into
account.

As regards the audio r.m.s. noise level resulting from
repeated impulses applied to the receiver aerial terminal,
it will be evident that this noise level will be independent
of i.f. bandwidth since the energy content within an
audio-frequency range of the centre or intermediate
frequency is fixed. If we double the i.f. bandwidth, the
noise impulse doubles its height and halves its duration,
thus extending its spectrum twice as far but the spectral
density in volts per cycle per second or watts per cycle
per second is unchanged. Only if the i.f. half-bandwidth
were less than the a.f. bandwidth would a change in
i.f. bandwidth have an aural effect. In view of this,
it might be thought profitable to extend the receiver
r.f. and if bandwidths indefinitely whilst increasing
the transmitter deviation ratio to match. Thus, it
might be thought, remembering Equ. (3), the fim./a.m.
improvement could be made as great as desired.
The a.m. signal-to-noise ratio remaining constant with
increasing r.f. and i.f. bandwidths, it would follow that
the f.m. signal-to-noise ratio could be increased without
limit. In theory, this could be done, but not without
increasing the transmitted power indefinitely on
account of a phenomenon known as the noise barrier or
improvement threshold which we must now examine.

The Roles of the Limiter and Discriminator
During Reception of Impulsive Interference in
the Presence of an Unmodulated (Undeviated)

Carrier

In order to interfere with an f.m. broadcast receiver
tuned to a v.h.f., carrier at, say 90 Mc/fs, an impulse
must have a spectrum containing components within
the receiver r.f. bandwidth, for example (90 + 0-075)
Mc/s. If we assume for simplicity, however, that portion
of the spectrum of a unit step of interference which lies
within the range (wg/27 + 0:075) Mc/s, where wy/27 is
the i.f. centre frequency, and a normal type of band-pass
coupled transformer arrangement of the type used in
many receiver i.f. circuits, we find that the i.f. output
voltage? before amplitude limiting has taken place is,

N (t) = A (¢) sin [wet — ¢ (£)] 4
whilst the unmodulated carrier has the form
C (t) =sin wet .. (5)

A(t) is thus the impulse-to-carrier amplitude ratio whilst
N;C is its instantaneous value. Equ. (4) is worth examin-
ing closely. Fig. 5 shows a particular example of the
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function A(¢) while Fig. 6 shows the corresponding
function ¢(¢). We can represent the entire function
N(t) by an isometric drawing showing A(t) along one
axis, ¢ (¢) along another and ¢ or -a quantity proportional
to it along the third, Fig. 7.

Operation Above Improvement Threshold

We can now represent the state of affairs occurring
at the discriminator input after the resultant of the
carrier and impulse has passed through the amplitude
limiter. Fig. 8 (a) shows a vector diagram in which the

Fig. 7. Isometric representation of N(t)
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Fig. 8. Carrier greater than that needed for the improvement threshold,

(@) vector diagram of impulse and carrier; (b) phase of resultant of impulse

and carrier; (c) frequency of resultant of impulse and carrier; (d) spectrum
of discriminator response

carrier vector, of unit amplitude, is made stationary,
while the impulsive interference vector grows from its
head, and having the same frequency but a variable
phase angle, describes the locus shown. The actual
position of the locus of N(¢) depends upon the arbitrary
time at which an impulse arrives at the receiver-input
terminals. ~ With repeated impulses, therefore, all
starting angles between impulse and carrier vectors are
equally likely and so all locus positions will occur. Fig.
8 (a) shows a case of interference in which the peak
impulse is less than the carrier amplitude. For such
cases the phase angle B, Fig. 8 (b), always returns to
zero thus giving rise to frequency changes, Fig. 8 (c),
which are always of at least bipolar form. Such frequency
changes always give rise to spectra, Fig. 8 (d), which are
at least proportional to the first power of the frequency
(if not to higher powers) over the audio range. Thus
we see that for impulsive interference not exceeding the
carrier in peak value the spectrum of the interference is
triangular just as it was in the case of random fluctuation
noise. Here we considered the frequency of the resultant
in a direct manner and obtained the discriminator
output without regarding it as a differentiating circuit
because that operation (which, in fact, the discriminator
performs) was done in Fig. 8 (c).

Now, depending upon the exact carrier-to-impulse
ratios and the values of the arbitrary or random starting
phase angles in Fig. 8 (a), we #may obtain a great many
different shapes in Fig. 8 (b) to (d) but the salient features
will not change. The audio spectrum of the impulsive
noise will be triangular or of higher power. Such noise,
which is lacking in bass components, will sound like a
succession of clicks or if the p.r.f. is much above 10 c/s
it will resemble a continuous frying sound.

In the conditions already described where the carrier
is big enough to maintain conditions above the improve-
ment threshold the objective f.m./a.m. improvement for
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impulsive noise is the same as that given in Equ. (3) for
random fluctuation noise.

The subjective improvement must take account of the
listener’s ear characteristic as well as the way in which
bandwidth restriction is obtained. In what follows,
the frequency-response characteristics of the listener’s
ear are taken conceptually as rectangular and are
derived from equating noise energy output from an
ideal low-pass filter to that resulting from the product
of the square of the ordinates of a C.C.I.F. psophometric
or weighting curve (Ref. 6 and Fig. 3, meter ‘a’) and
the energy density of the noise spectrum under con-
sideration. If, for instance, the fim. receiver audio
response is limited only by a de-emphasis circuit of time
constant RC = 1/(2nf,) while the a.m. receiver audio
response is wider than that of the ear, the aural or
subjective improvement is approximately

f.m. signal-to-noise ratio
a.m. signal-to-noise ratio
V54,

Vfa [8/fe —tan 18/fu]
where 2 A f'is the 1.f. bandwidth in ke/s and also double
the maximum deviation, and f; = 1/(27RC) in keys,
while the number 8 represents the equivalent energy
bandwidth of the ear to triangular noise and the number
5 refers to the equivalent energy bandwidth of the ear
to uniform noise. If A f = 75 kcfs and RC = 50 us, we
obtain an improvement of 28 dB. This has not accounted
for the 2-dB reduction in transmitter ‘line-up’ level
required owing to over-modulation caused by 50-us
pre-emphasis at the transmitter, In fact, an improve-
ment of 26 dB is obtained.

The fm./a.m. improvement factor given in Equ. (6)
does not vary significantly with carrier-to-impulse ratio
once the improvement threshold is surpassed. It is
therefore easy to calculate an f.m. signal-to-impulse
noise ratio above improvement threshold by first
calculating the a.m. signal-to-impulse noise ratio and
then adding the improvement figure in decibels. For
an a.m. receiver having an a.f. bandwidth at least
5 kcfs wide receiving a 1009, modulated carrier of
7 r.m.s. mV/m in the presence of impulses of area U
peak mV/m X ms at a p.r.f. of f; ke/s the a.f. aural
signal-to-noise ratio is

(6)

_am2 (7)
2 Ur/5fr
The quantity 2U\/5_f,_is the r.m.s. noise produced by
short impulses U repeated at f; kc/s in a receiver i.f.
bandwidth of twice 5 kcfs. The 7/2 in the numerator is
the factor which accounts for the fact that the random
phase angle y between the oscillatory impulse and the
carrier signal in the i.f. circuits makes the mean value
of the r.m.s. noise pulses less than in the cases of phase
coincidence and phase opposition.

Ify =1 rom.s. mV/m, f, = 0:05 ke/s and U = 0-016
mV(pk)/m X ms, Equ. (7) gives an a.m. signal-to-noise
ratio of 40 dB.

a.m. signal-to-noise ratio =

Operation Below Improvement Threshold

We must now re-examine the phenomena shown in
Fig. 8 (a) when the receiver is operating below the
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improvement threshold ; that is, when the peak
impulse in the i.f. output exceeds the carrier amplitude.

Two basic conditions?. # arise and they are shown in
Fig. 9 at (a) and (a’). In Fig. 9 (a’) the carrier vector
is not entirely included within the locus of N(z) and it
can be seen that such a condition is similar to that shown
in Fig. 8 (a). A triangular spectrum will result and the
impulsive interference will sound like a succession of
clicks——this in spite of the fact that the impulse peak
exceeds the carrier amplitude.

Fig. 9 (a) shows a different state of affairs. The carrier

vector—and for simplicity, the limiter circle as well— -

are included inside the locus of N(t). The resultant

returns to its original coincidence with the carrier vector-

when the impulse has died away but this coincidence is
achieved by a complete rotation of 360° as shown in
Fig. 9 (b). The exact manner in which the ‘unit step’ of
phase B is achieved is of secondary importance, the
important feature of this phenomenon is that we now
have a step of phase of duration appreciably less than
1/(n/2Af), say 9 us. This duration is much shorter than
any a.f. time constants and thus may be regarded from
the point of view of audio frequencies as a true unit step
of phase. From this results a (somewhat deformed)
unit impulse of frequency, Fig. 9 (c), whence, finally,
the uniform spectrum shown in Fig. 9 (d). Such a
spectrum, containing the bass components which were
lacking in the spectra of clicks shown in Fig. 8 (d),
gives rise to a succession of pops if the impulses are
repetitive.

Smith and Bradley, at that time of the Philco Corpora-
tion, were the first to point out the reason for the
difference between clicks and pops although their
analysis relied on the carrier being frequency-modulated
by programme and the impulse being immobile with a
constant phase angle y. Their explanation did not
account for pops of interference appearing during
unmodulated periods of a programme. In order to
have a rotation of the impulse vector it is necessary to
assume some asymmetry, however slight, in either the
spectrum of the interference or the transfer function of

L6cus oF M(E) A

Fig. 9. Carrier smaller
than that needed for the
improvement threshold.
(a and a’) vector diagrams
of impulse and carrier;
(b) phase of resultant of
impulse and carrier; (c)
Sfrequency of resultant of
impulse and carrier; (d)
spectrum of discriminator
response

o LIMITER LEVEL
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Fig. 10. Proportion of pops in the total number of impulses

the receiver circuits or both. Such asymmetry in-
variably exists so that pops are always with us if the
peak carrier-to-impulse ratio is less than one.

We can obtain an approximation to the value of the
improvement factor below threshold by first determining
empirically the relative a.f. aural energy contents of a
nominal pop and a nominal click assumed each to have
the same peak-frequency deviations and durations,
Figs. 8 (c) and 9 (¢). Then, assuming all clicks to have
the same energy content and likewise for all pops, we
calculate the proportion of pops in the total of clicks
and pops, Fig. 10, in terms of the peak impulse-to-
carrier ratio p. This proportion is the ratio of the range
of random starting angles y, — y, giving rise to pops,
to the remainder of the 27 radians left over—the
remainder which gives rise to clicks. This proportion is
shown in Fig. 11 for an i.f. width of 150 kc/s at a centre
frequency of 4 Mc/s, that is, a @ of 50.

The audio power ratio of a nominal pop to a nommal
click may be written

23 (Af)? tan! (5/fa)
(/% (8)/a —tan™8//a) ]
75 kefs

Ja = 3-18kefs (RC =
10,000 or 40 dB.

the proportion of pops shown in Fig. 11

b =

(8)
and for Af
50 ps)
we have b

Thus if a

1s

hpmsa me
"P’( Yy

meuxst ms'mum-: Ay

m\sz 105, 3 IMPOSED
UPON THE CARRIER Y
THE INPULSE

S RESUL’!&NT OF :
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for a given i.f. peak impulse-to-carrier ratio, p, we have
aural noise power below improvement threshold
~ aural noise power at improvement threshold
=ab+1 —a .. . (9
This expression® is shown in Fig. 12 as a function of the
carrier-to-peak impulse ratio 1/p.

Of course, in spite of the various i.f. bandwidths
chosen, Fig. 12 shows curves which are all coincident at

04

o .
(=2
b

PROPORTION, @,0F POPS [N TOTAL NUMBER OF IMPULSES

0 - 5 Y ‘ i5
PEAK IMPULSE-TO-CARRIER RATIO O

%

Fig. 11. Proportion of pops as a function of impulse-to-carrier ratio.
2 =21 (Fig. 10)

T 2

B

o
(=3

S

. RATIO OF AURAL NOISE POWER BELOW [MPROVEMENT.
THRESHOLD YO THAT AT (MPROVEMENT THRESHOLD {dB)
1 |
o

0:005 o001 005 0°f - os
CARRIER-TO-PEAK IMPULSE RATIO I/p AT LIM!?ER_Y

Fig. 12. Variation in noise power in fim. below the improvement threshold
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the improvement threshold where p = 1 because they
are each normalized to the noise power at the threshold.
For l/p <€ 1 the term ab in equation (9) predominates ;
thus the separations between the curves in Fig. 12 for
conditions well below improvement threshold tend to
become equal to the ratios of the i.f. bandwidths in
decibels since Equ. (8) shows the power ratio b to be
proportional to the square of the bandwidth.

Variation of Signal-to-Impulsive Noise Ratio with
Deviation Ratio and with I.F. Peak Impulse-
to-Carrier Ratio

Fig. 12 can be used to obtain a set of curves showing
the relative signal-to-impulse ratios of f.m. systems
employing various maximum deviations. Equ. (6) can
be used as well, in order to place an a.m. signal-to-
impulse noise ratio curve upon the same graph. Thus,
if we take the a.m. signal-to-noise ratio, whatever value
it may have, as reference, we know from Equ. (6) that
the fm. signal-to-noise ratio is 28 dB greater at and
above improvement threshold for a +75-kc/s 50 us
system, 303 dB greater for a +100-kc/s 50 us system,
214 dB greater for a +30-kc/s 50 us system, and so on.
The shapes of the f.m. signal-to-noise ratio curves below
improvement threshold can be obtained directly from
Fig. 12 ; but the spacings between the curves on Fig. 12
rapidly become, as already stated, in proportion to the
bandwidth ratios or the ratios of the maximum deviations
and since the [.m./a.m. improvement factors are likewise
in the same proportions, the portions of the signal-to-
noise ratio curves below improvement threshold rapidly
coalesce and we have Fig. 13.

If ' we wish to replace the abscissae of Fig. 13 by actual
receiver r.f. input carrier-to-impulse ratios, we note
immediately that the improvement thresholds for the
various maximum deviations will occur for different r.f.
signal-to-impulse ratios. Evidently a 100 kc/s-deviation
system, for example, will have its threshold at half the
r.f. impulse value of that of a system designed for a
50 kc/s maximum deviation since the bandwidth of the
former will be twice that of the latter system and the
i.[. impulse peak is, of course, proportional to bandwidth.

A calculation shows that improvement threshold or
equality between i.f. signal amplitude and i.f. impulse
peak occurs when

nU=4Af .. .. .. . (10)
where, as before, n = r.f. carrier field strength in r.m.s.
mV/m (or r.f. voltage in r.m.s. mV)
U = field strength impulse area in
peak mV/m X ms (or r.f. voltage

impulse area in peak mV X ms)
Af =if. half-bandwidth in kc¢/s or

maximum deviation in kc/s.

We may now replot Fig. 13, replacing the abscissae
l/p by the r.f. input ratio n/U. From Equ. (10) the
4 100-ke/s system will have its improvement threshold
at n/U = 400, the + 75-kc/s system at 5/ U = 300, and
so on, Fig. 14. The relative signal-to-noise ratios in
Fig. 14 may be readily converted to absolute ratios by
calculating the a.m. signal-to-noise ratio from Equ. (7)
in any given case and then adding to this ratio expressed
in decibels the difference between the appropriate f.m.
curve and the a.m. line in Fig. 14. For example, consider
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Fig. 13. Variation of f.m. signal-to-noise ratio above and below improvement
threshold

the case of a carrier-to-impulse ratio of 250 (r.m.s. mV/m)
per (peak mV/ X ms) and assume a p.r.f. of 50 ¢/s. The
abscissa, 7/ U = 250, has been marked in Fig. 14 by the
vertical line AB. The a.m. signal-to-noise ratio is, from
Equ. (7), 52 dB: thus, if we allocate to the ordinate of
the point C in Fig. 14, the number 52 dB, we can form
the Table 1.

TABLE 1

Maximum Deviation of
50-ps f.m. System

Aural Signal-to-
Noise Ratio

+ 100 ke/s i 64} dB
+ 75 kefs 664 dB
+ 50 kefs 76} dB
+ 30 ke/s 73 dB

Fig. 14. Variation of f.m. signal-to-noise ratio in

terms of carrier-to-impulse ratio.  Ratio: u(r.m.s.

mV[m or mV)[U(peak mV[m or mV X ms) of r.f.
carrier to r.f. impulse

Electronic & Radio Engineer, August 1957

which is obtained by adding 32 dB to the differences
between the ordinates D-C, E-C, G-C and F-C
respectively. This table shows that it is not possible to
state which maximum deviation it is better to use unless
the input carrier-to-impulse ratio is given. If the p.r.f.
of the interference were different from the 50 c/s value
chosen, the signal-to-noise ratios shown in Table 1
would each be changed by the same quantity.

A Practical Example: Motor Car Ignition Inter-
ference

The change in the character of the sound of impulsive
interference when the operating point of an f.m. system
crosses the improvement threshold can be used to
measure the peak value of the interference in a known
f.m. receiver i.f. bandwidth. Thus, to measure the value
U of impulses of field strength radiated by the ignition
systems of motor cars the arrangement shown in Fig. 15
was set up at the side of a main road in Surrey'®.
The stream of traffic was practically unidirectional and
less than continuous so that it was possible, as each
motor car approached, to adjust the attenuator setting
of the signal generator to such a value that the carrier-
to-peak-impulse ratio in the receiver i.f. circuits was
unity or fractionally less. Thus the record of the
attenuator settings enabled the equivalent impulse U
to be calculated from Equ. (10). Fig. 16 shows the
results.

We now have actual values of field-strength-ef motor
car ignition interference which we can use to calculate
the signal-to-noise ratios which will result in any given
{m. system during reception of frequency-modulated
carriers of various strengths.

Let us regard as adequate a wanted-signal field-
strength which will protect a given service from 909,
of all motor cars. From Fig. 16 it may be seen that only
109, of cars radiate ignition impulses having areas
greater than U = 0-0135 peak mV/m X ms at 67 feet.
If a signal strength of 1 r.m.s. mV/m be taken, we have
nU = 74 and the accompanying a.m. signal-to-noise
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Fig. 15. Method of measurement of car-ignition

interference
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ratio for, say, 50 ¢/s p.r.f. (4-cylinder cars running at
about 30 m.p.h.) is, from Equ. (7), 41-3dB. If the
receiving aerial were nearer to the road, for example
40 feet, we take U = 0-023 on the assumption that

Fig. 16. Values of ignition interference in 90- Mc[s band. The interference U
was measured at a height of 25 feet and a distance of 60 feet from the centre
of the carriageway and broadside on. There was no significant difference
between horizontal and vertical polarization; more than 350 cars were

field-strength is inversely proportional to distance. We
now have y/U = 44 for y= 1 r.m.s. mV/m as before.
We can now re-draw Fig. 14, replacing the /U abscissa
by wanted carrier field-strengths in r.m.s. mV/m and
the ordinate by absolute signal-to-noise ratios. We have
two scales of abscissae, one for receiving dipoles 67 feet
from the cars and the other for dipoles 40 feet from them.
The signal-to-noise ratios shown in Fig. 17 are 8 dB
lower than the values obtained from Equ. (7) to allow
for average modulation depth being approximately 8 dB
below peak modulation.

Some of the signal-to-noise ratios shown are very
great, particularly those above the improvement
threshold for + 50 kc/s-deviation systems and so all the
ratios have been labelled with subjective criteria as a
guide to a practical interpretation of the curves.

It is interesting to note that for low impulse repetition
frequencies such as are encountered in cases of ignition
interference, the signal-to-noise ratios above improve-
ment threshold for most wide-band f.m. systems are so
great that the noise is nearly if not quite inaudible in
typical domestic listening conditions. Some of the
misunderstandings which arose during the fim./a.m.
controversy may well have been due to the fact that
when impulsive interference is actually heard it almost
certainly consists of loud pops due to operation below

observed the improvement threshold.
+ 10D kefs S0us F.M.
797 + 75 » ,{J' ”
+50 1 " ”»
75 - o
2 /, y 30 ” ’s
=g LN ad —
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308

Electronic & Radio Engineer, August 1957



The Television Advisory Committee’s second report,
issued on the 18th January, 1954, recommended that
the aim of a broadcasting authority should be to provide
a median field of 0-8 mV/m in large towns and 0-25
mV/m elsewhere in the intended service area. The
0-8-mV/m figure is adequate for ignition interference
if the receiving aerial is at least 40 feet from the road
since it ensures signal-to-noise ratios of not less than
46 dB for + 75 kejs 50 ps f.m. system.
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Transistor RG Oscillators

EFFECT OF TRANSISTOR CAPACITANCE

By M. K. Achuthan*

Resistance-capaci tance tuned oscillators have become
increasingly popular as sources of audio-frequency
voltages. The commercially available variable-frequency
oscillators use valves as the active elements. For applica-
tions where portability or light weight is of importance,
the use of transistors is certainly much more desirable.
The conventional RC tuning networks used with valves
have, however, to be modified to suit the low input
impedance and high output impedance of the transistor.
Hooper and Jackets! have attempted a solution and
have evolved a sine-wave transistor oscillator incorporat-
ing a zero phase-shift network as reproduced in block
schematic form in Fig. 1. The frequency of oscillation is
given by f = 1/2#RC and the attenuation of the tuning
network is 3 so that the gain required for maintaining
oscillations is 3.

It will be noted that this expression for frequency
holds good when there is no capacitance shunting Rs.
If the collector-base junction capacitance C. of the
transistor is taken into account, it may be shown that
the frequency is given by

1

S = onRvC(C ¥ 20y
The value of C; being usually greater than about 30 pF,
we find that its presence will appreciably affect the

* Indian Institute of Technology, Kharagpur, India.
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frequency when C¢ is not negligibly small in comparison
with C. When C > C,, as in the values used by Hooper
and Jackets (C = 2uF, 0-5uF, 0-01 uF, and 0-005uF), the
variation in frequency may be ignored. If an ordinary
ganged tuning capacitor having the range 20 to 450 pF
is used in a variable-frequency oscillator of the above

Cy=C
IIN 3' IO
> i >
TWO-STAGE
TRANSISTOR [
CURRENT  ACAmEAd ;{_C Ri=R
AMPLIFIER =
o
POSITIVE CURRENT FEEDBACK _ I

Fig. 1. Hooper-Jackets oscillator

type, using a typical value of R = 100 kilohms, the
frequency range would be 3-5 kc/s to 80 kcfs, if C, were
neglected; whereas the presence of C. (say equal to
40 pF) will reduce the range to 3-3 kc/s to 35-6 kes,
There is another and a more serious effect of the
presence of C¢, which perhaps escaped the notice of
Hooper and Jackets, since they used very large values
of C. In the absence of C; the attenuation of the network
(for R1 = Ry = R and €1 = (2 = C) remains constant,
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equal to 3, throughout the range of the tuning capacitor.
In the presence of C;, however, the attenuation is
3 4 C¢/C and, in the case considered above, the attenua-
tion will vary from 3-1 to 5 as the tuning capacitor is
varied. The amplifier will have to keep track with this
varying attenuation, as otherwise it will not be possible
to maintain oscillations or to avoid distorted output.
This means that a variable-frequency oscillator will
necessarily have to involve point-to-point adjustment of

In W b

{ T

R, ;g ;g R
2 o 1

f=
27/ Ry R, (GG, + GoCs + G3Gy)
. R G, G Rl]
Attenuation = [1 + ) + ate R
Fig. 2. Gircuit and equations of m-network

negative feedback or amplifier gain, which is highly
undesirable as the oscillator will lose much of its flexi-
bility. '
We have been working on RC tuned transistor
oscillators for some time and have developed two
" variable-frequency oscillators using (i) a m-network and
(ii) a T-network, giving sinusoidal outputs of very good
waveform. The generalized networks and the corre-
sponding expressions for frequency and attenuation are
given in Figs. 2 and 3 respectively. Both the networks
are designed on the basis of positive current feedback
(not voltage feedback as with valves) from the output
of the transistors to the input. The part played by the
transit-time effect of the current carriers inside the
-crystal in altering the o of the transistor and its effect on
the performance of the oscillator have not been con-
sidered in this short note.
In the w-network, it will be noted that the variation

(o

Iy 2 Cr I,
R. % I R,
2 -|-C3 1

/1+1+1

N (iR
=T

RIRZ
Attenuation = [

tRTGTR G
Fig. 3. Gircuit and equations of T-network

R, G R Cs]

in attenuation due to C; can be counteracted by con-
necting capacitances equal to C; across C; and Cs. In the
symmetrical case (where R; = Ry and the capacitances
are equal to one another) the attenuation will remain
constant, equal to 4, throughout the range of tuning and
the expression for frequency will be
1
f 27R(C + C;)\/3

The expression for frequency of the T-network shows

that for the same values of C and R, in the symmetrical
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case, the highest frequency is obtained with the T-net-
work (f= 4/3/2#RC). The adverse effect of C,, as
discussed above, cannot, however, be eliminated as in
the m-network.

It will further be noted that the Hooper-Jackets
oscillator, which is essentially of the Wien bridge type,
is a special case of the w-network oscillator, in which
Gy = 0. Another modification of the w-type oscillator is
obtained by putting C; =0 as shown in Fig. 4. The
T-type network also reduces to this type by putting
Cs = oo. The expressions for frequency and network
attenuation for this ‘inverted-L-network oscillator’ are
exactly the same as in the Hooper-Jackets oscillator.
Unlike the Hooper-Jackets oscillator, here the network
attenuation remains constant, equal to 3, throughout
the range of the tuning capacitor, even in the presence
of large values of C¢, provided Cs is shunted with a
capacitance equal to C.

A typical oscillator of this type using low-frequency
junction transistors of the type Raytheon 2N130 (with

= 125 kilohms and 15 kilohms and C varying from
0-1 uF to 20 pF, C3 being shunted by a fixed capacitance
equal to Cg) gave a frequency range continuously
variable from 15 cfs to 72 kecfs. This was obtained
without any point-to-point adjustment of negative
feedback or amplifier gain. With point-to-point adjust-

Cy=C
O . e
Ry=R ;{=c R=R
Id

Fig. 4. Inverted-L-network

ment of gain an upper-frequency limit of about 150 kc/s
has been attained so far. A considerably higher upper
frequency limit is expected of the circuit with some of
the modern high-frequency transistors.

A complete paper on this subject will be published -
elsewhere.

I wish to thank Dr. H. Rakshit, Head of the Depart-
ment of Communication Engineering, and Dr. K. K.
Bose, Assistant Professor in Communication Engineering
of the Indian Institute of Technology, Kharagpur, for
helpful discussions and encouragement.
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MATHEMATICAL TOOLS

By Computer

Determination of Stability for h Four-Stage Feedback Amplifier

Last month we considered the conditions for an
algebraic equation to be free from roots with positive
real parts. We now apply the criteria obtained to the
four-stage feedback amplifier of Fig. 1.

We shall consider only performance at frequencies
so high that interstage coupling capacitances, screen-
feed components and bias circuits can all be ignored.
Performance is then governed mainly by the values of
the shunt valve and wiring capacitances in relation to
the coupling resistances.

The effective circuit of an individual stage at such
frequencies can be reduced to the well-known form
shown in Fig. 2. Here the input grid—cathode voltage
of the valve is 3 and gy is the mutual conductance,
giving the input current gmzy shown in Fig. 2. R is
the value of the anode a.c. resistance and coupling
resistance of the valve, combined in parallel with each
other and with the following grid leak. C represents
the total shunt capacitance of the stage and comprises
the output capacitance of one valve plus the input
capacitance of the next plus stray wiring capacitance.
The output voltage z, of one stage forms the input
grid—cathode voltage for the next stage.

The gain of the stage equivalent to the circuit of
Fig. 2 is

— Y —&mR (1)
vg 1 + pCR
the minus sign being included to take account of the
reversal of phase in the stage. Ignoring feedback for
the moment, the gain from the grid of V; to the anode
of V, is therefore
Ay, = A, 4,44, (2)

where each of the 4-terms is of the form given for Fig. 2

with the values of gy, R and C appropriate to the
stage in question.

We now have feedback to consider. C; (in Fig. 1)
can normally be neglected at high frequencies; we
shall also assume Ry € R;. The presence of Ry will
slightly modify the gain of the V, stage by shunting
its coupling resistance ; this can be allowed for by
altering the effective value of R (in Fig. 2) for this
stage.

The determination of the feedback factor is compli-
cated by current feedback in V,; because of the
presence of Rg in its cathode circuit. In effect, there-
fore, there are two kinds of feedback to take into
account. The equivalent circuit of the first stage is
shown in Fig. 3. If we note that

v =g + (ta +4) Ry 3)
and write the other equations in accordance with
Kirchhoff’s Laws, it is a matter of simple algebraic

manipulation to find that the overall gain 4, is given
by

v
4, =2
0 %
— T l{éz Ay Ay 2 . .
R;R zR
1 58 1 4,4,4,(1 =
ra+z+( +”)R5+R8+ 2a 4y ( +”)R5+-R,
(4)
where z = R'/(1 + pCR’)
Now if
— pR
4, = - RL (5)
54t
I
fa+z+R5+R6( + n)
A, is the gain of the first stage with its own internal

Fig. 1. Four-stage feedback amplifier
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current feedback through R R/(R; + R;) acting as
an unbypassed cathode resistor. This expression is
conveniently expanded to

— g R’
4, = o =
’ 5446
ra + R+ (1 +F~)m;
where
R/|ira _£5R6’§(1 _+_‘u):l
I R, + R, | 6
< =1+1C = (6)
’ 5-'6
ot B e (1)

This apparently cumbersome expression actually
shows clearly that the effect of this local feedback on
the transient response is merely to change the effective
a.c. resistance of the valve from

o t0 1o + (1 + p) RsRy/(Rs + Ry).

The value of R for this stage is thus R’ in parallel with

this effective resistance instead of in parallel with 7,.

If we substitute in the expression (4) for A4, in
terms of 4, we get
_ 4, 4,4, 4,

14 A, 4, 4, AP
where B = Ry/(Rs + Rg).
In doing this, we have introduced one approxima-

tion, which is that in the denominator ! < p.

Because the feedback is applied to the cathode of Vj,

the loop gain is dependent on 1 + u in the first stage

A, (7)

Eguivalent  circuit of
amplifier stage

IV @ c o Vf Fig. 2.

instead of on p. For a first-stage valve, u will rarely
be less than 40 and will be much higher if a pentode
is used. The error is negligible, therefore, and con-
siderably simplifies the equations.

Now each of the 4 terms is of the form

—&nR/(1 + pCR)
so if Ar, = gmiRagmsRogmaRogmi Ry

we have
A — AL )
© 7 (14-pC,Ry) (1+4CoR,) (14+pC3Ry) (1 +4C, Ry) +A(I£
= - -
= L (9)

I+ ALB) + bip + bap® + byp® + b, p*
where the b terms are all combinations of the CR terms,
and can readily be evaluated by expanding the
denominator of (8) and equating the coefficients of
corresponding powers of ¢ in (8) and (9).

If B is zero, the equation has all its roots real and
negative but, if B is gradually increased, the equation

(1 4 ALB) — byy + bey* = 0
whose roots we called «, and «, in last month’s article
is such that «; and «, move closer together but (o; + a,)
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Fig. 3. Eguivalent circuit of first stage and feedback network

remains constant and equal to b,/6,. The equation

by — by =0
has a fixed root which we called B, in the earlier article.
Hence, as B is gradually increased, a value must
eventually be reached when the condition for stability,
which is

o < 181 < %y,
is no longer met. It is clear that

ArB < by2/(4b,) — 1 .. .. (10)
otherwise o, and a, will not be real and there cannot
be stability. As the original equation is quartic, the
condition for stability can be written down explicitly;
1t 1s

(1 + ArB)bs® < by by by — 017, (11)
but, in many cases, the simpler condition (10) is
sufficient to give us the information required. For a
quintic equation, we could still obtain a rough criterion
of the form (10), but there would no longer be a simple
exact one of the form (l1) and, for exact information,
we should be compelled to determine the quantities
oy, oy, By and By, as suggested in the earlier article.

IRRADIATED POLYTHENE

A form of polythene, to which desirable physical properties are
imparted by bombardment with high-velocity electrons, has been
introduced by Mersey Cable Works Ltd. One effect of the
irradiation is to raise the maximum operating temperature of the
insulant from 85°C to 100°C, with a short-term maximum of about
150°Ci. The photograph shows the effect of heating normal and
irradiated polythene by means of a resistance wire. The normal
polythene samples (in the centre) melt, while the irradiated
material softens but is otherwise unaffected. Other desirable
properties claimed for the new material are improved resistance
to chemical attack, better tensile strength, elongation and abrasion
resistance.
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Correspondence

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

Phase-Sensitive Discriminator

Str.—My attention has been drawn to the comments on the
“Phase-Sensitive Discriminator’” by Mr. Walters in your March
issue. The statement made in my letter published in the January
issue of your journal that the amplitude of the sawtooth waves is
proportional to the time interval between successive waves and
hence betw:zen their phase differences was incorrect, and it is regretted that
this escaped my notice at the time of communication. As has been
pointed out by Mr. Walters the time interval is actually inversely
proportional to the instantaneous frequency and for small frequency
deviation, as is usually the case, the sawtooth amplitude bears a
linear relation with the modulating waveform f{¢) in f.m. and f*(¢)
in ph.m.

The point raised by Mr. Walters has, of course, been clearly
explained by Mr. P. Kundu of this laboratory who originally
developed the idea of utilizing the time period of an angle modulated
carrier for demodulation in his recent paper!. He has pointed out
that “An angle modulated wave (ph.m. or f.m.) is thus translated
into a sawtooth amplitude-modulated wave, the amplitude, of
which is proportional to f{¢) in case of f.m. and to f*(¢) for ph.m.”.
Mr. Kundu further adds that ‘“The modulating signal may finally
be reproduced by a low-pass filter. The wave emerging from the
filter is, however, the original wave integrated in time. If the input
is a phase-modulated carrier, the modulating signal is directly
reproduced at the output of the filter. But in case of f.m. wave, a
differentiating network is required to produce the original signal”.

It was this integrating effect of the RC type low-pass filter that
caused the output observed by me to be the same as the modulating
signal.

B. CHATTER]EE
Indian Institute of Technology, Khamgpur, India.
20th May 1957.

1 P. Kundu. “A New Method of Demodulatlon for Phase, Frequency and
Amplitude”, Ind. J. Phys., 1957, Vol. 81, p

Triode Amplification Factor*

Sir.—Professor Moullin has made his paper highly confusing by
insisting on theorems which are true but also irrelevant. The
simple way to prove that the effective force inside a uniformly-charged
closed container (the anode) is zero, is by taking advantage of the
fact that, under inverse square-law conditions, the force due to any
part of the surface is proportional to the solid angle subtended by
it at the point in question. If through any point a double cone is
drawn, clearly the solid angle is the same in diametrically opposite
directions, and there is thus no resultant force. If, however, there is
another body (e.g., a cathode) inside the anode, the situation is
different. An engineer working on his perfectly sound and correct
intuition of the situation would observe that from a point P he
could see anode over a solid angle ¢ and cathode over a solid angle
(47 —4¢) and would deduce a force which he could, if he liked, ascribe
to the anode as cause (e.g., anode voltage independent variable)
or to the cathode shadow as cause.

Thus Méller’s description of 1/u as Durchgriff “‘the anode sends
through the grid turns lines of force into the cathode space which
get hold of space charge electrons and pull them towards the anode*’
is not only correct and reasonable but also useful.

There is a further confusion with which every student is familiar,
Every electric circuit problem is solved as a pseudo static problem
by the device ultimately due to D’Alembert of introducing fictitious
forces equal to mass times reversed acceleration in order to solve a
dynamic problem in terms of statics. These we call ‘back’ voltages,
equal and opposite to ‘applied’ voltages. Similarly there is the term
‘centrifugal’ force, a relatively conceptual term compared with
‘centripetal’ force.

If, however, we have chosen current « as independent variable,

* P. Hammond. Electronic & Radio Engineer, April 1957, p. 185.
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then = Za makes Za a voltage source whereas with ¥ as independent
variable Zu is the conceptual ‘back’ voltage. Thus Moullin’s anode
voltage appears as a dependent variable ‘caused’ by the current.
Interchanging ¥ and « as dependent and independent variables is
however merely a formal operation.

C. G. Mavo
British Broadcasting Corporation,
Kingswood Warren, Tadworth, Surrey.
30th May 1957.

Sir.—Mr. Mayo is in close agreement with Professor Moullin
in stressing the importance of Newton’s theorem about the force
inside a closed container due to the gravitational attraction of that
container. As I pointed out in my article, this theorem entered
through Priestley and Cavendish into the very definition of electricity
or as it was then called the ‘electric fluid’. But Mr. Mayo’s hypo-
thetical engineer has left the company of these thinkers and is alone
with his intuition, when he begins to consider the electric shadow of
the cathode on the anode. It would be of interest to know what
Newton would have said to the idea of a gravitational shadow.
Mr. Mayo’s engineer should reflect on the name of Maxwell’s
theory. Itis known as the electro-magnetic theory of light, not the
electrostatic theory of light nor the luminous theory of electricity.

I agree that there is no meaning in the question whether a voltage
produces a current or a current a voltage, when we are discussing
steady flow. If, however, there is a change in the flow, it is of great
interest to discuss how such a change can come about. Herein lies
the importance of Professor Moullin’s discussion of the barrier
surface. Moreover, even in the steady state, it is of interest to
discuss the origin of the forces acting on the electron stream. In
the somewhat analogous case of the flow of a jet of steam, it is of
great interest to discuss the dynamics of steam flow, even if an
energy balance calculation can be made by considering only the
fuel going into the boiler. It is surely unreasonable to forbid the
turbine designer to think in terms of local steam pressures. He is
not likely to forget that a boiler is needed to supply the steam. Can
it be that Mr. Mayo really prefers to treat a valve as the proverbial
black box, whose lid must under no circumstances be opened ?
Dept. of Engineering,
University of Cambridge.
Ist July 1957.

P. HaMMOND

Constant-Frequency Oscillators

Sir.—In your April issue Dr. D. A. Bell suggests that the losses
in a simple resonant circuit can be represented by resistances in
series with the inductance and capacitance, and that this is somehow
ejuivalent to division of the coil losses into series and parallel
cimponents,

However, it is easy to show that whether the coil losses are
rzpresented by a series or by a parallel resistance, or by both together,
the two resistances in the inductive and capacitive branches,
measured by Dr. Bell’s technique, are always the equivalent loss
rasistances of the inductor and capacitor. If he cares to write out
tae algebra, Dr. Bell can easily convince himself that there is no
possibility of representing a parallel resistance in one branch by a
series resistance in the other, nor can the series and parallel compo-
nents of coil loss be distinguished in any practical way. If the
inductance and the resistances are independent of frequency there
exists the theoretical possibility of determining the equivalent
circuit by measurements of great precision. In general, however,
the coil parameters vary with frequency and even this theoretical
possibility disappears. In short, the ‘equivalent circuit’ of a practical
coil is a rather nebulous affair.

I have tried, in my paper, to explain that, at any one frequency,

313



the division of coil losses into series and parallel components has
significance only when a second coil is coupled to the first. When
the coil is isolated, as in Dr. Bell’s oscillator, the division is arbitrary
and perhaps even meaningless. Only by making measurements
over a range of frequencies could an equivalent circuit for the coil
be determined, and even then the intérpretation would be uncertain
because of the variation of the skin and proximity effect resistances
and the internal inductance with frequency.

With regard to Dr. Bell’s other remarks, I am confident that no
one has been mislead by the title in the way he suggests. It is surely
clear from the introduction or the summary that the paper deals
with only a limited aspect of the subject. Most readers would also
understand that the experimental arrangement was designed, not to
make the best use of the available material, but simply to separate
the effects being studied from those others which, whatever their
relative importance, are not relevant to the matter in hand.

A. S. GLADWIN
Faculté des Sciences, Quebec, Canada.
22nd May 1957.

Microwave Model Crystallography

S1r.—I was very interested in the article of the above title, by
Messrs. J. F. Ramsay and S. C. Snook, in the May 1957 issue of
Electronic and Radio Engineer, having had many stimulating conversa-
tions with Mr. Ramsay on the subject. In view of the closing
remarks in the article on the future possibilities of the subject,
perhaps it would be of some value if I elaborate somewhat my
idea, to which the article refers, for simulating atoms on the micro-
wave scale, ’

It is a well-known consequence of quantum mechanics that while

.we cannot pinpoint an electron in an atom, we can give the
probability p of its being in an arbitrarily small volume. Since
the X-ray frequencies used in crystallography are of the order of
10", while the orbital frequency of an electron in an atom is of the
order of 10'%, the electron may be regarded as virtually fixed while the
collision process between it and an X-ray quantum is taking place.
When a large number of quanta collide with electrons in a large
number of atoms, the positions of the electrons in the atoms will
average out to the probability function p, so that as viewed macro-
scopically the X-rays are diffracted as if the atoms all consisted of a
continuous charge distribution, the density at any point being
given by the wave functions. Such atoms might be called ‘average
atoms’; it is these average atoms that we shall mean in the future
in referring to atoms. Although we cannot make a model of an
actual atom, we can attempt to make a model of an average atom,
with some hope of imitating real effects.

The effect of the X-ray on an atom is to accelerate the extra-
nuclear electrons; this motion, which is small compared with
the orbital motions, appears as a reaction to the change of momen-
tum suffered by the X-ray quanta when they collide with electrons.
The problem of simulating an atom on the rhicrowave scale is,
therefore, to effect a distribution of charge, with a specified density
function. A metal contains free electrons which could be accelerated
by the electromagnetic fields of a microwave, but in a solid metal
the clectrons are uniformly distributed, so that we have no control
over the density function. Also, the microwave fields would only
affect a thin surface layer of electrons; they could not penetrate
into the body of the ‘atom’. In order for the fields to penetrate:
deeply into a crystal model, therefore, the metal balls used as atoms
must be of a radius small compared with the inter-atomic distance,
which would detract from the accuracy of representation of the
crystal.

The way round the difficulty is to have small quantitics of metal
dispersed through the body of the atom model in such a way that
the density function of the metal is the same, when averaged out
statistically, as the probability function, summed over all electrons,
for the electron distribution in a real atom with, of course, an
appropriate change of scale. These probability functions have been
calculated for many atoms. The model atom could be achieved
practically by supporting the metal in some material of dielectric
constant near unity, such as polystyrene foam. First, a small sphere
of foam would be coated thinly with metal in a patchwork sort of
way, then a layer of foam added, and another patchy film of metal,
and so on until in the finished atom model there would be a large
number of such films of metal. If the metal films are sufficiently
thin (much thinner than the skin depth), and/or if the gaps between
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patches of film are sufficiently large, the incident microwave fields
will have sensibly the same intensity at all points in the atom model,
as is the case in the crystallographic analogue. Some provision
must also be made for the generation of radial components of
current; this may be done by inserting in each layer of the atom
model a number of fine radial wires with the correct density
distribution.

As well as having the correct density distribution, the metal films
must be in the correct ratio to the radial wires so that the conductivity
at any point is, statistically speaking, isotropic. We may then expect
that the currents induced by the microwave fields would be similar
to those induced in an atom by X-ray fields. In the case of X-ray
diffraction, we may think of the X-ray scattering as being given by
the reaction of the X-ray quanta when, on colliding with electrons,
they impart momentum to them. In the microwave analogue,
microwave quanta will be scattered in the same sort of way due to
the currents they induce; i.e., as a reaction to the momentum
imparted to the electrons trapped in the metal. The scattering
factor of-the atom model for microwaves should therefore be the
same as the atomic scattering factor for X-rays.

In conclusion, I should like to point out a possible field of applica-
for crystal models using atoms of the type described here which
Messrs. Ramsay and Snook appear to have overlooked : it is the
study of the solid state. An artificial crystal may be expected to
behave at low frequencies—say tens of megacycles downwards—
much as a real crystal behaves at microwave, infra-red, or optical
frequencies. Single-crystal studies may thus be carried out in cases
where chemico-physical techniques have not been perfected for
growing single crystals. Also, when a postulate is put forward to
explain an observed effect, instead of working out its consequences
theoretically and comparing them with observation, an alternative
approach might be to make a practical model and investigate its
properties experimentally. These properties could then be compared
with observations on the actual solid. Such a technique might
prove useful in the study of dielectric and magnetic properties of
materials at microwave or optical frequencies, and in investigating
the nature of chemical bonding between the atoms of a substance.
Such studies may help to solve the problem of making dielectric or
magnetic materials with specified properties.

R. A. WALDRON
Marconi’s Wireless Telegraph Co., Lid.,
Research D:partment, Great Baddow, Essex.
29th June 1957.

Transistor Impedance Matching

S1r,—In your April issue Dr. H. Paul Williams pointed out that
“for practical purposes” the product of the input and output matched
resistances for a transistor stage is independent of the particular con-
figuration used; i.e., common-base, common-emitter, or common-
collector. This product he said was equal to the ratio /y,/hy,, this
ratio itself being independent of the configuration. The implication
is that this is true only provided certain approximations, appropriate
for junction transistors, are made. In his derivation Dr. Williams
used formulas based on such approximations.

The fact is that this relationship is true exactly, and thus holds not
only for junction transistors but also for any device which can be
represented as a linear three-terminal network, connected with one
terminal common to input and output. This includes point-contact
transistors, magnetic and dielectric amplifiers, and any combination
of any of these together with coupling networks, as well as passive
networks with or without energy-storage elements.

The ratio Ay/hy, is, exactly, the same not only for the three
commonly-used configurations of a transistor, but also for the
“inverted” configurations (which give no power gain), such as with
the collector common and the emitter input. It is the same, then, for
any such network in any of the six configurations.

More generally, for any terminated network of this sort, not
necessarily matched, whenever the product of the source and load
impedances is equal to the ratio /;,/ks,, then the product of input
and output impedances is likewise equal to this ratio which, as we
have seen, is independent of which of the six configurations is used.
This fact, which can be proven by direct calculation, is also true
exactly, and holds for any frequency whatever, provided complex
impedances are used rather than real resistances.

The relationship concerning the matched resistances is thus a
special case of this more general relationship. At higher frequencies,
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however, matching is accomplished (at any given frequency) by
making the (say) output and load impedances complex conjugates,
rather than equals, and the simple relationship of Dr. Williams no
longer holds.

Another consequence, which may be of some value, is that the
input impedance as a function of load impedance may be obtained
from the output impedance as a function of source impedance, and
vice versa, for any linear network of this type. The input impedance
is merely the ratio Ay, /h,, divided by the value of output impedance
for a source equal to the ratio hy,fh,, divided by the actual load
impedance. This fact simplifies the derivation of these formulas
somewhat.

PauL PENFIELD JR.
Cambridge, Mass., U.S.A.
3rd July 1957.

Uncorrelated Grid Noise

Sir,—I will endeavour to be brief in replying to Mr. Harris’s
letter in your July issue, though I am at a loss to identify in that
letter specific questions requiring answers.

(1) As previously stated, I believe that all crucial tests fail to
support the Schottky-North theory that the noise-reducing effect of
space charge is due to compensating-pulses of current, and do
accord with a variable-velocity analysis such as has long been
established in principle by A. J. Rack and by myself. By crucial
tests I mean comparison of plane and cylindrical diodes, partition-
noise in multi-grid valves and noise in travelling-wave tubes.

(2) When the grid is entirely outside the potential minimum,
the dense space-charge at the latter reduces the ripple on the
electric field there to a negligibly small value, and therefore prevents
the movements of electrons between cathode and minimum from
producing a displacement current at the grid. I take it we agree
on this.

(3) The chance of which electrons are reflected is random, but
if an electron is elastically reflected back from anode through the
grid and forward again, the pulse of anode current due to that
electron is inescapably correlated with the pulse of grid current
due to that same electron. .

(4) It does not seem to me reasonable that terms in (wT7)?
should be needed to fit the theory to the results of Houlding and
Glennie which were carried down to frequencies well within the
working range of the valves and therefore presumably to reasonably
small transit angles.

(5) Conventional theory of correlated grid noise ignores two
phase factors: (a) any voltage pulse at the grid, due to induced
current in the grid circuit which will be at a maximum as an
electron passes through the grid, will vary emission from the potential
minimum and hence generate a current-change which is behind the
grid voltage by a time approximating to the cathode—grid transit-
time ; and (b) no circuit can predict the future, so that tuning of
a circuit to give a phase-advance on a continuous sinusoid will
not give a corresponding time-advance in response to a random
pulse. The second factor will be small if the bandwidth of the
output equipment is small compared with that of the grid—cathode
circuit.

Electrical Engineering Department,
University of Birmingham.
10th July 1957.

D. A. BerL

Stop-Band Response of Filters
-Sir,—It is well known that the relationship between the input
and output impedances of any 2-port passive network can be
represented by

2 2y + Ry tanhy

1 Zi ¥ Z, anhy
where {; = image impedance

y = propagation function

&1 = external load impedance at port 1

Zp = input impedance measured at port 2

In the case where < is real and y is pure imaginary this relation-

ship is represented by a particularly simple transformation on the
Smith Chart; viz., an angular rotation about the centre through an
angle arg.y. This corresponds to the loss-free filter operating in a
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pass band, and also a section of loss-free transmission line, assuming
Z; is interpreted as the characteristic impedance.

It does not appear to have been realised that the alternative
situation of 7 imaginary and y real, corresponding to a stop-band,
can also be represented very simply on the Smith Chart. It is
preferable however to rearrange the equation as follows:

o\ _ g (S3R) + X tanha
(%) = %1 ¥, 3 (—jZy) b «
where 27 = jX; and tanh y = tanh « and X; and « are both real.

By so doing we effectively treat the artificial case of a transmission
line of real characteristic impedance X; and loss «. Since « is
wholly real the length of the equivalent line is zero and hence
the transformation is represented by a simple radial displacement
towards the centre of the chart. The extent of this displacement is
given by a = log,, I'/T’, where I'; and T, are the artificial reflection
coefficients corresponding to points —j&,/X; and —jZ,/X;. It is of
course necessary to transfer the point /Xy to —j<;/ X} on the chart,
and to reverse the process in reading off, but this is no special hard-
ship. Alternatively the result may be read off in terms of the true
reflection coefficient and the insertion loss calculated by means of
the well-known formula

L= 10log (1 — |I']*) dB.

In the most usual case ) is a pure resistance and hence the
point —jZ,/X; lies on the unit reflection coefficient circle of the
Smith Chart. However in analysing the effect of several filters in
cascade, or a single filter with a reactive load, it can occur that one
or other of the points —jZ;/X; or —jZ,/X; has a negative real
component and hence falls outside the unit circle. There is no special
significance in this and the standard chart can still be used, after
suitable recalibration, by application of the transformation

'=3{1-KHr+(1+A}

which transforms the point I = +1 into itself, the point I' = —1
into the point k£ and the centre of the Smith Chart into the point
H1+ 4).

Application of this graphical method is of course limited by the
fact that for high values of insertion loss as are commonly encountered
in filter design the point —jZ,/X; will lie very close to the centre
of the chart. The method however does have value in a certain
class of problem. For example, it provides a quick and ready method
of examining for the occurrence of spurious responses in the stop
band. These may occur as the result of an unsuitable load or if two
filter sections in cascade have dissimilar image impedance character-
istics. It is likewise simple to demonstrate that the requirements for
zero loss due to interaction are rather special, and hence relatively
improbable.
Standard Tel.
6th March 1957.

ication Laboratories J. M. C. Duxkes

New Books

Electricity and Magnetism

By B.1. BLEANEY and B. BLEANEY. Pp. 676+ xiv. Oxford University
Press, Amen House, Warwick Square, London, E.C.4. Price 63s.

The long-established advanced-electricity books of Starling,
Pidduck, and Jeans served my generation of students excellently, but
their authors have passed on and, until very recently, there were no
successors to interpret the subject as it stands today, in a work of
comparable status. Now, however, there has appeared a book which
really does promise to serve the present generation equally faithfully.
The first-named author, Mrs. Bleaney, is a Fellow of St. Hugh’s
College, and Lecturer in Physics at Oxford; the second has just been
appointed Dr. Lee’s Professor of Experimental Philosophy at Oxford,
where he is a Fellow of St. John’s College. Their book gives an.
account of the principles and experimental aspects at undergraduate
or first-year graduate level.

It goes much farther than the earlier books; and it has to, for
nowadays there is so much farther to go. It is, of course, intended
for the physicist, and the brighter honours student at that. But it
should have a much wider field of usefulness among those people,
particularly electronic and radio engineers, who want an up-to-date
picture of the interpretation of fundamental physics and radio work;
and it can be highly recommended as a guide and work of reference.
It covers the rapidly developing practical side quite admirably, and
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has so much information that people like myself have never before
been able to find in any single book, and have had to ferret out the
hard-way bit by bit from more specialized treatises. There is also a
good deal of modern work in it which, in spite of fairly conscientious
efforts to keep up to date, I simply had not heard about before.

The basic theory requires about the same mathematical equipment
as Pidduck, and where the sums do become rather difficult (as in the
general development of the dipole and quadripole field equations in
terms of spherical harmonics) the authors do all they can to help.
The rigour of the argument is, however, accompanied by a careful
sifting of the experimental evidence for its premisses—Plimpton and
Lawton’s 1936 experiment which verified Coulomb’s inverse-square
law to one part in 10°; Kettering and Scott’s 1944 measurement of
the angular momentum of a circulating current which showed (as
Tolman and Stewart had found earlier) that the carriers of the
current in a metal are indeed electrons; and the relation of the force
between current elements to Newton’s third law of motion which
was sorted out by Page and Adams (1945) in terms of the rate of
change of momentum of the electromagnetic field. The way in
which points of this kind are emphasized shows a wholesome regard
for physics as experimental philosophy in fact as well as in name.
Nature has recently been discussiag the prospects of a Science Greats
school at Oxford; physics expounded with this outlook can certainly
rank with the more humane intellectual disciplines.

The more practical side of the book begins at about Chapter VII,
where direct-current instruments are dealt with, including the
current-balance and the Lorenz ohm-determination. There is a
chapter on magnetic measurements and materials, which goes fully
into electromagnet design, the shaping of pole pieces, and the Bitter
pattern which gives fields above the range at which iron cores are
much help.

Complex numbers are used from the beginning in the alternating-
current chapters, and all this work is carried out in the neat and
efficient way that the electrical engineers seem to have devised for
the benefit of physicists. Resonance is clearly discussed, and the
interpretation of the ‘quality factor’ @, in its various applications, is
fully explored. Six different uses, or meanings, for Q, from

Q = (LIO)}YR ~ woL|R ~ (w,CR)™

wy X (stored energy)

o rate of energy dissipation
are given. There was a time when the only readily available dis-
cussion of @ in simple terms was that much-circulated article by
“Cathode Ray” in Wireless World! 1t is good to find that things
itke; this, which can cause a certain amount of ambiguity and con-
fusion because of quite legitimate differences in meaning in different
contexts, are set out in a way that will help people who will consult
the book for reference.

Electromagnetic radiation, covering reflection and refraction at a
dielectric boundary, and reflection at a metal surface, radiation
pressure, and radiation from an oscillating dipole, are next dealt
with. Then follows a chapter on filters, transmission lines and wave-
guides, with the cavity resonator treated as a particular kind of
waveguide.

" "The two chapters on thermioric valves and their applications,

- which include -details of amplifying circuits, oscillators, negative
feedback and cathode followers, and the limiter-discriminator
.artarigement for the demodulation of frequency-modulated signals,
.are getting well into the electronic and radio field. The feature that I
- appreciated most about them is the way in which figures and orders
of magnitude are given, so that one understands the reason for
differences in design. Problems of transit time, and the development
of the klystron, the reflex klystron, and the magnetron, occupy the
next chapter.

Measurements of impedance at low and radio frequencies; the
absorption, resonant cavity, and coaxial line wavemeters; Essen and
Gordon-Smith’s determination -of the velocity of electromagnetic
waves; and Froome’s microwave Michelson - interferometer are
among the modern measuring techniques explained.

« " There is a good chapter on fluctuations and noise, in which the
connection between resistance noise and thermal radiation is given,
:and the procedures for designing a receiver for minimum noise factor
and for measuring receiver noise are discussed.

Modern theoretical physics, in four chapters on dielectrics, solid-
state~conduction, paramagnetism, and ferromagnetism and anti-
ferromagnetism, provides some rather harder reading than some of
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the preceding work. But the results are clearly set out, and com-
plicated matters like the splitting of energy levels in magnetic fields
are explained really thoroughly here.

Magnetic resonance is very fully dealt with, including Rabi’s work
on molecular beams, the measurement of nuclear magnetic moments,
the determination of ¢/ M for the proton, the cyclotron resonance of
the proton, and Gardner’s measurement of ¢/m for the electron in
1951 by a cyclotron-resonance method.

While using the rationalized m.k.s. system of units, the authors
have tried to ease the path of anyone previously conversant with only
the c.g.s. systems by giving at the end of the book a list, equation by
equation, of those cases where the two forms of expression are
different. I had always heard that Oxford physicists were a little
unsympathetic towards m.k.s. units, and it is pleasant to find this
view corrected and brought up to date. With the assistance of the
appendix, of course, the whole can, if required, be translated back
into c.g.s. units—an interesting challenge to those who believe things
are simpler that way for, doubtless, people will find that it is indeed
a lot easier to read it in m.k.s. units than to go through a book of this
size with a pencil !

To sum up, this is a quite outstanding and important book in its
field. It will be particularly helpful to those of you who feel a little
outstripped by the pace of things, and want some guidance in trying
to keep up with developments outside (or, possibly, even within)
your own special line.

G.R.N.

STANDARD-FREQUENCY TRANSMISSIONS
(Communication from the National Physical Laboratory)

Because of an urgent extension of the repair work on the long-wave aerial system

at Rugby, it has been necessary to discontinue the transmissions of MSF 60 kc/s

and GBR 16 kc/s from 20th July for a period which may extend to several months,

Some users of these transmissions may be able to employ Droitwich 200 kc/fs in

this interval. To assist them in obtaining the highest accuracy, the deviations of

this transmission, measured at 1030 G.M.T., will be given to | part in 10° in
succeeding months

Deviations from nominal frequency* for June 1957

Date MSF 60 kcfs Droitwich 200 kc/s
1957 2030 G.M.T. [ 1030 G.M.T.
June parts in 10° parts in 108
! + 1 — 1
2 + 1 0
3 + ! 0
4 + | + 1
5 + 1 + 2
6 + 1 - + 3
7 + 1 + 3
8 + 1 + |
9 + 1 + 2
10 + 1 + 3
I + 1 + 3
12 + | + 3
I3 + ! + 4
14 + | 0
15 N.M. N.M.
16 + 1 N.M.
17 + 2 + 1
18 + 2 + 1
19 N.M. + 2
20 + 2 + 2
2| + 2 + 3
22 + 2 -2
23 + 2 — 1
24 + 1 — 1
25 + 2 0
2 +2 St
27 + 2 + 1
28 + 2 + 2
29 + 2 + 2
30 + 2 N.M.

* Nominal frequency is defined to be that frequency corresponding to a
value of 9 192 631 830 c/s for the N.P.L. caesium resonator. N.M. = Not
Measured. .
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General-Purpose Magnetic Amplifier
The first of a range of magnetic amplifiers

for 50-c/s operation has been produced by

Selig  Electro-Magnetics. The amplifier

consists of a toroidal transducer with four
control windings, and associated rectifiers.
Numerous tappings are pravided, and these
and the rectifier connections are brought out
to tags on an engraved front panel. The
amplifier is intended for 50V, 50-cfs
operation. A typical valuefer the power gain
is 40,000 when the device is used with auto-
excitation, the output being 75mA in
200 ohms for 1 ampere-turn input.

Selig Electro-Magnetics Lid.,

296 Kilburn Lane, London, W.10.

Miniature Paper Capacitors

‘Plesmin’ paper capacitors for use in
transistor circuits have been introduced by
Plessey. The capacitance range is 0-001 uF
to 1 uF, and working voltages are normally
12, 25, 50 and 100V. The insulation

‘resistance at the rated working voltage is

stated to be 1,000 ohms per farad.

The capacitors are tropically finished and
have self-heating properties. The smallest is
£ in. long, % in. diameter, and the largest
1} in. by 3% in.

The Plessey Company Ltd.,
Ilford, Essex.

R-C Comparison Bridge
A compact mains-operated bridge for
measuring resistance and capacitance and

comparing resistance, capacitance and
inductance is available from Nash &
Thompson. The resistance measurement

New Products

range is 5 ohms-500 megohms, with an
accuracy of £1% from 100 ohms to 5
megohms. Clorresponding figures for capacit-
ance measurement are 5 pF-500 uF, £1%

from 100 pF to 5uF. Balance is detected
by a pair of neon lamps, which also indicate
the sense of an unbalance. Measurements
are made at mains frequency, the applied
voltage being 18 V.

Nash & Thempson Lid., .

QOakcroft Read, Chessington, Surrey.

Soldering Stainless Steel

A solder paint for tinning stainless steel
has been developed by Perdeck Solder.
Products. The paint, known as Epatam 3311
PLF, 73/11, is said to enable stainless steel
to be soldered as easily as copper, and also
to be suitable for tinning through iron weld-
ing scale, rust or grease, and for work on all
solderable metals. It is available in 40/60
and 60/40 tin/lead combinations.
Perdeck Solder Products Ltd.,
Abbey Mills, Waltham Abbey, Essex.

20-kV Ionization Tester

The Airmec Type 209 Ionization Tester
is an instrument for the non-destructive
testing of insulation. A direct voltage of 2-5
to 20 kV is applied to the component under
test. Electrical noises which occur at the:
onset of ionization are amplified and applied

Electronic & Radio Engineer, August 1957

to a loudspeaker. Direct leakage currents
are displayed on a microammeter. The test
voltage is displayed on another meter, so
that an accurate assessment of insulation
resistance can be made. ’
The equipment consists of an e.h.t. unit
and a control unit, interconnected by a cable
which carries low voltages only. The voltage-
control potentiometer is spring loaded so
that it returns to the minimum voltage on
release.
Airmec Ltd.,
High Wycombe, Bucks.

Frequency Standard

The Frequency Standard Type UE.6
consists of a 100-kc/s crystal-controlled

oscillator and a chain of frequency dividers.

The crystal is housed in a thermostatically-
controlled oven, and the frequency stability
is quoted as 1 part in 10%. A sine-wave
output of 0-5V at 100ke/s is provided,
together with rectangular-pulse outputs at
100, 10, 1 and 0-1kc/s. The rise time of
the pulses is 0-1us (100kc/s) or 0-3ps,
and the output is 2 or 3 volts in 50 ohms.

G. & E. Bradley Ltd.,

Beresford House, Mount Pleasant,

Alperton, Wembley, Middx.

Multi-Band V.H.F. Aerial

The ‘Golden V’ aerial illustrated is a
small indoor aerial for reception of signals
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in Bands 1, IT and III in areas of relatively
high field-strength. The manufacturers state
that it is suitable for both vertically-polarized
and horizontally-polarized signals, and that
no diplexer is required.

Belling & Lee Lid.,

Great Cambridge Road, Enfield, Middx.

Electronic Counter
A two-decade counting unit for counting
speeds up to 30 ke/s has been produced by

Millett, decade

Levens.
counting valves (type EIT) are employed,
together with monostable pulse-shaping
stages.

Millett, Levens (Instruments & Engineering) Ltd.,
Stirling Corner, Barset By-Pass, Borehamwood,
Herts.

Vacuum-type

Close-Tolerance Capacitors

Paper and mica-dielectric capacitors
selected to tolerances of +5%, 4+2% and
+1%, in the capacitance range 0-001 uF
upwards, are available from Claude Lyons.
The capacitors are said to have been ‘aged’
for a long period, so that subsequent drifts
in value are small.

Decade capacitor boxes are also available,
with total capacitances up to 180 uF.
Claude Lyons Ltd.,

Valley Works, Ware Road, Hoddesdon, Herts.

Fuel Gauge Test Console

This eguipment is designed for testing
capacitance-operated aircraft fuel gauges.
The instrument is claimed to measure
capacitances of 0-1,100 pF with an accuracy
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of 0-5pF, insulation resistance up to
200 MQ, and to incorporate frequency
standards of 33% kcfs 4400 c/s and 100 kc/s.
Allied Electronics Ltd.,

28 Upper Richmond Road, Surrey.

Differential Pressure Transmitter

A transducer for the remote indication of
differential pressures is now manufactured
by Evershed and Vignoles. It is available
in two versions with maximum working
pressure of 500 and 1,000 p.s.i. and ranges
of 0-50 and 0-20 water gauge.

The instrument employs a novel arrange-
ment for obtaining an electrical output
proportional to pressure. The movement of
a pressure-sensing diaphragm is transmitted
through levers to a pivoted beam. The beam
carries a magnet coil which operates in the
field of a pot magnet. Mechanical displace-
ment of the beam causes a valve to deliver a
restoring current to the coil. This current is
therefore proportional to the pressure change.
Evershed & Vignoles Ltd.,

Acton Lane, Chiswick, London, W.4.

Low-Microphony Pentode for A.C./D.C.
Audio Equipment

A new Mullard valve, the UF86, is a
low-hum, low-microphony pentode with a
heater rating of 12-6 volts at 100 mA. Its
characteristics are said to be virtually
identical with those of the audio pentode
type EF86. The new valve is designed to
make possible compact economical a.c./d.c.

equipments having signal-to-noise ratios
approaching thase of the best a.c. equip-
ments.

Mullard Ltd.,

Mullard House, Terrington Place, London,
w.C.1.

Portable Power Transformers
Ferranti have recently introduced a range
of C-core portable power transformers for
50-750 VA. A feature of the transformers is
the saving in weight made possible by the

construction employed; this is stated to
amount to about 50% in certain cases.
Ferranti Ltd.,

Ferry Road, Edinburgh, 5.

Seismic Instruments

The BER-62 25-trace recording oscillo-
graph and EVS geophones (seismic trans-
ducers), as illustrated, are now being manu-
factured under licence by W. G. Pye & Co.
Ltd., for Setsmic Instruments Ltd. The

oscillograph is designed for field use, in
conjunction with 25 vibration galvano-
meters. It is claimed that accurate timing
is obtained by driving a synchronous
motor from a valve-maintained tuning-fork
source.

Seismic Instruments Lid.,

Granta Works, Cammbridge.

Constant-Voltage LT Transformers

A range of constant-voltage transformers
with an output voltage of 6:3V r.m.s.
+1% is anmnounced by Advance Com-
ponents Ltd. These are for 190-260V,
50-c/s mains output. Output powers range
from 8 to 50 watts. :
Advance Components Ltd.,

Roebuck Road, Hainault, Ilford, Middx.
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[ AND AUDIO FREQUENCIES

534.2 2312

Disk-Loaded Torsional Wave Delay
Line : Part 1.—Construction and Test.—
P. Andreatch, Jr, & R. N. Thurston. (J.
acoust. Soc. Amer., Jan. 1957, Vol. 29, No. 1,
pp. 16-19.) Two delay lines constructed of
brass gave delays of 43 ps/cm-length and
114 usfcm-length compared with 45 us/cm-
length for a uniform-diameter line. The
former was loaded with 0-02-in.-thick disks
spaced at 0-02 in. having a diameter four
times that of the uniform line; the latter
with 0- 015-in.-thick disks spaced at0: 015 in.,
with a 5: 1 diameter ratio.

534.2 2313

Disk-Loaded Torsional Wave Delay
Line: Part 2—Theoretical Interpreta-
tion of Tests and Design Information.—
R. N. Thurston. (J. acoust. Soc. Amer., Jan.
1957, Vol. 29, No. 1, pp. 20-25.)

534.25-16-8 2314

Ultrasonic Double Refraction in
Single Crystals.—P. C. Waterman & L. J.
Teutonico. (J. appl. Phys., Feb. 1957, Vol.
28, No. 2, pp. 266-270.) The phenomenon,
methods of observation using pulse reflection,
and two causes are described. Double refrac-
tion effects were observed in three Ge single
crystals.

534.26 2315

Scattering in an Inhomogeneous
Medium.—E. Skudrzyk. (J. acoust. Soc.
Amer., Jan. 1957, Vol. 29, No. 1, pp. 50-60.)

formally describes scattering by the super-
position of a scattered pressure on the un-
scattered sound field. At low frequencies,
because of the irregular distribution of the
inhomogeneities, the phases of the scattered
waves are at random and scattering is an
interference phenomenon. As the frequency
increases, scattering becomes highly col-
limated in the forward direction and the
phase differences decrease to zero. At this
point ray theory starts to apply. The
scattered pressure, then, essentially describes
only a phase change caused by the different
sound velocities and the focusing and
defocusing by the lens action of the patches.
The medium in the neighbourhood of the
receiver can be shown to contribute only by
focusing, the medium farther away only by
interference fluctuations. Focusing leads to
normally distributed amplitude fluctuations.
The distribution of the interference fluctua-
tions, however, passes from normal to
Rayleigh with increasing value of range:”

534.612 2316

Acoustic Radiation Pressure.—P. J.
Westervelt. (J. acoust. Soc. Amer., Jan. 1957,
Vol. 29, No. 1, pp. 26-29.)

534.613 2317

The Torque of an Infinite Strip
Exposed to Plane Sound Waves.—H.
Levine. (Proc. Gamb. phil. Soc., Jan. 1957,
Vol. 53, Part 1, pp. 234-247.)

534.7 2318

Inapplicability of the Threshold Con-
cept to Detection of Signals in Noise.—
R. R. McPherson. (J. acoust. Soc. Amer., Jan.
1957, Vol. 29, No. 1, p. 151.) Brief discussion
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response occurs only if the variable is larger
than a certain magnitude.

534.7 2319

Some Results of Research on Speech
Perception.—A. M. Liberman. (J. acoust.
Soc. Amer., Jan. 1957, Vol. 29, No. 1, pp.
117-123.) ‘“‘Recent experiments with syn-
thetic speech have succeedéd in isolating
some of the acoustic cues which underlie the
perception of speech. This paper describes,
and attempts to interpret, some of the
research in that area.”

534.78 2320

Information Conveyed by Vowels.—
P. Ladefoged & D. E. Broadbent. (J. acoust.
Soc. Amer., Jan. 1957, Vol. 29, No. 1, pp.
98-104.)

534.78 2321

Acoustic Properties of Stop Con-
sonants.—M. Halle, G. W. Hughes &
J. P. A. Radley. (J. acoust. Soc. Amer., Jan.
1957, Vol. 29, No. 1, pp. 107-116.)

534.844.1 2322
A Reverberation-Time Meter.—G.
Odin. (Hochfrequenztech. u. Elektroakust., Nov.
1956, Vol. 65, No. 3, pp. 86-91.) The
instrument described automatically measures
and records the decay time of sound in
rooms; tests can be made repetitively.

534.846 2323

Acoustics at the Rochester (New
York) War Memorial Auditoriom.—
B. Olney & R. S. Anderson. (J. acoust.
Soc. Amer., Jan. 1957, Vol. 29, No. 1, pp.
94-98.) This arena-type auditorium has a
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volume of 3-24 x 108 cu. ft. and a reverbera-
tion time of 2:5s at 500 c/s when
unoccupied, and 1-9s with two-thirds of
the audience. Design features are discussed,

534.846.6 2324

Investigation of the Acoustic Shock
Waveform Used for Pulse Measure-
ment of Room Acoustics.—H. Niese.
(Hochfrequenztech. u. Elektroakust., Nov. 1956,
Vol. 65, No. 3, pp. 98-108.) The conditions
are examined which must be fulfilled by the
sound source and the pulse shape so that
consistent results are achieved for the
measurement of audibility at any test
point, on a subjective basis. The directivity
of a sound source reproducing speech was
determined to find a means of measuring
intelligibility. A loudspeaker specially
designed to meet the requirements is shown
(see also 3267 of 1956).

534.846.6.001.57 2325
Electroacoustic Measurements on
Room Models.—W. Kraak. (Hock-

Jrequenztech. u. Elektroakust., Nov. 1956, Vol.
65, No. 3, pp. 91-98.) The assumptions
necessary for measurements on a model are
investigated with reference to the various
conditions which have to be simulated, such
as wall absorption and reflection, the
presence of an audience, etc. Methods using
sound pulses with a frequency spectrum
around [ kefs extending over about 3
octaves appear most suitable. See also 2324
above.

'621.395.612.45.1 2326

Bigradient Uniaxial Microphone.—
H. F. Olson, J. Preston & J. C. Bleazey.
(RCA Rev., Dec. 1956, Vol. 17, No. 4, pp.
522-533.) Two uniaxial microphones (see
2199 of 1953) are —connected in series
opposition to form a second-order uni-
directional microphone. The' improved
directional efficiency of this assembly makes
it usable for a pickup distance three times
that of a nondirectional microphone.

621.395.616: 534.612.4 2327

Apparatus for the Calibration of
Condenser Microphones.—A. Bressi.
(dlta Frequenza, Dec. 1956, Vol. 25, No. 6,
pp- 505-519.) Description of equipment for
the absolute calibration of microphones by
the pistonphone and reciprocity methods.

621.395.625.3: 655.3 2328
Printed Magnetic Recording Tapes.—
H. Schiesser. (Elektrotech. Z., Edn B,
21st Dec. 1956, Vol. 8, No. 12, pp. 473-475.)
A method of copying tapes is outlined in
which variable-area recording based on the
“boundary-displacement process [1963 of
1952 (Daniels)] is used. Prints are made in
colour contaming suspended magnetic
particles and the recording can be
.reproduced photoelectrically. After being
magnetized to saturation the tape can be
used for magnetic reproduction. Advantages
and difficulties are briefly discussed;
economic mass production of magnetic tape
recordings may thus be feasible.

621.395.625.3: 778.5 2329
Magnetic  16-mm  Single-System
Sound-on-Film Recording Camera
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Equipment.—W. Bach, E. M. Berndt,
A. N. Brown & R. L. George. (J. Soc. Mot.
Pict. Telev. Engrs, Nov. 1956, Vol. 65, No. 11.
pp. 603-605. Discussion, p. 605.)

681.84: 534.851 2330
Limiting . Factors in Gramophone
Reproduction.—D. A. Barlow. (Wireless
World, May & June 1957, Vol. 63, Nos.
5 & 6, pp. 228-230 & 290-294.) Considers
the deformation and wear of groove walls,
the mechanical design of the pickup, types
of styli and tracing distortion with particular
reference to playing speeds and recording
characteristics.
681.892: 61 2331
Acoustic Mapping within the Heart.
—J. D. Wallace, J. R. Brown, Jr, D. H.
Lewis & G. W. Deitz. (J. acoust. Soc.
Amer., Jan. 1957, Vol. 29, No. 1, pp. 9-15.)
A miniature barium-titanate transducer in
conjunction with amplifier and recording
equipment was used for intracardiac
acoustic mapping. The equipment and
some of the results obtained are described.

AERIALS
AND TRANSMISSION LINES

621.3.091 2332

' The Definition of Cymomotive Force.
—G. Barzilai. (Piccole Note Ist. super. Poste e
Telecomunicazioni, Nov./Dec. 1956, Vol. 8,
No. 6, pp. 796-798.) The use of the term
cymomotive force (c.m.f.) for defining the
properties of radiating systems in free space
has been adopted by the C.C.I.LR. The
definition given is that contained in Docu-
ment 386-E of 24th May 1956 presented at
the 8th Plenarv Assembly of the C.C.L.R.
in Warsaw, 1956, to point out that the c.m.f,
is independent of frequency. For an applica-
tion of this concept, see 29 of January
(Micheletta) where it is termed ‘radiative
force’.

621.315.2.013.78: 621.317.332 2333

The Measurement of the Coupling
[surface-transfer] Impedance of Cable
Screens at High Frequencies.—H.
Jungfer. (Nachrichtentech. Z., Dec. 1956,
Vol. 9, No. 12, pp. 553-560.) General
equations are derived and a suitable test
arrangement is described. A comparison of
results obtained by alternative methods in
the frequency range 10-1 000 Mc/s shows
satisfactory agreement and an approxim-
ately linear increase of transfer impedance
with frequency. '

621.315.212 2334

Screening Effect of the Outer Con-
ductors of Flexible Coaxial Cables.—L.
Kriigel. (Telefunken Ztg, Dec. 1956, Vol. 29,
No. 114, pp. 256-266. English summary,
p- 293.) Tests were made on cables with
braided, single and double layer-wound
screens to assess the effect of the number of
wires or strands, their thickness and lay.
Results are given in graphical form and
discussed in :detail.

621.372.2: 621.317.34 2335

Investigations on Helical Lines.—K.
Hitbener. (Nachrichtentech. Z., Dec. 1956,
Vol. 9, No. 12, pp. 581-584.) Inhomo-
geneities, such as kinks, bends and variations
in pitch, are treated as lossless or lossy
quadripoles. The reflection coefficients are
calculated from measurements made by
means of the apparatus described.

621.372.2.029.6 2336

Theory of Twin-Helix Coaxial Line.
V. 8. Mikhalevski. (Radiotekhnika i Elektronika,
Oct. 1956, Vol. 1, No. 10, pp. 1309-1316.)
The dispersion in twin-helix lines is cal-
culated, assuming perfect conductors and
the possibility of substituting for the helices
equivalent cylindrical surfaces conducting
only along a helical path. Helices wound in
the same sense and in opposite senses are
considered.

621.372.8 2337
Propagation Characteristics of Low- -
Loss Tubular Waveguides.—H. E. M.
Barlow & H. G. Effemey. (Proc. Instn elect.
Engrs, Part B, May 1957, Vol. 104, No. 15,
pp- 254-260.) The propagation of the Hy,;
mode in straight lengths of circular wave-
guide was studied at a frequency of 35 kMc/s.
Lengths of copper and aluminium tube
manufactured to commercial tolerances were
found to give attenuations about 30% above
the theoretical values. Launching arrange-
ments are discussed, and possible applications
of the method to trunk communication and
high-power transmission are pointed out.

621.372.8 2338

A New Type of Waveguide with
Diaphragms.—R. G. Mirimanov & G. I.
Zhileiko. (Radiotekhnika i Elektronika, Oct.
1956, Vol. 1, No. 10, pp. 1374-1377.)
Coaxial waveguides with diaphragms are
discussed theoretically.

621.372.8 2339
A New Form of Hybrid Junction for
Microwave Frequencies.—P. D. Lomer
& J. W. Crompton. (Proc. Instn elect. Engrs,
Part B, May 1957, Vol. 104, No. 15, pp.
261-264.) Performance details are given for
a branch-waveguide directional coupler in
which the voltage coupling coefficients of
the branch waveguides are proportional to
the coefficients in a binomial expansion,

621.372.8: 621.318.134 2340

Ferrite Slabs in Transverse-Electric-
Mode Waveguide.—H. Seidel. (J. appl.
Phys., Feb. 1957, Vol. 28, No. 2, pp. 218—
226.) A qualitative description of the non-
reciprocal properties of ferrite-loaded wave-
guides is developed showing that a suitably
londed coaxial line may have nonreciprocal
properties. The treatment is extended to
gyromagnetic resonance. '

621.396.67 2341
Calculation of the Current along a
Cylindrical Aerial.—R. Dematte. (4nn.
Téldcommun., Dec. 1956, Vol. 11, No. 12,
pp. 280-287.) The author details the
calculation of the numerical results used to
illustrate the method developed by Poincelot
(980 of 1956) who introduces the paper.
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621.396.677.029.6 2342

The Gain of Highly Directive Aerials
Used for Scatter Propagation.—
A. Chinni & G. C. Corazza. (Piccole Note
Ist. super. Poste ¢ Telecomunicazioni, Nov./Dec.
1956, Vol. 5, No. 6, pp. 804-809.) A
formula is derived on the basis of Booker &
Gordon’s theory of tropospheric scattering
(1757 of 1950) for the change in gain as a
function of aperture angle and effective
scattering area. The importance of the law
assumed for the distribution with height of
local fluctuations of the dielectric constant
is discussed.

621.396.677.029.64 2343

Microwave Helical Aerials.—T. G.
Hame. (Electronic Engng, April 1957, Vol.
29, No. 350, pp. 181-183.) Dielectric-
enclosed helical aerials are effective up to
10000 Mc/s if the design allows for the
detuning effect of the dielectric.

621.396.677.32 2344
Reduction of Side Lobes in
Directional Aerials.—S. Manczarski.

(Archiwum Elektrotech., 1956, Vol. 5, No. 2,
pp. 325-337. English summary, pp. 340-
341.) Discussion of rhombic, broadside
and end-fire arrays for s.w. communication
followed by a description of the Type-
j/8DD/1 end-fire array designed for the
Polish Radio. The array comprised eight
double-dipole elements spaced at A/4 with a
90° phase difference between adjacent
elements. A radiation polar diagram is
given.

" AUTOMATIC COMPUTERS

681.142 2345

A High-Speed Data Processing
System.—M. L. Klein, R. B. Rush & H. C.
Morgan.  (Electronic Engng, April 1957,
Vol. 29, No. 350, pp. 158-163.) Data
from 20-100 independent channels, at a
full-scale level of 100 mV, are taken at a
rate of 100 ke/s and recorded digitally on a
magnetic tape together with the source
information and time.

681.142 2346

The ‘Bizmac’ Digital Data Processing
System.—]J. C. Hammerton. (Electronic
Engng, April 1957, Vol. 29, No. 350, PPpP-
174-180.) As used at the central agency for
American military supply depots.

681.142 2347

500 000 000-Bit Random-Access
Memory.—G. E. Comstock. (Instrum. &
Automation, Nov. 1956, Vol. 29, No. 11, PP.
2208-2211.) The machine described com-
bines mechanical and electrical techniques
to store and have accessible within less than
a second 64 x 10° 8-bit characters. Mag-
netic recording tape about 60 miles long is
used as storage medium.

681.142 2348
Possibilities and Developments of

the Method of Rheoelectric Analogues.
—L. Malavard. (Onde élect., Oct. & Dec.

1956, Vol. 36, Nos. 355 & 357, pp. 829-837
& 1046-1052.) Continuation and con-
clusion of a paper published in the computer
issue ibid., Aug./Sept. 1956 (see 997 of
April). A detailed review of the principles
and experimental techniques with 200
references.

681.142 2349

Application of Computers in
Automatic Systems.—A. A. Fel’dbaum.
(Avtomatika i Telemekhanika, Nov. 1956, Vol.
17, No. 11, pp. 1046-1056.) A survey. 26

references including several to Russian

literature.

681.142: 517.948.34 2350
On the Continuous Solution of

Integral Equations by an Electronic
Analogue: Part 1.—M. E. Fisher. (Proc.
Camb. phil. Soc., Jan. 1957, Vol. 53, Part |,
pp. 162-174.) “A scheme is proposed for
solving a class of integral equations by
electronic analogue computing techniques
in times as short as one-tenth of a second.
The scheme utilizes a recently developed
high-speed analogue .function store for
carrying out a special iterative procedure
which is shown to be more efficient than the
classical Neumann process. The problem
of the kernel generation at high repetition
rates is considered and a novel method
based on pivotal function generators is
described. Likely errors are analysed and an
overall accuracy of the order of 1% is shown
to be attainable with known techniques.”

681.142: 621.318.57 2351

Counters Select Magnetic Drum
Sectors.—A. J. Strassman & R. E. King.
(Electronics, 1st April 1957, Vol. 30, No. 4,
pp- 161-163.) A test instrument for ‘writing’
a predetermined binary pattern on any
selected sector of a magnetic drum memory
system.

CIRCUITS
AND CIRCUIT ELEMENTS:

621.3.049.75: 621.396.6.002.2 2352

The ‘Asmodulor’ Process, a New
Assembly Technique for Electronic
Equipment.—M. L. Paternault. (Onde
dlect., Dec. 1956, Vol. 36, No. 357, pp. 1031—
1039.) Description of the modular design
technique [see 693 of 1954 (Henry &
Rayburn)] developed in the U.S.A., with
particular reference to its adoption by the
French electronics industry for mechanized
mass production.

621.372: 681.142 2353

Theory on Nonlinear Operational
Elements using a Piecewise Linear
Approximation.—B. Ya. Kogan. (Auto-
matika i Telemekhanika, Dec. 1956, Vol. 17,
No. 12, pp. 1081-1091.) A function
generator is considered to be an operational
amplifier with nonlinear conductances in
the feedback circuit. Fundamental relations
are derived and examples are given of the
synthesis of a function generator using diode-
circuit elements.
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621.372.4 2354

Novel Method of Realizing Two-Pole
Functions by Canonical Circuits or
Circuits without Coupling Elements.—
R. Unbehauen. (Nachrichtentech. Z., Dec.
1956, Vol. 9, No. 12, pp. 565-572.) An
outline is given of a generalized form of
Brune’s method of network synthesis by
canonical circuits, which permits a reduction
in transformer elements. By means of
another method transformerless networks
can be realized which have fewer reactive
elements than those given by Bott & Duffin
(1108 of 1951). See also 47 of 1955 (Reza).

621.372.41: 621.372.8 " 2355

Resonator in the Form of a Cut-Off
Waveguide.—I. V. Lebedev & E. M.
Guttsait. (Radiotekhnika i Elektronika, Oct.
1956, Vol. 1, No. 10, pp. 1303-1308.) The
input impedance of a uniform waveguide
operating below cut-off frequency is cal-
culated. The feasibility of synthesizing a
resonator, with characteristics similar to a
parallel tuned circuit, from the waveguide
and a reactive diaphragm is shown. The
resonator Q is low.

621.372.413 2356

The Use of Lossy Material to Suppress
Unwanted Modes in Cavity Resonators.
—M. Y. El-Ibiary & J. Brown. (Proc. Instn
elect. Engrs, Part C, March 1957, Vol. 104,
No. 5, pp. 25-34.) A ring of lossy material
in a groove at the junction between an end
wall and the cylindrical wall does not affect
the H,,,, mode but may suppress others.
Analysis is given and confirmed by measure-
ments.

621.372.413: 621.318.134 2357

An Exact Solution for a Cylindrical
Cavity containing a Gyromagnetic
Material.—H. E. Bussey & L. A. Steinert.
(Proc. Inst. Radio Engrs, Part 1, May 1957,
Vol. 45, No. 5, pp. 693-694.)

621.372.5 2358

The Equivalent Transmission Line of
a Linear Four-Terminal Network. Cal-
culations with Cascade-Connected
Four-Terminal Networks.—C. G. Aurell.
(Ericsson Tech., 1956, Vol. 12, No. 2, pp.
107-145.) The transmission-line analogy is
applied to nonsymmetrical and nonreciprocal
quadripoles (see also 2861 of 1955). Different
formulae are derived without the use of
exponential or hyperbolic functions. Steady-
state conditions are assumed.

621.372.5 2359

Synthesis of Transmission Systems
in Terms of Tandem-Connected
Quadripoles.—P. W. Seymour & S.
Dossing. (Proc. Insin elect. Engrs, Part C,
March 1957, Vol. 104, No. 5, pp. 62-80.)
Theoretically derived formulae aid the
rapid solution of some practical transmission
problems.

621.372.5: 621.376.3: 621.3.018.78 2360

Frequency-Modulation Distortion in
Linear Networks.—A. S. Gladwin: R.F.
Brown. (Proc. Instn elect. Engrs, Part B,
May 1957, Vol. 104, No. 15, p. 264.)
Comment on 1581 of May and author’s
reply.
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621.372.512 2361

A Method for the Approximate
Determimation of the Impulse Response
of a Number of Idemtical Circuits in
Cascade.—K. F. Sander. (Proc. Insin
elect. Engrs, Part C, March 1957, Vol. 104,
No. 5, pp. 13-24.) The method of steepest
desceats is used to obtain approximate
analytical expressions for various values of
time. These are tested against two networks
for which exact solution is possible.

621.372.54 2362
Outline of a Generalized Filter
Theory.—E. Henze. (Arch. elekt. Ubertrag-
ung, Dec. 1956, Vol. 10, No. 12, pp. 541~
551.) This treatment of ideal linear filters
by the use of function-space techniques is
based on the work of Zadeh & Miller
(2147 of 1952). Examples of practical
applications are briefly discussed.

621.372.54 2363

New Types of Sections for Zig-Zag
Filters.—T. Laurent. (Ericsson Tech., 1956,
Vol. 12, No. 2, pp. 147-164.) Continuation
of an earlier paper (83 of 1954). Zig-zig
and zag-zag sections, in which both attenua-
tion peaks lie above or below the pass-
band, respectively, instead of having a peak
on either side of the band, are derived and
their application is discussed.

621.372.54 2364
Practical Methods of Formulating
the Hurwitz Polynomial in Filter
Synthesis.—F. Bauhuber. (Nachrichtentech.
Z., Dec. 1956, Vol. 9, No. 12, pp. 573-580.)
The application of several methods [see
e.g. 3679 of 1955 (Bauer)] is discussed and
a new direct iteration method is described
with numerical examples. 21 references.

621.372.54 2365

Quartz Crystal Filters with Sharp
Cut-Off and Large Bandwidth in
Branch Networks.—W. Poschenrieder.
(Nachrichtentech. Z., Dec. 1956, Vol. 9,
No. 12, pp. 561-565.) Ladder-type net-
works of improved efficiency and an example
of their application at about 100 kc/s are
briefly described.

621.372.54 2366

Tables of Frequency Transformation
and Band-Pass Filters.—H. Weber &
J. Martony. (Tech. Mitt. schweiz. Telegr.-
Teleph. Verw., 1st Dec. 1956, Vol. 34, No. 12,
pp- 499-502. In French and German.) The
tables are based on Laurent’s theory of
combined impedance and frequency trans-
formation (see 723 of March). The
characteristics and design parameters of
band-pass filters half-sections are tabulated.

621.372.543.2 2367

Figure' of Merit of Band-Pass Filters
with a Tchebycheff Characteristic.—
J. Lenkowski. (Archiwum Electrotech., 1956,
Vol. 5, No. 2, pp. 365-373. English sum-
mary, pp. 375-377.)

621.372.543.2 2368

Filter Circuits with Two Coupled
Resonators for Wide Relative Pass
Bands.—F. Carassa. (Alta Frequenza, Dec
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1956, Vol. 25, No. 6, pp. 451-481.) The
amplitude and phase characteristics of
double-tuned filters are examined for the
case where the pass-band width is great
relative to the mid-frequency.

621.372.543.2 2369

A Survey of the Design of Lossy
Filters using the Insertion-Loss Method
with Special Reference to ‘Zig-Zag’
Band-Pass Filters.—C. Kurth. (Frequenz,
Dec. 1956, Vol. 10, No. 12, pp. 391-396,
Jan. & Feb. 1957, Vol. ‘11, Nos. 1 & 2,
pp- 12-19 & 43-53.)

621.372.543.2 2370
Design of Three-Resomnator
Dissipative Bahd-Pass Filters having
Minimum Insertion Loss.—]. J. Taub
& B. F. Bogner. (Proc. Inst. Radio Engrs,
Part 1, May 1957, Vol. 45, No. 5, pp. 681-
687.) Universal design curves are given.

621.373: 621.316.729 2371

Theory of Synchromnization of
Nonsinusoidal Oscillations.—I. 1.
Minakova & K. F. Teodorchik. (Radiotekh-
nika i Elektronika, Oct. 1956, Vol. 1, No. 10,
pp. 1317-1324.)

621.373.029.42 2372

A Two-Phase Low-Frequency
Oscillator: Part 1.—E. F. Good. (Elec-
tronic Engng, April 1957, Vol. 29, No. 350,
pp. 164-169.) Two  series-connected
integrating circuits with overall feedback
give oscillations of stable amplitude and low
harmonic content. Two outputs are avail-
able with 90° phase difference.

621.373.029.62/.63 2373

Generation of  Electromagnetic
Oscillations by means of a Travelling-
Wave Valve with a Twin-Helix Coaxial
Line.—V. S. Mikhalevski, A. G. Dolganov
& V.D. Ivanova. (Radiotekhnika i Elektronika,
Nov. 1956, Vol. 1, No. 11, pp. 1383-1393.)
An experimental verification of theoretical
results (2336 above) is reported. Results
indicate that the theory may be used for
approximate calculations.

621.373.029.64 : 538.569.4 2374
Maser Oscillators.—Helmer.  (See

2431.)

621.373.421: 621.376.3 2375

Frequency-Modulated Quartz
Oscillators for Broadcasting Equip-
ment.—W. S. Mortley. (Proc. Instn elect.
Engrs, Part B, May 1957, Vol. 104, No. 15,
239-249. Discussion, pp. 249-253.) “An
f.m. system is described which employs a
directly-frequency-modulated quartz-
crystal oscillator, the design of the circuit
and of the crystal plate being treated in some
detail.”

621.373.43 2376

Nonsinusoidal Oscillations.
Investigation of Continuous Solutions.
—L. Sideriades. (C. R. Acad. Sci., Paris,
4th March 1957, Vol. 244, No. 10, pp.
1330-1333.) Experimental verification of
. analysis outlined in 1369 of May.

621.373.43
Controllable Relaxation Oscillator
using a Glow Discharge Tube.—S. V.
Svechnikov. (Avtomatika i Telemekhanika,
Nov. 1956, Vol. 17, No. 11, pp. 1029-1034.)
A simple neon-lamp relaxation oscillator
with a linear relation between the output
frequency and the input voltage is described.
In the particular case considered a CdS
photoresistor control element was used.

2377

621.373.43 2378

A Square-Wave Converter with Feed-
back Contirol of Mark-to-Space Ratio.—
J. B. Earnshaw. (Electronic Engng, April
1957, Vol. 29, No. 350, pp. 170-173.)
Operates with sinusoidal, sawtooth or
triangular input waveforms.

621.373.431.2 2379
The Blocking Oscillator.—(Wireless
Waorld, June 1957, Vol. 63, No. 6, pp. 285-

. 289.) An analysis of the operation of this

type of circuit.

621.373.431.2 2380

Millimicrosecond Blocking
Oscillators.—]J. M. Smith. (Electronic
Engng, April 1957, Vol. 29, No. 350, pp.

- 184-186.) A circuit designed to deliver

pulses up to 200 V amplitude to a low-
impedance load such as a coaxial cable.

621.373.444: 621.314.7 2381

Investigation of Transient Processes
in a Point-Contact Semiconductor-
Triode Trigger Circuit and the Forming
of Pulses from a Sinusoidal Voltage.—
V. A. Kuz’min. (Radiotekhnika i Elektronika,
Nov. 1956, Vel. 1, No. 11, pp. 1406-1412.)
The transistor switching circuit previously
considered by Lebov & Baker (2592 of 1954)
is further analysed. A method is presented
of calculating the leading edge of the output
pulses and part of the trailing edge corres-
ponding to the transition of the circuit
through the active region under the action
of a negative voltage jump. The forming of
pulses, using a sinusoidal input voltage, is
considered and results of an experimental
verification of the theory are briefly reported.

621.373.444.1: 621.397.621 2382
C.R.T. Deflection Circuit has High
Efficiency.—W. B. Guggi. (Electronics,
1st April 1957, Vol. 30, No. 4, pp. 172-175.)
A transistor timebase generator for magnetic
deflection. A technique of switching the
paths followed by circulating currents
reduces power consumption to one third.

621.373.52 2383

Junction-Transistor Bootstrap
Linear-Sweep Circuits.—K. P. P.
Nambiar & A. R. Boothroyd. (Proc. Insin
elect. Engrs, Part B, May 1957, Vol. 104,
No. 15, pp. 293-306. Discussion, 333-336.)
The principles are discussed and analysed.
A basic circuit employing two p-n-p junction
transistors is given, and improvement of
linearity by feedback is considered. Mono-
stable and astable forms, and a blocking-
oscillator comparator for precision timing
are given. Sweep amplitudes are small,
but larger values should be possible using
existing transistors, with sweep durations
<1 ps.
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621.373.52: 621.376.3 2384
Semiconductor-Triode High-
Frequency RC Oscillator.—L. N.
Kaptsov. (Radiotekhnika i FElektronika, Nov.
1956, Vol. 1, No. 11, pp. 1413-1418.)
Analysis is presented of a circuit generating
almost harmonic oscillations at frequencies
of the order of the critical frequency.
Experimental results indicate the feasibility
of frequency modulating the oscillations.

621.374.32 2385

A Decade Palse Counting System
with Circulating Storage in a Delay
Line.—D. Maeder. (Helv. phys. Acta,
15th Dec. 1956, Vol. 29, Nos. 5/6, pp.
459-462. In German.) Brief description of
equipment which uses a Ni-wire delay line;
the display is in the form of a raster on a
c.r. tube screen.

621.374.33 : 531.76 2386

Gate Tube Generates Interleaved
Pulse Chain.—D. Kushner. (Electronics,
Ist April 1957, Vol. 30, No. 4, pp. 186-187.)
A Type-6BN6 gated beam valve is
employed to generate spaced pulses by
means of ringing circuits at the anode and
second grid.

621.375.012 . 2387

An Extension of the Noise-Figure
Definition.—H. A. Haus & R. B. Adler.
(Proc. Inst. Radio Engrs, Part 1, May 1957,
Vol. 45, No. 5, pp. 690-691.) An extension
of previous analysis (see Convention Record
Inst. Radio Engrs, 1956, Vol. 4, Part 2, pp.
53-67). A new concept, the exchangeable
power of a source, is suggested to overcome
difficulties which arise in the use of the
notion of available power when negative
resistance is involved.

621.375.121.2: 621.396.621.22 2388
Distributed Amplifiers as Antenna
Multicouplers.—E. T. Pfund, Jr. (Elec-
tronics, 1st April 1957, Vol. 30, No. 4, pp.
176-179.) Describes tests of a Telefunken
equipment employing push-pull distributed
amplifiers to feed up to six receivers from
one aerial. This principle gives less inter-
modulation than conventional systems.

621.375.132: 621.396.822 2389

Noise in Negative Feedback
Amplifiers.—C. N. W. Litting. (Electronic
Radio Engr, June 1957, Vol. 34, No. 6, pp.
219-223.) The improvement in signal/noise
ratio obtained by the use of feedback is
discussed and the conditions under which it
is most effective are deduced.

621.375.2: 621.3.018.78 2390
Grid-Circuit Distortion.—E. Watkin-
son. (Electronic Radio FEngr, June 1957,
Vol. 34, No. 6, pp. 207-214.) The effects of
control-grid currents between 107¢ and
10® A are analysed. It is shown that
recommended operating conditions may
lead to grid-circuit distortion comparable
with that produced in the anode circuit.

621.375.2: 621.317.733 2391

Intermodulation in Bridge Detector
Amplifiers.—G. J. Johnson & A. M.
Thompson. (Proc. Instn elect. Engrs, Part C,
March 1957, Vol. 104, No. 5, pp. 217-221.)
A discussion of the effects of intermodulation

and methods for its reduction, with special
reference to a practical amplifier tor use at
1 and 1-6 kcfs.

621.375.4.018.7 2392

Nonlinear Distortion in Transistor
Amplifiers at Low Signal Levels and
Low Frequencies.—N. I. Meyer. (Proc.
Instn elect. Engrs, Part C, March 1957,
Vol. 104, No. 5, pp. 208-216.) An analytical
method is presented for calculating the non-
linear distortion of sinusoidal signals in the
input and output circuits. A considerable
reduction of the output distortion at low
frequencies in the simple common-emitter
amplifier can be obtained by arranging that
the input and output distortions cancel each
other. The expressions derived have been
verified experimentally.

621.375.4.029.5 2393
Voltage Amplification of Point-
Contact Semiconductor Triodes in

Tuned Amplifiers.—E. F. Vorob’eva.
(Radiotekhnika i Elektronika, Nov. 1956,
Vol. 1, No. 11, pp. 1394-1405.) The ampli-
fication factor of the grounded-base tuned
amplifier at frequencies up to 1-5fy is
expressed by K = SR,, where R, is the
collector load impedance at resonance and
S is a parameter calculated in terms of the
Lf. parameters of the transistor and fy.
Curves are given for calculating the ampli-
fication at frequencies up to 1-5fy with
various feedback and collector load factors.
The experimental verification on four
transistors shows fair agreement with
calculations.

GENERAL PHYSICS

53 2394

Replacement of a Nonstationary
Random Process by 2 Statiomary
Process.—V. 1. Tikhonov. (Zh. tekh. Fiz.,
Sept. 1956, Vol. 26, No. 9, pp. 2057-2059.)
The nonstationary random process 7 () =
AE(¢) sin (wt + ¢), where £(¢) is a stationary
random process is considered. Expressions
are given for the correlation function for
7(t), using (a) statistical means and (b)) a
mean over a period {/w. The conditions
in which () can be used and their physical
meaning are discussed. Application to
fluctuations in a valve oscillator is con-
sidered.

530.1 2395

On a Solution of Field Equations in
Einstein’s Unified Field Theory: Part 1.
—N. N. Ghosh. (Progr. theor. Phys., Nov.
1956, Vol. 16, No. 5, pp. 421-428.)

530.145.6 : 538.566 2396

Multiple Scattering by Quantum-
Mechanical Systems.—K. M. Watson.
(Phys. Rev., 15th Feb. 1957, Vol. 105, No. 4,
pp. 1388-1398.) In addition to a general
treatment of the problem, specific calcula-
tions are made of the refractive index of a
medium which is ‘polarized’ by the scattered
particle and also of a medium which has
correlated structure.
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531.3: 621.396.822 2397
Influence of Non-normal Fluctuations
on Linear Systems.—V. I. Tikhonov &
A. A. Tolkachev. (Bull. Acad. Sci. U.R.S.S.,
tech. Sci., Dec. 1956, No. 12, pp. 48-56. In
Russian.) The influence of tluctuations is
considered, the characteristics of which do
not appreciably differ from a normal (e.g.
Rayleigh-type) characteristic.

5334735317256 2398

A Relativistic Form of Boltzmann’s
Transport Equation in the Absence of
Collisions.—P. C. Clemmow & A. ]J.
Willson. (Proc. Camb. phil. Soc., Jan. 1957,
Vol. 53, Part 1, pp. 222-225.)

534.01 2399

On an Error in the Theoretical
Analysis of Ferroresonance Phenomena
at a Frequency Equal to One Third of
the Frequency of the Applied Force.—
A. N. Vakhrameev. (Zh. tekh. Fiz., Aug.
1956, Vol. 26, No. 8, p. 1862.) Comment
on paper by Hayashi (2953 of 1953).

534.01+4-538.56] : 517.9 2400

On the Short-Wave Asymptotic
Theory of the Wave Egquation
(V2+EkY)¢ = 0.—F. Ursell. (Proc. Camb.
phil. Soc., Jan. 1957, Vol. 53, Part 1, pp.
115-133.) “The present work appears to be
the first practical and rigorous solution of a
short-wave problem in optics or acoustics
when a solution in closed form is not
available. It is suggested that the technique
(suitably combined with formal expansions)
may be applicable to a wider class of radia-
tion and diffraction problems.”

535.215+537.533 2401

On the Additivity of Photo-emission
and Secondary-Electron Emission of
Metals.—L. I. Ekertova. (Zh. tekh. Fiz.,
Aug. 1956, Vol. 26, No. 8, pp. 1665-1668.)
Contrary to the assertion of a number of
authors that the two effects are non-additive,
it is shown theoretically, as well as experi-
mentally, that this is not the case.

535.222 2402

A New Effort to Measure the Velocity
of Light.—R. Gerharz. (J. Electronics,
March 1957, Vol. 2, No. 5, pp. 416-424.)
A preliminary report is given of apparatus
being developed to measure the group
velocity of light pulses originating from the
dynodes of an electron multiplier as visible
fluorescent radiation.

535,223 : 621.372.413 2403

Accuracy of a Microwave Resonant-
Cavity Measurement of the Velocity of
Light.—D. H. Janney. (Phys. Rev., 15th
Feb. 1957, Vol. 105, No. 4, pp. 1138-1140.)
Unless the surface reactance and resistance
of the cavity are known, the uncertainty of
the measurement is limited to a value
greater than 2 parts in 108,

535.34: 535.37 2404

Universal Relation between the
Absorption and Luminescence Spectra
of Complex Molecules.—B. I. Stepanov.
(C. R. Acad. Sci. U.R.S.S., 11th Feb. 1957,
Vol. 112, No. 5, pp. 839-841. In Russian.)
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535.376 2405
Build-Up of Electroluminescent
Brightness.—C. H. Haake. (J. appl.

Phys., Feb. 1957, Vol. 28, No. 2, pp. 245-
250.) This build-up is compared with that
of photoluminescence under various condi-
tions affecting the electron population in
traps. A qualitative explanation is proposed
for the mechanism.

537.2/.3:621.3.013 2406

The Approximate Solution of
Electric-Field Problems with the Aid of
Curvilinear Nets.—L. Tasny-Tschiassny.
(Proc. Instn elect. Engrs, Part C, March 1957,
Vol. 104, No. 5, pp. 116-129.)

537.31 , 2407

The Length of the Free Path of an
Electron in Liquid and Amorphous
Conductors [and semiconductors].—A. I.
Gubanov. (Zh. tekh. Fiz., Aug. 1956, Vol.
26, No. 8, pp. 1651-1656.) The free path
of an electron is determined taking into
account the scattering of electrons at defects
of the quasi-crystalline structure and the
effect of thermal oscillations.

537.311 . 2408

Oscillographic Determination of the
Energy of the Electric Explosion of
Wires.—I. F. Kvartskhava, V. V. Bon-
darenko, A. A. Plyutto & A. A. Chernov.
(Zh. eksp. teor. Fiz., Nov. 1956, Vol. 31,
No. 5(11), pp. 745-751.) An oscillographic
method is described. Results indicate that
at high voltages the resistance of the wire is
not determined uniquely by the magnitude
of the energy introduced.

537.311.1 2409

Transport Processes in Conductors
taking into account Nonlinear Effects.
~V. P. Shabanski. (Zh. eksp. teor. Fiz., Oct.
1956, Vol. 31, No. 4(10), pp. 657-671.)
Relaxation processes in the electron-lattice
system are analysed and equations are
obtained for the heating of the electron gas
in strong electric fields. The kinetic equa-
tions are solved for particular cases and
galvanomagnetic and thermoelectric pheno-
mena are discussed. The theory is applicable
to semiconductors in the region of con-
duction electron degeneracy.

537.311.1: 536.3 : 621.396.822 2410

Thermal Fluctuations in Conductors.
—N. L. Balazs. (Phys. Rev., 1st Feb. 1957,
Vol. 105, No. 3, pp. 896-899.) The spectrum
of current fluctuations is derived for a con-
ductor in thermal equilibrium with the
surrounding radiation field, in terms of the
conductor’s absorptive power. For low
frequencies the result reduces to Nyquist’s
relation, but for high frequencies the
fluctuations are proportional to the skin
resistance and depend on the shape of the
conductor.

537.311.31 2411

On the Connection between Electrical
Resistivity and Potential Energy in
Pure Metals.—G. Borelius, (Ark. Fys.,
1956, Vol. 11, Part 3, pp. 291-294.) Results
suggest that the zero-point energy, which at
zero temperature makes no contribution to
the resistivity, at higher temperatures

Al32

cooperates with the thermal potential
energy to maintain the lattice disturbances
to which the resistivity is due.

537.312.8: 538.632 2412

The Interdependence and Independ-
ence of Galvanomagnetism and of
Magnetothermoelectricity.—A. Perrier.
(Helv. phys. Acta, 15th Dec. 1956, Vol. 29,
Nos. 5/6, pp. 419423. In French.) The
relation between Hall and Nernst-Ettings-
hausen effects is discussed.

537.52 2413

The Demonstration of Single Electron
Avalanches and their Secondary Pro-
cesses in Gases.—]. K. Vogel & H.
Raether. (Z. Phys., 15th Dec. 1956, Vol. 147,
No. 2, pp. 141-147.) A method of obtaining
voltage oscillograms of electron avalanches
in pure gases is described. The need for
adding vapour is eliminated by using high
pressure and an electrode gap of 2cm.
Typical results are illustrated and discussed.

537.533.7 : 621.384.612 2414

On the Relativistic Motion of
Electrons in Magnetic Fields when
Quantum Effects are Taken into
Account.—A. Sokolov. (Nuovo Cim., 1956,
Vol. 3, Supplement No. 4, pp. 743-759. In
English.) Summary of theoretical results
with 35 references, mainly to Russian
authors.

537.533.71 2415
Reflection of Plane-Polarized,
Electromagnetic Radiation from an
Echelette Diffraction Grating.—W. C.
Meecham & C. W. Peters. (J. appl. Phys.,
Feb. 1957, Vol. 28, No. 2, pp. 216-217.)

537.534.8 2416

Theory of the Reflection of Positive
Ions at Metal Surfaces.—O. v. Roos. (Z.
Phys., 15th Dec. 1956, Vol. 147, No. 2, pp.
184-209.) The theory developed vyields
results which are in satisfactory agreement
with experiments on Mo surfaces described
by Brunnée (2517 below).

537.534.8 2417

Theory of the Kinetic Emission of
Secondary Electrons Released by
Positive Ions.—O. v. Roos. (Z. Phys.,
15th Dec. 1956, Vol. 147, No. 2, pp. 210~
227.) See also 2416 above, and for experi-
mental verification 2517 below.

537.56 : 538.56 2418

Oscillations of Electron Plasma in a
Magnetic Field.—A. G. Sitenko & K. N.
Stepanov. (Zh. eksp. teor. Fiz., Oct. 1956,
Vol. 31, No. 4 (10), pp. 642-651.) Plasma
oscillations at frequencies which are mul-
tiples of the gyrofrequency are considered
on the basis of kinetic theory. The refractive
indices for the ordinary, extraordinary and
plasma waves propagated at an angle 6
to the magnetic field are calculated. At the
frequencies considered the plasma wave is
strongly attenuated at 8 <7/, ; at a7/,
these plasma waves cannot be propagated.

537.56: 538.566 2419
Note on Waves in a Homogeneous
Magnetically Active Plasma.—B. N.

Gershman. (Zh. eksp. teor. Fiz., Oct. 1956,
Vol. 31, No. 4 (10), pp. 707-709). Note on
papers by Piddington (e.g. 91 and 733 of
1956).

537.56: 538.63 2420

Development of a General Solution
for Boltzmann’s Transport Equation
in the Presence of an Electric and
Magnetic Field.—R. Jancel & T. Kahan.
(C. R. Acad. Sci., Paris, 4th March 1957,
Vol. 244, No. 10, pp. 1333-1336:) The
general equation derived covers results
previously obtained by these and other
authors (see e.g. '1318 of 1955).

538.221 2421

On the Magnetic Interaction in a
System of Doublets.—G. Karpman.
(C. R. Acad. Sci., Paris., 4th March 1957,
Vol. 244, No. 10, pp. 1336-1339.) The
interaction energy is equivalent to that
postulated by Herring & Kittel in their
spin-wave theory (Phys. Rev., March 1951,
Vol. 81, No. 5, pp. 869-880) for a ferro-
magnetic medium.

538.3 2422

Nonlinear Field Theory.—K. Bechert.
(Z. Naturf., March 1956, Vol. 11a, No. 3, pp.
177-182.) New formulation of the electro-
dynamic theory previously developed (see
84 of 1956 and back references).

538.3: 521 2423
Theory of Magnetohydrodynamic
Waves.—E. Richter. (Z. Naturf., March
1956, Vol. 1la, No. 3, p. 251.) Brief note
on applications to astrophysical problems.

538.566 + 534.2 2424

General Theorems on the
Equivalence of Group Velocity and
Energy Transport.—M. A. Biot. (Phys.
Rev., 15th Feb. 1957, Vol. 105, No. 4, pp-
1129-1137.) It is shown that under very
general conditions there is a rigorous
identity between the group velocity and the
velocity of energy transport in nonhomo-
geneous media, with or without anomalous
dispersion.

538.566 : 535.42 2425

The Diffraction of an Electro-
magnetic Wave by a Circular Aperture.
—R. F. Millar. (Proc. Instn elect. Engrs,
Part C, March 1957, Vol. 104, No. 5, pp.
87-95.) The diffraction theory previously
developed (2366 of 1956) is used to calculate
interaction effects in a plane, perfectly
conducting screen, by asymptotic evaluation
of the first-order aperture field.

538.566.029.6 2426

Methods of - Microwave Optics.—
K. Bochenek & J. Plebanski. (Archiwum
Elektrotech., 1956, Vol. 5, No. 2, pp. 293-322.
English summary, pp. 322-323.) Two
approximation methods developed on the
basis of geometrical optics are proposed for
the treatment of e.m. fields. In the first
method a solution of the wave equation is
sought in the form u=A exp(iky L). The
expression [1+ (1/k?) (44/4)] stands for
an effective coefficient of refraction and can
be determined to a high accuracy. This
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interpretation is analogous to the quantum
mechanical interpretation of Bohm (Phys.
Rev., 15th Jan. 1952, Vol. 85, No. 2, pp.
166-193). The boundary-value problem
for the wave equation is transformed into a
Cauchy problem for the set of equations
for the successive terms of the expansion of
4 and L in k,7'. The second method takes
the Wentzel-Kramer-Brillouin approxima-
tion as a starting point. Both methods are
illustrated by examples.

538.569.4 : 538.221 2427
Dependence of the Ferromagnetic
Resonance Line Width on the Shape of
the Specimen.—A. D. Berk. (J. appl.
Phys., Feb. 1957, Vol. 28, No. 2, pp. 190—
192.) A discussion of the relation between
the line width and the damping term in the
equation of motion of the magnetization.

538.569.4 : 538.221 : 539.23 2428

Ferromagnetic Resonance Absorp-
tion by Thin Conducting Films in
Cavities.—]J. O. Artman. (J. appl. Phys.,
Feb. 1957, Vol. 28, No. 2, p. 277.) Two
cases are briefly considered corresponding to
film deposited on a metal and a dielectric
substratum respectively.

538.569.4 : 538.222 2429
. Some Problems of Paramagnetic
Resonance.—S. A. Al'tsuler (Al’tshuler) &
B. M. Kozyrev. (Nuove Cim., 1956, Vol. 3,
Supplement No. 4, pp. 614-628. In English.)
Brief survey and discussion of acoustic
paramagnetic resonance and paramagnetic
resonance in iron-group salt solutions. 52
references, mainly to Russian authors.

538.569.4 : 539.152.1: 621.317.4 2430

Proton Resonance and the Measure-
ment of Magnetic Fields.—(Electronic
Radio Engr, June 1957, Vol. 34, No. 6, pp.
215-218.)

538.569.4 : 621.373.029.64 2431

Maser Oscillators.—]J. C. Helmer. (J.
appl. Phys., Feb. 1957, Vol. 28, No. 2, pp.
212-215.) The experimental behaviour of
one maser under various operating condi-
tions has been observed using a second maser
as a reference standard. Results are com-
pared with theory obtained from a new
analysis including the velocity distribution
in the beam. See also 100 of 1955 (Gordon
et al.).

539.15: 538.56 2432

Generalized Theory of Relaxation.—
F. Bloch. (Phys. Rev., 15th Feb. 1957, Vol.
105, No. 4, pp. 1206-1222.) A further
generalization of an earlier theory [ibid.,
15th Feb. 1953, Vol. 89, No. 4, pp. 728-739
(Wangsness & Bloch)], the energy of the
spin system now being freed from restrictions.

539.15: 548.0 2433

Interaction of an Electron Hole with
Lattice Oscillations in a Homopolar
Crystal.—K. B. Tolpygo & A. M. Fedor-
chenko. (Zh. eksp. teor. Fiz., Nov. 1956,
Vol. 31, No. 5(11), pp. 845-853.) The
motion of a hole in a diamond-type homo-
polar crystal is considered on the basis of
_ the multi-electron Schrédinger equation.
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621.3.081.5 2434

Differences of Opinion about
Dimensions.—R. O. Kapp. (Proc. Instn
elect. Engrs, Part B, May 1957, Vol. 104,
No. 15, pp. 198-204. Discussion, pp. 205-
209.) An exposition of the views of different
schools.

GEOPHYSICAL 'AND
EXTRATERRESTRIAL PHENOMENA

523.16: 621.396.822 2435

Discrete Sources of Cosmic Radio
Noise at 18-3 and 10-5 Mcfs.—G. R.
Ellis & G. Newstead. (J. atmos. terr. Phys.,
1957, Vol. 10, No. 4, pp. 185-193.) Six
discrete sources were observed at 18-3 Mc/fs
and 10-05 Mc/s using similar interferometers
with a 7-A base-line. Four of these sources
have been observed at 100 Mc/s by other
workers, enabling noise flux densities in the
range 10-100 Mc/s to be compared. It
appears that two of the sources show noise
peaks at 20 Mc/s, while the remaining two
peak near 10 Mcfs.

523.746 : 538.56.029.63 2436

Observation of Polarization of Radio
Wave Emission from Sunspots at a
Wavelength of 3-2 cm.—N. L. Kaida-
novski, D. V. Korol’kov, N. S. Soboleva &
S. E. Klaikin. (C. R. Acad. Sci. U.R.S.S.,
21st Feb. 1957, Vol. 112, No. 6, pp. 1012—
1015, In Russian.)

523.752 2437

The Nature of a Type of Radio
Emission associated with certain
Eruptions from the Chromosphere.—
A. Boischot. (C. R. Acad. Sci., Paris, 4th
March 1957, Vol. 244, No. 10, pp. 1326-
1329.) Report on observations at a fre-
quency of 169 Mc/s by means of the
interferometer at Nangay [see also 3644 of
1956 (Blum, Boischot & Ginat)].

550.384 2438

Linear Secular Oscillation of the
Northern Magnetic Pole.—E. R. Hope.
(J. geophys. Res., March 1957, Vol. 62, No. 1,
pp. 19-27.) “Modern data seem to support
the thesis (van Bemmelen, 1899) that the
secular motion of the northern magnetic
pole is a nearly linear oscillation. This
oscillation is along the axis of a great
magnetic anomaly in the arctic. Except for
the constraint of the anomaly, the motion
would probably be circular or quasi-circular,
as suggested by the historical declination-dip
curves.”

550.384 2439
Rotation, Pulse-Disturbance, and
Drift in the Geomagnetic Secular

Variation.—E. R. Hope. (J. geophys. Res.,
March 1957, Vol. 62, No. 1, pp. 29-42.)
A strong pulse disturbance which occurred
between 1880 and 1920 in the relative
rotation of the terrestrial core, and therefore
in the westward drift of surface geomagnetic
patterns, is shown to affect the 480-year
rotation in a manner which helps to clarify
the relations.

550.385 2440

On Sudden Commencements of
Magnetic Storms at Higher Latitudes.
—S. Matsushita. (J. geophys. Res., March
1957, Vol. 62, No. 1, pp. 162-166.) 44
sudden commencements are described; in
21 a small negative impulse preceded the
main positive impulse in the horizontal
field, in 14 a positive impulse preceded a
negative impulse, while in nine the normal

low-latitude  single-impulse  type was
observed,
550.385 2441

Comparison between the Ionized-
Cloud Theory of Chapman and Ferraro
and the Recording of the Start of a
Magnetic Storm.—]. L. Bureau. (C. R.
Acad. Sci., Paris, 4th March 1957, Vol. 244,
No. 10, pp. 1396-1398.) Brief analysis of
the sudden commencement of a magnetic
storm on the 21st October 1952 recorded in
French West Africa.

551.51 2442

Upper Air Pressure and Density
Measurements from 90 to 220 Kilo-
metres with the Viking 7 Rocket.
R. Horowitz & H. E. LaGow. (J. geophys.
Res., March 1957, Vol. 62, No. 1, pp. 57-78.)
The approximate ratios of ‘Viking 7°
measurements to corresponding ‘Rocket
Panel’ values (Phys. Rev., lst Dec. 1952,
Vol. 88, No. 5, pp. 1027-1032) were:
pressure at 90 to 105km, one quarter;
pressure at 220 km, two; densities at 120 to
185 km, one quarter to one half; density at
220 km, one; derived scale height above
140 km, two.

551.510.535 2443

The Ionospheric F; Layer over
Ahmedabad, Delhi, and Tiruchirapalli
during the Sunspot Minimum Period
(1953-54).—K. M. Kotadia. (J. si.
industr. Res., Dec. 1956, Vol. 15A, No. 12,
pp. 543-550.)

551.510.535: 523.74 2444

The Electron Density in the F, Layer
and its Correlation with the Solar
Activity.—F. Mariani. (J. atmos. terr.
Phys., 1957, Vol. 10, No. 4, pp. 239-242.)
The minimum electron density is shown to
be a function not only of sunspot number R
but also of the areas of hydrogen filaments
and flocculi, 4y and 4y The relative
contribution of these quantities is different
for the F, layer in the northern and southern
geomagnetic hemispheres.

551.510.535: 523.78 2445

Ionospheric Changes at Singapore
during the Solar Eclipse of 20 June
1955.—C. M. Minnis. (J. atmos. terr. Phys.,
1957, Vol. 10, No. 4, pp. 229-236.) From
vertical-incidence measurements on the
eclipse and control days, it is deduced that
there was a bright source of ionizing
radiation in the sun’s southern hemisphere,
probably associated with an observed group
of sunspots. An F,.; layer appeared during
the eclipse, indicating a rearrangement of
electrons in the lower part of the F, layer.

551.510.535: 550.385 : 523.16 2446

The Correlation of Radio-Star-
Scintillation Phenomena with Geo-
magnetic Disturbances and the
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Mechanism of Motion of the Iono-
spheric Irregularities in the F Region.
—M. Dagg. (J. atmos. terr. Phys., 1957,
Vol. 10, No. 4, pp. 194-203.) F-region drift
velocities and the magnitude of variations in
the earth’s magnetic field are closely
correlated, while occasional correlation also
exists between scintillation amplitude and
magnetic variations. These results are
shown to agree with Martyn’s theory,
ascribing F-region phenomena to the inter-
action of the earth’s magnetic field with an
electric field communicated from the
dynamo region.

551.510.535: 550.385: 523.16 2447

Diurnal Variations _of ._Radio-Star .

Scintillations, Spread F, and Geomag-
netic Activity.—M. Dagg. (J. atmos. terr.
Phys., 1957, Vol. 10, No. 4, pp. 204-214.)
Scintillation measurements .of the radio-star
in Cassiopeia for the period August 1954—
July 1955 are compared month by month
with the occurrence of spread F at Inverness
and with K-indices at_Lerwick or Eskdale-
muir. '

551.510.535: 621.396.11 2448

Geographical Distribution in High
Latitudes of the Anomalous Absorption
of Radio Waves in the Ionosphere.—
A. P. Nikol’ski. (C. R. Acad. Sci. U.R.S.S.,
Ist Feb. 1957, Vol. 112, No. 4, pp. 628-631.
In Russian.) Discussion based on data from
North American ionospheric observatories
and Kiruna, TromsS, Reykjavik, Spitz-
bergen and Bukhta Tikhaya.

551.510.535 : 621.396.11.029.45 2449

Calculations ofIonosphericReflection
Coefficients at Very Low Radio Fre-
quencies.—]J. R. Wait & L. B. Perry. (J.
geophys. Res., March 1957, Vol. 62, No. 1,
pp. 43-56.) “A set of calculated curves are
presented for the reflection coefficients at a
sharply bounded homogeneous ionized
medium with a superimposed magnetic
field. The results are plotted parametrically
to permit general comparisons with experi-
mental data. Both steady-state and transient
cases are considered.”

551.594.5: 621.396.11.029.62 2450

The Frequency Dependence of Radio
Reflections from Aurora.—P. A. Forsyth
& E. L. Vogan. (J. atmos. terr. Phys., 1957,
Vol. 10, No. 4, pp. 215-228.) Tt is concluded
that within small regions of the aurora the
ionization is often sufficient to cause com-
plete reflection at four frequencies in the
range 30-50 Mc/s over a distance of 860 km.
Absorption may contribute significantly to
observed frequency dependence.

551.594.6 2451

Some Statistical Properties of Atmos-
pherics.—Ya. 1. Likhter. (Radiotekhnika i
Elektronika, Oct. 1956, Vol. 1, No. 10, pp.
1295-1302.) An experimental determina-
tion of the amplitude probability distribu-
tion is reported; a block diagram of the
apparatus and the simplified circuit-
diagram of a ten-channel statistical analyser
are shown. Results of measurements at
50 ke/s (bandwidth 750 cfs) indicate that
the probability distribution function is given
approximately by the relation P(V)=(1—¢)
exp (—aV? + ¢ exp (—bV?), where a; b,
and ¢ are constants.
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LOCATION
AND AIDS TO NAVIGATION

621.396.9 2452

The Expected Error of a Least-
Squares Solution of Location from
Direction-Finding Equipment.—B.
Harkin. (Aust. J. appl. Sci., Dec. 1956,
Vol. 7, No. 4, pp. 263-272.) ‘“Formulae
are derived for the error variances and
covariances of the coordinate components
of an unweighted least-squares solution for
the location of a missile simultaneously
reported by a number of optical or electronic
direction-finding stations. Practical applica-
tions of the formulae are suggested.”

621.396.932 2453

An Investigation of the Sensitivity of
the Direction-Finder Telegon III with
and without Rectification.—K. Baur.
(Telefunken Ztg, Dec. 1956, Vol. 29, No. 114,
pp. 288-290. English summary, pp. 295-
296.) In the direction-finder Telegon III
[see also 1455 of May (Troost)] signal
strength is indicated by a vertical trace on a
‘magic-eye’ c.r.tube. Threemethods ofapply-
ing the signal to the indicator, one direct
and two using rectification, are compared
to determine their merits regarding the
indication of low signal levels. Results are
inconclusive.

621.396.96 : 621.396.934 2454

Subminiature Beacon for Guided
Missiles.—M. Cohen & D. Arany. (Elec-
tronics, 1st April 1957, Vol. 30, No. 4, pp.
144-147.) A transponder for installation in a
missile to assist radar tracking. The trans-
ponder, which uses transistors, also provides
an audio command channel to the missile.

621.396.969.3 : 538.569.4.029.6 2455

Investigation of Radar Absorption
Materials.—A. Giger & F. Tank. (Schweiz.
Arch. angew. Wiss. Tech., Dec. 1956, Vol. 22,
No. 12, pp. 414-416.) Brief discussion of
theory of centimetre-wave absorption by
dissipative dielectric layers on a conductive
metallic base. Reflection-coefficient/depth-

“of-coating curves are given for an iron-dust

material for 3 and 10 cm A and theoretical
curves are given for materials with typical
dielectric constants and loss tangents.

MATERIALS
AND SUBSIDIARY TECHNIQUES

535.215: 546.482.21 2456
The Properties of Cadmium Sulphide
Photoresistors Irradiated with y and 8
Rays.—8S. V. Svechnikov. (Zh. tekh. Fiz.,
Aug. 1956, Vol. 26, No. 8, pp. 1646-1650.)
The voltage/current characteristics of the
photoresistors and the build-up and decay
of photocurrent characteristics were deter-
mined. Results are presented graphically.

535.215: 546.817.231 2457
Photoconductivity in Lead Selenide :
Theory of the Dependence of Sensitivity

on Film Thickness and Absorption
Coeflicients.—]. N. Humphrey & R. L.
Petritz. (Phys. Rev., 15th Feb. 1957, Vol
105, No. 4, pp. 1192-1197.) The wave-
length dependence of the absorption
coefficient of a photoconductor calculated
from the photoconductive spectral response
of thin films, is consistent with that predicted
from the theory of indirect main-band
transitions. -

535.215: 546.863.221 : 621.397.331.2 2458

Semiconductor Photosensitive Layers
for Photoresistance Television Tubes.
—Ya. A. Oksman. (Radiotekhnika i Elek-
tronika, Oct. 1956, Vol. 1, No. 10, pp. 1340—
1343.) The experimental determination of
the characteristics of Sb,S, layers for use in
vidicon-type tubes is described and results
are presented graphically.

535.215.2: [546.817.221 + 546.56.231 2459

External Photoeffect in Lead Sulphide
and Copper Selenide.—P. S. Popov.
(Radiotzkhnika i Elektronika, Oct. 1956, Vol. 1,
No. 10, pp. 1334-1339.) Measurements on
stable PbS and CuSe photocathodes gave
the following results: cut-off wavelength
(29194:10)A and (29504 10)A for two PbS
specimens, and (3172410)A for CuSe;
contact potential difference to Au in high
vacuum: 0-350V and 0-470 V for PbS
and CuSe respectively. PbS specimens with
different energy gaps & between the filled
zone and the Fermi level had equal thermi-
onic work functions. The width of the
forbidden zone, AE, calculated from the
results of measurements, was 0-30 ¢V and
0:39eV for the two specimens of PbS

_ respectively; these values agree with that

predicted by Bell et al. (2037 of 1953).
Results of measurements are presented
graphically.

535.215.2 : 546.863.36 2460

Some Results of an Investigation of
the Energy Distribution of Photo-
electrons from an Antimony-Caesium
Cathode.—N. M. Politova. (Radiotekhnika i
Elektronika, Oct. 1956, Vol. 1, No. 10, pp.
1325-1333.) The photoelectric work func-
tion of Cs;Sb, determined from measure-
ments of the red-threshold wavelength of
the photoeffect was found to be greater
than ¢g, the work function determined from
retardation potential measurements. ¢g is
only slightly greater than the thermionic
work function and its value increases with
hv. These results are discussed.

535.37 2461
Impurity-Activated Crystalline
Phosphors: their Production and
Thermoluminescence Curves.—
A. Wizesinska. (Acta phys. polon., 1956,
Vol. 15, No. 3, pp. 151-162. In English.)

535.37 2462

Tungstate-Silicate Mixed Phosphors.
—H. Witzmann & W. Plamann. (Natur-
wissenschaften, Dec. 1956, Vol. 43, No. 24,
p- 580.) Brief preliminary report of
investigations on the luminescence of the
following systems activated by ultraviolet
light: (a) CaWOQ,-CaSiO,; (b)) CaWO,-
CaSiOy: (Mn, Pb); (¢) ZnWO,-ZnO-
Zn, SiQ4 : (Mn). '
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535.37 2463

Luminescence of Potassium lodide.—
K. J. Teegarden. (Phys. Rev., 15th Feb.
1957, Vol. 105, No. 4, pp. 1222-1227.)
The excitation and emission spectra are
presented.

535.37: 538.569.4 2464

Paramagnetic Resonance Spectrum
of Manganese in Cubic MgO and CaF,.
—W. Low. (Phys. Rev., lIst Feb. 1957,
Vol. 105, No. 3, pp. 793-800.) Experimental
results at 1-2 and 3-3 cm A,

535.37: 538.569.4 2465

Paramagnetic Resonance and Optical
Absorption Spectra of Cr®*t in MgO.—
W. Low. (Phys. Rev., st Feb. 1957, Vol.
105, No. 3, pp. 801-805.)

535.376 2466
Aging Characteristics of Electro-
luminescent Phosphors.—S. Roberts.
- (J. appl. Phys., Feb. 1957, Vol. 28, No. 2,
pp. 262-265.) A discussion of the decay of
brightness with time, and of the rate of
aging with varying voltage and frequency.

535.376 2467

Low-Field Electroluminescence in
Insulating Crystals of Cadmium Sul-
phide.—R. W. Smith. (Phys. Rev., Ist Feb.
1957, Vol. 105, No. 3, pp. 900-904.) Report
of measurements of green electrolumin-
escence obtained with field strength about
1 kV/fem at the emitting centres. The
associated abrupt increase of current
through the crystal is attributed to the
injection of free carriers from the electrodes.

535.376: 537.311.33 : 546.26-1 2468

Electroluminescence of Semiconduct-
ing Diamonds.—R. Wolfe & J. Woods.
(Phys. Rev., lst Feb. 1957, Vol. 105, No. 3,
pp. 921-922.) Light, whose spectrum con-
sists of a single broad band centred at
4400 A, is emitted in the vicinity of a
negatively biased point-contact electrode.
Voltage and frequency characteristics of the
phenomenon are described.

537.226+537.311.33 2469
Dipole Moments of Dielectric and
Semiconductor Particles.—D. V.
Kuz’'min. (Zh. tekh. Fiz., Sept. 1956, Vol. 26,
No. 9, pp. 1880-1883.) Dipole moments of
solid particles with various permittivities
and conductivities are calculated both for
constant and for alternating electric fields.

537.226/.227 : 546.431.824-31 2470

Neutron Diffraction Study of Ortho-
rhombic BaTiO,.—G. Shirane, H. Danner
& R. Pepinsky. (Phys. Rev., Ist Feb. 1957,
Vol. 105, No. 3, pp. 856-860.)

537.226/.227 : 546.431.824-31 2471

Symmctry of the Low-Temperature
Phase of BaTiO,;.—F. Jona & R. Pepinsky.
(Phys. Rev., lst Feb. 1957, Vol. 105, No. 3,
pp. 861-864.)

537:226/.227 : 546.431.824-31

Electrostatic Considerations in
BaTiO; Domain Formation during
Polarization Reversal.—R. Landauer.
(J. appl. Phys., Feb. 1957, Vol. 28, No. 2,

2472

pp. 227-234.) An analysis of Merz’s concept
(445 of 1955) of spike-shaped domains of
reversed polarization, with special con-
sideration of the electrostatic aspects.

537.226/.227 : 546.824-31 2473

Anomalous Polarization of Poly-
crystalline Titanium Dioxide.—N. P.
Bogoroditski, I. D. Fridberg & N. M.
Tsvetkov. (Zh. tekh. Fiz., Sept. 1956,
Vol. 26, No. 9, pp. 1890-1901.) An
experimental investigation of the effect of
Group II, III and V oxide impurities.
Results of measurements of the dielectric
constant and the loss tangent at r.f. are
tabulated and the temperature character-
istics are presented graphically. A phase
diagram for the Ti-TiO, system is also given.

537.226 : 546.87.824-31 2474
Dielectric Properties of Bismuth
Titanates.—G. I. Skanavi & A. L

Demeshina. (Zh. eksp. teor. Fiz., Oct. 1956,
Vol. 31, No. 4(10), pp. 565-568.) The
properties of non-ferroelectric dielectrics of
composition TiO,: Bi,O; between 22-3:1
and 1:1 were investigated and results are
tabulated and partly presented graphically.
The dielectric constant at a temperature of
20°C and a frequency of 2 Mc/s lies between
68 and 121, tan 8 between 0-0015 and
0-0054 and the temperature coefficient of ¢
between —540 x 10 and 4590 x 10-%.

537.226: 621.315.61 2475

The Aging of the Insulation of
Ceramic Materials at High Tempera-
tures.—I. E. Balygin & K. S. Porovski.
(Zh. tekh. Fiz., Aug. 1956, Vol. 26, No. 8,
pp. 1714-1722.) Experiments are reported
on the effects of aging in specimens of ultra-
porcelain, radio-porcelain, steatite and spinel
at a temperature of 380°C in steady electric
fields between about 0-4 and 1-3 kV/mm.
For the investigation of the electrolytic
processes some of the experiments were
carried out at a temperature of approxi-
mately 700°C.

537.226: 621.315.61 2476
An Investigation into the Dielectric
Polarization and Losses of Polytri-
fluormonochlorethylene.—G. P.
Mikhailov & B. 1. Sazhin. (Zh. tekh. Fiz.,
Aug. 1956, Vol. 26, No. 8, pp. 1723-1729.)
The permittivity and the loss angle of the
material were investigated over a frequency
range from 50 to 107 ¢/s and a temperature
range from —100 to +230°C. Two types
of relaxation polarization were observed.

537.226.3 2477

Dielectric Losses in Glasses: Parts
2 & 3.—N. M. Verebeichik & V. 1.
Odolevski. (Zh. tekh. Fiz., Aug. 1956, Vol.
26, No. 8, pp. 1696-1703 & 1704-1713.)
In Part 2 results are given of an experimental
investigation of the electrical properties,
thermal expansion, density and refractive
index of aluminosilicate sodium glasses. A
theoretical interpretation of these results is
given. In Part 3 the various existing
theories of the ‘high-temperature’ relaxation
dielectric losses in alkali glasses are reviewed
and their insufficiency is pointed out. A struc-
tural model of this type of glass is proposed
and a theory is developed which explains the
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peculiar role which is played by aluminium
atoms in these glasses. A report is also
presented on an experimental investigation
the results of which confirm the theory.
For Part 1, see Zh. tekh. Fiz., Jan. 1952,
Vol. 22, No. 1, pp. 12-15 (Vercbeichik
et al.).

537.226.3 2478

Dependence of Dielectric Losses in
Ceramic Materials on the Strength of
the Electric Field.—I. E. Balygin & A. 1.
Obraztsov. (Zh. tekh. Fiz., Sept. 1956, Vol.
26, No. 9, pp. 1917-1923.) Experimental
investigation of tan 8§ of several Russian
ceramic materials at a frequency of 50 g/s.

537.226.31 2479

Nature of the Temperature Depend-
ence of Dielectric Losses in the Polar-
ization of Ionic Compounds.—N. P.
Bogoroditski & I. D. Fridberg. (Zh. tckh.
Fiz., Sept. 1956, Vol. 26, No. 9, pp. 1884—
1889.) The temperature dependence of tan
8 at a frequency of | Mc/s was experi-
mentally investigated in borate and silicate
glasses and in several ceramic materials;
results are presented graphically. The
dielectric losses are probably due to
phenomena of (4) relaxation during polar-
ization, (b) relaxation during electrical
conduction and (¢) ionization (usually of
the free or distributed gas in the solid);
(a) and (b) are connected with the thermal
motion of particles.

537.227 2480

Behaviour of Ferroelectrics in Strong
Electric Fields.—V. A. Bokov. (Zh. tekh.
Fiz., Sept. 1956, Vol. 26, No. 9, pp. 1902
1911.) Investigation of the coefficient of
nonlinear distortion K and of ¢ in Ba
(Ti, Sn)Oy, Ba (Ti, Zr)O,4 and (Ba, Sr) TiO,
in electric fields of frequency 70 cfs. Maxi-
mum nonlinearity, at room temperature,
was observed in Ba (Tiyy, Sng.;)O; and
Ba (Tig.p, Zry1)Os.

537.227 2481

Causes of Formation of a Curie
Region in some Ferroelectric Solid
Solutions.—V. A. Isupov. (Zh. lekh. Fiz.,
Sept. 1956, Vol. 26, No. 9, pp. 1912-1916.)
The spread of Curie temperature in
specimens of ferroelectric materials can
largely be accounted for by fluctuations in
the composition, assuming that the ‘Kanzig
regions’ decrease with an increase in non-
ferroelectric content.

537.3:621.315.6 2482

An Investigation of the Electrical
Conductivity of Insulating Materials
Prior to, During and After Irradiation.
—I. M. Rozman & K. G. Tsimmer. (Zh.
tekh. Fiz., Aug. 1956, Vol. 26, No. 8, pp.
1681-1688.) A new and simple method
based on the use of a capacitor ionization
chamber is described, and results are given
of measurements on pressed amber, poly-
styrene, polymethylmetacrylate, polythene
and polymonochlortrifluorethylene.

537.311:536.2.08 2483

The Thermal and Electrical Con-
ductivities of Metals at High Tempera-’
tures.—M. R. Hopkins. (Z. Phys., 15th
Dec. 1956, Vol. 147, No. 2, pp. 148-160.

A135



In English.)) In the method described
simultaneous measurements of electrical
potential and maximum temperature are
made on a short current-carrying wire;
observations can be extended into the
molten range.

537.311.33 2484
The Properties and Structure of
Ternary Semiconductor Systems: Part
- 3—Conductivity and Photoconductivity
of Systems based on the Sulphides of
Thallium, Antimony and Bismuth.—
N. A. Goryunova, B. T. Kolomiets & A. A.
Mal’kova. (Zh. tekh. Fiz., Aug. 1956, Vol.
26, No. 8, pp. 1625-1633.) Experimental
results show that the x T1S. (1 —x) Sb,Ss
system has a very complex structure, and
that within this system there exists a new
ternary compound. The materials of which
this system is made up are semiconductors
with a photoconductivity not exceeding that
of the initial binary compounds. The
% SbyS;. (1 —=x) BiyS, system forms a series of
semiconductor materials based on solid
solutions of the substitution type. Materials
with a considerably lower conductivity than
that of the initial materials, and with the
maximum of spectral sensitivity displaced
towards longer waves can be obtained in
this system. By introducing an excess of
sulphur, materials of a considerably higher
absolute sensitivity can be obtained. Part2:
3417 of 1956 (Goryunova & Kolomiets).

537.311.33 2485

Bipolar Diffusion in Semiconductors
at Heavy Cuarrents.—A. I. Gubanov &
L. L. Makovski: K. B. Tolpygo. (Zh. tekh.
Fiz., Sept. 1956, Vol. 26, No. 9, pp. 2126-
2128.) Comment on 1752 of 1956 (Tolpygo
& Zaslavskaya) and author’s reply.

537.311.33 2486

The Stability of Vertical Fusion
Zones.—W. Heywang. (Z. Naturf., March
1956, Vol. lla, No. 3, pp. 238-243.)
Mathematical treatment of the stability
conditions for stationary zones [see also
1381 of 1955 (Heywang & Ziegler)]. The
validity of simplifying assumptions is dis-
cussed.

537.311.33 2487

One-Dimensional Treatment of the
Effective Mass in Semiconductors.—I.
Adawi. (Phys. Rev., 1st Feb. 1957, Vol. 105,
No. 3, pp. 789-792.) The width of the
forbidden band and the effective mass of
electrons are calculated as a function of the
atomic spacing and potential asymmetry,
using a Kronig-Penney model of a one-
dimensional semiconductor. Contrary to
the result "of Seraphin (1379 of 1955), the
effective mass, for a specific average
potential, is found to increase monotonically
with potential asymmetry.

537.311.33 2488
Hall and Drift Mobilities ; their Ratio
and Temperature Dependence in Semi-
conductors.—F. J. Blatt. (Phys. Rev., 15th
Feb. 1957, Vol. 105, No. 4, pp. 1203-1205.)
Itis shown that the temperature-dependence
of the Hall and drift mobilities in the
impurity - scattering temperature range
should be less rapid than T3/%.. The con-
clusion is in agreement with experiment.
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537.311.33: 535.215 2489

Theory of Atomic Semiconductors.—
A. G. Samoilovich & V. M. Kondratenko.
(Zh. eksp. teor. Fiz., Oct. 1956, Vol. 31, No.
4 (10), pp. 596-608.) Problems in the
theory of absorption of light and the theory
of photoconductivity are considered on the
basis of the polar crystal model of Shubin &
Vonsovski (C. R. Acad. Sci. U.R.S.S., 1934,
Vol. 1, p. 449), taking into account excitons.

537.311.33:535.215 2490

The Determination of Volume- and
Surface-Recombination of Charge Car-
riers in Semiconductors.—W. Heywang
& M. Zerbst. (Z. Naturf., March 1956,
Vol. 1la, No. 3, pp. 256-257.) A photo-
conductivity method for determining separ-
ately the bulk lifetime and surface recom-
bination velocity is outlined and some
typical results are briefly discussed.

537.311.33:535.215 2491

Influence of Vapours and Gases on
the Internal Photoeffect in Oxide
Semiconductors and Sensitization by
Clorophyll.—E. K. Putseiko. (Radio-
tekhnika i Elektronika, Oct. 1956, Vol. 1, No.
10, pp. 1354-1373.) The effect of oxygen,
water vapour, and other gases and vapours
on the photoeffect in ZnO, HgO and PbO
was investigated. In the presence of Oy
thermal activation up to 100° C increases the
photo-e.m.f. of HgO and increases the
sensitivity of the photo-e.m.f. of PbQO to
long-wave light. The sensitization of ZnO
and HgO by chlorophyll and its analogues
is discussed.

537.311.33:535.215: 538.61 2492

Spectral Distribution of the Photo-
magnetoelectric Effect in Semicon-
ductors: Theory.—W. Girtner. (Phys.
Rev., Ist Feb. 1957, Vol. 105, No. 3, pp.
823-829.) An extension of the theory of the
photomagnetoelectric  (p.m.e.) effect to
cover its dependence on the wavelength of
the incident light. The p.m.e. response is
shown graphically as a function of absorption
coefficient, with bulk lifetime, surface
recombination velocities and slab thickness
as parameters.

537.311.33: 536.21.022 2493

On Thermal Conduction in Semicon-
ductors.—A. F. Ioffe. (Nuovo Cim., 1956,
Vol. 3, Supplement No. 4, pp. 702-715.
In English.) Brief review and discussion of
the results of recent investigations mainly
by Russian authors.

537.311.33: [538.63 + 538.66 2494

Theory of Isothermal Galvano- and
Thermo-magnetic Phenomena in Semi-
conductors.—F. G. Bass & I. M.
Tsidil’kovski. (Zh. eksp. teor. Fiz., Oct. 1956,
Vol. 31, No. 4 (10), pp. 672-683.) The
phenomena are considered theoretically for
the case of magnetic fields at which (uHJc)?
~ | or > 1, where A is the magnetic field
strength, u the mobility of charge carriers,
and ¢ the velocity of light.

537.311.33.: [546.23 + 546.24 2495

Electronic Band Structure of Selenium
and Tellurium.—]J. R. Reitz. (Phys. Rev.,
15th Feb, 1957, Vol. 105, No. 4, pp. 1233~

1240.) The band structure of Se and Te has
been calculated according to the tight-
binding scheme in which ‘only nearest-
neighbour interactions are presumed to be
important.

537.311.33: 546.24 2496

The Effect of Impurities and Heat
Treatment on the Electrical Properties
of High-Purity Tellurium.—H. Kron-
miiller, J. Jaumann & K. Seiler. (Z. Naturf.,
March 1956, Vol. 11a, No. 3, pp. 243-250.)
The influence of small additions of As, Sb,
Br and I on the Hall effect and conductivity
was investigated in the temperature range

—140 to 300°C. Results are shown

graphically and discussed.

537.311.33: 546.28 2497
Ionization Rates for Holes and

Electrons in Silicon.—S. L. Miller.
(Phys. Rev., 15th Feb. 1957, Vol. 105, No. 4,
pp. 1246-1249.) “The ionization rates for
holes and electrons in silicon at high electric *
fields have been evaluated from data on the
multiplication of reverse-biased junctions.
In Si, electrons have a higher ionization
rate than holes. The variation of ionization
rate with field strength is in good agreement
with theory.”

537.311.33: 546.28 2498

Properties of Gold-Doped Silicon.—
C. B. Collins, R. O. Carlson & C. ]J.
Gallagher.  (Phys. Rev., 15th Feb. 1957,
Vol. 105, No. 4, pp. 1168-1173.) Measure-
ments of the temperature dependence of
resistivity and Hall coefficient show an
acceptor level at 0-54 ¢V from the conduc-
tion band and a donor level at 0-35 eV
from the valence band. Concentrations of
these levels are equal within experimental
accuracy. :
537.311.33: [546.28 -+ 546.289] 2499

:534.13-8

Ultrasonic Attenuation in German-
ium and Silicon.—F. J. Blatt. (Phys. Rev.,
Ist Feb. 1957, Vol. 105, No. 3, pp. 1118-
1119.) Itis suggested that measurements of
ultrasonic attenuation would throw light
on the intervalley scattering of electrons and
might permit a direct determination of the
relevant coupling constant.

537.311.33 : 546.289 2500

Determination of Germanium in
some Italian Coals.—G. Leonardi & E.
Mariani.  (Piccole Note Ist. super. Poste e
Telecomunicazioni, Nov./Dec. 1956, Vol. 5,
No. 6, pp. 799-803.)

537.311.33 : 546.289 2501

Surface Electrical Conductivity of
Germanium.—V. I. Lyashenko & T. N.
Sytenko. (Zh. eksp. teor. Fiz., Nov. 1956,
Vol. 31, No. 5(11), pp. 905-907.) Experi-
mental results indicate the existence of
surface zone conductivity in the specimens
investigated.

537.311.33: 546.289 2502

Energy of Ionization by Electrons
in Germanium Crystals.—V. S. Vavilov,
L. S. Smirnov & V. M. Patskevich. (C. R.
Acad. Sci. U.R.S.S., 21st Feb. 1957, Vol. 112,
No. 6, pp. 1020-1022. In Russian.) An
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experimental determination of the mean
energy of ionization € in Ge bombarded by
5—15-keV electron beams; results indicate
that e = 3-7 £ 0-4 ¢V in this range.
537.311.33: 546.289 2503

Experimental Evidence of the Aniso-
tropy of Hot Electrons in n-Type
Germanium.—W. Sasaki & M. Shibuya.
(J. phys. Soc. Japan., Nov. 1956, Vol. 11,
No. II, pp. 1202~-1203.) Brief note on
experimental technique used and results
obtained. For a statement of the problem,
see 464 of 1956 (Shibuya).

537.311.33: 546.289 2504
Effect of Annealing in Various Gases
on the Bulk Lifetime of Germanium.—

K. Weiser. (J. appl. Phys., Feb. 1957, Vol. .

28, No. 2, pp. 271-272.) The lifetime was
increased markedly by annealing in oxygen
having a trace of water vapour. A decrease,
after a period of no change, was observed
for dry oxygen, wet nitrogen, helium, argon
and hydrogen.

537.311.33 : 546.289 2505

The Influence of Ommnidirectional
Pressure on the Drift Mobility of Holes
in Germanium.- G. Landwehr. (Z.
Naturf., March 1956, Vol. 1la, No. 3, p.
257.) Brief account of measurements at
pressures up to 10000 kg/em? at 22°C,
which show that drift mobility is not
affected and that the surface recombination
velocity increases with pressure,

537.311.33: 546.289 2506

Effect of Impurities on Free-Hole
Infrared  Absorption in p-Type
Germanium.—R. Newman & W. W.
Tyler. (Phys. Rev., Ist Feb. 1957, Vol. 105,
No. 3, pp. 885-886.) The spectrum structure
becomes ‘less pronounced with increasing
carrier and total impurity concentration.
The effects are consistent with changes in
the Fermi level and with nonvertical
transitions induced by charged impurity
centres.

537.311.33 : 546.289 2507

K X-ray Absorption Spectrum of
a Single Crystal of Germanium.—
D. G. Doran & S. T. Stephenson. (Phys.
Rev., 15th Feb. 1957, Vol. 105, No. 4,
pp. 1156-1157.)

537.311.33: 546.289 2508

The Breakdown of p-n Junctioms'

in Germanium by a Voltage Impulse.
—A. P. Shotov. (Zh. tekh. Fiz., Aug. 1956,
Vol. 26, No. 8, pp. 1634-1645.) Junctions
prepared by alloying indium with n-
germanjum and diffusing of antimony in
p-germanium were investigated. The specific
resistance of the initial germanjum varied
between 0-15 and 50 Q.cm. The break-
down voltage was measured with 10-8-107%-s
pulses. It .was established that the
breakdown of all junctions investigated is
caused by shock ionization. The break-
down voltage increases with temperature
owing to the dependence of the ionization
coefficient on temperature. For junctions
prepared - by alloying indium  with

germanium, the value of the ionization
coefficient is determined.

537.311.33: 546.289: 537.533.9 2509

Formation of Crystal Lattice Defects
in Germanium under Bombardment
by Fast Electrons.—V. S. Vavilov, L. S.
Smirnov, G. N. Galkin, A. V. Spitsyn &
V. M. Patskevich. (Zh. tekh. Fiz., Sept.
1956, Vol. 26, No. 9, pp. 1865-1869.)
The dependence of the defect-formation
cross-section on irradiation electron energy
was investigated experimentally by measure-
ment of the electrical conductivity of mono-
crystalline n-type Ge films bombarded with
400-1 000-keV elcctrons. No effects were
observed at energies below 500 4 20 keV.

537.311.33: 546.289: 537.534.9 2510

Work-Function Studies of Germanium
Crystals Cleaned by Ion Bombard-
ment.—J. A. Dillon, Jr, & H. E. Farns-
worth. (J. appl. Phys., Feb. 1957, Vol. 28,
No. 2, pp. 174-184.) Measurements of
the effects of adsorption of gases, strong
electric fields and intense illumination upon
the work functions of single germanium
crystals are reported and discussed.

537.311.33: 546.289 : 538.63 2511

Magnetoconductivity in p-Type
Germanium.—C. Goldberg, E. N. Adams
& R. E. Davis. (Phys. Rev., 1st Feb. 1957,
Vol. 105, No. 3, pp. 865-876.) “Measure-
ments of the Hall coefficient and resistivity
of p-type germanium have been made as
a function of magnetic field, temperature,
and carrier concentration between 77° K
and 300°K. An attempt is made to
interpret the data quantitatively using a
two-carrier model but no completely
satisfactory quantitative interpretation is
possible.”

537.311.33 : 546.482.21 2512
Connection between Changes in
Electrical Conductivity and Redis-
tribution of Electron Density in a
Cadium Sulphide Crystal.—Yu. N.
Shuvalov. (Zh. tekh. Fiz., Sept. 1956, Vol.
26, No. 9, pp. 1870-1879.) An X-ray
crystallographic investigation is reported.

537.311.33 : 546.682.86 2513

Interband Magneto-optic Effects in
Semiconductors.—E. Burstein & G. S.
Picus. (Phys. Rev., 1st Feb. 1957, Vol. 105,
No. 3, pp. 1123-1125.) With magnetic
fields as low as 15000 oersted the absorp-
tion spectrum shows several peaks, which
move to higher photon energies with
increasing field. Tentative mechanisms for
the absorption peaks are suggested, in
terms of the energy bands as affected by
the magnetic field.

537.311.33 : 546.682.86 2514

Elastoresistance Constants of p-Type
InSb at 77° K.—A. J. Tuzzolino. (Phys.
Rev., 15th Feb. 1957, Vol. 105, No. 4,
pp.- 1411.) Report of a preliminary
experiment.

537.311.33: 546.811-17 2515

On Factors Influencing the Traums-
formation of White Tin into Grey Tin.
—A. 1. Bykhovski. (Zh. tekh. Fiz., Aug.
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1956, Vol. 26, No. 8, pp. 1799-1801.) A
brief review of the literature is presented
and the effect of impurities and of their
redistribution during heating on the trans-
formation of white tin into grey tin (‘tin
plague’) is discussed.

537.533 : [546.289 +546.56 2516
+ 546.811 !
Secondary-Electron Emission of

Copper, Germanium and Tin in Solid
and Liquid States.—V. G. Bol'shov &
V. K. Seleznev. (Zh. tekh. Fiz., Aug. 1956,
Vol. 26, No. 8, pp. 1657-1664.) Experi-
mental results show that when the tempera-
ture is increased from room temperature to
232° C (in the case of tin) and to 1033°C
(in the case of copper) g,,,, varies by not
more than 1%. In the case of Ge, when
temperature is increased to 959° C, oyus
decreases by approximately 5-6%. As a
result of melting o changes abruptly in the
same direction for the whole range of
energies of primary electrons from 100 to
1500 eV, viz., in the case of copper opax
decreases by 5%, in the case of tin and
germanjum it increases by 14% and 9%
respectively. The energy distribution of
secondary electrons for solid and liquid tin
has also been considered.

537.534.8 2517

The Ion Reflection and Secondary
Electron Emission at the Impact of
Alkali Ions on Clean Molybdenum
Surfaces.—C. Brunnée. (Z. Phys., 15th
Dec. 1956, Vol. 147, No. 2, pp. 161-183.)
Report and detailed discussion of measure-
ments in the energy range 0-44 keV.
Over 60 references.

537.534.9: [546.74 + 546.883 2518

Disintegration of Tantalum and
Nickel in the Form of Ions under
Bombardment by Positive Caesium
Ions.—V. 1. Veksler & M. B. Ben’yamovich.
(Zh. tekh. Fiz., Aug. 1956, Vol. 26, No. 8,
pp. 1671-1680.) In a mass-spectrometer
investigation of the products of the secondary
emission of Ta and Ni targets, positive ions
of these two metals were observed in
quantities greatly exceeding the theoretical
values.

537.583.: 546.883 2519

Autoelectron [thermionic] Emission of
Tantalum.—M. I. Elinson & G. F.
Vasil'ev. (Zh. tekh. Fiz., Aug. 1956, Vol. 26,
No. 8, pp. 1669-1670.)

538 2520

Conference on the Physics of Mag-
netic Phenomena [Moscow, 23rd—31st
May, 1956].—S. V. Vonsovski, (Uspekhi
fiz. Nauk, Dec. 1956, Vol. 60, No. 4, pp.
709-722.) Review of papers presented at
the conference.

538.22 2521

Magnetic Susceptibility of Dilute
Alloys of Nicke! in Copper between
2:5°K and 295°K.—E. W. Pugh, B. R.
Coles, A. Arrott & J. E. Goldman. (Phys.
Rev., 1st Feb. 1957, Vol. 105, No. 3, pp.
814-818.) ’
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538.221 2522

New Magnetic Anisotropy.—W. H.
Meiklejohn & C. P. Bean. (Phys. Rev.,
Ist Feb. 1957, Vol. 105, No. 3, pp. 904-913.)
Report and discussion of measurements
relating to ‘exchange anisotropy’ (see 3803
of 1956).

538.221 2523

Effect of a Cavity on a Single-Domain
Magnetic Particle.—W. F. Brown, Jr,
& A. H. Morrish. (Phys. Rev., 15th Feb.
1957, Vol. 105, No. 4, pp. 1198-1201.)
A detailed investigation of the effect of
internal cavities in single-domain particles
on the coercive force, shows that they may
account, at least in part, for the low values
sometimes encountered.

538.221: 538.245 ! 2524

On the Statistical Nature of the
Remagnetization of Ferromagnetics.—
F. V. Bunkin. (Zh. tekh. Fiz., Aug. 1956,
Vol. 26, No. 8, pp. 1782-1789.) A mathe-
matical investigation of the phenomenon is
presented, on the assumption that all
domains have an equal probability of
remagnetization during each cycle of the
field variation. It is shown that the prob-
ability of the transitions of a domain into a
new state at a given value of the magnetizing
field is proportional to the rate of the
increase in the magnetization of the specimen
at this value of the field. Formulae are also
derived for determining the scatter of
transition instants.

538.221 : 538.245 2525

Noise due to the Cyclic Remagnetiza-
tion of Ferromagnetics.—F. V. Bunkin.
(Zh. tekh. Fiz., Aug. 1956, Vol. 26, No. 8,
pp. 1790-1798.) A general expression is
derived for the spectral intensity of the
induction e.m.f. during the cyclic re-
magnetization of a ferroelectric specimen.
The signal/noise ratio in transformers is also
determined.

538.221 : 546.74-3 2526

Crystal Structure of Ferromagnetic
Nickel Oxide.—Y. Shimomura, M. Kojima
& S. Saito. (J. phys. Soc. Japan, Nov. 1956,
Vol. 11, No. 11, pp. 1136-1146.)

538.221:621.318.12 2527

Structure and Magnetic Properties
of Permanent-Magnet Alloys during
Isothermal Precipitation Hardening:
Part 2—The Process of Segregation and
the Interpretation of Magnetic Be-
haviour.—E. Biedermann & E. Kneller.
(Z. Metallkde, Dec. 1956, Vol. 47, No. 12,
pp. 760-774.) Further analysis of investiga-
tions made on Cu-Ni-Fe and Cu-Ni-Co
alloys. Part 1: 202 of January.

538.221:621.318.134 2528

Formation of Manganese Ferrite by
Solid-State Reaction.—H. H. Kedesdy &
A. Tauber. (J. Amer. ceram. Soc., Dec. 1956,
Vol. 39, No. 12, pp. 425431.) The effect
of four different firing cycles on the formation
of the ferrite is investigated, and the mag-
netic properties are compared for toroidal
specimens subjected to three different forms
of heat treatment.
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538.221:621.314.134 2529

Low-Loss Magnesium Manganese
Ferrites.—L. C. F. Blackman. (J. Elec-
tronics, March 1957, Vol. 2, No. 5, pp.
451-456.) These are prepared by thermal
decomposition of mixed nitrates. The
normalized energy-loss-factor for the Q-band
is 0:04 4 0-02 dB.

538.221: 621.318.134 : 538.566 2530

Effects of Zero Ferrite Permeability
on Circularly Polarized Waves..—B. J.
Duncan & L. Swern. (Proc. Inst. Radio Engrs,
Part 1, May 1957, Vol. 45, No. 5, pp.
647-655.) If the imaginary part of the
effective permeability of a ferrite is negligible,
the ferrite can be made to exhibit zero
permeability to a wave with positive sense
of circular polarization. The application of
this to a rod placed axially in a circular
waveguide propagating the TE,, circularly
polarized mode is examined theoretically
and experimentally. It is shown that the
ferrite can be made to expel practically all
microwave energy from its interior, and
this behaviour can be used to obtain large
nonreciprocal attenuations.

538.221:621.318.134: 538.6 2531

Microwave Frequency Doubling from
9 to 18 kMc/s in Ferrites.—J. L. Melchor,
W. P. Ayres & P. H. Varuanian. (Proc.
Inst. Radio Engrs, Part 1, May 1957, Vol.
45, No. 5, pp. 643-646.) The theory of the
process is given and it is found experi-
mentally that conversion efficiency depends
markedly on the geometry of the ferrite;
efficiencies as high as —6 dB have been
observed. See also 2138 of 1956 (Ayres
et al.).

538.632 : 539.23 : 546.87 2532

The Hall Effect in Thin Bismuth
Films.—A. Colombani & P. Huet. (C. R.
Acad. Sci., Paris, 4th March 1957, Vol. 244,
No. 10, pp. 1344-1347.) Experimental
results are given in graphical form for fields
up to 34 300 oersted and thicknesses between
60 and 6 000 A. See also 2225 and 2226 of
July.

538.652 : 546.74 2533

Theory of Magnetostriction of Single
Crystals of Nickel.—W. F. Brown, ]Jr.:
N. S. Akulov. (C. R. Acad. Sci. U.R.S.S.,
11th Feb. 1957, Vol. 112, No. 5, pp. 827-
830. In Russian.) Comment on 2143 of
1956 comparing the theory with Heisen-

berg’s theory of magnetostriction, and
author’s reply.
548.5: 537.228.1 2534

Properties of Synthetic Quartz Oscil-
lator Crystals.—C. S. Brown & L. A.
Thomas. (Proc. Instn elect. Engrs, Part C,
March 1957, Vol. 104, No. 5, pp. 174-184.)
A process for the growing of well-formed
crystals weighing about 135 g is described.
The crystals possess electrical and mech-
anical properties which closely resemble
those of the natural Brazilian quartz.
Comparative measurements on oscillator
crystals cut from natural and synthetic
quartz are also described.

621.315.6 2535

The Electrical Properties and Struc-
ture of Silicone Polymers.—K. A.
Andrianov & G. E. Golubkov. (Zh. tekh.
Fiz., Aug. 1956, Vol. 26, No. 8, pp. 1689-
1695.) The electrical properties of polydi-
methylsiloxanes and polydiethylsiloxanes
were studied at various temperatures and
frequencies, as well as the variation of their
thermal properties in the process of cooling
and heating.

621.318.134: 621.318.424 2536

Ferrite  Thermomagnets.—L. 1.
Rabkin & B. Sh. Epshtein, (Radistekhnika
i Elektronika, Oct. 1956, Vol. 1, No. 10,
pp. 1357-1363.)  Temperature-sensitive
ferrite core materials suitable for tempera-

ture compensation of inductors are
described. ’

621.79:621.3.049.001 .4 2537

Leakage Testing of Sealed Electronic
Enclosures.—D. C. Bedwell & E. A.
Meyer. (Elect. Mfg, Dec. 1955, Vol. 56,
No. 6, pp. 127-133.) Methods of testing
electronic components suitable for airborne
applications are reviewed, and an evalua-
tion of the qualities of various types of
seals based on a series of tests is given in
tabular form.

MATHEMATICS

512.3:621.372 2538

An Elimination Technique for
Certaiu Impedance Equations.—C. D.
Allen. (Electronic Engng, April 1957, Vol. 29,
No. 350, pp. 187-188.) “A set of linear
simultaneous equations of a type which
frequently arises in the analysis of linear
networks is considered. A short method of
performing the elimination necessary to
obtain the impedance equations of the
network is proved.”

512.831:621.372 2539
Some Matrix Theorems.—W. P.
Wilson. (Electronic Radio Engr, June 1957,
Vol. 34, No. 6, pp. 229-231.) A theorem
relating to the nth power of a matrix and
another having particular relevance in the
study of tapered networks are included.

517 2540
Limiting Properties of Mathieu
Functions.—M. A. Jaswon. (Proc. Camb.

phil. Soc., Jan. 1957, Vol. 53, Part 1, pp.
111-114.) A new analysis is made of the
coefficients appearing in periodic Mathieu
functions and this is applied to establish
the limiting properties of certain solutions
of the equation

’_d ’£>y_<a+a2’2+ﬁ2’—2> =0
- dr\ ' dr 4

where g, « and 8 are parameters.
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517.512.2 2541

The Closed-Form Summation of
some Common Fourier Series.—C. (.
Chao. (Quart. J. Mech. appl. Math., Dec.
1956, Vol. 9, Part 4, pp. 508-512.) “A
method is presented for the summation in
closed form of Fourier series whose co-
efficients are ratios of polynomials of
certain types frequently encountered in
practice. The result is obtained as the
solution of a linear differential equation
with constant coefficients, which can be
solved by elementary methods.”

MEASUREMENTS AND TEST GEAR

531.76: 621.372.632 2542

Millimicrosecond Time Analyser.—
C. Cottini & E. Gatti. (Nuovo Cim., 1st Dec.
1956, Vol. 4, No. 6, pp. 1550-1557. In
English.) A fuller account is given of the
arrangement for measurement of time inter-
vals discussed by Cottini et al. (219 of
January).

621.3.087 : 2543

A Method of Measuring Integrated
Values with Very High Time Con-
stants.—G. Bartels & R. Steinert.
(Nachr Tech., Nov. 1956, Vol. 6, No. 11, pp.
500-502.) The application is briefly dis-
cussed of a high-resistance valve-voltmeter
circuit using electrometer or ‘inverted’ valves
for recording average values of variables
with time constants up to several hours. A
circuit for u.s.w. field strength measurement
with a time constant of 900 s is shown
together with a typical record made by it.

621.317.3: 621.314.63 2544

Dynamic Methods of Testing Semi-
conductor Rectifier Elements and
Power Diodes: Part 1.—A. H. B. Walker
& R. G. Martin. (Electronic Engng, April
1957, Vol. 29, No. 350, pp. 150-157.) In
full dynamic tests the forward and reverse
characteristics of the diode are measured
simultaneously. The forward voltage is
measured by a low-range voltmeter un-
affected by the reverse half cycle, and the
reverse current by an ammeter of sub-
stantially zero impedance, unaffected by the
forward current. The design and perform-
ance ‘of negative-feedback amplifiers which

provide these characteristics are fully
described.
621.317.3.029.6 2545

Single-Oscillator Microwave Measur-
ing System.—D. H. Ring. (Bell Lab. Rec.,
Dec. 1956, Vol. 34, No. 12, pp. 465-468.) A

.simplified version of the continuous wave-
guide phase-shifter described by Fox (1255
of 1948) is used to obtain a 2° phase shift
for each degree of rotation of the motor-
driven middle section. By passing a
microwave signal through the waveguide
and rotating the section at e.g. 4 500 r.p.m.
a frequency change of +150 c/s is obtained
so that measurements can be made at the i.f.
of 150 c/s. The advantages of the con-

ventional two-oscillator circuit are thus
combined with the stability of the single-
oscillator system.

621.317.3/.41].029.64 : 621.318.13¢ 2546

New Method of Measuring the
Parameters of Magnetized Ferrites at
Centimetre Wavelengths.—V. N.
Vasilev. (Radiotekhnika i Elektronika, Nov.
1956, Vol. 1, No. 11, pp. 1444-1460.) The
ferrite specimen in the form of a lamina is
placed along the axis of a rectangular
resonator; using H,;, and Hj;, modes and
varying the direction of the steady magnetic
field in a specified way, the resulting changes
of the resonance frequency and the @ of the
resonator will be functions of only one or
two parameters of the ferrite. The required
formulae are given. The method is suitable
for the 0-8-20-cm-A range. Results of
measurements at 3cmA are presented

graphically.
621.317.328 : 621.396.822 2547
Logarithmic Amplifier measures

Noise.—]. D. Wells. (Electronics, 1st April
1957, Vol. 30, No. 4, pp. 169-171.) An
equipment for recording atmospheric noise
level is described in which the logarithm of
the voltage equalled or exceeded for 50% of
the time is determined.

621.317.33+-[621.317.39 : 531.71 2548

Regenerative Measuring Pickups.— -

L. L. Dekabrun. (Avtomatika i Telemekhanika,-
Dec. 1956, Vol. 17, No. 12, pp. 1114-1122.)

Analysis is presented of devices for measur-.
ing r.f. conductivity or linear displacement

by means of the damping effect on a tuned

circuit.

621.317.334: 621.362 2549

Inductance-Type Thermocouple
Tester.—P. R. Morris. (Instrum. &
Automation, Nov. 1956, Vol. 29, No. 11, pp.
2217-2219.) A battery-operated inductance-
bridge and 1-5-Mc/s oscillator are used to
detect short-circuits, four or more inches
from the hot junction of a 5-ft thermo-
couple.

621.317.335.3.029.64 : 537.226.2 2550

Waveguide Method of Measuring
the Dijelectric Properties of Materials
at Elevated Temperatures.—V. 1.
Aksenov & M. Ya. Borodin. (Radiotekhnika
i Elektronika, Nov. 1956, Vol. 1, No. 11, pp.
1435-1443.) Application of the short-
circuit and open-circuit waveguide methods
of determining the dielectric properties of
materials at a wavelength of 3-2 cm and
temperatures of 20-200°C is discussed.
Formulae are given for calculating ¢’ and €”
and the results of determinations of ¢" and
tan 8 of some materials of high molecular
weight are tabulated and presented
graphically.

621.317.36: 621.385.029.6 2551

The Measurement of Magnetron
Frequency Pulling.—Twisleton. (See
2645.)
621.317.38.029.6 2552

Hall Effect and its Counterpart,
Radiation Pressure, in Microwave
Power Measurement.—H. E. M. Barlow.
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(Proc. Instn elect. Engrs, Part C, March 1957,
Vol. 104, No. 5, pp. 35-42.) Theory shows
the close link between high-frequency Hall
effect and radiation pressure. It predicts
an equivalent Hall e.m.f. in a dielectric
and offers a possible new approach in
exploration of properties of dielectrics.
Aspects of applications for microwave
power measurement are discussed.

621.317.729.1 2553

A New Form of Electrolytic Tank.—
K. F. Sander & J. G. Yates. (Proc. Instn
elect. Engrs, Part C, March 1957, Vol. 104,
No. 5, pp. 81-86.) Measurements with
capillary probes in a plane defined by an
insulating surface eliminate meniscus effects
with prohes in a free surface.

621.317.733: 621.375.2 2554

Intermodulation in Bridge Detector
Amplifiers.—Johnson & Thompson. (See
2391.)

621.317.755: 621.397.001.4 : 535.623 2555
The Vectorscope.—Parker Smith &
Matley. (See 2602.)

621.317.784.029.64 2556

An Absolute Microwave Wattmeter.
—A. Macpherson. (Proc. Inst. Radio Engrs,
Part 1,.May 1957, Vol. 45, No. 5, pp. 688—

-689.) ‘The wattmeter is of the calorimetric

type and versions for X-band and K-band
use are described. The estimated least
detectable power is about 0-1 W at K-band
and 0-01 W at X-band frequencies.

OTHER APPLICATIONS OF
RADIO AND ELECTRONICS

621.384.6 2557
Theory of Betatron Oscillations of
Particles in Magnetic-Field Systems.—
A. A. Kolomenski. (Zh. tekh. Fiz., Sept.
1956, Vol. 26, No. 9, pp. 1969-1990.)

621.384.612 2558

Synchrotron Oscillations in Strong-
Focusing Accelerators: Part l—Linear
Theory.—L. L. Gol'din & D. G. Kosh-

karev. (Zh. eksp. teor. Fiz., Nov. 1956,
Vol. 31, No. 5(11), pp. 803-814.)
621.384.613 2559

Stereo-betatron.—V. A. Moskalev. (Zh.
tekh. Fiz., Sept. 1956, Vol. 26, No. 9, pp.
2060-2061.) Brief note with a section draw-
ing of a 10-MeV stereo-betratron for flaw
detection in materials.

621.384.622.2 2560

A Theoretical and Experimental
Investigation of Anisotropic-Dielectrio-
Loaded Linear Electron Accelerators.—
R. B. R. Shersby-Harvie, L. B. Mullett,
W. Walkinshaw, J. S. Bell & B. G. Loach.
(Proc. Instn elect. Engrs, Part B, May 1957,
Vol. 104, No. 15, pp. 273-290. Discussion,
pp. 290-292.) The theory of waveguides
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loaded with closely-spaced dielectric disks is
given, and the shunt loss is derived.
Advantages over the conventional corrugated
waveguides are discussed. Details of
practical construction and measurements
using titanium-oxide disks are given; excess
attenuation at high r.f. power probably being
due to deposits of carbon from the oil-
diffusion pumps, the use of mercury pumps is
suggested. 40 references.

621.385.833 2561

The Treatment of the Transition
Regions by the Parabola Method and
Similar Computation Techniques.—P.
Schiske. (Optik, Stuttgart, Dec. 1956, Vol. 13,
No. 12, pp. 529-536.) Methods of approx-
imating the third-order electron trajectories
in electrostatic systems are compared and
discussed.

621.385.833 2562

The Electron-Microscope Trans-
mission Factor of Thin Films.—W.
Lippert. (Optik, Stuttgart, Nov. 1956, Vol. 13,
No. 11, pp. 506-515.)

621.385.833 2563

The Lower Limit of the Aperture
Error in Magnetic Flectron Lenses.—
W. Tretner. (Optik, Stuttgart, Nov. 1956,
Vol. 13, No. 11, pp. 516-519.) Addition to
earlier work (236 of 1955 and 539 of 1956).

621.385.833: 535.317.3 2564

The Lower Limit of the Chromatic
Aberration of Magnetic Lenses for a
Given Maximum Field Strength.—P.
Schiske. (Optik, Stuttgart, Nov. 1956, Vol. 13,
No. 11, pp. 502-505.)

621.385.833 : 537.533.73 2565

The Treatment of Electron-Optical
Aberrations by Diffraction Theory.—].
Picht. (Optik, Stuttgart, Nov. 1956, Vol. 13,
No. 11, pp. 494-501.)

PROPAGATION OF WAVES

538.566 2566

Reflection of Waves by an Isotropic
Inhomogeneous Layer.—A. G. Zhar-
kovski & O. M. Todes. (Zh. eksp. teor. Fiz.,
Nov. 1956, Vol. 31, No. 5(11), pp. 815-818.)
An approximate method of calculating the
reflection coefficient of an isotropic inhomo-
geneous layer for a plane e.m. wave is
developed for media whose permittivity and
permeability are functions of a single space
coordinate.

538.566 : 537.56 2567

On the Interaction of Electromagnetic
Waves with Charged Particles and on
the. Oscillations of the Electronic
Plasma.—A. Ahiezer (Akhiezer). ' (Nuovo
Gim., 1956, Vol. 3, Supplement No. 4, pp.
591-613. In English.) Survey of theoretical
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work in this field with 34 references, mainly
to Russian authors.

538.566: 537.56 2568

A Property of the Field of an Electro-
magnetic Wave Propagated in an
Inhomogeneous Plasma.—N. G. Denisov.
(Zh. eksp. teor. Fiz., Oct. 1956, Vol. 3l,
No. 4 (10), pp. 609-619.) The growth of
the field in the region where the plasma
permittivity tends to zero is investigated
theoretically. The influence of absorption
is clarified. The connection between field
growth and plasma resonance is established.

621.396.11 2569

Radio Propagation over a
Discontinuity in the Earth’s Electrical
Properties: Part 1.—T. B. A. Senior.
(Proc. Instn elect. Engrs, Part C, March 1957,
Vol. 104, No. 5, pp. 43-53.) A method
avoiding the analytical complications of
rigorous theory is developed using known
results for diffraction at a straight edge.
Solutions reveal all the important features of
mixed-path propagation and are suitable
for numerical application.

621.396.11 2570

Radio Propagation over a
Discontinuity in the Earth’s Electrical
Properties: Part 2—Coastal Refrac-
tion.—T. B. A. Senior. (Proc. Insin elect.
Engrs, Part C, March 1957, Vol. 104, No. 5,
pp. 139-147.) By adopting a model for the
coastal region, analysis of Part 1 (2569
above) provides expressions for the angle
of refraction appropriate to various positions
of a transmitter and receiver relative to the
coast.

621.396.11: 550.372 2571
Influence of a Ridge on the Low-
Frequency Ground Wave.—]. R. Wait
& A. Murphy. (J. Res. nat. Bur. Stand.,
Jan. 1957, Vol. 58, No. 1, pp. 1-5.) “The
problem of a plane wave incident on a
semielliptical boss on an otherwise perfectly
conducting flat ground plane is considered.
A solution in terms of elliptic wave functions
is obtained. Numerical values of the field
on the near and far side of this idealized
ridge are given for a base width of about
two-thirds of a wavelength and various
ellipticity ratios.” .

621.396.11: 551.510.52 2572

Scatter-Field Strengths and Large-
Ion Concentration.—S. C. Coroniti &
N. C. Gerson. (J. atmos. terr. Phys., 1957,
Vol. 10, No. 4, pp. 237-239.) The authors
suggest that the concentration of large ions
may be more sensitive than refractive index
as an indicator of the more basic atmospheric
parameters which influence forward-scatter
signal strength.

621.396.11 : 551.510.535 2573
Doppler Effect in Ionospheric
Propagation.—S. Borowski, S. Jasiniski &

S. Manczarski. (Archiwum Elektrotech., 1956,
Vol. 5, No. 2, pp. 343-351. English
summary, pp. 352-353.) A mathematical
analysis of the general problem and an

analysis of experimental evidence is
presented. A formula expressing the
frequency variation due to motion of the
ionosphere is derived on the basis of geo-
metrical optics; calculations made using
this formula predict a small frequency
change only. The formula applies at
frequencies not too near the m.u.f. where
the ionosphere behaves like a selective
low-pass filter, for waves returning to the
earth, with constantly changing filter
parameters. The returning signal is ana-
lysed. The treatment presented provides
an explanation of the correlation between
the Doppler effect and the variability of the
angle of arrival of ionospheric waves.

621.396.11.029.4 : 551.510.535 2574

Muiltiple Reflections between the
Earth and the Ionosphere in V.L.F.
Propagation.—J. R. Wait & A. Murphy.
(Geafis. pura appl., Sept.—Dec. 1956, Vol. 35,
No. 3, pp. 61-72. In English.) The iono-
sphere is treated as a sharply bounded
ionized medium and, using geometrical-
optical methods, reflection coefficients are
calculated for very low radio frequencies.
The amplitudes and phase delays of the
sky waves are derived, and the computed
field-strength/distance curves for 16 kc/s are
compared with experimental values for an
all-sea path.

621.396.11.029.62 2575

Long-Distance Propagation at 94:35
Mc/s over the North Sea.—R. A. Rowden
& J. W. Stark. (Proc. Instn elect. Engrs,
Part B, May 1957, Vol. 194, No. 15, pp.
210-212.) Measurements over long sea
paths suggest that higher field strengths are
reached for a given percentage of the overall
time than for overland paths.

621.396.11.029.62 : 551.510.535 2576

Radio-Frequency and Scattering-
Angle Dependence of Ionospheric
Scatter Propagation at V.H.F.—A. D.
Wheelon. (J. geophys. Res., March 1957,
Vol. 62, No. 1, pp. 93-112.) “The weak and
fluctuating radic signals observed at distances
of 1500 km on v.h.f are attributed to
scattering from E-region turbulence. It is
noted that propagation constants k= 4n/A sin
(6/2), corresponding to the experimental
frequencies (28 to 108 Mcfs), just straddle
the viscosity cutoff wave-number ks = (2
metres)™ of the region, thereby giving a
qualitative explanation for the curious
dichotomy found in the experimental data.
The two competitive turbulence theories are
then developed in detail near the viscosity
transition range.” It is concluded that both
theories explain recent experimental results
quite well, and that therefore more precise,
simultaneous measurements will be required.

621.396.11.029.63 : 523.5 2577

Meteor Echoes at Ultra High Fre-
quencies.—W. ‘A. Flood. (J. geophys. Res.,
March 1957, Vol. 62, No. 1, pp. 79-91.)
“It is proposed that, at ultra-high fre-
quencies, underdense meteor echoes have-an
effective scattering length L, which is much
less than a Fresnel zone. Consequently,
u.h.f. meteoric echoes. may be analyzed in
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terms of Fraunhofer diffraction theory,
resulting in a relaxation of the requirement
that a-meteor trail be perpendicular to the
radar line-of-sight before an echo can be
received. Formulas for the back-scattered
power, time duration, and echo rate are
deduced.” :

*RECEPTION .

621.396.621 : 621.3.018.41 2578

The Effect on a Radio Receiver of an
Input Voltage with an Instantaneous
Frequency with Sawtooth Variation.—
P. Poincelot. (Ann. Télécommun., Dec. 1956,
Vol. 11, No. 12, pp. 262-266.) The input
voltage is expressed as a Fourier integral
and a numerical example is given to show
that erroneous results will arise from the
incorrect application of the concept of
instantancous frequency. See also 2908 of
1953.

621.396.621 : 621.314.7 2579
Tetrajunction Transistor Simplifies
Receiver Design.—R. J. Farber, A.
Proudfit, K. M. St. John & C. R. Wilhelm-
sen. (Electronics, 1st April 1957, Vol. 30,
No. 4, pp. 148-151.) “Dual-triode tran-
sistor, with emitter of one unit and collcctor
of the other section of same germanium
region, provides performance of two triode
units with considerable reduction of circuit
components when compared to two in-
dividual units. Superheterodyne receiver in
which first four stages are rcplaced with two
tetrajunction units is described.”

621.396.621 : 621.376.33 2580

Limiters and Discriminators for
F.M. Receivers: Part 4.—G. G. John-
stone. (Wireless World, June 1957, Vol. 63,
No. 6, pp. 275-280.) The operating prin-
ciples and practical design of the gated beam
discriminator, the synchrotector and the
counter circuit are described. Part 3: 2277
of July.

621.396.621 : 621.376.33 2581

Methods of Compeusating Quasi-
static and Dynamic Distortions in the
I.F. Section of F.M. Receivers.—E. G.
Woschni. (NachrTech., Nov. 1956, Vol. 6,
No. 11, pp. 488-491.) Brief outline of
possibilities of eliminating nonlinear dis-
tortion by appropriate filter design.

621.396.621.22: 621.375.121.2 2582
Distributed Amplifiers as Antenna
Multicouplers.—Pfund, Jr. (See 2388.)

621.396.621.59 . 2583

Reception of Pulse Trains of Arbi-
trary Shape by a Superregenerator.
L. R. Yavich. (Radiotekhnika i Elektronika,
Nov. 1956, Vol. 1, No. 11, pp. 1419-1427.)
Theoretical treatment.

621.396.621.59 2584
Analysis of Superregenerator Circuit
with Quenching. . causing Frequency

Modulation. —F. Wisniewski. (4rchiwum
Elektrotech., 1956, Vol. 5, No. 2, pp. 263-289.
English summary, pp. 290-292.)

621.396.8 2585

The Effect of Fading on Communica-
tion Circuits Subject to Interference.—
F. E. Bond & H. F. Meyer. (Proc. Inst.
Radio Engrs, Part 1, May 1957, Vol.: 45,
No. 5, pp. 636-642.) The statistical
performance of such circuits is analysed for
the cases where either the desired or
undesired signal or both are subject to
Rayleigh fading over the propagation path
and the improvement which dual diversity
reception offers is discussed.

2586
Long-Distance

621.396.812.029.62

Observations of

L. Klinker. (Hochfrequenztech. u. Elektroakust.,
Nov. 1956, Vol. 63, No. 3, pp. 77-86.)
Analysis of field-strength measurements for
eight transmission paths of 100 to 500 km
length made at Kiihlungsborn since 1951
[see also 248 and 538 of 1955 (Lauter &
Klinker)] confirms the validity of the
C.C.L.R. curves for the Central European
area. Diurnal field-strength variations have
a mean amplitude of 10dB in summer,
and seasonal propagation changes are only
noticeable fora sea path, with slight improve-
ment during early summer. Fading range,
day-by-day changes and the mean amplitude
of diurnal variations reach a maximum for
about 200km path length; day-hy-day
changes are greatest in winter.

621.396.812.3

The Effect of the Correlation between
the Received Field Strengths in
Diversity Reception.—K. H.
Schmelovsky. (Hochfrequenztech. u. Elektro-
akust., Nov. 1956, Vol. 65, No. 3, pp. 74-76.)
A formula is derived for calculating
approximately the probability that the
field strengths at two spaced aerials will
drop simultaneously below a given value in
cases of low to medium correlation between
the two signals.

621.396.822 2588

The Influence of Threshold Action
on the R.M.S. Value of Input Gaussian
Noise.—R. D. Teasdale & A. H. Benner.
(Proc. Inst. Radio Engrs, Part 1, May 1957,
Vol. 45, No. 5, p. 697.)

621.396.822 : 621.317.328 2589
Logarithmic Amplifier measures
Noise.—Wells. (See 2547.)
i STATIONS
AND COMMUNICATION SYSTEMS
621.376.3: 621.3.018.78: 621.372.5 2590

Frequency-Modulation Distortion in
Linear Networks.—A. S. Gladwin: R. F.
Brown. (Proc. Instn elect. Engrs, Part B,
May 1957, Vol. 104, No. 15, pp. 264.)
Comment on 1581 of May and author’s

reply.
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621.396.3 2591

Binary Data Transmission
Techniques for Linear Systems.—M. L.
Doelz, E. T. Heald & D. L. Martin. (Proc.
Inst. Radio Engrs, Part 1, May 1957, Vol. 45,
No. 5, pp. 656-661.) Problems assocxated
with utlhzmg fully the binary data trans-
mission potential of an ss.b. voice channel,
including stability of the propagation media
and multipath reception, are discussed.
Equipment designed to transmit 3 000 bits/
sec is described.

621.396.3 2592

The Frequency [of occurrence] of
Errors in Al- and F1-Telegraphy Trans-
mission Systems, particularly in the
Presence of White Noise.—H. Beger.
(Telefunken Ztg, Dec. 1956, Vol. 29, No. 114,
pp- 245-255. English summary, p. 294.)
Report of investigations carried out to
compare the performance of on-off and
frequency-shift keying systems. Tests were
made on tcleprinter systems to determine
the influence of transmission bandwidth,
modulation index and limiting level. For
transmissions at constant level with white-
noise interference both methods of modula-
tion are almost equivalent. The importance
of maintaining the optimum limiting level
to minimize errors is shown; during fading
this is only possible for F1 operation.
Stability and accurate alignment of trans-
mitter and receiver are necessary to secure
the maximum advantage of the F1 system.

621.396.71.029.55 (43) 2593

Modern High-Power Transmitting
Stations for the Short-Wave Overseas
Service.—A. Heilmann. (Telefunken Ztg,
Dec. 1956, Vol. 29, No. 114, pp. 225-236.
English summary, pp. 292-293.) A survey
with details of the telegraphy transmitter of
the German Post Office near Frankfurt
(Main).

621.396.712 : 621:376.3 2594
The B.B.C. Sound Broadcasting Ser-
vice on Very High Frequencies.—E. W.
Hayes & H. Page. (Proc. Instn elect. Engrs,
Part B, May 1957, Vol. 104, No. 15, pp.
213-224. Discussion, pp. 249-253.) This
paper describes the developments leading to
the mauguratmn of B.B.C. sound broadcast-
ing in the band 87-5-100 Mc/s. The need
for the use of v.h.f. and the choice of
frequency modulation are explained. By
1958 96% of the population of Great Britain
and Ireland will be covered by this service.
The experience of the first year’s operation is
described, with special reference to the
performance of commercial receivers.

621.396.712.029.55 2595
New Short-Wave Transmitters fer
Single-Sideband Telephony.—W. Burk-

hardtsmaier. (Telefunken Ztg, Dec. 1956,
Vol. 29, No. 114, pp. 236-244. English
summary, p. 293.) - Description and . some

design and test data of the 20/100-kW
transmitters for the 3+3-26-4-Mc/s frequency
range installed at Usingen by the West-
German Post Office.

621.396.73 : 621.396.6 2596,
Superregeneratlve Transistor Trans-
celver.—W F. Chow. (Electromcs, 1st April

]
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1957, Vol. 30, No. 4, pp. 180-182.) The
transceiver which employs three transistors,
uses a tetrode transistor as a 52-Mc/s
oscillator for transmission and as a ‘forced
quench’ superregenerative detector for
reception. The range of communication is
half a mile. .

621.396.933 2597 .

Aircraft Radiophone speeds Com-
munications.—B. R. Rashkow. (Electronics,
Ist April 1957, Vol. 30, No. 4, pp. 164-168.)
The increase of transoceanic air traffic has
necessitated the replacement of W/T by R/T.
The article discusses the operational, equip-
ment and propagation problems involved.

SUBSIDIARY APPARATUS

621-52 2598

The Describing-Function Analysis of
a Nonlinear Servomechanism Subjected
to Stochastic Signals and Noise. —P. N.
Nikiforuk & J. C. West. (Proc. Insin elect.
Engrs, Part C, March 1957, Vol. 104, No. 5,
pp. 193-203.) A method is given for
evaluating the response of a specific type of
nonlinear mechanism to random signals,
and to sinusoidal and random signals con-
taminated by noise.

621.314.5: 621.373.52 2599

Design Considerations of Junction-
Transistor Oscillators for the Con-
version of Power from Direct to
Alternating Current.—F. Oakes. . (Proc.
Instn elect. Engrs, Part B, May 1957, Vol. 104,
No. 15, pp. 307-317. Discussion, pp. 333-
336.) Basic principles and graphical
methods of design are given. The design of
a Class-B oscillator is desctibed in detail and
illustrated by means of a practical numerical
example. Calculated data agreed well with
practical measurements.

621.316.726 : 621.376.3 2600

A New Control Element for Automatic
Frequency Retuning.—A. Karaminkov.
(Nachr Tech., Nov. 1956, Vol. 6, No. 11, pp.
497-500.) The device described performs
the function of reactance valve and motor in
automatic tuning control equipment for
uws.w. f.m. transmitters or receivers. It
consists of a suitably damped moving-coil
instrument assembly, without control springs,
which drives the vane of an air capacitor.
The frequency stability is claimed to be
within about 1 part in 10¢.

TELEVISION ‘
AND PHOTOTELEGRAPHY

621.397 : 621.39.001.11 2601
Bandwidth Compression of a Tele-
vision- Signal.—G. G. Gouriet. (Proc.
i
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Instn elect. Engrs, Part B, May 1957, Vol. 104,
No. 15, pp. 265-272.) *“Two sets of data are
fundamentally required to describe a
television picture, one giving the significant
changes of brightness, and the other the
positions of such changes. The total
information content is calculated according
to Shannon, and the means are discussed for
reducing bandwidth by redistributing the
data in time so as to achieve a constant rate
of transmission.”

621.397.001.4 : 535.623: 621.317.755 2602
The Vectorscope.—N. N. Parker Smith
& C. J. Matley. (Electronic Radio Engr, June
1957, Vol. 34, No. 6, pp. 198-206.) The
instrument displays as a pattern of vectors
the chrominance component of the N.T.S.C.
type of signal in which the component is
transmitted by means of a subcarrier
modulated both in amplitude and phase.

621.397.331.2 : 535.215: 546.863.221 2603

Semiconductor Photosensitive Layers
for Photoresistance Television Tubes.
—QOksman. (See 2458.)

621.397.5 2604

High Definition on 405 Lines.—( Wire-
less World, June 1957, Vol. 63, No. 6, pp.
254-255.) Spot wobble at a frequency of
6 Mc/s is synchronised in frequency and

"phase between camera and monitor c.r.

tube. Primarily suggested for suppressed-
frame telerecording, it could be used for a
high-definition service compatible with the
existing 405-line standard.

621.397.5: 621.396.41 2605

Bilingual Television by Pulse-
Multiplex System.—B. Pouzols. (Elec-
tronique, Paris, Dec. 1956, No. 121, pp.
21-25.) Outline of a single-channel multi-
plex system with p.a.m. for providing
alternative sound transmissions. The circuits
described are suitable for French standards.
Tests show that crosstalk is negligible and
only small modifications to normal receivers
are required. See also 2300 of July (Dubec).

621.397.5.001.4 : 535.623 2606

Test Signal for Measuring ‘On-the-
Air’ Colour-Television System
Performance.—R. C. Kennedy. (RCA
Rey., Dec. 1956, Vol. 17, No. 4, pp. 553—
557.) Description of a signal used by the
N.B.C. which provides a reference level for
the amplitude adjustment of the various
video signals and permits the measurement
of differential gain and phase distortion.

621.397.61 2607

Transistorized Television Cameras
using the Miniature Vidicon.—L. E.
Flory, G. W. Gray, J. M. Morgan & W. S.
Pike. (RCA Rev., Dec. 1956, Vol. 17, No. 4,
pp. 469-502.) Description of miniature
camera and portable outside-broadcasting
equipment. See also 1925 of June and 2610
below.

621.397.61 - 2608

A Video Automatic-Gain-Control
Amplifier.—J. O. Schroeder. (RCA Rev.,
Dec. 1956, Vol. 17, No. 4, pp. 558-570.)
Design and performance data of an amplifier
successfully used by the N.B.C. are discussed.

621.397.611 : 535.623 2609

Camera Tubes for Colour-Television
Broadcast Service.—R. G. Neuhauser.
(J. Soc. Mot. Pict. Telev. Engrs, Dec. 1956,
Vol. 65, No. 12, pp. 636~642.) The general
characteristics required for colour-television
tubes are discussed and compared with the.
characteristics of the vidicon and image
orthicon.

621.397.611.2 2610

A  Miniature Vidicon of High
Sensitivity.—A. D. Cope. (RCA Rev.,
Dec. 1956, Vol. 17, No. 4, pp. 460-468.)
The experimental tube described is 3 in.
long; its diameter is $in. A photoconductive
layer of increased seusitivity is used covering
a range from 400 to 800 my with a maximum
near 600 my. For applications of this tube,
see 2607 above.

621.397.62 2611

Television Receiver for Metre Wave-
lengths.—V. Biggi. (Onde élect., Dec. 1956,
Vol. 36, No. 357, pp. 1021-1030 & Jan.
1957, Vol. 37, No. 358, pp. 55-67.) The

.design and application are discussed of a

receiver capable of driving a relay trans-
mitter for long-range television transmission.
A special a.g.c. circuit for positive modula-
tion systems is described.

621.397.62 : 539.234 : 546.45 2612

The Properties of Thin Beryllium
Foils, and their Application to Light
Modulation and Television.—M.
Auphan. (Onde élect., Dec. 1956, Vol. 36,
No. 357, pp. 1040-1045.) A method is
described of obtaining foils of Be 200 to
1000 A thick tightly drawn across a
supporting graticule in close proximity of a
glass screen. Electrostatic charges deposited
on such a screen inside a c.r.t. will result in
local deflections of the foil thus providing a
means of modulating light by reflection.
The application to monochrome television
is outlined; experiments have been made
using a foil specially corrugated to suit the
optical system. Colour television methods
are discussed, including a compatible
projection system with two tubes using foil
screens: one low-definition tube reproduces
colour, the other provides the high-definition
luminance detail.

621.397.62 : 621.3.049.7 2613

Mechanized Production of TV Wiring
Boards.—]. Markus. (Electronics, 1st April
1957, Vol. 30, No. 4, pp. 138-143.) Descrip-
tion of the latest semi-automatic machines
and assembly lines for manufacturing printed
circuits in use by the Philco Corporation.
This article brings up to date an earlier
report (3811 of 1955).

621.397.62: 621.373.4 2614

Analytical Approaches to Local-
Oscillator ‘Stabilization.—W. Y. Pan &
D.]. Carlson. (RCA Rev., Dec. 1956, Vol. 17,
No. 4, pp. 534-552.) The analytical treat-
ment of frequency stability under complex
thermal conditions indicated by Yau (593 of
1956) is applied to two commercial television
receiver circuits. Results show that satis-
factory stabilization even for frequencies
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beyond 1kMc/s can be achieved with
conventional temperature-sensitive devices.

621.397.621 : 621.373.444.1 2615
C.R.T. Deflection Circuit has High
Efficiency.—Guggi. (See 2382.)

621.397.621.2 : 535.623 : 621.385.832 2616

Methods of Local [post-deflection] Spot
Position Control for Electron Beams.—
U. Pellegrini. (Alta Frequenza, Dec. 1956,
Vol. 25, No. 6, pp. 482-504.) Two methods
of accurately focusing the beam in 2 colour
c.r. tube are analysed; in one a wire grid
close to the phosphor screen is used, as e.g.
in the post-deflection-focus colour kinescope

[3894 of 1956 (Carpenter)]; in the other the

screen consists of separate aluminized strips.
Differential equations are derived for the
electron trajectories, and the equipotential
contours and lines of flux are plotted.

621.397.8 2617

Television Interference from Sea
Reflections.—]. K. S. Jowett. (Wireless
World, June 1957, Vol. 63, No. 6, pp. 262—
266.) A possible explanation of the flutter
experienced at certain localities served by
the North Hessary Tor transmitter. Quasi-
specular reflection at oblique incidence may
occur from sea wave fronts and beat with
the direct signal attenuated by local hills.
The flutter frequency is consistent with the
sea wave velocity. )

621.397.8 2618

Reduction of Co-channel Television
Interference by Precise Frequency
Control of Television Picture Carriers.
—W. L. Behrend. (RCA Rev., Dec. 1956,
Vol. 17, No. 4, pp. 443-459.) In offset
carrier-frequency operation interference
minima occur at some offset frequencies
which are multiples of the frame frequency.
To assess the importance of precise frequency
control subjective tests were made of inter-
ference visibility and the results of field tests
with experimental equipment are reported.

621.397.81 2619

A Method of Predicting the Coverage
of a Television Station.—]J. Epstein &
D. W. Peterson. (RCA Rev., Dec. 1956,
Vol. 17, No. 4, pp. 571-582.) A method of
estimating the median field strength along a
radial line from the transmitter is described.
The estimate is based on the plotted
elevation profile and the use of théoretical
and empirical curves resulting from the
analysis of extensive field surveys and
investigations (see e.g. 2423 of 1953). The
entire v.h.f. and u.h.f. spectrum is covered
and the accuracy so far achieved is adequate
for surveys involving large numbers of
stations.

621.397.813 2620

Frequency - Dependent Equalization
of Gradation for Television Signals.
H. Schonfelder. (Arch. elekt. Ubertragung,
Dec. 1956, Vol. 10, No. 12, pp. 512-534.)
By limiting the equalization to the lower
frequencies of the video signal a picture of
acceptable quality can be obtained; the
signal/noise ratio in the dark portions is
considerably improved in comparison with
that for uniform equalization of gradation.

An upper limiting frequency of about
3 Mc/s is chosen according to system con-
ditions and the amount of distortion
tolerable. The design of a suitable equalizing
circuit is detailed and experimental .results
are illustrated by oscillograms and repro-
ductions of test pictures.

' TRANSMISSION

621.376.3: 621.373.421 2621
Frequency-Modulated Quartz

Oscillators for Broadcasting Equip-

ment.—Mortley. (See 2375.)

621.396.712: 621.376.3 2622

Frequency-Modulated V.H.F. Trans-
mitter Technique.—A. C. Beck, F. T.
Norbury & J. L. Storr-Best. (Proc. Instn elect.
Engrs, Part B, May 1957, Vol. 104, No. 15,
225-238. Discussion, pp. 249-253.) The
general planning and design of the complete
v.h.f. transmitting equipment used by the
B.B.C. on its sites is surveyed, including
problems of unattended operation, auto-
matic phasing of paralleled amplifiers and
3 - program  common - aerial  working;
special reference is made to a current
10 kW f.m. transmitter operating in band II
(87-5-100 Mcfs).

VALVES AND THERMIONICS

621.314.63 2623

The Apparent Contact Potential of a
Pseudo-Abrupt p-n  Junction.—H.
Kroehmer. (RCA Rev., Dec. 1956, Vol. 17,
No. 4, pp. 515-521.) Junctions are studied
which have constant impurity densities
on both sides without abrupt transition. A
finite region of transition within the space-
charge region is assumed. The difference
between the ‘apparent’ contact potential
found from capacitance measurements and
the true potential calculated from the
impurity densities provides quantitative
information about the internal structure of
the junction.

621.314.63 2624
On the Tail in the Transient
Behaviour of Point-Contact Diodes.—
H. L. Armstrong. (Proc. Inst. Radio Engrs,
Part 1, May 1957, Vol. 45, No. 5, pp. 696—
697.) Although the main part of the
transient response of small hemispherical p-n
junctions is almost independent of lifetime,
there is a ‘tail’ which is almost exponential
and is determined by the lifetime. ’

621.314.63 : 537.311.33 2625

Minority-Carrier Storage in Semi-
conductor Diodes.—]. C. Henderson &
J. R. Tillman. (Proc. Instn elect. Engrs,
Part B, May 1957, Vol. 104, No. 15, pp.
318-333. Discussion, pp. 333-336.) Transi-
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ent reverse-current effects in planar and
hemispherical diodes of n-type base material
are analysed under various conditions,
although the extent to which the analyses
apply to point-contact diodes remains
debatable. Experiments to test the theory
and to deduce the hole lifetimes are given.

.
621.314.63: 537.311.33 2626
Rectification Properties of Metal-
Silicon Contacts.—E. C. Wurst, Jr, &
E. H. Borneman. (J. appl. Phys., Feb. 1957,
Vol. 28, No. 2, pp. 235-240.) The rectifying
properties of metal/fsilicon contacts are
related to the work function of the metal.
The measured reverse saturation currents
of metal/silicon diodes are greater than
predicted values; the discrepancy is not yet
explained.

621.314.632 2627

Strain-Energy Calculations in the
Design of Cat’s Whiskers for Semi-
conductor Devices.—S. J. Morrison.
(Proc. Instn elect. Engrs, Part G, March 1957,
Vol. 104, No. 5, pp. 148-153.) A general
theory of contact pressures and deflections is
derived and experiments on large-scale
whisker models have shown close agreement
with theory.

621.314.632 : 546.289 2628

A Millisecond Relaxation Process in
the Reverse Current of Germanium
Point-Contact Diodes.—R. E. Burgess.
(Brit. J. appl. Phys., Feb. 1957, Vol. 8, No. 2,
pp- 62-63.) When a reverse voltage is
suddenly applied to a diode initially having
zero bias a decrease of current to the final
steady state is usually found, the relaxation
time being about 1 ms. It is suggested that
redistribution of surface charge is the most
likely cause.

621.314.7 2629

Transistor Junction Temperature as
a Function of Time.—K. E. Mortenson.
(Proc. Inst. Radio Engrs, April 1957, Vol. 45,
No. 4, pp. 504-513.) The step and impulse
temperature responses are obtained for a
one-dimensional heat flow model and the
junction temperature determined for
periodic rectangular pulse excitation. The
maximum, average and minimum tempera-
tures are plotted in terms of duty cycle,
p.r.f. and thermal time constant, and the
theoretical results confirmed experimentally.
The maximum junction temperature can be
several times the average at low duty cycles
and repetition rates.

621.314.7 2630
Temperature Dependence of Junction
Transistor Parameters.—W. F. Girtner.
(Proc. Inst. Radio Engrs, Part 1, May 1957,
Vol. 45, No. 5, pp. 662-680.)  Four
representative types of transistor are con-
sidered, namely Ge p-n-p alloy, Ge n-p-n
grown, Ge n-p-n rate-grown, and Si n-p-n
grown types. The temperature dependence
of their characteristics is calculated from
existing theories of transistor performance
and the known temperature behaviour of the
semiconductor properties. The results are
expressed in terms of the four-pole and
equivalent-circuit parameters.
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621.314.7 2631
Point-Contact Transistor Studies
using  Radioactive Collectors.—D.
Haneman & A. J. Mortlock. (Proc. phys.
Soc., Ist Jan. 1957, Vol. 70, No. 4458, pp.
145-147.) Pile-activated pure antimony
points containing 12Sb in contact with
single crystals of n-type Ge were formed.
The activity transferred and the surface
distribution were then measured.

621.314.7 2632

The Characteristics and the Charge-
‘Carrier Distribution of Alloy-Junction
Transistors.—W. Engbert. (Telefunken
Ztg, Dec. 1956, Vol. 29, No. 114, pp. 277-
287. English summary, p. 295.) The
distribution of carrier and hole densities
and potential in the p-n-p regions is derived
from the transistor characteristics and the
amount of doping.

621.314.7 : 621.396.621 2633

Tetrajunction Transistor Simplifies
Receiver Design.—Farber, Proudfit, St.
John & Wilhelmsen. (See 2579.)

621.314.7.012.8 2634

The Effect of Non-ideal Emitter
Junctions on the Behaviour of Junction
Transistors.—E. Baldinger, W. Czaja &
M. Nicolet. (Helv. phys. Acta, 15th Dec. 1956,
Vol. 29, Nos. 5/6, pp. 428-430. In German.)
In the transistor equivalent circuit [see e.g.
1193 of 1955 (Giacoletto)] the emitter ‘lead’
resistance R,, introduced to allow for the
difference between theory and experimental
behaviour, varies according to the operating
point. By modifying the slope S by a factor
m between 0-5 and 1, a value of R, constant
over the whole range can be assumed.

621.383.2: 621.385.83 2635

Shutter Image-Converter Tubes.—
B.R.Linden & P. A. Snell. (Proc. Inst. Radio
Engrs, April 1957, Vol. 45, No. 4, pp. 513—
523.) A triode type is described which uses
a mesh, near the cathode, to gate the photo-
electron emission. The electron-optical
theory is presented for electrostatically and
magnetically focused types and illustrated
by practical results.

621.383.27 2636

Optical Feedback in Photomultipliers.
—R. Gerharz. (J. Electronics, March 1957,
Vol. 2, No. 5, pp. 409-415.) The optical
feedback to the photo cathode, arising from
electro-fluorescence induced by the dark-
current, has been investigated for com-
mercial photomultipliers Type 1P2] and
931A.

621.383.27(47) 2637

Commercial Types of Multistage
Photomultipliers.—I. Ya. Breido, B. M.
Glukhovskoi & L. G. Leiteizen. (Radio-
tekhnika i Elektronika, Oct. 1956, Vol. I,
No. 10, pp. 1344-1356.) Description of
Russian ‘commercial’ types with character-
istic curves and tabulated data.

621.383.42.011.4 2638

On the Capacitance of Selenium
Photocells.—M. Bichara. (C. R. Acad. Sci.,
Paris, 4th Feb. 1957, Vol. 244, No. 6, pp.
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742-744.) Results of measurements on 46
samples are tabulated.

621.383.5: 537.311.33 2639

A New Semiconductor Photocell
using Lateral Photoeffect.—]. T. Wall-
mark. (Proc. Inst. Radio Engrs, April 1957,
Vol. 45, No. 4, pp. 474-483.) A non-
uniform illumination produces a lateral
voltage parallel to a germanium-indium
junction. The output voltage is a linear
function of the position of the light spot and
the sensitivity is approximately 200 pA/
lumen. The spot position and the direction
of the light beam can be measured to less
than 100 A and 0-1 seconds of arc respect-
ively.

AY

621.385-71 2640

Vapotron Technique.—C. Beurtheret.
(Rev. tech. Comp. frang. Thomson-Houston,
Dec. 1956, No. 24, pp. 53-83.) The develop-
ment of this method of cooling high-power
transmitting valves is outlined (see also 542
of 1952) together with the underlying theory
of heat transfer. Results of tests on various
forms of anode dissipating surface and for
various metals are discussed. Illustrations
show the evolution of the vapotron from
1950 to date, including associated equip-
ment. 32 references.

621.385: 621.317.331 2641

A New Method for the Detection of
Thin Conducting Films in Thermionic
Valves.—F. H. Reynolds & M. W. Rogers.
(Proc. Instn elect. Engrs, Part B, May 1957,
Vol. 104, No. 15, pp. 337-340.) A system of
three electrodes is painted on the outside of
the bulb over the region where the film is to
be detected, and connected to an impedance
bridge.

621.385: 621.318.57.032.2 2642

Improved Keep-Alive Design for
T.R. Tubes.—L. Gould. (Proc. Inst. Radio
Engrs, April 1957, Vol. 45, No. 4, pp. 530-
533.) By insulating the cone wall and using
a stainless-steel cathode a life in excess of
1 000 h is possible.

621.385.029.6 2643

International Congress on Micro-
wave Valves.—(Onde dlect., Nov. 1956,
Vol. 36, No. 356, pp. 866-996.) Selection
of papers presented at the 1956 Congress in
Paris. See 1267 of April.

621.385.029.6 2644
The Assembly of Microwave Valves
by Brazing.—R. Pali¢s. (Rev. tech. Comp.
Jrang. Thomson- Houston, Dec. 1956, No. 24,
pp. 41-51.) The method of brazing by
resistance heating is described and illus-
rated by two examples of its application.

621.385.029.6 : 621.317.36 2645

The Measurement of Magnetron
Frequency Pulling.—]. R. G. Twisleton.
(Proc. Instn elect. Engrs, Part C, March 1957,
Vol. 104, No. 5, pp. 8-12.) The theoretical
frequency pulling when multiple reflected
waves exist in the output feeder is estimated
and the performance of a typical testing
waveguide system is examined.

-621.385.5: 621.373.422

621.385.029.6 : 621.396.822 2646
Experiments on Noise Reduction in
Backward-Wave Amplifiers.—M. R.
Currie & D. C. Forster. (Proc. Inst. Radio
Engrs, Part 1, May 1957, Vol. 45, No. 5,
p. 690.) Using a tube with a gun structure
which produces an annular electron beam
noise figures approaching the theoretical
ones were obtained. -

621.385.029.65 2647

Backward-Wave Oscillator
Experiments at 100 to 200 Kilomega-
cycles.—A. Karp. (Proc. Inst. Radio Engrs,
April 1957, Vol. 45, No. 4, pp. 496-503.)
The circuit structure consists of a ridged
waveguide with transverse slots in the broad
wall. For’electron beam velocities between
650 and 2700V and current densities
between 3 and 10 A/cm?®, probable power
outputs of a few tenths of a milliwatt were
obtained.

621.385.032.3 2648

High-Temperature Properties of
Tungsten which influence Filament
Temperatures, Lives and Thermionic-
Emission Densities.—R. N. Bloomer.
(Proc. Instn elect. Engrs, Part B, March 1957,
Vol. 104, No. 14, pp. 153-157.) Calculations
using reliable published data are compared
with experimental results.

621.385.3 2649

On the Amplification Factor of the
Triode.—E. B. Moullin. (Proc. Instn elect.
Engrs, Part C, March 1957, Vol. 104, No. 5,
pp. 222-232.) A new treatment of the
characteristic of the triode, as expressed by
the . equation I, = f(V, + pVp). The
limitations in the conventional method are
discussed. See also 1985 of June (Hammond).

2650

Transitron Negative Resistance.—
A. G. Bogle. (Electronic Radio Engr, May
1957, Vol. 34, No. 5, pp. 170-174) A

detailed investigation shows that the
negative  resistance is  approximately
inversely proportional to the cathode

current within +10% over the range

3-90 kQ.
621.3.002.2 ) 2651
Electronic Subminiaturization

Techniques.—(Tech. News Bull. nat. Bur.
Stand., Jan. 1957, Vol. 41, No. 1, pp. 3-5.)
Techniques developed in - connection with
the program for the U.S. Navy Bureau of.
Aeronautics are discussed; items mentioned
include a commutator-type gain control
using a tape resistor on a glass tube carrying
longitudinal stripes of conducting paint,
a temperature-compensated. permeability-
tuned inductor, high-temperature litz wire,
and i.f. transformers with ferrite sleeve and
tuning screw.
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.. .there are “Belling-Lee”
corﬁponents tailored to your
requirements by over thirty.-
five years of “know-how”

If yours is a very special problem we

shall be pleaséd to design and produce
“made to measure * components.

BELLING & LEE LTD

Full details of our range of components
are available in the  Belling - Lee”

Telephone : Enfield 3322 - Telegrams: Radiobel, Enfield General Catalogue.

ELECTRONIC COMPONENTS
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GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND
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Sensitive to current differences
of I in 1,000.

Indicates small differences in the
magnitude of two a.c. currents.

Useful for the design of
a.c. bridges.

Made for frequencies from
50 to 5,000 cycles per second.

We also make Phase Sequence Indicators, Synchroscopes and Frequency Meters all up to 5,000 c.p.s.
and full range of M.C. and M.I. Instruments.
Ask for new Catalogue.

THE ELECTRICAL INSTRUMENT
CO. (HILLINGTON) LTD.

BOSWELL SQUARE, INDUSTRIAL ESTATE, HILLINGTON, GLASGOW, S.W.2
Halfway [166 and 2194

SYNTHETIC RESIN BONDED LAMINATE

brings you

MATERIAL SOLUTIONS

to your

CURRENT PROBLEMS

. . . because the range of PIRTOID Paper and Fabric
base laminates affords all the machining qualities needed
with consistent uniform dielectric and mechanised
strength. Read this booklet, sent gladly on request.

H. CLARKE & CO. (MANCHESTER) LTD

Atlas Works, Patricroft, Manchester
Telephone Eccles 5301-2-3—4-5
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‘ GEX 54]’ ﬁﬁ@";f‘".-ie"c?me.-

available in

finned and unfinned stacks

The basic element in all stacks is the GEX 541 diode, standard ranges

being available in both finned and unfinned stacks. Whether a finned or

unfinned stack is used for a specific application will depend upon

monetary and space considerations. :
Using series and parallel diode connections, power requirements of

up to 30 kVA are economically handled by finned units. With derating,

operation is still possible up to a maximum ambient

temperature of 35°C. Each stack illustrated uses four

diodes.
Rectifier unjts constructed with this diode show remark- Q
able improvements over those previously available. \

/ EXTREMELY GOOD REGULATION

Single Phase Bridge (Finned) GEX 541 BIPI F.
Available output at 35°C is 12A. at 48V.

SMALL POWER LOSS

VERY FAVOURABLE WEIGHT
AND SIZE CHARACTERISTICS

CONSTANCY OF PERFORMANCGCE

OPERATION UNDER ADVERSE

Single Phase Bridge (Unfinned) GEX 541 BIPL \
Available output at 35°C is 5A. at 48V. N \ CLIMATIC CONDITIONS

\

b For further information send for publication OV 3910.

THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, w.C.2.
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A NEW WIDE BAND | {oroaooaoaaaaaaoaoeeaat
TWO CHANNEL The

OSC|LLOSCOPE MODERN BOOK CO.

BRITAIN’S LARGEST STOCKISTS OF BRITISH AND
MODEL DEI03A-D.C. to 10 Mc/s

AMERICAN TECHNICAL BOOKS
For the display of two high frequency variables simultaneously
and under exactly comparable conditions. Ideal for monitoring
input and output waveforms of a wide variety of electronic
equipment. i i

TRANSISTOR CIRCUITS AND APPLICATIONS, by Carroll
56s. 6d. Postage l1s.
BASIC MATHEMATICS FOR RADIO AND ELECTRONICS
(3rd Ed.), by F. M. Colebrook
17s. 6d. Postage 9d.
TRANSISTOR ENGINEERING REFERENCE HANDBOOK, by

Marrows
80s. Postage 1s. 6d.

ELECTRONIC MUSICAL INSTRUMENTS, by R. H. Dorf
55s. Posiage 1s.

MODERN OSCILLOSCOPES AND THEIR USES, by J. H.
Ruiter, Jr.

45s. Postage 1s.

TELEVISION ENGINEERING (Vol. 3) Waveform Generation, by
S. W. Amos and D, C. Birkinshaw
30s. Postage ls.

V.H.F. HANDBOOK, by W. I. Orr and H. G. Johnson
24 Postage 1s.

RADIO LABORATORY HANDBOOK, by M. G. Scroggie
25s. Postage 1s.

S}EgglNul? THOUGHTS ON RADIO THEORY, by “Cathode Ray'’
0, W

25s. Postage 1s.

RADIO DESIGNER’S HANDBOOK, by F. Langford-Smith
42s. Postage 1s. 6d.

RADIO VALVE DATA. Compiled by “W.W.”
Ss. Postage 6d.

TELEVISION ENGINEERS’' POCKET BOOK, by E. Molloy and
J. P. Hawker
10s. 6d. Postage 6d.

Write or call for our catalogue (E)

19-23 PRAED STREET, LONDON, W.2

Phone PADdington 4185
Open 6 days 9-6 p.m.
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CABINETS FABRIGATED

To Any Requirement

Instrument cases for Research
Laboratories, Universities,
Schools, etc.

An Improved )

Wide Band Model DE103A D.C. Oscilloscope
DOUBLE GUN CRT 6" diameter flat faced with illuminared graticule.
SWEEP SPEEDS continuously variable calibrated times from 02

Electronic equipment manu-
factured to your specification
by fully qualified electronic

engineers.
sec to 2 usec per |0 cm on each channel.
TIME MEASUREMENT by direct reading dial in microseconds gives i : Fo RES l G HT
average accuracy of better than 5 per cent. B
TRIGGERING circuitry of improved design operates from either P R o D U CT l o N s LT Do
negative- or positive-going pulses of great variety, and up to repeti- BEACON HOUSE, HAMPTON STREET, BIRMINGHAM, 19 Central 2018/9

tion rates of 250 kc/s. Full screen sweeps from pulses as small as 50 mV-
REPETITIVE sweeps also available.

X SHIFT facilities enable the two traces to be aligned in any desired

manner.
X AMPLIFIER with 3-step attenuator gives gain of 100 over D.C.—

500 kc/s.

Y AMPLIFIERS provide two channels with identical rise times of

0035 usec without overshoot. Response D.C. to 10 Mc/s (- 3dB). S S T T - "W
Sensitivity—125 mV/cm pk-pk. 2 P =

YOLTAGE CALIBRATED for measurement of input signals to 5 per

G0 (T TRANSFORMERS  of all types up to 25 KVA for Single or Three
SIGNAL DELAY AND CATHODE FOLLOWER PROBE units Phase operation, Phase conversion, etc.

available. MAINS  Output and Special Purpose Transformers for
SINGLE SHOT CAMERA with f/1'5 lens. ’ Radio Equipment; Chokes, etc.

See what you measure!

COILS for Contactors, E.M., Brakes, Air Valves, etc.,
and coil WINDINGS for all purposes.

SOLENOIDS for A.C. and D.C, Operation.

NAGARD W. F. PARSONAGE € C° L™

1o AVENUE ROND. mELmONT. SURREY INDUCTA WORKS

Telephone VIGilant 91612 PARK RD BLOXWICH WALSALL
TELEPHONE: BLOXK. 66464
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‘cores and coils ?

These cores have found wide acceptance because of their

v High stability % Remarkably low losses, i.e. high Q factor
v Low harmonic distortion % Low temperature coefficient of inductance
Y Negligible external field Y Small overall size

Write for Leaflets

SALFORD ELECTRICAL INSTRUMENTS LIMITED
’ ( COMPONENTS GROUP)
TIMES MILL - HEYWOOD - LANCASHIRE Tel:Heywood6868
London Sales Office: Tel: Temple Bar 4669

A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND
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RF/303

Write for Specification Sheet R.F.1013

ROYCE ELECTRIC FURNACES LTD Sir Richards Bridge, Walton-on-Thames, Surrey

The Royce atmosphere muffle
furnace is an inexpensive unit with
automatic control gear for annealing,
copper brazing or soft soldering. Bright,
scale-free work is produced easily. Work is placed
in a gas-tight container, which is purged with
protective atmosphere before going into the furnace.
The atmosphere can be bottled hydrogen,
cracked ammonia, or burnt town’s gas.
Maximum operating temperature is 1150° C.

for heat treating
small outputs

Walton-on-Thames 2577

with the

LOCKWOOD

Standard Loudspeaker Cabines

e =NIG The Lockwood Standard Loud-

. i speaker Cabinet has been
¢ designed to give reproduction of
a very high order and can be
“tuned’” to suit any combination
of L.S. Units.

Accepted as a standard for high-
quality monitoring by broad-
casting, television and recording
BB studios throughout the world,
™ this cabinet is also suitable in
w cvery way for the home.
% * THE
LOCKWOOD STANDARD
LOUDSPEAKER CABINET
has been developed from the
Monitoring Loudspeaker Cab-
inet used by the B.B.C. (B.B.C.
[ Patent No. 696,671).

s ] o *Wireless World Nov. and Dec. 1950,
Two versions are available: Major Model . . £35 Minor Model . . £25

Brochure free on request.
Export and Tropical Madels available. Trade enquiries invited.

i

Demonstrations by
City Sale and Exchange Ltd., 93/94 Fleet Street, E.C.4. Telephone FLE. 9391/2
Musicraft, 20/22 High Street, Southall, Middx. Telephone SOUthall 3828
and 13 King Street, Rich d, Surrey. Teleph RIChmond 6798

L 0 C K W 0 0 D Acoustically Designed Cabinets

LOCKWOOD & COMPANY (Woodworkers), LTD.,, LOWLANDS ROAD,
HARROW, MIDDX. BYRon 3704
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HER MAJESTY’S OVERSEAS CIVIL SERVICE
GOVERNMENT OF SIERRA LECNE
Radio Engineer, Posts and Telegraphs Department

Duties include executive control of the Radio Section; responsibility
for maintenance and installation of R.T. and W.T. networks;
H.F. and V.H.F. systems; point-to-point circuits; broadcasting
system and ancillary equipment; marine and police radio apparatus,
fixed and mobile. Implementation of a programme development
scheme planned in the V.H.F./R.T. field.

Pensionable appointment in salary range £1,006 to 41,652 p.a. or
contract appointment £1,262 to £2,063 p.a. Commencing salary
depending on qualifications and experience. Contract gratuity,
£37 10s. for each three months’ satisfactory service. Quarters, if
available, at reasonable rent, Generous leave.

Free passages for officer and wife. Passages for up to two children
or £75 allowance p.a. each in lieu if maintained outside Sierra Leone.
Candidates should be A.M.I.LE.E. or be exempted from the Institu-
tion’s examinations and should have had experience in the field of
radio engineering.

Write Director of Recruitment, Colonial Office, London, S.W.1,
giving briefly age, qualifications and experience, quoting BCD
108/15/04.

A AT
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 9-6 (including Saturdays)

Two minutes from Tottenham Court Road Station

e

I
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{Regd. Trode Mark)

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.

(INustrated)

Protective Shield
List No. 68

7" Detachable
Bit Model
List No. 64

Traditional British Quality and Workmanship

ADCOLA PRODUCTS LIMITED

Head Office, Sales and Service:
P. B. COW & COMPANY LIMITED GAUDEN ROAD, CLAPHAM HIGH STREET
RUBBER MANUFACTURING SPECIALISTS FOR EVERY INDUSTRY. LONDON, S.W.4 Telephones MACAULAY 3101 & 4272
INDUSTRIAL DIV : 470 STREATHAM HIGH ROAD, S.W.I6. POLLARDS 4481
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PRECISION WIRE-WOUND RESISTORS

hove all these foatires

6 All ERG Tropical Precision Wire-wound
Resistors are wound for minimum inductance
consistent with a high voltage resistance.

| Available manufacturing tolerances down
to +005% at 20°C. +2°C.

2 QOverall stability after consecutive tests
under extreme conditions (see below) better
than 0-10%—normally 0-05%, or better.

3 Temperature coefficients +-012% or

+.002%/°C., or negligible {using manganin

wire).

4 Rugged hermetically sealed construction

featuring :—

(a) Robust plated brass case.

(b) Ceramicendsealssolderedin,and siliconed
to prevent moisture tracking.

(¢) Insulation resistance to case > 10'°Q.

5 Lead-out wires are isolated from winding
wires by the ERG intermediate floating wire
system, and securely soldered to end seals—

no strains or stresses can, therefore, be trans-
mitted to the winding.

ERG

Tradle Mark

7 Available in six different sizes with stud
fixing—see table—specials and matched pairs

Other products include Vitreous Coated, Silicone & Glass Bond, and Carbon Resistors.

ERG INDUSTRIAL CORPORATION LTD

manufactured to order. \ i
8 On Ministry Approved Lists. - N R 1 c‘g
TYPE ‘ RANGE 0 WATTS RATING °C
STANDARD | STUD MIN. | MAX. 20 | 50 | 70
PR 2l SPR2I | 0 20K | 05 | 032 0-16
PR22 | SPR22 | O 500K | 10 ’ 0-65 0-32
PR23 | SPR23 | ool i IM I-5 10 05
PR 24 | 0-1 350 K (-0 ‘ 0-65 0-32
PR 25 | ol 100 K 05 | 032 0-16
PR26 | SPR26 1 0l 25M | 20 | 132 | 065
‘ [ AVERAGE :
TEST _ DURATI_O?jl :PECL % CHANGE * These tests have
Full DC Load ... 1,000 hours i 013 been carried out con-
Tropical Exp. 84 days RCS I | 027 secutively overa three-
Climatic Cycles 6 Cycles | RCS I1 Climatic ol T
Tropical Exposure Plus | gl [l Kgrage
Light DC Load  ...| 2,500 hours | RCS I1| 02 §og 1 e [fhay
Voltage Test ... } After 3 mths. | | No change 70r
18 MANCHESTER STREET - LONDON - W.l - Tel: WELbeck 8114/5

BUSH RADIO LTD

REQUIRE FOR THEIR EXPANDING DESIGN LABORATORIES AT

CHISWICK, KEW & PLYMOUTH

SENIOR
DEVELOPMENT ENGINEERS

with five or more years’practicaland responsible experience
in the design of Radio, Television or electronic equipment.
Degree, H.N.C. or equivalent qualification an asset.

DEVELOPMENT ENGINEERS

with three or more years’ experience in the design of
Radio, Television or electronic equipment together with
sound technical knowledge.

TECHNICAL ASSISTANTS

with technical knowledge to H.N.C. standard coupled with
sound experience in Radio, Television or electronic
measurements or Forces record as skilled technician.

i The work is varied and may include development of and !
i investigations into specialised test gear, VHF, UHF, colour !
! television, transistor and printed circuit applications as well as |
i home and export radio and television receivers, H
: Good opportunities for promotion and transfer from one section B

Please give full details of qualifications, experience and salary require and
location and type of work preferred by letter to:

PERSONNEL MANAGER (E.R.E.)

BUSH RADIO LTD

POWER ROAD . CHISWICK - LONDON . W.4

AUTOMATIC TELEPHONE & ELECTRIC CO. LTD.
SCHOOL OF ELECTRONIGS
LIVERPOOL

Lecturers in Electronic Engineering

Applications are invited for two posts of Lecturer at
the Automatic Telephone & Electric Co. Ltd. School
of Electronics at Liverpool. The work involves lecturing
on modern electronic techniques as applied to com-
munication engineering.
Candidates should possess an honours degree in
either
(a) Electrical Engineering with Electronics and
Telecommunications
or
(b) Physics, with Electronics and Mathematics
Experience in teaching and in industry would be an
advantage.
Salaries will be in accordance with the Burnham
Technical Scale, and persons appointed will be required
to join the Company’s superannuation scheme.

Application forms and details may be obtained from

THE PERSONNEL MANAGER
AUTOMATIC TELEPHONE & ELECTRIC CO. LTD.
STROWGER WORKS
LIVERPOOL 7
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ELECTRICAL INDUSTRIES LTD.

will manufacture and market

in this country. ..

THORN ELECTRICAL INDUSTRIES LTD.
AIRCRAFT COMPONENTS DIVISION

GREAT CAMBRIDGE ROAD, ENFIELD, MIDDLESEX
TEL: ENFIELD 5340

Electronic' & Radio Engineer, August 1957
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GUIDED WEAPONS,
ELEGTRONIG EQUIPMENT,
AND PRECISION
ELEGTRO - MEGHANICAL
PRODUCTS

FaIrRey’s widespread activities offer numerous opportuni-
ties for soundly-qualified men with the right training or
expericnce. If you are confident that you have the qualifi-
cations and kcenness to join the team that, among other
achievements, produced FIREFLASH, Britain’s first pro-
duction guided weapon, write to the address below : give your
full details, including your own preference for the more
specialised types of work.

Vacancies exist for Aerodynamicists Physicists Electronic

Engineers - Instrument Design Engineers - Mechanical Test Engineers

Stressmen - Graduates (in Engineering or Science) - Draughtsmen
(Electronic, Jig and Tool, Mechanical Design and Detail).

The illustration shows functional testing of a FIREFLASH Guided Weapon
in the Laboratories— one aspect only of the interesting and varied work await-
ing you at Fairey Aviation.

7

1
5
e
-

i

THE FAIREY AVIATION COMPANY LTD
Weapon Division
CRANFORD LANE - HESTON * NR. HOUNSLOW - MIDDX.

32

1 you have had a good general
education with a degree in

Engineering, Science or equivalent.

you are interested in Radio
Propagation and/or Microwave
techniques.

you are keen to travel at home
and abroad.

THEN call and see us with a view to
taking up an interesting and
progressive career.

Write to Mr. P. ]. Rogers, Personnel Manager,

STANDARD TELECOMMUNICATION
LABORATORIES LIMITED
Progress Way, Great Cambridge Road, Enfield, Middx

who will arrange an informal interview.

Expenses of travel will be met.

ENGINEERING INSPECTORS
TRANSMISSION DIVISION

The Transmission Division of A.T. & E. Co. at Liverpool offers
positions as Engineering Inspectors to men with factory or field
experience of Line Transmission Equipment.

Positions are on permanent staff with generous (contributory) Pension
Fund. The Company has full range of welfare activities, including
medical and dental facilities.

Applicants should have a good basic knowledge of such equipment or
kindred apparatus and should write to:

The Personnel Manager,
Automatic Telephone & Electric Co. Ltd.,
Strowger Works,
Edge Lane,
Liverpool, 7
giving full details of experience, qualifications, age, etc.
Assistance with housing and removal expenses can be given in
approved cases.

NEW ZEALAND

Radio Mechanicians

Applications for posts with the New Zealand
Post and Telegraph Department are invited from
fully experienced single men between 21 and 30.
Excellent pay and conditions. Free passages are
granted to successful applicants. For full infor-
mation apply to New Zealand Migration Office,
Adelphi Building, John Adam Street, London,
W.C.2, quoting this advertisement.

Electronic & Radio Engineer, August 1957
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ELECTRONIC &

RADIO ENGINEER

CLASSIFIED ADVERTISEMENTS

Advertisement Rates. 6d. per word, minimum charge 6[-, each paragraph charged
separately. Remittances payable to Iliffe & Sons Ltd., Dorset House, Stamford St., S.E.1.
Series discount of 15%, is 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, cfo ““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 September 1957 issue is first post 23rd August 1957

SITUATIONS VACANT

SITUATIONS VACANT

SITUATIONS VACANT

Applications are invited for pensionable posts
as

EXAMINERS
in the
PATENT OFFICE

TO undertake the official scientific, technical and
legal work in connection with Patent applications.
AGE at least 21 and under 35 years on 1st January,
1957, with extension for regular Forces’ service.
CANDIDATES must have (or obtain in 1957) st
or 2nd Class Honours in Physics, Organic or
Inorganic Chemistry, Mechanical or Electrical
Engineering or in Mathematics, or an equivalent
qualification, or have achieved a professional
qualification, e.g. A.M.I.C.E, A.M.L.Mech.E.,
AM.LE.E., ARILC. For a limited number of
vacancies candidates with rst or 2nd Class Honours
degrees in other subjects—scientific or otherwise—
will be considered. Exceptional candidates otherwise
qualified by high professional attainments will be
considered.

STARTING pay for s-day week of 42 hours in
London between £60s and £1,120 (men) according
to post-graduate (or equivalent) experience and
National Service. Maximum of scale [£1,345.
Women’s pay above £605 slightly lower but is being
raised to reach equality with men’s in 1961. Good
prospects of promotion to Senior Examiner rising to
£2,000 (under review) and reasonable expectation of
further promotion to Principal Examiner.
APPLICATION form and further particulars from
Civil Service Commission, Scientific Branch,
30 Old Burlington Street, London, W.r, guoting
S 128/57 and stating date of birth.

INTERVIEW Boards will sit at intervals, as
required. Early application is advised. [x096

RESEARCH AND DEVELOPMENT

VACANCIES exist in the Research Department of
a large instrument manufacturing organisation in
South-east Essex for .

GRADUATE PHYSICISTS
or
ELECTRICAL ENGINEERS

of merit and some years of industrial experience for
the investigation of long-term problems associated
with Echo-sounding and Non-destructive testing.
THE work embraces acoustics and electronics and
involves the application of the basic physical
principles underlying ultrasonics, telecommunica-
tions and computers. Some knowledge in these fields
would be an advantage.

THE initial salary will be in accordance with
experience and qualifications within a scale which
allows ample scope for future development. A
contributory pension scheme is available and
assistance in housing or removal expenses may be
given in suitable cases.

APPLICATIONS, which may be made in strictest
confidence, should give full details of qualifications,
previous experience, age and salary required, and
be addressed to Box 0352. (1093

ELECTRICAL Branch Instructor required by
Government of Hong Kong for Royal Naval
Volunteer Reserve, Appointment on contract for one
tour of three years in first instance, Salary in scale
(including expatriation pay and present temporary
allowance): (¢) single man: £ 1,003 rising to £1,208 a
year; (i) married man without children: £r,rro
rising to £1,333 a year; (if) family man: fr1,217
rising to £1,458 a year. Gratuity £150 a year, Free
passages. Liberal leave on full salary. Candidates,
under 45, must have served in the Royal Navy as
Chief Radio Electrical Artificers., Write to the
Crown Agents, 4 Millbank, London, S.W.r. State
age, name in block letters, full qualifications and
experience and quote M2C/[42286/W]. [r097

Paignton—Devon
The Radio Valve Laboratories
of
Standard Telephones and Cables Limited
require
ENGINEERS, ASSISTANT ENGINEERS AND
TECHNICAL ASSISTANTS
For development work in the following fields:

1. Microwave Valves. Oscillators and Amplifiers
including travelling wave types.

2. Transmitting Valves.
3. Gas-discharge devices.
4. Metallurgy.

APPLICANTS for Engineering posts should
possess an appropriate degree, or its equivalent, and
preferably some experience in one of the above or
related fields.

FOR the posts as Technical Assistants, H.N.C. in
Electrical Engineering or G.C.E. Advanced Level,
with some experience, is desirable.

THE Company offers the following facilities:
HOUSES for rental for successful applicants. A
non-contributory pension. Group Life Insurance.
Generous Sickness and Accident Benefit Plan.
APPLY to the Personnel Manager, Standard
Telephones and Cables Limited, Brixham Road,
Paignton, Devon. [xr02

Technical Assistant Grade I required by
KUMASI COLLEGE OF TECHNOLOGY,
GHANA

RADIO Research Laboratory (Ionosphere Re-
search). Appointment for two tours normally of
ten months each in first instance either (a) on
agreement with prospect of pensionable employment
salary scale (including s per cent non-pensionable
addition) £871 rising to 1,060 a year or (b) on
contract with above salary scale plus ro per cent
contract addition and gratuity at rate of £150 a year.
Commencing salary according to experience. Qutfit
allowance up to £6o. Fumis%xed quarters available
for officer and family. Free passages. Leave on full
salary normally granted annually. Preservation of
superannuation rights under F.S.g.U. scheme might
be arranged. Candidates, preferably with H.N.C. or
equivalent, should have experience in research
laboratories or with an operatm¥ organisation.
Write to the Crown Agents, 4 Millbank, London,
S.W.1. State age, name in block letters, full qualifica-
tions and experience and quote MzC/4zr78[/W].

1094

MINISTRY OF TRANSPORT AND CIVIL
AVIATION requires Electrical Engineers (Assistant
Signals Officers) for work on civil aviation tele-
communications networks and electronic naviga-
tional aids. Men or women: Minimum age 23.
Qualifications: first or second class honours degree
in Physics or Engineering or Corporate Membership
of Institution og Electrical Engineers or Associate
Fellowship of Royal Aeronautical Society (candidates
who have passed Parts I, II and III of Associate
Membership or Parts I and II of Associate Fellow-
ship examinations considered). Exceptional candi-
dates of very high professional attainment without
these qualifications will be considered. Salary
within range £635 (age 23) to £1,030 (age 34). Scale
maximum £1,190. Slightly less for women but
subject to improvement under Equal Pay Scheme.
Five-day week where practicable. Appointments
temporary (not pensionable) but established
(pensionable) appointments may be obtained by
success in open competition. Further details and
forms from M.L.N.S., Technical and Scientific
Register (K), 26 King Street, London, S.W.1,
quoting Dz2og/7A. [1100

Electronic & Radio Engineer, August 1957

THE NEW SOUTH WALES UNIVERSITY
OF TECHNOLOGY, SYDNEY, AUSTRALIA

THE University invites applications from applied
mathematicians for appointment to the positions of
Senior Lecturer and Lecturer in the High-speed
Digital Computing Laboratory of the School of
Electrical Engineering.

DUTIES are associated with the analysis and pro-
gramming of problems for the UTECOM computer.
The Senior Lecturer should possess a higher degree
in mathematics preferably with specialisation in
numerical methods and statistics. A degree in
engineering, in particular electrical engineering,
would be an advantage, but is not essential. The
Senior Lecturer will be responsible for the pro-
gramming activities_of the group. The Lecturer
should possess a university degree preferably with
first class honours in mathematics.

APPLICANTS should be interested in the analysis
of a wide range of mathematical problems in
engineering and applied science. In addition to
programming, the successful applicants will be
required to deliver some lectures on programming
and/or numerical methods. A knowledge of pro-
gramming of the Deuce type of machine is desirable.
THE salary range for Senior Lecturer is £A1,865
range £Az2,215 per annum, and for Lecturer LA1,265
range £A1,815 per annum. Commencing salary will
be determined according to qualifications and
experience.

APPOINTEES will be eligible, subject to medical
fitness, to contribute to the State Superannuation
Fund.

FIRST-CLASS ship fares to Sydney of successful
applicants and their families will be paid.
FURTHER particulars may be obtained from the
Head of the School of Electrical Engineering,
Broadway, New South Wales, Australia.

FIVE copies of applications (including the names of
two referees) should be lodged with the Agent-
General for New South Wales, 56/s7 Strand,
London, W.C.2, and a copy air mailed in an envelope
marked ‘“University Appointment’’ to the Bursar,
Box 1, Post Office, Kensington, New South Wales,
Australia, before rsth August, 1957. [rxo3

AUSTRALIA—
UNIVERSITY OF MELBOURNE

APPLICATIONS are invited for a position of
Senior Lecturer in Electrical Engineering.
APPLICANTS should have had expetience in
servo-mechanisms and closed loop control.

THE salary range is £Ar1,85s0 to £A2,150 per
annum. Initial salary will be determined according
to qualifications and experience. Superannuation
similar to F.S.S.U. in Great Britain will be provided.
CONDITIONS of appointment maé be obtained
from the Secretary, Association of Universities of
the British Commonwealth, 36 Gordon Square,
London, W.C.1.

APPLICATIONS close, in Australia and London,
on 3oth September, 1957. [r0o99

ASSISTANT Engineers Grade II required by East
Africa High Commission Directorate of Civil
Aviation on probation for pensionable employment.
Gross salary according to age and qualifications up
to £1,173 a year in scale £813 rising to £1,341 a year.
Outfit allowance £30. Free passages. Liberal leave
on full salary after each tour 30~36 months. Candi-
dates, who should hold at least two second-year and
preferably one third-year C. and G. Certs. in
Telecomms. Principles or Radio, must have had
a minimum of three gears’ experience in the erection
and maintenance of ground station transmitters,
radio and radar navigational aids and aerial systems.
They should have up-to-date knowledge of workshop
practice and a knowledge of teleprinter and per-
forator equipment or diesel electric power plant
maintenance would be an advantage. Write to the
Crown Agents, 4 Millbank, London, S.W.r. State
age, name in block letters, full qualifications and
experience and guote M2C/42260/W]. [1098
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SITUATIONS VYACANT

APPLICATIONS are invited by the Common-
wealth Relations Office for an appointment, under
the Technical Co-operation Scheme of the Colombo
Plan, as a Communications Engineering Expert at
the Indian Institute of Technology, Kharagpur,
India. Will be required to organise courses in
Communications Engineering and to train the
Institute’s teachers and research workers in develop-
ing the laboratories and the general activities of the
Department. Must be an engineer or scientist with
special theoretical ability in the Communications
field and should have made a contribution towards
the development and application of wireless en-
gineering and/or line communication. Duration,
three years. Contract with the U.K. Government.
Salary, £2,000 p.a. (subject to U.K. income tax) plus
tax-free oversea allowance of £1,330 p.a. (married)
or £750 p.a. (single) plus other allowances. Furnished
amily accommodation provided. For further
information and application forms write Ministry of
Labour and National Service (E.9), 26~28 Kin
Street, London, S.W.1, quoting A.xz/IND/244/[TC
1095

SERVICE

ASSEMBLY and Winding Capacity Electronjc
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
Cross, S.E.14. TIDeway 2330, Ext.: 10. [1046

MISCELLANEOUS

CUT wires, pins, special rivets, formed wires,
manufactured to specification by Wire Products and
Machine Design, Ltd., 20 Bridge Road, Haywards
Heath, Sussex. Phone 1990. [1063

TWO SENIOR DESIGN ENGINEERS
fully experienced in the
DESIGN FOR MANUFACTURE OF
ELECTRONIC APPARATUS
are required by

SUNVIC CONTROLS LIMITED
HARLOW

These new appointments with a rapidly
expanding company (which is 2 member of
the A.E.I. Group) will be of interest to
Graduates in Electrical Engineering with
A.LE.E. or equivalent, who are capable of
building up teams working on

(1) NUCLEAR INSTRUMENTATION
or

(2) DATA HANDLING EQUIPMENT
involving COMPUTER TECH-
NIQUES

Excellent facilities exist in our Engineering
Group and both appointments carry full
career opportunities,

The conditions of service will include

Fully Commensurate and Progressive
Salaries. Pension Rights. Housing for
Rental or House Purchase Assistance.

We shall be pleased to discuss these appoint-
ments on an informal basis, and in absolute
confidence, with all suitably qualified
applicants.

For further particulars please apply to:
Personnel Officer
SUNVIC CONTROLS LTD.
Harlow, Essex
(Telephone Harlow 24231)

BOOKS, ETC.

““ABACS or Nomograms.” By A. Giet. Translated
from the French by H. D. Phippen and J. W.
Head. Most engineers have made use of nomograms
at some time in their careers, and are fully alive to
the fact that they are a very convenient tool when the
same formula has to be solved repeatedly for several
sets of variables. It is fair to say, however, that only a
small proportion of even those who habitually
employ nomograms know how to construct them for
their own use. Most of the comparatively small
literature on the subject is written for mathematicians
and is extremely difficult for the practical engineer to
comprehend. This book is essentially practical, and
not only demonstrates the many and varied appli-
cations of the abac or nomogram, but shows how
even those without highly specialised mathematical
knowledge may construct their own charts. 35s. net
from all booksellers. By post 35s. 10d. from the
publishers: Iliffe & Sons, Ltd., Dorset House,
Stamford Street, London, S.E.1.

‘“ADVANCED Theory of Waveguides.”” By L.
Lewin. Sets out various methods of treating prob-
lems arising in work on this complex subject.
The author has selected for discussion a number of
topics as representative of the field in which the
centimetre-wave engineer is engaged, many of the
examples being concerned with the rectangular
waveguide. 30s. net from all booksellers. By post
gos. 10d. from Iliffe & Sons, Ltd., Dorset ﬁouse,
tamford Street, London, S.E.1.

BOOKS, ETC.

“WIRELESS Engineer’’ March 1937 to December
1946 inclusive, complete and in good condition for
sale. Offers to Box No. 0848. [rro1

P.T.F.E. (FLUON) AND
ALL PLASTIC MACHINING
BEL MARLBOROUGH YARD

LONDON, N.I9 ARC 5078
A.l.D. APPROVED

UNIVERSITY OF NOTTINGHAM

DEPARTMENT OF ELECTRICAL
ENGINEERING

SENIOR ELECTRONICS TECHNICIAN REQUIRED
to take charge of a new electronics workshop
for constructing and maintaining laboratory
equipment. Salary within the scale £590 to
£69o per annum. Good prospects of
promotion. Form of application and condi-
tions of appointment from

MR. H. PICKBOURNE,
Registrar.

Anderton
lysil Cinelips
stock AWM'

JSrom /16" to 15"

Write for DATA SHEETS
to Dept. A.3, ANDERTON
SPRINGS LTD., BINGLEY

Telephone: 2388, 2351 & 2226
Telegrams: Circlips, Bingley

CIRCLIPS

A.l.D., AR.B,, .LF.V, approved
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THE TELEGRAPH CONDENSER CO. LTD

LONDON

- W.3 - Tel: ACOrn 0061

T.C.C. SCREENED HIGH - PASS
FILTER, TYPE C.263.

This has been designed to eliminate the
principal causes of L.F. interference : R.F. Heating
Equipment, Diathermy Fquipment, Industrial
and Medical Equipment, Local Oscillators,
Forward Scatter Transmissions.

Where a requirement arises for a completely
assembled and screened high-pass filter, then Type
C.263 can be supplied in an aluminium can, having
a co-axial socket mounted at one end and a short
length of co-axial feeder, suitably terminated with
a plug, at the other end. By this means the filter
may be connected directly in series with the aerial
feeder of a T.V. receiver and no further adjustments
would be necessary.

The unit offers very high attenuation at
frequencies of 38 mjcs. and below, and thereby
prevents pick-up of the interfering signal by the
LF. Amplifier circuits,

This unit has been approved by and
supplied to the G.P.O.

The dimensions of the can are: 4}"x1}"
diameter with a co-axial lead 9" long.

The unscreened units can be offered to
manufacturers for direct installation in their equip-
ments. Further details may be had on application.

List Price 29/6 each.

il
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Ersin Multicore

SEE THE DECGCA ASSEMBLY

DEMONSTRATION ON THE
"\ MULTIGORE STAND AT THE |
RADIO SHOW 1957 %

Manufacturers who have co-operated with Multicore
é{ Solders Ltd. at previous Radio Shows

BUSH RADIO ....1947 PHILIPS

EMI/HMV ...... 1949 ELECTRICAL LTD.. 1953
G.E.C. LTD....... 1950 [FERGUSON ...... 1954
E. K. COLELTD...1951 RGD........... 1955
PYE LTD. .......1952 A.J.BALCOMBELTO1956

7LB. REELS

Saybit Type 1 Alloy is supp-
lied on 7 Ib. Reels for factory
use. Ersin Multicore 5-core
Solder is also avaifable on
these reels in 6 standard tin/
lead alloys and 9 gauges.
Prices on application.

SAVBIT 1LB. REEL

Approximately 170 ft. of 18 s.w.g,
Ersin Muiticore Savbit Type |
Alloy is supplied on this reel, It is
invaluable toall who are interested
in cutting down on bit replacement

TYPE 1 ALLOY

VAL

SOLDERING IRON
REPLACEMENT GOSTS

In common with other leading manufacturers of radio
and television equipment, Decca Radio & Television Ltd.
realise the necessity of reducing solder bit wear to save the
costs of solder iron replacement. They are using Ersin
Multicore SAVBIT Type 1 Alloy exclusively on their pro-
duction lines. This new alloy prolongs the life of solder
bits by 10 times. Visit the Multicore Stand 61 and see the
soldering demonstration by Decca operatives, assembling
record player amplifiers, and inspect the full range of
Multicore Products on display.

xf“fﬁ' SIZE 1 CARTON

'lxa. \/' This popular pack is now supplied containing
SA P BI[ 53’ of 18 s.w.g. Savbit Type 1 Alloy or with 4
V V specifications of standard tin/lead alloys :

1 P

\/ Catalogue | _Alloy |gyw g | Approx. length

N X, A | Ref. No._ _Tin Lead __‘“_‘ e per carton
o C 6014 60740 14

and maintenance costs. 15/ each | Cleois |" 6040 | I8 | 31 1
(subject). | Cl4013 | 40060 | 13 | 17 feet”

5/ each (subject). Cla016 | 4060 | T6_| 36 feet
HOME CONSTRUCTOR’S Bib WIRE STRIPPER Bib RECORDING TAPE
2/6 PACK

l

\‘\\Q‘ d

Now availablecontaining
alternative specifications:
19 ft. of 18 s.w.g. 60/40 1
alloy or, for soldering /ﬁ
printed circuits, 40 ft. of ERsiy

22 5.w.g.60/40 alloy. Both “(,
wound on reels. o 2

This 3 in 1 tool strips in«
sulation without nicking
the wire, culs wire cleanly
andsplits plasticextruded
twin flex. Adjustable to
most  wire
3/6 each (subject).

AND CUTTER —— SPLICER An excellent splicer

incorporating many refirements and
guickly saving its cost in tape econ-
omies. Complete with razor 'cuncr.
8/6 each (subject). 7y

18/6 (subject) g /

thicknesses.

MULTICORE SOLDERS LIMITED, MULTICORE WORKS, HEMEL HEMPSTEAD, HERTS. (BOXMOGR 3636)






