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Telecommunication Measuring
Instruments.

Telecommunication Components,
Loading Coils for Telephone

Cables.

Toroid Cores, Coils and
Transformers.

Magnetic Dust Cores for all
frequencies.

Magnetic Powders.

Quartz Crystal Units for
frequencies up to 20 Mc/s.
Rectifiers for Instruments.
Selenium Photocells etc. etc.

SALFORD -ELECTRICAL INSTRUMENTS LTD.
PEEL WORKS, SALFORD 3

Telephones : BLAckfriars 6688 (6 lines). Telegrams and Cables : " SPARKLESS, MANCHESTER "
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Wng Input Voltage :

O-255 Volts.
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AUTOMATIC VOLTAGE REGULA

,A10111*

General Characteristics
Constant A.C. Output

Example : 230 volts ± 0.5%-50-cycles/sec.-single phase.
Any output voltage may be ordered (see below).

Wide A.C. Input Voltage Limits
Example : 190-255 volts, 50 -cycles, I -phase. Other single-

phase voltages or frequencies can be dealt with, on specialorders.

Entirely Automatic-Quick Action
There are no moving parts. No adjustments need ever be

made and no maintenance is required. The regulating action
is virtually instantaneous, the time required for adjustment
to a new voltage, or load condition being so short that it is
quite imperceptible by ordinary means.

Load Rating
Eight standard. nominal ratings are carried in stock as listed

below. Others can be built, including models giving (example)
115 v. I% on 190-255 v. input : or multiple outputs, allregulated. The regulators also stabilize well under all load
conditions, from no-load to 100% load.

Constant Output Voltage

230Volts ± 0.5%

General Advantages and Uses, etc.
Constant A.C. input voltage is essential for the effective

operation of many electrical devices, both industrial and
laboratory patterns. Examples : X-ray apparatus, incan-
descent -lamp light sources (photometers, photo -printing,
colour comparators, photo -electric cell applications, spectro-
graphy, etc.), laboratory test -gear (vacuum tube volt meters,
amplifiers, oscillators, signal generators, standards of frequency,
etc.) : the larger patterns for stabilizing a complete laboratory
room or test - bench : the smaller units as integral com-
ponents of equipment.

Priorities, Etc.
No Priority is now required. " M " Certificates (Iron and

Steel Control) are also not now required.

Complete Data
Please request Bulletin VR 10744.

EIGHT STOCK MODELS ARE OFFERED
Type Watts A.C. Input Voltage Output Voltage Net Wt. Price

VR-I0 10
VR-20 20
VR-60 60

VR-I50 150
VR-300 300
VR-500 500
VR-I000 1000
VR-2500 2500

190-255

50-..
I -phase

230 v.±0.5 per
cent.

Or, as ordered
(see text above)

albs. £5 - 15
7 lbs. £8 - 0

17 lbs. £10 - 10

42 lbs. £13 - 10
62 lbs. £22 - 10
68 lbs. £29 - 10

120 lbs. £47 - 10
450 lbs. £175 - 0

,/
I

ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.
MO,Tottenham Court leoad,_lonolon,P1// and 76,010/IA11 IT. I/lIFRPOOL, 3, LANCS.
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Model

400
moving coil
instrument

V.'

Now available as low as
5 microamps full scale

`,de ,

Send enquiries to your usual factor or direct to:

Taylor Electrical Instruments Ltd.
419.424 MONTROSE AVENUE, SLOUGH, BUCKINGHAMSHIRE
Tel: Slough 21/81 (4 lines) Grams: "Taylins" Slough

NEW TYPES FOR
MIDGET RECEIVERS

HEARING AIDS
METEOROLOGICAL

INSTRUMENTS
ETC. BRITISH MADE

HIVAC LIMITED
Greenhill Crescent. Phone HARROW
Harrow on the tlill.Middx. 0895

THE SCIENTIFIC
VALVE

N 0 . I

FIXING

V/SA72/NOs
CLOSE- OP'

Observe ! A  VISKRINGS' Cable marker i. token hen(
the jar. It is slipped oter the cubic. It shrinks.

tight. la that all f Alsoolutely ! No machine .  I!'
skill required . . . . no failures. No wood. ill

VISKRINGS" method is so widely spetifieil.

 NO TOOLS REOUIRED  INDELIBLY PRICE
 NO RUBBER USED  IEEE FIXING BY SHRINKA6
 IMPERISHABLE, IMPERVIOUS TO  DO NOT IN( PE ASEDIAMEIC

OILS AND PETROLEUM Oi (ABLE

INGS) CABLE MARKER',

VISCOSE DEVELOPMENT CO. LTD.
Woldham. Road, Bromley, Kent. 'Phone : Ravensbourne 2641
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METALLISED CERAMICSfor
Hermetic Seals and Soldered Assemblies

R 50650.

Code No.

GCTBDO1.

0

9 s,,,,

6 6,66.

FREQUENTITE BUSHES

Photograph, (above) actual size.
Drawings not to scale.

END WE
TALDSED.

R. 50636.
Code No. GCTBA01.

Code nos. are those used in I.S.C.Tech.C.
Specification No. R.C.L./330.I I.

11. 50728.

PORCELAIN BUSHES

R. 50764.

TYPE CODE .
rnms.

B
mms.

C

Innis.
D

mills.
E

mins.
1.'

trims.
G

nuns.

R. 50734 GCTBC01 20.3 7.6 3.8 6.4 4.6 5.5 3.0

R. 50768 GCTBCO2 20.3 12.7 3.8 6.4 4.6

4.6

5.5 5.1

R. 50769 GCTBC03 20.3 15.2 3.8 6.4 5.5 6.4

R. 50770 GCTBC04 38.1 10.2 5.1 15.7 6.4 10.9 4.1

Q. 2092 GCTBC05 55.9 12.7 6.4 25.4 8.9 15.2 5.1

Q. 1982 GCTBC06 78.7 15.2 6.4 38.1 8.9 25.3 5.1
END PAC .

For full information and prices please write to :

'STEATITE & PORCELAIN PRODUCTS LTD.
''STOURPORT-ON-SEVERN, WORCS. T'phone: Stourport III. T'grams: Steatain, Stourport.

5.P.40
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VARIABLE AIR
CONDENSER
TYPE A-430

A component for building
into your own measuring
equipment or an instru-
ment for use on the bench.
Light, rigid construction,
smooth, even control and
small electrical losses are
qualities which you will
look for and find in these
Condensers.
They are available in
aluminium boxes of
MUNI T construction
for bench use or with
cylindrical metal covers
for panel mounting.

SPECIFICATION
CONSTRUCTION Aluminium throughout.
CAPACITANCE LAW S.L.C.
INSULATION Frequentite.
BEARING Sprung ballraces and a friction pad.
DRIVE Direct or 50:1 reduction.
SCALE 4" dia. silvered.
CAPACITANCES From 100 jup.F to 1,000 lup,F.

Bulletin B -236-E, giving full particulars of these instruments,
will be supplied on request.

MUIRHEAD

Muirhead & Company Ltd.
Elmers End, Beckenham, Kent. Tel. Beckenham 0041-2.
FOR OVER 60 YEARS DESIGNERS & MAKERS

OF PRECISION INSTRUMENTS
C.R.C. 33

MULTI -RANGE
TEST SET
Series 100

by

P111.LIN
This low current
consumption meter
(sensitivity 10.000
Ohms per volt) is
housed in a strong
metal box, com-
plete with test leads and prod. Ranges:-Milliamps
(D.C. only) -2'5, 10, 25, 100 and 500. Volts (D.C. and
A.C.)-10, 25, 100, 250, 500 and 1000. Ohms scale reading

11003,5000h0mhsmtso alt

Mceengtorhempowinitth. Price L8.0.0

MEASURING INSTRUMENTS (PULLIN) LTD
All enquiries to Dept. H, Phoenix Works,

Great West Road, Brentford, Middlesex. Ealing 0011

sew t_oNN
Le Cables

in caPac'ty

and attenuation
of CO-fx)(

Cables

mean
nevi

e
possibilities

in electronic

equipment
desigry

both
for th

war effort
and for the post

vNar

electronic
age.

BASICALLY BETTER
,4111 -SPACED

10P/10ff CA 1311114

TRANSRADIO LTD.16THEMIGHWAY-BEACONSFIELD.71U(KS.
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EQUIPPING A LABORATORY?

Time and time again experience has shown that a considerablesaving of time and money could have been made if MarconiInstruments had been called in at the very earliest stages ofequipping or re -equipping a scientific laboratory. All toooften it is found that vital instruments have to be installedalmost as an afterthought when it is too late to site them in themost logical and convenient place. All too often it is found afterseveral measuring instruments have been installed that a singlepiece of Marconi apparatus could have done the work of them all.
Consult Marconi Instruments from the start-it costs nothingand may save a great deal of time and money.

MARCONI INSTRUMENTS LTD.T. ALBANS, HERTS. Telephone: ST. ALBANS 4323 6. Northern Office: 30 ALBION ST., HULL. Telephone: HULL 16144.Western Office : 10 PORTVIEW ROAD, AVONMOUTH, BRISTOL. Telephone : AVONMOUTH 438.

\11100t5'
IktSISTORS

Painton Vitreous Resistors are available in valuesfrom 1 ohm to 100,000 ohms; from 10 watts to150 watts rating, and are made in a wide varietyof fittings.
The Resistors consist of a fully vitrified porcelaintube, which carries a winding of high-grade resis-tance alloy wire. The ends are electrically welded
to the copper terminal leads. This winding is held
firmly in position by a coating of extremely durablevitreous enamel, rendering the unit absolutelyimpervious to the effects of moisture, and ensuringabsolute stability of value under all conditionsof service.
Type approval of these Resistors has been given foruse under the most severe tropical conditions.
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VARIABLE AIR
CONDENSER
TYPE A-430

A component for building
into your own measuring
equipment or an instru-
ment for use on the bench.
Light, rigid construction,
smooth, even control and
small electrical losses are
qualities which you will
look for and find in these
Condensers.
They are available in
aluminium boxes of
MU NIT construction
for bench use or with
cylindrical metal covers
for panel mounting.

SPECIFICATIO N
CONSTRUCTION Aluminium throughout.
CAPACITANCE LAW S.L.C.
INSULATION Frequent i te.
BEARING Sprung ballraces and a friction pad.
DRIVE Direct or 50:1 reduction.
SCALE 4" dia. silvered.
CAPACITANCES From 100 jup,F to 1,000

Bulletin B -236-E, giving full particulars of these instruments,
will be supplied on request.

MUIRHEAD

Muirhead & Company Ltd.
Elmers End, Beckenham, Kent. Tel. Beckenham 0041-2.
FOR OVER 60 YEARS DESIGNERS & MAKERS

OF PRECISION INSTRUMENTS
C.R.C. 33

MULTI -RANGE
TEST SET
Series 100

by

PULLIN
This low current
consumption meter
(sensitivity 10,000
Ohms per volt) is

housed in a strong
metal box, com-
plete with test leads and prod. Ranges:-Mi I liamps
(D.C. only) -21, 10, 25, 100 and 500. Volts (D.C. and
A.C.)-l0, 25, 100, 250, 500 and 1000. Ohms scale reading
100 Ohms to I Megohm with
13,500 Ohms at centre point. Price E8.0.0

MEASURING INSTRUMENTS (PULLIN) LTD
All enquiries to Dept. H, Phoenix Works,

Great West Road, Brentford, Middlesex. Ealing 0011
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Time and time again experience has shown that a considerablesaving of time and money could have been made if MarconiInstruments had been called in at the very earliest stages ofequipping or re -equipping a scientific laboratory. All toooften it is found that vital instruments have to be installedalmost as an afterthought when it is too late to site them in themost logical and convenient place. All too often it is found afterseveral measuring instruments have been installed that a singlepiece of Marconi apparatus could have done the work of them all.
Consult Marconi Instruments from the start-it costs nothingand may save a great deal of time and money.

MARCONI INSTRUMENTS LTD.;T. ALBANS, HERTS. Telephone : ST. ALBANS 4323 6. Northern Office : 30 ALBION ST., HULL. Telephone HULL 16144.Western Office : 10 PORTVIEW ROAD, AVONMOUTH, BRISTOL. Telephone : AVONMOUTH 438.

"
\NM-0\3S 061ST

S

Painton Vitreous Resistors are available in valuesfrom 1 ohm to 100,000 ohms; from 10 watts to150 watts rating, and are made in a wide varietyof fittings.
The Resistors consist of a fully vitrified porcelaintube, which carries a winding of high-grade resis-tance alloy wire. The ends are electrically welded
to the copper terminal leads. This winding is heldfirmly in position by a coating of extremely durablevitreous enamel, rendering the unit absolutelyimpervious to the effects of moisture, and ensuringabsolute stability of value under all conditionsof service.
Type approval of these Resistors has been given foruse under the most severe tropical conditions.

:illINGSTHOHPE NORTHAMPTO
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ERG'S HAVE THE URGE TO GO ABROAD
T H E

TAN N OY
RESEARCH LABORATORY
. . . with its specialised equipment
and resources, is able to under-
take experimental researches
and the mathematical investi-
gation of problems connected
with vibration and sound, for
projects of the highest priority.
Your preliminary enquiry will
bring details of the day-to-day

availability of this service.

"T A N N 0 Y"
is the registered Trade Mark of

Equipment manufactured by

GUY R. FOUNTAIN LTD.
"THE SOUND PEOPLE"

WEST NORWOOD, S,E.27
and Branches.

'Phone - - - - Gipsy Hill 1131.

HERE IS THE NEW

TRANSFORMER4def
 SUPERB TECHNICAL DESIGN  FINEST
QUALITY MATERIALS  HIGH OPERATIONAL
EFFICIENCY  GUARANTEED RELIABILITY
 BEAUTIFUL APPEARANCE
BRIEF DETAILS OF THE RANGE .

Mains Transformers, 5-5,000 Watts.; Input and Output
Transformers ; Filter Chokes.
. . . . AND OF THEIR CONSTRUCTION
High Quality Silicon iron laminations ; wire to B.S.S.
Standards ; finest grade insulation ; Die Cast Streamline
Shrouds; Black bakelite Terminal panels ; High Vacuum
Impregnated coils layer wound with condenser tissue
interleaving ; Porcelain terminals insulated and/or silver
plated soldering tags.

ADEN ag..X./.w TRANSFORMERS
WODEN TRANSFORMER COMPANY LTD.
Moxley Rd., Bilston, Staffs. Tel : BILSTON 41959

SPEAK/NO

EXPORTLY-
ERG Resistors

have an exceptional
electrical specification
and performance, with
mechanical strength.
High - grade Vitreous
Enamels used on our
Tropical Resistors give
long life, and definitely
assist in the trouble -free
manufacture and per-
formance of Radio
Receivers, Television and
Test Equipment.

ERG Resistors are processed up to the
highest Service Standards at a competitive price. 1,

ERG

ERG INDUSTRIAL CORPORATION LTD. I

Sales Office : 10, PORTMAN SQUARE, 1

LONDON, W.I.
Tele: Welbeck 3892.

BA DiAirk
INSTRUMENT COMPANY LIMITED

Laboratory methods of determine-

Lionrequiring time and skill can

often. be replaced by direct -reading

instruments that can be successfully

used by the non -technical worker.

Our development service for indus-

try covers the field of Idea, Proto-

type and Manufacture.

Ask us about it.

SIMPLIFIE[

MEASUREMEN

AND

CONTROL

London Office : GRAND BUILDINGS, TRAFALGA[
SQUARE, W.C.2. Telephone : Whitehall 31

Originators and makers of scientific
132 struments for measurement and contro,
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ITT

e specialise in the
7oduction of all types
Metalised Ceramic
mponents - Her-
etic Seals, Sealed

Tag Boards,
ashes, Formers, etc.
laese are available in
.dered, coppered or
vered finish, accord-
1; to requirements.
e suitability of any

ish is a matter
iich we shall be
ased to discuss.

HERMETIC SEAL

TYPE HS 421

Flashover Voltage

over outsidepath.

4.5 KVDCat20° C.

Flashover Voltage

over inside path
3.5 KVDC at 20° C.

Small size. Close

assembly. Physi-
cally robust.

I /2

Components made to standard design
or to customers' specific require-

ments. Write for details.

KITED INSULATOR CO. LTD
kcroft Rd., Tolworth, Surbiton, Surrey
phone : Elmbridge 5241 Telegrams : Colonel, Surbiton

THE expanding interests and
progressive policy of Goodmans
Industries Ltd. - acknowledged
leaders in the design and manu-
facture of Loudspeakers-present
unique opportunities in their re-
search laboratories for really skilled

and
LOUDSPEAKER
DEVELOPMENT

ENGINEERS

If you feel you possess the necessary
qualifications, you are invited to
make application to join us and
assist in maintaining our reputation
for consistently producing the
" finest in Loudspeakers."

(Please give full details
of your qualificctions).

GOODMANS INDUSTRIES
LIMITED

LANCELOT ROAD, WEMBLEY, MIDDX.
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Aerials
(With or without

Reflectors)

FOR

F.
RECEIVERS

Details on application to

ANTIFERENCE
LIMITED

PLENDER PLACE, PLENDER STREET
LONDON, N.W.N.
PHONE : EUSTON 5613-4-5

EL -E. CT R I C

CHAIN
PULLEY
BLOCK

Write for book-
let on lifting and
shifting or separ-
ate catalogue of
conveyors, cranes,
and other mech-
anical handling
equipment.

GEO. W. KING LTD.,
P.E.B. WORKS HITCHI N HERTS.
MANCHESTER CENTRAL 3947 NEWCASTLE 24196

1TCHIN 960

GLASGOW
DOUGLAS 27989

SPECIALIST ATTENTION
The solution of individual problems has for many
years formed a part of our normal day's work. If
transformers are employed in the equipment you
manufacture, we shall be glad to give you the advan-
tage of our experience and to offer the same efficient

service that has
won the con-
fidence of the
Government
Experimental
Establishments
and of the Lead-
ing Industrial

Abbey 2244

PART ° :IDGE
TRANSFORKIERS LTD
76-8, PETTY FRANCE, LONDON, S.W. I Organisations.

LONDON'S

41.1
GREAT

k,0 VICTORY

PARADE

TELEVISED Gy /4e 88.4)

TELCO FREQUENC ABLE
A complete range of " TELCOTHEINL;

insulated Cables is now available for use'
the radio and television fields.

TELCON designed H.F. Cables are '

basis of world standards.

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LT
Founded 1864

Head Office: 22 OLD BROAD STREET. LONDON. E.C.2. Teli LONdon Walt
Enquiries to: TELCON WORKS. GREENWICH. Tel:. Greenwich

- THE WORLD'S GREATEST BOOKSHOPVOYLES
New and secondhand Books on every
subject. Stock of 3 million volumes.

1I3-125 CHARING CROSS ROAD LONDON W.C.2
Gerrard 5660 (16 lines) Open 9-6 (inc. Sat.)

Piezo QUARTZ CRYSTAL')
for all applications.

QUARTZ CRYSTAL CO., LTD., fff

(Phone : MALden 0334.) 63-71, Kingston Rd., New Malden, SIIRREI

Full details on request.

LEWIS'S SCIENTIFIC
LENDING LIBRARY('

FT PCTRICAL & RADIO ENGINEERING
TEXTBOOKS & WORKS OF REFERENCE I

New Works and New Editions can be had from the ,

Library immediately on publication.
ANNUAL SUBSCRIPTION from ONE GUINEA L

Prospectus on Application

H. K. LEWIS & Co. Ltd(
136 Gower Street, London,

Telephone ; EUSton 4282 (5 lines)
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OF course you don't have to take us too
literally, but we assure our innumerable
friends that we are pressing on with the
production of all the well-known "Avo"
Testing Instruments with a view to speeding
up delivery dates as time goes on.

Meanwhile we have not neglected to use
the advances perfected during the war years,
and the several new instruments scheduled
for early production will measure up to
the traditional "Avo" standards of accuracy
and reliability.

re Proprietors and Manufacturers
4E AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT

CO. LTD., Winder House, Douglas Street, London, S.W.I.

Getting
Down

to

it!

Type No.: Input : Output : Watts :
MODELS NOW IN

Price :M.T.189A
M.T.I89E

190/260 v 230 v 10 £3 15 0......
M.T.16IA

190/260 v 6 v 4 £3 15 0......
M.T.16IC

190/260 v 230 v 60 £7 I I 3......
M.T.16ID

95/130 v 110 v 60 £7 I I 3

M.T.16IE
95/130 v 230 60 £7 II 3

M.T.16IF
190/260 v 6 v 36 £7 II 3
190/260 v 12 v. ' .. 36 a 11 3

PRODUCTION

The SO -range Model 7 Universal AvoMeter is the
leader of the world -famed range of "Avo" Electrical
Measuring Instruments which are appreciated for
their compact portability, dependability, and a
steadfast accuracy which is often used as a standard
by which other instruments are judged. Fully
descriptive pamphlet available on application.

Phone : Victoria 3404-8.

DVANCE
-e

TRANSFORMERS
Type No.: Input : Output : Watts : Price :
M.T.140A
M.T.140B
M.T.140C

190/260 v
190/260 v

230 v
110 v

150
150

£10
£10

0 0
0 0

M.T.140D
95/130 v ....... 110 v 150 EIO 0 0

M.T.262A
95/130 v 230 v 150 £10 0 0

M.T.2I8A
190/260 v 230 v 500 £21 0 0190/260 v 230 v 1800 £50 0 0

INPUT POWER FACTOR 90%.
Special Quotations for Quantities.

DVANCE COMPONENTS LTD.,BACK RD,SHERNNALL StWALTHAMSTOW; LONDON, E.17. Phone:LARKswood 4366/7,
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Oectroose

ivirneract
FOR INDUSTRY

 FLASH UNITS
 STROBOSCOPES
 SOUND & VIBRATION METERS AND ANALYSERS
 MOISTURE METERS
 TEST GEAR FOR MASS -PRODUCTION TESTING

FOR LABORATORIES
 PRECISION RESISTORS AND CONDENSERS
 A.C. BRIDGES AND OSCILLATORS
 INSTRUMENTS FOR MEASURING FREQUENCY &

WAVEFORM
 VALVE VOLTMETERS AND POWER METERS

Descriptive Literature ovoi/able on request:

WIT 1E AT ST RUM 1EN S LcD
GREAT WEST RD., BRENTFORD, MIDDLESEX

Telephone : EALING 1850

TheLeXingtOn MOVING COIL PICK-UP
has a flat frequency response.

Used in Laboratories as a Standard.
Write for trade terms and illustrated technical data.

COOPER MANFG. CO
134, WARDOUR ST., LO rdNDON,

. W.1. Gerra 7950.

RADIO

STAMPINGS

Walter
RADIO

CHASSIS

RADIO

PRESSINGS
FARM LANE, FULHAM, S.W.6. TELEPHONE : FULHAM 5234

C. R. C. 4.

CARPENTER
High Speed Polarise

RELAY
Main features of Standard
Model: High Speed. Short
transit time. Negligible dis-
tortion up to 300 c.p.s. Contact
gap a function of input power,
hence small distortion almost
down to failure point. High
contact pressures. No contact
chatter. High sensitivity-robust
operation at sm V.A. at too c.p.s.

Or 0.2111 W.D.C. Great ease of
adjustment. Magnetic bias
adjustment giving absolutely
smooth control. Balanced
armature-hence immunity to
considerable vibration and no
positional error.

DIMENSIONS IN COVER 22x11-6 x4f. Weight with standard sockets: 220:'

Write for details and test data.

TELEPHONE MANUFACTURIN(
COMPANY LIMITED.

HOLLINGSWORTH WORKS, DULW ICH, LONDON, S.Z.

Telephone: GIPsy Hill 2211 (so lines)

Use "Quixo " method of battery
testing. Reliable results guaran-
teed. Send for interesting
leaflet G2I5, on bat-
tery testing.

VENT-AXIA
VENTILATING UNITS

-readily adaptable for Valve Cooling
VENT -AMA LTD.. 9 Victoria Street, London, S.W.1

Also at : Glasgow, Manchester, Birmingham and Leeds.

THE

SERVICE
With Fifty Years' experi-
ence of compounds and
mouldings and an up-to-date
plant will quote for your
particular requirements in
Moulded Rubber Parts.

THE HARBORO' RUBBER CO. LTD., MARKET HARBOROUGH

The Old
Grammar School.

Market Harbor.'
Erected 1614.
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URTHWAITEe
ELECTRONICS

SUCCESSORS TO F. W. SMURTHWAITE, LTD.

PP' OFFICE

For twenty years Smurthwaites of Wallington have specialized in the constructionof precision instruments, electrical and electronic equipment to clients'specifications.

Emerging from the years of trial, their tradition of hand craftsmanship of qualitynow allied with increased production scope, permits new offers of service on abasis of wider facilities than in the pre-war years.

Chief Engineers of Government Research and Development Establishments, and ofEngineering Manufacturers at home and abroad are invited to submit their require-ments for model construction and small quantity production.

TELEPHONE : WALLINGTON 1982

IIRTHWAITE ELECTRONICS  WALLINGTON  SURREY  ENGLAND

VVAVEMETERS

OSCILLATORS

Electrical Standards for
Research and Industry
Testing and Measuring Apparatus
for Communication Engineering

CONDENSERS

INDUCTANCES

RESISTANCES

BRIDGES Capacitance
InductanceW. SULLIVAN Resistance

- LIMITED -
ALL TYPES-ALL FREQUENCIES-ALL ACCURACIESLondon, S. E.15

rel. New Cross 3225 (Private Branch Exchange)
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Engineers who are not fully conversant with
the advantages of ERSIN MULTICORE SOLDER
are invited to write for full technical information.

Ersin Multicore contains 3 cores of extra active
non -corrosive flux. The Multicore construction,

which provides for the flux being evenly distri-
buted throughout the cross section of the solder
wire, ensures rapid melting and flux continuity.
The Ersin Flux incorporated in the 3 cores is a
high grade activated rosin, which gives extremely
fast fluxing of even quite highly oxidised surfaces.
The combination of Ersin Flux and Multicore
Solder speeds up soldering operations, elim-
inates waste and ensures a high precision
standard of soldered joints, even with

comparatively unskilled labour.
ERSIN MULTICORE SOLDER is made in

a wide range of alloys and gauges and
samples of any specifications will be

gladly sent free of charge upon
request.

Pure tin and lead used in Multicore Solder
ensures uniform high quality.

U.

This machine enables Multicore to be map
in gauges between 10 and 22 S.W.G.

MULTICORE SOLDERS LTD., MELLEER HOUSE, ALBEMARLE STREET, LONDON, W.I. Tel. REGent 1411 (P.B.X. 4 lines) (

fi

L

High Precision standard of soldered
joints obtained with Multicore.
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REDIFON
G.12 T

Transmitter

102 to 1200 Kilocycles
THE Redifon G.12 T transmitter covers the

very wide frequency range of from 102 to
1,200 k /cs, divided into four overlapping bands
with continuous tuning throughout.

This transmitter is suitable for long-range air-craft beacons and communications, for shipping
control and services, and general telegraphic
transmissions over distances extending to upwards
of 1,000 miles. The power is 2,000 watts on C.W.
or 450 watts telephony or M.C.W.

Many of these transmitters have been used onarduous service involving continuous operationat full load, with only one 3 -hour break for
maintenance each three months. This is typicalof their overall reliability.

The extremely compact design of the Redifon
G. 12 T makes it suitable for mobile use, particu-larly in areas undergoing reconstruction. Thethree bays take up a floor space of only 8 feet8 inches by 2 feet 4 inches and the overall heightis 5 feet 5 inches.

This transmitter is available for almost imme-diate delivery. Further particulars can be suppliedon request.

REDIFFUSION LTD.
igners and Manufacturers of Radio Communication

and Industrial Electronic Equipment.
Subsidiary of Broadcast Relay Service Limited,

RI...TON HOUSE, REGENT STREET, S.W.1

BELLING-LEE
"VIEWROD"

AERIALS
for clear
vision and
a soundjob

The Belling -Lee Television di-
pole* is a great advance on
anything yet offered. It was the
first mass-produced television
aerial of improved technical
design. It is neat, and really easy
to erect. The heart of this di -pole
is the particularly robust moulded
insulator with a long path to
prevent variation of picture with
frost or snow. It has a built-in
lightning arrestor and the termi-
nals, although readily accessible,
are adequately protected.

Cross bar, reflector holders and
generous pole-capt are welded,
the aerial rigger completing the
assembly with a few screws.

All metal parts are zinc plated
and passivated to retard corrosion.The reflector tube may be used as a broadcast aerialt bymeans of attaching a length of down lead to the cross bar.If interference is great a kit comprising two transformers and100 feet of L.I221 screened down lead is available L.392/100at £7. I 0.0.

Dipole, reflector and cross arm, chimney lashings (less mast) L.502/L.
E5 5 0 each.

Dipole, reflector and cross arm, fcr mounting on existing mast L.502/C.
43 12 6 each.

Dipole, long stand-off arm and chimney lashings L.50l/L. £2 16 6 each.
Dipole, long stand-off arm and wall fixing bracket L.50IrT.E2 3 6 each.
L.336. Balanced twin feeder cable extra ... per yard, 6d.

* VIEWROD, Regd. Trade Mork,

t Belling -Lee Patent numbers 519883, 526587, 520628.

BELLING & LEE LTD
CAMBRIDGE ARTERIAL ROAD. ENFIELD, MIDDX

GA
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Made in Three
Principal Materials

FREQUELEX
An insulating material of Low Dielectric
Loss, for Coil Formers, Aerial Insulators,
Valve Holders, etc.

PERMALEX
A High Permittivity Material. For the
construction of Condensers of the small-
est possible dimensions.

TEMPLEX
A Condenser material of medium per-
mittivity. For the construction of
Condensers having a constant capacity
at all temperatures.

BULLERS LOW LOSS CERAMIC;;
BULLERS LTD., 6, LAURENCE POUNTNEY HILL, LONDON, E.C.4
Telephone: Mansion Hoiise 9971 (3 lines) Telegrams : "Boilers. Cannon. London"
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With the VARIAC . . . the right voltage every time
Thousands of enthusiastic users testify to the general usefulness of the VARIAC* con-tinuously adjustable auto -transformer for use in hundreds of different applications wherethe voltage on any a.c. operated device must be set exactly right.
The VARIAC is the original continuously -adjustable, manually -operated voltage controlwith the following exclusive features, which are found in no resistive control.
 EXCELLENT REGULATION-Output voltages are independent of load, up to the full load ratingof the VARIAC.
 HIGH OUTPUT VOLTAGES-VARIACS supply output voltages 15% higher than the line voltage. SMOOTH CONTROL-The VARIAC may be set to supply any predetermined output voltage, withabsolutely smooth and stepless variation. HIGH EFFICIENCY-Exceptionally low losses at both no load and at full power.
 SMALL SI ZE-VARIACS are much smaller than any other voltage control of equalpower rating.
 LINEAR OUTPUT VOLTAGE-Output voltages are continuously adjustable from zero by meansof a 320 degree rotation of the control knob. CALIBRATED DIALS-Giving accurate indication of output voltage.
 SMALL TEMPERATURE RISE-Less than 50 degrees C. for continuous duty.
 ADVANCED MECHANICAL DESIGN-Rugged construction-no delicate parts or wires.
VARIACS are stocked in fifteen models with power ratings * Trade name VARIAC is registered No.from 165 watts to 7 kw ; prices range between 70/- and

6.r8445t4:l Tuhe P"rylt2Patern.r4RaroA5C4£34 : 0 : 0. Excellent deliveries can be arranged. Most issued to General Raesdio Company.types are in stock.
Write for Bulletin 424-E & 146-E for Complete Data.

-11111111 nikvill b.Tatr*in
ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.
/80, Tottenham Court had, 10/761011, IF/ .and 76, OIDHALI IT. 1/14RPOO1,3, LANCS.

A
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Pull back the curtain on the age of electronics-the

era of industry that has begun with the end of the war.

The development of new services on land, at sea and

in the air are all part of the Marconi post-war plan.

From the first great adventure of wireless communi-

cation nearly half a century ago Marconi's have never

looked back.

Today they are lookingforward-to the reconstitution

of old services and the introduction of new achieve-

ments in the world of wireless communications.

MARCONI
the name itt WildedO

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED
THE MARCONI INTERNATIONAL MARINE COMMUNICATION COMPANY LTD

MARCONI HOUSE, CHELMSFORD, ESSEX

During the war we produced -
150,000 MILES of FELT
STRIP of varying section
If your Let
peace -time STERLING
productions needFELT quote you
Any SHAPE-any SIZE-any QUANTITY

STERLING TEXTILE
INDUSTRIES I,T.?

STERLING WORKS, ALEXANDRA ROAD, PONDERS END
\s,MIDDLESEX

HOWARD 2214-5, 1755 SEERIE X, ENFIELD J

cELESTION

LOUDSPEAKERS
Chassis Diameters range from

21" to 18"
Power Handling Capacities range from

-25 Watt to 40 Watt.

Celestion Limited
Kingston -on -Thames

Telephone : KINgston 5656-1-S
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Regd. Trade Mark

PRECISION
TESTING INSTRUMENTS

HIGH accuracy, simplicity, excep.
tional versatility and proven reliability
have won for "AVO " Instruments a
world-wide reputation for supremacy
wherever rapid precision test work is
demanded. There is an "AVO " Instru-
ment for every essential electrical test.

The MODEL 7 50 -Range Universal

AvoM ETER
Electrical Measuring Instrument

A self-contained, precision moving-coil instrument, conforming toB.S. 1st Grade accuracy requirements. Has 50 ranges, providingfor measuring A.G. & D.C. volts, A.C. & D.C. amperes, resistance,capacity, audio -frequency power output and decibels. Directreadings. No external shunts or series resistances. Provided withautomatic compensation for errors arising from variations intemperature, and is protected by an automatic cut-out againstdamage through overload.
Proprietors and Manufacturers.

'UAUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD., Winder House, Douglas Street, London, S.W.1. 'Phone : VICtsria 3404-8

Sound Understanding
A portable Beat frequency Oscillator
of outstanding merit, widely used byall the leading government and indus-trial laboratories. Range : 0-16000c.p.s. Output : 0.5 watts. Weight :
30 lbs. Total Harmonic Distortion :
Less than 1% at full output. Outputimpedance : 600 ohms. Calibration
accuracy : 1% or 2 cycles, whichever
is the greater. Vernier Precision dials
and built in output meter 0-20 volts.Suitable for use in sub -tropical
climates ; very stable under reason-
ably constant ambient temperatureconditions.

PRECISION

BUILT

INSTRUMENTS

BIRMINGHAM SOUND REPRODUCERS LTD.
CLAREMONT WORKS: OLD HILL, STAFFS. PHONE: CRADLEY HEATH 6212/3LONDON OFFICE: 115 GOWER STREET, W.C.I. PHONE: EUSTON 7515

tJp M -W.72
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GOODMANS INDUSTRIES LTD LANCELOT R D

-For High Efficiency
Components-see

The ED ONE
CATALOGUE

DYS

Write for a copy of this new Catalogue
to -day. It contains a range of post-war
components with the traditional Eddy-
stone standard of dependable efficiency.
Manufacturers' enquiries are particularly
invited.
TRANSMITTING RACKS
This rack comprises uprights, top and
bottom frames, top plate, side brackets,
front panel and chassis. The dimensions
conform to international standards, the
chassis measuring 17" x 10" z< 2", the up-
rights 63" in length. Holes punched out
in all members to facilitate assembly.
Mild steel construction. Finish is glossy
black, except panels, which are ripple
black on the outside. Panels available in
four sizes, ranging from 3k" to 1072-". All
it ems sold separately

Write for Address of your
nearest Eddystone Agent.

EDDYSLNE
Puts Perfection into Performance-

Manufacturers :
STRATTON & CO., LTD.,

Eddystone Works, West Heath,
Birmingham, 31.

Type 378A.

Overall DiaBmRIEF.

Fundamental Resonance'

Voice Coil I
FluxAlax Densitymp

Power Capacity

TECHNICALD

I2 w. peak(iA.Cw..okno

Overall

r4nf tl abd.aPeal.dse)

Net weight

AohmsT

lb.

ohm
altmotor

FURZEHILL

75

LTD.

VOLTAGE RANGE

I mV CO 100 volts.

FREQUENCY
RANGE

50 cis to 250 kc/s.

ACCURACY

± 5% of the acrea I
reading.

INPUT
IMPEDANCE
2 megohms.

ZERO SETTING
Stable and remains

set on all range's

moopropi
BOREHAM 1NOODHEPTS;

TELEPHONE :ELSTREE 1137
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DE LUXE

TRANSFORMERS

DESERVEDLY WIN UNIVERSAL PRAISE
From the day we sold the first of our `de luxe' Range of Mains and
Filament Transformer they have received quite a 'fan mail' from
users the World over expressing entire satisfaction on their perfor-
mance under all conditions. Mind you-and please don't think us
conceited-we are not surprised because we really did do a good job
with the 'de luxe' Range as can be judged from their  SuperbTechnical Design Finest Quality Materials  High Operational
Efficiency  Guaranteed Reliability  Beautiful Appearance. Why
not send for further details and full specifications TO -DAY.

WODEN TRANSFORMER CO., LTDMOXLEY ROAD EILSTON STAFFS.
Tel.: Bilston 41959.

FROM AUG. 1

OUR LONDON
ADDRESS IS

N.S.F. - OAK SWITCHES
N.S.F. - Paper Capacitors, Silvered Mica
Capacitors, Wire -wound Resistors and
Volume Controls. Details on request.

We specialise

in their

and fa ct ure

THE SCIENTIFIC
VALVE

BRITISH MADE

at:Leaps;
71e t Li

HIVAC LIMITED. Greenhill Crescent, Harrow on the Hill. Middx. Phone "c°i',,*;

Savage
" made to measure"
Specialists in the manufacture
of quality instruments up to
5 KVA, built to give you

service for many years.

Savage Transformers Ltd.
52, Northgate Street, DEVIZES.

Devizes 536.

LON D EX for RELAYS

Midget Relay MI.
or A C. or DC.

The wide range of
Londex Relays
covers especially the
Wireless and Elec-
tronic fields. The
illustrations show
only a few out of
a multitude of re-
liable relays.

Ask for leaflet
205/112/WE.

Aerial
Change -aver
Relay, A.E.0.0.4
for Radio Frequency

LONDEX LTD
MANUFACTURERS OF RELATS

^:"..`'..`-','21:17.ANEfilEY ROAD lelklOON.S.E20 ,ro wito,
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Portable Electric Fans

S.E.M. Portable Electric Fan for
Ship Ventilation

S.E.M. design and manufacture electric
fans up to 5 h.p. capacity and have had
special experience in fans for searchlight
and valve cooling and for ship venti-
lation.

Typical of the range is the compact
and portable fan unit designed for ship
ventilation. This " centrifugal " unit,
with fan mounted on the same shaft as
the motor, is capable of displacing 500
cub. ft. of air per minute at 6 inches water
gauge pressure.

In common with all S.E.M. machines,
this fan is manufactured to the highest
standards of mechanical detail and
passes rigid inspection tests.

-SMALL ELECTRIC MOTORS LTD.-
have specialized for over 30 years in
making electrical machinery and
switchgear up to 10 kW capacity.
They are experienced in the design
and manufacture of ventilating fans
and blowers, motors, generators,
aircraft and motor generators, high -
frequency alternators, switchgear,
starters and regulators.

A subsidiary of Broadcast Relay Service Ltd.

BECKENHAM KENT

Off the
SHELF!

5 -Pin non-
reversible
CONNECTORS

Delivery
from
Stock

APPLICATIONS.
Power Pack to Amplifier - Amplifier to Microphone.
Amplifier to Loudspeaker --Amplifier to Record player.

H/T and L/T Inter -chassis connection.

Anywhere, when mains output and other connections
have to be carried in a multi -core lead.

SPECIFICATION.
5 -Pin Flex plug with cord grip -2 mains Pins-up to

5 amps. Bakelite body and cover-non reversible-
self locating.

LIST No. L.I258. Price each 3/5.

5 -way Chassis socket-h"gh grade bakelite wafer panels.
LIST No. L.33I. Price each 1/4.

Plugs and sockets have silver-plated and tin -d pped
soldering spigots.

BELLING & LEE LTD
CAMBRIDGE ARTERIAL ROAD. ENFIELD. MIDDX
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VORTEXION
"Super Fifty

Watt " ,9-magar

AMPLIFIER

30 cps. to 15,000 cps.
within db, under
2% distortion at
40 watts and I% at
15 watts, including
noise and distortion
of pre -amplifier and
microphone trans-
former. Electronic
mixing for microphone and gramophone of either high
or low impedance, with top and bass controls. Output
for 15-250 ohms, with generous voice coil feedback to
minimise speaker distortion. New style easy access steel
case gives recessed controls, making transport safe and
easy. Exceedingly well ventilated for long life. Amplifier
complete in steel case, as illustrated, with built-in 15 ohmsmu -metal shielded microphone transformer, tropicalfinish. Price 29i gns.

Owing to increased costs we are reluctantly
compelled to increase the above price by 10%

Dealers & Export Agents should write for special terms to:-

VORTEXION LTD.
SOUND EQUIPMENT ENGINEERS

257-261, The Broadway, Wimbledon. S.W.I9.
Telephone : LIBerty 2814,6242 3

Telegrams:: " Vortexion, Wimble, London"

Piezo QUARTZ CRYSTALS
for all applications.

Full details on request.

QUARTZ CRYSTAL CO., LTD.,
(Phone : MALden 0334.) 63-71, Kingston Rd., Ncw Malden, SURREY.

AT. NO. LABGEAR-.!.,20o7
SUB - STANDARD CAPACITOR
A Precision Low Capacity Instrument for use on H.F. Bridges, etc.
ENQUIRIES TO:- Range, 5pf-25pf.

phone: 2494 (2 lines).
LABGEAR, Willow Place, CAMBRIDGE.

MANUFACTURERS OF HIGH QUALITY INSTRUMENTS

03:10 CONDENSERS

ARE MADE

WALT
'INSTRUMENTS. LTD.'T

GARTH RD., LOWER IVIORIDEN, SURREY
DERWENT 4421. Grams: WALINST, MORDEN, SURREY

C. R. Casson 7a

eoci

it
V.4 ON

1_0 \tit
l_V10.-S
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and attenuatiOn

CO -.10( Cables

Mean
neW possibilities

in electronic
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War etiort
and for the

post - war'

electronic
age.

BASICALLY BETTER
'UP -SPACED

1011/10ff DOA
TRANSRADIO LTD 16TH E HIGH WAY. BEACONSFIELD.7.BUCKS

PRODUCTION ENGINEER required by well-known
London firm of Condenser Manufacturers. Good
salary and scope for right man, must have
Radio (preferably component) Manufacturing

experience. Box No. 2125.

THE WORLD'S GREATEST BOOKSHOP

*- FOR. Et 0 0 se- 5
New and second-hand Books on every subject.
119-12S, CHARING CROSS ROAD, LONDON, W.C.2.

Gerrard 5660 (16 lines) * OPEN 9-6 (inc. Sat.)

CROWN AGENTS FOR THE COLONIES.
COLONIAL GOVERNMENT APPOINTMENTS.

Applications from qualified candidates are invited for the followingpost:
BROADCAST OFFICER required by the Gold Coast Government,
Broadcasting Department for one tour of 18 to 24 months with
possible permanency. Salary according to age and war service
in the scale £450 rising to £720 a year. On a salary of £450 a total
allowance of £48 is payable and for married men separation allowance
between £84 and £204 according to number of dependents. Outfit
allowance £60. Free passages and quarters. Candidates should be
of good education and have had a thorough training in the theory
and operation of wireless broadcast transmitters and in studio
technique. They should understand thoroughly the system of
distributing radio programmes by wire and have a thorough
knowledge of modern super heterodyne shortwave Receivers. A
knowledge of gramophone disc recording is desirable.
Apply at once by letter, stating age, whether married or single, and
full particulars of qualifications and experience to the Crown Agents
for the Colonies, 4, Slillbank, London, S.W.1, quoting M/N/13418.
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Freedom from vibration with silence and secure flexible support is
available for radio, instruments, generators-from the standard rangeof Silentbloc Anti -Vibration Mountings. The metal and rubber de-signs are exclusive to Silentbloc, and offer the most convenientand consistently effective medium for the isolation of vibration.

full particulars on application.

SILENCE
SECURITY

C

SILENTBLOCNo
VIBRATION

LUBRICATION
CRIMEANTRADE MARK.

SILENTBLOC VICTOR'. GARDENS LONDON, W. 11LIMITED LADBROKE ROAD Tri.C.011Z
, WAN

Type No.: Input : Output : Watts :
MODELS NOW IN

Price :M.T.189A
M.T.189E
M.T.16 I A

190/260 v
190/260 v
190/260 v

230 v
6 v

230 v

10

4
60

£3 15 0
£3 15 0
a 1 1 3M.T.161C ...... 95/130 v 110 v 60 £7 1 1 3M.T.16ID 95/130 v 230N 60 £7 II 3M.T.161E

M
190/260 v 6 v 36 £7 II 3T 16IF 190/260 v 12 v.........36 £7 1 1 3

PRODUCTION
Type No.: Input
M.T.I40A
M.T.140B
M.T.140C
M.T.140D
M.T.262A
M.T.2 I 8A

INPUT POWER FACTOR 900

DVANCE
TRANSFORMERS

: Output : Watts : Price :
190/260 v 230 v 150 £10 0 0190/260 v ....... 110 v 150 £10 0 095/130 v 110 v 150 E10 0 095/130 v ....... 230 v 150 £10 0 0190/260 v 230 v 500 £21 0 0190/260 v 230 v 1800 £50 0 0

Special Quotations for Quantities.

NCE COMPONENTS LTD.,BACK
RELSNERNHALL ST.,iNALTHAMSTOW, LONDON, E.I7. Phone:LARKswood 4366/7
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TELCO tIMETALS

illaynetic
MUMETAL RADIOMETAL

RHOMETAL

High magnetic permeability and low
electrical loss are charac- -

teristics of tELCON Nickel -iron allpys

MUMETAL, RADIOMETAL, and

RHOMETAL. These materials are
used extensively for transformer cores,

chokes, shields, cathode ray tube

magnetic screens, indicating instru-

ments, etc. Further details on
application.

THE TELEGRAPH. CONSTRUCTION & MAINTENANCE CO. LTD.
Founded 1864

Head Office: 22 OLD BROAD. STREET. LONDON, E.C.I. Tel - LONdon Wolf 3141
Enquiries to: TELCON 'WORKS, GREENWICH. S.E.IO. Tel:, Greenwich 1040

ASSISTANT PATENT MANAGER required for large
group of companies. Must have sound technical
knowledge of radio and electronics.
stating age, qualifications, experience

salary required. Box No. 2126.

Apply,
and

(LAMINATIONS & SCREENS
RADIOMETAL  PERMALLOY

SILICON ALLOYS

1ELECTRICAL SOUND & TELEVISION PATENTS LTD.
12, PEMBROKE STREET, LONDON, N.1

ELECTRIC

CHAIN
PULLEY
BLOCK

Write for book-
let on lifting and
shifting or separ-
ate catalogue of
conveyors, oranrs,
and other mech-
anics handling
equipment.

 GEO. W. KING LTD-,
P.E.B. WORKS HITCHIN HERTS.
MANCHESTER CENTRAL 3947 NEWCASTLE 24196

HITCHIN 960

GLASGOW
DOUGLAS 27989

BEAT FREQUENCY OSCILLAT

LELAN -for priority requirements
at present. Write for parti
stating frequency range reel,.

INSTRUMENTS LTD 2LJOHELEPHONENSTREET.:
C

BEDFOHANRD ROW.G tERYONDOI

T

RADIO BATTERY TESTE
Use "Quixo " method of battery
testing. Reliable results guaran-
teed. Send for interesting
leaflet G2I5, on bat-
tery testing.

FOR RESISTORS WRITE-

Welwyn Electrical
Laboratories Ltd
Welwyn Garden
City Herts

GOVERNMENT OF BENGAL
Applications are invited from persons of Asiatic domicile, preferably Beng

for the appointment of technical Wireless Officer, Home (Police) Dep
ment, Government of Bengal.
Candidates must be not less than 25 or more than 35 years of age o
1st July, 1946, and must (1) have a comprehensive knowledge of the F
mentals of Electronics, especially Radio -Telegraphy and Telephony !
wave and very high Frequency systems ; Modulation systems, Transmu
characteristics, Aerial system ; Mobile radio (ii) be able to operate
demonstrate all commonly used servicing apparatus and especially Ost!1

scopes, Signs I generators, Bridges, Frequency meters, etc., (iii) have a wor

knowledge of Generators (A.C. and D.C.), rotary converters, vibrators,
other power supplies, (iv) have had at least 3 years practical experience i

above. Preference will be given to candidates having a degree in Sci

and some knowledge of (a) Sound -Recording systems (disc, film and

strip, etc.), (b) Acoustics and sound reproduction. The appointment wi
permanent subject to two years probation. Pay scale Rs. 600 to Rs.1
a month ; initial pay Rs. 600 to Rs. 700 a month, according to age.
Further particulars and forms of application may be obtained on applies
(by postcard) from the High Commissioner for India, General Depart
India House, Aldwych, London, W.C.2. Completed applications shoal

submitted not later than 21st September, 1946.
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Tel. New Cross 3225 (Private Branch Exchange)

another famous production
from

We shall be happy
to supply the fullest
information.

Ae ilottsv

1
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STRENGTH and
PRECISION

At Mullard, manufacturing
methods and processes keep pace with develop-
ment. Designers who choose Mullard Master
Valves know they are as reliable in service as they
are advanced in technique.

This X-ray and photograph of the Mullard
QVO4-7 illustrate its mechanical strength and
precision. As far as performance is concerned,
examine the abridged data on the right. A valve
destined to be popular with communications
engineers for R.F. Amplifiers and Frequency
Multipliers.

For further developments watch

QV04 - 7
R.F. AMPLIFIER TETRODE

As Class C
Amplifier.

Va 300 V.
la 42.5 mA.
Wout 6.0 W.
Frequency
150 me/s.

Vf 6.3 V.
If 0.6 A.
Max. overall
length 78 mm.

Max. diameter
38 mm.

((
Mullard

Mullar
inimonimmillommimmemiliffimmoninimmoillommillimmilimmimmininommommoommmill T H E 11 AS T E R VA LVEi,

Technical data and advice, on the applications of the QV04-7 and other transmitting and industrial valves, can be obtained from .
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EDITORIAL

The Unit -pole Definition of Magnetic Field Strength
AVING defined unit pole as a pole of
such strength that if placed i cm
away from a similar %Dole in air it

experiences a force of i Mme, one then
generally proceeds to define the strength of
the magnetic field at any point
the force in dynes experienced by unit pole
if placed at the point. This suggests that H

a measurable magnitude. In reviewing
Lanchester's " Theory of Dimensions," in
Nature, of January 9th, 1937, we showed,
'however, that E and p are measurable
1haracteristics of the electric and magnetic
Melds, the former by the force on a stationary
r.harge and the latter by the force on a
1.-:urrent or moving charge, irrespective of the
!medium, whereas D and H are not directly
measurable concepts.

The displacement D is calculable at any
Ipoint by dividing a charge by an area ; and
isimilarly the magnetizing force H is calculable
ipy dividing a current-or a number of
ampere-turns-by a length. From this
point of view H or the ampere -turns per cm
must be regarded as a localized cause pro-
ducing at every point a magnetic induction B
aepending on the medium. Similarly D
ppears as a localized phenomenon related

at every point to a condition of space
designated by E, the relationship depending
pn the medium. We pointed out the parallel
phenomena in the theory of elasticity where

localized cause is called the stress at thethepoint and the effect is called strain, and we

quoted from Prof. Southwell's " Theory of
Elasticity " that " tress has never been
measured directly, and we can assert with
some confidence that it never will." Hence
we have three non -measurable magnitudes,
viz., stress
and D = quantity of electricity/area, and
three related measurable magnitudes, viz.,
strain, B, and E. The latter can be de-
termined by measurements made at the point;
the former have to be calculated on certain
assumptions as to the distribution of
mechanical force or electric charge over an
area or of the ampere -turns over the magnetic
path -length.

How is this to be reconciled with the
determination of H at any point by measuring
the force on unit pole placed there ? So
long as we confine our attention to experi-
ments 'in air or any medium of unit per-
meability one might be tempted to regard
it as immaterial whether we regard the
measurement as one of H or B. In amaedium
of permeability other than unity the force on
unit pole raises some interesting questions,
and is well worth considering. The first
question is, what happens to the magnet of
unit pole strength when it is immersed in a
magnetic medium ?

It is pointless to say that one must assume
it to remain of unit strength, because unit
strength has only been defined in air. Two
unit poles certainly do not retain the property
of repelling each other with a force of 1 dyne

IT



zo8 WIRELESS
ENGINEER

August, 1946

when placed i cm apart in the new medium.
One is forced to assume that the magnetic
flux of the magnet remains unchanged, but
this is introducing a new concept and under-
mining the fundamental character of the
unit pole. As we have pointed out on a
previous occasion, if the magnet of unit pole
strength is not a permanent magnet but an
empty solenoid of which the current is
adjusted until it repels a similar pole with a
force of one dyne at a distance of one centi-
metre, and if two such solenoids are then
immersed in a magnetic medium the force
between the poles is increased to p. times its
value in air. This follows at once from the
fact that the value of B is everywhere
increased in this ratio since the current has
been kept constant. If, however, the current
in each solenoid is reduced in the ratio ilp,, B
will have its original value and the force on
the pole will be reduced in the same ratio
as the current, that is '44. This agrees with
the formula usually given for the force
between two poles, viz., f = m1m2/µrl2,
which bears out what we said above as to
the unit pole being based on the assumption
of a constant magnetic flux.

One can make a solenoid, however, in
which the flux remains constant whatever
the external medium without any adjust-
ment of current, merely by winding it on a
solid core and making the length very great
compared with the diameter. The value of
H, and therefore also of B, within such a
solenoid depends only on the ampere -turns
per cm and is unchanged by immersing the
solenoid in a medium of high permeability.
If now the medium be subjected to a magnet-
izing force Hx, the magnetic induction
B.-- = ,u.Hx but the forces on the solenoid
will be the same as they were in air for the
same value of H., that is to say, the solenoid
appears to measure H and not B in the medium
in which it is immersed. We say " appears
to " because on looking into the matter more
closely it is seen that we have carried out a
cavity experiment. We have constructed a
long narrow cavity filled with a material of
unit permeability-assuming the coil to be
wound on such a material-and in that
cavity or on its walls we have placed a coil
carrying a certain fixed current. Any force
on the coil will depend on the value of B
in the cavity, which is numerically equal to
H in the cavity since pl. = Z.

Consider two positions of the solenoid
or cavity, one in the direction of the external
field and the other in the opposite direction.

In one case the solenoid field H, will be
increased to H, H. and in the other it
will be decreased to H, -H. If the solenoid
has a cross-sectional area A and a length 1,
and carries a current of I e.m. units, the
energy supplied to the circuit on reversing
the coil will be 2AHXTI ergs, which, putting
TI = H3114.7r, is equal to H3H.A1127r. This
will he equal to the work done in turning the
solenoid from one position to the other, and
if the pole strength is m this should be equal
to 21nzHx which, putting m = Hsillor, is
equal to HrsfixA//zir. Hence the force on the
pole is proportional to Hx and is independent
of the permeability of the surrounding
medium, but, as we saw in the preceding
editorial, this idea of the torque on the solen-
oid being due to forces acting on poles near
the ends gives an erroneous picture of the
nature of the forces acting on the coil.

A very interesting problem is the calcula-
tion of the torque on the above solenoid
when placed at right -angles to the direction
of the field. At first sight it gives a surprising
result. For the sake of simplicity we assume
the solenoid to be inside a glass tube filled
with some material of unit permeability
and the outer medium to have a very high
permeability. We assume that the length
is very great compared with the diameter
and,- to avoid trouble with end effects, we
assume that the tube is longer than the
solenoid. Fig. z shows a section of the tube.

N N N
1.1.2))

1:1000Ps
=

B = 2 H 

It has been shown* that in such a case the
radial magnetic force Hr on the inner surface
is equal to

2112 H. cos
/42 ± /-1,1

where fix is the applied uniform value of H
in the external medium apart from local
distortion due to the presence of the tube,
pi and IL 2 the internal and external permea-
bilities, and 0 the angle between the radius

* B. Hague. Journ. Instn. Elec. Engrs., Vol. 64,
p. 476, April 1926.
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considered and the direction of H. In our
2/12case µl = and Hr Hs cos 0. If

1(12 ±
2is very great this approximates to 2H, cos 0,

that is to say, the uniform field in the tube
is equal to zHx. Hence we arrive at the
surprising result that the solenoid is situated
in a uniform magnetic field having twice
the magnetizing force of the external uniform
field in which we have placed it, and that the
resulting torque on the solenoid will be twice
the value corresponding to H. This is
true of the solenoid if free to move within
the glass tube, but it is not true of the tube
and solenoid regarded as a unit, because
half the torque on the solenoid is counter-
balanced by the reaction on the polarity at
the interface between the two media, and
only the other half is externally measurable.
Hence, although the actual force on the solen-
oid, as on any current -carrying conductor,
is proportional to the magnetic induction B
in which it is situated, the arrangement under
discussion gives a measure of the magnetic
force Hs in the permeable medium in which
it is placed. It is really a cavity experiment.

We propose now to prove that half the
torque on the actual solenoid is counter-
balanced by the polarity at the interface.

When magnetic flux passes normally across
the interface from a medium of permeability IL
to another of unit permeability, B undergoes
no change, but H is increased from Bh.t. to B.
This change of H can be regarded as due to
polarity of the interface, and if m1 is the
strength of pole per square centimetre,
477m1 = B(i - To an observer inside
the tube in Fig. i the upper surface would
appear to be a north pole and the lower

i surface a south pole. If the tube were filled
with the external medium of very high
permeability, the field would be everywhere

I uniform and H within the tube would be
equal to Hs; but on decreasing the perme-

1 ability within the tube to unity, H within
the tube increases to 2Hx although the
external magnetizing agent has not changed.

I This increase in the magnetizing force is due
to the polarity of the interface. That this
is so can be proved as follows : if 112 is very
great 41rm/ = B(i - i/p.2) = B where B is
the radial flux density at the interface, i.e.

B =-- 2Hscos 0 ;
hence m/ = 2Hx cos 0/47r per cm2.

If Fig. 2 represents a strip along the tube
of width rd0 and of pole strength m1rd0

0

= 2m1 dB

assuming the strip to be very long compared
with r." Hence
substituting for

r MI we have for
/-' the value of H

at the centre of
Fig. 2. the tube, due to

the top and bottom half -cylinders,
+7712

H 4
zHx cost

dO
477.

-=
2Hx

+7112

cost 0 dO = Hx
Ir

per unit length, the magnetic force at a
point P at distance r from the strip is given
by the formula

H =-- 2mrdO
2dx

i x + r A/ x2 + y2

I.- X

-42
Hence, assuming the external medium to
have an infinitely great permeability, the
field strength zfix within the tube is made up
of two equal parts, one due to the external
magnetizing agent and the other to the
polarity on the walls of the tube. For
simplicity we have assumed the medium
within the tube to have unit permeability ;
for any other value of p./, the transverse
magnetic force in the tube will still be made
up of two components, one equal to Hs as
before, but the other less than H. The
former will produce an induction B = iziHs
and since the current to produce unit pole
strength in the solenoid has been reduced in
the ratio I/ill, the externally measurable
torque remains unchanged. The internal
torque between the tube and coil is reduced,
and of course vanishes entirely when ,ui is
made equal to µ2 of the external medium.

The exact nature of the internal forces
between the solenoid and the polarity of the
tube walls is easily seen when one remembers
that in a very long solenoid of small diameter
the flux is almost constant except near the
ends, where it rapidly drops-to a half at the
end and then to zero at a short distance
beyond the end. Hence the whole flux 0
of the solenoid leaves radially at the end,
and if, for simplicity, we assume it to leave
uniformly over a short length s, the radial

d X I x
(x2 + 72)3/2 72  V (x2 + 72)
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flux density will be 0/27-rys which, putting
47rITA11, gives

Hr' = 2/TA/r.s/
This is the radial field strength due to the

solenoid in which the polarity in, per cm2
of the walls is situated. We have seen that
nt, = Hx cos 0127r. The radial force per cm2
will be m1.1-41 and its component in the
vertical direction in11-41 cos 0. This acts over
an area of 27Tys, hence the total resultant
vertical force will be

Hx 2ITA- X X 27TYS X average value
27r rsl

of cost 0
= HxITAll

The torque is the product of this force and
the length of the solenoid; i.e., HxITA. Since
the pole strength in = ITA/1 this is equiva-
lent to Hxml. This, then, is the internal
torque exerted mutually between the coil
and the tube, and, in this case in which

= i and /1.2 is very large, it is seen to be
exactly equal to the external torque.

Although this case is interesting and
simple, a much more practical case is that
in which the core of the solenoid has a high
permeability and the surrounding medium
unit permeability. We assume that the
coil is embedded in a rod of high permeability
and, to avoid end effect, we assume, as
before, that the rod is longer than the coil.
Conditions will now be as shown in Fig. 3
with B = 2Hx and H = 2Hx1p,1; the latter
will be very small since the magnetizing
force due to the polarity is upwards and
nearly neutralizes Hx. If we had started

Hx

Will
101

il
\\\\\Iji/i/
\ 117 2=1

N N
// \\

if \\\\\\(II \\
WWI I I 1

IIIIIIIIIII

S S

MOM
Fig. 3.

N

B=2H,
>>

with the surrounding medium also of the
same high permeability /LI, there would have
been no interface polarity, and the torque
would have been

m1Hx = ITAtLiHx
exerted solely on the current carrying coil,
but as the external permeability was de-

creased, keeping Hx and I unchanged, the
external B would decrease to I -Ix and the
internal B to 2Hx. Since the internal B has
decreased from tkilix to 21-4 while I has
remained constant, the torque exerted on
the coil must be reduced in the ratio 2/µ.1,
that is, to a small fraction of its former
value although the resultant torque on the
coil and core must have remained unchanged
since in and Hx are still the same. In the
previous example the calculated torque on
the coil was twice the expected value m1Hx,
the excess being counterbalanced by the
torque due to the polarity of the interface ;

in the present example the calculated torque
on the coil is only a small fraction of the
expected value, but the deficit must be made
up by torque due to the interface polarity,
which is, as we have seen, the reverse of the
previous polarity. In the limit when /Ai is
very great, the torque on the coil is negligible
and the whole torque m1Hx is due to the
polarity of the interface.

Instead of considering the torque as being
caused by the interaction between the
polarity of the interface and the flux leaving
the coil at the ends, one may regard the
problem from a simpler but more fictitious
point of view by picturing the flux density
across the tube as the resultant of two flux
densities each causing their own force on the
current -carrying coils. In the first example
there was B = Hx due to the external
agency plus B = Hx due to the surface
polarity, giving a double torque on the coil.
In the second example there was B = actiHx
due to the external agency minus B

- 2)Hx due to the surface polarity,
exerting opposing torques on the coil with a
very small resultant.

In the more general case the two opposing
values of B are

Hxp,i and - f"2)/(Pi kt2)
Our last example approximates closely

to a permanently magnetized knitting needle.
It is a rod of high permeability in which the
constant magnetism is maintained, not by an
embedded solenoid, but by myriads of
circulating electrons.

We have seen that although such a per-
manently magnetized needle or a solenoid
can be used to determine H, the measurement
is primarily of the force on a current due to
the magnetic induction B in which it is
situated, the determination of H being
derived by what is really a cavity experiment.

G. W. 0. H.
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ANOMALOUS ATTENUATION IN
WAVEGUIDES*

By John Kemp
(Standard Telephones and Cables, Limited)

SUMMARY.-The puzzling phenomenon of decreasing attenuation constant within -Creasing frequency which occurs in a few isolated instances is here elucidated by treating theguides concerned as limiting cases of a guide of more general shape in the interior of whichthe waves display the normal properties characteristic of waves in guides generally. Theequations of the electromagnetic field, cut-off frequency and attenuation constant describingthe isolated cases are then, in like manner, deduced as limiting cases from those appropriateto a guide of general shape. The isolated cases thus lose their character of isolation and assumethat of straightforward limits instead. According to the point of view developed in thepaper these limiting cases imply an electromagnetic field which extends to infinity along oneof the transverse co-ordinates but, being wrapped around the axis of the guide, the field isconstrained to exist in finite space where it continues to display the properties characteristicof a field of infinite extent.

1. Introduction
IT is a well-known fact that when an electro-

magnetic wave is traversing a transmission
line of any conventional type, it is always

possible to find a frequency above which
the attenuation constant of the wave is a
steadily increasing function of frequency.
This property also appertains to waves
propagated through the interior of hollow
metal tubes with the exception, however,
of a few seemingly isolated cases. There is,
for instance, the case where the H-wave
(also known as the transverse electric or
TE-wave) of zero order is propagated
through a tube of circular cross-section.
Here, as in two further cases to be dealt
with below, the attenuation constant follows
a course precisely opposite to that normally
encountered ; that is to say, in each case
a frequency can be found above which the
attenuation steadily decreases and ulti-
mately vanishes altogether.

This striking anomaly may be accounted
for satisfactorily by means of Ampere's Law
of electromagnetic induction, whereby the
current induced in the metal tube may be
stated in terms of the tangential components
of the magnetic field at the surface of the

i metal, the longitudinal component of the
current in terms of the transverse component
of the field, and the transverse component
of the current in terms of the longitudinal
component of the field. Now in the excep-
tional case of the H -wave of zero order in
a guide of circular cross-section all lines of
magnetic force are at any frequency re-
stricted to radial planes (Fig. 1) and in

* MS. first accepted by the Editor, November
1945, in final form, February 1946.

consequence the transverse tangential com-
ponent is always zero. There thus remains
only the longitudinal tangential component
and as this component --in common with
the longitudinal component of all other waves
in hollow metal tubes-is a steadily decreas-
ing function of frequency, the attenuation
of the wave is of necessity also a diminishing
function of frequency.

Fig. 1. Pattern
representing the
magnetic field
in any radial

plane of a circular guide transmitting an H -wave
of zero order and principal mode. If the plane
is turned full circle the pattern describes a set
of toroidal surfaces which completely represent

the magnetic field in space.

As an instructive alternative explanation
it is here suggested that a guide of circular
cross-section might be regarded as an _
extreme case of a guide having a cross-
section of sector shape (Fig. 2). In such a
guide the H -wave of zero order displays the
normal properties characteristic of waves
in guides generally and from these there
emerge as straightforward limiting cases
those appropriate to waves in a circular guide.
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By this procedure the appearance of an
anomaly is completely eliminated. More-
over, by extending the analysis to guides
encompassed by two coaxial circular cylinders
and two radial planes (Fig. 3) the properties

Fig. 2. Guide of sector -
shaped cross-section.

Fig. 3. Guide composed
of portions of coaxial
circular cylinders and

radial planes.

of H -waves of zero order may be stated in
a general form which includes as particular
cases those associated with guides of rect-
angular, circular, sector- and ring -shaped
cross -sections, with and without baffle planes.

We shall first recapitulate for ready
reference the well-known relevant formulae
relative to a rectangular guide. We shall
then establish the corresponding formulae
for a guide of sector shape leading to those
for circular guides. Finally we shall proceed
to the general case and identify as particular
cases the results recorded for the guides of
more special shape.

2. Principal Symbols
a = width of rectangle in metres
b = height of rectangle in metres

r0 = radius of sector in metres
r , r2 = inner and outer radii of ring -sector in

metres
sector angle in radians
permeability of dielectric and conductor
respectively in henrys per metre ; for
vacuum 110 = 47T X
permittivity of dielectric and conductor
respectively in farads per metre ; for

I
vacuum, Co = X io-J

g, g = conductivity of dielectric and conductor
respectively in mhos per metre ; for pure
copper g= 5.8 x '07

c = I = characteristic velocity of waves
:O LE
in the unrestricted medium in metres per
second ; for vacuum c = 3 x los

= frequency in cycles per second

11 1M

fOm

four = cut-off frequency of the mth mode in
cycles per second

rom =

= 27,1
mom = attenuation constant corresponding to the

mth mode in nepers per metre
F = propagation constant in the Z -direction

per metre
mth non -vanishing root of J1(x) = o ;
i.e. k = 3.83; k12=7.02; k, = 10.17.

3. Guides of Rectangular Cross -Section
The electric and magnetic intensities of

an H -wave of zero order and mth mode* in a
guide of rectangular cross-section, having
metal walls of infinite conductivity, and a
dielectric that is nondissipative are given by

Ex o, E, = o, Hy- o,
mrrE = - sin -x e-rza a

-V 0,2 m7T m77Hx = I - v
sin x)e-z

VtilE a

Hz - cos (- x) e-rzjwiu a
MT2 mrr

a

If the conductivity of the metal walls is
finite but high, the above expressions of the
field -become approximations but remain
amply accurate for our purpose. As usual
the time factor exp jcot is omitted.

Since both Ex and E, are zero the lines of
electric force may be represented by patterns
of parallel lines stretching from top to bottom
with densities that vary sinusoidally across
any transverse section of the guide. For
the case where m = i (Fig. 4) the electric
field is a maximum along the middle line
of the section and zero at each of the two
side walls. This pattern is subject to the
usual cyclic variation with time, that is to
say, the pattern fades away, increases in
the opposite direction to its original intensity,

* The characteristic feature of any H-wave is a
prominent magnetic field in the direction of propa-
gation. To rank as a wave of " zero " order it is
required that in the direction of one of the trans-
verse co-ordinates of the guide-for instance, the
height of a rectangular guide-every one of the six
components of the electromagnetic field is inde-
pendent of that co-ordinate, that is to say, is of
" zero variation " in that direction. The mode
m 'specifies the number of half -cycles to which the
non -vanishing components of the field are sub-
jected in the direction of the other transverse
co-ordinate of the guide-for instance, the width
of a rectangular guide. The first mode is frequently
referred to as the principal mode.
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fades again, and finally re -assumes the
original configuration from which the next
cycle begins.

The lines of magnetic force are restricted
to horizontal planes, and since both .11x and
H, are independent of the height of the guide
the magnetic pattern is identical in all

Yt

a

z/
Fig. 4. Pattern representing the electric field of

an H -wave, of zero order and principal mode,
propagated through a rectangular guide.

[horizontal planes. For m = i (Fig. 5) there
a single row of closed curves. The dis-

tance between recurring configurations of
the pattern indicates the wavelength. With
:falling frequency the loops lengthen and
'finally, at cut-off frequency, they break up
!into two sets of parallel lines as shown in
Fig. 6. The magnetic field is now divided
:into two halves pointing in opposite directions
'and being separated from one another by
he vertical mid -plane (shown dotted in

Fig. 6) where the magnetic intensity is

Fig. 5. Pattern representing the magnetic field
in any horizontal plane of a rectangular guide
transmitting an H -wave, of zero order and
principal mode. A indicates the length of the wave.

)ermanently zero. While the magnetic field
8 thus being broken up, no corresponding
lhange takes place in the electric field. This
Meld retains at cut-off frequency the character

indicated in Fig. 4 ; that is, at any given
instant the electric intensities in both halves
of the guide point in the same direction. In
consequence we are led to the conclusion
that energy is simultaneously thrust from
the interior towards each of the side walls
whence it is reflected back towards the mid-
plane.

There are thus two transverse pulsations of
energy, between mid -plane and side walls,
without any concurrent transmission of
energy along the guide. The frequency at
which this resonant state is reached is
given by

f=- -cOm 2 7ra

Fig. 6. Pattern representing the magnetic field in
any horizontal plane of a rectangular guide
supporting an H -wave, of zero order and

principal mode, at the cut-off frequency.

Assuming that the dielectric medium is
non -dissipative, as in the case of air, we
have for the attenuation constant of the
wave

2 vorA2

C40m - b\/ 2-raVI___
vont

2
Om

(3)
The first term is due to currents induced

in the top and bottom walls by the tangential
magnetic intensities Hx and Hz. For all
frequencies above 1f3f0m this term is an
increasing function of frequency (Fig. 7).
The second term arises from currents induced
in the side walls. These are due to the longi-
tudinal magnetic field Hz only ; for Hx,
being perpendicular to the side walls, is
prevented from setting up currents in them.
This second term is a decreasing function of
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frequency (Fig. 7). As the cut-off frequency
(2) is independent of b, the height of the
guide may be increased indefinitely without

z

=

DUE TO TOP
AND BOTTOM

DUE TO SIDE WALLS

FREQUENCY

Fig. 7. Analysis of the attenuation constant of
an H -wave of zero order propagated through aguide of rectangular cross section.

affecting the character of the wave. At
the same time the first term of the attenua-
tion constant (3) diminishes and ultimately,

rectangular guide becbmes a guide
composed of two parallel planes, only the
second term of (3) remains ; and now, with
increasing frequency the attenuation actually
tends towards zero. Although this case is
of no practical importance it is, as we shall
presently see, the exact counterpart of a
physically realizable guide, namely the guide
of circular cross-section.

4. Guides of Sector Cross -Section
In so far as H-waves of zero order are

concerned there is a close correlation between
a guide of rectangular cross-section in a
cartesian system of co-ordinates (x, y, z)

the first kind, and in place of the non -
vanishing roots of sin x = o we now have
the non -vanishing roots of Ji(x) =-- o, which
are denoted below by kim. Thus

Ep = 0, Ez = o, o,

Eo kim T_(
r

0

k '

V 1- 2VOmklvaj
1
(kim c-rz (4)HP=

Pi ro TO

Hz =
I tkim\2 ,\e_rz

WP' ro ro

The pattern of the electric field now con-
sists of concentric arcs (Fig. 8) and that of
the magnetic field of closed curves in radial
planes (Fig. q).

The cut-off frequency is given by

fom
277-70

C .. (5)

which differs from the expression found for
the rectangular guide merely in that the
root of the Bessel function takes the place
of that of the corresponding circular function.

z?
propagated
tion of a
planes.

/0
p

Fig. 8. Pattern representing the
electric field of an H -wave, of
zero order and principal mode,

through a guide composed of a por-
circular cylinder and two radial

As the attenuation constant may be
calculated by Schelkunoff's well - known
general formula* in a perfectly straight-
forward manner it may suffice here merely'
to state the result.

2 I 2/02m
. . (6)ocom-

OC "V I -V om" 'Pr 01±)-7v20,7,2 o -vo,

and a guide of sector -shaped cross-section
in a cylindrical system of co-ordinates
(p, q, z) (Fig. 8). The form of the equations
of the electromagnetic field is exactly the
same in the two cases ; in place of the circular
functions we now have Bessel functions of

where

fAlm i(x)]2 dx
Clm= °

kimllo(kini)}2

* Proc. I.R.E., 1937, Vol. 25, p. 1482.
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The factor C1,, is always greater than unity.
The lowest value occurs for m = I in which
ease Cin, is approximately i.oi. The first
term in (6) arises from currents induced
Lia the radial planes, partly by H, and
partly by Hz. After a minimum is
passed this term is an increasing function
1,f frequency. The second and third terms
arise respectively from currents in the radial
planes and in the cylindrical surface in
consequence of the longitudinal field ; both
)f these terms are decreasing functions of
frequency. Since the cut-off frequency (5)
s independent of the sector angle, equation
',6) is applicable to the case of 0 = 27r, that
s to say, to a circular guide with a single
radial baffle plane (Fig. 1o).

A sector angle of 277 appears to be the
imiting value for a guide in physical space,
mit this restriction need not be applied to
he equations of the field or the equations
)f the cut-off frequency and attenuation
'onstant. Although originally established
or physical space their range of validity
,xtends into the region of 0 beyond .27r-

fictitious region, known also as Riemann
pace,* where the sector angle may, indeed,
le increased indefinitely. In consequence
he length of the arc Oro increases cone-
ipmadingly, with the result that the first
iwo terms of (6) tend towards zero. As
he radial planes of the guide are thus
ltimately of no effect they may be removed,
nd now the barrier between physical and
,ctitious space effectively breaks down, and
here remains a guide of circular cross-
ection. On this view then a guide of
xcular cross-section is the extreme case of

Fig. 9. Patterns
rep resenting
the magnetic
field in any
radial plane
of a guide of
sector- shaped
Cross - section

transmitting an H -wave of
zero order and principal

mode.

guide of sector -shaped cross-section, for
hich the length of the arc becomes infinite-
exact correspndence to the extreme case
the rectangular guide for which the height

creases indefinitely. As the first two terms
11 (6) vanish, the attenuation constant is
applied by the third term alone, which is
* J. H. Jeans, " The Mathematical Theory of

ilectricity and Magnetism," 5th Edition, p. 283.

a falling function with increasing frequency.
As a check of our last result we may employ

a method that does not require the notion
of a fictitious space. Let us assume that
while the conductivity of the metal of the
cylinder retains a high, but finite, value

Fig. To. Guide com-
posed of a circular
cylinder and a
radial baffle plane.

that of the baffle plane is allowed to increase
indefinitely. If then, instead of being given
as a product of two factors, (6) is re -written
as a sum of three separate terms, the
first two terms, which refer to the baffle
plane, again tend towards zero. Moreover,
as the baffle plane does not constrain the
field, the plane may be deleted altogether.
There thus again remains a guide of circular
cross-section for which the attenuation con-
stant is as before correctly given by the

5. Guides of Ring -Sector Section
The treatment of this case (Fig. II) is

identical with that of the sector -shaped
guide except that to the Bessel function of
the first kind there must now be added
that of the second kind. If we put

Zn(XP) = Afn(XP) BACI(XP)
where A and B are real and x is a function
of the radii 7,1 and r2, the electromagnetic
field is given by
E, = o

E0 =-' Vlm z Vim p)e-Tz
Y2 - Yi 1 r2 - 11

E, = o
Hp =A/i-vo2 vi.m vim

viik r2- ri Y2 - Yi

H4, = 0

(7)

i,
02

vimHz=
.7.4PP,

r'
kr2v-Y1 r2- 7'1 P)e-

where vim denotes the mth root of the
equation

Ji(XY1)Ni(XY2) - Ji(XY2)ATI(XY1) = o
moreover nvn- < vim
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The cut-off frequency is given by
V1m

fOm
27T(72

. . (8)
-r3.)

If 71 approaches zero, equations (7) and
(8) become identical with those appropriate
to a sector -shaped guide, that is, equations
(4) and (5). If both 71 and 72 are very
large, the Bessel functions in (7) may be
replaced by their asymptotic expansions
whereby (7) assumes the form of (1) ; i.e.,
that of the field within a rectangular guide.

As before, the attenuation constant may
be calculated by the general formula in a
straightforward manner with the result

indefinitely the first two terms of (9) again
tend towards zero ; and again the radial
planes become ineffective and may be re-
moved. On this view then a guide of two

coaxial circular cy-
linders is an ex-
treme case of a
guide composed of
portions of two

Fig. 12. Guide com-
posed of two coaxial
circular cylinders and
a radial baffle plane.

(XP) 2dpg {.2
r

I

AP4 [
- r22_Zo(Xr2)]

12
r12 [Z 0 (Xrd

V2 I - vom2

2 /2 [Zo(Xr2)]2- ri[Zo(rd 2
V0m2 r2 [Z 0(X7 2)]

2

± 71[Z Arid
2 1 12

r2 2 [ZO (Xr ]
2

r12 Arid 2 -V I - Vom r22[Zo(Xr2).1 -r12[Zo(Xri)]

The first term in (9) is due to the currents
induced in the two radial planes, partly by
Hp and partly by H. This is the rising
term. The second and third terms are due
to currents induced by 11, in the radial
planes and in the two cylindrical surfaces
respectively. If tends to zero, or if both

r, p

z

Fig. it. Pattern representing the electric field of
an H -wave, of zero order and principal mode,
propagated through a guide composed of por-
tions of two coaxial circular cylinders and two
radial planes.

rl and r2 become large, (9) assumes the forms
appropriate to guides of sector or rectangular

y6cross -sections. For = 27T the guide be-
comes a pair of coaxial cylinders with a
single radial baffle plane (Fig. 12). As
before we make use of the notion of Riemann
Space and extend the validity of our equa-
tions into regions for which the sector angle
exceeds 27r. And then with increasing

Vom21
(9)

V20,,

-VI -

coaxial cylinders and two radial planes and
the attenuation constant is simply given by

third term in (9). This is the general
case in which the attenuation approaches
zero with increasing frequency.

In this, as in the special cases considered,
the equations reveal that the anomalous
falling off of the attenuation constant with
frequency may be ascribed to the indefinite
increase of one of the transverse dimensions
of the guide, with the consequent disappear-
ance of all terms that normally account
for the rise with frequency. Thus all surfaces
at which lines of electric force begin or end
are relegated to regions infinitely far apart
from one another where their existence can
no longer be of any practical consequence,
In the rectangular case the guide ceases
thereby to be of finite height, but in the two
circular cases, where the field is wrapped
around an axis or around a circular cylinder,
the guide retains a finite form, and the field
within it, so constrained, continues to
display the properties characteristic of a
field of infinite range.
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AERIAL -TO -LINE COUPLINGS'`
Cathode -Follower and Constant -Resistance Network

By R. E. Burges,e, B.Sc.
(Communication from The National Physical Laboratory)

SUMMARY.-Considerable loss in signal/noise ratio may occur when a substantially
reactive receiving aerial is connected to a receiver through a transmission line. Coupling
systems which provide a match to the line at its sending end are therefore of interest. Such
systems result in a reduction of the line loss which is, however, offset to a greater or lesser
extent by the loss in the coupling network itself.

In the present paper two systems are considered :-(a) the constant -resistance network,
and (b) the cathode follower. The overall loss in signal/noise ratio for these systems is
compared with that which occurs for direct connection of the aerial to the line. The loss
which occurs at the receiving end of the line is likely to be smaller and more constant with
coupling networks at the sending end which match to the line than for direct connection.

Criteria are derived to show in what conditions each of the systems is preferable and
these are expressed in terms of the line attenuation a/ and the ratio of the aerial reactance
to the characteristic impedance of the line; i.e., IXI/Ro. It is found that when IXI/Ro is less
than about unity; direct connection is best unless the line attenuation is very large, in which
case the constant -resistance network may have an advantage. If IXI /R0 is greater than
about 3, the cathode follower is generally best, its superiority being the greater the larger the
line attenuation. The conclusions of the analysis are considered to be valid for frequencies
up to about 3o Mc/s., assuming the aerial to be substantially reactive over the range concerned.

A numerical example for a typical case of a capacitive aerial operating over a wide range
of frequency is given.

1. Introduction
IT is frequently required to couple a receiving

aerial through a transmission line to a
receiver and it is desirable that the loss in

signal/noise ratio due to the line shall be a
minimum over a wide frequency range.

If the aerial be substantially reactive,
serious loss will usually arise from the
mismatch between the impedance Z of the
aerial and the characteristic impedance Ro
of the line. This loss is the greater the more
pronounced the mismatch and the greater
the attenuation al of the line (a = attenua-
tion constant, 1= length). If the line were
loss free (a = o), the signal/noise ratio
would be unaffected, for the line would then
behave as a purely reactive network.

It is therefore of interest to consider
coupling networks between the aerial and
line which provide a sending -end impedance
equal to the characteristic impedance of
the line over a wide band of frequencies in
order that the line loss will be a minimum.
The coupling network itself introduces loss
and the question at issue is the extent to
which the reduction in line loss is offset by
the loss in the network.

Two types of network are considered in
the present paper : .

(i) the cathode follower, and
* MS. accepted by the Editor, February 1946.

(ii) the constant -resistance network.
The losses due to these networks are

compared with that which occurs for direct
connection of the aerial, the case of a sub-
stantially reactive aerial being considered
throughout.

In comparing the losses in signal/noise
ratio due to the various systems, it is useful
to employ the concept of equivalent noise
resistance " Rn as a measure of the loss in
sensitivity introduced by the line and coup-
ling network. This resistance Rn is defined
in an analogous manner to the equivalent
noise resistance of a valve :-if R is the
resistive component of the aerial impedance
Z, the loss in signal/noise ratio at the out-
put terminals relative to that at the source
is equal to the loss which would occur if a
noise resistance Rn were connected in series
with the aerial. Thus, if So and No are the
signal and noise e.m.f.s at the aerial, and
S and N are the corresponding quantities at
the open -circuited output terminals of the
line (Fig. r), the relation defining R is

S 2 R So 2

R Rn No
.. (Ia)

It is assumed that the effective noise tem-
perature of the aerial is equal to the ambient
temperature of the circuit elements.

The equation for Rn can be written
explicitly
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Receiving -end loss

loglo G2 f21 db
S No

known,

I)
the

= io (1 + .. (3)
1

ratio can be expressed

,
Loss = 20 iogio

as

So N
NO

where G1 = conductance (at temperature T1)
presented by the receiving end
of the line, and

G2 = conductance of the load (at
10 log10 temperature T2).

This loss must be added to the loss up to the
open -circuited end of the line given by= io log10 (-n) db approx. .. (2) equation (2) in order to obtain the overall
loss.

SENDING
END

CONSTANT
RESISTANCE
NETWORK

(a)

(b)

a

RECEIVING
END

(c)
Fig. 1. Schematic circuits of the cases con-sidered ; (a) is for direct connection of thesource to the line, (b) for a constant -resistance

network as a coupling, and (c) for a cathode
follower.

the latter approximation holding when R is
small compared with R which will usually
be the case for substantially reactive aerials.

It may readily be shown that the additional
loss in signal/noise ratio due to connecting
the receiving load impedance across the end
of the line is given by

2. Direct Connection of the Aerial to the
Line

It will be assumed throughout that the
characteristic impedance of the line is a
pure resistance Ro and thus the primary
constants R,, L1, Gl and C1 are related to the
derived, constants by the equations

Ro
C1;
-I- ' a = R1-= R0G1 nepers/unitCi R0

length (1 neper = 8.7 db).
It has been shown" that the loss in signal/

noise ratio due to a line of attenuation al
when connected to a source of impedance
Z(= R + jX) is given by

I .5.-0 N 2 i sinh2a/
+ 2---±IZI- = cosh 2at +No S 2R Ro

and thus from equation (lb) the equivalent
noise resistance is

For
the
this

Rn = Ro sinh a/ [ -Ri sr-1h a/
o

2R

IZI2± (I + -± 21 cosh ad .. (4a)R0

a substantially reactive aerial, which is
case considered in the present paper,
equation can be simplified to

1 X12

R02 )

When a substantially reactive aerial is
connected to a line, the impedance presented
by the receiving end of the line is markedly
variable with frequency. It is therefore
difficult to arrange coupling of the line to the
receiver which shall be suitable for operation
over a wide range of frequencies'. This
implies that the receiving end loss, given
by equation (3) is likely to be appreciable
at some frequencies ; i.e., where the conduc-

Rn = 1R0 sinh 2a/ (1 + (4b)
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tance G1 presented at the receiving end of
the line is small compared with the con-
ductance G2 of the load impedance.

A further disadvantage of direct connection
lies in the existence of resonances in the
combined aerial and line circuit which lead
to difficulty in the maintenance of phase and
amplitude equality between two or more
aerials as, for example, in direction -finding
systems: -

These disadvantages are absent in the
two matched systems discussed in the follow-
ing sections since the impedance presented
by the receiving end of the line is constant
and resistive.

3. The Constant -Resistance Network

It is well known that certain two -terminal
networks comprising resistances and re-
actances possess a purely resistive impedance
at all frequencies2. In Fig. 2 three examples
of this type of network are shown and in each
case the impedance presented at the ter-
minals is a constant resistance Ro when the
following condition, which is independent of

i frequency, is satisfied :
L/C = R02

In the present problem L or C would
represent the substantially reactive aerial
and the two terminals would be connected

Ito the line. It is assumed that the resistance
lof the aerial and of the other reactive ele-
ments is negligible and that the effective L
or C of the aerial is substantially independent
of frequency over the range of operating
'frequencies.

In all these circuits the voltage transfer!0ratio S/S to the end of the line is given by
S 02 +11

Re
e gal

;where X is the aerial reactance at the fre-
lpiency considered. Thus the equivalent

TO LINE.-

(a) (b)

noise resistance is given by
X 2R. = Ro (1 +11) e2°1 (5)R 02

The additional loss when the line is terminated
in its characteristic impedance at the receiving
end is 3 db.

4. The Cathode Follower
It is assumed that the input admittance of

the valve is negligible compared with the
admittance of the aerial. Then it may be
shown3 that the equivalent noise resistance
of a triode cathode -follower stage having an
infinite cathode load is given by

R = R, = nig
where Rt, = equivalent noise resistance of

the valve.
= mutual conductance of the valve

gRv = a numerical factor de-
pending upon the valve
structure and cathode
temperature.

Since the output impedance of the cathode
follower is ilg and the transfer ratio of signal
voltage between input and output is unity,
the factor n is readily identified as the ratio
of the equivalent noise temperature of the
output impedance r. g to the ambient tem-
perature T. Theory and experiment4 show
that n has a value of approximately 2.5 for
triodes with oxide -coated cathodes at about
Imo° K, which is the condition in most
modern valves.

If a line of characteristic impedance
Ro = hIg

be attached to the cathode follower (Fig. lc)
it will be matched at its sending end and the
signal at the receiving end is given by

S = So e -ca
Although the impedance at the end of the
line is still R0, the noise voltage there will be

g
12

TO LINE Ro TO LINE

Fig. 2. Constant -resistance networks suitable for coupling
line of characteristic impedance R0. The circuits are :-(a) full -series

type and (c) lattice type. In all cases the constant resistance is

UI1Il

(c)

a reactive source (L or C) to a
type, (b) full -shunt

L/C = R02.
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less than at the cathode, since the noise from
the valve (at effective temperature nT) is
attenuated and replaced by noise from the
line at the lower temperature T. It can be
shown that the square of the noise voltage
at the receiving end of the line is less than
that at the sending end by the factor

(n - 1) e-2a/l/n
The overall effect of the line is to increase
the square of the noise/signal ratio by the
factor

(e2a1 n - f)/n
Thus, the equivalent noise resistance of the
cathode follower with the line is given by

e2a/ n -Rn = R7

= Ro (e2ai + 1.5) when r = 2.5 (6)

Since the impedance presented at the
receiving end of the line is effectively at a
temperature T1 (above the ambient tempera-
ture T the loss in signal/noise ratio due to
terminating the line in its characteristic
impedance will be less than 3 db.

From the above, the temperature T1 is
found to have the value

Tl=T (1 ± 1.5 e -2a1)
and thus in the matched condition

G1=G2=Ro T2=T
which gives from equation
receiving -end loss

± 1.5 e -2a1to logn, db+ 1.5 e -2a/

which lies between 1.5 db for al small and 3 db
for a/ large.

(3) for the

5. Comparison of the Methods of Coupling
The following conclusions may be drawn

from the results derived in the preceding
sections :--

(a) In the case of direct connection, the
impedance appearing at the receiving end
of the line is variable with frequency and
considerable additional loss [cf. equation (3)1
may occur at some frequencies. In the case
of the constant -resistance network and the
cathode follower, the receiving -end loss can
be made small since the impedance presented
at the end of the line is a constant resistance.
It is therefore necessary to bear in mind the
likelihood of the greater receiving -end loss
of ditect connection when comparing it with
the matched systems.

(b) The cathode follower is superior to,
direct connection when the magnitude of the
aerial reactance is greater than the value
given by equating the right-hand sides of
equations (4b) and (6) :

IXI 4/2 e" 3

R0 sinh gal
This function of al, has been plotted in Fig. 3
which enables the useful range of application
of the cathode follower to be estimated..
As al increases, it tends to a limiting value of
1.73, while for small values of al it increases.
indefinitely.

20

10

IXI 5

Ro

2

I (7)

X = AERIAL REACTANCE.
Ro = CHARACTERISTIC IMPEDANCE OF LINE

I I t I II
0.01 0'02 0'05 0-I 02 O'S

al (NEPERS) LINE ATTENUATION

Fig. 3. The magnitude of aerial reactance for
which the cathode follower and direct con-
nection give the same signal/noise ratio at the

end of the line.

By virtue of the considerations in (a)
regarding the receiving -end loss, the cathode
follower will in practice be advantageous
with aerials of reactance somewhat lower
than indicated by Fig. 3. Curves in Fig. 4
show the gain in signal/noise ratio provided
at the end of the line by the cathode follower
relative to direct connection. The inter-
sections with the zero line occur at the values
of IX I/R0 already given in Fig. 3. The
upper limit to the gain is represented by the
curve for a/ -= co.

-(c) The constant -resistance network is.
inferior to direct connection as may be seen
from comparing equations (4b) and (5) which
give for the ratio of the equivalent noise
resistances :

Rn (const. res. network)
Rn (direct connection)

2e221 4=_- =_
sinh zod I - e -4a1 (8)

The corresponding loss in signal/noise ratio-

of the constant -resistance network relative
to the direct connection is shown in Fig. 5
from which it is seen that this loss has a
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lower limit of 6 db for a/ large. The constant -
resistance network is likely to be of practical
value only when the line attenuation al is
large and the aerial reactance is small. In
this condition it is superior to the cathode
follower if

IXI /Ro < 1.22e-al
but it will always be inferior to the direct
connection. When a/ is large, this inferiority
is a minimum and may be more than offset
by the constant resistance presented at the
receiving end, as indicated in (a).

(d) The conclusions of the analysis are
considered to be valid for frequencies up to
the order of 3o Mc/s provided that the main
hypothesis of a substantially reactive aerial
is still satisfied. At higher frequencies the
input admittance and inter -electrode capa-
citances of the cathode follower are no longer
negligible. In practice, however, at V.H.F.
only direct connection of the aerial to the
line is likely to be suitable, since the aerial
will usually be of relatively low reactance if
not actually resonant.

The only significance of bandwidth (not to
be confused with the range of operating
frequency) is that the impedances concerned
shall be substantially constant within it.

15

5

5

15
0 2 05

XI

R0

co/

=01)5

2 5 10

Fig. 4. Comparison of the signal 'noise ratio of
the cathode follower and direct connection for
various values of line attenuation al (nepers).

6. Numerical Example
It may be of interest to consider a typical

numerical example. An aerial has a capa-
citance of 50 ,uati.F and is required to work
into a line of characteristic impedance
100 ohms and attenuation 0.2 neper (1.7 db)

over the frequency band 3 to 10 Mc/s.
The aerial reactance I X I varies between

loon ohms and 300 ohms and thus I XI/R0
varies between io and 3. From Fig. 4 the
signal/noise ratio for the cathode follower is
seen to be between + 8.5 db and - 1.5 db
relative to direct connection ; in view of the
matching property of the cathode follower,
it may be regarded as markedly superior to
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z w ,2

0 -10o
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_I 0tr
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Fig. 5. Comparison of the signal/noise ratio of the
constant -resistance network and direct connection.

direct connection. From Fig. 5 it is seen
that the constant -resistance network pro-
vides a signal/noise ratio 8.5 db down on the
direct connection and is therefore much
inferior to the cathode follower.

If the line is terminated in its charac-
teristic impedance at the receiving end the
additional loss is 1.8 db for the cathode
follower and would be 3 db for the constant -
resistance network. In the case of direct
connection the receiving end loss is de-
pendent on the electrical length of the line
and is likely to vary between wide limits.
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OSCILLATION HYSTERESIS IN
GRID DETECTORS'

By E. E. Zepler
SUMMARY.-The conditions under which grid -leak detectors employing variable regenera-tion may exhibit oscillation hysteresis are discussed. A theory covering the principal effects

responsible for hysteresis is given, together with its experimental verification. Various
measures against oscillation hysteresis are recommended.

1. Introduction
REGENERATIVE grid -leak detectors are

now less widely used than they were
some years ago. Nevertheless, in the

hands of a skilled operator, they are capable
of giving more gain and selectivity than any
other circuit of equal simplicity. Conse-
quently, the regenerative detector has con-
siderable usefulness when saving of weight
and space is more important than tonal
quality and ease of handling, and it is
probable that the circuit will continue to be
used in these cases.

For the circuit to produce optimum
results it is important that the regeneration
should work smoothly ; i.e., the amplitude of
oscillation should increase with increasing
regeneration steadily and without discon-
tinuities, and decrease in the same manner
when the regeneration is decreased. In the
case of jumpy regeneration, known as
oscillation hysteresis or backlash, oscillation
starts suddenly with a . finite, sometimes
fairly large, amplitude. If the regeneration is
then decreased the amplitude falls steadily
to some finite value, after which oscillation
stops suddenly for a value of regeneration well
below that for which it started. In this case
a valve adjusted near the point of oscillation
may oscillate strongly when a signal is
applied and maintain oscillation after the
signal has been removed. It is evident that
under these conditions the valve cannot be
used with maximum efficiency.

Oscillation hysteresis was a serious prob-
lem in the early development of valve oscilla-
tors some 25 years ago. The effect was due
to the valves being worked with a fairly large
fixed grid bias. Under these conditions it is
possible for the average mutual conductance
of a valve to increase at first with increasing
amplitude, until eventually it falls again
(Fig. I). If, therefore, the regeneration is
adjusted so that oscillation can just begin,

* MS. accepted by the Editor, February 1946.

the state of oscillation is not stable, because
with increasing amplitude the feedback
factor Ap increases. The effect has been
discussed and has been rightly attributed to
the peculiarities of the valve characteristic.t
With the introduction of the grid -leak resist-
ance and capacitance, oscillation hysteresis in
ordinary oscillators has been largely over-
come because of the self -biasing effect of the

Fig. 1. When opera-
ting with a fixed grid
bias hysteresis is evi-
dent because the effec-
tive mutual conduc-
tance increases with
the amplitude of the
alternating grid volt-

age.

Vg

valve. The grid bias produced by the grid
current is not constant, but increases with
increasing amplitude of oscillation ; this
causes the mutual conductance to drop and
thus prevents hysteresis.

Even with this self -biasing effect hysteresis
is frequently met with in grid leak detectors.

E. V. Appleton and B. Van Der Pol, " On a
Type of Oscillation Hysteresis in a simple Triode
Generator," Phil. Mag., January 1922.
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=, V, gm
r j(coL - /c0C)

) The phase condition is fulfilled when
wL = I/wCg, i.e. for the resonant frequency
ap0/27r of the grid circuit, independently of
the amplitude of oscillation (dfldV , in the
above equation is zero). Then the feedback

' Mfactor becomes V g= = cooMQ,V, r C,
t where Q is the magnification factor of the grid

It is almost absent on short waves, quite
marked on medium waves and very strong
towards the longer wavelengths. This fact
suggests that there are additional causes
other than the valve characteristic. When
examining these causes we consider as the
basic fact that oscillation hysteresis is present
whenever the feedback factor A/3 increases
with increasing amplitude. But, in calcula-
ting the feedback factor as a function of
amplitude, we have to keep in mind that the
frequency of oscillation may be a function
of amplitude ; i.e., the feedback factor must
be calculated for that frequency at which
A,8 is real. Hence, if Vg is the alternating
grid voltage and f the frequency of oscillation,
the condition for the presence of hysteresis
is that

d (A /3) dog)
d V

o, where
"'' g

(A fl) (/ 113) df(f const)dV(Vg= const) X
,

Among the various factors that may
produce oscillation hysteresis in a grid -leak
detector the most important are (a) variation
in the Q -factor of the tuned grid circuit
due to grid current, (b) phase displacement
of the anode current because of the reactance
of the feedback capacitor. The two causes
will be discussed separately.

2. Q -Factor Variation
The basic circuit in Fig. 2(a) may be treated

as an ordinary feedback amplifier. For the
sake of simplicity we assume that the reac-
tance of the anode coil and the transferred
impedance of the grid circuit are small com-
pared with the valve impedance ; then the
anode current is always in phase with the grid
voltage. From the equivalent circuit shown
in Fig. 2 (b) we obtain

./a = gmV,, and
rijo)C,V,' =

IajwM Y - 11wC: g)
MIC,

circuit. Oscillation starts when M=
gmwoQ

The amplitude of oscillation should then be
infinitely small and should be prevented from
increasing by the decrease of gm. In actual
fact, however, the grid -cathode path of the
valve is equivalent to a resistance which
increases with increasing amplitude of oscil-

(a)

(b)
Fig. 2. A typical grid -leak biased oscillator is

shown at (a) with its equivalent circuit at (b).

1.1.Vg

a

lation. Therefore, in the expression for the
feedback factor, both gm and Q are functions
of amplitude. If, with increasing amplitude,
the fractional increase of Q is larger than the
fractional decrease of gm, the differential

d (A ) d (a Q)coefficient
d V ,

= w0111 is positive,
and oscillation hysteresis is present.

3. Experimental

As a check on the above theory both the
mutual conductance and the equivalent
grid -cathode resistance of the oscillator valve
were measured as a function of the alternating
voltage between grid and cathode. The
methods used are shown in Fig. 3 (a and b) ,

the circuits being of a conventional bridge
type. In these measurements the valve
acted in a way typical of its behaviour as an
oscillator valve ; i.e., when the voltage V,
across AB increased, the working bias of the
valve increased as well, so that gm decreased
while the equivalent resistance between A
and 13 increased. The measuring frequency
was identical with the frequency at which the
valve was used as an oscillator, the indicator
being tuned to the measuring frequency
to rule out the influence of harmonics caused
by the valve. (Measurements at audio fre-
quency with a telephone as indicator gave
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identical results, provided the grid leak
capacitor was increased inversely propor-
tional to the frequency).

The results are shown in Fig. 4. The
value of R, includes the grid -leak resistance
(IMS2), in accordance with the practical

(a)

( b )

Fig. 3. Circuits for
the measurement of
mutual conductance
and grid-cathode re-
sistance as functions
of alternating grid
voltage are shown at
(a) and (b) respec-

tively.

conditions ; the grid capacitor was ioo
The valve used was a type ML4 working
with ioo volts H.T. In the tuned grid
circuit shown in Fig. 2 (a) C0 = 500 ,

fo = 23o kc/s, Q0 = go, where Q0 refers to
the circuit alone. For the calculation of the
feedback factor as a function of amplitude
a knowledge of the Q -factor under working
conditions is required. This is found from
Q0 and from R, by the relation 1/Q = 1/Q0 +
e.e0L/R,. The values of Q and of gmQ are
plotted in Fig. 5, as a function of the voltage
between A and B.

We see that, although gm decreases with
increasing V0, the feedback factor increases
at first and then falls off. Therefore it
follows that, as soon as M has reached the
value necessary for oscillation to start, the
amplitude of oscillation will increase until
the factor gmQ has again reached the initial
value of 200. Oscillation hysteresis is fairly
prominent, oscillation starting with a grid
amplitude of 3.7 volts. If now M is decreased,
stable oscillation can persist, until the value
of gmQ becomes approximately 262. The
grid amplitude is then only I volt and

oscillation must break off suddenly if M is
further decreased.

The condition under which hysteresis
would just be absent is that

d(A[3)=
o for V, = o

dVg
that is

w°1//1(ddgVn: dVg gm) =
dQ

and therefore
dgm

dVg gm= dV,q
If Zo is the impedance of the parallel -

tuned circuit without additional grid damp-
ing, then Q0 = Zo/cooL, and the Q -factor

ZoRg I,under working conditions is Q =
wo L'

hence
dQ dQ dR, Z02 dR,
dVg - dR, dVg (Z0 R,)2 w0L dVg
I dQ dR, Z,
Q dVg R, dVg Z0 R0

From Fig. 4 we see that the fractional
change of gm for zero grid amplitude is
approximately

I dgm
= - 0.05 per volt V, ;

gm dVg (V,- 0)
the fractional change of R, is 4.5 per volt V0.
Hence oscillation hysteresis will be absent

when 4.5 Zo
< 0.05 ; i.e., whenZo R,

Z0 < 2,900 ohms. This explains why in the
above example a resistance of io,000 ohms
placed in parallel with the grid circuit did not
prevent hysteresis, but only reduced it so

4

a 3

E 2

Ry

0

04

0'3

02 g.

2 3

V9 IN VOLTS

4

01

0

Fig. 4. Mutual conductance and grid-cathode
resistance of a'ML4 valve with pa° volts H.T.

supply.

that the initial amplitude of oscillation was
about 0.5 volt. The absence of hysteresis
on short waves is due to the fact that the
impedances of parallel tuned circuits are
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isually a few thousand ohms, whereas R,
s independent of frequncy (unless transit
:ime effects are considered).

Conditions may be improved in various
ways such as lowering the H.T. or increasing
he grid -leak resistance. The former moves
:he working point of the valve nearer to the
'ower bend of the characteristic where gm
.ecreases more quickly with increasing bias.
rhe second measure increases the bias for

Igo

20

DO

gmQ

SO

Q

ID

2

V9 IN VOLTS

Fig. 5. Values of effective Q and g,,,Q for the
valve of Fig. 4 with a tuned circuit having

Q = 90 at 230 kis.

300

200

100 °'

4
0

aro grid amplitude so that Rg increases.
when, in the above example, an H.T. of

,5 volts and a grid leak resistance of 8
liegohms were used, oscillation started with
n amplitude of only o.3 volt, instead of
bout 4 volts with 1 MD and ioo volts H.T.
If the anode load is a large resistance, the

oltage at the anode rises with increasing
ias. This keeps gm more constant with
l creasing bias and tends to increase hyster-
,is. A diode, biased to its cut-off point
id placed in parallel with the tuned circuit,
tsily eliminates hysteresis in this case,
e to the Q -factor decreasing with increasing

I

,

anode circuit has been omitted in order to
simplify the conditions. If we neglect, as
in Sect. 2, the reactance of La and the
transferred impedance of the grid circuit,
the feedback factor of the circuit becomes :

g
V,

M I
cg

(Ra - coca)(r 1-jcuL - coca)

The phase is correct for oscillation when the
imaginary terms disappear, hence :

Ra (wLg - - a= o

=
Lg Cy+ Ra Lg Ca

wo (1 +12 RrCacg

From this it is seen that oscillation is
possible only at a frequency higher than the
resonant frequency of the grid circuit. The
deviation from resonance must be such that
the phase displacement of the anode current
caused by the reactance of Ca is corrected in
the grid circuit. The influence of Ca
advances the phase hence the R.F. current
in the grid circuit must lag behind the e.m.f.
induced in Lg. This is the case if the fre-
quency of oscillation is higher than the
resonant frequency of the grid circuit.
Under these conditions the feedback factor is :

V,'
r=

I

rR Lg
a Ca (.02CaCg

where w is a function of Ra and is given by
the above relation. Hence :

M_ V' AI 1 - ILL(Lg
rCgPCg L I

-g rRa + r- r -I- 7.9 rL., 1 '-, g -r- -'-'61,-'a
rRa + 7'' -

c acg( g+ja
L C RaLgCa)

1 r \

plitude. It is also effective when the
-steresis is caused by the anode current

ving a phase displacement with respect
the grid voltage.

Anode Current Phase Angle
The conventional circuit of a grid -leak
tector using a variable feedback capacitor

jay be seen in Fig. 6. The A.F. load in the

I

The feedback factor, expressed as a function
of Ra, becomes a maximum when

Lg YCgCa

Ca (rCg RaCa) 2
0

RaC a is large compared with rC,, whence

Ra2Ca2 = L,C, = -2
cooI

Ra=
WOCa
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From this it follows that hysteresis exists
when, for infinitely small grid amplitudes, the
valve impedance is less than I/woCa. With
increasing amplitude Ra increases, the fre-
quency for which AP is real decreases and
A,8 itself goes up. If, under these condi-
tions, C, or M has been adjusted to a value
such that oscillation can just start, i.e.
such that Ai3 = I, the amplitude will in-
crease until Ra reaches the second value for
Fig. 6. Hysteresis becomes evi-

dent in the shunt feed reaction
circuit because of the phase
angle introduced by Ca.

Ca

which the feedback factor is unity. The
phase difference between anode current and
grid voltage is then less than 4.5°, and the
oscillation is stable (squegging is not taken
into consideration). If now M or Ca is
decreased, the amplitude of oscillation falls
steadily until Ra equals the reactance of Ca,
after which oscillation ceases suddenly.

The two values of Ra for which the feed-
back factor is unity may be found from the
above equation, viz.

-
rC,Ca rR ±

a Ca rC RaCa

rCg can be neglected in comparison with
RaCa, hence

0\
2 L,C,

k21(... C (12

( I r
2 kwocv

We assume that M is fixed and that the
value of Ra for infinitely small amplitudes is
known, then the magnitude of Ca for which
oscillation starts is obtained from the last
equation. The same equation then gives
the second value of Ra for which the feed-
back factor is unity.

The above conclusions were checked experi-
mentally, and results agreed well with the
theory. In order to eliminate the effect of

grid damping, the circuit shown in Fig. 7
was used. The self -biasing effect is main-
tained, but the oscillator valve never passes
grid current. A circuit of this type may
prove useful in practice.

The result of another experiment is of
theoretical interest. The oscillator valve was
operated with a fixed bias so that the
working point was near the anode bend.
Then hysteresis was present when Ca was
very large ; this was explained at the begin-
ning as being due to an increase of gm
with amplitude. Since p, is fairly constant,
an increase of gn, is equivalent to a decrease
of Ra. Therefore hysteresis disappeared
when M was increased to such a value that
oscillation started when I/cooCa was larger
than Ra. Numerical agreement was not too
good, no doubt due to the fact that with
small anode currents p varies with amplitude,

When the oscillator triode of Fig. 7 was
replaced by a pentode and the R.F. choke
by a resistance of 5,000 ohms, there was no
sign of hysteresis fcr any value of Ca. This

LEo

Fig. 7. Circuit used to check the effect of Ca on
hysteresis. A diode is used to obtain grid

bias so as to avoid grid current effects.

is to be expected because the phase displace-
ment of the R.F. current flowing through Ca is
determined by the reactance of Ca, and by the
5,000 ohm resistance. The valve impedance
is so large that its influence on the phase is
negligible. There remains only the decrease
of gn, with increasing amplitude which leads
to smooth starting of oscillation.
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; Experience shows that, even when hyster-
esis is absent, the amount of regeneration
'which can be applied when receiving a
',modulated carrier is often less than might
Abe expected. The larger the signal the less
satisfactory is the effect of regeneration.
This is easily understood from the above.
Usually, when hysteresis is absent, the feed-
back factor falls quickly with increasing
signal strength. When the signal is modu-
lated, the regeneration must be adjusted
so that oscillation is absent when the

signal amplitude is zero. The amount of
effective regeneration is therefore smaller
for a larger carrier. For this reason high
selectivity with a large signal can only
be obtained if the graph of A,8 against
amplitude is almost horizontal for low
amplitudes, and if the frequency for which
A,6 is real is independent of amplitude.
With a well designed circuit a band-
width of a few hundred cycles per second
can be achieved at frequencies as high as
10 Mc/s.

MODULATION PRODUCTS*
Calculation from Equidistant Ordinates

By A. Bloch, Dr.-Ing., MSc.
(Communication from the Staff of the Research Laboratories of The General Electric Company. Limited, Wembley, England.)

SIIMMARY.-Tables and formulae for the calculation of modulation products from
valve characteristics are given which are similar to those customarily used for the determina-
tion of the amplitude of harmonics from a series of equidistant ordinates. The derivationof the method is also described.

Introduction

F a valve possesses a non-linear character-
istic and the input e.m.f. contains more
than one frequency, the output contains

lot only these components and their plain
iarmonics but also all possible additive and
,ubtractive combinations thereof, the so -
;ailed intermodulation products.t The
mrpose of the present article is to put on
.,'ecord a set of formulae for the calculation of
heir amplitudes from equidistant ordinates
f the valve characteristic ; they are quite
imilar to the well-known formulae for the
alculation of the harmonic output in the

,Rase of one input frequencyl
' Two tables are given with formulae ready

i * MS. accepted by the Editor, February 1946.
t This term includes, of course, " fundamentals "

nd " simple harrrionics " ; such components of the
utput correspond to modulation products in which
e " other " frequencies participate to zero order
.g., the output component 2w,, arises as modula-

'on product 2coa + o.cub + ...)
I Sets of such formulae, giving up to the 6th

armonic and taking into account up to 7 equally
aced ordinates of the characteristic, were given

y D. C. Espley in Proc. I.R.E., Vol. 21 (1933),
 1439-1446.

for use, which cover the cases most likely to
be encountered ; these are followed by the
derivation of the formulae. It will be seen that
the new formulae follow very easily from those
used for the calculation of harmonic output
for a single input frequency, so that there is
no necessity for extensive tabulation. It
will also be seen that it is just as easy to
construct formulae which deal with more.
than two input frequencies.

Description of Tables

The Tables give the coefficients with which
the equidistant ordinates have to be multi-
plied, these ordinates being numbered so that
the one coinciding with the working point of
the valve has the number zero. A factor
common to all the coefficients in one line
appears in the column headed " Common
Factor."

The amplitudes of the input e.m.fs. of
different frequencies are denoted by " A "
and " B," these amplitudes being measured
in units which equal the potential difference
between two neighbouring ordinates.

We read, for instance, from Table I that
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From this it follows that hysteresis exists
when, for infinitely small grid amplitudes, the
valve impedance is less than I/0),Ca. With
increasing amplitude Ra increases, the fre-
quency for which A13 is real decreases and
Af3 itself goes up. If, under these condi-
tions, Ca, or M has been adjusted to a value
such that oscillation can just start, i.e.
such that A/3 = 1, the amplitude will in-
crease until Ra reaches the second value for
Fig. 6. Hysteresis becomes evi-

dent in the shunt feed reaction
circuit because of the phase
angle introduced by Ca.

which the feedback factor is unity. The
phase difference between anode current and
grid voltage is then less than 45°, and the
oscillation is stable (squegging is not taken
into consideration). If now M or Ca is
decreased, the amplitude of oscillation falls
steadily until Ra equals the reactance of Ca,
after which oscillation ceases suddenly.

The two values of Ra for which the feed-
back factor is unity may be found from the
above equation, viz.

M i1 -p.
+La rC,

a Ca rC, RaCa

rC, can be neglected in comparison with
RaCa, hence

R =
2rCa

om
2

/..tM \ 2 L,C,
2rCal Ca2

(IC°211112) 2 (WOC a) 2

We assume that M is fixed and that the
value of Ra for infinitely small amplitudes is
known, then the magnitude of Ca for which
oscillation starts is obtained from the last
equation. The same equation then gives
the second value of Ra for which the feed-
back factor is unity.

The above conclusions were checked experi-
mentally, and results agreed well with the
theory. In order to eliminate the effect of

grid damping, the circuit shown in Fig. 7
was used. The self -biasing effect is main-
tained, but the oscillator valve never passes
grid current. A circuit of this type may
prove useful in practice.

The result of another experiment is of
theoretical interest. The oscillator valve was
operated with a fixed bias so that the
working point was near the anode bend.
Then hysteresis was present when Ca was
very large ; this was explained at the begin-
ning as being due to an increase of gm
with amplitude. Since p. is fairly constant,
an increase of gm is equivalent to a decrease
of Ra. Therefore hysteresis disappeared
when M was increased to such a value that
oscillation started when I/woCa was larger
than Ra. Numerical agreement was not too
good, no doubt due to the fact that with
small anode currentsµ varies with amplitude,

When the oscillator triode of Fig. 7 was
replaced by a pentode and the R.F. choke
by a resistance of 5,000 ohms, there was no
sign of hysteresis for any value of Ca. This

Fig. 7. Circuit used to check the effect of Ca onhysteresis. A diode is used to obtain grid
bias so as to avoid grid current effects.

is to be expected because the phase displace-
ment of the R.F. current flowing through Ca is
determined by the reactance of Ca, and by the
5,000 ohm resistance. The valve impedance
is so large that its influence on the phase is
negligible. There remains only the decrease
of g,, with increasing amplitude which leads
to smooth starting of oscillation.
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Experience shows that, even when hyster-
esis is absent, the amount of regeneration
' which can be applied when receiving a
modulated carrier is often less than might
be expected. The larger the signal the less
satisfactory is the effect of regeneration.
This is easily understood from the above.
Usually, when hysteresis is absent, the feed-
back factor falls quickly with increasing
signal strength. When the signal is modu-
lated, the regeneration must be adjusted
so that oscillation is absent when the

signal amplitude is zero. The amount of
effective regeneration is therefore smaller
for a larger carrier. For this reason high
selectivity with a large signal can only
be obtained if the graph of Afl against
amplitude is almost horizontal for low
amplitudes, and if the frequency for which
A,8 is real is independent of amplitude.
With a well designed circuit a band-
width of a few hundred cycles per second
can be achieved at frequencies as high as
10 Mc/s.

MODULATION PRODUCTS *
Calculation from Equidistant Ordinates

By A. Bloch, Dr.-Ing., MSc.
(Communication from the Staff of the Research Laboratories of The General Electric Company, Limited, Wembley, England.)

SIIMMARY.-Tables and formulae for the calculation of modulation products from
valve characteristics are given which are similar to those customarily used for the determina-
tion of the amplitude of harmonics from a series of equidistant ordinates. The derivationof the method is also described.

1

'Introduction

IF a valve possesses a non-linear character-
istic and the input e.m.f. contains more
than one frequency, the output contains

lot only these components and their plain
iarmonics but also all possible additive and
subtractive combinations thereof, the so-
alled intermodulation products.t The
)urpose of the present article is to put on
ecord a set of formulae for the calculation of

their amplitudes from equidistant ordinates
)1 the valve characteristic ; they are quite

,'imilar to the well-known formulae for the
`calculation of the harmonic output in the

ase of one input frequency.$
Two tables are given with formulae ready

* MS. accepted by the Editor, February 1946.
1- This term includes, of course, " fundamentals "

nd " simple harnionics " ; such components of the
utput correspond to modulation products in which
e " other " frequencies participate to zero order
.g., the output component 2wa arises as modula-

"on product 2wa o.cub ...)
Sets of such formulae, giving up to the 6th

armonic and taking into account up to 7 equally
aced ordinates of the characteristic, were given

y D. C. Espley in Proc. I.R.E., Vol. 21 (1933),
p. 1439-1446.

for use, which cover the cases most likely to
be encountered ; these are followed by the
derivation of the formulae. It will be seen that
the new formulae follow very easily from those
used for the calculation of harmonic output
for a single input frequency, so that there is
no necessity for extensive tabulation. It
will also be seen that it is just as easy to
construct formulae which deal with more.
than two input frequencies.

Description of Tables

The Tables give the coefficients with which
the equidistant ordinates have to be multi-
plied, these ordinates being numbered so that
the one coinciding with the working point of
the valve has the number zero. A factor
common to all the coefficients in one line
appears in the column headed " Common
Factor."

The amplitudes of the input e.m.fs. of
different frequencies are denoted by " A "
and " B," these amplitudes being measured
in units which equal the potential difference
between two neighbouring ordinates.

We read, for instance, from Table I that
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TABLE I : COEFFICIENTS rk12 FOR OUTPUT Wa + Wb

Amplitudes Common
Factor

A

Ordinates

-4 -3 -2 - 0 + 1 + 2 -1- 3 +4
1 I 1/8
I 2 1/12
I 3 1/2560 + 167

+ I

+ I + I

+ 252 - 212

0-
- 252

- 2
- 2
+ 90

0 + I- I + I + 1

- 252 - 212 + 252 + 167
2 2 1/18 + 2 - 2 - 4 - 2 + I + 2

TABLE II : COEFFICIENTS rk/2 FOR OUTPUT Wa 2Wb

Amplitudes Common
Factor

A

I 1/16

2 1/16
3 1/10240

Ordinates

-4 -3 -2 - 0 +1 +2 +3 +4

- 1

- 559 - 486

- I 2
0 ± 3

+ 1774 + 146

0

0

0

- 2 + I- 3 0 + 1

- 146 - 1774 + 486 + 559
2 I 1/24
2 2 1/24 - -

- + I ± 1

+ 2 + 3

0

0
- I - I + I- 3 - 2 + I

3 I 1/5120 - 167 + 82 + 382 - 342 0 ± 342 - 382 - 82 + 167

the output of frequency Wa Wb, for the
case where the input frequencies co and Wb
have each an amplitude of unity, is given by

[/_2 - 2/0 + 1+2]

Derivation of Formulae
If an excitation eg = A cos coat is applied to

the grid of the valve we get an output of the
form

= Co C1 cos coat + C2 COS 2Wat . . .

P=P
C 2) COS Pw at . . (I)

o

Each of the coefficients C, can be calcu-
lated by an expression of the type

m = + m
C,

m=

where the values of In, are the current
values for equidistant steps of grid potential
given by the valve characteristic, and those
of aim, are known constants (given, for in-
stance, in Espley's paper cited above).

In the case of a non-linear characteristic
the values C, will depend on the working
potential of the valve. If a sufficient number
of current ordinates are available we are
then enabled to calculate a whole series of
values of CD by assuming the working
potential to be shifted so as to coincide with

(2)

one or the other of the given ordinates of the
characteristic. The values of C, obtained
in this way are then most suitably labelled
Cp(- n) . . . C,(- 1), C p(o) . . . Cp(-1- n)
the argument in brackets denoting the
working potential of the valve to which they
refer.

Now, quite generally, if the working
potential of the valve is varied in a sinusoidal
fashion, say, by an amount Bcoscobt, then C,
will itself become a function of time of the
form

Cp = C,0 C,1 cos Wbt 4 . . .

q= Q
= E c cos qcobt .

q= o
(3)

The values of C can obviously be calcu-
lated from equidistant values of CD by a
formula of the same type as (2), i.e.

n = N

Cpq= bqn . C,(n) (4)n = - N

From (3) it follows that the valve output
has the form

r----- C cos Pat

E (E c cos qwbo . cos PWat
q
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Ec, cos pwat . cos qcobt

E E c(pwa + qwbv
P

(5)
so that the coefficients C, equal just twice
the wanted intermodulation products.

From (2) it follows that
m= m

C(n) -= a, .Im+n.. (2a)
an = -M

hence from (4)
n= +N m=+M
Eb,. a,. 1,+,2 . . (6)

n -N rn = - M

1- 3

- I - I 0 +

Y-1 = 2 X X (- + O+ 0)= -

The " mechanism " by means of which the
coefficients rk are created becomes perhaps
clearer still if we follow the course of the
calculation in matrix notation. It will be
noted that formula (2) can be interpreted as
the multiplication of a " line " vector I a.I
by a " column " vector {/m}. In the case
just mentioned (A = 2, p = r) the line
vector has the form

-I - I O +
It is then easily seen that

+

0 - I - I 0 + I + I

0 0 I - I + I +

X

1-4

3

Io

I+4

+ II

We need only pre -multiply both sides of the last equation by the line vector of the
ans required in order to get the desired result C11. Hence the line vector which gener-

ates directly this result from the column vector of the I's is obtained if we form the product

- I - I o + I o 0

- I o o - I - I o + .. (8)

o 0 -I -I 0 +I +I
=* x + I + -I -2 -I +I +I

1E__ ------
k=-1-M+NlEb a1 E yan pm m+-- k. Ik

n m -M-N
vhere k = m n and where rk denotes all
ossible products na, in which the
alues m and n add up to k. These products

':re easily formed if we write down on paper
he line of coefficients a,, and then on a
trip of paper in reverse order the line of

coefficients baii; we need then only multiply
ach coefficient of- B by that of A standing
nderneath ; k equals the distance between
he central term of the a's and the central
erm of the b's. Thus, for instance, in the
ase where p 1, q = 1, A 2 and B=i
e calculation of the coefficient rk = r_,
oks as follows :

ixl+i 0 -II
- I 0 + I +

This line of reasoning can be easily
generalized so as to cover the case of more
than two input frequencies. Suppose the input
e.m.f. contains a third frequency of ampli-
tude s. We need then only provide a current
(column) vector comprising 2s more values
than we had before and extend the first
matrix by which we multiplied it (the a
- matrix) by 2s of those staggered lines ;
we proceed similarly with the b -matrix.
The result of the multiplication will be a
column vector of values C11(- s), C11 (- s +1)

C11 (+ s) and we need only pre -multiply
this by the line -vector corresponding to the
third modulation component in order to get
again a matrix consisting of a single line,
giving us the desired series of coefficients rk
for this case.

It is perhaps of interest to discuss shortly
the relation between the formulae developed
here and those which were derived recently
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by the author in another paper.* The most
obvious difference is, of course, that the
present formulae save the work involved in
the formation of the difference table. On
the other hand the formulae given here deal
only with the case of integral amplitudes of
the grid swing, while the difference method
is not limited in this way. It is easily seen,
however, that this restriction is purely
accidental and only due to the fact that the
known formulae for the calculation of
harmonic output of the type (2) deal only
with the case of integral amplitudes. If
formulae of this type are available dealing
with non -integral amplitudes (such formulae
have recently been derived by the author)
the same line of reasoning allows the deriva-
tion of the corresponding formulae for inter-
modulation products.

A difference of a more subtle nature,
however, still exists : it has to do with the
way in which the analysis underlying the
formulae " draws " a smooth curve through
the given current ordinates. In the present
method we always take groups of m given
current ordinates and-using the known
formulae of the type (2)-we assume them
to be linked by a parabola of the (m - i)th
order. There are n sets of in points, and

* " Calculation of Intermodulation Products by
Means of a Difference Table," Journal Inst. El. Eng.,
Vol. 93, Part III, No. 23, p. 211.

n parabolae of the kind mentioned. These
parabolae may all be parts of one and the
same parabola of the (m - i)th order in the
case where such a parabola can be passed
through all the ordinates given. In general
a parabola of higher order is required to
fulfil this condition. The difference method
uses such a parabola and thus possesses the
advantage of (theoretically) higher accuracy.
The difference in practice is slight and the
question which of these methods gives a
closer approach to the actual valve character-
istic is a debatable one : the higher order
terms which we have to include in the
expression for the parabola in order to make
it pass exactly through all the given points
may impart to this curve a " waviness "
which is not present in the actual character-
istic. We may, of course, have on occasion
to deal with data which do not justify any
further smoothing; i.e., which demand the
use of the higher order parabola. For this
reason it may be of interest to mention
that it is possible to derive from the difference
method formulae of the type (6), so that even
in this case the actual amount of arithmetical
work can be cut down to a minimum.*

* " Lagrangean Formulae for the Direct Calcula-
Intermodulation.

Products." Accepted for publication in the Philo-
sophical Magazine. These formulae cover also the
case of non -integral amplitudes.

APPENDIX

COEFFICIENTS ak,,, FOR OUTPUT poi
To facilitate the derivation of formulae for other combination frequencies we reproduce here the

coefficients derived in Espley's paper for the calculation of harmonic output (see reference footnote ;)
They are arranged in Table form subject to the same conventions as used above in Tables I and II.

Ampli-
tude P

Common
Factor -5 -4 -3 -2 - 1 0 + 1 +2 +3 +4 +5

I 0 1/4 + I + 2 + I

I 1/2 - I 0 + I

2 1/4 + I - 2 I

2 0 1/6 + I + 2 0 + 2 - 1

I 1/3 - I - I 0 + I I

2 1/4 + I 0 - 2 0 + I

3 1/6 - 1 + 2 0 - 2 + I

4 1/12 + 1 - 4 + 6 - 4 + 1

3 0 1/1280 + 167 + 378 - 135 + 460 - 135 + 378 + 167
I 1/640 - 167 - 252 + 45 0 - 45 + 252 + 167
2 1/2560 + 559 + 486 - 1215 - 340 - 1215 + 486 + 559
3 1/256 - 45 + 36 + 63 0 - 63 - 36 + 45
4 9/1280 + 17 - 42 + 15 + 20 + 15 - 42 + 17
5 81/1280 - I + 4 - 5 0 + 5 - 4 + I

6 81/2560 + 1 - 6 + 15 - 20 + 15 - 6 + I
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CORRESPONDENCE
Letters of technical interest are always welcome. In publishing such communications the
Editors do not necessarily endorse any technical or general statements which they may contain.

iron -Dust Cores
To the Editor, " Wireless Engineer."

SIR,-I was rather surprised to discover, on
reading your note on p. 156 of the June issue, that
t is still apparently not generally recognized that
he permeability formula quoted by Mr. Burgess,
`rom certain of the papers referred to in the Radio

esearch Board Report of 1934 (with which your
result of 1933 is, as you remark, sensibly identical),
's probably about a century old. The problem is
'dentical with that covered by Poisson's Theory of
Magnetisation, and the formula is given in Maxwell's
" Treatise," Vol. 2, ¶ 430, and Vol. r, ¶ 314 (pp. 57
and 44o, respectively, 3rd edition).

In view of the historical interest of this formula,
ind in order to avoid confusion in the future, it
;eems desirable to have some means of indicating
.ts classical origin. The related result in electro-
;tatics is usually associated, in one form or another,

';with the names of Clausius and Mosotti, so there
vould be a precedent for adopting this description
n magnetostatics. Since, however, the result for
he electrostatic problem was originally derived
rom that for the niagnetostatic one, such a pro-

' edure would be, perhaps, undesirable. I would
uggest, as an alternative, that the result be referred
o as the " Poisson -Maxwell " formula.

I noticed the identity of these various formulae
-3 years ago, but as the result itself is not of great

practical value, I did not, at the time, think the
oint worthy of mention.
Incidentally, it is possible to derive the result for
e simple cubic model by methods other than that

wen in your note of 1933.
ALAN FAIRWEATHER.

Physics Group,
P.O. Research Station,

Dollis Hill, N.W.2.

Pulse Modulation
To the Editor, Wireless Engineer.

SIR,-We have read with interest the articleIby
oberts and Simmonds in the November issue of
ireass Engineer (Vol. 22, p. 538), and the criticisms

f Section 1.4 put forward by Mr. R. B. Shepherd in
e April issue (Vol. 23, p. 114). We agree with

:r. Shepherd that the derivations in the article are
seudo-static so that they should be treated only

approximations.
There are some inconsistencies in the article
tween the definitions of types of pulse modulation
the technical description and those implied in

e analysis.
In the case of pulse -amplitude modulation the
rmula derived for flat-topped pulses (Fig. 4)
tually applies to a form of amplitude modulation,
.ch may be called " top -Modulation," in which

ie top of a pulse is modulated at each instant by
e modulating voltage present at that instant.
ch pulses may be regarded as vertical slices of
e modulating waveform. Incidentally, the
ethods of producing amplitude modulation

described in 1.3.1. would give this form of pulse
amplitude modulation and not the rectangular
pulses shown in Fig. 4.

The spectrum implied in (6) does not correspond
to length -modulated pulses whose centres occur at
fixed time intervals, as suggested in 1.4.2. It does
correspond, however, to the method of modulation
described in 1.3.2. When using this method, the
centre of the pulse (which we take to be midway
between the two edges) does not recur at equal
intervals of time.

The waveform of phase -modulated pulses given in
(7), obtained as in 1.4.3., certainly contains no term
at the modulating frequency, but it does not con-
form with the commonly accepted definition given
in 1.3.3. which specifies that the phase -modulated
pulses retain constant length. It can be shown that
the pulses described by (7) suffer length, as well as
phase, modulation such that the component at the
modulating frequency vanishes.

Turning to Mr. Shepherd's suggestions for a more
exact study, it appears that his treatment of pulse -
amplitude modulation, though quite different from
that developed by us, gave an identical result. He
bases his method on the assertion that, in all three
types of pulse modulation, amplitude, length and
phase, " the property of the pulse chain which is
being varied is determined by the modulating signal
at a number of instants equally spaced along the
time -axis." While this is true for flat-topped
amplitude modulation, it is not true for length or
phase modulation where the modulation process
depends on the slicing of a sawtooth voltage at a
variable level. If such a process is examined, it
will be seen that each edge subjected to independent
modulation is shifted in time by an amount which
is proportional to the modulating voltage at the
instant when the edge occurs. Clearly, these
instants are not uniformly spaced, and so Mr.
Shepherd's assertion cannot be true. This renders
his treatment of length and phase modulation
approximate also.

An exact investigation of the modulation, made
at S.R.D.E., leads to a formula for length -modulated
pulses identical with (6) ; the formula for phase -
modulated pulses of constant length is

Sp { sin n;Sp/w}
= imam S imax WITUIX cos pt

(1) TT SP/0.)

co

imx S E E.J.(kom..)
kr--- 1, n -co

sin 7rS(k nwIP)
nw/p)

cos (kw + np)t

in the notation of Roberts and Simmonds. The
term at the modulating frequency, p/zn, differs
from that given by Mr. Shepherd by the factor in
curly brackets. In most applications S will be small;
this factor is then nearly unity and Mr. Shepherd's
formula gives a good approximation.

A theoretical study of the spectrum of modulated
pulses for a number of typical modulation systems
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has been made at S.R.D.E. Results were obtained
without approximation, and a report with limited
circulation was issued in September, 1945 ; it is
hoped that it will be published shortly.

EDGAR FITCH.
Signals Research and Development

Establishment, Christchurch.

To the Editor, " Wireless Engineer "
SIR,-Some conclusions which have been reached

pertaining to Section 1.4 of the article by F. F.
Roberts and J. C. Simmondsi and to R. B. Shep-
herd's criticism,2 recently published in your journal
are submitted below.

Let us consider the spectrum analysis of width -
modulated pulses. Although I am not in disagree-
ment with Mr. Shepherd's criticism of Messrs.
Roberts' and Simmonds' method of analysis, I
should like to point out that their method is entirely
correct under certain conditions. The exact law
governing the modulation must be taken into
account and it should be noted that many such
laws are possible. In the above -mentioned articles
the instants at which pulses start and stop are
determined by the signal amplitude at fixed time
intervals. If the instants of the voltage jumps are
determined by the signal amplitudes at the times
when those jumps occur, the mathematical expres-
sion turns out to be simpler and the analysis indi-
cated by Messrs. Roberts and Simmonds applies
exactly. A proof follows at the end of this com-
munication.

The law of modulation just defined is easily
realized physically by adding to the signal voltage
a saw -tooth voltage of larger amplitude, clipping,
and then limiting the resultant.3 The methods ofW. A. Beatty4 also yield pulses whose width
modulation is governed by this law. The mathe-
matical expression, placing in evidence the
individual components of the spectrum, is

(1) e = S, (I - Acos
co 10

-co

Ad
v fb 1-) (v (0)}2

sin [
2 2

(vo") - 1 cos (vw + np)t

where to = pulse -repetition frequency in angular
measure.

p = modulating -signal frequency in angular
measure.

do = average pulse duration.
co °

So = average duty cycle.
2 Tr

=A modulation index.
This expression is for " symmetrical " widthmodulation by a sinusoidal signal, although thepulses do not generally widen and _narrow sym-

metrically with this modulation law, when the
modulating frequency is near the pulse repetition

1 Roberts, F. F., and Simmonds, J. C., "Multichannel Commu-nications Systems, Preliminary Investigationbased upon Modulated
Pulses," Wireless Engineer, Vol. 22, No. 266, p. 538, November 1945.2 Shepherd, R. B., Letter to the Editor, Wireless Engineer, Vol.23, No. 272, p. 114, April, 1946.

Kell, R. D., U.S. Patent 2,061,734.
Beatty, W. A., British Patent 523,575.

frequency. For symmetrical pulse -width modula-
tion in accordance with the law specified by the
above -named authors, the corresponding spectrum
is 5.

co

(2) e =

``co

E
v±n1Pw

{J( )[Ad ° (vw + 111))1
v= on=-o0

d, 11. 7rsin (vwnp) - -1} cos (vw np)t
2 2

Similar analyses exist, of course, for asymmetric-
ally width -modulated pulses, in which one pulse
edge remains fixed and the other edge moves in
accordance with the law specified.

There are several noticeable differences between
the two spectra given by (1) and (2) which are of
interest from the point of view of audio fidelity.
It should be noted that these considerations also
apply to pulse -time or delay modulation systems
in which width -modulated pulses are produced
in the receiver for detection purposes.

The proof that the instants of voltage jumps are
determined by the signal amplitudes at those
instants is as follows :-

By ordinary Fourier analysis it is found that the
series

CO

e = S 2/sr E [qv sin, (TrS)] cos vait.
1,== I

represents the pulse train shown in Fig. I.

d=2/ret
I 14 -

Fr 1
zirro

Fig. i.

If one lets 0 = wt, the function becomes

irn
0 d

2
6 ir t

e(S, 0) = S 2/ir [qv sin (7r.S)] cos v0
v= 1

This function equals either one or zero for any
value of 0 provided o < S < 1. It is a simple
matter to map the regions of the S - 0 plane in
which the function has the value one.3This is
shown in Fig. 2, which is, ottrgect regardless of the

Si,

0 2rr, 4/1-

e (S,e) =1

cn e (SA -.0
Fig. 2.

manner in which S and 0 may vary. In particular,
S may be a function of 0, indicated by the broken
line. When the line lies in, the shaded regions, the

Fredendall, G. L. ; Schlesinger, R. ; and Schroeder, A. C.,
"Transmission of Sound on the Picture Carrier," Proc. I.R.E.,
Vol. 34, PP. 49-62, February, 2946.
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It is of interest to notice that the., saw -tooth
oundary and the dotted line are directly related

'ince is the time angle and S the relative pulse

he instant at which the transition occurs depends
pon the signal amplitude at that instant.

o the corresponding quantities in the physical

clue of e(S, 8) is unity, otherwise, it is zero.

hick is to be varied in accordance with a signal,

odulation process.
E. R. KRETZMER.

Massachusetts Institute of Technology,
Cambridge, Mass., U.S.A.

NEW BOOKS
lternating Current Measurements at Audio and
Radio Frequencies (2nd Edition).
By DAVID OWEN, B.A., D.Sc., F.Inst.P. Pp. 120
vii, with 8o diagrams. Methuen and Co., Ltd., 36,
ssex Street, London, W.C.2. Price 5s.
The author succeeded so well, by his selection

,and presentation of material in the first edition of
.his little book, in providing in compact form most
)f the really useful information that one would
;xpect to find in a far larger volume, that one can
nderstand any reluctance to make any very

drastic changes in preparing the second edition,
ow published. Revision has been confined for

the most part to such slight improvements in the
ext as there was any need to make. As regards
ymbols, replacement of " p " by " w " is in line
with present-day standards.

The author's deliberate departure from the
tandard notation for vector quantities is more
questionable, however. It will be granted that the
)rescribed I, and Z in Clarendon type, corre-
ponding to the scalar I, V and Z, are badly suited
o purely manuscript work. But they were never
ntended for it ; the standard MS. notation-a bar
ver the letter-is convenient to use and less
ikely to be misread than Dr. Owen's z for the
mpedance operator. If the MS. is intended for
)rinting, the' standard means of indicating bold
-ype-Z, etc.-is quite practicable and unam-
iguous. Dr. Owen's , V, and are little if any
asier to write than I, V, and E, and are more
ikely to be confused in typesetting; in any case
5 is already the standard symbol for electric field
trength. The reviewer does not agree that in
rinted work there is any justification for abandoning
V and Z, least of all on the ground of difficulty in

Astinguishing them from the corresponding scalar
;ymbols. In a printed page they are the most
asily picked out of any.

The chapter on r.f. measurements, occupying
about one-third of the book, seemed even in 1937
o be rather 'less well abreast of current practice than
he a.f. chapters, and as in spite of relatively rapid
dvances in practice this chapter is substantially
inchanged in the second edition, it contains features
:hat are now decidedly outmoded. Among them is
ig. 55, a circuit diagram of a wavemeter showing

'erminals for an external coupling coil directly
n the calibrated tuned circuit, a variable capacitor
cross phones and H..T., and sliding short-circuit
ontacts on reaction coil and main tuning coil,
ut no grid bias or capacitor.
The author's sound, clear and concise presentation

nd his avoidance of anything like padding, make
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his work so helpful to the busy reader that it is to
be hoped that in a future edition he will bring the
r.f. chapter more completely up to date. The
reviewer suggests, too, that the Twin -T method of
reactance and resistance measurement, which
combines the advantages of null methods with
that of having a common earthy point for source,
detector and unknown, deserves admission.

M. G. S.

Theorie des Oscillateurs
By YVES ROCARD. Pp. 223 + viii and 75 Figs.
This book is a wartime product, written in 194o

and published in 1941, and the author states this
as a reason for the absence of a bibliography, but
refers readers to the papers by van der Pol in the
Philosophical Magazine between 1922 and 1928,
and to one by Lienard in the Revue generale d'Elec-
tricite of May 26 and June 2, 1928. The author
deals with many different types of oscillations and
goes into them very 'thoroughly. Chapter I is
entitled the pendulum, but before coming to the
real pendulum, electric circuits and vibrating canti-
levers are considered ; the pendulum is analysed
very thoroughly, including the electrically main-
tained pendulum. Chapter II deals with relaxa-
tion oscillations, synchronization, production
of submultiples of the frequency, Ziehen, and
allied phenomena. In the following chapter os-
cillators without self-inductance or inertia are
considered. Chapter IV deals with a complicated
type of oscillation called " non-holonomes ' and
three -wheeled chariots with spring -controlled
steering. Chapter V leaves engineering and deals
with economic oscillations ; this method of con-
sidering economic crises was introduced by Kalecki
in 1933. The following chapter is concerned with
electromagnetic and acoustic propagation in so far
as they are involved in oscillatory systems such as
resonant lines and pipes. The singing arc and allied
phenomena are considered in Chapter;VII, and the
hunting of rotating machines in Chapter VIII.
The final chapter deals with the important subject
of the vibration of the wings of aeroplanes.

This book can be heartily recommended to any-
one seriously interested in the subject of oscillations.

G. W. 0. H.

Whittaker's Electrical Engineers' Pocket Book
(7th Edition).
Edited by R. E. NEALE, B.Sc., A.C.G.I., A.M.I.E.E.

Pp. 938 + ix. Published by Sir Isaac Pitman &
Sons Ltd., Pitman House, Parker Street, Kings -
way, London, W.C.2. Price 3os.

Cours de Radioelectricite Generale. Tome II, Les
Lampes Amplificatrices.
By P. DAVID. Pp. 206. Published by Librairie

de l'Enseignement Technique, 61, Boulevard Saint-
Germain, Paris. Price 37o francs.

BACK ISSUES
Copies of Wireless Engineer for March, 1946, are

required by Public and University Libraries in the
U.S.A. Readers who have copies for disposal are
asked to communicate with the Publisher.
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WIRELESS PATENTS
A Summary of Recently Accepted Specifications

The following abstracts are prepared, with the permission of the Controller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price t/- each.
ACOUSTICS AND AUDIO -FREQUENCY CIRCUITS

AND APPARATUS
574 726. -Generating and utilizing short pulses of
sound, for calibrating loudspeakers and micro-
phones, and for measuring the acoustic propertiesof studios and concert halls.

Western Electric Co., Inc. Convention date
(U.S.A. 25th July, 1942.

574 749. -Microphone -loudspeaker installation for
measuring the acoustic properties of a room by
increasing the relative effect or " weight " of the
fading echoes of " testing " sounds.

Western Electric Co., Inc. Convention date
(U.S.A.) 17th November, 1942.

574 8o8. -Back -coupled valve equipment for de-
tecting and locating land -mines, booby -traps,
and other metallic objects.

Cinema -Television, Ltd., and S. S. West. Appli-
cation dates 21st May and loth September, 1943-
574 941. -Oscillator and feed -back circuit for
indicating the amount of unbalance in an impedance
network and, more particularly, for locating buried
conductors.

Hazeltine Corporation (assignees of L. F. C urtis)
Convention date (U.S.A. 31st December, 1941.
574 955. -Balanced inductor system, associatedwith an oscillation generator and a receiver, for
detecting the presence of buried conductors.

Hazeltine Corporation (assignees of H. A. Wheeler).
Convention date (U.S.A.) 31st December, 1942.

DIRECTIONAL WIRELESS
574 710. -Cathode-ray indicator for a radio -
compass in which the pick-up voltages from direc-tional and " sense " aerials are periodically switched
across each pair of deflecting -plates.

Marconi's W.T. Co., Ltd., and N. H. Clough.
Application date 16th October, 194o.
574 933. -Blind -landing system in which theglide -path is continuously indicated by a radio-altimeter which compares the normal ground-signals with those received from a reflector on the
landing field.

Standard Telephones and Cables, Ltd., C. WEarp, and C. E. Strong. Application date 2ndApril, 1940.

574 95o.-Radiolocation or other amplifier utilizinga number of narrow band -width stages, in whichprovision is made for the rapid damping of un-desired oscillations during periodical switchingoperations.
W. L. Watton. Application date 23rd November,

1943.

574 964. -Frequency meter designed also to inter-pret the effect of sudden changes in phase, par-ticularly in radiolocation equipment of the fre-quency -modulated type.

D. Weighton and Pye, Ltd. Application date
9th September, 1940.

574 965. -Radio -altimeter of the frequency -modu-
lated type in which the reflected signal is converted
into an amplitude -modulated equivalent in orderto give low -altitude indications.

D. I. Lawson and Pye, Ltd. Application date
9th September, 1940.

RECEIVING CIRCUITS AND APPARATUS
574 626. -Resistance -capacitance coupling designed
to offset the stray capacitances at the grid of the
second valve in a two -stage amplifier.

Standard Telephones and Cables, Ltd., C. T.Scully and A. Waters. Application date 11th
February, 1944.
574 &I. -Capacitance controlled switch for cor-
recting the " overshoot " due to inertia, say in
the tuning control of a radio receiver which is
constantly swept through a band of frequencies
and is required to stop on receipt of a given signal.

E. L. C. White, M. G. Harker and J. P. W.
Houchin. Application date loth June, 1943.
574 823. -Amplifier with a double feed -back circuit
for increasing the signal-to-noise ratio, particularly
in the frequency -band covered by the A.C. mains -
supply and its harmonics.

Standard Telephones and Cables, Ltd. (assigneesof J. 0. Weldon). Convention date (U.S.A.) 25th
November, 1942.

TRANSMITTING CIRCUITS AND APPARATUS
574 838. -Blocking -oscillator circuit which gene-
rates a pulsed output rich in harmonic frequencies,
suitable for calibration purposes or for multi-
channel signalling.

Hazeltine Corporation (assignees of R. E. Sturm).
Convention date (U.S.A.) zoth September, 1941.
574 932. -Combined short-wave transmitting and
receiving set designed to be concealed about the
person of the operator.

The British Thomson -Houston Co., Ltd. andT. H. Kinman. Application date 3oth January, -
1940.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE
574 769. -Time -constant circuit for reducing the
effect of " backlash " voltage in a multivibrator
which generates timed pulses in response to a
triggering signal.

E. L. C. White and F. C. Williams. Application
date 29th July, 1942.

574 844. -Generating pulses, suitable for echo -
ranging, by periodically applying intense light -
flashes to the photo -sensitive cathode of a mag-
netron or other type of oscillator.

The British Thomson -Houston Co., Ltd. (com-
municated by General Electric Co.). Application
date 27th May, 1943.
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ACOUSTICS AND AUDIO FREQUENCIES
!7.947-44 : 534.25 2111;The Wave Equation in a Medium with a VariableIdeg of Refraction.-Bergmann. (See 2170.)
,4.2

2112absorption and Scattering by Sound Absorbentders.-R. K. Cook & P. Chrzanowski. (J.ust. Soc. Amer., April 1946, Vol. r7, No. 4,. 315-325.) Theoretical and experimental studies,:h fairly good agreement between them.I

4.213.4
2113fittenuation of Sound in Circular Ducts.-E.kher. (J. acoust. Soc. Amer., April 1946, Vol. 17,1 4, p. 338.) Correction to 257 of February.

1

.231.3
2114'he Driving -Point Impedance of an Infinited Plate.-R. Clark Jones. (J. acoust. Soc.ter., April 1946, Vol. 17, No. 4, PP. 334-336.)the design of mechanical filters for preventing theP.smission of vibration from one structure to)ther it is necessary to know the impedances ofstructures between which the filter is to beaected. Expressions for these impedances are

I

1

3

1

derived, and the results applied to the case of a steelplate. Full paper, of which abstract was noted in4089 of 1945.

534.43 : 621.395.61
2115Phonograph Reproducer Design.-W. S. Bachman.(Trans. Amer. Inst. elect. Engrs, March 1946, Vol.65, No. 3, pp. 159-162.) Description of. the designand performance of two devices depending on theprinciple of the resistance-wire strain gauge. Avariable -reluctance magnetic reproducer is alsodescribed.

534.771 2116Monitored Live -Voice as a Test of AuditoryAcuity.-R. Carhart. (J. acoust. Soc. Amer., April1946, Vol. 17, No. 4, pp. 339-349.) A statisticalcomparison between two methods of measuringdeafness.

534.833 534.61 2117A Small Acoustical Tube for Measuring Absorp-tion of Acoustical Materials in Auditoriums.-D. P.Love & R. L. Morgan. (J. acoust. Soc. Amer.,April 1946, Vol. 17, No. 4, pp. 326-328.) Usefulover a frequency range zoo-1 000 c/s.

534.833-1 2118Demountable Soundproof Rooms.-W. S. Gorton.(Bell Lab. Rec., April 1946, Vol. 24, No. 4, pp. 150-154.) See also 1753 of July and 825 of April.

534.861.1
2119Acoustical Treatment of Broadcast Studios.-J. B. Ledbetter. (Radio, N.Y., Feb. 1946, Vol. 3o,No. 2, pp. 17..62.) A review of the requirements

for studios of various sizes and the methods used toobtain the optimum reverberation time.

621 305.613.32
2120Microphones: Part 3-Pressure-Operated Micro-phones.-S. W. Amos & F. C. Brooker. (Elec-tronic Engng, June 1946, Vol. 18, No. 220, pp. 190-

192.) Early examples of carbon granule micro-phones of both telephone and Reisz transverse
current types are compared with the modern tele-phone inset and the double-button microphone.Frequency response curves are given, and the
disadvantages of carbon types are listed. An earlyform of moving coil microphone, the Magnetophone,is mentioned. For previous parts see 1755 of July.
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621.395.613.38 621.395.623.6; : 621.317.79 2121
Laboratory Method for Objective Testing of Bone

Receivers and Throat Microphones.-E. H. Greibach.
(Trans. Amer. Inst. elect. Engrs, April 1946, Vol. 65,
No. 4, pp. 184-187.) An account of the production
and the performance of an artificial throat for test
purposes.

621.395.613.38 2122
Inertia Throat Microphones.-E. H. Greibach

& L. G. Pacent. (Trans. Amer. Inst. elect. Engrs,
April 1946, Vol. 65, No. 4, pp. 187-191.) The
theory and design of a magnetic microphone,
with a frequency response roo - 5 000 cis, with a
sharp h.f. cut-off.

621.395.623.34 2123
Conical Sound Source.-P. G. Bordoni. (J. acoust.

Soc. Amer., April 1946, Vol. 17, No. 4, p. 338.)
Correction to 266 of February.

621.395.623.7 2124
New Permanent Magnet Public Address Loud-

speaker.-J. B. Lansing. (J. Soc. Pict.
Engrs, March 1946, Vol. 46, No. 3, pp. 212-219.)
A Duplex loudspeaker, with high efficiency, wide
frequency range, large distribution angle, and small
physical size. The use of special types of baffle
with the speaker for public address systems is
discussed. Improved response is obtained by ribbon
coil construction, increased magnetic flux, and a
large voice coil.

621.395.625 2125
A Report on the Sixth Annual Conference of

Broadcast Engineers.-L. Winner. (Communica-
tions, April 1946, Vol. 26, No. 4, pp. 30 . .74.) Long
illustrated summaries of the following papers :-
Magnetic Recording, by S. J. Begun. Tools for
the Study of Disk Recording Performance, by H. E.
Roys. For other papers see 2143, 2319 and 2365.

621.395.625.2: 621.396.933.4 2126
Recording C.A.A. Traffic Control Instruction.-

K. M. MacIlvain. (Electronics, May 1946, Vol. 19,
No. 5, pp. 116-119.) Automatic equipment records
two-way communications between control centre
and aircraft pilots on a flexible plastic belt, giving
3o minutes of continuous recording, which can be
stored for reference. There are separate recording
and reproducing heads and amplifiers which can
be operated simultaneously, the reproduction can
be within one second of the recording.

621.395.625.3 2127
A New Wire Recorder Head Design.-T. H. Long.

(Trans. Amer. Inst. elect. Engrs, April 1946, Vol. 65,
No. 4, pp. 216-22o.) Description of a design that
distributes wear, and results in a head that is vir-
tually self-cleaning.

621.395.625.6 2128
Stereophon Sound Recording System.-C. Becker :

H. B. Lee. (J. acoust. Soc. Amer., April 1946,
Vol. 17, No. 4, pp. 356-357.) A brief description of
a system developed in Germany since 1938 for high -
quality sound recording on film. " The system
employs well known means in some respects, but
has the important advantage of giving excellent
3 -channel reproduction of great dynamic range and
low noise level using a sound track of total width
only 2.65 mm."

621.3656: 021.317.79
The Measurement of Audio Distortion. Scott.

(See 2253.)

2129

AERIALS AND TRANSMISSION LINES

621.315.21.029.5..0 2130
Report of Conference on Radio -Frequency Cables.

-(Trans. Airier. Inst. elect. Engrs, December Sup-
plement 1945, Vol. 64, pp. 911-941.) A symposium
of 17 short papers as follows The Develop-
ment of Radio -Frequency Cables in the United
States, by J. H. Neher. 2. General Characteris-
tics of Polyethylene, by J. \V. Shackleton. 3.

Polyethylene as Cable Insulation, by C. S. Myers
& A. E. Maibauer. 4. Dielectric Strength of

Polyethylene, by W. A. Del Mar. 5. Properties of
Different Polyethylenes, by W. J. Clarke. 6.

Radio -Frequency -Cable Manufacturing Methods,
by T. M. Odarenko. 7. General Considerations in

Radio -Frequency -Cable Design, by J. F. Wentz.
8. Losses in Radio -Frequency -Cable Components,
by G. L. Ragan. 9. Radio -Frequency-Cable Power
Ratings and Stability, by M. C. Biskeborn. to.
Shielding Characteristics of Radio -Frequency Cables,
by R. G. Fluharty. u. Types of Radio -Frequency
Cables and Specifications, by E. E. Sheldon. 12.

Design Considerations of High -Frequency Twin -
Conductor Cable, by E. W. Greenfield. 13. Methods
of Electrical and Mechanical Testing of Radio -
Frequency Cables at the Naval Research Labora-
tory, by J. M. Miller. 14. Electrical Tests Over a
Range of Frequencies, by C. C. Fleming. 15. The
S -Function Method of Measuring Attenuation of j7.
Coaxial Radio -Frequency Cable, by C. Stewart, t;

Jr. 16. Corona -Initiation Measurements on Poly-
ethylene and Rubber Cables, by D. Depackh.

A Corona Voltmeter, by A. F. Widmer.
cussions of the papers grouped by subject are

summarized.

621.315.212.1 : 621.39] (091) 213
Historic Firsts : The Coaxial System.-(Bell Lab.

Rec., April 1946, Vol. 24, No. 4, pp. 148-149.)

621.315.212.1 : 621.392.2 2132
Design Data for Beaded Coaxial Lines.- C. R.

Cox. (Electronics, May 1946, Vol. 19, No. 5, pp.
13o-135.) Equations and curves are given for the
determination of the characteristic impedance,
optimum insulator spacing, attenuation, and maxi-
mum power rating. The choice of insulator
materials and bead shapes is discussed. Standard
attenuation curves are given for 7o -ohm broadcast
cables, and for 51.5 -ohm cables used in f.m. and

television equipment.

621.392 2133
The Experimental Behaviour of the Coaxial Line

Stub.-J. Lamb. (J. Instn elect. Engrs, Part III,
May 1946, Vol. 93, No. 23, pp. 188-19o.) An experi-
mental counterpart of the theoretical paper by

Allanson, Cooper and Cowling (see 2134 below) at 1,

wavelengths of about 8 and 11 cm. A standing -
wave detector with a very small probe energizing I:
a thermocouple gives the impedance, using Bruck-
mann's method (2904 of 1938), from which a circle

diagram is constructed. The stub susceptance
expressible in the form [A cot 27r (y - p2) Ja] B

where y is the stub length and p1 the distance of f

the first characteristic point from the stub ent

,a

:
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521.392 2134
The Theory and Experimental Behaviour of Right -

Angled Junctions in Rectangular -Section [H01]
Wave Guides. -J. T. Allanson, R. Cooper & T. G.
Cowling. (J. Instn elect. Engrs, Part III, May 1946,Vol. 93, No. 23, pp. 177-187.) A theoretical analysisof a waveguide junction of n members made in
terms of an equivalent transmission -line system isapplied to the problem. " The behaviour is ex-
pressed in terms of six parameters, the values of
which have been calculated over a range of wave-
engths around Ica cm and determined experiment-
ally at four points within this range. A description
of the experimental technique employed is given,
and an assessment made of the order of accuracy
attained in the measurements."

521.392 2135
Normal Modes in the Theory of Wave Guides. -

77 . M. Roe. (Phys. Rev., 1st/15th March 1946, Vol.
59, Nos. 5/6, p. 255.) When the boundaries are not
aerfectly conducting there is only a finite number of
ion -orthogonal modes satisfying the continuity con-
litions and the conditions at infinity. Abstract
of an Amer. Phys. Soc. paper.

521.392 2136
Engineering Approach to Wave Guides. -T.

vloreno. (Electronics, May 1946, Vol. 19, No. 5,p. 99-103.) The advantages of waveguides overoaxial air- and solid -dielectric cables in the
requency range 2-30 kMc/s are described in rela-
ion to attenuation and power -carrying capacity.
)esign data and waveguide materials are discussed,
nd a list of standard guide sizes for various fre-
uency ranges is given.

25.392.012.2 21371 New Transmission - Line Diagrams. - A. C.,Ichwager & P. Y. Wang. (Trans. Amer. Inst.
k'gect. Engrs, December Supplement 1945, Vol. 64,
4. 955.) Discussion of 548 of March.
3

31.392 : 621.396.67 2138i Feeding Combined F.M. and A.M. Antennagrays. -W. Pritchett. (Electronic Industr., April
r46, Vol. 5, No. 4, pp. 72-74.) Briefly describes
o previous methods (2118 of 1941 -Taylor, &

134 of 1945 -Alford), and a third method by which
aen-wire transmission lines are used with stub
atching to separate the signals before applyingpem to their respective aerials.

1.392.21 : 621.315.1 + 621.396.664] :

621.396.712 2139

The Design and Use of Radio-Frequency Open -
ire Transmission Lines and Switchgear for Broad -
sting Systems. -F. C. McLean & F. D. Bolt.
. Instn elect. Engrs, Part III, May 1946, Vol. 93,

23, pp. 191-210.) Main points discussed are :-
e characteristic impedances, breakdown voltages,
id attenuation of 2-, 4- and other multi -wire lines ;
qe method of construction and support as used in7th power transmitters ; the systems of manual

'd
automatic switching between a number of lines,
the influence of open-air operation ; the match-

ig of balanced lines, and the relation between
standing -wave ratio and the power -handling

pacity of the line ; the characteristics and costs
;typical line systems. The work described is thatthe B.B.C. high-power broadcast stations at
iquencies from 0.2 to 25 Mc/s,

621.396.67 ± 621.396.11 2140A Note on a Simple Transmission Formula.-Friis. (See 2282.)
621.396.67

2141Concerning Hallen's Integral Equation for
Cylindrical Antennas. -S. A. Schelkunoff : R. King.(Proc. Inst. Radio Engrs, W. 6-, E., May 1946,
Vol. 34, No. 5, pp. 265-269.) Discussion by Kingof 851 of April. Comparative tables are given of
experimental and theoretical values of the significant
resonant parameterS of aerials having S2 2 In (2lIa)= 10, 15 and 20. Schelkunoff, in replying, pointsout that Hallen's first approximation as used byKing in his series of papers gives considerable errorsand only the latest King and Middleton paper
(1453 of June) gives results of the right order.
621.396.67 2142

" Cloverleaf " Antenna for F.M. Broadcasters.-(Bell Lab. Rec., April 1946, Vol. 24, No. 4, pp.163-164.) Note on an array giving a horizontalsheet of horizontally polarized rays, eliminating
multiple transmission lines, phase -correcting net-works, balancing lines etc. See also paper by
P. H. Smith, referred to in 2143.
621.396.67 2143A Report on the Sixth Annual Conference of
Broadcast Engineers. -L. Winner. (Communications,April 1946, Vol. 26, No. 4, pp. 30 .. 74.) Long
illustrated summaries 'of the following papers :-
Circular Antennas, by M. W. Scheldorf. F -M
Broadcast Loops, by A. G. Kandoian. Super
Turnstile Antenna, by R. F. Holtz. The Clover -
Leaf F -M Antenna, by P. H. Smith. For other
papers see 2125, 2319 and 2365.
621.396.677 2144

Vertical Rhombics.-T. J. White. (Radio Craft,
April 1946, Vol. 17, No. 7, pp. 469, 509.) A side -
length of 49 ft and vertical diagonal of 41 ft werefound to be the best dimensions for use at3-4.2 metres. Other constructional details, and
the advantages of vertical rhombics over both
horizontal rhombics and vertical dipole arrays are
discussed.

621.396.677 2145
An Umbrella -Type Antenna. -A. K. Robinson.

(QST, May 1946, Vol. 3o, No. 5, pp. 70-73.) A
number of radial wires slant downwards from a
mast and are terminated by resistances to earth.
A switching box at the top of the mast selects any
pair of adjacent wires to give a sloping-Vee aerial
for reception directive in elevation and azimuth.
It is shown how the radiation lobes of a single wire
of length 4A combine with ground images and with
the lobes of an adjacent wire. A variable-frequency
oscillator is used for the adjustment of the terminat-
ing resistances, and practical results are given.

CIRCUITS
621.3.011.3 : 625.3.012.3 2146

Nomogram for Computing Inductance of Straight
Cylindrical Wires. -J. I. Stephen. (Communica-
tions, April 1946, Vol. 26, No. 4, pp. 48-49.)
621.318.572 2147

Design of Counter Circuits. -E. R. Jacobson.
(Radio, N.Y., Feb. 1946, Vol. 3o, No. 2, pp. 25 ..59.)
Description of a double -diode circuit for repetition-
rate indication, giving a d.c. output proportional to
the frequency of the applied impulses.
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621.318.572 2148
Gate Circuit for Chronographs. -L. B. Tooley.

(Electronics, May 1946, Vol. 19, No. 5, pp. 144-145.)
A simple circuit, including two thyratrons fired by
successive pulses applied to the input, which can be
used as a switch controlling the time of operation
of a counter system.

621.385.3 : 621.396.615 2149
Circuits for Sub -Miniature Tube.-F.R. (Elec-

tronics, May 1946, Vol. 19, No. 5, pp. 154-156.)
Characteristics are given of the 6K4, a miniature
triode suitable for a.f. and r.f. circuits ; design
data are given, and circuits suggested for its use in
v.h.f. line -oscillators. The mechanical properties
of the valve fit it for use in apparatus subject to
vibration.

621.392 2150
Theorem on Equivalent Representations of an

Arbitrary Linear Network. -E. J. Schremp. (Phys.
Rev., 1st/15th March 1946, Vol. 69, Nos. 5/6,
pp. 259-260.) Abstract of an Amer. Phys. Soc.
paper.

621.392.4.012.3 2151
Phase -Shifter Nomograph. -R. E. Lafferty. (Elec-

tronics, May 1946, Vol. 19, No. 5, p. 158.) For
calculating the component values of a bridge -type
phase -shifting network with a range from o° to 180°.

621.394/.397].645.2 : 621.392.5 2152
Theory and Design of Double -Tuned Circuits. -

A. M. Stone & J. L. Lawson. (Electronic Industr.,
April 1946, Vol. 5, No. 4, pp. 62-68..128.) A
detailed analysis giving the exact solution of shunt -
fed, double -tuned, wide -band networks using
inductive coupling, and of the equivalent T and rr
circuits. The results are shown graphically. Special
applications considered are (a) video -frequency
amplifier interstage coupling, (b) i.f. amplifier
interstage coupling (15 Mc/s wide, 3o Mc/s mean),
(c) coupling of i.f. amplifier to line, (d) coupling of
frequency converter to i.f. amplifier.

621.395.645.2 : 621.395.813 2153
Radio Design Worksheet : No. 45 -[Harmonic

distortion in] Non -Linear Resistances ; [and effect
on gain of] Amplifier Coupling. -(Radio, N.Y.,
Feb. 1946, Vol. 3o, No. 2, pp. 33-34.)

621.394/.397].645.3 2154
Balanced Output Amplifiers of Highly Stable and

Accurate Balance.-E.M.I. Laboratories. (Elec-
tronic Engng, June 1946, Vol. 18, No. 220, p. 189.)
A pair of amplifying valves have a common cathode
circuit with the usual resistor replaced by a valve
that is controlled from a potential divider connected
between the anodes of the two amplifiers. The
resulting stability and accurate balance is obtained
without excessive potential drop in the cathode
circuit.

621.395.645.3 2155
High -Fidelity All Purpose Amplifier. -R. T.

Rogers & M. Putman. (Radio News, April 1946,
Vol. 35, No. 4, 'pp. 32-34.) Details of the circuit
and performance of a 3o -W a.f. amplifier with
negative feedback and bass and treble controls.
The noise level is 5o db below maximum output
and the distortion less than 4%.

621.396.611.21 2156
Forced Vibrations of Piezoelectric Crystals. -

H. Ekstein. (Phys. Rev., 1st/15th March 1946,
Vol. 69, Nos. 5/6, p. 257.) Abstract of an Amer.
Phys. Soc. paper.

621.396.615 2157
Two -Terminal Oscillator. -M. G. Crosby. (Elec-

tronics, May 1946, Vol. 19, No. 5, pp. 136-137.)
A twin triode is connected with one triode as a
cathode follower driving the second triode through
the common cathode resistance. The input-
output transconductance is negative, so that an
oscillator can be made by two -point connexion of a
tuned circuit. Several applications are given,
including the use of the circuit as a class -A limiter
and as a true square -wave multivibrator.

621.396.615.11/.12 2158
A Wide -Range Test Oscillator. -C. F. Lober.

(QST, May 1946, Vol. 3o, No. 5, pp. 40-42.) Con-
structional details of an RC oscillator for 17-218 000
c/s sine- or square -wave, using a Wien -bridge
circuit.

621.396.615.17 + 621.318.572 2159
Pulsing Circuits for Timing Applications. -R. L.

Rod. (Radio, N.Y., Feb. 1946, Vol. 3o, No. 2,
pp. 27-30, 6o.) Circuit details of the clipped -sine -
wave pulse -generator, the self -running and triggered
multivibrator, the blocking oscillator, the triggered -
blocking -oscillator dividing -circuit, the triggered-
transitron pulse -generator, a simple circuit for
pulse -width discrimination, the pentode gating -
circuit, and a triode coincidence -indicator.

621.396.615.17 2160
Controlled and Uncontrolled Multivibrators.-

E,R. Shenk. (Proc. Radio Cl. Amer., Feb. 1946,
Vol. 23, No. 2, 18 pp.) An analysis, on the basis
of capacitor -resistor time constants, gives an
equation relating the natural frequency to the
characteristics of the valves and to the circuit
components. The conditions to be satisfied in a
synchronized multivibrator to allow for variations
in the circuit time constants are deduced, and the
waveform and phase of the synchronizing voltage
are considered. Percentage variations in the
frequency of the synchronizing pulses over which a
given order of division can be maintained and the
application of either positive or negative pulses are
discussed. Design curves are included, and worked
examples are given.

621.396.615.17 2161
Waves and Pulses. -J. McQuay. (Radio Craft,

April 1946, Vol. 17, No. 7, pp. 470..499.) The
basic principles of pulse formation, followed by
brief details of eight pulse -producing circuits.

621.396.615.17 : 621.317.755 2162
Single Sweep [timebase] Generator. -D. McMullan.2

(Radio, N.Y., Feb. 1946, Vol. 3o, No. 2, pp. 4, 8.)
Illustrated summary of 571 of March.

621.396[.619 + .621.53
The Calculation of Intermodulation Products by

Means of a Difference Table. -A. Bloch. (J. /mot
elect. Engrs, Part III, May 1946, Vol. 93, No. 23,
pp. 211-216.) The method of central differences
used by Espley (3872 of 1940) is applied to the
intermodulation products in a nonlinear device fed
with two voltages of different frequency. Sheppard's

Sii
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difference and average operators 8 and p. are applied,
and the evaluation carried out in terms of the
function Fl(a) which is tabulated in the paper.

621.396.662.3 : 621.396.611.21 2164
The Crystal Filter : Parts 1 & 2.-R. W. Ehrlich.

(Radio Craft, March & April 1946, Vol. 17, Nos.
6 & 7, pp. 398..442 & 476..507.) An elementary
account of the principles and applications.

621.396.662.34: 621.396.44: 621.396.611.21 2165
A New -Crystal Channel Filter for Broad Band

Carrier Systems.-E. S. Willis. (Trans. Amer. Inst.
elect. Engrs, March 1946, Vol. 65, No. 3, pp. 134-138.)
Four crystal units are assembled in one lattice -type
filter section, with substantial savings of weight and
space. Attenuation of 50-6o db is obtained for
frequencies more than 700 c/s from the edge of
the pass band, which is about 3 kc/s wide. Tem-
perature changes of 20° F alter the frequency by
D.03 %.

521.396.69 2166
Printed Circuit Wiring.-(See 2229.)

521.396.82 : 621.317.79 2167
Cylindrical Shielding and Its Measurement at

. adio Frequencies.-A. R. Anderson. (Proc. Inst.
Tadio Engrs, W. 6. E., May 1946, Vol. 34, No. 5,
pp. 312-322.) " The effectiveness of shields from
he point of view of the wave theory of shielding
3 discussed. Specific consideration is given to
ylindrical shielding against low -impedance fields
nd its measurement at radio frequencies. Various
iethods and concepts of measurement are discussed
riefly ; inadequacy of probe -type tests and the
dvantages of an integrating -type test are pointed
ut.

q " Equipment of the integrating type suitable for
roduction testing of specimens of cylindrical
ielding from 3/16 to 2 inches diameter at 3 Mc/s
described and illustrated. With this equipment,

tielding effectiveness of the unknown is determined
I terms of the effectiveness of a specified rigid
etal-tube standard. Sensitivity is sufficient to
easure the leakage through 0.024 inch of copper

. the test frequency. A shielded room is not
quired.
" Experimental results obtained with this and
nilar equipment from 200 kc/s to to Mc/s are
yen. Tests at various frequencies on thin -wall
pper tubes of different thicknesses are shown to

in agreement with the results predicted by
eory. Included are data on metal tubes, wire
aids, coaxial cable, and flexible -shielding conduits.
" Test results are shown to be independent of
rrent through the specimen, receiver gain or
justment, and various other factors. Results
e shown also, in general, to be independent of the
gth of specimen tested and its impedance.
rious factors affecting test results are considered
d formulas are given for correcting results ob-
ned on exceptional specimens having abnormally
h resistance."

.396.822 2168
Generalization of Nyquist's Thermal Noise

orem.-Schremp. (See 2300.)

[094/.397].645.3 + 621.392.5 2169
Network Analysis and Feedback Amplifier Design.
:k Review]-H. W. Bode. Van Nostrand Co.,

York, 1945, 529 pp., $7.50. (Proc. Inst.

Radio Engrs, & E., May 1946, Vol. 34, No. 5,p. 277.) " The communication engineer whose
mathematical foundation has been well laid andwell used, will find this advanced text to be an
authoritative and up-to-date contribution to the
field of network -theory application."

GENERAL PHYSICS
517.947.44  534.25 2170

The Wave Equation in a Medium with a Variable
Index of Refraction.-P. G. Bergmann. (J. acoust.
Soc. Amer., April 1946, Vol. 17, No. 4, pp. 329-333.)
In the usual derivation of the wave equation for
the sound pressure in air or in water no account is
taken of the occurrence of density gradients. In
this paper preliminary consideration is given to the
conditions under which these gradients should be
considered in the derivation of the wave equationitself.

523.165 + 537.591.15 2171
The Origin of Large Cosmic -Ray Bursts.-R. E.Lapp. (Phys. Rev., 1st/15th April 1946, Vol. 69,Nos. 7/8, pp. 321-337.)

530.12 + 531.51 + 538.3 2172
A Classical Theory of Electromagnetism and

Gravitation : Part 1 - Special Theory.-H. C.Corben. (Phys. Rev., 1st/ r5th March 1946, Vol. 69,Nos. 5/6, pp. 225-234.) A unified electromagnetic
and gravitational field theory is obtained by intro-
ducing a fifth dimension ice where t' is a second
dimension of time symmetrical with t. The specialtheory (in which b/be o) is presented here. Theextended conservation- laws for charge, mass,
energy, momentum, and the fields of a point charge-mass are derived. An accelerated mass radiates
longitudinal gravitational waves which are propa-
gated with the velocity of light in vacuo, and the
resultant energy loss may be observable in the case
of large bodies. In matter, gravitational waves are
slowed down, and are identified with sound waves.

531.4 + 539.62 2173
Studies in Friction : Part 1-" Solid " versus

" Polar " Boundary Films.-M. E. Merchant.
(Phys. Rev., 1st/15th March 1946, Vol. 69, Nos. 5/6,pp. 250-251.) The friction between iron surfaces
and the durability of the boundary film are very
different according to whether carbon tetrachloride
or oleic acid is added to pure mineral oil lubricant.
Abstract of an Amer. Phys. Soc. paper.

536.2 : 546.87-1 2174
The Thermal Conductivity of Bismuth at LowTemperatures.-S. Shalyt. (J. Phys., U.S.S.R.,

1944, Vol. 8, No. 5, pp. 315-316.) Short descrip-
tion of measurements made with a cylindrical
specimen of high purity set up in a suitable magnetic
field. At 65-80° K the thermal resistance was
increased 15-20% by the application of the field,
but no detectable change was observed at 2-4° K.
In the absence of the field the thermal resistance
reached a minimum value in the region of 4° K.
It is concluded that the minimum " . . . is chiefly
due to the lattice".

537.122 : 538.3 2175
Classical Theory of the Point Electron. -

M. Schonberg. (Phys. Rev., 1st/15th March '940,
Vol. 69, Nos. 5/6, pp. 211-224.)
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537.32 : 537.312.62 2176
On the Thermoelectric Phenomena in Super-

conductors.-V. L. Ginsburg. (J. Phys., U.S.S.R.,
1944, Vol. 8, No. 3, pp. 148-153.)

537-564,014Ma "1 2177
On the Energy Loss of Fast Particles by Ionization.

-L. Landau. (J. Phys., U.S.S.R., 1944, Vol. 8,
No. 4, pp. 201-205.) A theoretical development
of a formula for the energy loss distribution for a
fast particle which traverses a layer of matter and
loses a small part of its energy through ionization,
i.e., a formula for the probability that the energy
loss shall lie between given limits.

538.114 2178
On the Theory of Ferromagnetism.-B. T.

Geylikman. (J. Phys., U.S.S.R., 1944, Vol. 8,

No. 3, pp. 182-191.) " On the basis of a translation
model of the metal the temperature dependence
of the magnetic moment at high and low tempera-
tures has been found. At high temperatures the
dependence obtained differs slightly from Heisen-
berg's formula, the Curie temperature, however,
appears to depend on the degree of filling of the
zone. The dependence of the conductivity of
ferromagnetics on the temperature, which agrees
with experiment, is also determined." An appendix
gives a brief theoretical treatment of the fine
structure of emission and absorption spectra from
metals.

621.314.632 : 537.221 2179
Erratum : A Method for Measuring Effective

Contact E.M.F. between a Metal and a Semi-Con-
ductor.-W. E. Stephens, B. Serin & W. E. Myerhof.
(Phys. Rev., ist/i5th March 1946, Vol. 69, Nos.
5/6, p. 244.) Graph omitted from 1519 of June.

621.385 : 538.312
Energy Conversion in Electronic Devices.

Gabor. (See 2394.)

2180

GEOPHYSICAL AND EXTRATERRESTRIAL
PHENOMENA

523.165 537.591.15 2181
The Origin of Large Cosmic -Ray Bursts.-R. E.

Lapp. (Phys. Rev., 1stl15th April 1946, Vol. 69,
Nos. 7/8, pp. 321-337.)

523.72: 621.396.822 2182
Microwave Radiation from the Sun.-G. C.

Southworth. (J. Franklin Inst., March 1946, Vol.
241, No. 3.) Correction to 3252 of 1945-

523-746 2183
Sunspots. A. L. Narayan. Sci., April

1946, Vol. 15, No. 4, pp. 95-98.) A general descrip-
tion of the structure and characteristics. The
complex motion of the associated matter is dis-
cussed.

550.37
Magnitude of

Sci., Dec.
In the light of
modified to 2.5

o5 coulombs as

550.37
Structure of

Arlick. (Curs'.

2184
the Earth's Charge.-A. B. Arlick.
1945, Vol. 14, No. 12, pp. 318-319.)
modern theory, the value of Q is
x 1014 coulombs instead of 4.5 x

previously assumed.

2185
the Earth's Electric Field.-A. B.
Sci., April 1946, Vol. 15, No. 4,

pp. 105-106.) Certain anomalies in terrestrial
magnetism and electricity are thought to be a
natural consequence of the internal core, and of
the existence of positive and negative ionic layers
in the atmosphere.

550.37 2186
A Theory of the Fundamental Phenomena of

Atmospheric Electricity.-J. Frenkel. (J. Phys.,
U.S.S.R., 1944, Vol. 8, No. 5, pp. 285-304.) Atten-
tion is drawn to the application of the concepts
of colloidal suspensions to the case of the atmos-
phere in which charged water drops and ice crystals
are suspended. Laboratory measurements are
considered in which a model of the atmosphere
may be built using a suitable colloidal suspension.

In the atmosphere the cloud of charged drops
becomes polarized due to the drops' sinking under
gravitational force. The steady downward field
within the cloud is in the range 3o-15W/cm. The
field in the space surrounding a spherical cloud is
also calculated, and the numerical values agree
fairly well with those measured in practice. " The
clouds can thus be treated as electrical generators
using the potential energy of the forces of gravity
with a very small efficiency (of the order of
The special conditions which are characteristic
of thunder -clouds are elucidated (large vertical
thickness and high water content), as well as the
role of the increase of the negative local fields
(giving rise to lightning discharges)." The mech-
anism by which the initial negative charge on the
rain drops is neutralized (and sometimes reversed)
during their passage to the ground is discussed.

551.51.053.5: 523.78 2187
Ionosphere Observations [at Uppsala] during

the Solar Eclipse on September 10, 1942.-W.
Stoffregen. (Ark. Mat. Astr. Fys., loth Feb. 1946,
Vol. 32, Part 4, Section B, No. 9, 6 pp. In English.)
" The observations agree with earlier ones, and show
a well marked ionization decrease of the F2 region
during the obscuration of the sun. The virtual
height of the F, -region increased parallel with the
eclipse. No time difference of importance between
the variation of the eclipse and the ionization was
noted."

551.51.053.5: 621.396.11 2188,
On the Absorption of Radio Waves and the

Number of Collisions in the Ionosphere.-Ginsburg
(See 2287.)

631.437 2189
On the Theory of Seismic and Seismoelectric

Phenomena in a Moist Soil. J. Frenkel.
Phys., U.S.S.R., 1944, Vol. 8, No. 4, pp. 23o-241.)
The propagation of elastic waves in the surface
layers of the soil is accompanied by the appearance
of electric potential differences between points
situated at different distances from the source.
" According to the theory of Helmholtz and
Smoluchovski, the difference of hydrostatic pressure
dp between two points of the soil must be con-
nected with a difference of the electrical potential
LI V = dp where is the electrokinetic poten-

411,aa
tial, i.e. the potential drop in the surface double
layer, µ - the viscosity of the water and a - its
electrical conductivity." The paper contains a very
detailed theoretical analysis of the propagation of

1.1

LJ
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transverse and longitudinal waves in dry and moist
soil, from which the electrical effects are derived
in accordance with the above formula.

LOCATION AND AIDS TO NAVIGATION

621.396.11 : 551.51.053.5 : 621.396.9 2190
2-McIs Sky -Wave Transmission. -J. A. Pierce.

(Electronics, May 1946, Vol. 19, No. 5, pp. 146-153.)
A simplified review of present ionospheric know-
ledge, with -particular reference to Loran operations
and the effect upon the sky -wave delay times of
reflections at the E and F layers. It is shown that
the E layer is relatively stable, is little affected
by ordinary disturbing phenomena, and can be
used for Loran operations at medium and long
ranges.

21.396.9 2191
An Introduction to Loran. -J. A. Pierce. (Proc.

Inst. Radio Engrs, W. 6, E., May 1946, Vol. 34,
No. 5, pp. 216-234.) The history and principles
of the system are described. Within the ground -
Faye service area (ranges up to 700 nautical miles
wer sea) errors vary from about 300 yards to 1
mile ; at night, distances up to 1400 miles may be
:overed by sky waves, giving errors of if to 8 miles.

The ultimate potential accuracy and the possi-
ility of automatic position indicators and course
ollowers are discussed, and mention is made of a
lew " cycle matching " technique which may
onsiderably enhance the present accuracy of
aeasurement.
The transmitting and receiving apparatus is

lroadly described, with block diagrams.

11,21.396.9 2192
q The Deem Navigator. -(Electronic Engng, June
946, Vol. 18, No. 22o, pp. 166-171.) A detailed
..scription of the system with a functional account
the equipment. See also 1848 of July and back

ference.

11.396.9 2193
Shoran Precision Radar. -S. W. Seeley. (Trans.
mer. Inst. elect. Engrs, April 1946, Vol. 65, No. 4,
). 232-240.) The system has been used exten-
rely for air navigation, aerial mapping, and
ind bombing. The aircraft transmits short
ilses, at about 250 Mc/s, to a pair of spaced
ound stations fitted with repeaters that receive,
hape, and retransmit the pulses. The time delay

Itween the original transmission and the reception
the aircraft of the retransmitted pulses deter-

ines the position of the craft relative to the re-
aters. There is no transmission between the
ound stations. The history of the project, the
ethod of use, and the main technical features

the system are described. The equipment is
ignated AN/APN-3 and AN/CPN-2. Useful
ge about 25o miles, accuracy about soft.

1.396.9 2194
;Merchant Marine Radar. -I. F. Byrnes. (RCA
v., March 1946, Vol. 7, No. I, pp. 54-66.) A

trvey of the essential requirements, based on the
IS. Coast Guard " Minimum Recommended
tecification Briefs " and on a similar British docu-
/nt. It deals particularly with the so-called
ss-A type of radar, which operates in the 3 -cm
d, and is intended for navigation in restricted
ers, with a receiver having a noise factor not

worse than 15 db, and using a p.p.i. The im-
portance of adequate power for operation under
adverse conditions is emphasized.

621.396.9 2195
Radar Systems Considerations. -D. A. Quarks.

(Trans. Amer. Inst. acct. Engrs, April 1946, Vol.
65, No. 4, pp. 209-215.) A technical background
for the more detailed exposition of modern radar.
A brief description is given of the nature and func-
tion of each major part of the system.

621.396.9 2196Radar for Blind Bombing : Part L -J. V.
Holdam, S. McGrath & A. D. Cole. (Electronics,
May 1946, Vol. 19, No. 5, pp. 138-143.) A descrip-
tion of the history and circuit details of H2X,
the 3 -cm radar system designed for use in aircraft
as a navigational aid, and for the location and
identification of ground targets obscured by cloudor smoke. The antenna, with a 29 -inch modified
paraboloid reflector, gives a beam width of 3°,
can be rotated through 36o° in azimuth, and tilted
through ±20° in elevation. The echoes are dis-
played on an azimuth -stabilized p.p.i. presentation,
with the aircraft heading shown as a radial line
starting at the centre of the tube. An electronic
bombing computer provides a range mark, the
bombs being released when range mark and target
coincide. For navigation, the system can be used
in conjunction with radar responder beacons situatedon the ground. When these beacons receive a
pulse of the proper duration in the airborne search -
radar frequency band, they respond with a coded
series of pulses in the beacon frequency band.
The subsequent display on the p.p.i. then gives
the aircraft's position relative to a known point.

There are two versions of the equipment desig-
nated AN/APQ-13 and AN/APS-15.

621.396.9 : 523.3 2197
Radar Reaches the Moon. -T. Gootee. (RadioNews, April 1946, Vol. 35, No. 4, pp. 25..88.)

For a more detailed account see 1856 of July
(Mofenson). For other brief accounts see J.
DeWitt, Radio Craft, April 1946, Vol. 17, No. 7,
pp. 464..502, and H. Kauffman, QST, May 1946,
Vol. 3o, No. 5, pp. 65-68.

621.396.9 : 621.385.832 2198
The Skiatron in Radar Displays. -King : Watson.

(See 2404.)

621.396.933.2 2199
The Omnidirectional Range. -D. M. Stuart.

(Aero Digest, 15th June 1945, Vol. 49, No. 6,
pp. 76, 77, r5o.) Outline description of the system.
In the aircraft the azimuth of the ground station
is determined from the phase of the received
60-c/s modulation, imposed at the ground by
means of a continuously rotating goniometer on
the carrier radiated from two pairs of cross -con-
nected monopoles. Radiation from a central
monopole is used for reference purposes.

621.396.933.2 2200
An Omnidirectional Radio -Range System : Part 3

-Experimental Results and Methods of Use.-D. G. C. Luck. (RCA Rev., March 1946, Vol. 7,
No. r, pp. 94-117.) For parts I & 2 see 458 and
2388 of 1942. Tests were made at about 6 and
125 Mc/s. Ground measurements showed overall
instrumental errors averaging less than 0, but
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" flight tests . . . showed considerably larger errors,
apparently related to terrain or transmitter -site
characteristics. Sky -wave operation at the lower
frequency was found fairly satisfactory in the
absence of violent fading. Standing -wave effects
were sought but not found in the ultra -high -
frequency field. Trouble was experienced in the
higher -frequency flight tests with spurious modula-
tion of received signals produced by spinning pro-
pellers and imperfect structural bonding of air-
craft, as well as with ignition interference."

621.396.9 2201
Radar. [Book Review]-O. E. Dunlap, Jr.

Harper & Bros., New York, 1946, 203 pp., $2.50.
(Proc. Inst. Radio Engrs, W. & E., May 1946,
Vol. 34, No. 5, p. 277.) " The text is well written,
easily read, and up to date. . . . It is a valuable
nontechnical contribution to inform the general
public.

621.396.9 2202
Radar - Radiolocation Simply Explained. [Book

Review]-R. W. Hallows. Chapman & Hall,
London, 140 pp., 7s. 6d. (Elect. Rev., Lond.,
31st May 1946, Vol. 138, No. 3575, p. 848.) " . . . not
highly technical, but contains a clear exposition of
the basic principles. . . ."

MATERIALS AND SUBSIDIARY TECHNIQUES
531.788 2203

A Reliable High Vacuum Gauge and Control
System.-R. G. Picard, P. C. Smith & S. M.
Zollers. (Rev. sci. Instrum., April 1946, Vol. 17,
No: 4. pp. 125-129.) The instrument incorporates
two gauges, a thermocouple, and a cold -cathode
discharge gauge, neither of which is damaged by
the admission of air to the vacuum system. The
useful range is from atmospheric pressure to about
10-4 mm Hg. The gauges are described, and a
circuit is given whereby the gauge current can be
used to operate other devices.

531.788.7 2204
An Ionization Gauge of Simple Construction.-

C. M. Fogel. (Proc. Inst. Radio Engrs, W. & E.,
May 1946, Vol. 34, No. 5, pp. 302-305.) For pressure
range ro-4-i o-8 mm Hg. Advantages claimed
include easy outgassing, good sensitivity, linear
scale, small leakage current, and the fact that the
filament is not damaged by heating it in air.

533.5 2205
A High Temperature Sodium Chloride to Glass

Vacuum Seal for Infra -Red Cells.-G. L. Simard &
J. Steger. (Rev. sci. Instvitm., April 1946, Vol. 17,
No. 4, pp. 156-157.)

533.5 2206
A Rapidly Acting Vacuum Valve.-D. D'Eus-

tachio. (Phys. Rev., ist/15th March 1946, Vol. 69,
Nos. 5/6, p. 251.) Abstract of an Amer. Phys.
Soc. paper.

535.37 : 546.791 2207
Polarization of Photoluminescence of Uranium

Glasses.-A. N. Sevchenko. (J. Phys., U.S.S.R.,
1944, Vol. 8, No. 3, pp. 163-170.) An experimental
investigation showing that the polarization depends
markedly on, the wavelength of the exciting radia-
tion, and that the fine structure of the polarization
spectra depends on the structure of the uranium
molecules.. The maximum polarization in the

specimens examined was 25%. The polarization
decreases with the decay of luminescence, showing
that the " . . . energy of excitation is transmitted
from the excited to the unexcited molecules. .

It is proved that the nature of absorption and
emission of radiation by uranium in glass and in
solutions is due to electric dipoles."

537.228.1 + 539.32 + 621.3.011.5] :
[546.32.85 + 546.39.85

The Elastic, Piezoelectric, and Dielectric Constants
of Potassium Dihydrogen Phosphate and Am-
monium Dihydrogen Phosphate.-W. P. Mason,
(Phys. Rev., 1st/15th March 1946, Vol. 69, Nos. 5/6,
pp. 173-194.) The full paper of which an abstract
was summarized in 1260 of May.

539.234 : 535.87 : 546.621 2209
Numerical Data on the Optical Properties of

Aluminized Mirrors.-L. Dunoyer. (C.R. Acad.
Sci., Paris, 7th May 1945, Vol. 220, No. 19,
pp. 686-688.) Mirrors were. prepared by condensa-
tion in a vacuum, and the transmission and reflec-
tion factors measured for the metallized and un-
metallized sides. The same factors are derived for
the metal layer alone in air and in glass. A table
shows these data for metal thicknesses from 7.5 to
80.9 nap.. For other measurements on the mirrors
see 2210/2212 below.

539.234 : 535.87 : 546.621 2210
On the Optical Density of Thin Films of Alu-

minium Deposited on Glass bylEvaporation and the
Thickness of the Protective Alumina Layer.-L.
Dunoyer. (C.R. Acad. Sci., Paris, 4th June 1945,
Vol. 220, No. 23, pp. 816-817.) The curve of optical
density against film thickness (determined by
weight) has a sharp bend for a thickness of 10.8 mµ
which, together with previous evidence, suggests a
change in layer structure for a thickness of about

mix. Extrapolation indicates zero optical density
for a film thickness of 5.4 mµ. This is explained
as due to oxidation of an actual thickness of
2.9 inµ of metallic aluminium. Correction for the
oxide layer converts the figure for the critical
thickness from I1 mil to 8.5 mix.

The absorption and extinction coefficients are
calculated.

2208

539.234 : 546.621 2211On

the Diffusion of Atoms or Molecules by a
Glass Wall.-L. Dunoyer. (C.R. Acad. Sci.,
9th April 1945, Vol. 220, No. 15, pp. 520-522.) A
film of aluminium deposited on glass by condensa-
tion at oblique incidence in a vacuum was found
to vary in thickness with distance from the emitting
source at a rate that changed abruptly at the place
where the thickness was about I i mµ. It is

suggested that the crystallites in films of greater
thickness are sufficiently close to ensure the capture
of each incident atom by the field of the nearest
crystal lattice, whereas for thinner films an

appreciable fraction of the incident atoms do not
adhere, but are diffused away from the glass. It
is considered unlikely that the discontinuity in the
rate of change of density of the film is associated
with the difference in angle of incidence of the
particles.

539.234: 621.316.849.011.2 : 546.621 2212
Electrical Resistance of Thin Films of Aluminium

Deposited on Glass by Thermal Evaporation. -
L. Dunoyer. (C.R. Acad. Sci., Paris, 25th June

fi
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945, VOL 220, No. z6, pp. 907-909.) The resistivity
f the metal film increases as the thickness is
3duced. The ratio of film resistivity to bulk3sistivity is about 2 for thicknesses near roo;orrected for the oxide layer), 9.4 for 7.2
29 for 3.3 mil, 86o for 1.9 mµ and oo for 0.9 Mp,orresponding to a layer about two atoms thick.
igures are given for 19 different thicknesses.
39.32.082 2213Elastic Constants of Crystals.-S. Bhagavantam.Sci. Culkte, April 1946, Vol. II, No. Do, Suppt.
. 3.) Abstract of an address delivered at the
adian Science Congress, describing a new methodf measuring the elastic constants of materials inhe form of small plates.
46.287: 621.315.612 2214The Use of Liquid Dimethylsilicones to produce
Vater-Repellent Surfaces on Glass -Insulator Bodies.-0. K. Johannson & J. J. Torok. (Proc. Inst.2adio Engrs, W. & E., May 1946, Vol. 34, No. 5,p. 296-302.) The article to be treated is tho-oughly cleaned and dipped in a dilute solution ofhe silicone in an inert solvent, The solvent is'lowed to evaporate, and the article is then baked

o fix the film on the surface. The routine is.escribed.
Numerical and graphical results given in termsf surface resistance and power factor show thatpis finish is superior both to the untreated surfacend to wax -dipped surfaces. The overall powertctor in the dry state is not affected by the finish.

he silicone does not affect the resistance to fungusmwth.

1.6.287 : 621.315.616.9 : 621.316.842 2215Silicone Coating for [wire-woundl Resistors.-4. E. Marbaker. (Radio, N.Y., Feb. 1946, Vol. 3o,

l

'o. 2, p. io.) Withstands repeated 275° C thermal.ocks and repeated immersion in hot and coldIt water without cracking, crazing, or peeling, andAs good dielectric strength. Summary of a paper
J. Amer. Ceramic Soc., 1st Dec. 1945.

(0.20.9 : L621.315.59 + 621.314.63 + 537.32 2216Germanium Alloys.-(Phys. Rev., 2st115th March46, Vol. 69, Nos. 5/6, pp. 258-259.) Abstractsd: given of the following Amer. Phys. Soc. papers :lectrical Properties of Germanium Alloys : Part 2Electrical Conductivity and Hall Effect, by K.,rk-Horovitz, A. E. Middleton, E. P. Miller & I.lalerstein. Electrical Properties of Germanium!toys : Part 2-Thermoelectric Power, by K.rk-Horovitz, A. E. Middleton, E. P. Miller,W. Scanlon & I. Walerstein. Theory ofpurity Scattering in Semiconductors, by E.Omen & V. F. Weisskopf. Theory of Resistivity
Germanium Alloys, by K. Lark-Horovitz & V. A.son. Theory of Thermoelectric Power inmanium, by V. A. Johnson & K. Lark-Horovitz.
.324.63 + 621.315.59

2217Meat Treatment of Semi-Conductors and Contact: tification.-B. Serial. (Phys. Rev., istl15thit 1946, Vol. 69, Nos. 7/8, pp. 357-362.) TheInence of heating silicon to about I 000° CIpably causes evaporation of the impurities, andanalysis of this process is given which suggests
a surface layer of at least 20-6 cm thickness iseted. The characteristics of a rectifier sovied are given following Bethe's theory, and itincluded that heat treatment results in increased

back resistance and decreased contact capacity,with improvement in rectification efficiency.
622.325.59

2218On the Theory of Electric Properties of Good Con-ducting Semi-Conductors.-K. Shifrin. (J. Phys.,U.S.S.R., 1944, Vol. 8, No. 4, pp. 242-252.) Atheoretical and experimental study of the propertiesof substances such as lead sulphide and leadselenide, which have relatively high conductivities(of the order of Too or even 1000 mhos/cm), andwhich differ from ordinary semiconductors in thesign of the temperature coefficients of conductivityand thermo-e.m.f. It appears that these distinctive properties are caused by the presence of atomsof impurity metals.

621.315.612.6 : 621.315.613.1
2219Manufacture and Use of Glass Bonded Mica.-D. E. Replogle. (Electronic Industr., April 1946,Vol. 5, No. 4, pp. 94-96.) A general survey of itsproperties and of its advantages over other syntheticinsulators. It may be machined or moulded withgreater ease and accuracy than steatite, has good

electrical properties, does not require sealing, andwill not support fungus growth.
621.315.625 : 621.319.4 : 621.365.5 2220Capacitors for High -Frequency Induction -HeatingCircuits.-F. M. Clark & M. E. Scoville. (Trans.Amer. Inst. elect. Engrs, December Supplement1945, Vol. 64, pp. 995-996.) Discussion of 636 ofMarch.

621.315.616.7
2221Sulfur in Synthetic Rubbers.-F. S. Maim. (BellLab. Rec., March 1946, Vol. 24, No. 3, pp. 106-22o.)A short study of the solubility and diffusion ratesof sulphur in the process of vulcanization.

621.315.616.9
The Development of Polythene as a High-Fre-quency222Dielectric.-W. Jackson & J. S. A. Forsyth.(J. Instn elect. Engrs, Part I, May 1945, Vol. 92,No. 53, p. 214.) Summary of 2768 of 1945.

621.318.32 : 621.318.42
2223Ferroinductance as a Variable Electric -CircuitElement.-J. D. Ryder. (Trans. Amer. Inst. elect.Engrs, December Supplement 2945, Vol. 64,pp. 962-963.) Discussion of 643 of March.

621.318.32.013 : 539.3
2224Magnetization and Stress.-R. M. Bozorth.(Bell Lab. Rec., March 1946, Vol. 24, No. 3, pp.226-229.) A short account, illustrated by curvesfor iron, nickel, and 68 Permalloy, of the effect ofmechanical stress on ferromagnetic properties.

621.318.322 : [621.314.2.0294/5
2225Applications of Thin Permalloy Tape in Wide -Band Telephone and Pulse Transformers.-A. G.Ganz. (Trans. Amer. Inst. elect. Engrs, April 1946,Vol. 65, No. 4, pp. 177-183.) An account of con-struction and properties, illustrated by graphs,and of applications to both transformers and non-linear inductors.

621.357.9
2226Remarks on the Mechanism of ElectrolyticPolishing and on Its Unevenness in the Case wherethere exists a Viscous Anodic Layer.-C. Gutton.(C.R. Acad. Sci., Paris, 7th May 2945, Vol. 220,No. 19, pp. 684-686.)

D
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621.396.611.21 2227
Plating Quartz Oscillator Crystals.-K. M. Laing.

(Communications, April 1946, Vol. 26, No. 4, pp.
26-28, 56.) An analysis of plating methods.

621.396.611.21 : 537.531.9 2228
Quartz Oscillator Plates. Frequency Adjustment

by X -Ray Irradiation.-L. A. Thomas. (Beama J.,
April 1946, Vol. 53, No. 106, P. 144.) Describes
changes in colour and in elastic properties when
exposed to X-rays. Abstract of a paper in Elect.
Times, 7th March 1946, Vol. 109, No. 2837, pp.
336-340.

621.396.69 2229
Printed Electric -Circuit Process.-(Communica-

tions, April 1946, Vol. 26, No. 4, pp. 78, 79.) See
also 1887 of July (Brunetti & Khouri), and Elec-
tronic Industr., April 1946, Vol. 5, No. 4, pp. 90 . .

120.

621.791.3 : 621.315.351 2230
Destructive Effect of High Temperature Solders

on Copper Wire.- R. H. Bailey. (Wire 6- W.
Prod., March 1945, Vol. 20, No. 3, pp. 197-199.)
The influence of temperature, wire size, and tin
content of the solder is discussed and illustrated by
graphs, and the detrimental effect on wire life of
high soldering temperatures and high tin content
emphasized. It is recommended that fine wires
should be soldered at temperatures below 6o0°F.

66.002.3 (03) 2231
Encyclopedia of Substitutes and Synthetics.

[Book Review]-M. D. Schoengold (Ed.). Philo-
sophical Library, New York, 1943, 36o pp., $10.00.
(Proc. Inst. Radio Engrs, W. 6, E:, May 1946, Vol. 34,
No. 5, p. 280.)
666.1/.2 2232

The Elements of Glass Technology for Scientific
Glass Blowers (Lampworkers). [Book Review]-
W. E. S. Turner. The Glass Delegacy of the Univ.
of Sheffield, Sheffield, 1945, 29 pp. (Rev. sci.
Instrum., April 1946, Vol. 17, No. 4, p. 147.)
" . . . a very compact and concise summary of the
fundamental properties of glass which are concerned
in such working."
679.5 2233

Plastics : Scientific and Technological. [Book
Review]-H. R. Fleck. English Univ. Press,
London, 25s. (Engineer, Lond., 29th March
1946, Vol. 181, No. 4707, p. 294.) " Instructive
and comprehensive treatise which will be of con-
siderable value to all connected with the applica-
tion of plastics in industry." Contains a survey of
literature.

MATHEMATICS
518.5 2234

A New Type of Differential Analyzer.-V. Bush
& S. H. Caldwell. (J. Franklin Inst., March 1946,
Vol. 241, No. 3.) Correction to 361 of February.

621.396.67 2235
Concerning Hallen's Integral Equation for Cylin-

drical Antennas.-Schelkunoff : King. (See 2141.)

51 : 62 2236
Engineering Mathematics. [Book Review]-H.

Sohon. D. Van Nostrand Co., New York, 1944,
278 pp., $3.50. (Rev. sci. Instrum., April 1946,
Vol. 17, No. 4, pp. 142-143.)

518.2 2237
Tables of Functions with Formulae and Curves.

[Book Review]-E. Jahnke & F. Emde. Dover
Publications, New York, 306 pp., 22S. 6d. (Beama
J., April 1946, Vol. 53, No. 1o6, p. 138.) An en-
larged and new edition (subsequent to the 1938
edition).

MEASUREMENTS AND TEST GEAR

621.3.083.7: 629.13
Electronic Recorder Aids Flight Research.-T. A.

Dickinson. (Aero Digest, 15th April 1945, Vol. 49,
No. 2, pp. 76..200.) General description of an 8o -
channel telemetering system for transmitting data
from aircraft instruments to a pen -recorder as-
sembly on the ground.

621.3.087.5 2239
Colored Trace Oscillograms.-L. S. Trimble &

F. W. Bowden. (J. Soc. Mot. Pict. Engrs, March
1946, Vol. 46, No. 3, pp. 231-236.) A colour -
sensitive photo -recording material has been used
for the simultaneous recording of several electrical
impulses. This allows the reproduction of inter-
weaving traces in separate and distinct colours.
A 5i -inch -wide film in combination with filtered
light beams has given recording speeds up to 20
inches per sec.

621.317: 621.396.61 2240
Resonant -Cavity Measurements.-R. L. Sproull

& E. G. Linder. (Proc. Inst. Radio Engrs, W.& E.,
May 1946, Vol. 34, No. 5, pp. 305-312.) Methods
of measuring the resonant frequency, Q, and shunt
resistance of resonant cavities in the wavelength
range 2-12 cm are described. An f.m. oscillator
is used with probe injection to the cavity under
tea. A similar probe is used with a crystal de-
tector, of which the output is amplified and applied
to the Y plates of a c.r.o. The 60-c/s timebase
on the X plates controls the modulator of the
oscillator so that a stationary " response " curve
of the cavity is obtained. The procedure is de-
scribed for using this apparatus for measuring
the resonant frequency in terms of that of a cavity -
resonator wavemeter, and for measuring the Q.

The shunt impedance is derived from measurements
of Q or resonant frequency before and after the in-
sertion of a rod of lossy dielectric into the resonator.

2241
Testing of R.F. Cables.-(See 2130.)

621.317.1 : [621.315.21.029.57.6

621.317.341.029.587.62] : 621.315.212 2242
The S -Function Method of Measuring Attenuation

of Coaxial Radio -Frequency Cable.-C. Stewart, Jr.
(Trans. Amer. Inst. elect. Engrs, December Supple-
ment 1945, Vol. 64, p. 966.) Discussion of 660 of
March.
621.317.35 + 621.3.018.7 2243

Television Waveforms.-(See 2359.)
621.317.35

Complex Waveforms : The Harmonic Synthesiser2244

(Cont.)-Wave Analysis.-H. Moss. (Electronic
Engng, June 1946, Vol. 18, No. 220, pp. 179-182.)
A description, with illustrations, of wave analysis by
superposition methods when only 2 or 3 wave
components are present, and by the envelope
method for high frequency ratios and beats. Con-
tinuation of 1917 of July. Part 5 of a series on
c.r.t. traces.
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621.317.36 2245
Recent Advances in the Measurement of Fre-

y quency.-L. Essen. (R.S.G.B. Bull., May & June
1946, Vol. 21, Nos. II & 12, pp. 166 . . 172 & 182-
184.) General historical description of developments

i in standard -frequency oscillators, heterodyne fre-
quency meters, and absorption wavemeters, for
use up to 10 000 Mc/s.

,

21.317.36: 621.396.712 2246The Misurement of Broadcast Station Fre-
quencies. -J. Hers. (Trans. S. Afr. Inst. elect.
Engrs, Feb. 1946, Vol. 37, No. 2, pp. 35-55.) The
different methods of checking transmitter fre-
quencies are reviewed. " The paper discusses
various kinds of frequency standards, the genera-
tion of standard harmonic series, and their use in
measurement. Various kinds of measuring equip-
ment are described, with particular reference to
the equipment built by the South African Broad-
casting Corporation."

621.317.42 2247
A B -H Curve Tracer for Magnetic -Recording

4Wire.-T. H. Long & G. D. McMullen. (Trans.
Amer. Inst. elect. Engrs, March 1946, Vol. 65, No. 3,

rpp. 146-149.) " The equipment described is able
Ito show on the screen of an oscilloscope the cyclic
hysteresis loop of a sample of magnetic -recording
wire a little over one inch long and 0.004 inch in

lliameter. Results obtained with the equipment
n studying recording wires are given." The mag-
netic properties are influenced by the tension of
aie wire, and this magnetostrictive characteristicmight be used to give an instantaneous measure
,)f wire tension.

21.317.7.089.6: 621.396.823 2248
A Study of Wave Shapes for Radio-Noise -Meter

Talibrations.-C. W. Frick. (Trans. Amer. Inst.
elect. Engrs, December Supplement 1945, Vol. 64,
Op. 890-901.) An account of a theoretical and
,cperimental investigation to secure better agree-

ient between meters used for assessing continuousimpulsive interference with radio receivers, such as
ihat caused by motors or gas -discharge tubes. The
1tse of a signal of standard waveform is advocated
or calibrating noise meters, and a method of evalu-
.ting the noise -producing effect of such signals is
leveloped. It is shown that a 6o-c/s substantially
quare wave, in which 63% of the voltage change
rom peak to peak takes place exponentially in
..075 µs + 2o% is a useful calibrating signal that
ives material improvement in the agreement be-

tween noise measurements made] with actual radio
eceivers and with noise meters.

21.317.714+621.317.727] .087.64 2249{ Electronically Balanced Recorder for Flight
,iesting and Spectroscopy. -A. J. Williams, Jr.,V. R. Clark & R. E. Tarpley. (Trans. Amer.
nst. elect. Engrs, April 1946, Vol. 65, No. 4, pp.05-208.) Description of the circuit and perform-
nce of a multipoint potentiometer recorder for
hermocouples. The out -of -balance current is
aterrupted by a vibrator and amplified to drive

synchronous motor that drives the slide -wire
ontact and recorder. Adaptation for current
Instead of e.m.f.) and current -ratio recording isscribed.
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621.317.72.029.5/.62 2250A Remote -Indicating Field -Strength Meter. -E. P. Tilton. (QST, May 1946, Vol. 3o, No. 5,pp. 21..152.) Practical details of two simple units,
one containing switched coils for 28, 5o, and 144Mc/s, a crystal rectifier and rod aerial, and theother housing a microammeter for reading thecrystal current. The units are connected by acable for remote measuremero-s while adjusting
the transmitter under test.

621.317.725.015.532 2251A Corona Voltmeter. -Widmer. (See 2130.)

621.317.76.029.54/.58 2252A Precision Frequency Standard.-M. Saxon.
(Radio News, April 1946, Vol. 35, No. 4, pp. 36..
131.) Details of an amateur version of the U.S.
Army's BC -211 oscillating frequency meter, range630-11 000 kc/s with a gap 1 040-I 26o kc/s. A
crystal oscillator provides check points. Accuracy,a few parts in 105.

621.317.79 : 621.395.8 2253
The Measurement of Audio Distortion. -H. H.Scott. (Communications, April 1946, Vol. 26,No. 4, pp. 23 . . 56.) A study of methods used to

measure nonlinear, amplitude, or harmonic dis-
tortion. The measuring instruments include
distortion meters, wave analyser, and intermodu-lation meter. Procedures used for measurement
of distortion in a.m. and f.m. systems are also
discussed.

621.317.79: 621.396.615.14 : 2254
621.396.619.018.41

High Frequency F.M. Signal Generator.-(Elec-
tronic Industr., April 1946, Vol. 5, No. 4, lap. 86-87.)
General description of an instrument for laboratory
and production testing of f.m. receivers over the
range 86-108 Mc/s. The instrument has low dis-
tortion, and a maximum deviation of ± 300 kc/s.
The Colpitts oscillator is modulated by two reac-
tance valves, and the signal output is obtained
from an Hu -mode piston attenuator calibrated
directly in microvolts from x to 106.

621.317.79 : 621.397.62 2255
A Television Signal Generator : Part 1 -General

Features. -R. G. Hibberd. (Electronic Engng,
June 1946, Vol. 18, No. 22o, pp. 174-175, 178.)
The generator is designed to give signals within the
specification of the B.B.C. transmissions, for testing
receivers. Vision modulation is derived from a
monoscope (see 2865 of 1938 -Burnett), which is
briefly described, and synchronizing pulses are
provided by a special impulse generator. A block
diagram is given, and the display and monitoring
equipment is briefly described.

621.317.79 : 621.396.82 2256
Cylindrical Shielding and Its Measurement at

Radio Frequencies. -Anderson. (See 2167.)

53.08 2257
Scientific Instruments. [Book Review] -H. J.

Cooper (Ed.). Hutchinson's Scientific & Technical
Publications, London, 293 pp., 25s. (Elect. Rev.,
Lond., 3ist May 1946, Vol. 138, No. 3575, p. 848.)
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621.396.611.21 2227
Plating Quartz Oscillator Crystals.-K. M. Laing.

(Communications, April 1946, Vol. 26, No. 4, pp.
26-28, 56.) An analysis of plating methods.

621.396.611.21: 537.531.9 2228
Quartz Oscillator Plates. Frequency Adjustment

by X -Ray Irradiation.-L. A. Thomas. (Bearna J.,
April 1946, Vol. 53, No. 106, p. 144.) Describes
changes in colour and in elastic properties when
exposed to X-rays. Abstract of a paper in Elect.
Times, 7th March 1946, Vol. 109, No. 2837, pp.
336-340.

621.396.69 2229
Printed Electric -Circuit Process.-(Communica-

tions, April 1946, Vol. 26, No. 4, pp. 78, 79.) See
also 1887 of July (Brunetti & Khouri), and Elec-
tronic Industr., April 1946, Vol. 5, No. 4, pp. go..
120.

621.791.3: 621.315.351 2230
Destructive Effect of High Temperature Solders

on Copper Wire.- R. H. Bailey. (Wire & W.
Prod., March 1945, VOL 20, No. 3, pp. 197-199.)
The influence of temperature, wire size, and tin
content of the solder is discussed and illustrated by
graphs, and the detrimental effect on wire life of
high soldering temperatures and high tin content
emphasized. It is recommended that fine wires
should be soldered at temperatures below 600°F.

66.002.3 (03) 2231
Encyclopedia of Substitutes and Synthetics.

[Book Review]-M. D. Schoengold (Ed.). Philo-
sophical Library, New York, 1943, 36o pp., $io.00.
(Proc. Inst. Radio Engrs, W. & E:, May 1946, Vol. 34,
No. 5, p. 280.)
666.1/.2 2232

The Elements of Glass Technology for Scientific
Glass Blowers (Lampworkers). [Book Review]-
W. E. S. Turner. The Glass Delegacy of the Univ.
of Sheffield, Sheffield, 1945, 29 pp. (Rev. sci.
Instrum., April 1946, Vol. 17, No. 4, p. 147.)

. . . a very compact and concise summary of the
fundamental properties of glass which are concerned
in such working."
679.5 2233

Plastics : Scientific and Technological. [Book
Review]-H. R. Fleck. English Univ. Press,
London, 25s. (Engineer, Lond., 29th March
1946, Vol. 181, No. 4707, p. 294.) " Instructive
and comprehensive treatise which will be of con-
siderable value to all connected with the applica-
tion of plastics in industry." Contains a survey of
literature.

MATHEMATICS
518.5

A New Type of
& S. H. Caldwell.
Vol. 241, No. 3.)

2234
Differential Analyzer.-V. Bush
(J. Franklin Inst., March 1946,

Correction to 361 of February.

621.396.67 2235
Concerning Hallen's Integral Equation for Cylin-

drical Antennas.-Schelkunoff : King. (See 2141.)

51 : 62 2236
Engineering Mathematics. [Book Review]-H.

Sohon. D. Van Nostrand Co., New York, 1944,
278 pp, $350 (Rev. sci. Instrum., April 1946,
Vol. 17, No. 4, pp. 142-143.)

518.2 225
Tables of Functions with Formulae and Curve,

[Book Review]-E. Jahnke & F. Emde. DO\
Publications, New York, 306 pp., 22S. 6d. (Bea;) 
J., April 1946, Vol. 53, No. Ion, p. 138.) An ei:
larged and new edition (subsequent to the 19
edition).

MEASUREMENTS AND TEST GEAR
621.3.083.7: 629.13

Electronic Recorder Aids Flight Research.-T..
Dickinson. (Aero Digest, 15th April 1945, Vol. 4
No. 2, pp. 76 -200.) General description of an. 8
channel telemetering system for transmitting da
from aircraft instruments to a pen -recorder a
sembly on the ground.

621.3.087.5 22
Colored Trace Oseillograms. L. S. Trimble

F. W. Bowden. (J. Soc. Mot. Pict. Engrs, Mar
1946, Vol. 46, No. 3, pp. 231-236.) A colou.1
sensitive photo -recording material has been usej
for the simultaneous recording of several electric
impulses. This allows the reproduction of inte
weaving traces in separate and distinct colour
A 5i -inch -wide film in combination with filter
light beams has given recording speeds up to
inches per sec.

621.317 : 621.396.61 221
Resonant -Cavity Measurements.-R. L. Sprot

& E. G. Linder. (Proc. Inst. Radio Engrs, W. & L
May 1946, Vol. 34, No. 5, pp. 305-312.) Metho
of measuring the resonant frequency, Q, and shut
resistance of resonant cavities in the waveleng
range 2-12 cm are described. An f.m. oscillat,
is used with probe injection to the cavity und

- test. A similar probe is used with a crystal (1,,
tector, of which the output is amplified and applie-
to the Y plates of a c.r.o. The 60-c/s timeba
on the X plates controls the modulator of t
oscillator so that a stationary " response " cu
of the cavity is obtained. The procedure is d
scribed for using this apparatus for measurii
the resonant frequency in terms of that of a cavit
resonator wavemeter, and for measuring the
The shunt impedance is derived from measuremen
of Q or resonant frequency before and after the i
sertion of a rod of lossy dielectric into the resonatc

621.317.1: [621.315.21.029.5/.6 224
Testing of R.F. Cables.-(See 2130.)

621.317.341.029.58/.62] : 621.315.212 22,;
The S -Function Method of Measuring Atteniiatiq.

of Coaxial Radio -Frequency Cable.-C. Stewart, j
(Trans. Amer. Inst. elect. Engrs, December Suppl
meat 1945, Vol. 64, p. 966.) Discussion of 666
March.

224,,621.317.35 + 621.3.018.7
Television Waveforms.-(See 2359.)

621.317.35
Complex Waveforms : The Harmonic Synthes.

(Cont.)-Wave Analysis.-H. Moss. (Electron
Engng, June 1946, Vol. 18, No. 220, pp. 179-18
A description, with illustrations, of wave analysis
superposition methods when only 2 or 3 wa
components are present, and by the envelo
method for high frequency ratios and beats. Co
tinuation of 1917 of July. Part 5 of a series
c.r.t. traces.
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621.317.36 2245Recent Advances in the Measurement of Fre-quency. -L. Essen. (R.S.G.B. Bull., May & June1946, Vol. 21, Nos. II & 12, pp. 166 . . 172 & 182-
184.) General historical description of developmentsin standard -frequency oscillators, heterodyne fre-quency meters, and absorption wavemeters, foruse up to 10 000 Mc/s.

'h 21.317.36: 621.396.712 2246The __Measurement of Broadcast Station Fre-quencies. -J. Hers. (Trans. S. Afr. Inst. elect.Engrs, Feb. 1946, Vol. 37, No. 2, pp. 35-55.) Thedifferent methods of checking transmitter fre-quencies are reviewed. " The paper discusses
various kinds of frequency standards, the genera-tion of standard harmonic series, and their use in
measurement. Various kinds of measuring equip-ment are described, with particular reference tothe equipment built by the South African Broad-casting Corporation."

621.317.42
2247A B -H Curve Tracer for Magnetic -RecordingWire. -T. H. Long & G. D. McMullen. (Trans.Amer. Inst. elect. Engrs, March 1946, Vol. 65, No. 3,pp. 146-149.) " The equipment described is ableto show on the screen of an oscilloscope the cyclic

hysteresis loop of a sample of magnetic -recording
wire a little over one inch long and 0.004 inch indiameter. Results obtained with the equipmentin studying recording wires are given." The mag-netic properties are influenced by the tension ofthe wire, and this magnetostrictive characteristicmight be used to give an instantaneous measureof wire tension.

621.317.7.089.6 : 621.396.823
2248A Study of Wave Shapes for Radio -Noise -MeterCalibrations. -C. W. Frick. (Trans. Amer. Inst.elect. Engrs, December Supplement 1945, Vol. 64,pp. 890-901.) An account of a theoretical andexperimental investigation to secure better agree-ment between meters used for assessing continuousimpulsive interference with radio receivers, such asthat caused by motors or gas -discharge tubes. Theuse of a signal of standard waveform is advocatedfor calibrating noise meters, and a method of evalu-ating the noise-producing effect of such signals isdeveloped. It is shown that a 6o-c/s substantiallysquare wave, in which 63% of the voltage changefrom peak to peak takes place exponentially in0.075 its ± 20% is a useful calibrating signal thatgives material improvement in the agreement be-tween noise measurements made) with actual radioreceivers and with noise meters.

621.317.714+621.317.727] .087.64 2249Electronically Balanced Recorder for Flight' Testing and Spectroscopy.-A. J. Williams, Jr.,W. R. Clark & R. E. Tarpley. (Trans. Amer.Inst. elect. Engrs, April 1946, Vol. 65, No. 4, pp.205-208.) Description of the circuit and perform-ance of a multipoint potentiometer recorder forthermocouples. The out -of -balance current isinterrupted by a vibrator and amplified to drivea synchronous
motor that drives the slide-wirecontact and recorder. Adaptation for current(instead of e.m.f.) and current -ratio recording isdescribed.

I
I

3

)

621.317.72.029.5/.62
2250A Remote-Indicating Field -Strength Meter. -E. P. Tilton. (QST, May 1946, Vol. 3o, No. 5,pp. 21..152.) Practical details of two simple units,one containing switched coils for 28, 5o, and 144Mc/s, a crystal rectifier and rod aerial, and theother housing a microammeter for reading thecrystal current. The units are connected by acable for remote measuremer*s while adjustingthe transmitter under test.

621.317.725.015.532
2251A Corona Voltmeter.-Widmer. (See 213o.)

621.317.76.029.54/.58
2252A Precision Frequency Standard.-M. Saxon.(Radio News, April 1946, Vol. 35, No. 4, pp. 36..131.) Details of an amateur version of the U.S.Army's BC -211 oscillating frequency meter, range63o-11 000 kc/s with a gap 1 040-1 26o kc/s. Acrystal oscillator provides check points. Accuracy,a few parts in 105.

621.317.79: 621.395.8
2253The Measurement of Audio Distortion.-H. H.Scott. (Communications, April 1946, Vol. 26,No. 4, pp. 23 . . 56.) A study of methods used tomeasure nonlinear, amplitude, or harmonic dis-tortion. The measuring instruments includedistortion meters, wave analyser, and intermodu-lation meter. Procedures used for measurementof distortion in a.m. and f.m. systems are alsodiscussed.

621.317.79 : 621.396.615.14 : 2254621.396.619.618.41
High Frequency F.M. Signal Generator.-(Elec-ironic Industr., April 1946, Vol. 5, No. 4, pp. 86-87.)General description of an instrument for laboratoryand production testing of f.m. receivers over therange 86-108 Mc/s. The instrument has low dis-tortion, and a maximum deviation of ± 300 kc/s.The Colpitts oscillator is modulated by two reac-tance valves, and the signal output is obtainedfrom an H11 -mode piston attenuator calibrated

directly in microvolts from 1 to 1o6.

621.317.79: 621.397.62 2255A Television Signal Generator : Part 1 -GeneralFeatures. -R. G. Hibberd. (Electronic Engng,June 1946, Vol. 18, No. 220, pp. 174-175, 178.)
The generator is designed to give signals within the
specification of the B.B.C. transmissions, for testingreceivers. Vision modulation is derived from amonoscope (see 2865 of 1938 -Burnett), which isbriefly described, and synchronizing pulses areprovided by a special impulse generator. A block
diagram is given, and the display and monitoringequipment is briefly described.

621.317.79: 621.396.82 2256Cylindrical Shielding and Its Measurement at
Radio Frequencies. -Anderson. (See 2167.)

53.08
2257Scientific Instruments. [Book Review] -H. J.

Cooper (Ed.). Hutchinson's Scientific & Technical
Publications, London, 293 pp., 25s. (Elect. Rev.,
Lond., 31st May 1946, Vol. 138, No. 3575, p. 848.)
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621.396.611.21 2227
Plating Quartz Oscillator Crystals.-K. M. Laing.

(Communications, April 1946, Vol. 26, No. 4, pp.
26-28, 56.) An analysis of plating methods.

621.396.611.21 : 537.531.9 2228
Quartz Oscillator Plates. Frequency Adjustment

by X -Ray Irradiation.-L. A. Thomas. (Beama J.,
April 1946, Vol. 53, No. io6, p. 144.) Describes
changes in colour and in elastic properties when
exposed to X-rays. Abstract of a paper in Elect.
Times, 7th March 1946, Vol. 109, No. 2837, pp.
336-340.

621.396.69 2229
Printed Electric -Circuit Process.-(Co7nmunica-

lions, April 1946, Vol. 26, No. 4, pp. 78, 79.) See
also 1887 of July (Brunetti & Khouri), and Elec-
tronic Industr., April 1946, Vol. 5, No. 4, pp. 90..
120.

621.791.3: 621.315.351 2230
Destructive Effect of High Temperature Solders

on Copper Wire.- R. H. Bailey. (Wire & W.
Prod., March 1945, Vol. 20, No. 3, pp. 197-199.)
The influence of temperature, wire size, and tin
content of the solder is discussed and illustrated by
graphs, and the detrimental effect on wire life of
high soldering temperatures and high tin content
emphasized. It is recommended that fine wires
should be soldered at temperatures below 666°F.

66.602.3 (03) 2231
Encyclopedia of Substitutes and Synthetics.

[Book Review]-M. D. Schoengold (Ed.). Philo-
sophical Library, New York, 1943, 36o pp., $io.00.
(Proc. Inst. Radio Engrs, IV. & E:, May 1946, Vol. 34,
No. 5, p. 280.)
666.1/.2 2232

The Elements of Glass Technology for Scientific
Glass Blowers (Lampworkers). [Book Review]-
W. E. S. Turner. The Glass Delegacy of the Univ.
of Sheffield, Sheffield, 1945, 29 pp. (Rev. sci.
Instrum., April 1946, Vol. 17, No. 4, p. 147.)

. . . a very compact and concise summary of the
fundamental properties of glass which are concerned
in such working."
679.5 2233

Plastics : Scientific and Technological. [Book
Review]-H. R. Fleck. English Univ. Press,
London, 25s. (Engineer, Lond., 29th March
1946, Vol. 181, No. 4707, p. 294.) " Instructive
and comprehensive treatise which will be of con-
siderable value to all connected with the applica-
tion of plastics in industry." Contains a survey of
literature.

MATHEMATICS
518.5 2234

A New Type of Differential Analyzer.-V. Bush
& S. H. Caldwell. (J. Franklin Inst., March 1946,
Vol. 241, No. 3.) Correction to 361 of February.
621.396.67 2235

Concerning Hallen's Integral Equation for Cylin-
drical Antennas.-Schelkunoff : King. (See 2141.)

51 : 62 2236
Engineering Mathematics. [Book Review]-H.

Sohon. D. Van Nostrand Co., New York, 1944,278 pp., $3.50. (Rev. sci. Instrum., April 1946,
Vol. 17, No. 4, pp. 142-143.)

518.2 2237
Tables of Functions with Formulae and Curves.

[Book Review]-E. Jahnke & F. Emde. Dover
Publications, New York, 306 pp., 22S. 6d. (Beama
J., April 1946, Vol. 53, No. 166, p. 138.) An en- ;
larged and new edition (subsequent to the 1938
edition).

MEASUREMENTS AND TEST GEAR 1

621.3.083.7 : 629.13
Electronic Recorder Aids Flight Research.-T. A.

Dickinson. (Aero Digest, 15th April 1945, Vol- 49,No. 2, pp. 76 ..200.) General description of an 8o -
channel telemetering system for transmittino-b data
from aircraft instruments to a pen -recorder as-
sembly on the ground.

621.3.087.5 2239
Colored Trace Oscillograms.-L. S. Trimble &

F. W. Bowden. (J. Soc. Mot. Pict. Engrs, March
1946, Vol. 46, No. 3, pp. 231-236.) A colour -
sensitive photo -recording material has been used
for the simultaneous recording of several electrical
impulses. This allows the reproduction of inter-
weaving traces in separate and distinct colours.
A 51 -inch -wide film in combination with filtered
light beams has given recording speeds up to 20
inches per sec.

621.317: 621.396.61 2240
Resonant -Cavity Measurements.-R. L. Sproull

& E. G. Linder. (Proc. Inst. Radio Engrs, W. & E.,
May 1946, VOL 34, No. 5, pp. 305-312.) Methods
of measuring the resonant frequency, Q, and shunt
resistance of resonant cavities in the wavelength
range 2-12 cm are described. An f.m. oscillator
is used with probe injection to the cavity under
test. A similar probe is used with a crystal de-
tector, of which the output is amplified and applied
to the Y plates of a c.r.o. The 6o-c/s timebase
on the X plates controls the modulator of the
oscillator so that a stationary " response " curve
of the cavity is obtained. The procedure is de-
scribed for using this apparatus for measuring
the resonant frequency in terms of that of a cavity -

resonator wavemeter, and for measuring the Q.
The shunt impedance is derived from measurements
of Q or resonant frequency before and after the in-
sertion of a rod of lossy dielectric into the resonator.

621.317.1: [621.315.21.029.5/.6 2241
Testing of R.F. Cables.-(See 2130.)

621.317.341.029.58/.62] : 621.315.212 2242
The S -Function Method of Measuring Attenuation

of Coaxial Radio -Frequency Cable.-C. Stewart, Jr.
(Trans. Amer. Inst. elect. Engrs, December Supple-
ment 1945, Vol. 64, p. 966.) Discussion of 666 of
March.

621.317.35 621.3.018.7 2243 I

Television Waveforms.-(See 2359.)
621.317.35

2244
Complex Waveforms : The Harmonic Synthesiser

(Cont.)-Wave Analysis.-H. Moss. (Electronic
Engng, June 1946, Vol. 18, No. 22o, pp. 179-182.)
A description, with illustrations, of wave analysis by
superposition methods when only 2 or 3 wave
components are present, and by the envelope
method for high frequency ratios and beats. Con-
tinuation of 1917 of July. Part 5 of a series on,
c.r.t. traces.
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621.317.36 2245Recent Advances in the Measurement of Fre-quency. -L. Essen. (R.S.G.B. Bull., May & June1946, Vol. 21, Nos. II & 12, pp. 166 . . 172 & 282-
184.) General historical description of developmentsin standard -frequency oscillators, heterodyne fre-quency meters, and absorption wavemeters, foruse up to 10 000 Mc/s.

21.317.36: 621.396.712 2246The Measurement of Broadcast Station Fre-quencies. -J. Hers. (Trans. S. Afr. Inst. elect.Engrs, Feb. 1946, Vol. 37, No. 2, pp. 35-55.) Thedifferent methods of checking transmitter fre-quencies are reviewed. " The paper discusses
various kinds of frequency standards, the genera-tion of standard harmonic series, and their use in
measurement. Various kinds of measuring equip-ment are described, with particular reference tothe equipment built by the South African Broad-casting Corporation."

621.317.42
2247A B -H Curve Tracer for Magnetic -RecordingWire. -T. H. Long & G. D. McMullen. (Trans.Amer. Inst. elect. Engrs, March 1946, Vol. 65, No. 3,pp. 146-149.) " The equipment described is ableto show on the screen of an oscilloscope the cyclichysteresis loop of a sample of magnetic -recordingwire a little over one inch long and 0.004 inch in

diameter. Results obtained with the equipmentin studying recording wires are given." The mag-netic properties are influenced by the tension ofthe wire, and this magnetostrictive characteristicmight be used to give an instantaneous measureof wire tension.

621.317.7.089.6 : 621.396.823 2248A Study of Wave Shapes for Radio -Noise -MeterCalibrations. -C. W. Frick. (Trans. Amer. Inst.elect. Engrs, December Supplement 1945, Vol. 64,pp. 890-901.) An account of a theoretical andexperimental investigation to secure better agree-ment between meters used for assessing continuous
.mpulsive interference with radio receivers, such as:hat caused by motors or gas -discharge tubes. Theise of a signal of standard waveform is advocated
or calibrating noise meters, and a method of evalu-ating the noise -producing effect of such signals isleveloped. It is shown that a 6o-c/s substantially
quare wave, in which 63% of the voltage changerom peak to peak takes place exponentially in:075 p..s ± 20% is a useful calibrating signal thatIves material improvement in the agreement be-ween noise measurements made] with actual radioeceivers and with noise meters.

21.317.714+621.317.727] .087.64 2249Electronically Balanced Recorder for Flightesting and Spectroscopy. -A. J. Williams, Jr.,J. R. Clark & R. E. Tarpley. (Trans. Amer.nst. elect. Engrs, April 1946, Vol. 65, No. 4, pp.35-208.) Description of the circuit and perform -ice of a multipoint potentiometer recorder forLermocouples. The out -of -balance current isterrupted by a vibrator and amplified to drivesynchronous motor that drives the slide -wireetact and recorder. Adaptation for current'stead of e.m.f.) and current -ratio recording isscribed.

621.317.72.029.5/.62
2250A Remote -Indicating Field -Strength Meter. -E. P. Tilton. (QST, May 1946, Vol. 3o, No. 5,pp. 21..252.) Practical details of two simple units,one containing switched coils for 28, 5o, and 144Mc/s, a crystal rectifier and rod aerial, and theother housing a microammeter for reading thecrystal current. The units are connected by acable for remote measuremenfs while adjustingthe transmitter under test.

621.317.725.015.532
A Corona Voltmeter.-Widmer. (See 213o.)

2251

621.317.76.o29.54/.58
2252A Precision Frequency Standard. -M. Saxon.(Radio News, April 1946, Vol. 35, No. 4, pp. 36..131.) Details of an amateur version of the U.S.Army's BC -211 oscillating frequency meter, range63o -I1 000 kc/s with a gap r 040-I 26o kc/s. Acrystal oscillator provides check points. Accuracy,a few parts in 105.

621.317.79 : 621.395.8
2253The Measurement of Audio Distortion. -H. H.Scott. (Communications, April 1946, Vol. 26,No. 4, pp. 23 . . 56.) A study of methods used tomeasure nonlinear, amplitude, or harmonic dis-tortion. The measuring instruments includedistortion meters, wave analyser, and intermodu-lation meter. Procedures used for measurementof distortion in a.m. and f.m. systems are alsodiscussed.

621.317.79 : 621.396.615.14:
2254

High Frequency F.M. Signal Generator. -(Elec-tronic Industr., April 1946, Vol. 5, No. 4, pp. 86-87.)
General description of an instrument for laboratory
and production testing of f.m. receivers over therange 86-1o8 Mc/s. The instrument has low dis-tortion, and a maximum deviation of ± 300 kc/s.The Colpitts oscillator is modulated by two reac-tance valves, and the signal output is obtainedfrom an H,1 -mode piston attenuator calibrateddirectly in microvolts from r to 1o5.

621.317.79 : 621.397.62
2255A Television Signal Generator : Part 1 -GeneralFeatures. -R. G. Hibberd. (Electronic Engng,June 1946, Vol. 18, No. 220, pp. 174-175, 178.)

The generator is designed to give signals within the
specification of the B.B.C. transmissions, for testingreceivers. Vision modulation is derived from amonoscope (see 2865 of 1938 -Burnett), which isbriefly described, and synchronizing pulses areprovided by a special impulse generator. A blockdiagram is given, and the display and monitoring
equipment is briefly described.

621.317.79 : 621.396.82 2256
Cylindrical Shielding and Its Measurement atRadio Frequencies. -Anderson. (See 2167.)

53.08
2257Scientific Instruments. [Book Review] -H. J .Cooper (Ed.). Hutchinson's Scientific & Technical

Publications, London, 293 pp., 25s. (Elect. Rev.,
Lond., 31st May 1946, Vol. 138, No. 3575, p. 848.)
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621.396.611.21 2227
Plating Quartz Oscillator Crystals. -K. M. Laing.

(Communications, April 1946, Vol. 26, No. 4, pp.
26-28, 56.) An analysis of plating methods.

621.396.611.21: 537.531.9 2228
Quartz Oscillator Plates. Frequency Adjustment

by X -Ray Irradiation. -L. A. Thomas. (Beama J.,
April 1946, Vol. 53, No. 106, p. 144.) Describes
changes in colour and in elastic properties when
exposed to X-rays. Abstract of a paper in Elect.
Times, 7th March 1946, Vol. 109, No. 2837, pp.
336-340.

621.396.69 2229
Printed Electric -Circuit Process. -(Communica-

tions, April 1946, Vol. 26, No. 4, pp. 78, 79.) See
also 1887 of July (Brunetti & Khouri), and Elec-
tronic Industr., April 1946, Vol. 5, No. 4, pp. 9o..
120.

621.791.3: 621.315.351 2230
Destructive Effect of High Temperature Solders

on Copper Wire.- R. H. Bailey. (Wire & W.
Prod., March 1945, Vol. 20, No. 3, pp. 197-199.)
The influence of temperature, wire size, and tin
content of the solder is discussed and illustrated by
graphs, and the detrimental effect on wire life of
high soldering temperatures and high tin content
emphasized. It is recommended that fine wires
should be soldered at temperatures below 600°F.

66.002.3 (03) 2231
Encyclopedia of Substitutes and Synthetics.

[Book Review] -M. D. Schoengold (Ed.). Philo-
sophical Library, New York, 1943, 36o pp., $1o.00.
(Proc. Inst. Radio Engrs, W. & E:, May 1946, Vol. 34,
No. 5, p. 280.)
666.1/.2 2232

The Elements of Glass Technology for Scientific
Glass Blowers (Lampworkers). [Book Review] -
W. E. S. Turner. The Glass Delegacy of the Univ.
of Sheffield, Sheffield, 1945, 29 pp. (Rev. sci.
Instrum., April 1946, Vol. 17, No. 4, p. 147.)
" . . . a very compact and concise summary of the
fundamental properties of glass which are concerned
in such working."
679.5 2233

Plastics : Scientific and Technological. [Book
Review] -H. R. Fleck. English Univ. Press,
London, 25s. (Engineer, Lond., 29th March
1946, Vol. 181, No. 4707, p. 294.) " Instructive
and comprehensive treatise which will be of con-
siderable value to all connected with the applica-
tion of plastics in industry." Contains a survey of
literature.

MATHEMATICS
518.5 2234

A New Type of Differential Analyzer. -V. Bush
& S. H. Caldwell. (J. Franklin Inst., March 1946,
Vol. 241, No. 3.) Correction to 361 of February.
621.396.67 2235

Concerning Hallen's Integral Equation for Cylin-
drical Antennas.-Schelku no ff : King. (See 2141.)

51 : 62 2236
Engineering Mathematics. [Book Review] -H.

Sohon. D. Van Nostrand Co., New York, 1944,278 pp., $3.5o. (Rev. sci. Instrum., April 1946,
Vol. 17, No. 4, pp. 142-143.)

518.2 2237
Tables of Functions with Formulae and Curves.

[Book Review] -E. Jahnke & F. Emde. Dover
Publications, New York, 306 pp., 22S. 6d. (Beama
J., April 1946, Vol. 53, No. 106, p. 138.) An en-
larged and new edition (subsequent to the 1938
edition).

MEASUREMENTS AND TEST GEAR
621.3.083.7: 629.13 2238

Electronic Recorder Aids Flight Research. -T. A.
Dickinson. (Aero Digest, 15th April 1945, Vol. 49,
No. 2, pp. 76 zoo.) General description of an 8o -
channel telemetering system for transmitting data
from aircraft instruments to a pen -recorder as-
sembly on the ground.

621.3.087.5 2239
Colored Trace Oscillograms.-L. S. Trimble &

F. W. Bowden. (J. Soc. Mot. Pict. Engrs, March
1946, Vol. 46, No. 3, pp. 231-236.) A colour -
sensitive photo -recording material has been used
for the simultaneous recording of several electrical
impulses. This allows the reproduction of inter-
weaving traces in separate and distinct colours.
A 51 -inch -wide film in combination with filtered
light beams has given recording speeds up to 20
inches per sec.

621.317 : 621.396.61 2240
Resonant -Cavity Measurements. -R. L. Sproull

& E. G. Linder. (Proc. Inst. Radio Engrs, W. & E.,
May 1946, Vol. 34, No. 5, pp. 305-312.) Methods
of measuring the resonant frequency, Q, and shunt
resistance of resonant cavities in the wavelength
range 2-12 cm are described. An f.m. oscillator
is used with probe injection to the cavity under
test. A similar probe is used with a crystal de-
tector, of which the output is amplified and applied
to the Y plates of a c.r.o. The 6o-c/s timebase
on the X plates controls the modulator of the
oscillator so that a stationary " response " curve
of the cavity is obtained. The procedure is de-
scribed for using this apparatus for measuring
the resonant frequency in terms of that of a cavity-
resonator wavemeter, and for measuring the Q.
The shunt impedance is derived from measurements
of Q or resonant frequency before and after the in-
sertion of a rod of lossy dielectric into the resonator.

621.317.1 : [621.315.21.029.5/.6 2241
Testing of R.F. Cables. -(See 2130.)

621.317.341.029.58/.62] : 621.315.212 2242
The S -Function Method of Measuring Attenuat2ib4n2

of Coaxial Radio -Frequency Cable. -C. Stewart, Jr.
(Trans. Amer. Inst. elect. Engrs, December Supple-
ment 1945, Vol. 64, p. 966.) Discussion of 666 of
March.

621.317.35 + 621.3.018.7 2243
Television Waveforms. -(See 2359.)

621.317.35
Complex Waveforms : The Harmonic Synthesiser

(Cont.)-Wave Analysis. -H. Moss. (Electronic2244
Engng, June 1946, Vol. 18, No. 220, pp. 179-182.)
A description, with illustrations, of wave analysis by
superposition methods when only 2 or 3 wave
components are present, and by the envelope
method for high frequency ratios and beats. Con-
tinuation of 1917 of July. Part 5 of a series on,
c.r.t. traces.
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621.317.36 2245Recent Advances in the Measurement of Fre-quency. -L. Essen. (R.S.G.B. Bull., May & June
1946, Vol. 21, Nos. II & 12, pp. 166 . . 172 & 182-
184.) General historical description of developmentsin standard -frequency oscillators, heterodyne fre-quency meters, and absorption wavemeters, foruse up to 50 000 Mc/s.

21.317.36: 621.396.712 2246The Measurement of Broadcast Station Fre-quencies. -J. Hers. (Trans. S. Afr. Inst. elect.Engrs, Feb. 1946, Vol. 37, No. 2, pp. 35-55.) Thedifferent methods of checking transmitter fre-quencies are reviewed. " The paper discusses
various kinds of frequency standards, the genera-tion of standard harmonic series, and their use in
measurement. Various kinds of measuring equip-ment are described, with particular reference tothe equipment built by the South African Broad-casting Corporation."

621.317.42
2247A B -H Curve Tracer for Magnetic -RecordingWire. -T. H. Long & G. D. McMullen. (Trans.Amer. Inst. elect. Engrs, March 1946, Vol. 65, No. 3,pp. 146-149.) " The equipment described is ableto show on the screen of an oscilloscope the cyclichysteresis loop of a sample of magnetic -recordingwire a little over one inch long and 0.004 inch indiameter. Results obtained with the equipmentin studying recording wires are given." The mag-netic properties are influenced by the tension ofthe wire, and this magnetostrictive characteristicmight be used to give an instantaneous measureof wire tension.

621.317.7.089.6 : 621.396.823
2248A Study of Wave Shapes for Radio -Noise -MeterCalibrations. -C. W. Frick. (Trans. Amer. Inst.elect. Engrs, December Supplement 1945, Vol. 64,pp. 890-901.) An account of a theoretical andexperimental investigation to secure better agree-ment between meters used for assessing continuousimpulsive interference with radio receivers, such as:hat caused by motors or gas -discharge tubes. TheIse of a signal of standard waveform is advocated:or calibrating noise meters, and a method of evalu-Lting the noise -producing effect of such signals isleveloped. It is shown that a 6o-c/s substantially

quare wave, in which 63% of the voltage changerom peak to peak takes place exponentially in1:075 µs ± 2o% is a useful calibrating signal thatTves material improvement in the agreement be-ween noise measurements made) with actual radioeceivers and with noise meters.

21.317.714+621.317.727] .087.64 2249Electronically Balanced Recorder for Flightesting and Spectroscopy.-A. J. Williams, Jr.,J. R. Clark & R. E. Tarpley. (Trans. Amer.nst. elect. Engrs, April 1946, Vol. 65, No. 4, pp.35-208.) Description of the circuit and perform -ice of a multipoint potentiometer recorder foriermocouples. The out -of -balance current isterrupted by a vibrator and amplified to drivesynchronous motor that drives the slide -wireintact and recorder. Adaptation for currentistead of e.m.f.) and current -ratio recording is!scribed.

621.317.72.029.5/.62
2250A Remote -Indicating Field -Strength Meter. -E. P. Tilton. (QST, May 1946, Vol. 3o, No. 5,pp. 21..152.) Practical details of two simple units,one containing switched coils for 28, 5o, and 144Mc/s, a crystal rectifier and rod aerial, and theother housing a microammeter for reading thecrystal current. The units are connected by acable for remote measuremerifs while adjustingthe transmitter under test.

621.317.725.015.532
2251A Corona Voltmeter.-Widmer. (See 2130.)

621.317.76.029.54/58
2252A Precision Frequency Standard. -M. Saxon.(Radio News, April 1946, Vol. 35, No. 4, pp. 36..131.) Details of an amateur version of the U.S.Army's BC -211 oscillating frequency meter, range630-11 000 kc/s with a gap 1 040-I 26o kc/s. Acrystal oscillator provides check points. Accuracy,a few parts in 105.

621.317.79 : 621.395.8
2253The Measurement of Audio Distortion. -H. H.Scott. (Communications, April 1946, Vol. 26,No. 4, pp. 23 56.) A study of methods used tomeasure nonlinear, amplitude, or harmonic dis-tortion. The measuring instruments includedistortion meters, wave analyser, and intermodu-lation meter. Procedures used for measurementof distortion in a.m. and f.m. systems are alsodiscussed.

621.317.79 : 621.396.615.14 : 2254
High Frequency F.M. Signal Generator. -(Elec-tronic Industr., April 1946, Vol. 5, No. 4, pp. 86-87.)

General description of an instrument for laboratoryand production testing of f.m. receivers over therange 86-108 Mc/s. The instrument has low dis-tortion, and a maximum deviation of ± 300 kc/s.The Colpitts oscillator is modulated by two reac-tance valves, and the signal output is obtainedfrom an Hit -mode piston attenuator calibrateddirectly in microvolts from I to 106.

621.317.79 : 621.397.62
2255A Television Signal Generator : Part 1 -GeneralFeatures. -R. G. Hibberd. (Electronic Engng,June 1946, Vol. 18, No. 220, pp. 174-175, 178.)

The generator is designed to give signals within the
specification of the B.B.C. transmissions, for testingreceivers. Vision modulation is derived from amonoscope (see 2865 of 1938 -Burnett), which isbriefly described, and synchronizing pulses areprovided by a special impulse generator. A blockdiagram is given, and the display and monitoringequipment is briefly described.

621.317.79 : 621.396.82
2256Cylindrical Shielding and Its Measurement atRadio Frequencies. -Anderson. (See 2167.)

53.08
2257Scientific Instruments. [Book Review] -H. J.Cooper (Ed.). Hutchinson's Scientific & Technical

Publications, London, 293 pp., 25s. (Elect. Rev.,Lond., 31st May 1946, Vol. 138, No. 3575, p. 848.)
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621.396.611.21 2227
Plating Quartz Oscillator Crystals. -K. M. Laing.

(Communications, April 1946, Vol. 26, No. 4, pp.
26-28, 56.) An analysis of plating methods.

621.396.611.21: 537.531.9 2228
Quartz Oscillator Plates. Frequency Adjustment

by X -Ray Irradiation. -L. A. Thomas. (Beama J.,
April 1946, Vol. 53, No. 106, p. 144.) Describes
changes in colour and in elastic properties when
exposed to X-rays. Abstract of a paper in Elect.
Times, 7th March 1946, Vol. 109, No. 2837, pp.
336-340.

621.396.69 2229
Printed Electric -Circuit Process. -(Communica-

tions, April 1946, Vol. 26, No. 4, pp. 78, 79.) See
also 1887 of July (Brunetti & Khouri), and Elec-
tronic Inclusty., April 1946, Vol. 5, No. 4, pp. 9o..
120.

621.791.3 : 621.315.351 2230
Destructive Effect of High Temperature Solders

on Copper Wire.- R. H. Bailey. (Wire & W.
Prod., March 1945, Vol. zo, No. 3, pp. 197-199-)
The influence of temperature, wire size, and tin
content of the solder is discussed and illustrated by
graphs, and the detrimental effect on wire life of
high soldering temperatures and high tin content
emphasized. It is recommended that fine wires
should be soldered at temperatures below 600 °F.

66.002.3 (03) 2231
Encyclopedia of Substitutes and Synthetics.

[Book Review] -M. D. Schoengold (Ed.). Philo-
sophical Library, New York, 1943, 36o pp., $10.00.
(Proc. Inst. Radio Engrs, W. & E:, May 1946, Vol. 34,
No. 5, p. 280.)
666.1/.2 2232

The Elements of Glass Technology for Scientific
Glass Blowers (Lampworkers). [Book Review] -
W. E. S. Turner. The Glass Delegacy of the Univ.
of Sheffield, Sheffield, 1945, 29 pp. (Rev sci.
Instrum., April 1946, Vol. 17, No. 4, p. 147.)
" . . . a very compact and concise summary of the
fundamental properties of glass which are concerned
in such working."
679.5 2233

Plastics : Scientific and Technological. [Book
Review] -H. R. Fleck. English Univ. Press,
London, 25s. (Engineer, Lond., 29th March
1946, Vol. 181, No. 4707, p. 294.) " Instructive
and comprehensive treatise which will be of con-
siderable value to all connected with the applica-
tion of plastics in industry." Contains a survey of
literature.

MATHEMATICS
518.5 2234

A New Type of Differential Analyzer. -V. Bush
& S. H. Caldwell. (J. Franklin Inst., March 1946,
Vol. 241, No. 3.) Correction to 361 of February.

621.396.67 2235
Concerning Hallen's Integral Equation for Cylin-

drical Antennas.-Schelkunoff : King. (See 2141.)

51 : 62 2236
Engineering Mathematics. [Book Review] -H.

Sohon. D. Van Nostrand Co., New York, 1944,278 pp., $3.50. (Rev. sci. Instrum., April 1946,
Vol. 17, No. 4, pp. 142-143.)

518.2 2237
Tables of Functions with Formulae and Curves.

[Book Review] -E. Jahnke & F. Emde. Dover
Publications, New York, 306 pp., 22S. 6d. (Beama
J., April 1946, Vol. 53, No. 106, p. 138.) An en-
larged and new edition (subsequent to the 1938
edition).

MEASUREMENTS AND TEST GEAR
621.3.083.7: 629.13 2238

Electronic Recorder Aids Flight Research. -T. A.
Dickinson. (A ero Digest, 15th April 1945, Vol. 49,
No. 2, pp. 76.. zoo.) General description of an 8o -
channel telemetering system for transmitting data
from aircraft instruments to a pen -recorder as-
sembly on the ground.

621.3.087.5 2239
Colored Trace Oscillograms.-L. S. Trimble &

F. W. Bowden. (J. Soc. Mot. Pict. Engrs, March
1946, Vol. 46, No. 3, pp. 231-236.) A colour -
sensitive photo -recording material has been used
for the simultaneous recording of several electrical
impulses. This allows the reproduction of inter-
weaving traces in separate and distinct colours.
A 5k -inch -wide film in combination with filtered
light beams has given recording speeds up to 20
inches per sec.

621.317 : 621.396.61 2240
Resonant -Cavity Measurements. -R. L. Sproull

& E. G. Linder. (Proc. Inst. Radio Engrs, W. & E.,
May 1946, Vol. 34, No. 5, pp. 305-312.) Methods
of measuring the resonant frequency, Q, and shunt
resistance of resonant cavities in the wavelength
range 2-12 cm are described. An f.m. oscillator
is used with probe injection to the cavity under
test. A similar probe is used with a crystal de-
tector, of which the output is amplified and applied
to the Y plates of a c.r.o. The 6o-c/s timebase
on the X plates controls the modulator of the
oscillator so that a stationary " response " curve
of the cavity is obtained. The procedure is de-
scribed for using this apparatus for measuring
the resonant frequency in terms of that of a cavity -
resonator wavemeter, and for measuring the Q.
The shunt impedance is derived from measurements
of Q or resonant frequency before and after the in-
sertion of a rod of lossy dielectric into the resonator.

621.317.1 : [621.315.21.029.5/.6 2241
Testing of R.F. Cables. -(See 2130.)

621.317.341.029.581.62] : 621.315.212 2242
The S -Function Method of Measuring Attenuation

of Coaxial Radio -Frequency Cable. -C. Stewart, Jr.
(Trans. Amer. Inst. elect. Engrs, December Supple-
ment 1945, Vol. 64, p. 966.) Discussion of 666 of
March.

621.317.35 + 621.3.018.7
Television Waveforms. -(See 2359.)

2243

621.317.35 2244
Complex Waveforms : The Harmonic Synthesiser

(Cont.)-Wave Analysis. -H. Moss. (Electronic
Engng, June 1946, Vol. 18, No. 220, pp. 179-182.)
A description, with illustrations, of wave analysis by
superposition methods when only 2 or 3 wave
components are present, and by the envelope
method for high frequency ratios and beats. Con-
tinuation of 1917 of July. Part 5 of a series on,
c.r.t. traces.
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621.317.36 2245Recent Advances in the Measurement of Fre-quency. -L. Essen. (R.S.G.B. Bull., May & June
1946, Vol. 21, Nos. II & 12, pp. 166 .. 172 & 182-
184.) General historical description of developments
in standard -frequency oscillators, heterodyne fre-
quency meters, and absorption wavemeters, for
use up to xo 000 Mc/s.

21.317.36 : 621.396.712 2246
The Measurement of Broadcast Station Fre-quencies. -J. Hers. (Trans. S. Afr. Inst. elect.

,Engrs, Feb. 1946, Vol. 37, No. 2, pp. 35-55.) Thedifferent methods of checking transmitter fre-lquencies are reviewed. " The paper discusses
various kinds of frequency standards, the genera-
tion of standard harmonic series, and their use in
measurement. Various kinds of measuring equip-ent are described, with particular reference tothe equipment built by the South African Broad-
casting Corporation."

'521.317.42 2247A B -H Curve Tracer for Magnetic -RecordingWire. -T. H. Long & G. D. McMullen. (Trans.Amer. Inst. elect. Engrs, March 1946, Vol. 65, No. 3,T. 146-149.) " The equipment described is able,o show on the screen of an oscilloscope the cyclic
hysteresis loop of a sample of magnetic-recording,,ire a little over one inch long and 0.004 inch in
iameter. Results obtained with the equipmenta studying recording wires are given." The mag-etic properties are influenced by the tension ofihe wire, and this magnetostrictive characteristiclight be used to give an instantaneous measurewire tension.

11

i21.317.7.o89.6 : 621.396.823 22481 A Study of Wave Shapes for Radio -Noise -Meter
calibrations. -C.brations.-C. W. Frick. (Trans. Amer. Inst.Feet. Engrs, December Supplement 1945, Vol. 64,ip. 890-901.) An account of a theoretical andr.perimental investigation to secure better agree-

, ent between meters used for assessing continuous1 ipulsive interference with radio receivers, such as
lat

caused by motors or gas -discharge tubes. Thee of a signal of standard waveform is advocated
r calibrating noise meters, and a method of evalu-ing the noise -producing effect of such signals isveloped. It is shown that a 6o -cis substantially`ware wave, in which 63% of the voltage changepm peak to peak takes place exponentially in)75 its ± 20% is a useful calibrating signal thatzes material improvement in the agreement be-een noise measurements made with actual radio:eivers and with noise meters.

It,
n.317.714+621.317.727] .087.64 2249ectronically Balanced Recorder for Flight,sting and Spectroscopy.-A. J. Williams, Jr.,Pi R. Clark & R. E. Tarpley. (Trans. Amer.1. elect. Engrs, April 1946, Vol. 65, No. 4, pp.-208.) Description of the circuit and perform -e of a multipoint potentiometer recorder forrmocouples. The out -of -balance current is1 errupted by a vibrator and amplified to drive
synchronous motor that drives the slide -wiretact and recorder. Adaptation for current( tead of e.m.f.) and current -ratio recording is'-ribed.

621.317.72.029.5/.62
2250A Remote -Indicating Field -Strength Meter. -E. P. Tilton. (QST, May 1946, Vol. 3o, No. 5,pp. 21..152.) Practical details of two simple units,one containing switched coils for 28, 5o, and 144Mc/s, a crystal rectifier and rod aerial, and theother housing a microammeter for reading thecrystal current. The units are connected by acable for remote measuremen+s while adjustingthe transmitter under test.

621.317.725.015.532
2251A Corona Voltmeter.-Widmer. (See 2130.)

621.317.76.029.54/.58
2252A Precision Frequency Standard. -M. Saxon.(Radio News, April 1946, Vol. 35, No. 4, pp. 36..131.) Details of an amateur version of the U.S.Army's BC -211 oscillating frequency meter, range630-11 000 kc/s with a gap r 040-I 26o kc/s. Acrystal oscillator provides check points. Accuracy,a few parts in rob.

621.317.79: 621.395.8
2253The Measurement of Audio Distortion. -H. H.Scott. (Communications, April 1946, Vol. 26,No. 4, pp. 23 . . 56.) A study of methods used tomeasure nonlinear, amplitude, or harmonic dis-tortion. The measuring instruments includedistortion meters, wave analyser, and intermodu-lation meter. Procedures used for measurementof distortion in a.m. and f.m. systems are alsodiscussed.

621.317.79 : 621.396.615.14:
2254621.396.619.018.41

High Frequency P.M. Signal Generator. -(Elec-tronic Industr., April 1946, Vol. 5, No. 4, pp. 86-87.)
General description of an instrument for laboratory
and production testing of f.m. receivers over therange 86-108 Mc/s. The instrument has low dis-tortion, and a maximum deviation of ± 300 kc/s.
The Colpitts oscillator is modulated by two reac-
tance valves, and the signal output is obtainedfrom an H11 -mode piston attenuator calibrated
directly in microvolts from I to lob.

621.317.79: 621.397.62 2255
A Television Signal Generator : Part 1 -GeneralFeatures. -R. G. Hibberd. (Electronic Engng,June 1946, Vol. 18, No. zzo, pp. 174-175, 178.)

The generator is designed to give signals within the
specification of the B.B.C. transmissions, for testingreceivers. Vision modulation is derived from a
monoscope (see 2865 of 1938 -Burnett), which isbriefly described, and synchronizing pulses areprovided by a special impulse generator. A block
diagram is given, and the display and monitoring
equipment is briefly described.

621.317.79 : 621.396.82 2256
Cylindrical Shielding and Its Measurement at

Radio Frequencies. -Anderson. (See 2167.)

53.08 2257
Scientific Instruments. [Book Review] -H. J.

Cooper (Ed.). Hutchinson's Scientific & Technical
Publications, London, 293 pp., 25s. (Elect. Rev.,
Lond., 31st May 1946, Vol. 138, No. 3575, p. 848.)
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OTHER APPLICATIONS OF RADIO AND
ELECTRONICS

621.3.078: 621.791.76 2258
Electronic Controls for Resistance Welding. -

H. L. Horton. (Machinery, N.Y., Oct. 1944,
Vol. 51, No. z, pp. 153-159.) A survey of methods
of controlling the heat generated and of timing
control, and their application to various types of
industrial equipment. Part 3 of a series. For
other parts see 2273, 2259, 2269 and 2263.

621.3.078 : 621.9 2259
Electronic Control and Regulation of Motor

Drives. -H. L. Horton. (Machinery, N.Y., June
1944, Vol. 5o, No. lo, pp. 165-172.) Control (i.e.,
arbitrary adjustment by external influence) is
distinguished from regulation (i.e., self -correction
by feedback of the deviation from a standard).
An account of the principles and their application
to typical practical problems of machine -tool
practice. Part 2 of a series. For other parts see
2273, 2258, 2269 and 2263.

621.317.39 : 531.717 : 667.613 2260
Instrument for Measuring Thickness of Non-

conducting Films Applied over Nonmagnetic Metals. -
A. L. Alexander, P. King & J. E. Dinger. (Industr.
Engng Chem. (Analyt. Edit.), June 1945, Vol 17,
No. 6, pp. 389-393.) The inductance coil, r inch
in diameter, of an oscillator with a frequency of
5 kcis or more, is placed first on an uncoated metal
surface, and then on a similar surface that has been
coated ; the difference in oscillator frequency in
the two cases, determined by a heterodyne method,
is a measure of the coating thickness. The tuning
capacitor of the oscillator, adjusted to bring the
frequency always to that of a constant reference
oscillator, can be calibrated in film thickness for
different film substances. The device is simple and
suitable for routine measurements in the range
0-0.025 inch, with an accuracy better than o.00i
inch. Measurements must be made on a flat surface
not less than 2 inches in diameter in order to obtain
freedom from edge effect.

Complete circuit diagrams are given.

621.317.39 : 531.76 2261
Electronic Chronoscope for Measuring Velocities

of Detonation of Explosives. -C. R. Nisewanger &
F. W. Brown. (U.S. Bureau of Mines Rept of
Investigations, March 1946, R.I. 3879, 18 pp.) An
instrument for measuring the time of travel (of the
order of microseconds) of an explosion in a short
length of material. The novel method used employs
the voltage -time characteristics of an RC circuit,
with thyratrons to give the switching action at the
beginning and end of the time interval measured.
The explosion can either be used to bridge two
separated wires by the ionization it produces
(" make " system), or to fuse a continuous wire
(" break " system). A d.c. valve -voltmeter is
used to indicate the charge on the capacitor of the
RC circuit, and a meter reading nearly proportional
to the time interval is obtained ; there are five
ranges with full-scale times from 5 to 150 ps. The
instrument is mains -operated, with voltage -regulator
tubes to ensure stability of calibration. An internal
test circuit generating a pulse about 2µs in length
is incorporated. The method of operation is
described in detail, and further improvements are
suggested. A table of typical velocity measure-
ments is given.

621.317.39 : 620.172.222 2262
Resistance Wire Strain Gage Applications and

Circuits. -E. G. Van Leeuwen & W. F. Gunning.
(Prod. Engng, July 1945, Vol. 16, No. 7, pp. 443-449.)
The construction, mounting operations, and asso-
ciated electrical circuits are described, together
with applications to the measurement of various
types of strain.

621.317,39 : 621 2263
Electronic Measurement, Analysis, and Inspection :

Parts 1 & 2.-H. L. Horton. (Machinery, N.Y
June & Aug. 1945, Vol. 5i, Nos. 10 & 12, pp. 157-
161 & 168-173.) A review of photocell applications,
temperature regulation, metallurgical analysis with
a cathode-ray tube, X-ray examination of materials,
devices for measuring small mechanical irregu-
larities and displacements, and the electron micro-
scope. Parts 5 and 6 of a series. For other parts
see 2273, 2259, 2258 and 2269.

621.317.39.083.7 : 531.74 : 621.396.663 2264
Improvements in Devices for the Instantaneous

Transmission of Angles. -R. Barthelemy. (Genie
civ., 15th Feb. 1946, Vol 123, No. 4, p. 52, C. R.
Acad. Sci., Paris, 29th Oct. 1945, Vol. 221, No. 18,
pp. 487-489.) Alternating current in the moving
coil of a goniometer coil system induces currents in
the stators proportional to the sine and cosine of the
angle of the rotor. The currents from the stators
are respectively passed through the rotor coils of
two other goniometers of which the rotors are on a
common spindle and bear the same angle to their
respective stators. These four stators are connected
in series in pairs, the X -coil of one with the Yv-coil
of the other. The outputs from the two pairs of 
stators are applied with or without amplification
to the deflector plates of a c.r. tube, and set the trace t
at an angle that is the sum of the angle of setting (
of the first goniometer and the common angle of {
setting of the other two. Further pairs of coupled
goniometers can be added so that the output of the
system defines an angle that is the sum of the
angles of setting of each spindle. The systems can
also be used to operate servomechanisms instead of
a c.r. display.

621.317.39.083.7 : 532.593.082 2265
Measurement of Ocean Waves Generated by

Atomic Bombs. -N. J. Holter. (Electronics, May
1946, Vol. 19, No. 5, pp. 94-98.) A general descrip-
tion of the following equipment : underwater
recording echo - sounders, self - contained wave -
pressure recorders, shore -connected wave -pressure
recorders, radio -synchronized cameras, recording
television, maximum -water -height recording trans-
mitters, and water level recorders.

621.317.755 : 545.822 2266
Spectrochemical Analysis with the Oscillograph.-

G. H. Dieke & H. M. Crosswhite. (J. opt. Soc.
Amer., April 1946, Vol. 36, No. 4, pp. 192-195.)

621.317.755 : 621.43 2267
Ignition Testing Unit. -(Flight, 12th July 1945.

Vol. 48, No. 1907, pp. 47-48.) Description of a
cathode-ray equipment that displays the ignition
pulses derived from the p.d. at the magneto switch
or ignition coil. Faults are detected by abnormali-
ties in waveform. Circuit details are not given.
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621.365.5 + 621.365.9 + 621.396 2268
Discussion on " The Place of Radiant, Dielectric

and Eddy -Current Heating in the Process Heating
Field ".-L. J. C. Connell, 0. W. Humphreys &
J. L. Rycroft. (J. Instn elect. Engrs, Part II, Feb.
1946, Vol. 93, No. 31, pp. 48-5o.) For original paper
see 145 of January.

521.365.5 + 621.365.92 2269
Electronic Heating of Metals and Non-MetallicMaterials. -H. L. Horton. (Machinery, N.Y.,

March 1945, Vol. 51, No. 7, pp. 146-155.) A review
Df the principles and mechanical -engineeringapplica-
tions of induction and dielectric heating. Part 4A a series. For other parts see 2273, 2259, 2258
and 2263.

521.365.52 2270
Measurement of the Form Factor in Induction

Dvens without Magnetic Core. -G. Ribaud & M.
Leblanc. (C.R. Acad. Sci., Paris, 23rd May 1945,
Vol. 220, No. 21, pp. 732-733.) A table of values
is given for a number of useful forms. See also
3821 of 1944--

521.365.52 2271
Design of Induction -Heating Coils for Cylindrical

Non -Magnetic Loads. -J. T. Vaughan & J. W.
Williamson. (Trans. Amer. Inst. elect. Engrs,
December Supplement 1945, Vol. 64, pp. 965-966.)Discussion of 148 of January.

521.365.92 : 674.23 2272
Electronic Heating in the Furniture Industry. -E. S. Winlund. (Electronics, May 1946, Vol. 19,No. 5, pp. 108-113.) A review of the principles of

venerating the power for dielectric heating, trans-
ferring it to the load, and shaping the electrodes to
:oncentrate the heat where it is required. Several
:xamples are given of its application to the setting
A the bonding -glues used in assembling joints, and
n producing plywood and veneered furniture. The:fficient use of dielectric heating can effect a con-
siderable saving in production costs.
)21.38: 621

2273Electronics for the Machine Designer. -G. A.:aldwell & C. Madsen. (Machinery, N.Y., May
944, Vol. 5o, No. 9, pp. 135-15o.) A review of the
undamentals of electronics and of the features whichnake electronic devices potentially useful forpplication in the mechanical field. The first of a-part series. For other parts see 2259, 2258, 2269nd 2263.

21.383 + 622.317.755] : 535.243 2274Spectral Intensity Measurements with Photo-'ubes and the Oscillograph.-G. H. Dieke, H. Y..oh & H. M. Crosswhite. (J. opt. Soc. Amer.,.pril 1946, Vol. 36, No. 4, pp. 185-191.)

21.383 : 536.52 : 621.317.39 2275Color Temperature Testing in Projector Lampreduction. -S. Pakswer & J. Kirk. (Rev. sci.nstrum., April 1946, Vol. 17, No. 4, pp. 157-158.)hototubes measure the blue and red radiationsom the lamp, and their ratio (giving the tempera-tre of the lamp) is displayed on a c.r.t.
1.385.833

2276On a Photographic Method for Investigating thePtical Properties of Magnetic Lenses and forecording a -Ray Lines. -H. Slatis. (Ark. Mat.

Fys., loth Feb. 1946, Vol. 32, Part 4, SectionA, No. 20, 27 pp. In English.)
621.396.611: 621.384 2277On the Design of a Cavity of a Linear Electron
Accelerator. -E. S. Akeley. (Phys. Rev., 1st/15th
March 1946, Vol. 69, Nos. 5/6, p. 255.) Abstractof an Amer. Phys. Soc. paper.

621.396.9 : 359 2278Navy Radio and Electronics during World War II.-J. B. Dow. (Proc. Inst. Radio Engrs, W. & E.,
May 1946, Vol. 34, No. 5, pp. 284-287.) A non-
technical review of some of the electronic devices
used by the U.S. Navy emphasizing their importancein naval tactics. Extracts from action reports
illustrate the use of radar fire control and of sonar
(see 175o of July) against submarines.

621.396.9: 623.454.25 2279
The Application of Radar to Ballistics : the

Radar Shell-Fuse.-M.A. (Genie civ., 1st March
1946, Vol. 123, No. 5, p. 63.) See also 1627 of
June (Selvidge) and 624 of March (Huntoon
Miller).

621.396.91.083.7 2280
Radiosonde Telemetering Systems.-V.D.Hauck,

J. R. Cosby & A. B. Dember. (Electronics, May
1946, Vol. 19, No. 5, pp. 12o-123.) A description of
equipment used by the U.S. Army and Navy, de-
signated AN/AMQ-ID, and by the Weather Bureau,
designated 5o6-WB. It is essentially a develop-
ment of the Diamond and Hinman apparatus
(see 2682 of 1938 and 58 of 1939). A temperature -
compensated aneroid unit operates a multi -contact
switch connected to temperature- and humidity-
sensitive resistors that control, in turn, the quench
frequency of the transmitter. Batteries with lead
and lead -dioxide plates are used, with perchloricacid as the electrolyte. Accuracy : pressure, 5
millibars in the range io-i oho mb and +6o to-9o°C ; temperature, 1 °C.

621.38: 62 2281
Electronic Equipment and Accessories. [Book

Review] -R. C. Walker. Chemical Pub. Co.,
Brooklyn, N.Y., 2945, 239 pp., $6.00. (Rev. sci.
Instrum., April 1946, Vol. 17, No. 4, p. 14r.) " .. can
be recommended as a ' first course ' in electronic
instrumentation as well as a compendium of infor-
mation on electronic and associated devices."

PROPAGATION OF WAVES.

621.396.11+621.396.07 2282
A Note on a Simple Transmission Formula. -H. T.

Friis. (Proc. Inst. Radio Engrs, W. 6- E., May
1946, Vol. 34, No. 5, pp. 254-256.) A formula
relating the received and transmitted powers at
the aerial terminals, P, and Pt, in terms of the
effective areas A, and A t of the aerials, their distance
apart d, and the wavelength A, is derived in the
form

_A,.At
Pt - d2 Az

The meaning to be ascribed to the effective area
is discussed, and its value given for certain special
cases. The formula applies to free -space trans-
mission only, and should not be used when d is
small, because the assumption of a plane wave-
front is then not justified.
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621.396.11 2283
Propagation of Radiation in a Medium with

Random Inhomogeneities.-P. G. Bergmann. (Phys.
Rev., 1st/15th March 1946, Vol. 69, Nos. 5/6, pp.
255-256.) The use of ray optics shows that fluctu-
ations of a radiative field are related to variations
in refractive index, and increase with the 3/2 -power
of distance. Abstract of an Amer. Phys. Soc. paper.

621.396.11 : 523.746.5 2284
DX and the Present Sunspot Cycle -A Prophecy.

-E. H. P. Young. (R.S.G.B. Bull., May 1946, Vol.
21, No. 11, p. 170.) Discussion of 324 of February
(Gleissberg).i

621.396.11 : 551.51.053.5 2285
Radio Propagation Work at the National Bureau

of Standards. -N. Smith & R. Silberstein. (QST,
May 1946, Vol. 3o, No. 5, pp. 45-50.) An account
of the progress made in forecasting transmission
conditions. Maximum usable frequencies and
lowest useful high frequencies can now be predicted
accurately from measurements of the properties
of the ionosphere made at vertical incidence. A
map shows the world-wide distribution of observing
stations in January 1946.

621.396.11 : 551.51.053.5 2286
Irregularities in Radio Transmission. -O. P.

Ferrell. (Radio, N.Y., Feb. 1946, Vol 3o, No. 2,
pp. 23-24.) A survey of sporadic -E propagation
at v.h.f., and of the effect on f.m. transmission. A
bibliography with abstracts is included. For
previous parts of this 3 -part series see 1333 of
May and 1640 of June.
621.396.11 : 551.51.053.5 2287

On the Absorption of Radio Waves and the
in the Ionosphere. -V. Gins-

burg. (J. Phys., U.S.S.R., 1944, Vol. 8, No. 4,
pp. 253-256.) " The measurement of the absorp-
tion of radio waves in the ionosphere enables one to
determine the effective number of collisions in some
of its regions. On the other hand, it is possible with
the help of the usual method of kinetic equation to
evaluate the number of collisions effective for the
process of absorption of radio waves. Both the
electrons' collisions with the molecules and their
collisions with the ions can be thus calculated.
The cross section for the latter process under con-
ditions prevailing in the ionosphere is about a
million times larger than for collisions with the
molecules. In this connexion the concentration
of ions and molecules in the ionosphere, as derived
from radio measurements, is discussed."

621.396.11 : 551.51.053.5 : 621.396.9 2288
2-Mcis Sky -Wave Transmission. -Pierce. (See

2190.)

621.396.13: 621.397 2289
Vertical v. Horizontal Polarisation. -H. P.

Williams. (J. Televis. Soc., Sept. 1945, Vol. 4,
No. 7, pp. 171-177.) A consideration of the relative
merits for television transmission, with particular
reference to the effect of ground reflection and aerial
height. It is concluded that there is no distinct
advantage in either mode, but " such differences
as do exist are mostly in favour of horizontal
polarization".

621.396.812.3 : 551.51.053.5 2290
On Some Observations of Fading of Short -Wave

Signals. --S. S. Banerjee & G. C. Mukerjee. (Sci.

Culture, April 1946, Vol. 11, No. io, pp. 571-575.)
Quasi -regular variations in the intensity of short-
wave radio signals reflected from the ionosphere
are interpreted as due to interference between
multiple reflections.

RECEPTION
621.396.619.018.41 : 621.396.82 2291

Larger F.M. Carrier Suppresses Smaller. -H. G.
Shea. (Electronic Industr., April 1946, Vol. 5, No. 4,
pp. 78-79.) A simple explanation with vector
diagram illustrations.

621 396.621 2292
32 -Volt [broadcast] Receiver. -L. Treakle. (Radio

Craft, April 1946, Vol. 17, No. 7, pp. 466..516.)
Constructional details.

621.396.621 2293
Radio Data Sheet 334. -(Radio Craft, April

1946, Vol 17, No. 7, p. 475.) Servicing data for
Farnsworth broadcast receivers.

621.396.621(43) 2294
Five New Circuits. -R. M. Cater. (Radio Craft,

April 1946, Vol. 17, No. 7, pp. 467 . . 496.) Circuit
details of German midget broadcast receivers.

621.396.621.029.62 2295
A Battery Operated V.H.F. Receiver. -E. L,

Cameron. (R.S.G.B. Bull., June 1946, Vol. 21,
No. 12, pp. 185-186.) Design and construction of a
simple two -unit portable receiver for the
112 Mc/s.

621.396.621.54.029.62
A Two -Meter Crystal -Controlled Converter.-

-C. F. Hadlock. (QST, May 1946, Vol. 3o, No. 5, pp.
31-35.) For selective reception in the 112 -MO
and 144-Mc/s amateur bands, a crystal -controlled
beat oscillator converts the signal frequency to the
3o-4o-Mc/s region. Constructional details are
given.

621.396.662.1 229
New Tuning System for the Amateur Receiver.

W. J. Halligan & N. Foot. (QST, May 1946
Vol. 3o, No. 5, pp. 18 . . 124.) An application
split -stator capacitors giving improved v.h.f
performance with 3 to 1 tuning ranges up tk

150 Mc/s. Basic circuits are given for an oscillato
and mixer, with 6 -band switching, to operate in th
range 54o kc/s-I io Mc/s.

621.396.8 : 621.396.13 : 621,396.619.16
2Determination of Noise Power and SignallNo2i9s

Ratio for the Case of Simplex or Multiplex Radic.
Transmission on Ultra -Short Waves by (A) Ampli-
tude- or Duration -Modulated Pulses (B) Fre
quency-Modulated Pulses.-Chireix. (See 2307.)

621.396.8 : 621.396.619.018.41 229

Nonlinearity in. Frequency -Modulation Radi
Systems Due to Multipath Propagation. -Meyer
(See 2321.)

621.396.822 230
A Generalization of Nyquist's Thermal Nois

Theorem. -E. J. Schremp. (Phys. Rev., ist/I5t
March 1946, Vol. 69, Nos. 5/6, p. 255.) Nyquist'

theorem (1928 Abstracts p. 581) for the therm
current generator of a linear passive 2 -terrain
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network at temperature T is extended for an
M -terminal network to

(r, a ; v)]A., = 2k Tgvan(r, a ; v) dv
for the incoherent nodal currents if the generating
parameter a obeys

a ( - v) [a (v) - I] Y (v)
+ a (v) [a( - v) - I] Y ( - v) = o

where y = g jb is the admittance. Abstract of
an Amer. Phys. Soc. paper.

621.396.823: 621.317.7.089.6 2301
A Study of Wave Shapes for Radio -Noise -Meter

Calibrations.-Frick. (See 2248.)

621.396.828 2302
Noise Limiting in C.W. Reception.-G. Grammer.

(QST, May 1946, Vol. 3o, No. 5, pp. 13 .. 122.)
Explains the poor results obtained with the usual
amplitude limiter when using a beat -frequency
oscillator, and gives a detailed description of a
satisfactory clipper circuit for headphone reception,
Using germanium crystal rectifiers.

621.397.82 2303
Local Oscillator Radiation and Its Effect on

Television Picture Contrast. - E. W. Herold.
(RCA Rev., March 1946, Vol. 7, No. I, pp. 32-53.)
A study of the effect of c.w. interference arisingfrom the local oscillators of nearby receivers.
The chief annoying effect of such interference at
the high end of the video band was a serious loss in
contrast. " The observations and computations
indicated that a 2o-db signal -to-interference fieldstrength ratio at the antenna is a minimum satis-
factory value. To maintain this ratio in a 5oo-i.LV/m
region of a desired transmitter, nearby receiversmust have a radiation below o.ot p,W. Pre-warreceivers, which used no radio frequency stage,radiated too 000 times as much as this and were
extremely unsatisfactory. A grounded-grid triode
r.f. stage may give a reduction of about 3o db or
more and a pentode r.f. stage may be made even
better." It is concluded that an adequate television
service will require suppression of local -oscillator
radiation if the frequency assignments are such as
to make interference possible.

STATIONS AND COMMUNICATION SYSTEMS
621.396.1 2304

Communications : Implement to Peace.- R. C.Wakefield. (Elect. Engng, N .Y ., March 1946,
Vol. 65, No. 3, pp. 99-105.) Description of develop-ments in U.S. Army communications during thewar, and of their application and adaptation topeace -time conditions. The main new proposals
put forward are the provision of sufficient radio-relay stations, with control by one international
company, and the use of pulse modulation and other
multiplex systems in place of the more expensive
(in frequency and money) cable systems.
521.396.1

2305We Have New Regulations.-K.B.W. (QST,\lay 1946, Vol. 3o, No. 5, pp. 23-24.) RevisedF.C.C. rules for U.S. amateur radio.
521.396.13

2306
Observations and Comparisons on Radio Telegraph

signalling by Frequency Shift and On-Off1lleying.-
71. 0. Peterson, J. B. Atwood, H. E. Goldstine,

G. E. Hansen & R. E. Schock. (RCA Rev., March
1946, Vol. 7, No. I, pp. 11-31.) A long and fully
detailed account of a thorough comparison in respect
of communication reliability between on -off keying
(CWT) and frequency -shift keying (FST) of trans-
missions on zoo kc/s from Bolinas, California, toRiverhead, New York. The CWT signals were
received with a standard RCA 3 -receiver diversity
group, and the FST through a frequency -shiftadaptor, using two receivers of the same diversitygroup. The comparison was based on error -countson a 5 -unit start -stop printer using a recurringseries of test words transmitted from a loop ofperforated tape. The conclusions were mainly in
favour of the FST system.

621.396.13: 621.396.8: 621.396.619.16 2307
Determination of Noise Power and Signal!NoiseRatio for the Case of Simplex or Multiplex Radio

Transmission on Ultra -Short Waves by (A) Ampli-
tude- or Duration -Modulated Pulses (B) Frequency-
Modulated Pulses.-H. Chireix. (Ann. Radioelect.,
July 1945, Vol. i, No. 1, pp. 55-64.) A theoretical
study. The signal/noise ratio depends in each caseon the gain in the transmission system, as in thecase of keyed c.w. The analysis shows the system
of frequency -modulated pulses to be effectively
equivalent to a carrier -current system with the same
total frequency deviation. Pulse duration modula-tion compares favourably with multichannel
frequency modulation, and with frequency -modu-
lated pulses when an upper and lower amplitude
limiter is used on the receiver with the two thresholds
brought as close together as possible.

621.396.24 621.396.933 2308
Aircraft Microwave -Beam System.-(Aera Digest,

15th June 1945, Vol. 49, No. 6, pp. 82-84.) A note
on the application by the Raytheon Manufacturing
Co. to the F.C.C. for permission to erect a microwave
relay system and television broadcasting chain
along the west coast of U.S.A. The potentialities
of the scheme are discussed. See also 186 of
January.

621.396.41 : 621.396.619.16 2309A Selective Pulse Communication System.-A. R. Knight & H. Storck. (QST, May 1946,
Vol. 3o, No. 5, pp. 74..144.) A proposal by which
many stations might work on the same frequency
without. interference. A master station transmits
synchronizing pulses which control pulses emitted
in keyed transmission from subsidiary stations.
The master pulses also control gates in the receiving
circuits, which can be adjusted manually in time
relative to the master pulses. The gate is just wide
enough to admit one pulse from any subsidiary
transmitter, and is adjusted until it is open at the
instants when the pulses from the selected trans-
mitter arrive at the receiver.

621.396.619.018.41 2310
The Fundamental Principles of Frequency Modula-

tion.-B. van der Pol. (J. Instn elect. Engrs,
Part III, May 1946, Vol. 93, No. 23, pp. 153-158.)
A theoretical survey of the nature, generation, and
circuit response of f.m. waves. The voltage and
current generated in a circuit with variable para-
meters are expressed in a form similar to the
W.K.B. solution familiar in quantum mechanics.
The response of a circuit to an f.m. wave is obtained
in a form similar to that of Carson and Fry (464 of
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1938) but it is shown that in general the resulting
series is asymptotic.

621.396.619.018.41 : 001.4
Defining Common F.M. Engineering Terms. -

(Electronic Industr., April 1946, Vol. 5, No. 4,
pp. 79 .. 81.) Short definitions of 17 terms.

621.396.619.018.41 : 621.3.012.3 2312
Frequency and Phase Deviation. -(Electronic

Industr., April 1946, Vol. 5, No. 4, pp. 69-70.)
Two nomographs. The first relates modulating
frequency, modulation index, and frequency devia-
tion in the case of f.m., and modulating frequency,
initial phase shift, and equivalent f.m. deviation
in the case of ph.m. The second relates peak f.m.
deviation and the modulating frequency to the
condition required to give zero amplitude of the
carrier frequency.

621.396.619.018.41 : 621.396.216 2313
F.M. Systems Engineering. -R. R. Batcher.

(Electronic Industr., April 1946,. Vol. 5, No. 4,
pp. 75 ..132.) A general survey of the requirements
and methods of f.m. transmitting systems. A
loose-leaf supplement gives schematic diagrams
of the various parts of the system.
621.396.619.16 2314

Microwave Pulse [-time] Modulation for Ham
Communications. R. Endall. (Radio News, April
1946, Vol. 35, No. 4, pp. 41..94.) A general
account of the principles and features of the system,
including the use of the cyclodos and cyclophone
cathode -ray -beam modulator and demodulator
tubes. See also 1352 of May, 1056 of April (Black),
and back references.

2311

621.396.65.029.62/.64] : 621.396.619.16 2315
Pulse -Modulated Radio Relay Equipment. -J. J.

Kelleher. (Electronics, May 1946, Vol. 19, No, 5,
pp. 124-129.) An account of the development .of
the equipment used for military communications,
with block diagrams and abridged specifications of
the equipments AN/TRC-5 and AN/TRC-6. See
also 1353 of May and back references.
621.396.664 2316

C.B.S. Studio Control -Console and Control -Room
Design. -H. A. Chinn. (Proc. Inst. Radio Engys,
W. & E., May 1946, Vol. 34, No. 5, pp. 287-295.)
The chief design considerations for studio control
equipment are location of controls and visual
monitoring facilities, visibility into the studio.,
pleasing appearance, ease of maintenance, and
flexibility.

The way in which the C.B.S. console fulfils these
requirements is described, and its fitting into a
complete studio layout to give maximum visibility
is discussed. The circuit facilities of the console
are outlined ; space is available for additional
equipment if required for special purposes.

621.396.664 2317
Two -Studio Console. - (Electronic Industr., April

1946, Vol. 5, No. 4, pp. 71..130.) A Raytheon
7 -channel programme -mixing console with separate
amplifiers for each channel, a programme -level
indicator and amplifier for the main output, and
monitoring loudspeakers.

621.396.7 -4- 621.397.26 2318
The Programme of Work of la Radiodiffusion

frangaise.-M.A. (Genie civ., 15th Feb. 1946,

Vol. 123, No. 4, p. 52.) A brief summary of the
plans for building new transmitting stations,
studios, and laboratories, and for the development
of television, and of a North African network.

621.396.712 2319
A Report on the Sixth Annual Conference of

Broadcast Engineers. -L. Winner. (Communica-
tions, April 1946, Vol. 26, No. 4, pp. 30..74.) Long
illustrated summaries of the following papers :-
Preventive Maintenance for Broadcast Stations, by
C. Singer. Irregular Room Surfaces in Studios,
by K. C. Morrical. F.M. Station Monitor, by H. R.
Summerhayes, Jr. For other papers see 2125,
2143 and 2365.

621.396.712 : 621.317.36 2320
The Measurement of Broadcast Station Fre-

quencies. -Hers. (See 2246.)

621.396.8 : 621.396.619.018.41
Nonlinearity in Frequency -Modulation Radio

Systems Due to Multipath Propagation. -S. T.
Meyers. (Proc. Inst. Radio Engys, 6, E., May
1946, Vol. 34, No. 5, pp. 256-265.) " A theoretical
study is made to determine the effects of multipath
propagation on over-all transmission characteristics
in frequency -modulation radio circuits. The
analysis covers a simplified case where the trans-
mitted carrier is frequency -modulated by a single
modulating frequency and is propagated over two
paths having relative delay and amplitude differ-
ences. Equations are derived for the receiver
output in terms of the transmitter input for funda-
mental and harmonics of the modulating frequency.
Curves are plotted and discussed for various values
of relative carrier- and signal -frequency phase shift
and relative amplitude difference of the received
waves.

" The results show that a special kind of amplitude
nonlinearity is produced in the input-output
characteristics of an over-all frequency -modulation
radio system. Under certain conditions, sudden
changes in output -signal amplitude accompany the
passage of the input -signal amplitude through
certain critical values. Transmission irregularities
of this type are proposed as a possible explanation
of so-called " volume bursts " sometimes en-
countered in frequency -modulation radio circuits.
In general, it appears that amplitude and frequency
distortion are most severe where the relative delay
between paths is large and the amplitude difference
is small."

2321

621.396.82 : 551.57: 629.135 2322
[U.S.] Army -Navy Precipitation -Static Project :

Part 4 - Investigations of Methods for Reducing
Precipitation -Static Radio Interference. -G. D.
Kinzer & J. W. McGee. (Proc. Inst. Radio Engys,
W. & E., May 1946, Vol. 34, No. 5, pp. 234-24o.)
`Studies showed that interfering noise associated

with the use of bare -wire antennas was roughly
proportional to the amount of corona -current dis-
charge. It was found that the use of antennas
insulated with polyethylene provided comparatively
static -free radio reception by preventing corona dis-
charge from the antenna. Correlated ground and
flight experiments showed that, unless the corona
discharge occurs at areas adjacent to antennas,
little noise is produced in the radio receiver. The
characteristics of several types of electrostatic dis-
chargers, intended to reduce the equilibrium

fI
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potential of the airplane for a given charging con-
dition, were examined. The dry -wick discharger
recently adopted by the military services was found
to give the best over-all electrical and mechanical
performance." The technique of measurement is
described, and diagrams are shown of the noise as
a function of the electric field intensity at the aerial.

621.396.82 : 551.57: 629.135: 621.3.027.7 2323
[U.S.] Army -Navy Precipitation Static Project :

Part 5 - The High -Voltage Characteristics of Air-
craft in Flight.-R. Gunn & J. P. Parker. (Proc.
Inst. Radio Engrs, f47. S E., May 1946, Vol. 34,
No. 5, pp. 241-247.) " The important high -voltage
electrical characteristics of aircraft in flight are
determined from (a) flight operations in precipita-
tion areas ; (b) flight operations using a new
artificial charger to electrify the airplane in flight ;

(c) high -voltage experiments on the airplane sup-ported in a giant hangar ; and (d) theoretical
analysis.

" It is shown how the fundamental electrical
constants of the airplane may be approximately
determined and how these may be used to forecast
the high -voltage behaviour of a flying aircraft. It
is shown that, at a given altitude, the current I
discharged by an airplane in flight is of the form

/ A E B(E2 -E 02)
where E is the magnitude of the electric field as
measured on the belly and A, B and E, are constants.

" The electrical capacitance of an aircraft in
flight is about 20% of the wing span expressed in
centimetres." A theoretical analysis is given of
the potential and space -charge distribution sur-
rounding a sphere equivalent to an aircraft in a
hangar, and close agreement is obtained between
the observed and calculated currents.

.621.396.931 2324
Mobile Radio Service.-(Electronic Industr., April

1946, Vol. 5, No. 4, pp. 84-85.) An experimental
semi -automatic f.m. radio telephone for party -line
service to a fleet of vehicles.

621.396.931 2325
F.M. Railroad Radio Satellite System.-W. S.Halstead. (Electronic Industr., June 1946, Vol. 5,No. 6, pp. 62-65..128.) Local 152-162-Mc:is f.m.

zansmitter-receiver stations with restricted service
tones are connected to a central station by a
ago-250-kcis f.m. induction link that uses overhead
ires primarily used for another purpose. Mobile

v.h.f. units in the zone of any local station can
:;ommunicate with any part of the system, or with
)ther mobile units in any v.h.f. zone.
)21.396.931.029.62 2326PP A Method of Increasing the Range of V.H.F.
Communication Systems by Multi-Carrier Amplitudeodulation.-J. R. Brinkley. (J. Instn elect.
ngrs, Part III, May 1946, Vol. 93, No. 23, pp.
59-176.) " The initial development of a methodf extending the range or improving the coveragef v.h.f. communication systems of the type used
r police services is described. The method isased on the simultaneous amplitude modulation
f a number of carriers closely spaced in frequency.
he frequency spacing between the carriers is so
hosen that they lie within the. bandwidth of the.h:f. receiver, without producing audible inter-
ction components of importance.

" Two -carrier schemes employing separate trans-

mitters at the same site have been found to give
improved coverage, while two- and three -carrier
schemes using separate sites have been found to
give greatly increased range.

" An unsuccessful attempt to achieve the sameobject with . . . f.m. transmitters using the same
nominal carrier frequency is described. The
difficulties of employing frequency modulation
with common modulation are discussed and con-
sidered to be fundamental.

" Single -station v.h.f. schemes upon which the
development of the multi -carrier scheme is based
are briefly described." A long discussion is included.
For a less detailed account see 1357 of May.

SUBSIDIARY APPARATUS
621.314.2.029.4/.5] : 621.318.322 2327

Applications of Thin Permalloy Tape in Wide -
Band Telephone and Pulse Transformers.-Ganz.
(See 2225.)

621.314.22/.23 2328
The Impedances of Multiple -Winding Trans-

formers : Part 3.-S. A. Stigant. (Beams J.,
April 1946, Vol. 53, No. io6, pp. 139-141.) For
previous parts see 1685 of June and 2017 of July.
621.315.612 : 546.287 2329

The Use of Liquid Dimethylsilicones to Produce
Water -Repellent Surfaces on Glass -Insulator Bodies.-Johannson & Torok. (See 2214.)

621.316.721/.722].078.3: 621.386 2330
The Stabilization of X -Ray Tube Current and

Voltage.-A. F. LeMieux & W. W. Beeman. (Rev.
sci. Instram., April 1946, Vol. 17, No. 4, pp.
130-132.) Description of circuits for stabilizing
the current (up to 5o mA) and voltage (35 kV) of
the discharge to 0.1% by means of degenerative
feedback of the amplified variations to the primary
a.c. power line. The stabilizer operates at ground
potential.
621.316.74 2331

Tapered - Thickness Bimetal. - W. B. Elmer.
(Trans. Amer. Inst. elect. Engrs, December Supple-
ment 1945, Vol. 64, p. 962.) Discussion of 757 of
March.

621.316.842 : 546.287 : 621.315.616.9 2332
Silicone Coating for [wire -wound] Resistors.-

Marbaker. (See 2215.)

621.316.849.011.2 : 539.234 : 546.621 2333
Electrical Resistance of Thin Films of Aluminium

Deposited on Glass by Thermal Evaporation.-
Dunoyer. (See 2212.)

621.316.93 2334
Lightning Investigations on 33 -kV Wood -Pole

Lines.-F. E. Andrews & G. D. McCann. (Trans.
Amer. Inst. elect. Engrs, December Supplement
1945, Vol. 64, pp. 954-955.) Discussion of 76o of
March.

621.316.98 2335
The Frequency of Occurrence and the Distribu-

tion of Lightning Flashes to Transmission Lines.-
R. H. Golde. (Trans. Amer. Inst. elect. Engrs,
December Supplement 1945, Vol. 64, pp. 902-910.)

621.317.333.4 2336
Exploring Coils.-T. C. Henneberger. (Bell Lab.

Rec., April 1946, Vol. 24, No. 4, pp. 145-147.)
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An a.f. source is used to produce a tracing -,current
through the faulty cable, and an exploring coil
detects the magnetic field so produced. Practical
applications of the method are briefly discussed.

621.317.39.083.7 : 531.74 : 621.396.663 2337
Improvements in Devices for the Instantaneous

Transmission of Angles.-Barthelemy. (See 2264.)

621.317.755 2338
The Precision High -Tension Oscillograph with

Four Cathode Rays.-G. Induui. (Brown Boveri
Rev., Sept./Oct. 1943, Vol. 3o, pp. 222-223.)
Four separate deviation systems for voltages up to
3 kV, and two for voltages up to 50 kV. Con-
tinuously pumped. Abstract in Rev. gen. Elect.,
Jan. 1946, Vol. 55, No. 1, p. 2D.

621.317.755.087.5 2339
An Automatic Oscillograph With a Memory.-

A. M. Zarem. (Trans. Amer. Inst. elect. Engrs,
March 1946, Vol. 65, No. 3, pp. 150-154.) The
instrument has a flat response up to 3o Mc/s, and
can be used for problems concerning randomly
occurring transients. Three cathode-ray tubes
allow simultaneous indications of inter -related
quantities. The screens, which have a long after-
glow, are continuously excited, and the occurrence
of a transient pulse releases a camera shutter and
interrupts the beams, so that events prior to the
photographic exposure are recorded. Illustrations
of sporadic disturbances in mercury arc rectifiers
are given. The system is completely automatic,
and 4o photographs can be taken without the aid
of an operator. See also 3117 of 1937 and 666 of
1938 (Kuehni & Ramo), and 723 of 1939 (Pakala).

621.318.42 2340
Optimum Air Gap for Various Magnetic Materials

in Cores of Coils Subject to Superposed Direct
Current. -V. E. Legg. (Trans. Amer. Inst. elect.
Engrs, December Supplement 1945, Vol. 64, p.
969.) Discussion of 763 of March.

621.318.423 2341
The Self -Inductance of a Toroidal Coil Without

Iron.-H. B. Dwight. (Trans. Amer. Inst. elect.
Engrs, December Supplement 1945, Vol. 64, p.
999.) Discussion of 765 of March.

621.319.4.011.4 2342
Resistance and Capacitance Relations Between

Short Cylindrical Conductors.-F. L. ReQua. (Trans.
Amer. Inst. elect. Engrs, December Supplement
1945, Vol. 64, p. 962.) Discussion of 766 of March.

621.319.42 : 621.315.616.9 2343
Polystyrene Capacitors.-J. R. Weeks. (Bell

Lab. Rec., March 1946, Vol. 24, No. 3, pp. 111-115.)
Short description of the construction and per-
formance. They are superior to mica capacitors
in power factor, but are slightly bigger for the same
capacitance, and have a greater temperature
coefficient of capacitance.

621.319.5: 621.317.2 2344
[U.S.] Army -Navy Precipitation Static Froject

Part 6-High-Voltage Installation of the Precipita-
tion -Static Project.-M. Newman & A. 0. Kemp-
painen. (Proc. Inst. Radio Engrs, W. & E.,
May 1946, Vol. 34, No. 5, pp. 247-254.) Descrip-
tion of the artificial lightning generator which
gives any of (a) 1.5 MV at 1.5 mA d.c., (b) impulse

voltages up to 5 MV, (c) impulse currents up to
200 000 A. The Cockcroft -Walton method of cas-
cade rectifier connexion is used to build up the high
voltage. " Conditions of electrical -field stress
before the lightning discharge are produced by an
automatically controlled transition of a generator
of high -voltage direct current into a surge generator,
resulting in a doubled field stress and a surge
breakdown with lightning current characteristics.
The combination is thus very suitable for studying y.

certain phases of aircraft operation, particularly
communications, under controlled laboratory con-
ditions, corresponding to flight under electrical -
storm conditions."

621.38 : 612.84 2345
The Electric Eye v. the Human Eye.-Sommer.

(See 2361.)

621.389 : 623.555.2 2346
Invisible Light Aids Marksman.-(Radio News,

June 1946, Vol. 35, No..6, pp. 35 .. 129.) General
description of a device incorporating an infra -red
spotlight 'and image converter for use with a rifle
sight in the dark. The image converter has a
photoelectric screen on which the i.r. image is
formed, and the photoelectrons are focused by an
electron lens on to a fluorescent screen to form a
visible image.

621.396.614 2347
High -Frequency Alternators.-J. H. Walker.

(J. Instn elect. Engrs, Part II, Feb. 1946, Vol. 93,
No. 31, pp. 67-80.) A review of homopolar and
heteropolar induction alternators for frequencies
up to 5o kc/s, with an appendix giving the mathe-
matics of novel features of the heteropolar type.

621.396.662 2348
A Visual Tuning Indicator Employing a Thyratron.348

-L. S. Joyce. (Electronic Engng, June 1946,
Vol. 18, No. 220, pp. 183-186.) A thyratron with
a.c. anode supply is controlled by a grid bias com-
bining an a.c. supply of the same frequency but
different phase, and a d.c. component obtained
by rectification of the tuned signal. Change of
the d.c. bias by tuning alters the striking point of
the anode -voltage cycle and the mean anode
current. The current is used to operate a meter
or lamp indicator.

621.396.68:: 621.397.6
2Television Voltage [power supply] Circuits : P3a4r!

13.-E. M. Noll. (Radio News, June 1946, Vol. 35,
No. 6, pp. 50 . .82.) For previous parts of this series
on television..circuits, see 1710 of June.

621.396.68.027.226 2350
Constant 6 Volt D.C. Supply for the Service Lab.-

C.'S. Springer. (Radio News, June 1946, Vol. 35,
No. 6, pp. 44 ..146.) Constructional details of a
battery charger, with automatic regulation to
prevent overcharge, that can be used with a battery
across its terminals as a constant 6-V source.

621.396.682: 621.397 2351
Power Frequency Changers for Color Television.-

D. L. Jaffe. (Radio, N .Y ., Feb. 1946, Vol. 3o, No. 2,
pp. 15-16.) A method for btaining power at
120 c/s from 6o-c/s mains using an induction motor
driven in reverse by a synchronous motor. The
output is in synchronism with the mains
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621.396.689 2352
Recent Developments in Heavy Duty Vibrator

Type Power Supplies. -M. R. Williams. (Radio
News, June 1946, Vol. 35, No. 6, pp. 46..151.)
Operates from 32 V d.c., and gives a power supply
of 35o W, 110-12o V a.c., at 6o c/s. A multiple -
contact vibrator is used with a circuit that makes
it unnecessary for all contacts to close in exact
synchronism.

621.398 : 621.396.61 2353
All Purpose [amateur] Transmitter Remote

Control System. -P. Johnson. (Radio News, June
1946, Vol. 35, No. 6, pp. 68..70.)

778.53 : 621.3 2354
A Wide -Angle Fastax.-J. H. Waddell. (Bell

Lab. Rec., April 1946, Vol. 24, No. 4, pp. 139-144.)
A camera with a horizontal field of 40° using 35 -mm
film " for studying the action of relays, switches
and other fast moving electrical apparatus."

621.317.755 + 621.385.832 2355
The Cathode -Ray Tube Handbook. [Book Review]

-S. K. Lewer. Isaac Pitman & Sons, London,
too pp., 6s. (R.S.G.B. Bull., May 1946, Vol. 21,
No. II, p. 177.) " . . . very useful introduction to
c.r.o. work."
621.318.5 2356

Relay Engineering [Book Review] -C. A. Packard.
Struthers -Dunn, Philadelphia, Pa., 1945, 640 pp.,
$3.00. (Electronic Industr., June 1946, Vol. 5,No. 6, p. 130.) ," . . . covers the selection of relays,
applications and circuits, auxiliary equipment,
standards, and much material relating to the
specific problems of designing the coil and contact
structures . . . "

621.384 2357
Le Cyclotron. [Book Review] -M. E. Nahmias.Editions de la Revue d'Optique Theorique et

Instrumentale, Paris, 1945, 254 pp., 200 fr. (Rev.
sci. Instrum., April 1946, Vol. 17, No. 4, p 135.)" The book is well written, concise and to the
point", and particularly helpful in its treatment of
theory and mathematical development.

621.385.833 2358
Electron Optics and the Electron Microscope.

[Book Review] -V. K. Zworykin, G. A. Morton,
E. G. Ramberg, J. Hillier & A. W. Vance. John
Wiley & Sons, New York, 1945, 766 pp., Sio.00.
*(Rev. sci. Instrum., April 1946, Vol. 17, No. 4,pp. 138-139.) " In the opinion of the reviewer it
is the best English language book yet published notonly for electron microscopy but for general
electron optics as well." See also 1960 of July.

TELEVISION AND PHOTOTELEGRAPHY
621.3.018.7 + 621.317.35 2359

Television Waveforms. -(J. Televis. Soc., Sept.
1945, Vol. 4, No. 7, p. 178.) Reproduction of chart
from Electronic Engineering giving equations for16 common waveforms.

621.317.79: 621.397.62 2360
A Television Signal Generator : Part 1 -GeneralFeatures.-Hibberd. (See 2255.)

621.38: 612.84 2361
The Electric Eye v. the Human Eye. -W. Sommer.(J. Tanis. Soc., Sept. 1945, Vol. 4, No. 7, pp.

150-170.) An account of the characteristics and
functions of the human eye, and of photoelectric
cells. Data for these (sensitivity, etc.), and for
photographic emulsions and for c.r.t. fluorescent
screens are presented in tabular form. Long biblio-
graphy.

621.396.13 : 621.397 2362
Vertical v. Horizontal Polarisation. -Williams.

(See 2289.)

621.397 2363
Where Color Television Stands. -D. G. Fink.

(Electronics, May 1946, Vol. 19, No. 5, pp. 104-107.)
The similarities and differences between the black -
and -white and the colour systems are discussed.
It is shown that the colour system is likely to be
more costly, and that there are still uncertainties in
its performance requiring further research. Whether
to continue with the present system, or to introduce
the colour system immediately, depends upon the
time required to assess the additional costs and to
resolve the uncertainties. Whatever the decision
there should be no delay in the research on the
colour system.
621.397 2364

Color,- Television -Is it Ready to Adopt ?-(Elec-
tronic Industr., April 1946, Vol. 5, No. 4, pp.
88..120.) A critical discussion of the C.B.S. colour
television demonstration, which, using films as a
source of programmes, avoided the colour fringe
effect. " Quite a different result is expected by
engineer critics when the live colour -pickup camera
goes into action." A list of the advantages and
drawbacks of colour and black -and -white television
is given.

621.397 2365
A Report on the Sixth Annual Conference of

Broadcast Engineers. -L. Winner. (Communica-
tions, April 1946, Vol. 26, No. 4, pp. 3o ..74.)
Summary of the paper Televising Motion Picture
Films, by S. Helt. For other papers see 2125, 2143
and 2319.
621.397 : 621.396.619.16 2366

Pulse -Width Modulation [for television sound
channels]. -(Radio, N.Y., Feb. 1946, Vol. 3o, No. 2,
p. 4.) Illustrated summary of 459 of February.
621.397.2 2367

Discussion on " A Survey of the Problem of Post-
War Television ".-B. J. Edwards. (J. Instn elect.
Engrs, Part III, May 1946, Vol. 93, No. 23, pp.
216-220.) For original paper see 1109 of 1945.
621.397.26 2368

The B.B.C. Television Waveform. -(Electronic
Engng, June 1946, Vol. 18, No. 220, pp. 176-178.)
A revised specification of the radiated waveform
of the B.B.C. transmissions, with diagrams, and
with an appendix explaining the method of inter-
lacing. Reprinted from 637 of 1939.

621.397.26 2369
Facsimile Methods for Broadcast Work. -(Elec-

tronic Industr., June 1946, Vol. 5, No. 6, pp. 74 . .119.)
A general account of the " Faximile " and " Tele-
fax " systems.
621.397.26 2370

A New Television System : " Stratovision ".-
M. Adam. (Genie civ., 15th March 1946, Vol. 123,
No. 6, pp. 76-77.) See also 397o of 1945.



A.I78 WIRELESS
ENGINEER

August, 1946

621.397.5 2371
Field Television. -R. E. Shelby & H. P. See.

(RCA Rev., March 1946, Vol. 7, No. I, pp. 77-93.)
A résumé of the history of N.B.C. operations, with
special reference to the greatly widened scope made
possible by use of the image orthicon camera. The
article concludes that there are now virtually no
technical limitations on the televising of indoor
programmes with normal illumination, and that
the image orthicon camera " represents the greatest
single advancement so far made in field television".
See also 2374 below.

621.397.6: 621.396.68 2372
Television Voltage [power supply] Circuits :

Part 13. -Noll. (See 2349.)

621.397.61 2373
C.B.S. Color or Fine Line Television Transmitter. -

(See 2386.)

621.397.611 2374
Image Orthicon Camera. -R. D. Kell & G. C.

Sziklai. (RCA Rev., March 1946, Vol. 7, No. 1,

pp. 67-76.) A description of one of a series of
developmental television cameras using the image
orthicon. It is self contained, and weighs less
than 4o lb. The power required is 30o W, and may
be taken from a non -regulated supply. As an
illustration of the sensitivity, there are three half-
tone reproductions of a television picture of the
head and shoulders of a subject illuminated with
a 3 -kW light, a 25-W desk lamp, and one candle
respectively. For a brief description of the image
orthicon itself see 1376 of May.

621.397.62 2375
Tele Color Reception.-R.R.B. (Electronic In -

dusty., April 1946, Vol. 5, No. 4, pp. 82..118.)
A description of the C.B.S. colour television appa-
ratus to guide experimenters in building receiving
sets. Various designs for colour -wheel filter
segments are discussed. For a fuller account see
2051 of July (D.G.F.).

621.397.82 2376
Local Oscillator Radiation and Its Effect on

Television Picture Contrast. -Herold. (See 2303.)

TRANSMISSION

621.396.61.029.58 2377
100 Watt -28 Mc Transmitter. -N. Lefor. (Radio

News, April 1946, Vol. 35, No. 4, pp. 50-51.) Con-
structional details of a crystal -controlled 6L6
oscillator with 829B (beam double tetrode) fre-
quency doubler and anode -modulated output
stages.

621.396.61.029.62 2378
Transmitter for 2 Meters. -E. F. Crowell & R. L.

Parmenter. (Radio News, June 1946, Vol. 35, No. 6,
pp. 28..144.) Constructional details of an amateur
a.m. or i.c.w. equipment that can be received con-
sistently over 15-25 miles.

621.396.619 2379
Class " C " Grid Bias Modulation : Part 1.-

W. W. Smith. (Radio News, April 1946, Vol. 35,
No. 4, pp. 55 ..111.) An account of methods of
reducing distortion by stabilization and by mainte-
nance of correct operating conditions, including
a comparison with class -B and anode modulation.

621.396.619.018.41 2380
A New Exciter Unit for Frequency Modulated

Transmitters. -N. J. Oman. (RCA Rev., March
1946, Vol. 7, No. 1, pp. 118-130.) A detailed
account of the development and final design of a
unit based on a reactance -tube modulator, as
distinct from the Armstrong phase -shift system.
A special feature is the stabilization of the carrier
frequency by reference to a crystal -controlled
oscillator by means of a capacitor mounted on the
shaft of an induction motor which rotates in sense
according to the sense of the frequency displace-
ment. It is stated that the accuracy of this fre-
quency control is limited by the heat cycle of the
crystal oven. The distortion in the f.m. output
of the exciter is of the order of 0.5' for modulating
frequencies from 3o to 15 000 c/s. The noise level
is 74 db below t00% modulation.

621.396.619.018.41 2381
Frequency Modulation by Non -Linear Coils. -

L. R. Wrathall. (Bell Lab. Rec., March 1946, Vol.
24, No. 3, pp. 102-105.) The current/magnetic-
flux relationship in a coil wound on a permalloy
core is nonlinear, and results in the occurrence of
voltage pulses at each reversal of sign of the current.
Addition of relatively low frequency signal current
to the carrier current causes shifting of the position
in time of current zeros, and therefore of voltage
pulses, in opposite directions for positive and nega-
tive pulses. The pulses are thus phase -modulated.
Pulses of one polarity are separated by a rectifier,
and one of the harmonics selected 1py a band-pass
filter.

621.396.619.018.41 2382
WHFM's F.M. Converter. -K. J. Gardner.

(Electronic inditstr., April 1946, Vol. 5, No. 4, pp.
80-81.) The adaptation of a 45.I-Mc/s transmitter
for simultaneous operation on 98.9 Mc/s. A circuit
diagram is given. The r.f. output is 1 kW.

621.396.619.018.41 2383
Direct Frequency -Modulation Modulators. -N.

Marchand. (Communications, April 1946, Vol. 26,
No. 4, pp. 42..59.) An analysis of miscellaneous
types of modulators not using the reactance tube.
Input capacitance, transmission line, RC f.m.
oscillator, and inductively coupled types are dis-
cussed, and design equations given. These systems
employ a two -terminal impedance with a reactive
component that varies with modulating voltage.
For previous parts in this series see 1994 & 2068'
of July.
621.396.662.078.3 : 621.396.619.018.41 2384

New Transmitter Circuits. -(Radio, N .Y ., Feb.
1946, Vol. 3o, No. 2, p. 35.) A block diagram of the
Federal f.m. stabilization system in which an f.m.
oscillator is controlled by a crystal oscillator. The
resulting output of the modulated oscillator is
phase modulated with respect to the fixed oscillator.

621.396.662.078.3 : 621.396.619.018.41 2385
F.M. Frequency Control System.- J . R. Boykin.

(Radio, N .Y ., Feb. 1946, Vol. 3o, No. 2, pp. 20 .. 63.)
Each cycle of the beat between the modulated
frequency and a fixed reference frequency is used
to produce a pulse, the polarity of which depends
on whether the reference frequency is greater or
less than the other. The pulses are sorted according
to polarity, integrated, and used to produce a
voltage for correcting the mean frequency of the
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modulated oscillator. The system regulates the
oscillator frequency so that the areas of the
frequency/time curve above and below the reference
frequency are kept equal.

621.397.61 2386
C.B.S. Color or Fine Line Television Transmitter.-

(Radio, N.Y., Feb. 1946, Vol. 3o, No. 2, pp. 31..
58.) Description of a 600-W transmitter for 490
Mc/s, that can be amplitude -modulated from o to
ro Mc/s. A 6.8-Mc/s crystal -controlled oscillator
feeds a ehain of frequency -multipliers and ampli-
fiers, the final stage being modulated by the output
of a video -frequency amplifier having d.c. coupling
between stages.

VALVES AND THERMIONICS
621.385 2387

Mechanism of the Operation of Kenotrons with
Cold Emission. -V. Sorokina. (J. Phys., U.S.S.R.,
1945, Vol. 9, No. r, p. 61.) Abstract of a paper of
the Acad. Sci., U.S.S.R.

621.385 2388
The Role of Surface Charges in Electron Devices.-

P. Timofeev. (J. Phys., U.S.S.R.., 1945, Vol. 9,
No. 1, p. 61.) When an insulator is placed near the
cathode a large potential gradient can be created due
to secondary emission. Cold emission from the
cathode can then occur. Kenotrons with cold
cathodes have been devised with a potential drop
below roo V. Abstract of a paper of the Acad. Sci.,
U.S.S.R.

621.385 2389
The Passage of High -Frequency Currents through

Electronic Devices. --G. Gvosdover. (J. Phys.,
U.S.S.R., 1945, Vol. 9, No. I, p. 63.) The successive
approximations for the potential drop in a plane
capacitor, carrying a variable electron beam, are
established by expanding a power series of a small
parameter. Cases considered include electron
currents in the klystron and diode, and in the
former the dependence of amplitude and wave-
length of oscillation on current strength. Abstract
of a paper of the Acad. Sci., U.S.S.R.

621.385 2390
Electronic Devices with Effective Emitters of

Secondary Electrons. -P. Aranovich. (J. Phys.,
'U.S.S.R., 1945, Vol. 9, No. r, p. 6i.) Various
metallic oxides with large secondary -emission co-
efficients have been investigated. The emission
varied considerably with field gradient, and was
reduced greatly by depositing fine metallic films on

'the oxide surface. Strong emission is -accompanied
1 y luminescence of the surface. Abstract of a paper
of the Acad. Sci., U.S.S.R.

"21.385 2391
Velocity Modulation. -J . E. Ka uke. (Radio

Vews, Feb. 1946, Vol. 35, No. 2, pp. 44  74-) Anlementary description of the principle, and its
pplication to twin -cavity and reflex klystrons.

21.385 2392
Contribution to the Physics and Technique of

elocity-Modulated Electronic Transmitting Tubes. -
Warnecke. (Onde elect., Sept. & Oct. 1945,

T01. 20, Nos. 222 & 223, pp. 47-60 & 72-100.)
eprint of 3879 of 1945-

621.385 2393
Some Electrical Characteristics of Reflex

[velocity -modulated] Tubes. -H. V. Neher. (Phys.
Rev., 1st/15th Feb. 1946, Vol. 69, Nos. 3/4, p. 134.)
" . . expressions are derived for the efficiency
and electronic tuning when the transit angle across
the gap in the cavity has its optimum value and the
tube is delivering maximum power to the load."
Abstract of an Amer. Phys. Soc. paper.

621.385 : 538.312 2394
Energy Conversion in Electronic Devices. -D.

Gabor. (J. Instn elect. Engrs, Part I, May 1945;
Vol. 92, No. 53, pp. -208-209.) Summary of 1071
of 1945. For discussion, see same journal Part III,
Vol. 93, No. 22, pp. 126-127.

621.385.012.6 2395
Oscillograms of Valve Characteristics. -B. D.

Chhabra, H. R. Sarna & M. Parkash. (Curr. Sci.,
Dec. 1945, Vol. 14, No. 12, pp. 319-320.) The
dynamic characteristics traced with sine -wave
excitation become looped or closed curves, even
if the anode and grid resistances are non -inductive,
provided the grid resistance is greater than a certain
maximum value.

621.385.032.21 2396
A Note on the Protection of Heaters for Cathodes.

-E. M. I . Laboratories. (Electronic Engng, April
1946, Vol. 18, No. 218, p. 112.) Protection of the
brittle cathode -heater insulation during cathode
assembly is obtained by coating it with a skin,
e.g. by applying a solution of nitro-cellulose in
amyl acetate, which vaporizes during the heat-
processing of the valve.

621.385.032.24 2397
Some Electrostatic Properties of Grid Electrodes.-

V. Lukoshkov. (J. Phys., U.S.S.R., 1945, Vol. 9,
No. 1, p. 61.) An analysis using the conception of
an infinitely fine ideal grid which can be replaced
by a complete electrode of the same shape having
an effective variable potential distribution.
Abstract of a paper of the Acad. Sci., U.S.S.R.

621.385.16 2398
Separate Cavity Tunable Magnetron. -G. D.

O'Neill. (Electronic Industr., June 1946, Vol. 5,
No. 6, pp. 48 ..123.) A disk -sealed tube is clamped
in a single external annular -cavity resonator that is
tuned by screwed plugs. The particular magnetron
described generates 4-ps 8o -W pulses of about 6 -cm
wavelength at about To% efficiency.

621.385.16(52) 2399
Japanese Magnetrons. -M. Hobbs. (Electronics,

May 1946, Vol. 19, No. 5, pp. 114-115.) Japanese
war -time valve research in the microwave region was
concentrated on centimetre -wave magnetrons.
Magnetrons were used as local oscillators, for
practically no progress had been made with small
klystrons.

621.385.16.029.64
The Multi -Cavity Magnetron. -(Bell. Lab.

June 1946, Vol. 24, No. 6, pp. 219-223.) An
trated descriptive account.

2400
Rec.,
illus-

621.385.3 621.396.615 2401
Circuits for Sub -Miniature Tube. -F. R. (See

2149.)
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621.385.832 2402
Improved Cathode -Ray Tubes with Metal -Backed

Luminescent Screens.-D. W. Epstein & L. Pensak.
(RCA Rev., March 1946, Vol. 7, No. I, pp. 5-10.)
The application of a light -reflecting electron -
pervious, thin metallic layer on the beam side of the
luminescent screen is claimed to have the following
advantages Improved efficiency of conversion
of electron beam energy into useful light. 2. Elimina-
tion of ion spot-thus making other, generally
less direct, means for eliminating the ion spot
.unnecessary. 3. Improved contrast. 4. Elimination
of secondary emission restrictions-thus permitting
the use of high voltages and screen materials with
poor secondary emission. The chief effect of such a
film is to throw forward the light that would other-
wise be radiated back towards the gun. The idea
is not new, but recent improvements in technique,
which are detailed in the article, have now made
it possible and practical. The metal now used is
aluminium, the range of thickness being 500-5 000A.
An important innovation has been the covering of
the fluorescent material, before the deposition of
the aluminium, with a thin film of organic material.
This makes it possible to get the necessary smooth
and mirror-like surface on the aluminium.

621.385.832 2403
Origin of Ion Burn in Cathode -Ray Tubes.-

G. Liebmann. (Nature, Lond., 23rd Feb. 1946,
Vol. 157, No. 3982, p. 228.) This effect is thought
to be due to negative ions issuing from the therm -
ionic cathode. Ion burns showing distinctive
patterns corresponding to the electron emission
patterns of the cathodes were observed. Details
are given of an experiment demonstrating this
effect using a tube with magnetic deflexion and
focusing.

621.385.832 : 621.396.9 2404
The Skiatron in Radar Displays.-P. G. R. King :

D. S. Watson. (Electronic Engng, June 1946,
Vol. 18, No. 220, pp. 172-173.) A description of
the dark -trace tube used as a light valve to obtain
large -screen radar displays by projection methods.
Electron bombardment of a c.r.t. screen composed
of alkali -halide crystals produces a dark coloration
on an otherwise white background, and episcopic
projection using intense external illumination pro-
duces a magnified image. The coloration produced
decays at a slow rate dependent on the conditions
of electron bombardment, illumination, and tem-
perature, the latter being regulated by forced air
circulation in the equipment described. Extract
from a lecture by King at the I.E.E. Radiolocation
Convention, with additions from a paper by Watson.

621.385.832: 621.397.62 2405
Some Novel Projection Type Television Tubes.-

(Electronic Engng, June 1946, Vol. 18, No. 22o,
p. 186.) A short note from the E.M.I. Laboratories.

621.396.694 2406
The Calculation of Amplifier Valve Characteristics.

-G. Liebmann. (J. Instn elect. Engrs, Part III,
May 1946, Vol. 93, No. 23, pp. 138-152.) " The
anode-current/grid-voltage characteristics of valves
are determined with the help of diagrams and
design charts based on Langmuir'S data on the cur-
rent flow in plane diodes with consideration of
initial electron velocities, and on Oertel's and Herne's
equations for the amplification factor. The theory

is extended to multi -grid valves and to valves
possessing a more complicated shape. Special
attention is given to the " variable -mu effect ",
which represents one of the limiting factors in
practical valve construction. A simple expression
describing this effect is derived, and a chart of the
" variable -mu constant ", rx, is presented, in which
space charge is taken into account. Measurements
on specially made experimental valves and on
several types of modern mass-produced valves
confirm the treatment of the variable -mu effect
and show that the methods outlined in the paper,
forming a complete design system, allow the pre-
diction of the static valve characteristic with good
accuracy even in closely spaced modem valves.
Finally, the influences of a change in control -grid
wire diameter, of a statistical variation of control -
grid pitch, and of cathode misalignment, are dis-
cussed." See also 1812 of 1937 (Benjamin et al.) &
3395 of 1943 (Thompson).

MISCELLANEOUS

001.891: o8 2407
A Neglected Aspect of Research.-T. Coulson.

(J. Franklin Inst., March 1946, Vol. 241, No. 3,
pp. 187-193.) A more thorough exploration of
available literature and patent specifications by
extensive library research at the outset of a research
programme would save effort and money.

026 : 621.396 2408
A Reference Library for Radio Engineers.-G. J.

Hunt. (Electronic Engng, June 1946, Vol. 18,
No. 220, pp. 187-188.) Suggested list of ro journals
and 75 textbooks for a radio reference library.
Headings for an alphabetic subject index are
suggested.

029 2409
Documentary Reproduction.-L. Moholy. (Nature

Lond., 12th Jan. 1946, Vol. 157, No. 3976, pp. 38-
40.) Mainly an account of the present and possible
uses of microfilm. The subject is also discussed t
editorially on pp. 29-30.

061.22 : 621.396(054) 2410'4'
Waves and Electrons.-The designation of this

publication as " Proc. Inst. Radio Engrs, Section
II ", with separate paging, stopped after April 1946.
" Proc. Inst. Radio Engrs and Waves and Elec-
trons " is now paged as one journal, and will be
referred to as Proc. Inst. Radio Engrs, W. & E.
See 1740 of June and 1122 of April.

061.231 : 62 2411
[A.I.E.E.] Planning Subcommittee Issues Progress

Report on Study of Organization of Engineering
Profession. - American Institute of Electrical
Engineers. (Elect. Engng, N.Y., April 1946, Vol.
65, No. 4, pp. 169-173.) Full text of report.

061.5 : 621.3(054-2) 241
Philips Research Reports.-A new bi-monthly

journal describing the results of research at the
Philips Laboratories. Abstracts of papers in the.
first number were given in July.

061.5 : [621.38 621.396
The [wartime] Work of the B.T.-H. Research

Laboratory.-(Beansa J., March 1946, Vol, 53, No.
105, pp. 102-107.)
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o61.6 : 621.3 2414
The British Electrical and Allied Industries Re-

search Association.-(Engineer, Lond., 15th Feb.1946, Vol. 181, No. 4701, pp. 155-156.) A sum-
mary of the report for 1945. Items discussed include
work on dielectric materials ; gas -blast circuitbreakers for heavy duty ; radio interference at
frequencies below 25 Mc/s ; magnetic material
research ; the " capacitor transformer " ; surge
phenomena and effects of lightning on overhead
lines. See also Electrician, 8th Feb. 1946, Vol.
136, No. 3532, PP. 341-342.

061.6: 621.3.027.3 2415
High -Voltage Research at the National Physical

Laboratory.-R. Davis. (Engineer, Lond., 23rd &
3oth Nov. 1945, Vol. 18o, Nos. 4689 & 4690, pp.
412-413 & 435-436.) Very long summary of the
I.E.E. Parsons Memorial Lecture.

r 061.6: [621.38 + 621.3.029.6 2416
Research Laboratory of Electronics at the Massa-

chusetts Institute of Technology.-J. A. Stratton.
(Rev. sci. Instrum., Feb. 1946, Vol. 17, No. 2, pp.
81-83.) Announcement of the organization of a
new laboratory to undertake research on micro-

! waves, electronic techniques, and electronic aids
Ito computation.

.061.6 : 621.39 2417
Telecommunications Research. - (Elect. Rev.,

Lond., 24th May 1946, Vol. 138, No. 3574, PP.311-812.) Description of work at the (British)
Post Office research station at Dollis Hill. Lines
of investigation include the submarine repeater,
the vocoder system, for converting speech to a
telegraph -like code for transmission and recon-
structing it at the receiver, coaxial-cable telephony,
the production of crystal resonators, and methods
tf countering the effects of fading in radio reception.

47.771(73) 2418
F Final Report of the National Patent Planningommission.-A. W. Graf. (Proc. Inst. Radio

ngrs, N.Y., Part II, April 1946, Vol. 34, No. 4,
198.) Suggestions for improving the American

i system.

+6] : 623 2419Impact of the War on Science.-L. J. Briggs.
Elect. Engng, N.Y., Jan. 1946, Vol. 65, No. 1,
p. 8-1o.) An account of the resulting accelerationscientific research.

+6] " 1939/1945 - 2420t, The Scientist in Wartime.-E. V. Appleton.
. Engineer, Lond., 23rd & 3oth Nov. & 7th Dec.

945, Vol. i8o, Nos. 4689-4691, pp. 417-419,
32-433 & 454-455-) Very long summary of thehomas Hawksley Lecture at the Instn Mech.
ngrs.

19.283
2421

Quality Control through Product Testing.-P. L.lger. (Elect. Engng, N.Y., Jan. 1946, Vol. 65,
0. I, pp. 11-12.) The procedure required for
.atistical quality control is defined, and methods

sample testing to maintain an assigned level ofuality are given.
19.283

2422
Statistical Methods in Quality Control : Part 8.-.I.E.E. Subcommittee on Educational Activities.1 -lect. Engng, N.Y., Jan. 1946, Vol. 65, No. 1,

pp. 23-24.) " The use of control charts for actionwhen inspection is by the method of variablesand the factors for control are averages and ranges . .The method is illustrated by a typical application ;the cutting of small sleeves from a tubing materialwhere weight is one of the critical characteristicsto be controlled." For parts 7 and 9 see 1411/1412of May ; for previous parts see 805 of March.
519.283

2423Statistical Methods in Quality Control : Part 10-Classification of Defects and Quality Rating.-A.I.E.E. Subcommittee on Educational Activities.(Elect. Engng, N.Y., March 1946, Vol. 65, No. 3,pp. 117-119.) A measure of quality as the ratioof defective units to total units is usually adequatefor simple products. It is suggested that for morecomplex products, classification of defects accordingto seriousness is needed, and quality rating bynumber of demerits per unit is explained.
519.283

2424Quality Control of Production.-Statistician.(Beama J., Feb. 1946, Vol. 53, No. 104, pp. 42-44.)
519.283

2425Statistical Tools for Controlling Quality.- J.Manuele & C. Goffman. (Trans. Amer. Inst. elect.
Engrs, December Supplement 1945, Vol. 64, pp.949-951.) Discussion of 503 of February.
519.283

2426
Statistical Methods in the Development of Appara-tus Life Quality.-E. B. Ferrell. (Trans. Amer.Inst. elect. Engrs, December Supplement 1945,Vol. 64, pp. 998-999.) Discussion of 804 of March.

519.283 : 519.24 2427A Simple Test of Significance.-(Engineering,
Lond., 3oth Nov. 1945, Vol. i6o, No. 4168, p. 452.)
Letter proposing a method of determining whetherthere is a significant difference between the results
of two comparative series of measurements.
519.283 : 621.315.62

2428
Statistical Methods Applied to Insulator Develop-ment and Manufacture.-J. J. Taylor. (Trans.Amer. Inst. elect. Engrs, December Supplement

1945, Vol. 64, p. 952.) Discussion of 255 of January.
536.2: 621.3.012.8 2429The Accuracy of Lumping in an Electric Circuit
representing Heat Flow in Cylindrical and Spherical
Bodies.-V. Paschkis & M. P. Heisler. (J. appl.
Phys., April 1946, Vol. 17, No. 4, pp. 246-254.) " In
using lumped resistance -capacitance circuits forstudying heat conduction problems the influence
of number and size of lumps is important. Several
methods of lumping are conceivable for representa-
tion of cylindrical or spherical bodies and results
of comparative tests show that equal geometricalsize of lumps is most accurate. In the various
lumps resistance and capacitance have to be in
certain definite relationships, which are establishedin the paper. The influence of number of lumps is
also investigated."
538.323 2430

An [alternating -current] Electromagnet for Non -
Magnetic Substances.-W. V. Lovell. (Phys. Rev.,
1st/15th March 1946, Vol. 69, Nos. 5/6, p. 251.)
The device depends on the interaction between
currents in the " magnet " coil and induced currents
in nearby conductors. Abstract of an Amer. Phys.
Soc. paper.
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551.575 2431
A Method of Determining the Size of [fog] Drop-

lets Dispersed in a Gas. -R. L. Stoker. (J. appl.
Phys., April 1946, Vol. 17, No. 4, pp. 243-245.)
" A method applicable to determining droplet
sizes in the interior of an already existing atmo-
sphere of fog or mist is developed and described.
The method makes use of the fact that if droplets
strike a suitably [soot-] coated surface without
wetting the surface, a track of the contact area is
formed. A criterion is derived and experimentally
evaluated for relating the droplet diameter and the
track diameter."
614.825 : 621.396.61 2432

JSafety in the Shack.-(R.S.G.B. Bull., June 1946,
Vol. 21, No. 12, pp. 181, 184.) Recommendations
for safe operation of amateur transmitters.

620.197+621.314.634 2433
Cathodic Protection and Applications of Selenium

Rectifiers. -W. F. Bonner. (Elect. Conlin., 1945,
Vol. 22, No. 4, P. 338.) Correction to 1944 of 1945.

621-752 2434
Modern Vibration Control Installations for Air-

craft Radio and Instruments.- (Aero Digest, 1st
June 1945, Vol. 49, No. 5, pp 89-91, 144.) Descrip-
tion and performance of the " Vibrashock " sus-
pension mount. " . . . any attempt to design a
so-called standard ' mount will necessarily prove
unsatisfactory."

621.3 (07) 2435
Post -Graduate Engineering. -(Elect. Rev., Lond.,

15th Feb. 1946, Vol. 138, No. 356o, p. 257.) Sum-
mary of I.E.E. discussion on " Post -Graduate
Courses in Electrical Engineering including Radio "
led by W. Jackson and J. Greig.

621.3.081.4 2436
Absolute Bels.-F. S. G. Scott. (Wireless Engr,

May 1946, Vol. 23, No. 272, pp. 132-139.) Author's
definition " When any power (P.) is compared
(in bels) with one watt, the resultant answer is
expressed in absolute bels." The symbol B is
proposed for the absolute bel, with dB for the abso-
lute decibel. It is also proposed that factors
(forces, lengths, resistances, etc.) which are not
themselves power, but which determine power in
certain circumstances, may be expressed in bels.
The application of these proposals is illustrated by
reference to electrical and acoustical systems.
621.316.93: 629.13 2437

Method of Removing Static Charges from Moving
Bodies. -R. C. Ayres. (Radio, N.Y., March 1946,
Vol. 3o, No. 3, p. 49.) Essentially for dissipating
precipitation static charges on aircraft. Summary
of U.S. Patent 2 386 084.
621.38/.39](43) 2438

German Electronic Equipment. - (Elect. Rev.,
Lond., 15th March 1946, Vol. 138, No. 3564, p. 429.)
A short account of the S.I.G.E.S.O. exhibition of
German service equipment including radar, infra-
red technique, and guided missiles.

621.38 : 778 2439
Electronic Flash Tubes. -D. A. Senior. (Elec-

tronic Engng, May 1946, Vol. 18, No. 219, pp. 133-
135, 141.) Application of high-speed photography
to the study of under -water explosions. Exposure
may be controlled by a high-speed shutter or by
using intense flashes of short duration for illumina-
tion.
621.396 2440

Radio at the Paris Fair (8-24 Sept. 1945).-
M. Adam. (Genie civ., 1st Nov. 1945, Vol. 122,
No. 21, pp. 168-169.) A review of the exhibits
under the headings French broadcasting, broad-
cast receivers, television receivers, components,
miscellaneous equipment, and test gear.

621.396.828 : [621.365.5+621.365.92 2441
Radiation from R.F. Heating Generators. -A. G.

Swan. (Electronics, May 1946, Vol. 19, No. 5,

pp. 162 . . 17o.) Sufficient attenuation of the
radiation is obtained by the use of a double -shielded
room, constructed of copper or steel net up to 1 -inch
mesh. A filter at the mains input prevents radiation
from the power lines.
621.396.933 2442,

The Aircraft Radio Serviceman. -T. Wayne.
Radio News, April 1946, Vol. 35, No. 4, pp. 28..
116.) Hints on the installation and maintenance
of radio equipment in small private aircraft. The ,`
causes of precipitation static and means of reducing
it are considered.

658: 621.396.621 2443
Mass Production. -H. G. Shea. (Electronic

Industr., June 1946, Vol. 5, No. 6, pp. 51-55, 123.)
Description of organization and methods employed
1n a typical receiver manufacturing plant. Emphasis'
is placed on cutting the number of departments to a
minimum, thereby reducing the administrative ,
staff required, and on keeping rigidly to time
schedules for every operation.

519.283 2444
Sequential Analysis of Statistical Data : Applica-

tions. [Book Review] -Statistical Research Group,
Columbia Univ. Columbia Univ. Press, New York,
$6.50. (Science, igth April 1946, Vol. 103, No. 2677,
PP- 490-492.)

621.3 2445
Basic Electrical Engineering. [Book Review] -

A. E. Fitzgerald. McGraw-Hill Book Co., New
York, 1945, 441 PP., 8 3.75. (Electronic Industr.,
Jan. 1946, Vol. 5, No. p. 128). " A text book
for students majoring in engineering, covering)
circuits, machines and electronics."

621.396 2446
Principles of Radio. [Book Review] -K. Henney

John Wiley & Sons, New York, 5th edn. 1945,
$3.50, 21S. (Engineering, Lond., 21st Dec. 1945
Vol. i6o, No. 4171, p. 511.) " Can be recommended
as a comprehensive course, suitable for those begin
ning the study of radio."
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