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WHIRL HIfill PRECISION
CALLS FOR

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 CERAMIt
BULLERS LTD., 6, LAURENCE POUNTNEY HILL, LONDON,
Telephone : Mansion Molise 9971 (3 lines) Telegrams : " Bullers, Cannon, London "
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Vith 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 rating

of 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, with

absolutely 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 equal power rating.

LINEAR OUTPUT VOLTAGE-output voltages are continuously adjustable from zero by means
of 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
from 165 watts to 7 kw ; prices range between 70/- and£34 :0 : 0. Excellent deliveries can be arranged. Most
types are in stock.

* Trade name VARIAC is registered No.
580,454 at The Patent Office. VARIACS
are patented under British Patent 439,667
issued to General Radio Company.

Write for Bulletin 424-E & 146-E for Complete Data.

I I DI kill 'Mit/
ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.
180, Tottenham Court had, 10/76/0/1, W.,/ and 76,010/1,111 IT. LIVERPOOL, 3, LANCS.
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ranges:

MACHINES AVAILABLE FOR EARLY DELIVERY

Specification :

FREQUENCY : 1 c/s to 111.1 kc/s on two
1 c/s to 11.11 het s by 1 c/s steps.
10 c/s to 111.1 kc/s by 10 c/s steps.

ACCURACY : 0.2% or + 2 c/s over the entire
frequency range. OUTPUT : 2 watts maximum.

HARMONIC CONTENT : at 2 watts:
1.25% or less below 1 watt.

POWER SUPPLY: 200 to 250 v. 50 c/s.

DECADE OSCILLATOR
Type D -105-A "... as easy to use as a Resistance Box"

The
MUIRHEAD - WIGAN DECADE OSCILLATOR.
Type D -105-A, illustrated, is an instrument of out-
standing performance embodying something entirely
new in oscillator design.

FREQUENCY IS DIRECT READING TO PRE-
CISION ACCURACY ON FOUR DECADES.
There are no troublesome calibration charts to refer
to or engraved scales to adjust.

Write for Bulletin, B -528-B.

MUIRHEAD
MUIRHEAD & CO. LTD., ELMERS END

BECKENHAM, KENT
Telephone : Beckenham 0041-004:

FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS
C.R.

KOIECTRIC 1L2 OFFER A PRECISION BUILT

HAND COIL WINDING MACHIN
(WITH INTEGRAL CLUTCH MOTOR DRIVE IF DESIRED)

For Solenoid and Choke Coils, el
up to 6" dia. x 71" long.

Field Coils, etc., up to 12" A, 'C come
Armature Rewinding, etc.

(16 SWG to 45 SW
ATTRACTIVE FEATURES INCLUDE :-

I. TWO SPINDLE SPEEDS I -I AND 3i -I
2 TURNS COUNTER WITH INSTANT RESET, ADDS

AND SUBSTRACTS, LARGE EASILY READ FIGURES,
RECORDS UP TO 100,000 TURNS

3. ALUMINIUM HEADSTOCK FITTED WITH PRE-
CISION BRONZE BEARINGS. ALL GEARING
TOTALLY ENCLOSED, OUTSIDE OILING TO ALL1
BEARINGS

4. QUICK RELEASE TAILSTOCK WITH BALL THRUST;
LIVE CENTRE

5. NON - REVERSING TOGGLE CLUTCH WITH
INSTANT RELEASE

6. SMOOTH AND EFFORTLESS IN OPERATION

KOLECTRIC LTD., 49 BEDFORD ROW, LONDON, W.0
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1111
CAPACITORS

A

wide range
of types
for all

purposes

°TED INSULATOR CO. LTD., OAKCROFT ROAD, TOLWORTH, SURBITON, SURREY
'ephone : Elmbridge 5241 (6 lines) Telegrams : Colonel, Surbiton
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TELEPHONE
ELSTREE

1 1 3 7

05c1405COPE TYPE 1684
",4.1.1.,ka re Nun

PRINCIPAL

FEATURES.

* TUBE. 3; in.
diam. Blue or
green screen.
* SHIFTS. D.C.
thus instantan-
eous on both
axes.

* AMPLIFIERS.
X and Y ampli-
fiers are similar.
D.C. to 3 Mc's
24 mV. r.m.s. per
c.m. or D.C. to
I Mc/s 8 mV.
r.m.s. per cm.

* TIME BASE.
0.2 c/s to ISO
Kc/s. Variable
through X ampli-
fier 0.2 to 5

screen dia-
meters. Single
sweep available.

The Oscilloscope Type 16848 has
proved an invaluable instrument for
applications ranging from Servo
Development, where signal fre-
quencies may be as low as 0.1 c/s, to
Television Research. The Oscillo-
scope is equipped with high gain
d.c. coupled amplifiers having a
frequency response from d.c. to
3 Mc/s. These am plifiers will handle
symmetrical and asymmetrical in-
put. In general the instantaneous
shifts, semi -automatic synch, steadi-
ness of image and general ease of
operation are features which appeal
to all engineers.

Price £100

THIS INSTRUMENT
AT STAND No. DI679

B.I.F. OLYMPIA, MAY Sth-16th.

FURZEIHLL IABODATOMS LTD
BOREHAM WOOD

HERTS

11444Gtaelf IC

The high permeability of MUMETAL ma!

the outstanding material for screening d(
instruments and equipment from uni-direc

and alternating magnetic fluxes. A cot

range of standard MUMETAL boxes and s

is available, and shields for special require

can be made to order. If you have a scri
problem our technical experts will be plea'

assist in its solution. Your enquiries are it

THE TELEGRAPH CONSTRUCTION & MAINTENANCE
Founded 1864

Head Office : 22 OLD BROAD ST., LONDON, E.C.2. Tel : LON&

Enquiries to :TELCON WORKS, GREENWICH, S.E.10. Tel :GRE

MIMIMMIIMM.11.11.1.21MIIMM111.11M...11.1.1.111.1".11111.1
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High performance  Strength  Stability
Close electrical and mechanical tolerances
Grades to suit various applications

!Waled 23 X 25 Hyde May ,Weln/Y/2 Garden City , Herts , England ... Tel : Welwyn Garden 925.

t14.34w.E.6
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Resistors produced by the cracked

carbon process remain stable to ± 0/
of initial value.

Tolerances + I% -±z% + 5%
Low temperature co -efficient.

Welwyn
iginTco-Ii resistor

WELWYN ELECTRICAL LABORATORIES LTD.
Welwyn Garden City, Herts. - Telephone : Welwyn Garden

&kg,' CAPACITOR!
* CALCULATED To ANSWER

THE MOST EXACTING DEMANDS
* FOR ALL RADIO

AND ELECTRONIC PURPOSES
WEGO CONDENSER CO LTD  BIDEFORD AVE  PERIVALE  GREENFORD MIDDX Tel. PERIVALE 427
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CARPENTER
//,/ c9.,z/c73

RELAY

 (Above) Contact mechanism of Relay showing
damped compliant mountings of side contacts.

 (Right) Unretouched photograph (3 sec. exposure)
of oscillogram showing contact performance of Relayin special adjustment for a measuring circuit; coil
input tg AT (25 mV A) at 50 cls.

There is complete absence of contact rebound
at any input power and contact pressures
are exceptionally high (see graph). Adjust-
ment can be made with great ease. Moreover,
since the armature is suspended at its centre
of gravity, the relay has high immunity from
effects of mechanical vibration and thereis no positional error. Effective screening is
provided against external fields. Because ofthese characteristics, the Carpenter Relayhas many applications in the fields of measure-
ment, speed regulation. telecontrol and the
like, in addition to the obvious use in telegraph
circuits; details of models suitable for such
purposes will be supplied willingly on request.
DIMENSIONS IN COVER: 2ixl? x4i. WEIGHT withstandardeocket :22 ozr,

Ask for Booklet 1017 W.E.

The Carpenter Relay in its standard
adjustment reproduces, with a 5 AT
input, square pulses from less than
2 milli -seconds upwards with a
distortion of 0.1mS, i.e., 5% for 2mS
pulses or 1% at lOmS.
This unequalled performance is due
to inherent features of the design of
the relay, ensuring short transit time,
high sensitivity and low hysteresis.

2

oe4 100

z

Cc

D
U,

tr
tra SO

z

I-

0

(Below) Graph
showing contactpressures
developed at
50cIs against
snVA and am-
pere turns input
fortype 3E Car-
penter Relay.

75 30
m.V.A. (i) 50 --

10 2.0
INPUT A T M

l'ELEPHONE MANUFACTURING CO. LTD.
1OLLINGSWORTH WORKS DULWICH LONDON S.E.21

Telephone: GIPsy Hill 2211 (to lines)
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COS SOH
HIGH VACUUM

DOUBLE BEAM
OSCILLOGRAPII

giving
VISUAL TWO-DIMENSIONAL

delineation of any recurrent law.

RELATIVE TIMING OF EVENTS
and other comparative measurements

with extreme accuracy.

PHOTOGRAPHIC RECORDING
of transient phenomena

and
SIMULTANEOUS INDICATION

of two variables on a common time axis.
Completely embracing all the above
functions, of which the last is unique,
the Cossor Double Beam Oscillograph
is inherently applicable to all prob-
lems arising in

RECORDING, INDICATING & MONITORING
when the effects examined can be

made available as a voltage.

A. C. COSSOR LTD.,
INSTRUMENT DEPT.,

HIGHBURY, LONDON, N.5
Phone : CANonbury 1234 (30 lines)
Grams: Amplifiers, Phone, London

misr
mow1..

MORE THAN
= 1,500 DIFFERENT TYPES :

machine
tools

f" 7:11777R-9` ,
itY-'4!  s:.fti.r. .. ti -..

..-

'' /MIA

ow!
Government Surplus machine tools availab
NOW at attractive prices.
YOUR opportunity to get better equipmel
and increase production.

DISPOSAL CENTRES, where records of c
machines available may be inspected, are open
the public for enquiries from 10 a.m. to 4 p.r
Monday to Friday inclusive :--

BIRMINGHAM C.M.L. Buildings, Great Charles Stre4

BRISTOL 8/9 Elmdale Road, Bristol 8.

CARDIFF Imperial Buildings, Mount Stuart Square.

GLASGOW 21 Glassford Street.

LEEDS 10 Bank Street, off Boar Lane.

LONDON Room 0088, Ground Floor, Thames House
North, Millbank, S.W.1.

MANCHESTER Britannia House, Fountain Street.

ISSUED BY THE MINISTRY OF SUPPL
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TEAM VALLEY, GATESHEAD U
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ValkEOUS
OSISTOY

These resistors comprise a ceramic former on
a winding of high grade alloy resistance wire is
held in position by a coating of durable vitreous en
The units are impervious to moisture, and type am
has been given for their use in the most severe tr,
conditions.

Notable features are the variety of fittings avail
the range of ohmic values, extending from 1 oh-

100,000 ohms, and the winding of tthe lower]
resistances with nickel -copper wire of negligible
perature co -efficient.

The resistors are available in a variety of sizes To
from 150 watts dissipation to the smallest type,
although only ?lin. long x 3/I6in. diameter, dissi
4i- watts, at a temperature rise of 250 C.

c- C OAT
NORTHANIPTO

NEW TYPES FOR
MIDGET RECEIVERS

HEARING AIDS
METEOROLOGICAL

INSTRUMENTS
ETC. BRITISH

THE SCIENTIFIC
VALVE

MADE

HIVAC LIMITED
Greenhill Crescent. Phone. HARROW

Harrow on the Hill.Middx. 0895

Standard Signal Generator
With its extreme accuracy and stability, the

Airmec Signal Generator is an indispens-
able instrument wherever radio -frequency
measurements are made. Whether in a

laboratory, a service station, or on a pro-
duction line, it will speed the work and
guarantee accurate results.

Write for full descriptive literature
AIRMEC LIMITED

Wadsworth Road, Perivale, Greenford, Middlesex
Telephone: Perivale 1344

A Group Company of RA&

CVS-II & Television Trust Ltd.
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UBBER COVERED, UNSCREENED

PLUGS AND SOCKETS

carefully designed rubber housing makes this a
icularly robust plug and socket. It is just out
Ie miniature class and is unscreened, has 3 pins
is non -reversible. Ideal for instrument con -

ions ; can be dropped on the floor and trodden
ivith impunity. A very perfect cord grip is a

amental feature of its design. Originally
loped for a service requirement for a water -
if connector to I.S.S.R.C. 320, e.g., tested to
stand a water pressure of 25lbs. per sq. inch.
lable either straight through -"or right angle.
body is moulded bakelite.

gues available:
al, Abridged,
eurs, Aerial
sion & Price List.

The chassis part carrying pins only.

May be used as a line connector by mounting the
chassis part in a rubber housing; this provides an

ideal trailing lead for outside work, in a laboratory
or workshop. For rough handling provision is

made for strain cord. Chassis pins have solder
spills, flex sockets with tag connection, all metal
parts silver-plated. To carry 5 amps.

L563, EP End entry Flex plug, Price each 3/-
L563, ES End entry Flex socket
L563i R Right angle entry Flex socket 2/8
L563, P 3 -way Panel plug 2/8

4t4

29"
/64

/8 26TPI

/BD IA

L.5634R

NOTE OVERALL PROJECTION
PLUG & SOCKET IN
POSITION' ADD -250'
TO OVERALL HEIGHT
OF FLEX PART '

1 64
TO SUIT 3/8DIA

CABLE

/8DIA
L563 .R.

116

Designers requiring further information or working drawings, should apply direct to us at Enfield.

BELLING 6, LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX

Other Lines : Fuses &
Fuse -holders, Thermal
delay switches, Terminals,
Plugs & Sockets, Inter-
ference Suppressors,
Aerials for Broadcast &

Television.
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Truvox, pioneers in public address
equipment, offer this new range of
"Monobolt" permanent magnet
moving coil speakers for radio receivers,
with a patented assembly making for
accurate and economical production
and giving unshakeable rigidity in
transit and use. Response curves can
be adjusted to special requirements,
and full technical specifications are
available on request.

 Entirely new patented construction with single
bolt fixing of components concentrically locates
the chassis and complete magnet assembly.

 Brass centring ring prevents magnet being
knocked out of centre.

 Special magnet steel gives powerful flux with
compactness and light weight.

 Speech coil connections carried to suspension
piece, ensuring freedom from rattles, cone
distortion and cone tearing.

 Clean symmetrical surfaces, no awkward pro-
jections.

 Speech coil and former bakelised to prevent
former distortion and speech coil turns slipping
or becoming loose.

 Two point fixing to the suspension piece with
four point suspension for the speech coil.

 Widely spaced fixing points for the suspension
permit maximum movement of the cone, pro-
ducing the lowest response physically obtainable
from each size of speaker.

Supplied in four sizes-Sin., 61in., 8in., and 10in.

ENGINEERING CO. LTD.
TRUVOX HOUSE, EXHIBITION GROUNDS, WEMBLEY

MIDDX.

Doubleefficiencyfroa

these transformer
IL......modommommom mooliv

EachSAVAGEtransformer
is efficient in two ways.
First because it is built by
specialists in transformer
construction who know how
to keep losses to an absolute
minimum. Secondly
because each transformer
is designed to satisfy the
user's exact requirements
and built to do the job he
wants it to do.

0
'PURPOSE-BUILT','I

SI, NORTHGATE STREET, DEVIZES. F

BROOKES CRYSTAI
EST. 1929 L

ARE SPECIALISTS

IN THE PRODUCTION OF

QUARTZ CRYSTALS AND INV

ENQUIRIES FOR ALL TYPE.

LABORATORY REQUIREMENTS

GIVEN INDIVIDUAL ATTENTIO

51/53, GREENWICH CHURCH STR

LONDON, S.E.10. 'Phone: GRE.
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THE NEW MiLLTYI ONE

RADIO
F T

DEAF
OUR latest combined Wireless Set and
Hearing Aid is a powerful all -wave
super -heterodyne. This Radio Set for
the Deaf can be used by a deaf person
either to listen in comfort to broadcast
programmes from all parts of the
world, or as a powerful hearing aid
enabling him or her to join in the
general conversation. In this latter
capacity, it is certainly the most
powerful instrument available anywhere.
The instrument incorporates an

output limiter ", which protects the
deaf person from sudden loud noises,
thoughtless manipulation of the controls,
or atmospherics. There is also a tone

vT

control, enabling the deaf person to
vary the quality of reproduction to his
or her individual requirements, and an
independent control for adjusting the
volume of sound through the head-
phones without affecting the output
from the loudspeaker.
The deaf person has the choice of
listening with our patented Unmasked
Hearing system, which gives a degree
of intelligibility quite unobtainable with
any other form of receiver, or with
single earphone, miniature earpiece or
bone conductor; while the rest of the
family can enjoy really fine repro-
duction through the loudspeaker.

SPECIFICATION: 8 -valve super -heterodyne, with S -watts push-pull pentode output. Delayed
Automatic Volume Control on R.F. stages, together with Audio Frequency Automatic Volume
Control on Hearing Aid. Variable Tone Control. Built-in Crystal Microphone. Cabinet,
horizontal type, Figured Walnut, 24 ins. x 12 ins. x 1 o ins. Mains voltages 110-210 volts A.C.
3 Wave Bands: Home and European Model -16 -so m., zoo-sso m. 900-2,000 m. Overseas
Model -13.5-38 m. 36-120 m., 200-sco tn. PRICE : 4o gns. plus 8 gns. purchase tax.

(HULTITONE)

CITONE ELECTRIC COMPANY LIMITED, 92 NEW CAVENDISH STREET, LONDON, W. r. LANGHAM 2734,

C:-\1W-.0G-o*a-ocoloe-o co4c,a-ocwea G-waz G-voc,e-z coloe-ore -z
C.R.C. 113
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WAV EM ETERS

OSCILLATORS

Electrical Standards
Research and Indus
Testing and Measuring Appa

FOR COMMUNICATION
CONDENSERS ENGINEERING

INDUCTANCES

RESISTANCES
BRIDGES Capacit

lnducta
Resistai

PRECISION HIGH FREQUENCY

HETERODYNE OSCILLATOR

50-170,000 c/s.

FREQUENCY

OUTPUT

POWER

PURITY

POWER

SUPPLY

H. W. SULLIVAN
- LIMITED -
LONDON, S.E.15

accuracy 50c/s (above 10 Kc/s) - -
stability immediate 5c's per day

(all ca

long period calibration accuracy (years) -
0.1% at high fregw

much better at low frequi

may be set to 0.5c's
interpolation accuracy 5c/s

continuously variable up to I watt.

voltage level to - 0.1 db
- (entire r

0.2°0 total harmonic content. -

mains or battery.

MAY BE USED ALSO AS

FREQUENCY STANDARD

THE MOST STABLE AND ACC

Telephone : New Cross 3225 (P.B.X.) OSCILLATOR YET PRC
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NEW . . but
with a

Time - Tested
technique

Twenty-five years ago Mullard success-
fully pioneered the silica thermionic
valve. The need then was for a valve
with long electrical life plus mechanical
strength - strength that would with-
stand the concussion of a battleship's
broadside.
To -day, when valves must stand up to
the trying requirements of industrial
applications, this unique experience is
proving invaluable. Designers can choose
a modern Mullard Silica Valve and be
confident of dependable performance
under all conditions.
The TYS4-500 R.F. Power Triode is
typically efficient, dependable and econ-
omical. The thoriated tungsten filament
provides high emission at low filament
consumption. The silica en-
velope will bear high tempera-
tures and does not require
forced air or water cooling.
And, finally, like other types in
the Mullard silica range, the
TYS4-500 is repairable - an
important extra factor to bear
in mind when considering low
Cost per Kilowatt hour.

TYS4-500 R.F. POWER TRIODE
Anode Voltage 4000 V

Anode Dissipation 500 W

Max. Frequency for full Ratings 50 Mc/s

FILAMENT - THORIATED TUNGSTEN
Voltage 10 V A.C. or D.C.
Current 10 A

For further developments watch

was
/947

OLYMPIA L.
EARLS COURT

LONDON
5 -16 MAY

EI:=Eiriliff
Stand No. A.I 018

Technical data and advice on the application of
the TYS4-500 and other silica valves can be
obtained from:-

Mallard
THE MASTER VALVI

THE MULLARD WIRELESS SERVICE CO. LTD., TRANS-

MITTING AND INDUSTRIAL VALVE DEPT., CENTURY

HOUSE, SHAFTESBURY AVENUE, LONDON, W.C. 2
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"SUPER
FIFTY WATT"

AMPLIFIER
s AMPLIFIER has a response of 30 cps. to
00 cps., within db, under 2 per cent. distortion
0 watts and I per cent. at 15 watts, including noise

distortion of pre -amplifier and microphone
isformer. Electronic mixing for microphone and
nophone of either high or low impedance with top
bass controls. Output for 15/250 ohms with

arous voice coil feedback to minimise speaker
Drtion. New style easy access steel case gives
'ssed controls, making transport safe and easy.
sedingly well ventilated for long life. Amplifier
iplete in steel case, with built-in 15 ohm mu -metal
lded microphone transformer, tropical finish.

As illustrated. Price 36f Gns.

C.P.20A. 15 WATT AMPLIFIER
for 12 volt battery and A.C. Mains operation. This improvedversion has switch change-over from A.C. to D.C. and " standby " positions and only consumes 5i amperes from 12 voltbattery. Fitted mu -metal shielded microphone transformer for15 ohm microphone, and provision for crystal or moving iron
pick-up with tone control for bass and top and outputs for
7.5 and 15 ohms. Complete in steel case with valves.

As illustrated. Price E28 0 0

RECORD
REPRODUCER
This is a development of the A.C.20 amplifier with special attention tonoise level, good response (30-18,000 cps.) and low harmonic distortion(I per cent. at 10 watts). Suitable for any type of pick-up with switch forrecord compensation, double negative feedback circuit to minimise distortiongenerated by speaker. Has fitted plug to supply 6.3 v. 3 amp. L.T. and 300 v.30 m/A. H.T. to a mixer or feeder unit. Complete in metal cabinet andextra microphone stage. As illustrated. Price 25f Gns.
CHASSIS, without extra microphone stage. Price al 0 0.

low

257-261, THE BROADWAY, WIMBLEDON, LONDON, S.W.19

LIMITED
TELEPHONES : LIBerty 2814 and 6242-3.

TELEGRAMS : "VORTEXION, WIMBLE, LONDON."
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ACOUSTICAL RESEARCH

THE TANNOY LABORATORY can pro-

vide a skilled and specialised service in

the investigation of all problems connected

with vibration and sound. This covers
most aspects of acoustical research and is

available to industry and Government
Departments engaged on priority projects.

\\TANNOY/
RESEARCH LABORATORY

GUY R. FOUNTAIN, LTD.
THE SOUND PEOPLE "

"TAN NOV'
is the registered Trade Mark

Equipment manufactured by

GUY R. FOUNTAIN, LTC
"THE SOUND PEOPLE"

WEST NORWOOD, S.E.2.
and Branches.

'Phone - - Gipsy Hill 113

CI ICI 11X
RADIO & TELEVISION

COMPONENTS

No. 2 POINTS OF LOW CONTACT RESISTANCE

CIRCUIT DESIGN OF MINIATURE RECE11

I37G MINIATURE

LAMINATED

VALVEHOLDER

6 ARE USED BY

ALL THE LEADING SET MANUFACTURERS

BRITISH MECHANICAL PRODUCTIONS LTD.

21 BRUTON ST., LONDON, WI
Telephone : MAYfair 5543

Foremost in Valveholder design

For use with
1T4, 1R5, etc.,

Designed with 7 special socket,
extremely low contact resistai
ensuring positive location of pin,
and centre screen pre -tinned.
centres -875, Hole Dia.100. I

PLATE DIMENSIONS
Major axis 1.093

Minor axis .680

for mounting either
below chassis
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IETALLISED CERAMICS
wo new S.P. metallised bushes-
le at either end of
'e range

full information and prices please write to:

rEATITE & PORCELAIN PRODUCTS LTD.
URPORT-ON-SEVERN, WORCS. Telephone: Stourport III. Telegrams: Steatain, Stourport.

sP.42
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A WITCH DOCTOR MIGHT AS WELL TRY

A witch doctor might just as well try to find certain
faults in a defective wireless set as a skilled engineer without
a good test instrument. A Weston Model E772 Analyser
will help you to find radio faults in the easiest and quickest
way. This instrument will save you time, trouble and
money, and you will find it universally useful for a wide
range of measurements. Features of the instrument are

high sensitivity-2o,o00 ohms per
volt on all D.C. ranges-simplified
controls, robust construction,
accuracy and dependability.

ANALYSE SYSTEMATICALLY WITH A

B.I.F. BIRMINGHAM. STAND C412

SANGAMO WESTON LTD. ENFIELD, MIDDX. Telephone: Enfield 3439

One Of Our Special Units.

ALL -POWER

CONSTANT VOLTAGE OR CURRE
POWER SUPPLIES

There is an ever increasing need for electroni,;
stabilised Power Supplies for general Laboratory
and for inclusion in other electronic equipm

Whatever your requirement may be, whether
10,000 Volts at a few milliamperes or for a few \
at 20 or 30 Amperes, the unrivalled experienct
our design staff is at your instant service. We
be pleased to advise and assist in any of your problf'

BETTER THAN BATTERIES!

ALL -POWER TRANSFORMERS LTL

8A GLADSTONE ROAD, WIMBLEDON, &WA
TEL.: LiBerty 3303.
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*
LIGHT
WEIGHT
36 lbs.

*
NEGLIGIBLE
STRAY FIELD

*
DUAL POWER
SUPPLY
200-250v., 40-100,-,
80v., 40-2000,--.,

*
MODULATION
30% sine wave0,000,-..
and pulsed
50/50 square wave
at

*
ATTENUATION
Max. error at 300 mcs.
4' 2dB.

10 310
re

an Advance
Signal Generator

,is"ADVANCE" Signal Generator is of entirely
design and embodies many novel constructionalaures. It is compact in size, light in weight, and can

operated either from A.C. Power Supply or lowItage high frequency supplies.
I RLI8 valve is employed as a colpitts oscillator, which
iy be Plate modulated by a 1,000 cycle sine wave:illator, or grid modulated by a 50/50 square wave.th types of modulation are internal and selected by aitch. The oscillator section is triple shielded and ex-

*
COMPACT
12i" x 131"x

*
PRECISION
SLOW MOTION
DIAL

*
WIDE RANGE
10-310 mcs.

*
FREQUENCY
CALIBRATION

1%

Price £80
Delivery-ex Stock

type DI
ternal stray magnetic and electrostatic fields are negligible.
Six coils are used to cover the range and they are mounted
in a coil turret of special design. The output from the
R.F. oscillator is fed to an inductive slide wire, where it
is monitored by an EA50 diode. The slide wire feeds
a 75 -ohm 5 -step decade attenuator of new design. The
output voltage is taken from the end of a 75 -ohm matched
transmission line.
The instrument is totally enclosed in a grey enamelled steel
case with a detachable hinged lid for use during transport.

Write for descriptive leaflet.
)VANCE COMPONENTS, LTD.: BACK ROAD, SHERNHALL STREET, WALTHAMSTOW, LONDON, E.17

Larkswood 4366-7
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I.F. TRANSFORMERS.-Iron core, litz
wound, with or without flying lead,
460/465 k/c. 7,6 each.
Miniature type, 2 x 1 x lin. 9 9.

MOVING COIL METERS. By famous
manufacturer. 500 mioroamps, 2 in.
diam., 500 ohms. 21 -.

PREMIER
MAINS TRANSFORMERS

All primaries screened and tapped at
210, 230, 250v. All L.T.'s centre tapped.

175-0-175 v. 50 m/a, 6.3 v. 2-3 a. 5 v. 2 a
175-0-175 v. 50 mla. 4 v. 1 a. 4 v. 2-3 a.
250-0-250 v. 60 m'a. 6.3 v. 2-3 a. 5 v. 2 a.
250-0-250 v. 60 mla. 4 v. 1-2 a. 4 v. 3-5 a.
300-0-300 v. 60 raja. 4 v. 2-3 a. 4 v. 3-5 a. 4 v. 1-2 a.
350-0-350 v. 100 ni/a. 5 v. 2-3 a. 6.3 v. 2-3 a.
350-0-350 v. 100 rn/a. 4 v. 2-3 a. 4 v. 2-3 a. 4 v. 3-5a.
350-0-350 v. 150 m/a. 4 v. 1-2 a. 4 v. 2-3 a. 4 v. 3-6a.
350-0-350 v. 150 m/a. 4 v. 2-3 a. 4 v. 3-6 a. 4 v. 1-2 a. 4 v. 1-2 a
350-0-350 v. 150 mia. 5 v. 2-3 a. 6.3 v. 2-3 a. 6.3 v. 2-3 a.
425-0-425 v. 200 m/a. 4 v. 2-3 a. 4 v. 2-3 a. 4 v. 3-6a.
425-0-425 v. 200 m/a. 6.3 v. 2-3 a. 6.3 v. 3-5 a. 5 v. 2-3 a.
500-0-500 v. 150 m/a. 4 v. 2-3 a. 4 v. 2-3 a. 4 v. 2-3 a. 4 v. 2-3 a

4 v. 3-5 a
500-0-500 v. 150 mia. 5 v. 2-3 a. 6.3 v. 2-3 a. 6.3 v. 3-5 a.
500-0-500 v. 250 m/a. 5 v. 2-3 a. 6.3 v. 2-3 a. 6.3 v. 3-5 a.
300-0-300 v. 120 m/a. 5 v. 2-3 a. 6.3 v. 3-4 a.
300-0-300 v. 120 m/a. 4 v. 2-3 a. 4 v. 2-3 a. 4 v. 3-5 a.
375-0-375 v. 250 na/a. 6.3 v. 2-3 a. 6.3 v. 3-5 a. 5 v. 3 a.
375-0-375 v. 250 m/a. 4 v. 2-3 a. 4 v. 2-3 a. 4 v. 3-6 a.
750-0-750 v. 250 m/a.
1,000-0-1,000 v. 200 tnia.

25 -
25 -
25 -
25 -
25 -
29
29 -
36 -
39 -
36 -
47 -
47 -

47 -
50 -
65 -
28 -
28 -
46 -
46 -
67 6
70 -

ALUMINIUM CHASSIS.-Substantially made of bright aluminium
with four sides, 10in. x Sin. x ; 12in. x 9in. x 2 in., 7 9 ;
16in. x Sin. x 2!,in., 8'6; 20in. x Hin. x 2 10 6 ; 22in. 10in.

2NLn., 13,6.

Good Quality Ex- Govt., Surplus
FOR EXPERIMENTAL PURPOSES.

ROTARY TRANSFORMERS.
Type 100. With completely smoothed output, contained in a sound-
proof metal screening box. Input 6 v. D/C, output 220 v. 50 m/a

23 . 10 . 0.
Type 113. Input 6 or 12 volts. With 12 v. input output is 600 v.
230 m/a., with 6 v. Input, output is 300 v. 200, m/a. 13 . .0.

MAINS TRANSFORMERS. Super
quality. All 230 volts input.

Type 1. -4 -volt 10 amps. twice. 15/-.
Type 2.-40 volts 2 a. (Excellent for
rewinding). 15/-.
Type 3.-500-0-500 v. 150 mla, 4 v. 21 a.,
4 v. 1 a., 4 v. 5 a., 35-.

Type 4.-865-0-865 v. Tapped at
760 and 690 v. 500 tnilliatnps. Com-
plete with L.T. trans. for rect. heaters,
4 v. 3-5 a twice. Price 25.1

Type 5.-450-0-450 v. Tapped at
300-0-300 v., 150 mla., 4 v. 3-5 a.,
4 v.,3.5 a. 30!-.

SHORT-WAVE CONDENSERS. High-
grade Ceramic Insulation. Super
Midget type. Single gangs available in
5, 10, 20, 50, 75, 100 P.F. (75 P.P. has
double spindle for ganging). Price 2/6.
2 -GANG, in 4.8, 9.6, 27.1, 50, 75 P.F.
Price 5'-.
2 -GANG. Full size, 160 P.F. Price 5'-.
3 -GANG. 50+50+25 P.F. Price 5'-.
AIR -DIELECTRIC CERAMIC
TRIMMERS, 25, 50, 100 P.P. Price 1 -.
AIR DIELECTRIC CONCENTRIC
TRIMMERS, 8 P.P. and 30 P.P.
1/- each.
WAVE CHANGE SWITCHES. Avail-
able with any of following Wafers.
2 -pole, 3 -way ; 3 -pole, 3 -way ; 4 -pole,
2 -way ; 2 -pole, 4 -way ; 1 -pole, 4 -way,

Type 7.-6.3 v. 1-2 a., 4 v. 10 a., 4 v. with shorting bar ; 2 -pole, 5 -way
10 a., 4 v. 10 a., 10 v. 8 a. 307-. 1 -GANG, 4 - ; 2 -GANG, 5'6 ;

3 -GANG, 7'-.
FIRST GRADE OIL FILLED PAPER
CONDENSERS, with miniature stand-
off insulators and fixing clips, 2 infd.,
1,000 v.w., 216 or 20'- per dozen ;
2 mfd. 600 v.w., 1/9 earls or 14'- per
dozen. Super Quality Oil Filled
Tubulars. .1 mid. 500 v.w.. .02 mfd.
750 v.w., .5 ntfd. 330 v.w. Either type
9d. each or 7 6 per dozen.

OUR 1947 LIST IS NOW AVAILABLE.
All enquiries must be accompanied by a 21d. stamp.

PREMIER RADIO COMPANY
(MORRIS AND CO. (RADIO) LTD.)

POST ORDERS TO: JUBILEE WORKS, 167, LOWER
CLAPTON RD., LONDON, E.S. (Amherst 4723)

CALLERS TO : 169, FLEET ST., E.C.4. (Central 2833)

CIER ALS
66 EXSTAT"

SHORTWAVE
TELEVISION
CAR RADIO

STOCKED BY ALL THE

LEADING DEALERS

ANTIFERENCE

61, Bryansten St, Marble Arck, Landon, W.1

riteph.., Paddington 7251/4.

000
14E*

\14 1...005
capaci%

and atf CO
tenuation

o
AX Cahl
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new possibilities

in electri:
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de .i V
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war effort
and for the post
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age.

BASICALLY BETTEI
4/11-SPACED

TRANSRADIO LTD. I6THE Haar BEACONSFIELD -7
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"A young man of real
promise - exactly the fellow
we needed out there ..."

"WE thought we were wonderfully
lucky in finding him - but of

course it was system, not luck. I've
found, since, that the Appointments
Offices take enormous trouble to 'screen'
and classify applicants for commercial
posts. In fact, they can give you a choice
of excellent candidates in less time than
it generally takes you, nowadays, to get
an advertisement printed!

"What's more, all the Regional Appoint-
ments Offices are linked by teleprinter - it
means that wherever the right man is
registered, you hear of him. It helps him and
the employer. In fact, if we had the time,
we'd do just what they do for us - interview
chaps all over the country, sort out their
aptitudes and abilities, and end with a
really good short list ' to choose from.
They use the very latest techniques of inter-
viewing and assessing men and matching
them with jobs.

" I'd recommend any employer who's
looking for a high-grade man (or a dozen!)
to notify his nearest Appointments Office
first, wherever else he looks. There's the

machinery, waiting to save him trouble,
costing him nothing - and it's doing a
grand job. . . ."

Hundreds of employers have commended
the prompt and efficient service given by the
fourteen Regional Appointments Offices.
They are today's logical starting -point in
the recruitment of high-grade staff, whether
the need is for men and women already
experienced and qualified, or for promising
younger candidates to train.

Your nearest Appointments Office
" matches men with jobs " in the executive,
managerial, and administrative field. If you
do not know the address, any local office
of the Ministry of Labour will put you in
touch at once. But for highly qualified tech-
nical and scientific personnel - engineers,
scientists, architects, etc.-appointments are
dealt with centrally, in London, by the
specialist staff of the Technical and Scientific
Register, York House, Kingsway, W.C.2.

Since VE-day, the Appointments Depart-
ment has successfully filled over 47,000
responsible posts. If you have a staffing
problem, your Regional Appointments
Office is ready to help.

14 linked Regional Offices cover the Nation's
potential executive manpower

Issued by the Ministry of Labour and National Service, Appointments Dept., 1-6 Tavistock Sq.. London, W.C.I
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CHAPMAN & HALL'S
RADIO BOOKS

HIGH FREQUENCY THERMIONIC TUBES
By A. F. HARVEY, B.Sc.(Eng.), D.Phil.(Oxon.), A.M.I.E.E.
With a Foreword by E. B. MOULLIN, M.A., Sc.D., M.I.E.E.

Second Edition. 244 pages ; ,99 figures. 18s. net. Postage 6d.
"The book will be of great service to workers in the ultra -high
frequency field . . . it will also be welcomed by many other readers,
for thermionic tubes working at very high frequencies have a rapidly
increasing number of practical applications."-Proceedings of the
Physical Society.

TIME BASES
(SCANNING GENERATORS)

Their Design and Development, with Notes on the Cathode Ray Tube.
By 0. S. PUCKLE, M.I.E.E.

Fifth Impression. 216 pages ; 124 figures. 16s. net. Postage 5d.
" So obviously authoritative is the treatment throughout that this
book should rank as a standard work."-Engineering.

THE CATHODE RAY OSCILLOGRAPH
IN INDUSTRY

By W. WILSON, D.Sc., B.Eng., M.I.E.E., M.A.I.E.E.
Second Edition. 18s. net. Postage 6d.

" Dr. Wilson's book provides a well -planned and attractively written
survey of a large subject. It is likely to prove particularly valuable to
those unfamiliar with the cathode-ray oscillograph, and who wish to
decide whether or not it is able to contribute towards the solution
of their own problems."-Engineering.

WE HAVE THE FINEST STOCK OF BRITISH AND AMERICAN
RADIO BOOKS. WRITE OR CALL FOR COMPLETE LIST.

THE MODERN BOOK COMPANY
(Dept. R.4.) 19-21, PRAED STREET, LONDON, W.2

ELECTRIC,
CHAIN
PULLEY
BLOCK

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

See our Stand, No. D404, B.I.F., Birmingham, May 5-16.

 GEO. W. KING LTD.,
P.E.S. WORKS HITCHIN HERTS.
hIANIELESTER CENTRAL 3947 NEWCASTLE 24196

RITCHIE 900

GLASGOW
DOUGLAS 27989

40:00 CONDENSERS

ARE MADE FOR

WALTER
FINSTRUMENTLLTDI

GARTH RID., LOWER MORI:DEN, SURREY
DERWENT 4421. Grams: WALINST, MORDEN, SURREY

C. R. Casson 7a

BEAT FREQUENCY OSCILLAT

LELAND -for priority requireme
at present. Write for ps
stating frequency range r

INSTRUMENTS LTD 2I.JOHN STREET, BEDFORD ROW.101
TELEPHONE: CHANC. ER

LCIND EX for RELAYS
LEFT. Stepping Relay
LF/Selector with 12 posi-
tion driving mechanism
for A.C. or D.C.

RIGHT. Two Step Relay
LF/FS (Heavy Silver Con-
tacts). First impulse "on."
Second Impulse "off."
Also Aerial Changeover
Relays. Ask for leaflets 106 and 88

LONDEXLTD
MANUFACTURERS OF RELAYS

207 ANERLEY ROAD LONDON

SYD

6258-9 n

S.R.I.
ELECTRONP
AND RADIC
INSTRUMENT

for all industrii
purposes.

WE SPECIALISE IN INDIVID
REQUIREMENTS.

SCIENTIFIC RADIO &INSTRUMENTS
31, GUILDFORD STREET, LUTON, BEDS.
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PRECISION
TESTING INSTRUMENTS

tadio manufacturers, service engineers,
vorkshop and laboratory technicians are
amiliar with the precision and dependability

" AVO " Electrical Testing Instruments.
_ong years of successful experience in the
lesign and manufacture of first -grade
nstruments have produced a consistently
sigh standard of accuracy which has become
tradition as well as a standard by which

>tiler instruments are frequently judged.

The MODEL 7 SO -Range Universal

AVOMETER
Electrical Measuring Instrument

A self-contained, precision moving -coil instrument, conforming toB.S. 1st Grade accuracy requirements. Has 5o ranges, providing
for measuring A.C. & 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.

vprie tors and Manufacturers:

4UTOMATIG COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD., Winder House, Douglas Street, London, S.W.1. 'Phone: ViCtoria 3404-9

Sterling Furniture Ltd.
ARE

CABINET MAKERS
YOUR ENQUIRIES INVITED

Phone : TOTTENHAM 2041. 37-55, PHILIP LANE, N.15.
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. . . is it Rotary or Pushbutton or Slider ? Is it
wanted for circuit selection, band selection, tap
switching ? Is it for a new design or in quantities
for a well proved circuit ?

Whatever it is - the answer is always OAK !
The basic design of all Oak switches is one of

strength and efficient functioning, including such
exclusive features as the double -contact clip and the
floating rotor, ensuring self -alignment of each -ection.

AND

SWITCHES
BRITISH N.S.F. CO. LTD., Keighley, Yorkshire

(Sole Licensees of OAK Manufacturing Co., Chicago)
A.B. METAL PRODUCTS LTD., Feltham, Middx.

(Sub -Licensees of N.S.F.)
The only Manufacturers of OAK Switches ur,der Patent

Nos. 478391 & 478392

EAIIG EA II
IMPEDANCE METER

lmpedaoce

att
d1° . eS

reCVAVICI

3 ohms to 5,000 ohms
mains nDirect Reading 0,_

audio°,write now to c.

'Phone : WILLOW PLACE, CAMBRIDGE 2494

THE WORLD'S GREATEST BOOKSHOP

* FOR El00KS 4- 4.

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.)

THE HARBORO' RUBBER CO. LTD. MARKET HABBOROUGH

THE COMPLETE SERVICE FOR SOI

RECORDING AND REPRODUCT1

**

Mobile and Static Continuous Recording 01

Recording Amplifiers.
Moving Coil and Crystal Microphones.
Sapphire Cutting and Reproducing Stylii.
Blank Recording Discs from 5" to 17" Single or D
sided.
Light -weight moving iron, permanent sap

and " Lexington " moving coil pick-ups.
Label and Envelope Service.
A comprehensive range of accessories to meet
requirement of the sound recording engineer.
And our latest development (of special im

to users of sapphire or delicate pick-ups)-
Simtrol.
This is a controlled micro -movement easily
for use with any type of pick-up to eliminat
danger of damage to the record or pick-up.
is achieved by a vernier lowering action of the
up head to the record.

Write for comprehensive lists or call at Rea
House for demonstration.

RECORDER HOUSE, 48 50 GEORGE
PORTMAN SQUARE, LONDON,

Telephone: VvE L 2371,2

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

LAMINATIONS & SCREENS
RADIO METAL  PERMALLOY

SILICON ALLOYS
.1

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

BRITISH BROADCASTING CORPORATION : Applicat
are invited from men (British) for a post of Engineer in the Di

and Installation Department based in London. Applicants
have considerable experience of high quality sound rem
systems and a sound knowledge of the electrical and mecha
principles governing their design and operation. It is desir
but not essential, that candidates should possess a Unive
Degree in Electrical Engineering (or equivalent qualificati
The successful applicant will be required to organise and supe
the installation of sound recording equipment of all types at B

centres throughout the country, and to carry out certain assoc
technical development work and testing. Commencing S.
will be dependent on qualifications and experience and su
to favourable reports will rise by annual increments of £30

maximum of £680 per annum. Applications, stating age, qt
cations and experience, should reach the Engineering Establish
Officer, Broadcasting House, London, W.1, within fourteen da

the appearance of this advertisement.
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MARCONI INSTRUMENTS LTD
Masters of Measurement

in Communications
can now supply their

DISTORTION FACTOR
METER

TYPE TF 142E

-

Evolved for investigating distortion in AF

amplifiers, the instrument directly measures the

:otal harmonic content of voltage wave forms.

Meticulous workmanship ensures accuracy and
trouble - free performance. Full specifications

available on request.

MARCONI INSTRUMENTS LTD
ST. ALBANS, HERTS. Telephone: St. Albans 4323/6

Northern Office : 30, ALBION STREET, HULL. Hull 16144
Western Office : 10, PORTV1EW ROAD, AVONMOUTH. Avonmouth 438. Southern Office: 109, EATON SQUARE, S.W.I. Sloane 8615

mensions : 17i"x171"x81" Unit : 12" P.M. Type T2/1205/ 15
.itt Weight : 23Ibs. 12 oz. Max. Power Input 12 -watts peak A.C.

L' 7;.. : Q. E.

This well-known unit is now available again in a strongly
made cabinet of natural polished seasoned mahogany,
with locked corners, for use in halls, theatres and factories,
and on all indoor installations where high power and
fidelity are required. Rugged construction and excellent
appearance render it ideal for permanent installations and
for short term hire work involving constant handling.
Portability and adequate bass response are noteworthy
features. Nominally of 15 -ohms impedance,
a suitable line transformer can be fitted
internally to present any required Fl DEE IT?
impedance at the socket connection.

EFFICIENCY

GOODMA NS INDUSTRIES, LTD.
LANCELOT ROAD WEMBLEY MIDDX.
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MINIRACK

OSCILLOGRAPHS

AMPLIFIERS

TIME -BASES

TIME -MARKERS

POWER -PACKS

for
Measuring

PRESSURE

FORCE

STRAIN

VIBRATION

ACCELERATION

write for
particulars

SOUTHERN INSTRUMENTS LTD.
FERNHILL, HAWLEY, CAMBERLEY, SURREY

Telephone: Camberley 1741

CROWN AGENTS FOR THE COLONIES
Applications from qualified candidates posts.
JUNIOR RADIO ENGINEERS required by the Government of the

Bahamas for a tour of three years in the first instance. Salary £500
rising to £600 a year. On salary of £500 a cost of living allowance of £150
a year is payable. Free passages. Candidates, not over 40 years of age,
must have had good basic training in radio engineering for vacancies (A),
(B) or (C), or in electrical engineering for vacancy (D), and possess one or
other of the following qualifications :-
(A) For radio receiver maintenance

A good knowledge of radio receiver design, construction and main-
tenance, fault finding procedure, and high frequency and VHF re-
ceivers. (M/N/17500).

(B) For radio transmitter maintenance
A good knowledge of radio transmitter circuit design and operation
and experience in the maintenance of telegraph and radio tele-
phone transmitters up to 5 K.W. on broadcast high frequency and
VHF. Mechanical ability in the use of tools essential. (M/N/17501.).

(C) For general radio maintenance
Good experience with antennae and antennae construction, and ability
to maintain and operate teletype machines. A good knowledge of
the use of workshop facilities, test equipment, small machine tools, and
the method of construction of small equipment essential. (M/N/17502).

(D) For radio telephone terminal equipment maintenance
Good practical experience with speech amplifiers, filters and filter
circuits, voice operated switching and control systems, and some
knowledge of landline telephony and telephone repeaters. Ability
to use drawing instruments for simple drawing work. (M/N/17503).

Apply at once in writing stating age, whether married or single and full
particulars of qualifications and experience and mentioning this paper to the
Crown Agents for the Colonies, 4, Milbank, London, S.W.1, quoting for
(A)I M/N/17500, (B) M/N/17501, (C) M/N/17502, (D) M/N/17503 on both
letter and envelope.

APPOI NTM ENT
TEST ENGINEER required, with know-
ledge of high power high frequency valve
generators. Box No. 6853.

for Quality

RADIO CABINET'
M & P WOODWAR.
MANUFACTURERS LTC

We are pleased to announce that we
are again producing the well-known
M & P Radio Cabinets of fine quality and
excellent value.
Let us know your requirements and we
shall be pleased to quote you and
supply full particulars of our present
productions.

M & P
WOODWARE MANUFACTURERS LT

STERLING WORKS, ALEXANDRA ROAD,
PONDERS END, MIDDLESEX

'Phone : Telegraphic Addre
Howard 2214-5 and 1755 Emanpe, Enfiel

The Home Office invites applications from ir.
under 42 with experience of Very High Frequer
Wireless for the post of Senior Wireless Engineer
its Communications Directorate. Salary 65C

75o, plus consolidation addition of
Candidates should possess professional qualifi,

tions in Electrical Engineering or equival(
experience. Application forms and fuller details
the Service may be obtained from the Establishm(
Officer (Room 307), Home Office, Whitehall, S.V
Completed application forms must be returned
the Home Office not later than 31st May, 1947.
G.11/47.

The Home Office invites applications from men between 21
51 with experience of Very High Frequency Wireless for the follow
permanent and pensionable posts in its Regional Wireless Serle.
Regional Wireless Engineer, Salary £620-£710 ; Chief Wird
Technician, Salary not less than £420 at age 30-070 ; Set
Wireless Technician, Salary £375-£475 ; Wireless Technitl
Salary £280 (at 25)-070.

Candidates should apply for application forms and fuller d4
of the Service to the Establishment Officer, Room 307, Home Off
Whitehall, S.W.1, or to the Chief Officer, Civil Service Commis&
at the following addresses :-

(India) 10, Underhill Lane, Delhi.
(Egypt) 8, Sharia Tolumbat, Garden City, Cairo.
(Germany) c/o 2nd Echelon, G.H.Q., B.A.O.R.

Completed application forms must be returned to the Home 01
not later than 31st May, 1947, for candidates in the United Kingdi
and by 31st July, 1947, for candidates overseas.
G10/47.
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SOUND SYSTEMS AT THE

STAND No. C.I517, OLYMPIA HALL, LONDON

DISC RECORDING

We shall be demonstrating our
new Disc Recorder and Record-
ing Amplifier at the BIF and
the entire range of BSR sound
equipments, which will include
many new features, will be
available for your inspection.
Home Trade and Overseas Visi-
tors are cordially invited to our
exhibit and well-informed people
will make the BSR stand their
rendezvous -a wise move to-
wards "Sound Understanding."

BIRMINGHAM SOUND REPRODUCERS LTD. CLAREMONT WORKS, OLD HILL, STAFFS. TEL CRADLE HEATH 62
LONDON OFFICE : 115 GOWER STREET, W.C.1. TEL:Y

12-3

EUSTON 7515

M -W.90

This instrument measures
directly the inductance,
self -capacity and Q of a
coil at radio -frequency.

This is but one of our
many instruments, but if
you have a special problem
please let us know.

ERITISH PHYSICAL LABORATORIES
QUADRANT WORKS, FINCHLEY LANE, IJENDON,

Tel.. Hendon 36824230.f,/ s
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CELESTION PERMANENT MAGNET

Re..4scre. o/
LOUDSPEAKERS

CHASSIS
DIAMETER

MODEL
SPEECH COIL
IMPEDANCE

OHMS

POLE
DIAMETER

FLUX
DENSITY
GAUSS

TOTAL
GAP

PEAK
HANDING
CAPACITY

2i' P2V 3.0 le 8,500 8.000 1/4W

3+' P3C 3.0
130

7,700 24,000 1W

5' PSG 3.0. 8,500 26,000 2W
5' PST 1 l' 10,500 32,000 2W

W P6 <a 3.0. 8,500 26,000 3 W

6 i ' P6T } 2- 10,500 32,000 3 W

8' P80 2.3 6,200 24,000 4W
8' P8M 2.3 } l 0 8.000 31,000 4W

8' P86 2.3 10,000 39,000 4W

10' PIOM 2.3 't 8,000 31,000 6W

10' PIOG 2.3 .1 I 10,000 39,000 7 W

12' P64 15.0 I r 12,500 140,000 12W

18' P84 10.0 2k 13,500 350,000 40W

FROM the range of Celestion Lout
speakers most manufacturers are able I

meet their requirements. The smalle
model, a midget weighing 3ioz. is intencle
for small personal radios and the larges
capable of handling 40 watts, for publ
address purposes. Between these extreme
the range is balanced and well considerel

PUBLIC SALES
Several Loudspeakers of this range are availab
to the public in chassis form or housed

attractive cabinets. All enquiries for these mu

be directed to our sole wholesale and reto
distributors, Cyril French Ltd.

---...mmo.0"),..."....01,r+,..........
SOLE DISTRIBUTORS

to the Wholesale and Retail Trades :

CYRIL FRENCH LTD.
29 High Street, Hampton Wick,

Middlesex. KINGSTON 22411
S.................)........v......&.......,

CELESTION LTD., KINGSTON -ON-THAMES SURREY PHONE: KINGSTON 5636.1

SINGLE AND THREE
PHASE MOTORS.

AIRCRAFT GENERAT-
ORS.

ELECTRIC GRAMO-
PHONE MOTORS.

TRANSFORMERS.

ELECTRIC TRACTION
MOTORS.

PETROL SET GENERA-
TORS AND SWITCH-
BOARDS.

ALTERNATORS AND
MOTORS OF NORMAL
MEDIUM AND HIGH
FREQUENCY.

ABRASIVE SAW
MACHINES.

MOTOR GENERATOR
SETS.

DYNAMOTORS AND
ROTARY CONVERTERS,
ETC., ETC.

SEM Engineers have been successful in

producing an electric gramophone motor

of simple, reliable and efficient design

incorporating such features as :-

Quiet running, High starting torque and

Overload reserve power, Self-lubricating

bearings, Tropicalised finish.

Voltage range -100/120v and 200/240v.

50 cycles.

SEM CONSTANT
concealed rim drive,
Gramophone Unit.

SMALL ELECTRIC MOTORS
Have specialized for over 30 years in making electrical;
machinery and equipment and are experienced in
the design and manufacture of the products as listed.

BECKENHAM, KENT. Telephone : BECkenham 0066 & 1152'
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RESISTORS  CERAMICONS  Hi-KCERAMICONS

SUPPRESSORS  POTENTIOMETERS
VITREOUS ENAMELLED WIRE -WOUND RESISTORS

ERIE' li FSts T LI111.1'EDLISLE ROAD - THE HYDE - LONDON - N. W. 9 - ENGLANDONE: COLINDALE 8011-4 TELEGRAMS: RESISTOR, PHONE, LONDON CABLES: RESISTOR, LONDONRIES: LONDON ENGLAND TORONTO CANADA ERIE PA. U.S.A.
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NOW IN ONE INSTRUMENT!

DEVELOPED in the light of Hunt's
experience as capacitor makers,

this instrument, with its wide range of
application, and simple operation with
accuracy, is a valuable asset to the
Service Engineer.
One dial reading without charts or graphs.
Complete and portable, with accommoda-
tion for all accessories. 210-250v. A..C.

50 cycles. Dimensions : 6.1" x 9 r x 5".
List Price £18 . 18 . 0

MEASURES CAPACITY
. . . of all types of Capacitors, a

circuit wiring. Range : 0.00001 mfd. to 50 mf

MEASURES POWER FACTOR
. . . of all types of electrolytics. Sc

calibrated zero to 50% power factor.

MEASURES RESISTANCE
. . . of all types carbon and w

wound resistors from 50 ohms to 5 megohr

MEASURES INSULATION RESISTANCE
. . . of paper and electrolytic caps

tors, and all types insulation.

DETECTS DEFECTIVE CAPACITORS
. . . leaky, shorted, low and h

capacity and high power factor capacitors

usual and intermittent types.

TESTS CONTINUITY
. . . can be used as continuity me

to test all types of circuits.

CAPACITANCE &

RESISTANCE
ANALYSER

A. H. HUNT LTD LONDON ° S.W.I8 ESTABLISHED 19

Printed in Great Britain for the Publishers, ILIFFE & SONS LTD., Dorset House, Stamford Street, London, S.E.1,
by The Cornwall Press Ltd., tans Garden, Stamford Street, London, S.E.1.
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EDITORIAL

The Electric,Magnetic Analogy
IN the January Editorial, entitled " The

Use of Analogies," we criticized some
strictures made by Professor Livens on

the use of the electric -magnetic analogy. In
this number we publish a letter from
Professor Livens in which he quotes some
formulae in support of his contention that the
supposed analogy does not exist. He gives
formulae for the Lagrangian and Hamiltonian
functions L and A for both the electric and
magnetic fields. For the electric field the two
functions are identical except for a change
of sign, viz.,

L = A = f 6.dD = f 6 dP 21877- (I).
where D = P 6/2/417.

This shows the total energy supplied to the
field as made up of two components, one due
to the material polarization P, and the other
that which would be present in the empty
space with the same value of &.

There is, however, another way of looking
at it ; instead of finding the increase of
energy in the space due to the presence of
the material dielectric for a given value of 6,
we might regard the charge or D as fixed
and find the decrease of energy due to the
presence of the dielectric. On putting
& = 47r(D - P) we have

&-dD = f (477-D)dD f (4.7rP)dD

(4778D)2 f (477P)dD . (2)
77-

The first term is the energy that was in the
electric field before the material dielectric

was introduced ; the second term is the
decrease due to the admission of the material
dielectric ; it represents mechanical work
done by the field on the incoming dielectric,
the charge being constant.

We have expressed the energy of the
electric field in these two different ways in
order to show that two closely related
electrical phenomena can be expressed by
formulae which, if they applied to different
phenomena, would hardly suggest the exist-
ence of any analogy between them.

When we turn to the magnetic formulae
quoted by Professor Livens we find things a
little more complicated, for L and A no
longer represent the same thing. A = - fHdB

47r
is the usual expression for the magnetic
energy supplied to the field, as represented
by the upper area in the Figure, whereas
L = 47r fBdH represents the lower area.

By putting B = H 4771 we get
A = f Hdj H2/87r (3)

which is the analogue of (I), whereas by
putting H = B - 471-J we get

A = B2/87r - fJdB (4)
-which is the analogue of (2) and which agrees
with Professor Livens' 4th formula.

The area of the lower part of the Figure
can be found either by direct integration or
by subtracting the upper area from the
rectangle BH . By direct --integration;
putting H B - 477-J, we get
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1L -
`I7T 47
-f BdH = --f BdB --1 f (47rB)dJ

47r
= B2/87r - f BdJ . . . . (5)

as given by Professor Livens' 2nd
By putting L = BH 147r -A we
course, exactly the same result.

This cannot be
expected to line up
with either of the
electric field formu-
lae which were
concerned with the
stored energy; that
is, with the equiva-
lent of the upper
area in the figure.
Thus the parallelism between the electric
and magnetic formulae holds in the case
of A, but breaks down in the case of L
owing to its application to the upper area
for the electric field and to the lower area for
the magnetic field. This raises the question
as to why the Lagrangian function differ-
entiates in this way between the electric and
the magnetic field. A possible answer is

(D)

formula.
get, of

that it does not, but that, since in the
electrical case D is proportional to &, the
curve becomes a straight line through the
origin and the areas above and below the line
are equal, so that f &dD , f Dd& and it is
immaterial which one writes. If this is the
answer then one may reply that, although
it may be immaterial numerically, it is not
immaterial but very important when com-
paring the symbols with those in the
analogous magnetic formulae.

It must be emphasized that the attempt to
apply similar mathematical formulae to the
two fields does not imply any belief in their
physical similarity. We agree with Professor
Livens as to the danger of basing arguments
on supposed analogies. We have on several
occasions drawn attention to the fact that .&
is analogous in some ways to B rather than
to H, and that D is analogous in some ways
to H rather than to B, but we feel sure that
any attempt to exchange the roles of H and B
and thus improve the analogy, as suggested
by Professor Livens, is very undesirable and
quite impracticable.

G. W. O. H.

NARROW BAND PASS FILTER USING
MODULATION'
By N. F. Barber, M.Sc.
(Admiralty Research Labcratory, Teddington)

IT is not easy to build a band-pass filter
whose pass -band is very narrow. Filters
of this kind usually employ a mechanical

resonating system, such as a crystal when the
pass band is at a high frequency, or a reed
for a low frequency. The mid -frequency of
the pass -band is fixed by the mechanical
properties of the crystal or reed, and once the
filter is built this frequency fo cannot be
changed. If a very exact specification is
needed the construction of a suitable crystal
is expensive.

The following method of filtering by
modulation seems to offer many advantages.
The mid -frequency of the pass -band is fixed
by the frequency 10 of a modulating signal
supplied to the filter. It follows that if we
provide one source of this frequency we can
construct as many filters as we please whose

* MS accepted by the Editor, October 1946.

pass -bands will all have exactly the same
mid -frequency fo. This frequency is not a
characteristic of the individual filters, and
we may adjust their pass -bands to centre
upon some new frequency f, merely by
supplying them with this frequency as a
modulating signal. The width of the pass-
band is a characteristic of each individual
filter and is determined by a low-pass network
of electrical components.

The simplest process of filtering by modula-
tion is to multiply the input signal A sin
(27rft + a) by a modulating signal A 0 sin
27rfot to give amongst other tones a difference
tone equal to i-AA o cos [27r (f -f 0) t a].
When f is nearly equal to fo this difference
tone will have a lower frequency than any
others present and we may extract it from
the rest by means of a low-pass filter. 'This
transmits only tones whose frequency (f - fo)
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is below a certain small value 5/.0 ; thus we
only have an output when the input fre-
quency f lies within a narrow range 10 - 8/0
to 10 ± 8f0. When the input consists of a
spectrum of frequencies of which more than
one lies in the transmitter range we may use
a hot-wire instrument to measure the r.m.s.
value of the output.

This simple system suffers from two
disadvantages. The first is that the phase
angle a DI the input frequency is quite lost.
The second is that an input tone whose
frequency is exactly equal to the frequency
10 of the modulating tone may be absent in
the output from the filter. We have seen
that the difference tone is

1 --AA 0 cos [27T (f -f 0) t al
and when f is equal to 10 this becomes a
unidirectional current or voltage

2A A 0 cos cc.

If a happens to be 900 the value of this is
zero. To avoid these disadvantages we must
use a more elaborate system which is indicated
in the block schematic diagram and is as
f ollcws.

1, First Modulation
We supply the input tone A sin (27Tft ± a)

to two channels. The modulating tone is
supplied to these two channels through a
phase -splitting network so that the modula-
ting signals in these channels are

+ A 0 sin 277f 0t + A 0 cos 277/.01

The difference tones produced in the two
channels are

2A:1 0 cos {217 (f - f 0)t + cc}
A sin -27r (f - t oc;

2. Low-pass Filters
Each channel has a low-pass filter and

they are of identical construction. The
frequency (f - f0) is transmitted in each
filter with an attenuation factor N and a
phase advance of g. The transmitted signals
are

A cos {27T (f - f0)t ± + /3}
IA A 0N sin {27T (f + a + f3}

3. Second Modulation and Recombination
The signals in the two channels are

multiplied by the original modulating tones
I interchanged between the two channels, the
sign of one modulating tone being changed.
The modulating tones are now

+ A 0 cos 277f 0t -A 0 sin 27rf ot
and the products are

1 -AA 02N. cos 27rf0t.
cos {277 (f - f0) t a + p}

and
- ZAA02N. sin 27710t.

sin {27r (1 -10) t ±
These outputs are added in a linear resistance
network to give a total output

AAON. sin (27r ft + cc + R -I- 7r/2).

INPUT

MODULATE

BY

+SIN 2ff fot

LOW

PASS

FILTER

MODULATE

BY

+cos 2ff fot

ADD

OUTPUTS

MODULATE

BY

+COS 2.7-1 f of-

LOW

PASS

FILTER

MODULATE

BY

-SIN 27T fot

OUTPUT

A band-pass filter using modulation.

STAGE I

STAGE 2

STAGE 3

This output signal has the same frequency f as
the original input signal. Its amplitude
involves N which is very small except when
f is nearly equal to 10. We therefore have a
narrow -pass filter. The phase angle of the
output signal is advanced on that of the
input signal by a quadrant and by an angle
13 determined by the low-pass filter and
dependent on the value of (f - f0). The
factor A02 is the same for all input frequencies
and will not appear quite in this form since
the process of modulation is not merely that of
forming a product. The overall effect is,
therefore, that of a narrow band-pass filter in
which the mid -frequency is that of the
modulating signal f0 while the character of
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the pass -band about 10 is determined by the
characteristics N and /3 of the low-pass filter.

It is simple to make a number of similar
low-pass filters. The precise character of
the pass -band is not usually so important as
the value of the mid -frequency. We are,
therefore, able by this means to make two
or more filters whose characters are for all
practical purposes the same.

4. Errors
It is useful to know what effect errors in

construction may have on the result.
(a) Errors in phase splitting. If the

modulating tones in the two channels are not
quite in quadrature, but may be written.

A 0 sin 2v! of A0 cos (27Tfot

it appears on rep,eating the previous working
that the output is

2AA0N. cos e . sin (2irft + a + + Tr/2).
The only effect of the phase -splitting error is
the term cos E which is the same for all
frequencies f. The error in amplitude is
(I - cos E) which is very small, proportional
to E2 when E is small. There is no error in
phase. This insensitivity to error in phase
splitting is due to interchanging the modula-
ting tones between stage i and stage 3.

(b) Differences in gain in the channels. If
the overall gains, represented above by A02,
are not the same in the two channels, but
are in ratio (t + a) then the output is no
longer a pure tone of frequency f. The
amplitude of the tone  of frequency f is
increased by a factor (1 + a/2), and there
appears also a tone of frequency (2f0 f)
whose amplitude is in ratio a to the main
tone.

5. Details
The modulation has been treated as a

multiplication by a pure tone, but it is
possible to use square -top modulation, such
as is produced by a rectifier bridge, or by a
switching system in the case of low frequen-

cies. This square -topped form involves
frequencies fo, 3f0, 510, etc., but no error
will be introduced in stage i if the input
contains no frequencies as high as 310, for
these higher frequencies in the modulation
cannot then produce difference tones near
zero frequency. In stage 3 we may modulate
by a square -topped wave providing that we
introduce into the final output a low-pass
filter which excludes frequencies of 3f0 and
above, but passes frequencies near fo.

It is probably necessary to use an amplify-
ing stage in each channel. These stages must
be of identical construction in the two channels
in order to avoid errors due to differences
in the gain. These amplifiers have to deal
only with low frequencies ; they should
ideally be d.c. amplifiers. If they do not
transmit d.c. the system will not transmit a
frequency 10 in the input and the pass -band
will become two narrow pass -bands, one
above and one below the frequency 10.

Stage 3 appears to be a useful means of
forming the square root of sum of squares of
two outputs A 1, A 2 which are constant or
vary slowly with time. When we multiply
these outputs by a.c. tones sin pt, cos pt and
add the result we get a total a.c. output of

A 12 + A 22 sin (pt + tan -1 A 2/A 1)

in which the amplitude is ./A 12 + A 22 and
the phase relative to the modulating tone
gives the ratio A .,1 Al.

It is not necessary to use the same modula-
tion frequency in stages i and 3. If we use
a frequency fo in stage i this makes the filter
pass input signals whose frequency is near to
10. If the modulating frequency is f1 in stage3
the transmitted tones are presented as a
band near frequency f1. An input frequency f
becomes an output frequency (f -fo +
This is convenient for some purposes. Both
modulating tones must be supplied to all the
filters in use.

Acknowledgment is made to Chief of the
Royal Naval Scientific Service for permission
to publish this article.
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CAVITY RESONATORS AND
ELECTRON BEAMS

By J. H. Owen Harries, A.M.LE.E., M.I.R.E.
(Concluded from page 118 of the April issue)

12. Introduction to Measurements
IT follows from the theory given earlier

that, to be efficient, a resonator has to have
a shape which departs from any of the

simple cubical or cylindrical shapes, and
which is one having electrical characteristics
which cannot readily be computed. More-
over, in practice, electrons have to be intro-
duced into the field inside the resonator
through holes or grids, and these, and other
considerations having to do with the pro-
duction and control of the electron beam
itself, modify the field shapes. The grids
will prevent a sharply defined transit angle
from existing along the beam path. There-
fore, the practical design of resonator/
electron -beam combinations must be per-
formed in conjunction with practical measure-
ments, though the theoretical considerations
provide a necessary framework.

Efficient conditions for electron beam -
resonator operation depend on W exceeding
about 10 or so (Fig. 5) and not upon a need
for a precise adjustment of this quantity.
Therefore, the measurement technique need
not possess great accuracy.

Measurements of field strengths and
currents in absolute units are not valid in
resonant cavities on micro -wavelengths un-
less extreme precautions are taken. For
engineering purposes they are best avoided ;
but relative indications of electric- and
magnetic -field strengths are readily made
with vacuum thermojunctions and detectors
having ascertainable laws (Bibs. 10 and II).

Even if reliable aperiodic measuring instru-
ments were in fact readily available, and
were calibrated in absolute units of current
and field strength, then their uses would be
very limited because the nature of resonators
is such that " lumped " constants do not
exist. A measuring instrument, for ex-
ample, cannot possibly be arranged directly
to read the result of integrating the field.
At low frequencies, a voltmeter can be
connected to two points across a circuit
as a whole, and will then read the electric -

field integral (voltage) across the circuit
directly ; but no two such points exist
anywhere in a resonant cavity. Instead,
one has to measure the electric-field vectors
at all points along a specified path within it,
and then integrate, taking into account
both direction and magnitude-often no
small task-and then (because curl Eyo) the
result will not be a potential difference
which can be specified in volts, but a vector
field integral. t

For these and other reasons, the following
technique has been devised, and will be
explained with reference to the specific
parameters developed earlier.

An electromagnetic -field standard, of
known characteristics in an analytically
tractable resonator shape, is used, and un-
known parameters of other resonators of
arbitrary shapes are obtainable by com-
parative measurements between the standard
and the resonator to be measured.

By using a rotatable probe, and by
measuring boundary fields, the magnitude
and direction of the internal magnetic and
electric fields of the resonator can be
evaluated.

Field -strength indicators, giving relative,
and not absolute, readings are employed.
Their frequency characteristics are not of

consequence, provided the comparative
readings of any given set are made on or
about the same wavelength.

This technique has been developed only
to the accuracy needed for the purpose;
but seems to be applicable in a straight-
forward manner to measurements with more
precise limits.

13. The Model Principle
Resonant cavities to be used in microwave

valves are usually too small for many
measurements to be made. The measuring
instruments tend to be comparable in size

t See the respective definitions of " potential "
and " volt " in the " International Technical
Vocabulary (1938) of the International Electro-
technical Commission.
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to the wavelength ; therefore " over -size "
model cavities have been used on a longer
wavelength than the operating one, and the
measured results on the models adjusted
to the operating wavelength by the use of
the relationships already set out.

The principal parameters vary with A in
a given resonator shape as is shown in
Table I.

TABLE I

Parameter Variation with
wavelength A

Certain sur-
face condit-
ions as a
factor

Voltage parameter e
Electron coupling C

parameter

Voltage/current den-
sity ,d

Areas
Volumes . .

Skin depth 8

Does not vary

AA

A;

Non -analyti-
cal

A2

A3.

*

Since the conditions and material of the
surfaces of a large model may necessarily
be different from that of the smaller operat-
ing cavity, precautions must be taken as
regards changes of PR other than as M.
The parameters which are liable to this
error are marked * in Table I.

Provided that Q is reasonably high (andthere is usually no difficulty about this)
the field magnitudes, directions, and bound-
aries may be shown to be independent of Ato a very high degree of accuracy. In what
follows, therefore, e will be considered asnot varying with A. This assumption is thebasis of the use of a " standard" cavity.

A useful range of wavelengths for model
resonators is about 15o to 4o cm. A typical
signal generator has a micrometer tuninghead which is readable to about 4 X io-5metres wavelength. The output is fedthrough an attenuator. Resonators madefor this waveband are large enough for field
direction measurements (see on) to be made
using probes which are very small comparedto the wavelength ; but these cavities arerather too large to be readily given smoothand polished internal surfaces for direct
measurements of the parameters which aremarked * in Table I. An operating wave-length of io cm or so is better for * para-meters, because physically smaller, and there-

fore more even and polished copper surfaces,
can be used. The provision of two models
of a given resonator, one large, and one
smaller, may therefote be found on occasions
to be a useful expedient.

14. A Standard Resonator
One standard employed by the author is

a rectangular copper box resonator of dimen-
sions as follows. The suffix s indicates a
standard value.

xo = zo = 0.762 metre.
yo = 0.2 metre.

The lowest frequency (H011) mode is used
for measurements ; and A, is then 1.08
metres and yo/A, = a 0.185.

A simple computation shows that, for
xo = zo, we have

= 88,2
The measured Q, varies with the degree

of oxidization of the copper walls. The
calculated value is 33,000. A measured
value is 17,000.

The relative magnitude of E' in volts/metre
and H' in amps/metre just inside the walls
of the standard can be computed. The
maximum instantaneous magnitude at the
electric antinode, and at the current anti -
node respectively, have the ratio

E'
5.35 x 102

Note that, in M.K.S. units, the per-
meability of free space µ.0 is not unity, and
ktoH' = B' is the magnetic induction in
webers per square metre (1 weber per square
metre = 104 gauss).

By inserting a loop indicator for H', and
a crystal or diode probe indicator for E' at
the appropriate points of maximum field
in the standard resonator, both indicators
may be calibrated in relative H' and E'
magnitude and are then used to make
appropriate measurements in another cavity.
15. Measurement of Q.

The usual method utilizes the property
of a resonance curve, which is such that
(Bibs. 2 and 12)

Q = A/AA .. (43)where
A = the operative wavelength

dA = the width of the resonance curve
at 0.707 times the peak reading
in the case of a linear indicator ;
or at 0.5 times the peak reading
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it

in the case of a square -law
indicator.

Q should be measured under conditions
such that the field indicator loads the circuit
to a negligible extent and so that the
cavity is fed from a constant -current source.
To ascertain if this is so, several Q
measurements should be made at differing
coefficients of coupling to the source. A

1 coefficient of coupling must be used which
I is within a range where Q does not vary

with considerable changes in the coefficient.
11 Similarly, the indicator must be in a part

of the field where the Q does vary with
variations of position of the indicator from
weak to stronger parts of the field.

16. Field Indicators

Diode detectors employing " acorn "
valves (R.C.A.955, etc.) make useful field
indicators, but should be calibrated in
relative field values at or about the
operating wavelength. This may be con-
veniently performed against a vacuum
thermocouple at the working frequency.
It may be necessary to make a correction
for transit time if a low -frequency calibra-
tion is used.

Some crystal detectors are also of use,
but care should be taken to check their
performance from time to time. A remark-
ably stable and convenient type is the
cartridge crystal developed during the war
for the Services.

It is usually found that low -reading
vacuum thermojunctions, or crystals, when
used as field -strength indicators, can readily
be arranged to load the resonator to a
negligible degree ; but in some circumstances
two indicators are worth using to obtain
the unloaded Q, as follows :-

Three readings are taken :
Reading I QA with Indicator A.
Reading 2 QB with Indicator B.
Reading 3 Qc with Indicators A and B

together.
Since QL is inversely proportional to the

total power loss PL + PR [from On the
three readings and the definition of Q, lead
to four simultaneous equations =

I

Q

QB

where PA = the power loss in indicator A,
PR = the power loss in indicator B.

Solving (46.1) leads to
I

QIA QB

I
Qc

. . (46.2)

17. Measurement of Electron -Beam
Parameters

These are A, A0, i and have, in general, a
non -analytical relationship to the resonator
parameters. They may, however, be readily
observed for a given range of wavelengths
and related to the analysis by the use of the
device of a reference wavelength which was
described earlier.

Quite recently it has been pointed out
that it is possible to represent some of the
characteristics of even the more complex
resonator shapes by network equations
(Bib. 13). In accordance with this ingenious
idea, a " model " network may be set up
which represents the resonator, and then
the electrical characteristics of the network
can be measured. The results may then
be studied analytically by the methods of

network analysis.
On the other hand, ingenious and useful

though this idea is, it does not take the place
of the usual requirements of any scientific
investigation, namely that it should be
possible to check any theoretical, or quasi -
theoretical, prediction by actual measure-
ment of the performance of the device itself,
which, in the present case, is a cavity
resonator and not a network. This method
will not be considered further in this paper.

18. Properties of Vector Fields in Resonant
Cavities

In a resonant cavity, the electric field E
is such that

div E = o ; div H = o ;
curl E o ; curl H o (47)

From the well-known theory of such fields,
this means that no electric potential exists,
and that even a two-dimensional field cannot
be represented by a familiar and convenient
artifice of a contour map of equi-potential
lines, or by a " hill and dale " model.

PR I PR + PA
WE

PR + PR
QA

I
W WF

PR ± /3A t PB
. . (46.1)

0.) WIP QC wWF
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In fact, there is no simple and accurate
method of representing two -or three-dimen-
sional vector fields of this kind on a sheet of
paper.

PLATE

xl
y

Fig. 12. An insulated metal -plate probe orientated
normally to an electric field.

All that can be done is to represent the
vector -field directions of a two-dimensional
field over the area under consideration by
means, for instance, of a plot of lines of
field direction. At the same time, it is
possible to represent the magnitude of the
force at various points by numbers written
at appropriate places on this plot.

If an electron is present at some point
in such a field at an instant of time t, then
it will experience a force which is the vector
sum of the electric force Ee and of the
magnetic force e(H x v) where E, H, and v
are instantaneous values at the time t, and
x indicates the vector product. In general,
such vector H are varying
sinusoidally with time so rapidly that the
instantaneous value of the magnitude of the
fields will change during the time taken by
the electron to move from one point to
another in the field.

19. Method of Measuring Magnetic and
Electric Fields and Field Integrals

An experimental technique, which has
PLATE

x

y

Fig. 13. An insulated metal -plate probe orientated
so as to distort an electric field.

been employed successfully for some timeto measure and record vector electric andmagnetic fields in resonators, may beexplained briefly as follows :
(a) The field directions throughout the

relevant part of the resonator are mapped.
(b) The field magnitude along a boundary
of the resonator (or along an axis of electrical
symmetry if it exists), is measured.
(c) By a graphical construction, the vector
field can then be evaluated throughout the
resonator.
(d) The trajectory, and energy relations, of
an electron beam which is shot into the
field may then be computed by graphical
integration.

The method can be applied to three-
dimensional, as well as to two-dimensional,
fields ; but frequently the usual artifices
are conveniently used with advantage to
reduce a three-dimensional field to two-
dimensional representations.

// /
FIELD -DIRECTION
LINES

WALLS OF
RESONATOR

x

Fig. 14. Electric -field measurements employing
field -direction lines in a resonant cavity.

When considering electron trajectories,
it is seldom necessary to evaluate the effect
of the magnetic field, because the electric
field is usually strongest and most useful where
H is very weak.1 -

Consider a two-dimensional electric fieldin a resonator. The directions of the lines
of force may be wholly in the y direction-
that is, Ey o, and .F.; = 0. If a thin
insulated metal plate, which is very small
compared to the wavelength, is inserted
into the field so that its plane is normal to
the lines of force, then, because there is no
component of electric force in this direction,
the plate will not affect the field, (Fig. 12).
The resonator losses end resonant frequency
will remain effectively unchanged.

If, however, the plate is orientated so as
to lie as, for instance, in Fig. 13, then the
lines of force will be distorted (somewhat as
shown), and the damping and resonant
frequency will be changed by the insertionof the plate into the resonator. If the
plate is a good conductor the dainping effect

t Exceptions to this statement involve somewhat
complicated trajectory equations.
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will be very small ; but the frequency
change in a low -loss cavity will be sufficient
to be readily noted.

Fig. 55. A tube of force
in an electric field.

LINES OF
FORCE

By utilizing this phenomenon, it is possible
to map the direction of the field inside a

) resonator. Those orientations of a small
plate which do not change the wavelength
are noted when it is inserted into various
parts of the field. The field directions can
then be drawn from this data in a manner
somewhat reminiscent of the familiar " iron -
filings map " of a stationary magnetic field.

a=74 cm

4cm

1

20

1'0

08

0'6

OA

02

To obtain the magnitude of the electric
field at any point in the field, it is necessary to
map the field directions as above, and,
further, to measure the field strength at a
boundary of the volume or area which is to
be examined.

Fig. 14 represents a section of a two-
dimensional electric field inside a resonator.
The field exists between two boundary walls.
Field -direction lines are indicated. The
magnitude El of the field vector which exists
just inside the top boundary at, for instance,
c, d, may be measured by a suitable probe
indicator. The field further in is difficult,
or even impossible, to measure directly with
accuracy ; but, nevertheless, it is desired
to find its magnitude E2 at a point x. To do
this, draw a line through x normal to the
field -direction lines either side of x and cutting
them at a and b. Then

Ei distance ab
E2 distance cd

In the case of a three-dimensional field,
areas are to be taken instead of lengths.

By employing this principle, complete

ELECTRIC FIELD
MAGNITUDE E

16. Measured electric -field directicns and
magnitudes in the resonator of Fig. so.

10 20 cm

AXIS OF SYMMETRY

(48)

field direction and magnitude maps may
be produced.

The validity of this procedure may be
proved as follows :

Consider a three-dimensional vector field.
Imagine that a small area of surface Al in
the field is orientated so that lines of force
which pass through it do so in a direction
normal to its surface. Imagine, further,
that those lines of force which cut the
boundaries of the surface A1 are traced
(by any suitable device, such as the small
plate previously mentioned) in a direction
away from the surface A 1. Another surface
A 2 is then positioned so that its edges cut
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these boundary lines
its surface is normal
which pass through
illustrated in Fig. 15,
as a " tube of force."

of force, and so that
to the lines of force
it. This concept is
and will be recognised

The spacing between any two field -direction
lines is proportional to the field strength
between them, but not necessarily to the
field strength elsewhe're.

The best method of plotting the magnetic

1
4 cm

20

FIELD IN 'POCKETS" ABOUT
0'025 OF FIELD AT AXIS

10

Since, in the electric fields under consider-
ation, div E = o, then, by Gauss' theorem,
foDda = o (where D = e0E) and as many
lines of force must leave the volume which
is bounded by A1, by A 2, and by the surface
of the tube of force between them, as enter
that volume. Moreover, because, by hypo-
thesis, the lines of force in fact enter and
leave this volume only through the respective
areas A, and A 2, it follows that the flux
passing through A1 must equal the flux
passing through A 2. If it is further assumed
that the flux density over both these areas is
even, it follows that :

EI A 2=
(49)E2 Al

where E1 is the field magnitude at A1,
and E2 is the field magnitude at A 2.

Therefore, referring again to Fig. 14,
provided that the field -direction lines in
this two-dimensional field are drawn
sufficiently closely for the field to be looked
upon as even between them, (e.g., between
c and d, and between a and b) , we have
the relationship of equation (49), and there-
fore of equation (48).

0 10 20 cm

9cm

Fig. 17. Measured electric -field directions
and magnitudes in a modification of the

resonator illustration in Fig. 16.

field appears to be by means of a loop, the
orientation and position of which in the
resonator is adjustable, and which is very
small compared to the wavelength. Vector -
field strength and direction measurements
can be made simultaneously. Field maps
may be drawn for the magnetic field.

It is sometimes mechanically difficult to
evaluate electric fields by the above method
when the fields lie in, for example, small
holes or, between grid slats. In these cases
the relative strengths of the fields have been
evaluated by comparing the relative damping
effect produced by the insertion of a small
ball of resistance material supported on an
insulating polystyrene rod. A Io-mm dia-
meter ball made from the resistance material
used in a 5 -watt io,000-ohm carbon resistor
is suitable. Either too high or too low a
specific resistance of the ball will not damp
the cavity to a measurable degree. Provided
that the resonator is so loosely coupled to
a signal generator that the field readings
on a diode are proportional to added damping,
we have

E (01- I)
E2

- I)where
El is the field at a point in the resonator ;
E2 is the field at a second point in the

resonator ;
"s6 is the field reading when the resistance

ball is not inserted into the
resonator ;

01 is the field reading with the ball
inserted at the first of the two
points in the resonator ;

. . (50)
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962 is the field reading with the ball
inserted at the second point in
the resonator.

The disadvantage of this method is that
,the balls have to be physically large if
accurately readable differences between 0,
01 and 02 are to be produced. This may
introduce an error both in the field itself
and in the effective point at which it is
measured. It has, however, been used
successfully for evaluating the shape of
comparatively intense electric fields in and
around " grid " apertures.

20. Examples of Field Measurements
Figs. i6, 17, and i8 show typical field

?plots of some resonant cavities.

X = 118 cm

(WITH NO POLE PIECE X =73.5 cm)

210 10

olL

a4

02

field magnitude and directions are known
throughout the cavity.

It is found that the necessary integration
of the field is quite easily performed to the
desired accuracy by graphical means based
upon the field maps described previously.

In addition, the field in some complicated
resonators may be split up into several
component parts each of simple configuration.
The field integrals of each part may then
be mathematically computed.

For example, consider a part consisting
of a parallelepiped having sides a, b, 1, then :

2irC 27rC E0
.EIII. = -autr

A 2
2

= 8.35 x io AE2

FIELD JUST INSIDE
TOP SURFACE

10 20cm

POLE

POSITION
OF POLE
PIECE

53cm

IF A BULGE IS ADDED TO,
THE POLE (DOTTED LINE)
X IS DECREASED TO I16.3cm

Fig. x8. Measured electric -field directions and nragniludf,,s in a rectangular -!)ox
resonator as Fig. 9; but with a " pot_ -piece" added.

Referring to equation (34) and remember-
ing that Q can be measured very readily
by the resonance method, is easily obtain-
able if e is known.

e may be evaluated for any resonator
shape and mode provided that the electric

1

I

if the field is in the 1 direction and of even
intensity throughout. Should it vary as a
complete half -sinusoid in one of the three
dimensions, then the above expression should
be divided by two for each dimension in
which the variation occurs. Wv values
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for other component parts of the resonator-
for instance, those of cylindrical and other
shapes-may likewise be computed. Pro-
vided that the relative maximum values
of field in these various component parts
of the resonant cavity are known, the total
field integrals can be obtained by summing
up those of the individual parts.
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APPENDIX
Theoretical Maximum Beam Current

Consider a cylindrical beam of electrons of radius
a passing along the axis of a conducting tube of
radius r ; the length 1 of the beam and tube being
assumed to be large compared with these radii.

Using the very useful graphs and nomograms of
Petrie (Bib. 15), the theoretical value of the current
i for a given accelerating and cylinder voltage V
(= Vom in the present analysis) can be found for
a given beam configuration. These voltages and
currents will be assumed to be quasi -stationary.

It is also assumed that any transverse entrance
velocities of the electrons are negligible.

There will be the following effects due to space
charge :
(i) The potential of the centre of the beam will be
less than that of the edges by an amount VM, and,
if the beam current is increased relatively to the
other parameters, then the point will be reached
when a virtual cathode is formed and the beam
will cease to exist as such, and the electrons will
travel to the cylinder walls.
(ii) At current values far less than this, however,
there will be a considerable difference between the
velocity of the electrons at the centre of the beam,and the velocities near the edges. Such a
condition is not compatible with the requirements of
microwave tubes and must be avoided. The ana-
lysis of long transit angle power relations used in
this paper is only valid if this condition is avoided.
(iii) The radial field acting on the electrons
causes them to diverge ; this depends, other things
being equal, upon the magnitude of the current
density.

Considering the cross-sectional velocity distribu-tion ; if v is the velocity at a radius r, and vo thevelocity in the centre and at, the entrance point,

we can, by a straight -forward analysis, obtain the

variation of velocity -v at the end of the length 1 in
00

terms of -Vm
; i.e., of the' dip in potential due to

Vo
space charge. Such an analysis (Petrie's Figs. 8 and
9) shows that - will be quite negligible, and the

00
spreading of the beam also negligible (over values

in which the present analysis is concerned) ifa
Vm- is about 0.95 or less. Salzberg & Haeff'sVo
(Bib. 16) dimensionless parameter Po is used for
this estimation, and is taken as o.8.

We then have (from Petrie's nomogram, Fig. 1)
the relationship Fig. 4 of the present paper for the
ratio d between voltage and beam current density
as a function the voltage. Fig. 4 is in M.K.S. units.
d is therefore in volts/amps/metres.
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ELECTROMAGNETIC RADIATION*
By James Greig, M.Sc., Ph.D.,

IN the elementary treatment of electro-
magnetic radiation and of the uniform
line, it is convenient to postulate as a

) basic assumption the finite velocity of propa-
gation of_ electric and magnetic forces. This
assumption may be employed to bring out,
in a simple qualitative way, the main pheno-
mena of electromagnetic radiation and it
is the purpose of this note to draw attention
to some of these points.

Heaviside formed a physical picture of
, electromagnetic radiation from a " dumb-

bell " radiator by considering the sudden
establishment of charges upon its ends.
It is useful to modify this procedure by having
the radiator initially charged and allowed
/(or made) to execute one complete reversal
of charge. Imagine the two spheres of Fig. i
to be initially charged and insulated. A
connecting wire is placed between the spheres
at time t= o and a half cycle of oscillation
takes place reversing the charges. At this
instant the process is terminated by the
removal of the connecting wire. Let it be
assumed, for the moment, that the reversal
of charge can take place without loss so
that the final reversed voltage is equal in
magnitude to the initial voltage. Let the
interval occupied by this reversal be A Tsec.

At the instant of placing the connecting
wire in position the electrostatic field begins
to " collapse " into the wire and a current
flows discharging the capacitance. The
appropriate changes in the field are propa-

Igated outwards with the high but finite
velocity of light, c, in free space. At the
instant of complete discharge the whole
electrostatic field would, if the velocity of
propagation were infinite, have vanished
and have been replaced by the magnetic
field corresponding to the maximum current.
As however, the velocity of propagation is
c cm/sec and the time occupied by the
discharge has been -4T sec, changes in field

2
distribution cannot extend beyond points

on the surface of a sphere of radius -cdT cm
2

centred on the oscillator. Within this sphere

* MS accepted by the Editor, October, 1946

the field will be partly magnetic and partly
electric, the amount of magnetic energy
replacing exactly the amount of electro-
static energy which has disappeared. During
the next quarter cycle the current is main-
tained by the collapsing magnetic flux until
at the end of AT sec, from the start, the
process of reversal of charge is complete.

Fig. 1. The electrostatic field between two insulated
charged spheres.

With the removal of the connecting wire
the new steady state is about to be established
and will be found everywhere within a
second sphere of radius (t-AT)c cm. Thus
a spherical shell of radial depth Arc,
expanding with the velocity of light, separates
two regions, one outside the outer sphere
where the old steady-state field still exists
and one inside the inner sphere where the
new steady-state field has been set up.
In these two regions the field is purely
electrostatic. Within the expanding shell
the field is partly electric and partly magnetic.

The configuration of the electric field a
short time after the new steady state has
-been established at the oscillator will, if the
law of continuity is to hold, be somewhat as
shown in Fig. 2.

The tubes of force lying outside the outer
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sphere must close on themselves within
the shell for, at the instant of zero charge,
no tubes terminate on the oscillator and the
induction must be everywhere continuous.
Similarly, the tubes of the new steady-
state field which pass through the inner
sphere must close on themselves within
the spherical shell.

Fig. 2. The electric field around two spheres after
one kalf-cycle of oscillation.

The first point of importance brought out
by this physical picture is the identity of
changing electric induction (displacement
current) and conduction current in the
production of magnetic force. Consider a
circular path of radius > ZITc lying in the
equatorial plane of the oscillator. This
path links the conductor joining the spheres
and with a current in the conductor will be
associated a line integral of magnetic force
round such a path. Now, during the
establishment of the spherical shell a current
flows in the conductor but no magnetic
force can be experienced at the radius
.C1Tc on account of the propagation time
delay. If the circuital law is to hold it
follows that at every instant during the
establishment of the spherical shell the
rate of change of electric induction in

the space lying between the oscillator
and this radius produces a magnetic effect
exactly equal and opposite to that of
the conduction current flowing in the wire.
As the spherical shell expands after the
cessation of the conduction current there is
no change in the total electric induction
through any circular area in the equatorial
plane having a boundary beyond the wave
front. This is necessarily true as the closed
loops of the " old " field, which collapse as
the wave front advances, each cut the
equatorial plane twice. There is, however,
a diminution of induction as the shell crosses
the boundary. There must therefore be a
system of circular lines of magnetic force
contained within the expanding shell.

The second point concerns the detachment
of energy from the oscillator as a result of
the reversal. On the assumption of reversal
to equal voltage the total energy lying inside
the inner sphere, for any position of the
expanding shell, will be the same as prior to
the reversal. Outside the outer sphere no
change has taken place. Now the electric
intensity within the shell is higher than in
the steady state at the same point due to the
concentration of the induction within the
annular space. The electrostatic energy
density being proportional to the square of
the electric intensity is, therefore, higher
within the region occupied at any instant
by the shell than in the same region in the
steady state. In addition there is, within
the shell the energy of the associated magnetic
field. Thus more energy lies outside the
inner sphere than is required for the laying
down of the new steady-state electrostatic
field beyond that point. There is therefore
a net detachment of energy from the
oscillator in reversing the field so that, if no
extra energy is supplied, the system cannot
recharge to the initial voltage.

Clearly the proportion of energy thus lost
in radiation depends upon the thinness of
the shell ; i.e., upon the rapidity of the
reversal. If, for example, the thickness of
the shell were halved the electric intensity
at all points in the shell would be doubled
and the energy density increased four times.
The volume of the shell being halved the
total energy in the shell would in consequence,
be twice its previous value.
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PARTIALLY- SCREENED OPEN AERIALS*
By R. E. Burgess, B.Sc.

(Communication from the National Physical Laboratory)

SUMMARY. --A simple approximate theory based on the transmission -line equations
is developed for an open aerial, a portion of which is enclosed in a concentric conducting screen.
The voltage and current distributions in the transmitting case are deduced. From these the
effective heights of the " screened " and unscreened portions of the aerial are calculated and
it is found that as the length of the unscreened portions increases so the effective height of
the screenedportion tends to equality with its length, as was first demonstrated experi-
mentally by Smith -Rose and Barfield.

The susceptance of the aerial is calculated on the assumption of no losses and it is found
that the anti -resonant frequencies are displaced by the presence of the screens while the
resonant frequencies occur when the length of the inner conductor or of the screen is equal
to an odd number of quarter -wavelengths.

A simple equivalent circuit is given for an aerial which is short compared with the
wavelength.

I. Introduction

IN a number of applications it is common
practice to screen a portion of an open
aerial by an earthed concentric sheath.

,,kn equivalent system arises when an open
erial is connected to a concentric feeder, as
or example in U -type Adcock systems. It is
ften required to know the effective height

Ind impedance of such systems in order to
etermine the effect and the effectiveness of

:he screen, and the present paper gives a
pimple theory. The transmission -line method
)f analysis is the same as that which has been
pplied to the loop and the screened loop

d, within the assumptions of perfect
,:onductors, small cross-section and uniformly
li stributed constants, should provide
ormulae for effective height and reactance

Df comparable accuracy. The theory is
compared with the early pioneering experi-

t-nents by Smith -Rose and Barfield' on
;creening at low frequencies.

These experiments established a number
f fundamental relations in screening, the

Importance and , significance of which still
eem to be insufficiently appreciated. In

,)articular, if an aerial is partially surrounded
)y a metallic screen, the screening action is
of fully effective so long as the aerial wire
rojects from the screen. This may be
ttributed to the action of the secondary
eld from the screen on the projecting
rtion of the aerial.
The general configuration of the system

onsidered is shown in Fig. 1(a) and the most
mportant practical forms are shown in

* MS accepted by the Editor, August 1946.

(b) and (c) in which the screened and un-
screened portions are respectively collinear
and orthogonal. The collinear type occurs,
for example, when the downlead of an
elevated vertical aerial is (supposedly)
screened by the use of a concentric feeder ;
such an arrangement would not provide
protection against local interference owing
to the ineffectiveness of the screening of the
feeder and only by providing a screened
transformer at the junction of the aerial and
feeder could the desired effect be obtained.
The system in which the screened and
unscreened portions are at right angles arises
in the U -type of Adcock direction tinder but
the analysis presented here does not consider
the effects of multiple earthing or burying
the feeder which are known to reduce
appreciably the pick-up on the " screened "
feeder.

The properties of the aerial with a con-
centric feeder perpendicular to it are still
sometimes not understood. For example, a
vertical aerial connected to a horizontal
feeder will radiate (or receive) horizontally
polarized waves. Similarly a horizontal
aerial with a vertical feedor will radiate or
receive vertically polarized waves and the
experiments (f Smith -Rose and Barfield (1
the L -aerial with a screen around the vertical
conductor demonstrated the effect of the
length of the horizontal conductor on the
receptive properties of this system and on
the efficacy of the vertical screening.

It is desirable, at some later date, to carry
out measurements at high frequencies where
the resonant effects given by the analysis
presented here will be important and can be
confirmed quantitatively.
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2. General Analysis
It is assumed that the conductors are

perfect and have uniform cross -sections small
compared with their lengths. Let the inner
conductor be denoted by suffix i and the outer
conductor by suffix 2, their respective
lengths being /1 and 12(1, > 12). Let x be the
coordinate measured from the common
lower end of the conductors (Fig. I). If v
and i denote the potentials and currents, the
differential equations over the common
portion (x<12) are

Li2i2) ;

v2
-= L22i2)

Ci2v2) ;

(I)

9co(C12v1 C221/2)

It is further assumed that the inductance and
capacitance coefficients are uniform and that
the dielectric constant is everywhere unity.

Now the screening condition is
L12 = L22 ; C12 = C11

and it is convenient to introduce a
of coupling k given by

k2 L122 - C122 =L22 C11

L11L22 C11C22 L11 C.22
with the relation

c2 (i - k2)

.. (2)

coefficient

(3)

(4)
L11C11 L22C22

where c is the wave velocity in vacuo.
The voltages and currents over the

common region (o <x <2) are shown in the
Appendix to be given by

v1 -
cos

I0311 cos B (11 - x)

vok2 sin Bl
cos B11 cos B12

sin Bx

- jcCnvo

V2

21
cos B11 cos B/2

[k2 cos Bx sin Bl -
cos B12 sin B(11

jcC
2.2 cos B1

sin B (12 - x)
nv 0

2

with the summation current
icCnvo (I - k2) sin Bli] +12- cos B11 cos B12

cos Bx

(5)

.. (6)
In the region where the inner conductor

projects

v, =---
cos

cos B (11 x)

(7)jvo
cos B11

cCli(i - k2)
/1 sin B (11 - x)

It is noted that the same function describes
the potential v1 on the inner conductor in
both regions.

The results given by equations (5), (6)
and (7) are now applied to the calculation of
the effective height and reactance of the
system.

A further useful parameter introduced
in the analysis is

Co = C1, (1 - k2) (8)
which is the capacitance per unit length of
the unscreened portion of conductor I.

(d )

1,

(b) (c)

Fig. 1. Forms of a partially -screened open aerial ;
(a) general configuration ; (b) collinear system;

(c) orthogonal system.

3. Susceptance
Since ohmic and radiation losses have been

ignored the admittance of the aerial calcu-
lated from the above equations is purely
imaginary ; i.e., wholly reactive. How-
ever, these values of susceptance are probably
reasonably accurate except near resonant
conditions.

The susceptance appearing at the base of
the aerial is given by

S il(°)
jvo
(1 - k2) tan B11 + k2 tan B12

cL11 (1 - k2)
At low frequencies (B11<1,-;77) the suscep-
tance becomes

S = [Cii (I - k2) + Cii12]
= co [C01 + C11121 (io)

corresponding to the capacitances of the
unscreened and the screened portions in
parallel.

(9)
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The resonant frequencies are given by
cos B/1 = o ; cos B12 = o .. (II)

corresponding to the odd quarter -wave
modes of the inner conductor and of the
screen respectively. Thus the screen does
not affect the resonances of the aerial but
introduces fresh resonant frequencies.

The antiresonant frequencies of the aerial,
at which its susceptance vanishes, are given
by

(1 tan B11 k2 tan B12 = o (12)

which is a transcendental equation in B
which cannot be solved in simple terms
unless /1 and /2 are simply related. In the
special case of k2 = 0.5 the anti -resonant
frequencies are evenly spaced and given by
B (11 + 12) = n27 but in general they are
not uniformly spaced.

To take a numerical example let
Total aerial length 11 = 5 m
Screened length /2 = 3 m

k2 = o.6
then the resonant frequencies are at 15, 25,
45, 75, 105, 125 Mc/s, etc., while the anti -
resonant frequencies occur at about 18, 38,
56 Mc/s, etc. The screen has introduced the
fresh resonant frequencies at 25 and 125
Mc/s while at 75 Mc/s both the screen and
the aerial are resonant ; in the absence of
the screen the anti -resonant frequencies
would have been at 3o, 6o, 90 Mc/s, etc.

4. Effective Height
The effective height of an aerial is defined

for the case of reception as the ratio of the
induced e.m.f. appearing at the aerial
terminals to the electric field intensity

, producing it, the polarization and direction
of propagation of the exciting wave being
prescribed. In the case of transmission the
product of the current entering the aerial
at its terminals and its effective height give
the effective moment (in metre -amperes) of
the aerial.

Application of the Principle of Reci-
procity enables the effective height of the
aerial to be most readily calculated from the
current distribution in the transmitting
condition. In general, if a current io is
applied at the aerial terminals and i is the
total current (in the case of multi -Conductors)
in dx at x, the e.m.f. appearing at the aerial
terminals due to any arbitrary exciting

1 field E(x) of the same frequency at io is
given by

e =2o ri(x) E(x) . dx . . (13)

the integral extending over the whole of the
aerial, I and E being treated as complex
quantities. If now E is uniform the effective
height is taken as

. h = -e -I f i(x) dx.
io

In the case of the system shown in Fig.
(c) let uniform fields Y and Z act parallel to
the unscreened and screened portions respec-
tively. Then the terminal e.m.f. is given by

Zhz Y = e
I r

(21 ± /2) Z dx - dx
10 o io J12

(14)

so that the effective heights of the separate
portions are

11.h, = dx
o 12

(1 - k2) (i - cos Bl) cos B12
B (sin B/1 sin B12 - k2 sin Bl) (15)

I r 12,
hz -j (ii ± 12) dx

o 0

(I - k2) sin Bl sin B12
B (sin B11 sin B12 -k2 sin B1)

(16)

The sum of these effective heights which is
the relevant quantity for the collinear system
in a uniform field is

-, - k2 cos B/2 - cos B11
n

B sin B/1 sin B/2- h2 sin B1
(17)

e

Col.
(11 Y+12 Z)

Col. +C112

Fig. z. Equivalent circuit of the orthogonal system
at lcw frequencies.

As expected both heights vanish when the
unscreened length 1 is zero. As 1 is increased
from zero there is both direct pick-up of the
Y field on the unscreened portion and pick-up
of the Z field which can be regarded as being
due to the secondary field from the screen
acting on the projecting portion or, what is
equivalent, due to the currents II and 7.2



148 WIRELESS
ENGINEER

May, 1947

in the screened portion no longer being equal
and opposite at all values of x so that the
summation current (1, + i2) is no longer
zero.

The ratio of the effective heights for the
two fields is simply

h, tan 2131
. . (i8)h, tan B/2

which becomes it/l2 when the system is small
compared with the wavelength.

For short conductors the effective heights
are

1 1(1 - k2) - k2)1 = hz 12 (19)1 2 - 1k2 - 1k2
The common reduction factor l(i - k2) /
- 1k2) is shown in Fig. 3 as a function of

///1 for k2 = 0.4 and o.6. In practice k2 is not
likely to lie outside these limits since it is
very slowly dependent on the dimensions of
the system. The reduction factor is seen to
rise steadily from zero to unity as the
fraction of the aerial length which is un-
screened increases from o to I.

It is easy to interpret the factor physically
as the ratio of the capacitance Col of the
unscreened portion of the aerial to the total
capacitance C01 + C1112. Thus for systems
short compared with the wavelength the
e.m.fs, induced by the fields Y and Z can be
written

Gila0
Yh, + Zh, = (11Y +12Z) Co/(20)

which leads to the simple equivalent circuit
of Fig. 2 in which the e.m.fs. 2/Y due to
Y and 12Z due to Z are effectively induced
in the unscreened part of the aerial and then
divided by the capacitive potential divider
formed by the unscreened and screened parts.

It is of interest to compare these effective
heights at low frequencies with the values
for an unscreened system for which

1/0 = 11

12
(1 -

/
x -) ccx --= -,

1.12 1 1
2t

hzo =1/2 (I -X 2) (IX =- /2/2 (I - -i--)
0 ti 2t,

(21)

. . (22)

These values are shown as dashed lines in
Fig. 3. The ratio of the heights in the
unscreened case is

hvo 1 I 1 h,
hzo /2(i

/
/1) < 2 /2 hz

.. (23)

Thus the effect of screening the Z portion of
the aerial is also to reduce the Z pick-up
relative to the Y pick-up, the reduction being
great when the fraction ///1 of unscreened
conductor is small. This is mainly due to the
large reduction of the Z pick-up since in the
screened case the e.m.f. Z12 is induced in
the small capacitance of the unscreened
portion.

I.0

0.6

0'4

0.2

0

NO SCREENING
...,'

.---'.......

hz 0

12
.."'

_...-../

,..,

....."

..--'
...---

....-'

hyo
//
/
04 0'6 = 2k

h
Y _ h

z

11///
// 1Ii. 12

02 04 06 0'8

UNSCREENED LENGTH 1.

TOTAL LENGTH 1i

Fig. 3. Effective height factor at low frequencies.

5. Conclusions
The simple transmission -line theory is

applied to the calculation of the susceptance
and effective height of a partially screened
open aerial assuming that the dielectric
everywhere has a permittivity of unity and
that losses are negligible.

The conclusions of the analysis are as
follows :-

(a) The potential distribution on the inner
conductor is of simple cosine form over its
whole length when excited at the base
[v1 in equations (5) and (7)].

(b) The resonant frequencies of the aerial
occur when the length of the aerial or of the
screen is an odd number of quarter wave-
lengths [equation (II)].

(c) The anti -resonant frequencies of the
aerial alternate with the resonant frequencies
and are not in general uniformly spaced
[equation (I2)].

(d) The effective height of the screened
portion h, of the aerial increases from zero
to the length of that portion /2 as the length
of the unscreened portion is increased, when
the dimensions are small compared with the
wavelength.
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(e) The effective height of the unscreened
portion h, increases from zero to half its
length 1 as the length is increased when the
dimensions are small compared with the
wavelength.

(f) For small systems the simple equivalent
circuit of Fig. 2 gives the capacitance and
effective height of the aerial.
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APPENDIX
'4 Solutions of the Differential Equations for Current

and Voltage.
The second -order differential equations all

az W2assume the form - and show that all the
voltages and currents are propagated with velocity
c ; thus putting B = w/c and letting the screen
potential be zero at x = o and the potential of the
inner vo then we have for the common portion of the

, conductors :-
01 = 00 cos Bx A, sin Bx
v, = A2 sin Bx

from which the currents are given by
it = -jcC11 [v, sin Bx - (A,- A2) cos Bx]

= jcC[-v, sin Bx - (AT: - A1 cos Bx]

',Since the screen is open at x = 12, 12(11)/= o giving
A2= k2 (A, - vo tan B12)

sin x)
2and i = -jcCil

In the region (4> x > 12) where the inner wire
projects, the differential equations are

azii, 
ax - fit

av,-=
ax

-ja.)Cov, = (1 - k2) vi

where Co = C11 (1 - k2) is the capacitance per unit
,length of the unscreened conductor. As the current
vanishes at the end x = 11

= I sin B (l, - x)
v, = -jcL I cos B - x)

giving, as expected, for the admittance of the
,lprojecting open wire

(l2)
i,1 (la) j tan Bl
v, (l2) cLii

( where 1 = 11 - 1, is the length of the projection.
Since the voltage and current on the inner con-

!,1,ductor are continuous at a = 12

jcC11 [vo sin B12 - (Al - A1) cos B12]
v, cos B12 + Al sin B12

j tan Bl
cL11

giving after some simple reduction
A, = vo tan Bl
A2 = v ok2 (tan B11 - tan B12)

v° sec B/1
cL1,

RADIOCOMMUNICATION
CONVENTION

Held on 25th -28th March and 2nd April,
1947, the Institution of Electrical Engineers'
Radiocommunication Convention included
papers covering most aspects of wartime
communication. Like the Radiolocation
Convention, held last year, it comprised a
number of main and supporting papers.

The main papers read were :-
" Telecommunications in War," Col. Sir Stanley

Angwin.
" Long -Distance Point -to -Point Communication,"

A. H. Mumford.
" Low-, Medium- and High -Frequency Com-

munication to and from H.M. Ships," E. J.
Grainger and W. P. Anderson.

" Military Radio Communications," Brigadier J. B.
Hickman.

" Aeronautical Communications," B. G. Gates.
" Pulse Communication," D. Cooke, A. J. Oxford,

Z. Jelonik and E. Fitch.
" Ultra -High -Frequency Technique Applied to

Mobile and Fixed Services," J. Thomson, J. D.
Denly, I. J. Richmond, F. Pugliese and H. Borg.

" Resume of V.H.F. Point -to -Point Communi-
cation," C. W. Sowton and F. Hollinghurst.

" Naval Radio Direction -Finding," C. Crampton.
" Fundamental Problems in Radio Direction -

Finding at High Frequencies (3.3o Mc/s),"
W. Ross.

" Wartime Activities of the Engineering Division
of the B.B.C," H. Bishop.

" The Investigation and Forecasting of Ionospheric
Conditions," Sir Edward Appleton.

" The Influence of Propagation on the Planning
of Short -Wave Communications," K. W.
Tremellen and J. W. Cox.

" Manufacturing Aspect of Component Develop-
ments," E. M. Lee.

" Component Development for Wartime Service
Applications," I. M. Ross.

" Review of the Convention and Future Trends,"
Sir Clifford Paterson.

" The Development of C. W. Radio Navigation
Aids with Particular Reference to Long -Range
Operation," R. V. Whelpton and P. G. Redgement.

" A Survey of Continuous -Wave Short -Distance
Navigation and Landing Aids for Aircraft."
Caradoc Williams.
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PHYSICAL SOCIETY'S EXHIBITION
THE thirty-first exhibition of scientific instru-

ments and apparatus was held by the Physical
Society at Imperial College from 9th -12th

April, and once again, the visitor could not fail to
be impressed by the great preponderance of wireless
and electronic equipment. The apparatus ranged
from high -precision laboratory -type measuring
equipment through the intermediate grades to what
might well be termed the better class of serviceman's
test sets, while in the research section there were
many demonstrations, including nuclear physics
and atomic research.

Measuring equipment of one kind or another
undoubtedly formed the largest single section of the
exhibition and in it the cathode-ray oscilloscope was
well to the fore. There is now a tendency to
provide directly -calibrated voltage scales-a
tendency which is well exemplified by the Cossor
Model 1035 having seven ranges directly calibrated
with an accuracy of ± so per cent. This instrument
includes a time -base which can be used repetitive,
triggered or single -stroke to provide sweeps of from
15 tisec to 15o msec duration. The Y -amplifier
provides an amplification of up to 3,000 times with
a frequency response dropping by ro per cent at
6o kc/s. As the gain is reduced the response
improves and extends to 7 Mc/s for an amplification
of three times. A double -beam tube is used.

Cossor Model R35 Oscillograph.

The International Television Corp. Nagard
Type 1025 oscilloscope is unusual in that it includes
a deflexion -modulated valve for generating the
sweep voltage. Reliable synchronization is claimed
for input frequencies up to 1.5 Mc/s, and for
modulated inputs up to 6 Mc/s. Voltage measure-
ments over the range of 0.01-200 V can be made

with an accuracy of 2 per cent. The Y -amplifier
has a response of -4 db at z c/s and 3 Mc/s and the
deflexion sensitivity with the 5i -in tube is
0.36 mm/mV. The principles of the deflexion
valves and the oscilloscope2 have previously been
fully described.

Mullard have two types of oscilloscope each with
a 31 -in tube. The model E.800 is specially designed
for very low -frequency work and the Y -amplifier
response is -2 db at o.r c/s, while the model 805
is intended for high frequencies, having an amplifier
usable up to 5 Mc/s.

A feature of the oscilloscopes produced by
Furzehill Laboratories is the provision of sweep -
expansion to permit the detailed examination of a
small part of a waveform. In the Type 1684B, with
a 3i -in diameter tube, the expansion has a range of
from 0.2 to 5 screen diameters and as it is a gain
control on the X -amplifier it functions without
affecting the sweep frequency or the synchronizing.
There is a horizontal shift control so that any part
of the expanded sweep can be centred on the tube.

The Y -amplifier is direct -coupled and balanced,
and arranged for use with balanced or unbalanced
inputs. The response is zero to 3 Mc/s for a deflex-
ion sensitivity of 24 mV r.m.s. per cm or to

Mcis for 8 mV per cm. A smaller oscilloscope with
a 2f -in tube-Type 1936 - has a thyratron
time -base with a linearizing pentode. The Y -
amplifier covers 1 c/s to 15 kc/s. Both these
oscilloscopes include a limiter in the sync input
circuit, so that synchronizing is largely independent
of the signal amplitude.

The use of a " wobbulated " oscillator with a
cathode-ray indicator for the visual alignment of
tuned circuits is well known, as is also the fact that
an excessive rate of wobbulation distorts the
resonance curve. In the Plessey I.F. Alignment
Oscillator the wobbulation rate is controllable from
zero to 5o c/s and a c.r_ tube with a long -persistence
screen is used so that a clear picture is obtainable
at the slowest speeds. A crystal calibrator is
included.

Cathode -Ray Indicators

The principle of frequency- modulation is also
adopted in an instrument for the measurement of
mechanical force, pressure and strain made by
Southern Instruments. An oscillator covering
0-20 kc/s is frequency modulated by the quantity
to be measured and a c.r. tube is used to indicate
the resulting frequency change.

Furzehill Laboratories use the c.r. tube in an
electronic clock timer. The " tick " is picked up
by a microphone and can be heard through an
amplifier and loudspeaker. It also generate:,
pulses which are compared with the output of a
crystal oscillator, the difference being used to control
brightening pulses on a circular time base. The
visual effect is a spot flickering in synchronism
with the " tick " and moving around the circular
trace at a rate dependent on the error in rate of the

" The a Signal Converter," by P. Nagy and M. J. Goddard
Wireless Engineer, June 1943, Vol. 20, p. 273.

2 " Oscillograph for the Direct Measurement of Frequency
Employing a Signal Converter," by P. Nagy and M. J. Goddard
Wireless Engineer, September and October 1945, Vol. 22,
pp. 429 and 489.



telock and in a direction dependent on the sign of to protect both the meter and the shunts against

Valve voltmeters are now usually multi -range

,
not generally, designed for a.c. mains operation.
instruments of a robust character and are often, if

the error. overloads.

Model 75A, is a buzzer for use in continuity testing;
a.c. and d.c. ranges up to z,000V and 5A are pro-
vided, with resistance up to zo Mn. The voltmeter

An unusual fitting to the Taylor Universal Meter,

May, 1947 WIRELESS 15i
ENGINEER

resistance is 20 k11/V.
The British Physical Laboratories Super Ranger

test set covers up to 5,000V a.c. and d.c. and zmA-
roA d.c., zoomA-z oA a.c., and resistance up to
z Mn. It can also be used as an output meter for
a.f. purposes with a range of o -6o db.

Advance Components Type C2 press -button signal
generator.

A:model shown by J. L. Thompson is of the diode
probe type with an input capacitance of 0.5 µµF
and resistance of 7 MI1. The a.c. ranges are
3, 10, 3o, and zoo V r.m.s. with a frequency range
of 20 c/s to 5o Mc/s and an accuracy of ± 2 per cent.
There are also d.c. ranges.

The Furzehill Laboratories Model 378A has a
two -stage amplifier feeding a diode bridge rectifier
and covers z mV to zoo V in five ranges. The
frequency range is 5o c/s to 25o c/s and the input
impedance is 2 MIX. The indicating meter has
pole pieces shaped to give a logarithmic scale. A
diode type, the 281B, produced by the
same firm has a frequency range of
5o kc/s to 25o Mc/s and covers
0.1-15o V in four ranges. The diode
is in a probe and there is a d.c.
amplifier.

The multi -range meter is now well -
established and the tendency towards
higher quality is exemplified by the
Sub -standard Avometer which has its
d.c. ranges of B.S.I. sub - standard
accuracy and its a.c. ranges to one-half
of the B.S.I. Specification. The ranges
are r-L000 V, 2 mA-zo A, and o-r Mn,
there being four a.c. and five d.c.
ranges for voltage and current and
three ohmmeter ranges. The Sangamo-
Weston Model 527 multi -range test
set has a voltmeter resistance of zo
la1/V and provides a.c. and d.c.
ranges up to 1,5oo V and 15 A and
resistance up to 500 Mn. A quick -
a ting circuit breaker is incorporated

Marconi Instruments Type TF 888
signal generator.

Bridge Instruments
Bridge methods are commonly adopted for

impedance measurements, and Baldwins have the
Logohm Resistance Bridge with a direct -reading
scale which is visible through the same window as
the galvanometer scale. The calibration covers
5-500 with a logarithmic wire -wound potentiometer
and multipliers of o.oz, z, zoo and zo,000 provide
a coverage of 0.05 a to 5 Ma with an accuracy of

z per cent. The galvanometer has pole pieces
specially shaped to give high sensitivity around the
centre zero, but greatly reduced sensitivity at
maximum deflexion to protect the meter against
overload.

Gambrell have a switched Wheatstone bridge of
sub -standard grade. A portable mirror galvano-
meter of the suspension type with a sensitivity of
32 mm/µA at 6 in forms the indicating instrument ;
it has a resistance of 700 n.

An inductance and coupling -coefficient bridge
was shown by British Physical Laboratories. It
covers z /2.H to z H and coupling coefficients from
o.00z to 0.999. The test frequency is 20 kc/s and
provided that the resonance frequency of the coil
under test with any shunt capacitance is not less
than z6o kc/s the coil can be measured without
disconnecting it from its tuning capacitor.

The Baldwin Mufer Capacity Bridge has a range
of 5o I.LµF to 4µF with an accuracy of ± 2 per cent.
It is energized by a high -note buzzer.

Signal generators and test oscillators are now
essential parts of even the meanest laboratory
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There is no hard and fast dividing line between
them but one might, perhaps, draw such a line by
defining signal generators as instruments embodying
a calibrated attenuator and test oscillators as those
without. On this basis most of the apparatus
shown falls into the signal -generator category.

Advance Components showed two varieties. The
type F is an inexpensive signal generator covering
Ioo kc/s to 6o Mc/s in six ranges. By making use
of harmonics the range can be extended to 120 Mc/s.
A stepped attenuator and slide -wire provide an
output control covering 1µV to Ioo mV with an
output impedance of 7511. A frequency accuracy
of ± i per cent is claimed. There is internal ampli-
tude modulation at 400 c/s and the apparatus is
a.c. mains operated.

The Model C2 has push-button frequency selec-
tion for twelve frequencies in the band 5o kc/s to
3o Mc/s with an adjustment of ± ro per cent on
each, and is intended for production testing. The
output is 1µV to ioo mV and a transitron-type
oscillator is used.

Automatic Coil Winder Co. have an a.c.-operated
generator covering 50 kc/s-5o Mc/s in six bands

with turret coil switching.
A feedback circuit is used
to maintain a constant r.f.
input of o.5 V ± 3 db to
the attenuator. This is a
combination of a stepped
attenuator and slide wire;

(Above) Salford H.F.
Q -meter type BW 424.
(Right) Sullivan dual-
dial decade resistance

box.

a maximum output of 5o mV in =oo ri is obtained.The internal modulation is at 40o c/s and is availableas a separate output.
Marconi Instruments TF888 covers 7o kc/s-50 Mc/s with internal modulation at 1, 000 c/s.A crystal calibrator is included with crystals of

50o kc/s and 5 Mc/s, permitting check points in
every range. The attenuator controls the output
down to - 7o db. An unusual feature is the
inclusion of an output meter covering r mW-i \V
in impedances of 3, 33, 156 or 600 n. It is available
for external use.

Frequency Standards
Frequency standards are of various types.

Sullivans have a Direct -Reading Universal Wave-
meter covering 3o kc/s to 24 Mc/s with eight plug-in
coils each providing two ranges. It is a second -
grade standard instrument with an accuracy of
o. i per cent. There are slip-on frequency cali-
brated scales for each range.

The Furzehill Laboratories Portable Frequency
Standard, which is available for either battery or
mains operation, has a I-Mc/s quartz crystal
oscillator with ioo kc/s and =o kc/s multivibrators
and harmonics up to 5o Mc/s are available. The
mains model has an additional i kc/s multivibrator.

Salford were showing an extremely compact
crystal calibrator having a ioo-kc/s crystal and
providing harmonics up to 3o Mc/s.

The resistance -capacitance oscil-
lator is now a common a.f. source.
The British Physical Labora-
tories model covers 3o c/s to 33 kc/s.
The oscillator is followed by an RC
amplifier with cathode - follower
output at an impedance of 60011.
There is a calibrated attenuator
giving a range of 4 mV to 4o V.
The frequency control is a variable
capacitor.

The beat -frequency oscillator is
still popular, however, particularly
when a wide frequency coverage in
a single range is needed. The
Marconi Instruments TF894 cover
0-12 kc/s in one range. The output
meter is also available for external
use and is calibrated + 2i db to
- 20 db.

Q -meters were shown by Salford
Electrical. The V.H.F. Model is
direct reading with ranges of 0-250

and 0-50o with an accuracy of ± 5 per cent.
The coverage is 15-15o Mc/s and another model,the M933B, covers 25 kc/s to 5o Mc/s. An
unusual feature is the use of capacitance, instead of
resistance, coupling to the coil under test.

The Sullivan Dual Dial Decade Resistance Box
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'has two decade resistances controlled by each knob.
The control has a 180° rotation for the switch of
one decade. A semi -circular disc, which acts as a
switch stop, covers half the scale and can be rotated
'to expose either half of the full 360° rotation. Thus
each knob controls two decade switches.

. Polar diagram at 3 cm of cardboard tube.

A decade switch which can be readily dismantled
cleaning is made It has a laminated

phosphor -bronze rotor and the contact studs are

Si

spaced at 30°.
The well-known Muirhead slow-motion dial is now

available with a scale which can be detached for
calibration. This firm also has a range of wire -
wound non -reactive standard resistors hermetically
sealed in ceramic tubes. With an accuracy of
o.r per cent in the I -watt rating or 0.5 per cent in
the I -watt, the values cover La to 75 n.

A low -temperature coefficient tuning fork,
constant to within 2 parts in 106 over the range of
14-26°C was shown by Muirhead.

Radyne r.f. heaters are available with outputs up
to 6.5 kW and include
silica -envelope valves with
a guaranteed life of 1,500
hours. These valVes can
be re-filamented at half
the cost of a new valve.
Models for plasticizing
and moisture evaporation
have ovens on the cabinet
top and are designed to
fit in with a conveyor
belt system. This firm
also showed a seam welder
for thermoplastic sheet.

)1 Multiple neon tube
standing - wave monitor
shown by Admiralty
Research Establishment:

A material having a marked negative temperature
coefficient of resistance was shown by Mullard.
It is a ceramic semi -conductor,--" Varite,"-
and has a negligible voltage coefficient. One of
its applications is to the voltage -dropping heater
resistance in a.c./d.c. sets.

This firm is also making under the name
" Kaymax " ceramic dielectrics of high permit-
tivity and zero and negative temperature coef-
ficients.

Magnetic Materials

Plessey have a non -conducting magnetic material
" Caslox " which is a mixture of cobalt and iron
oxide powder with a plastic. It can readily be
moulded and has a high coercive force. Powder
metallurgy is applied by Murex to making sintered
production of awkward shapes in hard and brittle
magnets and it has special application to the
alloys.

Transformer Steels were showing " Crystalloy "
in which a fine crystalline structure, oriented in
the direction of the magnetic field, is produced by
cold rolling. It is supplied in continuous strip
from which conventional core shapes can be built
or the core can be wound as a continuous spiral
and then cut for fitting to the windings. Corner
losses are thus avoided and a high flux density
can be used. The working density is 17,500 lines/cm2
while the loss at B = io,000 is 0.32 watt per lb at
5o c/s.

Muirhead were showing a portable battery -
operated strain gauge, Type D -423-A, in which
stretched steel wires are kept in vibration by means
of a valve oscillator. The strain alters the natural
frequency of one wire and beats are produced with
a standard and indicated by a rectifier meter or in
phones. The strain is measured by adjusting
standard to zero beat by means of a calibrated
tension spring.

In the Research Section one application of the
strain gauge was shown to lie in building research,
and illustrates but one of the ways in which radio
technique is being applied to completely non -radio
subjects. Even mathematical computation and
research are not exempt and De Haviland Propellers
showed apparatus for solving four simultaneous
equations operating on a potentiometer method.
Another equipment demonstrated by Dr. Rymer
was for harmonic analysis and synthesis based on
ordinates selected at 10° intervals. This necessitates
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a 36 -way switch ; it is constructed by using 36
pairs of parallel wires stretched in a frame with
36 insulation strips at right angles which control
36 " hairpins." Pulling the strips forwards causes
the hairpins to contact the parallel wires.

Standard Telephones and Cables showed a polar-

KT8i and Z77 valves shown by M -O Valve Co.

diagram computor which is partly mechanical and
partly electrical. It enables the radiation diagram
of an aerial array of up to five units to be calculated.

Ferranti showed a Fourier transformer. This

IMP

shows on a c.r. tube the Fourier transform
of the input wave ; thus, if fed by a pulse, which is
an amplitude -time graph, it depicts its frequency
spectrum,-an amplitude -frequency graph.

The crystal detector, widely used in radar,
is now taking its place in measuring equipment.
Silicon types are used in the a.c. voltmeters shown
by B.T.H., and enable the production of an instru-
ment with a resistance of 10 k12 per volt and useful
up to 1,000 Mc/s. The maximum input is about
loV.

Germanium rectifiers suitable for inputs of up to
q.o V were shown by G.E.C. The forward resistance
is 5011 and the backward 0.2 MS2 ; they have
application for d.c. restoration circuits and limiters
in pulse technique.

Comparatively few new valves were shown this
year but the M -O Valve Co. had a wide range of
types with pressed - glass bases. They included
triode-hexodes for frequencies up to 30o Mc/s as
well as the usual r.f. pentodes, duo -diode -triodes,
output tetrodes and rectifiers. In the miniature
types the Z77 r.f. pentode with a mutual
conductance of 7.5 mA/V is of particular interest
since it lends itself admirably to the construction
of compact high -gain wide -band amplifiers for
television and radar.

Mullard were showing mainly silica power valves
for industrial and communication purposes, and
Ferranti had a high -voltage rectifier of particular
interest for television. Of the miniature type
its filament takes only 55 mA at 0.65 V and it will
withstand 12 kV peak inverse. It is intended for
use in circuits in which the E.H.T. supply is taken
from the line scan fly back.

00K REVIEWS
The Physical Principles of Wave Guide Trans-

mission and Antenna Systems.
By W. H. WATsoN. Pp. 207+ xiii, 95 figs.

Oxford University Press. Price 20S.
This is one of the series of international mono-

graphs of radio edited by Sir Edward Appletonand H. G. Booker. Its aim is to describe 'to
physicists and engineers with theoretical interests
the way in which the technique of handling radio -
frequency transmission lines has been extended todeal with waveguides. The author, who is Pro-
fessor of Mathematics at the University of
Saskatchewan, was engaged during the war in
research at McGill University ; this book is theoutcome of that research. and is an attempt to
make amends for the security restrictions in thedissemination of the knowledge of the newlyacq uired technique.

The preface opens with the interesting statementthat " the propagation of electromagnetic waves ofhigh frequency in waveguides is one of the mostfruitful fields for the application of Maxwell's
Electromagnetic Theory in the form given byHeaviside." The mathematics throughout thebook are in a form familiar to electrical engineers.The opening chapter entitled " plane electro-magnetic waves " begins with the consideration of
a transmission line consisting of two parallel stripsbetween which the electric and magnetic fields areuniform.

This section, entitled " The strip transmission
line and circle diagram," carried us back in im-
agination to September; 1913, when a paper on
" The nature of the waves employed, in radio-
telegraphy and the mode of their propagation "
was read before the British Association*. It
opened with the statement that " if power be
transmitted by . . . two wide strips of thin copper
placed face to face and close' together . . . the
consideration of such a transmission line proves
an excellent method of approaching such con-
ceptions as are involved in Poynting's theorem
and electromagnetic wave phenomena." This
was followed by a consideration of the circle dia-
gram, and then led up to the waves radiated from
an aerial. It is very interesting to see exactly the
same line of approach adopted in this book thirt \

, four years later. The author uses matrices on
p. 3 and advises the reader to study the early pages
of any introductory text -book on the subject
because of its general utility. Reflection and
refraction of plane waves at oblique incidence are
also dealt with in the opening chapter.

The second chapter deals with the currents
and fields in rectangular waveguides, and the thirdchapter with measurements of standing -wave
ratio, power, p'aase, etc. and the properties of
dielectrics at microwave frequencies. Then follows

*The Electrician, Vol. LXXI, p. 965.
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a chapter on multiple propagation, as distinct from
the dominant wave considered in Chapter IL
Chapter V returns to the rectangular guide but
considers obstructions in it, and antennas supplying

.or withdrawing power, the effect of slots in the
walls, which introduces Babinet's principle, the
effect of bends, twists, etc.

The remaining five chapters, representing more
than half the book, are largely concerned with the
effect of slots in the waveguide walls. This is
obviously a branch of the subject to which the

lauthor has devoted a great amount of attention
and research. Chapter VI deals with the coupling
of a rectangular slot in a rectangular waveguide, and
Chapter VII, with guide coupling by slots. Chapter
VIII on waveguide arrays, states that slot arrays
were invented at McGill University in 1943 as
the natural outcome of the search for radiating
elements which can be coupled so as to present a
low pure conductance to the wave in the guide.

)Chapter IX deals with a number of microwave
devices connected with the use of waveguides.
The final chapter entitled " Field representations "
deals with the actual distribution of electric and
magnetic force ; just as transmission lines are
calculated and expressed without explicit reference
to the electric and magnetic fields, so up to this
point have the waveguides been discussed in a
similar manner, much to the simplification of the
treatment. The basis of the treatment in this
chapter is the determination of expressions for the
Hertz -vectors of the field in a waveguide, and it is
consequently much more highly mathematical
than the rest of the book.

There is a name index and a very full biblio-
graphy. The book shows every sign of having
been very carefully prepared. The paper, type
and illustrations are all excellent. The book can
be unreservedly recommended to anyone in any
way interested in waveguides. G.W.O.H.

Principles of Radar (Second Edition).
By members of the staff of the Radar School,

Massachusetts Institute of Technology. McGraw-
Hill Publishing Co. Ltd., Aldwych House, Aldwych,
London, W.C.z. Price 25s.

The first glance at this volume, which is printed
by an offset (typescript facsimile) process, may give
an impression that it was something hastily thrown
together for high-speed war instruction, and is now
.being unloaded as surplus stock on the post-war
'student. The second glance at the list of chapters,
each contributed by its own author or group of

lauthors, may remind one of other works composed
in this way, and prepare one to fear the worst.
The third glance, at the " blurb " on the jacket,
may fall on the statement " The topic of Super -
regeneration in Chapter XIII has been rewritten
in more concise form," and when scrutiny of the
book shows that conciseness in this case has been
carried to the limiting point of non-existence, it

,seems that one's fears have been confirmed.
It is a pity that super -regeneration has been left

out, but in spite of this initial disappointment the
reviewer laid the book down with the assurance
that first impressions were entirely misleading.
So far from showing the expected signs of war
emergency and composite authorship, this work
seems by some miracle to have combined the
advantages of single and multiple authorship. It

deals with each aspect of the whole wide field of
radar with equal thoroughness and specialized
knowledge, while achieving a remarkable con-
sistency of treatment and organic unity.

" Radar " is defined in the strictest sense, ex-
cluding i.f.f. and navigational aids, and the nearly
90o pages are not padded out with material common
to ordinary radio engineering textbooks, so it has
been possible to supply a very large amount of
information in a style that is accessible to a wide
range of students. The chapter headings are :
Introduction ; Timing Circuits ; Indicators ; Re-
ceivers ; Magnetrons ; Modulators ; Triode Trans-
mitters ; Radio -Frequency Lines ; Radar Antennas
and Propagation ; Wave Guides and Cavity
Resonators ; Transmit -Receive Devices ; Synchros
and Servo -Mechanisms.

Although self -limited to military radar, the book
is sufficiently basic for this to be no great drawback
to the reader interested in peaceful applications ;
in fact, it is a most instructive text for the radio
engineer who is not concerned with radar at all.
Nor is its American origin excessively obstrusive.
It is true that the phantastron circuits differ some-
what from those shown by T.R.E. in this country,
and so does the approach to them. It is all to the
good to have both. There are a few of the usual
American departures from international abbrevia-
tion standards (e.g., " ma," " MEG," and " µv "),
but there is less to complain about than usual in
this respect-in particular, the objectionable
" me " (for " Mc ") seems to have been entirely
avoided.

It may be said that the treatment is mathe-
matical to the extent that is necessary or desirable,
and no more ; and the results are in a form directly
applicable to design, and are illustrated by numerical
examples and other data. Instead of dealing with
innumerable circuits and devices in their unrelated
complexity, the authors transform them (with the
frequent help of Thevenin's Theorem) into their
basic equivalents. This policy has left room for
the comparatively few basic arrangements to be
discussed very thoroughly, giving the reader equip-
ment whereby he is able to tackle new variations
intelligently. Discussion is not confined to " ideal "
waveforms, or to loss -free lines or guides ; and
misunderstandings are guarded against at every
turn.

In short : to an exceptional degree the book
justifies its title.

M. G. S.

BOOKS RECEIVED
Reference Data for Radio Engineers (2nd Edition)

Pp. 322. Federal Tdephone and Radio Corp., 67,
Broad St., New York, L.S.A., Price $2.

The Cathode -Ray Tube Handbook (2nd Edition)
By S. K. Lewer. Pp. lo3+viii. Sir Isaac Pitman

& Sons, Ltd., Marian House, Parker St., Kingsway,
London, W.C.2. Pr ice 6s.

Radio's Conquest of Space
By Donald McNicol. Pp. 37.1 x. Published

by Murray Hill Books, Inc., 232, Madison Avenue,
New York 16, N.Y. Price

An historical review of the development of
wireless.
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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.

The Electric -Magnetic Analogy
To the Editor," Wireless Engineer."

SIR,-In his Editorial in the January number,
Prof. Howe, discussing certain views expressed by me
in a recent article in the Philosophical Magazine,
quotes two magnetic formulae with the correspond-
ing electric ones and concludes that the parallelism
between the relations of the two fields is so striking
that it is difficult to understand how anyone can
complain, as I did in the article mentioned, of the
persistent adherence to a supposed analogy which
does not exist.

In a series of studies extending over the last
thirty years and aimed at obtaining a completely
consistent account of Maxwell's electrodynamic
scheme in its most general form, a whole series of
relations for the two fields has been obtained and the
two formulae quoted by Prof. Howe are about the
only ones for which the analogy holds. As one of
the two formulae quoted by Prof. Howe is an energy
function I will content myself by quoting here the
complete series of such functions to show how little
parallelism really exists. And as the assumption of
a linear law of induction (B = µH), which does not
hold in some of the most important cases, tends to
obscure differences which are otherwise very obvious
I prefer to frame my results in completely general
form which will hold for any law of induction.

In Maxwell's Theory the only energy functions
recognised are the Electrokinetic Potential or
Lagrangian function from which the details of the
motion in both the material and electrical coordin-
ates of the system can be determined by a recognised
procedure, and the Hamiltonian function which
measures the mechanically available energy of the
system ; but both of these functions have eventu-
ally to be resolved into different constituents as
belonging to the field (ether), properly speaking,
and the matter. We quote first the results for the
Lagrangian function for the two fields in its com-
pact and resolved forms. For the electric field
this, per unit volume, is

L = - f EdD = - EdP - I E2
Sir

whilst the corresponding result for the magnetic
field is

H 3' IL = + I -f BdH = - fo Bdj + B2
4Ir 0

The Hamiltonian functions A show a little closer
similarity and it is the special compact form of these
results which are quoted by Prof. Howe. For the
electric field per unit volume

D P IA = + i EdD = f EdP ±
8-

7rE2
o o

whilst for the magnetic field
1 E B IA = +

47r 0 0 8ir
- dB -f JdB + B2.

It is with formulae such as these in mind that
I assert that the analogy between the relations of
the two fields does not in fact exist.

If there is one conclusion which can be drawn
from a comparison of the two sets of formulae it is
that the magnetic vector, which takes the place in

the magnetic formulae that the E takes in the
electric ones, is B rather than H. This is one of the
reasons why I suggest that the roles of the vectors
H and B in magnetic theory should really be inter-
changed.

I agree with Prof. Howe on the use of analogies in
general ; they are often very helpful, but before
we use them we must be quite sure that they apply,
otherwise the consequences may be disastrous.
We used to think that the electric -magnetic analogy
existed and the result, whether we like it or not,
is that we have acquired a most topsyturvy view
on the relations of the magnetic field, which when
carried beyond the limits of the formulae quoted
by Prof. Howe, lands us in a whole series of difficul-
ties and uncertainties, which it is my aim to remove,
even at the expense of creating a revolution in the
subject.

G. H. LIVENS.
University College,

Cardiff.

Is Rotation Relative or Absolute ?
To the Editor, " Wireless Engineer."

SIR,-The hypothetical experiment described by
Mr. Lacey in your February issue is an attempt to
determine absolute rotation by means of a centri-
petal force, and is therefore the same in principle
as the experiment which Newton actually performed
with a bucket of water. Newton observed that the
water showed a concave surface when rotating
" absolutely " although at rest relative to the
bucket, but a plane surface when at " absolute "
rest, although rotating relative to the bucket.
In my view Ernst Mach has countered this criterion
of absolute rotation decisively in his " Science of
Mechanics." He shows_ there that all we can say
from observation and experiment is that a centri-
petal force appears when a mass is in relative
rotation to the mean orientation of other masses
in the Universe. Perhaps the effect of the relative
rotation of more distant masses is less than that of
nearer ones, in which case the mean orientation
will be a " weighted" mean, each mass having
ascribed to it a weight in respect of its distance.
Mach says of the Newtonian experiment, " No one
is competent to say how the experiment would turn
out if the sides of the vessel increased in thickness
and mass until they were ultimately several leagues
thick." Similarly no one can say how Mr. Lacey's
dynamometer would behave if his transverse axis
(rigidly attached to the masses) were increased in
diameter and mass indefinitely.

GEOFFREY STEDMAN.
Westcliff,

Essex.

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

SIR,-In the Editorial of the February 1947
issue it was mentioned that there were few reports
of any measurements having been made upon the
iron -dust composition known as " Ferrocart."
I think, therefore, that a brief account of some
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measurements made on this material in 1934/35
may be of interest.

The Ferrocart that was used was in 'the form Of
a toroid, having inner and outer diameters of

' 6 and 8 cm, respectively, and a depth of 2.8 cm
' The specific gravity was 3.7. Ballistic galvanometer
tests showed that the permeability tk, was about
8,2, and the relation between B and H was nearly
linear up to 5o gauss.

A.C. bridge measurements were made at various
!frequencies up to ioo kc/s, and resonant circuit
, measurements up to 1.6 Mc/s. Measurements were
also made on a non-magnetic toroid carrying
similar windings so that the copper losses could be

, obtained and separated from the iron losses of the
, Ferrocart. It was found that the permeability
twaS nearly constant over the whole frequency
range. The iron losses were obtained as an equiva-
lent resistance, and for frequencies up to about
loo kc/s, could be represented by the formula

= 12(0.0606f 4.86f2) microwatts per cubic
centimetre. Above about 500 kc/s, however, the
losses increased more rapidly with frequency and
it was necessary to add a cubic term to the formula.

The work was carried out at Queen Mary College
under the supervision of C. R. Stoner. It is fully
described in my thesis for the degree of M.Sc. and
copies of the thesis are held in the library of the
University of London.

G. H. M. GLEADLE.
Harrow, Middx.

Minimum phase -shift networks.
To the Editor, " 'Fireless Engineer."

SIR,-In the established usage of the word a
minimum phase -shift network is understood to be
a network that introduces the minimum amount
of phase -shift which is compatible with a prescribed
attenuation versus frequency characteristic.

On the basis of the above definition it could be
implied that if a network N is a minimum phase -
shift network, then the same network but with the
polarity of its output terminals reversed, is not a
minimum phase -shift network.

It seems that the above misunderstanding could
be avoided, and some ambiguities inherent in the
term " phase " could be remove,d,ly changing the
term " minimum phase -shift ire, work h to " mini-
mum net phase -shift network " where net phase -
shift " is defined as the total angle swept by
G (G = E2/E1 is the complex gain of the network)
in the G -plane when w varies from zero to the value
of w in question.

It is also convenient to define " initial phase -
shift " as the limit of the principal value of the
argument of G as w approaches zero from the right.
Then, at a frequency w

phase = initial phase -shift + net phase -shift.
It is seen that the choice of polarities affects the
initial phase -shift and phase, but not the net phase -
shift. L0TFI A. ZADEH,

Columbia University,
New York City, U.S.A.

Triode Characteristics
To the Editor, " Wireless Engineer."

SIR,-If it is assumed that the equivalent voltage
VL at the grid plane of a triode is determined by
the actual voltage applied to the grid and the charge
density on the grid wires, then it is legitimate to put

VL
rdV dVil
1,dx 12- dxlij

where
dV dV represent respectively the
dx 1 dx2

potential gradients on the cathode and anode
side of the grid plane, and x2 is the grid -to -anode
gap ; x1 will be taken as the, cathode -to -grid gap.

The calculation of d V-dx

2

can be carried out by
finding the potential distribution in the grid -to -anode
space in a similar manner to the calculation for
the screen -to -anode space in a beam tetrode,
except that a potential minimum has to be assumed
.which is negative in value and its position lies
outside the grid to anode space.

If we write V, n I A

then it is found that
d V 4 ,= -2 (ledx 2 3 xi

where a is to be ascertained from the
equation :-

iL L-1-2 (2u - vi,)1 - - to(u

df' 4 VINow
dx

is simply- -'
3 -1-1

Thus from an assumed value of 11,, the anode
current is

VI4= 2.33 x Amp cm2

whereas V, is given from equation (I), and an
exact solution, ignoring thermionic velocities, is
attained.

As a first approximation, with VT, small-
,

- . 15)
x1 + A x 2

p. xi
which is equivalent to Tellegen's result.

As a next approximation
4 1_12 If1 x2 1'L k- V, 1.1, 1 + 3 x, ' 27\27\x1/ rA

(6)

where the additional term betrays the effect of
space charge in the grid -to -anode region.

When u = o, in Equ. (3), VI, is found to equal l',,

at the value (xi VA, which clearly should

.. (2)

following

(4)

I

be so.
S. 12oonA

New Barnet, Herts.
Map,. June, 1U41',

THE PHYSICAL SOCIETY
The Acoustics Group of the Physical Society was

formed during Febru:try and memb..rsh i p of it is ()pun
both to members and non-members of the Society.
Formed to permit workers on acoustical problems
to meet and discuss the scientific and teduM.'al
implications of their work, it is hoped to have six
meetings a year. Tne Chairman and (-Chairman
for 1947-48 are H. I.. Kirke and I )r. A. Wood.
Further information is obtainable from the
Secretary, 1, Lowther Gardens, Prince Consort.
Road, London,
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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 11- each.

ACOUSTICS AND AUDIO -FREQUENCY CIRCUITS
AND APPARATUS

579 738. -Gramophone pick-up of the piezo-
electric type designed to eliminate the so-called
" pinch " effect.

The Brush Development Co. (assignees of S. J.
Begun). Convention date (U.S.A.), 31st July, 1941.
580 099. -Wide -band amplifier in which the filter
coupling is designed to accept very low frequencies.

The General Electric Co., Ltd., and D. C. Espley.
Application dates 18th February, and 7th and 12th
April, 1944.

AERIALS AND AERIAL SYSTEMS
579 745. -Pyramidal horn -shaped aerial with inter-
nal partitions for eliminating secondary lobes of
radiation.

Sperry Gyroscope Co., Inc. (assignees W. L.
Barrow and W. M. Hall). Convention date (U.S.A.),
29th January, 1942.

579 773. -Aerial system comprising a number of
parallel open-end waveguides, arranged side -by-
side and in echelon, for end -on radiation.

Western Electric Co., Inc. Convention date
(U.S.A.), 11th June, 1942.

579 778.-A hollow cylindrical aerial containing a
coaxial conductor which forms a short-circuited
stub of zero impedance at the mean operating
frequency.

Standard Telephones and Cables, Ltd., and E. 0.
Willoughby. Application date 5th November, 1943.

58o 090. -Electromagnetic horn or waveguide aerial
having a specified cross-section to provide a
directivity -pattern that is uniform within its limits.

E. C. Cork and M. Bowman -Manifold. Applica-
tion date 21st May, 1943.

58o I14. -Electromagnetic horn or waveguide aerial
fitted with means to prevent currents from flowing
on the rim or external surface of the horn (divided
from 58o 090).

E. C. Cork and M. Bowman -Manifold. Applica-
ion date 21st May, 1943.

58o 115. -Electromagnetic horn or waveguide aerial
and means for exciting it (divided from 58o 090).

E. C. Cork and M. Bowman -Manifold. Applica-
tion date 26th April, 1944

DIRECTIONAL AND NAVIGATIONAL SYSTEMS
579 763. -Short-wave d.f. system comprising a
waveguide feed, a parabolic reflector, and a movable
deflecting device for scanning a given field by the
radiated beam.

Sperry Gyroscope Co., Inc. (assignees of R. J.
Marshall, W. L. Barrow and W. W. Mieher).
Convention date (U.S.A.) 4th February, 1942.

579 764. -Coupling a fixed waveguide or coaxial
transmission -line to a similar line which feeds a

rotating aerial, as used say, for radiolocation.
Sperry Gyroscope Co., Inc. (assignees of R. 0.

Haxby). Convention date (U.S.A.) 27th May, 1942.
579 813.-Radiolocation or remote -television sys-
tem, depending upon reflected waves, wherein
scanning is effected ' statically ; i.e., by passing
exploring waves of different frequency through
a refracting or dispersing medium.

J. Forman and Pye, Ltd. Application dates
3oth September and 21st November, 1941.

589 853. -Circuit for generating " marker " pulses
with predetermined leading and trailing edges for
application to a cathode-ray indicator, as used in
radiolocation.

Standard Telephones and Cables, Ltd. (assignees
of A. Rothbart). Convention date (U.S.A.) 8th Janu-
ary, 1943.

579 859. -Aerial system for rotating the plane of
polarization of the exploring wave in radiolocation
so as to prevent fading effects.

Western Electric Co., Inc. Convention date
(U.S.A.) 24th November, 1942.

579 863.-Radiolocation system in which the pulse
recurrence -frequency is determined by the distance
of the target, and is then utilized to inform a remote
receiver of the target -distance.

Standard Telephones and Cables, Ltd. (assignees
of L. A. de Rosa). Convention date (U.S.A.) loth
February, 1943.

579 865. -Navigational system for giving a com-
bined approach and glide path, wherein the receiver
is made responsive only to one or other of the two
indications, in alternation.

Standard Telephones and Cables, Ltd. and J. D.
Weston. Application date 1st March, 1944.
58o 170. -Mechanism for rotating the parabolic
reflector of a dipole so that the radiated beam is
given a spiral scanning movement over the area
to be explored, say, in radiolocation.

Nash and Thompson, Ltd., A. G. Fraser -Nash,
A. Whitaker and N. Barnes. Application date
5th January, 1942.

58o 257. -Means for coupling a fixed coaxial feed -
line to another similar line connected to a rotating
aerial as used, say, in radiolocation.

Standard Telephones and Cables, Ltd. (assignees
of E. Labin and A. G. Kandoian). Convention date
(U.S.A.) 23rd January, 1943.
58o 324. -Automatic gain control system, particu-
larly for receiving approach -path and blind -
landing signals.

Standard Telephones and Cables, Ltd. and H P.
Williams. Application date 27th June, 1944
58o 361. - Direct - reading cathode - ray direction -
finder, based on the periodic combination of the
signals received from a rotating and fixed aerial
respectively.

Standard Telephones and Cables, Ltd. (communi-
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ated by International Standard Electric Corpn.)
pplication, date 6th August, 1942.

RECEIVING CIRCUITS AND APPARATUS
579 824. -Electrolytic treatment as a stage in the

rocessing of a silicon -crystal rectifier for ultra -
short waves.

The General Electric Co., Ltd. and C. E. Ransley
Application date iitlz August, 1943.
579 86o. -Receiver for time -modulated pulsed
ignals in which a time -delay network prevents any

response to -parasitic or other disturbances.
Standard Telephones and Cables, Ltd. (com-

municated by International Standard Electric Corpn.).
Application date 11th February, 1944.
58o 077. -Stabilizing the tuning and operation of a
superheterodyne receiver in which one local oscillator
supplies two frequency -changing stages.

'
Standard Telephones and Cables, Ltd. (communi-

cated by International Standard Electric Corpn.).
Application date 19th May, 1944-
58o 297. -Tracking arrangement for the per-
meability -tuning control of a superheterodyne
receiver. .

Marconi's W. T. Co., Ltd. (assignees of W. F.
ands). Convention date (U.S.A.) 28th June,

1043 -

TRANSMITTING CIRCUITS AND APPARATUS
)79 736. -Frequency - modulation circuit with
tuned -cathode coupling for the carrier -oscillations,
and grid -control by the signal voltage.

D. L. Hings. Application date, 23rd July, 1942.
579 745. -Frequency - modulation circuit in which
part of a hollow -resonator is vibrated mechanically
by the applied signal -voltage.

The General Electric Co., Ltd. and D. 0. Hawes
Application date 18th December, 1942.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE
579 777. -Generating time- or phase -modulated
pulses by a method which includes the rectification
of a sinusoidal wave.

Standard Telephones and Cables, Ltd. (communi-
cated by International Standard Electric Corporation).
Application date 29th October, 1943.
579 794. -Producing a sinusoidal wave from a
pulse, for synchronizing purposes or for multiple
signalling systems.

L. W. Germany, and Pye, Ltd. Application date
3rd April, 1944.
579 872. -Pulse -control system for periodically
changing the frequency used for intercommunica-
tion between a number of different stations ; e.g.,
to offset enemy jamming.

Standard Telephones and Cables, Ltd. (assignees
of M. Silver). Convention date (U.S.A.) 27th April,
1943-

579 973. -Cathode-ray circuit for determining and
monitoring the duration of signalling -pulses of the
order of microseconds.

Standard Telephones and Cables, Ltd., P. K.
Chatterjea, C. T. Scully, and D. M. Ambrose.
Application date 21st July, 1942.
580 167. -Secret system in which the signal is sent

in two parts (each unintelligible), through separate
channels, which are combined into an intelligible
message in the receiver.

Standard Telephones and Cables, Ltd., and M. M.
Levy. Application date 9th July, 1941.
58o 253. -Spark -gap discharge circuit with shaping
and synchronizing means for generating a train of
carrier -pulses, suitable say for signal -modulation.

Standard Telephones and Cables, Ltd. (assignees
of E. Labin and E. M. Ostlund). Convention date
(U.S.A.) 13th February, 1943.

CONSTRUCTION OF ELECTRONIC -DISCHARGE
DEVICES

579155. -Discharge -tube of the velocity -modula-
tion type, wherein a part of the magnetic control -
field is supplied by pole -pieces located inside the
tube.

Standard Telephones and Cables Ltd., J. H.
Fremlin and R. N. Hall. Application date 2nd
August, 1940.
579 156, -Ring -shaped resonator arranged for
velocity -modulation, so that the electron -beam
passes near the anti -node of the field in the cavity.

Standard Telephones and Cables Ltd. and J. H.
Fremlin. Application date 2nd August, 194o.
579 233. -Generating or amplifying centimetre
waves by periodically deflecting a beam of electrons
so as to scan the apertures of a cavity -resonator.

H. Hughes and Son Ltd., A. H. W. Beck and A. J.
Hughes. Application date 26th August, 1941.
579 234. -Electrode -arrangement of a valve for
handling ultra -high frequencies, wherein cavity
resonators serve as low -loss impedances.

Marconi's W.T. Co., Ltd. (communicated by The
Radio Corporation, of America). Application date
29th April, 1942.
579 315. -Construction and arrangement of the
reflecting electrodes in an electron -discharge tube
of the velocity -modulation type.

M. Bowman -Manifold. Application date 29th
March, 1941.
579 317. -Movable -strip attachment for tuning
the cavity resonator in a discharge tube for velocity -
modulation.

A. F. Pearce. Application date 13th February
1942.
579 319. -Tubular spacing -device for ensuring
a predetermined small clearance between the elec-
trodes of a short-wave oscillator or amplifier.

G. Liebmann and Cathodeon Ltd. Application
date 23rd February, 1942.
579 320. -Means for maintaining electrodes in a
predetermined position, relatively to the resonator
apertures, in a velocity -modulation tube.

J. W. Hill. Application date 26th March, 1942.
579 384. -Construction and spacing of the electrodes
in a velocity -modulation tube, designed to mini-
mize space -charge effects on the bunched stream.

Western Electric Co., Inc. Convention date
(U.S.A.) 19th June, 1942.
579 412. -Velocity -modulation tube wherein any
change in the gap -width, for the purpose of tuning,
automatically alters the relative spacing of the
reflector.

The British Thomson -Houston Co. Ltd., W. J.
Scott, R. G. Saunders and R. Lathoni. Application
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dates 9th July 1941 and 27th February and 17th
April, 1942.
579 536. -Electrode structure of a short-wave
amplifier, in which the cathode and anode are
coupled to concentric -line resonators, and means
for tuning the latter.

Standard Telephones and Cables Ltd. (assignees
of W. Hotine.) Convention date (U.S.A.) 3oth
January, 1943.
579 648. -Design and operation of a tuning -
plunger which is associated with the hollow reso-
nator in a velocity -modulation discharge -tube.

B. J. Mayo and H. E. Holman. Application
date 17th February, 1942.
579 651. -Forming a centre band of square cross-
section on the sealing tube for the glass stub of a
thermionic valve to avoid accidental displacement
of the associated metal parts in the course of
assembly.

The M -O Valve Co., Ltd. and J. A.
Lion date 24th June, 1942.
579 653. -Electrode assembly and
ing-devices for a valve intended
tionally-high operating voltages.

A. C. Cossor Ltd. and P. T. Ho
tion date 19th March, 1943.
579 8o3. -Construction and arrangement of the
resonator system in a discharge tube of the velocity -
modulation type.

The General Electric Co., Ltd., G. W. Edwards
and R. W. Sloane. Application date 5th June, 1940.
579 818. -Velocity -modulation tube in which the
effect of secondary emission is utilized to reduce the
normal operating voltages.

B. J. Mayo. Application date 29th May, 1943.
579 834. -Tuning -device for the hollow cylindrical
resonator of a velocity -modulation tube of the
" Monotron " type, where resonance is not de-
pendent upon the axial length of the cylinder.

N. C. Barford. Application date loth November,
1943.
579 845. -Electrode -assembly in a point -discharge
or " auto -electronic " device for rectifying or
" mixing " ultra -short waves.

The General Electric Co., Ltd., M. Benjamin,
B. S. Gossling and J. W. Ryde. Application date
18th September, 194o.
579 893. -Electrode arrangement for a velocity-
modulation tube handling centimetre waves, by
which the spacing conditions are made less rigorous.

N. C. Barford. Application date 24th November,
1943.
579 965. -Method of assembling and centering or
aligning the electrodes of a cathode-ray tube.

The M -O Valve Co., Ltd., N. L. Harris, J. W. Ryde
and J. H. Shaylor. Application date 18th June, 1940.
579 987. -Electrode arrangement of a multi -anode
magnetron in which certain elements simulate a
quarter -wave transmission -line in order to stabilize
operation.

The British Thomson -Houston Co., Ltd. (com-
municated by the General Electric Co.). Application
date 24th September, 1943.
58o 002. -Resonant -electrode device, consisting of
a centre rod surrounded by a number of parallel
rods, suitable for velocity modulation.

Standard Telephones and Cables, Ltd., and J. H.
Fremlin. Application date 21st February, 1941.

Smith. Applica-

internal screen -
to take excep-

dgson. Applica-

58o oo4.-The use of an auxiliary triode to prevent
the so-called " locking " effect due to secondary
emission at the grid of a conventional multi -grid
valve, but particularly) in a discharge tube for
velocity modulation.

The British Thomson -Houston Co., Ltd., and C. J.
Milner. Application date 25th January, 1943-
580 oog.-Tuning-device for a cavity resonator
wherein the movement of one of the walls causes
a change in the dimensions of the resonator in two
different directions, thereby increasing the range of
adjustment.

Western Electric Co. Inc. Convention date (U.S.A.)
13th February, 1943.
58o o41. --Screw adjusters for equalizing or balanc-
ing the tuning of the cavity resonators in a mag-
netron valve of the " block ' type.

The M-0 Valve Co., Ltd., and E. M. Hickin.
Application date 21st September 1942.
580 o80. -Electrode structure and spacing of a
triode valve for_handling centimetre waves.

The M -O Valve Co., Ltd., and G. W. Warren.
Application date ,4th November, 1940.
580 o8r.-Electrode arrangement of a velocity -
modulation tube designed to reduce the " gap
capacity " of the hollow resonator.

L. F. Broadway. Application date 29th January,
1941.

58o 082. -Oscillation -generator in which an electron
beam is first broken -up into pulses and then passed
through a hollow resonator.

Marconi's W.T. Co., Ltd., and C. S. Franklin.
Application date 19th March, 1941.

SUBSIDIARY APPARATUS AND MATERIALS
579195. -Offsetting the effects of input -capacit-
ance in a pair of cathode -coupled valves for generat-
ing or amplifying square -shaped waves.

J. P. W. Houchin. Application date 3oth
December, 1942.
579 325. -Sine and cosine potential -dividers in a
" magslip resolver " for calculating the range and
fuzing of a shell to be fired at a moving target.

A. C. Cossor Ltd., L. H. Bedford, J. Bell and
E. M. Langham. Application date 3oth November,
1942.
579 439. -Bar magnet forming part of a bridge
circuit and operating as an earth -indicator compass
or direction -indicator.

General Motors Corporation (assignees of E. J.
Martin and C. E. Grinstead). Convention date
(U.S.A.) 19th May, 1943.
579 498. -Pulse -generating circuit in which a pair
of cold -cathode gas -discharge tubes are arranged
to short-circuit one of two capacitors alternately.

Standard Telephones and Cables Ltd. and R. H.
Dunn. Application date 4th May, 1944.
579 679. -Pulse -generator in which two capacitors
are charged in parallel through reversed rectifiers,
and tuned inductances and are discharged through
a switch synchronized with the a.c. supply.

The General Electric Co., Ltd. and W. M. Michaelis.
Application date 31st December, 1943.
579 682. -Trigger -operated time -base circuit for
a c.r. tube in which the sweep precedes the return,
and is initiated by the wave -front to be observed.

Standard Telephones and Cables Ltd. and R.
Hilton. Application date 3rd February, 1944-
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,COUSTICS AND AUDIO FREQUENCIES
34.232

1304A Contribution to the Theory of Acoustic Radia-on.-C. J. Bouwkamp. (Philips Res. Rep.,ug. 1946, Vol. r, No. 4, pp. 251-277.) Study ofthe field of radiation produced by a harmonically
::cillating membrane with arbitrary amplitudestribution in a closely fitting aperture of anfinite rigid plane ".

,4.321.9.661.8 1305Supersonic Applications.-T. F. LoGiudice. (Radio'raft, Dec. 1946, Vol. 18, No. 3, pp. 16-17, 67.)

(4.6 : 621.395.61.
1306Application of Regulators to Acoustic Measure-Onts.-A. Moles. (C. R. Acad. Sci., Paris, 13thr . 1947, Vol. 224, No. 2, pp. 101-104.) Thepilator described consists of a standard micro -one, amplifier and detector. The microphone isctrically corrected to have a sensibly flat responsee. The voltage from the detector is used totrol inversely the gain of a variable-µ pentode

ose grid receives the signal from the microphonebe tested. The response curve can thus beorded directly on a rotating drum. A blockram of the equipment is given.

534.861
1307The Acoustic Problems of Broadcasting.-R.Braillard. (Bull. Soc. franc. Elect., April 1946,Vol. 6, No. 58, pp. 173-180.) In broadcasting,

mere intelligibility is not sufficient. Quality repro-duction is of great importance, involving detailedstudy not only of electro-acoustics, but also of both
physiological and psychological acoustics.
621.395.61

1308Rapid Method of determining the Characteristicsof a Microphone.-A. Moles. (Radio en France,1945, No. 4, pp. 30-33.) A comparison methodusing a standard electrostatic microphone. Thee.m.f. from the microphone under test and thatfrom the standard are applied, after amplificationin a known ratio, to the two sets of plates of ac.r.o., both microphones being subjected to thesame sound field.

621.395.616 1309The Condenser Microphone.-P. G. Bordoni.(Alta Frequenza, Sept. 1946, Vol. 15, No. 3, pp.167-204. In Italian, with English summary.)A general treatment, with a bibliography of 130papers and books on the subject.

621.395.623.7 1310The Acoustic Problems of Electrodynamic Loud-speakers.-E. Synek. (Radio Tech., Vienna, Aug /Sept. 1946, Vol. 22, Nos. 4/5, pp. 229-232.)
621.395.623.7

1311Report of the Commission on Loudspeakers
(Ministry of Industrial Production).-(Radio enFrance, 1945, No. 4, pp. 34-37.) General directions
are given for the graphical representation of variousmeasurements on loudspeakers

; terms are definedand technical characteristics described.
621.395.623.7 1312Rational Study of Loudspeakers.-A. Clausing.(Radio en France, 1945, No. 4, pp. 22-27.) Anaccount of equipment for the routine testing ofloudspeakers, giving frequency characteristics,
directional characteristics for different frequencies,nonlinear distortion and impedance as functions offrequency.

621.395.623.7.015.3 1313Loudspeaker Transient Response.-D. E. L.Shorter. (B.B.C.Quart., Oct. 1946, Vol. I, No. 3, 9 pp.Reprint.) The frequency response curve taken after
the interruption of the test note may show marked
resonances which are not present in the steady state.Tests were made on four types of cones with delays



A.98
WIRELESS
ENGINEER

May, 1947

of 10-40 ms and the response was determined by
measuring the rate of decay of the sound. Tonal
coloration, glitter, and other irritating effects were
found to be associated with the additional reson-
ances. See also Wireless World, Dec. 1946, Vol. 52,
No. 12, pp. 424-425.

621.395.623.8 1314
Large Eleltroacoustic Installations.-J. Miiller-

Strobel. (Schweiz. Baurtg, 3rd & loth Feb. 1945,
Vol. 125, Nos. 5 & 6. Reprint.) A general descrip-
tion of equipment manufactured by the Albiswerk
Zurich A. -G. and particularly suitable for railway
stations, concert halls, works, etc. A special
feature of the system is automatic control of the
output volume by means of a voltage derived from
a microphone which picks up the noise in the room
or hall where the loudspeakers are situated.

621.395.623.8 1315
United Nations Broadcasting and Sound System.-

(Tele-Tech, Jan. 1947, Vol. 6, No. I, pp. 9o-93 . .154.)
Technical details of broadcasting and amplifica-
tion equipment at Flushing Meadows and Lake
Success.

621.395.667 1316
Three -Band Variable Equalizer.-L. D. Grignon.

(Electronics, Jan. 1947, Vol. 20, No. I, pp. 112-115.)
" Provides gain or attenuation adjustment in one-
db steps independently in the low-, high-, or mid -
frequency bands of the audio spectrum. Applica-
tions include recording, rerecording, sound system
compensation, and broadcast station equipment."
For a fuller account see 1170 of 1946.

AERIALS AND TRANSMISSION LINES

621.392 + 537.291 1317
Electronic Amplifier formed by a Guided Wave

in a Medium of High Dielectric Constant.-R.
\Vallauschek. (C. R. Acad. Sci., Paris, loth Jan.
1947, Vol. 224, No. 3, pp. 191-193.) A wave of the
longitudinal electric type (F0) is propagated in a
cylindrical guide in which almost the whole cross-
section is filled with a dielectric of high permit-
tivity. The phase velocity of the wave is thus
much less than that of light. Around the electric
axis of the guide is an evacuated cylinder traversed
in the direction of propagation of the wave by a
beam of electrons of velocity very near the phase
velocity of the wave. A solution is obtained of the
problem of the interaction of wave and beam in the
guide. Formulae are given for the progressive
waves. Four possible reflected waves are found.
Two of these exist for a small range of beam veloci-
ties around the phase velocity of the primitive
wave ; one has increasing, the other decreasing
amplitude. These two waves have a phase velocity
less than the velocity of the beam. The other two
waves are of constant amplitude, one progressive
and the other retrogressive, and their phase velocity
is greater than the electron velocity. By combining
these four waves, the limiting conditions at the ends
of the guide can be satisfied. Cf. 1330 below (Blanc-
Lapierre & Lapostolle).

621.392.029.62 621.396.67.029.62 1318
Wide -Band Aerials and Transmission Lines for

20 to 85 Mc/s.-F. E. Lutkin, R. H. J. Cary &
G. N. Harding. (J. Instn elect. Engrs, Part IIIA,

1946, Vol. 93, No. 3, pp. 552-558.) Systems cover-
ing the frequency bands 20-3o Mc/s, 40-5o Mc/s
and 50-85 Mc/s are described which can deal with
pulse transmissions of 600 k\V peak power. The
aerial arrays are built up of full -wave centre -fed
dipoles of wire -cage construction, with an input
impedance of 600 n. Open -wire transmission lines
are used throughout. Wire -mesh reflectors are
used to obtain the horizontal polar diagram re-
quired ; their effect on dipole impedance is dis-
cussed. An exponential transformer is described
which simplifies the construction of arrays consisting
of four full -wave dipoles, its function being to
transform an impedance of 300 fi to 600 n. Com-
pensating stubs may be used to increase the band-
width of the wide -band aerials.

621.392.029.64 1319
Waveguide Data.-L. E. Sherbin. (Electronics,

Jan. 1947, VOL 20, No. 1, pp. 122-124.) Curves are
given of attenuation and power -carrying capacity
as a function of frequency for rectangular copper
waveguides of various dimensions operating in the
TEL° mode. Frequencies from 1 600 Mc/s to
44 000 Mc's are covered.

621.392.029.64 1320
Propagation in Curved Guides.-M. Jouguet.

(C. R. Acad. Sci., Paris, 13th Jan. 1947, Vol. 224,
No. 2, pp. 107-109.) The method of perturbation
(2469 of 1946 and 16 of January) is applied to the
study of Ho, and waves in a perfectly con-
ducting circular waveguide of radius R to determine
those which reduce to E,, and Flm, waves
when R increases indefinitely. The E; wave
behaves normally, but the El and Ho waves can
only exist in a perfectly conducting curved guide
if in combination and with amplitudes in the ratio

: 1, so that the transported energy is equally
divided. The effect of curvature on the phase
velocity of this type of wave is not, to the second
order, zero. This differs from the corresponding
result for a cylindrical guide as long as the curvature
is finite. In an actual guide, propagation of an
Ho or El wave by itself is possible provided that
the curvature is sufficiently small and tends to-
wards zero with the resistivity of the wall.

621.392.029.64 1321
Some Applications of the Principle of Variation1

of Wavelength in Wave Guides by the Internal
Movement of Dielectric Sections.-G. E. Bacon &

J. C. Duckworth. (J. Instn elect. Engrs, Part IIIA,
1946, Vol. 93, No. 4, pp. 633-638.) This principle
is used for loading adjustment of centimetre -wave
magnetrons working into a complex load, for beam
swinging in directive arrays without mechanical
movement, and in switching systems.

621.392.029.64 1322
Discussion on " Wave Guides " [I.E.E. radio -

locationlocation convention].-(J. Instn elect. Engrs,
Part IIIA, 1946, Vol. 93, No. 4, p. 778.) Points
raised include the effect on performance of replace-
ment of damaged parts, and the effect on standing -
wave ratio of a small frequency shift.

621.392.029.64: 538.3
3Quasi -Stationary Field Theory and Its Application123

to Diaphragms and Junctions in Transmission Lines

and Wave Guides.-G G Macfarlane. (J. Instil
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elect. Engrs, Part IIIA, 1946, Vol. 93, No. 4, pp.
703-719.) Calculations are made of the shunt
admittance of capacitive and inductive diaphragmsin strip transmission lines and rectangular wave -guides. By combining quasi -stationary field theoryand Babinet's principle for electromagnetism avalid result is derived for the case when the dia-
phragm cross-section is comparable with, or greaterthan, a wavelength.

621.392.029.64: 621.317.336.6
Standing Wave Meter.-Kallmann. (See 1503.)

1324

621.392.029.64 : 621.318.572 1325
The Rhumbatron Wave -Guide Switch.-A. Maclese& J. Ashmead. (J. Instn elect. Engrs, Part IIIA,

1946, Vol. 93, No. 4, pp. 700-702.) The switch
operates electrically by tuning and detuning a
cavity coupled to the waveguide. High switching
speeds are possible and fading is consequently
minimized.

621.392.029.64 : 621.396.615.141.2 1326
Problems and Practice in the Production of Wave -

Guide Transmission Systems. -L. W. Brown.
. (J. Instn elect. Engrs, Part IIIA, 1946, Vol. 93,No. 4, pp. 639-646.) The performance require-' ments of waveguides are considered in terms of
reflections and standing -wave ratios. Careful

iselection or matching must be adopted rather than
t
random choice or interchange of sections when the
number of sections exceeds 2 or 3. Particularreference is made to the case of waveguides used

Li with magnetron sources.

621.392.029.64.091 1327
Attenuation Curves for 2 : 1 Rectangular, Square

and Circular Wave Guides. -E. 0. Willoughby &E. M. Williams. (J. Instn elect. Engrs, Part IIIA,
1946, Vol. 93, No. 4, pp. 723-724.) Graphs aregiven which show the relationship between fre-

iquency and physical size for various values of
Attenuation in copper waveguides.

52,392.029.64.09, 1328
Calculation of Attenuation in Wave Guides.-

ri. Kuhn. (J. Instn elect. Engrs, Part IIIA, 1946,idol. 93, No. 4, pp. 663-678.) Tables and curves
tre derived which give the field equations and
attenuation constants of rectangular and circular

. 'aveguides excited in any mode likely to be metwith in practice. Field equations are expressed in
lerms of field impedances and of the power trans-
nitted by the wave, by introducing the concept of
characteristic density ' of energy. The attenuation
onstant caused by wall losses is tabulated for the
ase of an air -filled copper guide. The attenuation'nstant and phase constant are also tabulated for

the case of an enclosed dielectric of low loss ; i.e., for
alues of tan 8 below o. r.

j21.392.I : 512.831 1329
Matrix Methods in Transmission -Line and Impe-
nce Calculations. -W. H. Watson. ( J. Instnect. Engrs, Part IIIA, 1946, Vol. 93, No. 4, PP7-746.) An ordered exposition of methodsplicable not only to calculations of the principal

ave on a two -conductor transmission line, but:So to all plane wave processes capable of represen-;ton in terms of transmission lines. Some newcults are also indicated.

621.392.2
1330The Interaction between a Progressive Wave and

a Beam of Electrons of Velocity near that of theWave. -A. Blanc-Lapierre & P. Lapostolle. (C.R.Acad. Sci., Paris, 13th Jan. 1947, Vol. 224, No. 2,
pp. 104-10,5.) For an infinite line made up of discreteequal sections, the wave amplitude increasesexponentially and the wave velocity is slightly lowerthan the beam velocity. For an infinite uniform
continuous line, four waves are possible, only oneof them increasing in amplitude. Such a line canbe regarded as a model explaining qualitatively thephenomena of interaction in progressive -waveamplifiers.

621.392.43
1331Impedance Matching by Tapered TransmissionLines. -A. W. Gent & P. J. Wallis. (J. Instilelect. Engrs, Part IIIA, 1946, Vol. 93, No. 3, pp.559-563.) The lines considered are c _ axial, theconductors being tapered from one radius toanother. Expressions are found for the impedance

deviations with change of wavelength at the inputof a tapered section when its far end is joinedto a coaxial line terminated by its characteristic
impedance. The added resistance and reactanceare least when the length of the tapered sectionis approximately an integral multiple of Al2. Ifboth the outer and inner conductors are tapered,there is an optimum taper which will give unity
standing -wave ratio (s.w.r.) for A/2 sections and as.w.r. only slightly different from unity for otherlengths. If it is desired to keep the diameter of
one conductor the same on both sides of the junction,
the best method is to taper the two conductors in
opposite ways for a half -wavelength and then in thesame way, thus producing either a bulge on theinner conductor or a constriction in the outerconductor. A summary of this paper is given inPart IIIA, 1946, Vol. 93, No. I, pp. 58-59.

621.396.611.029.5 1332Theory of Mode Separation in a Coaxial Oscillator.-P. J. Sutro. (Proc. Inst. Radio Engrs, & E.,
Dec. 1946, Vol. 34, No. 12, pp. 960-962.) An analysis
of the separation of the first and third modes in acoaxial oscillator. It is shown that the di ff eren.:obetween the two resonant lengths of one line whichgive these modes increases with the difference
between the products of the terminating inter -
electrode capacitance and the characteristic imped-ance for the two lines.

621.396.67 1333Aerials. --K. Franz. (Elehtrotech. Z., 15.11 June
1944, Vol. 65, Nos. 23/24, pp. 229-233.) A reviewof physical principles and developments, withspecial reference to the directional properties andimpedance of various aerial arrays.

621.396.67 1334The Receiving Dipole Aerial. -J. 1 ler-St robel& J. Patry. (Schweiz. Arch. angew. bliss. Tech.,July 1946, Vol. 12, No. 7, pp. 201-213.) An in-
clusive account of work previously noted in 795 and
3527 of 1945 and 22 of January.

621.396.67 1335
Slot Aerials and Their Relation to Complementary

Wire Aerials (Babinet's Principle). -H. G. Booker.
(J. Instn elect. Engrs, Part IIIA, 1946, Vol. 93,
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1946, Vol. 93, No. 3, pp. 588-597.) A general
account of such aerial arrays and their charac-
teristics, with particular reference to their use in
C.H.L. and G.C.I. systems. Practical details of a
mobile G.C.I. system are given and also of a fixed
G.C.I. station, including a specially designed rotary
capacitance switch capable of handling peak power
up to 250 kW.

621.396.677.029.62 1356
Variable -Elevation Beam -Aerial Systems for

16 Metres. -G. E. Bacon. (J. Instn elect. Engrs,
Part IIIA, 1946, Vol. 93, No. 3, PP. 539-544.) A
stack of nine banks of four dipoles each, mounted
on a 220 -ft tower, is used to produce a beam which
is very narrow in the vertical direction but wide
horizontally. A special phase -shifting device,
located near the centre of the stack and inserted
in the feed line from the transmitter, enables the
beam elevation to be varied rapidly. Two such
installations are described, the first giving a 3°
beam and measuring elevation to an accuracy of
about ± o.3° from 2,1° to 15° and the second a

° beam measuring from to 25° with a maximum
error of 0.150. The beam elevation obtained in
practice agreed sufficiently well with the theoretical
position for elevation calibration to be unnecessary.
A summary of this paper is given in Part IIIA,
2946, Vol. 93, No. 2, pp. 52-53.

621.396.677.029.64 1357
A Detailed Experimental Study of the Factors

influencing the Polar Diagram of a Dipole in a
Parabolic Mirror. -E. G. Brewitt-Taylor. (J. Instn
elect. Engrs, Part IIIA, 1946, Vol. 93, No. 4, pp.
679-682.) Details are given of the effect on beam
position of variations in wavelength, dipole length
and position, length of balancing sheath on the
coaxial transmission line, and parasitic reflector
position. Results are also given for a dipole
designed to give a skewed ' beam without
mechanical displacement.

621.396.677.029.64 1358
A Dielectric -Lens Aerial for Wide -Angle Beam

Scanning. -F. G. Friedlander. (J. Instn elect.
Engrs, Part IIIA, 1946, Vol. 93, No. 4, pp. 658-662.)
The design of an aplanatic dielectric lens suitable
for an aerial system of the sectoral horn type is
considered. For certain values of the refractive
index a piano -convex lens can be found which can
be regarded as aplanatic in practice. To avoid
distortion when the beam is scanned through a
large angle by moving the source, a ray from the
focus must meet the corresponding final ray on a
circle with centre at the focus and radius equal
to the focal length.

621.396.677.029.64 : 621.392.029.64 1359
Directive Couplers in Wave Guides. -M. Surdin.

(J. Instn elect. Engrs, Part IIIA, 1946, Vol. 93,
No. 4, pp. 725-736.) The directivity and attenua-
tion is calculated by a method due to H. A. Bethe
(706 of 1945) for systems such as two parallel or
crossed waveguides, using circular holes or linear
slots as coupling elements. Broad -band couplers
are obtained by multiplication of these coupling
elements. The importance of mechanical accuracy,
perfect matching, and finite size of coupling
elements is discussed.

622.396.677.029.64 : 621.392.029.64 1360
Resonant Slots. -W. H. Watson. (J. Instn elect.

Engrs, Part IIIA, 1946, Vol. 93, No. 4, pp. 747-777.)
The coupling of a resonant half -wave slot to a
rectangular waveguide is discussed in relation to
the feeding of microwave radiators. " The laws of
guide coupling are explained in terms of the manner
in which impedance is transferred from the position
of the slot centre in guide 2 into guide 2 at the same
position." The coupling of variable reactances to
produce a T -section load is discussed. The wave -
guide feed for a microwave array is analysed with
reference to the bandwidth of the system, and
performance details are given of a broad -band array
of inclined displaced slots. Radiation patterns are
given for a 5% frequency change in the S -band.

CIRCUITS AND CIRCUIT ELEMENTS

621.3.012.3 : 515.53 1361
The Application of Riemann's Number Sphere

and Its Projections to A.C. Engineering. -F. Steiner.
(Radio TVelt, Oct. 1946, Vol. 2, No. 2, pp. 23-26.)
Stereographic projection of the number sphere leads
to a better representation of resistances than that
using the Gauss plane ; transfer from resistance to
conductance merely requires a rotation through
1800. A parallel projection method is developed
for obtaining the terminating resistance from
measurements of the terminal voltages of two
quadripoles in series.

621.314.223 : 621.392.5.012.8 1362

General Theory of the Autotransformer.-P.
Thevenin. (Radio en France, 2947, No. 2, pp.

37-38.) The quadripole equivalent of an auto-.'
transformer is of T type and appropriate formulae
are derived. The T scheme is found particularly
suitable for determining short-circuit voltages.

622.326.726.078.3 : 621.396.62.029.64 1363
Crystal Control for Stability in V.H.F. Receivers. -

N. L. Chalfin. (Tele-Tech, Jan. 1947, Vol. 6, No. 1,
pp. 71-73.) By using crystal harmonics, no -drift
sets can be designed for cheap production.

621.318.572 1364,

Modern Geiger -Muller Counters. A. Graves.
(Electronics, Jan. 2947, Vol. 20, No. 2, pp. 80-83.)1
A counting circuit providing an accurate mech-',
anical counter for rates up to 600 per minute
and a less accurate electronic integrator for higher
counting rates. Various applications are men-

tioned.

621.319.4: 621.793.14 1366

Metallized Capacitor Dielectrics. -J. I. Cornell:,
(Tele-Tech, Jan. 1947, Vol. 6, No. 2, pp. 98 ..157.)
A recently developed American product called'
the ' Solite ' capacitor has aluminium electrodes°
deposited directly on to the paper dielectric by
vaporization process. These capacitors are verY
small in size, and have long life and a low powe
factor.

621.319.4.011.4 : 537.224
Calculation of the Edge

-Zickner. (See 2403.)
Correction for Capacitors.

621.319.43 136.

A Note on Variable Capacitors. -M. Parodi
Raymond. (Onde elect., Dec. 1946, Vol. 26, NO
237, pp. 477-478.) A formula is derived f
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which the shape of the moving plates can be calcu-
lated for a given capacitance law.

621.39.011 1368
Application of Complex Functions to Frequency-

Transposition Systems.-F. H. Stieltjes. (Thjeischr.
vied. Radiagenoot., Nov. 1940, Vol. II, No. o. pp.
221-271. In Dutch with English summary.)
Campbell's ' cisoidal oscillations ' are used to
develop a theory of these systems (i.e., modulators,
etc.) which is analogous to normal circuit theory

:

equivalent circuit diagrams are given which show
the behaviour of such systems at a glance. Practical
applications are discussed.

621.39.012 1369
Functional Schematic Diagrams. S. i I. Lan, k.

(Prot. I list. Radio En(!rs, . t E..
Vol. 34, No. 12, pp. 1005-do07.) Suggestions for
clarifying schematic and circuit diagrams. Stress
is laid on the importance of correctly representing
the functions of circuits rather than the layout of
;omponents.

521.392.2 : 021.314.2 1370
Design of 500 kc/s Transformers. R. IA,.

" Tele- Tech, Jan. 1947, Vol. 0, No. 1, pp. sa
bescription of the development of untuned.
laminated, iron -cored transformers to cover the
;frequency range of 50 kc s to 515 107 s. Construe -

ion al technique is briefly indicated and per-
lormance curves are given.

1371
Generalization of the Conception of Rejector

'ilters.-1:. Raymond. (C. R. cad. Sci ',in
17th Dec. 1943, Vol. 217, No. 20, pp. ,,s1(

quadripole with connexions between its input
and output terminals behaves as a rejector filter
)or the frequencies transmitted by the quadrip,,Ii
',ithout damping or phase change.
1

?21.392.52 : 510.27 13724 . - 'f, The Wiener RMS (Root Mean Square) Error
riterion in Filter Design and Prediction. N.

,'evinson. II. Math. Phis., Jan. i,,47. Vol. 25.
0. 4, pp. 2-01-27s-/ Methods are given for deter -

4 iming quantitatively the extent to which message
kid noise can be separated and for the design of a
alter to effect this separation. The pro1,1,rn of
5naultaneous filtering and predicting is , onsidered.
ne r.m.s. approach used is an approximation topd a simplification of the transcendental , ase

ifveloped by N. Wiener.

1.394. -397...645 1373
Graphical Solutions for Cathode Followers.#. L. Krauss. I Electronics, Jan. Io47, Vol 20,

$,0( I, pp. 11(e-121,) Design data can Ill. ( ,IM pin 111
ven only the conventional family of plate ehar-
teristics and the load, which is regarded as a

ire resistance.

1.394.645.35 = 621-317-715
tContact Modulated Amplifier.

ration. (See 1512.)

1374
i or

II,396.611.1 : 531.33 .39 1375
On the Stability Conditions of Oscillating Systems.
Couffignal. (See 1407.)

0,11 .3 1376
Propagation of Waves in Periodic Systems,taking Account of Certain Boundary Conditions.

1'. Mari6. (C. II'. Acad. Paw. 29th Aprd
1040, Vol. 222. No. it't, pp. ittio 10,12 An ex-pression is derived, involving ele, tosphrt teal
polynomials of order Or 1), for the attennattonratio of a series of (11 oscillatory tots.loosely coupled by mutual nulut tan, (,, tindercertain simplifying assumptions S,,- al-.' tad ofMarch.

021.1.0,-011.3."IS 3 1377
Transient Regimes in Coupled Resonators.

,k,t 1%m,, '+,1.1v
Vol. 222. No. 10, Pr 11).,f 11.0, nt itMitof 137o above. For the ge neva) ase ,,f rr Ide1116, alobstacles and la here the , oridniuti for Ittetattveretie( non is ,a'isfied, the int tiy of the ,i2ral
transmitted in the transient regime is representedby an integral liessel function talii.h an he ex-
panded in a rapidly converging series of Ii' sal
funct ions. This result is valid for a chase of feebly
oscillating coupled , ii tots terminated by its
iterative impedam e.

021 30(o ,11 4 1378
Principles aiding the Calculation of Electro-

magnetic Cavities. J licrmer, /1" 4, -Pat.', 20th Noy. Ion. Vol 217. No 22. pp Sy*
552 .\ c,,ntinuation of 2155 of 1945. From the
prm, tple of similitude it follotas that if all the
;2,0111,111, (11111,11,40lls of a ixklly are multiplied
ht rr, the natural ,..ivelengths. self .ifidin Lance.
and , apa( dam e al,a, be multiplied by in, ,A
the parallel rt sistan, e is divided by V iii and the
mutual inductan, e per square centimetre of the
""lPhIllZ loop In "i 4.YrIllwtrYenables the 111,,le, .et vlbrat ton ,,f a cavity made up
from one v. ith a plane side and its mirror Image in
that plane side, 10 Ix, aled1114,11 ton those od the
smaller avit y. he ,-,1111 alen, e bet,A-cell t,A0, of

,,luat and a principle of minimum
energy analogous to the prm, tple ii.ast ;1: twin,
enables the natural frequen, les and the fundamental
fields of a cavity to le studied by the methods of
the , al, ulus of variations In this way the variations
In natural frequen, i, . caused by small de -forma -

t cavity Al can he deternimed he
prim iple of orthogonal trap-, i,arie, can abet 1,
applied.

(,21 ((, 4 ,2,) o.l 1379
Resonance Cavities used for Ultra -Short Waves.

13r1.0. Ue, 194 c. N4). S. pp
7-t,,.1 mathemattcal treatment. liaNed cm 11ax
well's equations, of the general case of rarity te-44,11-
an, e. unit atton to the deternunation of the
natural resonance frequen, ieS of , yhtsdri, al , avnties

621 ; 1380
Complete Theory of Valve Oscillators. II ("m1114311.

Ian:,. Aug. \.,1
PP. tic l's.) The gild and anode currents are
assumed to be ,n

for the wavelength Is derived Itiathe1/1;t1t.
and agrees better with experimental results than
that of t lassy al theory la hie!) neglects the grid
current.

621 1381
A Stabilized Modulated Oscillator. I (ayes,
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Jr. (Radio News, Jan. 1947, Vol. 37, No. I, pp. 28-
29.) Spurious frequency -modulation in an ampli-
tude -modulated oscillator is eliminated by a second-
ary circuit producing frequency -modulation which is
controlled and switched to oppose it.

621.396.615.14 1382
Ring Oscillators for U.H.F. Transmission.-

Gootee. (See 1623.)

621.396.615.17 : 621.317.755 1383
New Timebase Circuit for Cathode -Ray Oscillo-

graphs.-(Elektrotech. Z., loth April 1944, Vol. 65,
Nos. 15/16, pp. 138-139.) An auxiliary shunt
circuit, with properly chosen time constant, enables
the capacitor connected across the time -deflexion
plates of the c.r.o. to be charged with sensibly
uniform current. A modification of the arrange-
ment gives a linear single sweep.

621.396.619.11/.13 1384
Theory of the Frequency Discriminator.-P.

Guttinger. (Bull. schweiz. elektrotech. Ver., 7th Sept.
1946, Vol. 37, No. 18, pp. 531-534. Reprint. In
German, with French summary.) A general theory
is developed. The conditions for linearity are con-
sidered from a new point of view. The main
problem investigated is the demodulation of f.m.
waves, with particular reference to the transforma-
tion of f.m. into a.m. with the least possible distor-
tion.

621.396.619.23 1385
Overmodulation without Side band Splatt er.-

Villard. (See 1625.)

621.396.645 : 621.43.019.8
Constant -Gain Knock Pickup Amplifier.

Dallas. (See 1551.)

621.396.662.3 1387
Introduction of the Idea of the Coupling Quad-

ripole.-L. Boe. (Radio en France, 1947, No. 2,
pp. 29-31.) A coupling quadripole is any quadripole
with zero open -circuit impedance and infinite short-
circuit impedance. It is the basis of nearly all the
simplifications possible in systems of quadripoles
of the general type.

1386
Krebs &

621.396.662.3 1388
General Theory of Decimal Attenuators.-P.

Thevenin. (Radio en France, 1947, No. 2, pp. 26-
29.) The decimal attenuator consists of three quad-
ripoles whose input and output terminals are con-
nected in parallel, the quadripoles comprising three
identical resistances R, three identical variable
attenuators and respectively o, 1 and 2 T -type lines
of characteristic impedance R and reduction /io.
Theory shows that such an attenuator, connected
between a generator and a receiver, will give ratios
between generator output voltage and receiver
input voltage varying in steps of /1 000 of a value
determined by the receiver impedance, from 1. io
to o.00i. Some applications are discussed.

621.396.69 1389
Components.-M. Chauvierre. (Radio en France,

1947, No. 2, pp. 4-7.) A general critical discussion
of present design trends in various countries for
valves, circuit components, tuning units and loud-
speakers.

621.396.692.029.3 1390
Notes on the Construction of Attenuator Resistors.

-F. Tournery. (Radio en France, 1947, No. 2,
pp. 32-33.) Economical methods of construction
for all audio frequencies are described.

621.396.694.011.3/.4 1391
Study of Electronic Reactance -Variation Devices.-

W. Mazel. (Toute la Radio, Jan. 1947, Vol. 14,

No. 112, pp. 34-38.) Reactance tube circuits are
described whose behaviour for reactance -variation
depends solely on a proper choice of the values of the
resistors and capacitors involved. The operation
of such circuits is explained with the aid of graphs
and the results obtained with particular circuits are
discussed.

GENERAL PHYSICS
53.081 1392

On Unities [units] and Dimensions.-H. B. Dor-
gelo & J. A. Schouten. (Proc. Acad. Sci. Amst.,
Feb. & March 1946, Vol. 49, Nos. 2 & 3, pp. 123-131
& 282-291.) Discussion of the analogy between
electric and magnetic quantities, of the relative
merits of rationalized and unrationalized Giorgi
units and of the expression of quantities dimen-
sionally. Tables are given of units, dimensions
and the field equations using the c.g.s., Gauss and
Giorgi systems.

530.145.6 1393

Physical Interpretation of Wave Mechanics.-
P. Destouches-Fevrier & J. L. Destouches. (CR.
Acad. Sci., Paris, 6th May 1946, Vol. 222, No. 19,
pp. 1087-1089.) A discussion of the basic principles
of wave mechanics and of its relation to the quantum
theory.

530.145.6 1394 (
On New Relations between the Densities of Mean

Values in Dirac's Electron Theory.-G. Petiau.
(Rev. sci., Paris, June/Dec. 1945, Vol. 83, Nos.
3245/3251, pp. 303-306.)

530.145.65
An Interpretation of L. de Broglie's Equations1395

for the Photon.-R. Murard. Physical Interpretation
of L. de Broglie's Equations for the Photon.-R.
Murard. (C. R. Acad. Sci., Paris, 29th April & 6th
May 1946, Vol. 222, Nos. 18 & 19, pp. 1030-1032
& 1075-1076.) Relativistic theory of systems of
particles shows that the photon can be considered
as a system of two Dirac corpuscles whose relative
motion round their common centre of gravity is
evanescent. Regarding the photon as a Dirac
corpuscle of positive energy combined with a
lacuna in the series of states of negative energy,
the relativistic wave mechanics of systems of

particles completely justifies L. de Broglie's photon
theory.

530.162 -I- [621.315.6 : 621.396.822
The Response of Biased, Saturated Linear and

Quadratic Rectifiers to Random Noise.-Middleton.
(See 1565.)

534.321.9 : 621.315.58
The Effect of Ultrasonic Waves on the 1Con-

ductivity of Salt Solutions.-F. E. Fox, K. F.

Herzfeld & G. D. Rock. (Phys. Rev., 1st/15th
Sept. 1946, Vol. 70, Nos. 5/6, pp. 329-339.) The

conductivity is increased by an adiabatic compres-
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b.

sion because of direct pressure influence and
temperature increase. Equipment is described

q for measurements between 200 kc/s and 1.5 Mc/s.

535.14 1398
The Photoelectric Effect.-C. Gutton. (Televis.

franc., March 1946, No. 1 i , pp. 9-10.) A short
historical account of the experimental laws which
led Einstein to his corpuscular theory of light and
thence to the development of wave mechanics by
L. de Broglie.

535.343.4 + 621.317.011.5 -I- 621.396.11.029.64] :
546.171.1 1399

The Ammonia Spectrum and Line Shapes near
1.25 cm Wave-Length.-C. H. Townes. (Phys.
Rev., 1stl15th NOV. 1946, Vol. 70, Nos. 9/1o, pp.
665-671.) Results are compared with those of
Bleaney & Penrose (2622 of 1946) and of Good
(3236 of 1946).

) 537.12/.13 1400
Fundamental Particles.-R. E. Peierls. (Nature,

t., Lond., 30th Nov. 1946, Vol. 158, No. 4022, pp.
773-775.) A descriptive account of current ideas

'p concerning the nature and properties of the funda-
mental particles of physics, namely the electron,

l',- proton, photon, positron, neutron, neutrino, meson
and negative proton.

537.12 1401

11

On the Self -Energy of the Electron. G. Racah.
(Phys. Rev., 1st/15th Sept. 1946, Vol. 70, Nos. 5/6,
pp. 406-409.) " Some evidence is given that the
self -energy of an electron in the hole theory is
finite, but coincides with mcz only if a' ,Sc satisfies
a particular equation."

537.122 1402
Determination of the Electronic Charge by the

Oil -Drop Method.-V. D. Hopper. (Nature, Lond.,
30th NOV. 1946, Vol. 158, No. 4022, pp. 786-787.)
Experiments are described which show that in the
oil drop determination of e, the hole in the capacitor
plates may distort the electric field appreciably
and thus introduce an error. The magnitude of
this error in previous measurements is discussed.
,537.224 : 621.319.4.011.4 1403

Calculation of the Edge Correction for Capacitors.
,---G. Zickner. (Arch. Elektrotech., Jan./Feb. 1944.

ol. 38, Nos. 1/2, pp. 1-16.) An extension of classical
work to a large number of specific conductor systems.
'537.291 1404

On the Back Action [reaction] of the Electro-
magnetic Field on a Moving Electron.-M. Markov.
(J. Phys., U.S.S.R., 1946, Vol. Io, No. 2, pp. 159-

1166.)

,,-37.291 1405
The Motion of Positive Ions in the Electric Field

VII a Gas.-L. Sena. (J. Phys., U.S.S.R., 1946, Vol.
to, No. 2, pp. 179-182.) A relation between the
elocity of drift of ions and the ratio of field strength
o gas pressure is established on the assumption that
harge exchange of the ions is the predominant
rocess in the interaction between ions and atoms.

'37.525.5 + 621.396.822] : 621.385 1406
Noise and Oscillations in Hot Cathode Ares.-
D. Cobine & C. J. Gallagher. (J. Franklin Inst.,

an. 1947, Vol. 243, No. 1, pp. 41-54.) A summary
vas abstracted in 3266 of 1946.
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537.525.6 140 7
Energy Distribution of Electrons in High Fre-

quency Gas Discharges.-T. Holstein. (Phys. Rev.,
1st/15th Sept. 1946, Vol. 70, Nos. 5/6, pp. 367-384.)
An equation for the energy distribution is obtained
and the limitations of its application are defined.
Methods of solution and examples are given.

537.56: 621.385 1408
Ionization Currents in Non -Uniform Electric

Fields.-P. L. Morton. (Phys. Rev., 1st/15th Sept.
1946, Vol. 70, Nos. 5/6, pp. 358-366.) A differential -
difference equation for the electron current as a
function of the electron energy and distance from
the cathode end of a glow discharge is derived and
the ionization currents are calculated by a step-by-
step method.

538.24 1409
Magnets in Permeable Media and Definition of

Magnetic Moment.-H. Diesselhorst. (Elektro-
tech. Z., 6th April 1944, Vol. 65, Nos. 13/14, pp -

119 -122.)

538.24 1410
Induced Magnetization and Magnetic Moments.-

E. Brylinski. (C. R. Acad. Sci., Paris, 29th April
1946, Vol. 222, No. 18, pp. 1035-1037.) Consider-
ation of the effects produced in a non-magnetic
material, when a magnetic field is applied, shows
that the moment of the couple exerted by a uniform
field H on a plane closed current is the algebraic
sum of the moment caused by the field H and of
that due to the field 47r/ which results from the
reaction of the material, the magnetic moment
remaining independent of the material. On the
assumption that all magnetism is due to moving
electric charges in vacuo, it is concluded that the
volume integral definition of magnetic moment,
which leads to a contradiction, should be abandoned.

538.3 : 517.9 1411
Applications of the Riesz Potential to the Theory

of the Electromagnetic Field and the Meson Field.-
N. E. Fremberg. (Proc. roy. Soc. A, 31st Dec. 1946,
Vol. 188, No. 1012, pp. 18-31.) Riesz's method
" yields simple deductions of classical results . .

[and] also the results recently obtained by Dirac
regarding the proper energy and proper momentum
of an electron." Bhabha's analogous theory of the
neutral meson field is also treated.

538.32 1412
The Distribution of Currents induced by a Plane

Wave on the Surface of a Conductor.-V. Fock.
(J. Phys., U.S.S.R., 1946, Vol. io, No. 2, pp. 13°-
136.) If A is small compared with the dimensions
and radii of curvature of the conductor, the current
distribution near the geometrical shadow can be
expressed in terms of an universal function, which
is tabulated.

538.566 1413
The Propagation of Electromagnetic Waves in

Two or More Successive Media and the Diffraction
of These Waves Referred to the Study of Cauchy's
Problems.-L. Robin. (Rev. sci., Paris, Jan/May
1946, Vol. 84, Nos. 3252/3253, pp. 7-14.) A
mathematical paper. Earlier work of Delsarte
(Ann. sci. .8c. norm. super., 1936, Vol. 53, pp,
223-273) is confirmed and extended to the case
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of two homogeneous isotropic media, of given
dielectric constant, permeability, and electrical
conductivity, separated by a plane interface.

In general the dielectric constants and the per-
meabilities alone determine whether Maxwell's
equations for this problem have a unique solution
or no solution ; the conductivities are only involved
in certain limiting cases.

539.234 ± 621.793.14 1414
Phenomena of the Production of Thin Metallic

Layers by Vaporization.-H. Stahl & S. Wagener.
(Z. tech. Phys., 1943, Vol. 24, Nos. to/12, pp. 280-
287.)

53 1415
Reports on Progress in Physics, Vol. X (1944-45).
[Book Review] W. B. Mann (Ed.). Physical
Society, London, 442 pp., 3os. (J. sci. instrum.,
Dec. 1946, Vol. 23, No. 12, p. 302.) A list of
subjects and authors is given.

GEOPHYSICAL AND EXTRATERRESTRIAL
PHENOMENA

523: 621.396.822.029.6 1416
Disturbances of Extraterrestrial Origin in the

Short Wave Band.-Steinberg & Denisse. (See
1575.)

523.5: 621.396.812 1417
On the Detection of Meteors by Radio.-L. A.

Manning, R. A. Helliwell, 0. G. Villard, Jr., &
W. E. Evans, Jr. (Phys. Rev., 1st/15th Nov. 1946,
Vol. 70, Nos. 9/10, pp. 767-768.) Observations were
made during the meteor shower of 9th Oct. 1946,
using a 15-Mc/s, too -kW broadcasting transmitter
and also a 29-Mc/s c.w. transmitter of 0.7 kW.
Signal strength bursts and Doppler whistles were
observed on both frequencies and the results
indicate that both bursts and whistles may be
regarded as evidence of the passage of meteors.
The use of c.w. unmodulated transmissions of
relatively low power, with frequency about 3o Mc/s,
has definite advantages for meteor observation.

523.74 : 621.396.821 1418
Radio Effects observed during the Period of Solar

Activity from 31st Jan. to 14th Feb. 1946.-Bureau.
(See 1564.)

523.746
On Movements and Origin

Tuominen. (Observatory, Dec.
No. 835, pp. 387-391.)

1419
of Sunspots.-J.
1946, Vol. 66,

523.746 : 551.510.535 : 621.396.11 1420
Effect of Sunspot Cycles on Long Distance Radio

Signals. H. T. Stetson. (Tele-Tech, Jan. 1947,
Vol. 6, No. I, pp. 44-49.) A survey of sunspot
activity and critical frequencies over the period
1934-1946. Absorption in the E layer is an import-
ant factor in the prediction of usable frequencies.

523.77 1421
Solar Ultraviolet Spectrum to 88 Kilometers

[above the earth].-W. A. Baum, F. S. Johnson,
J. J. Oberly, C. C. Rockwood, C. V. Strain & R.
Tousey. (Phys. Rev., istlr5th Nov. 1946, Vol. 7o,
Nos. 9/1o, pp. 781-782.) The spectrum below

3 400 A was photographed by means of a grating
spectrograph mounted in the tail fin of a V-2
rocket. The results show a progressive extension
of the spectrum into the ultraviolet with increasing
height. Detailed analysis of the results is in
progress.

523.854 1422
The Magnetic Field of the Galaxy. L. Spitzer,

Jr. (Phys. Rev., 1st115th NOV. 1946, Vol. 7o, Nos.
949, PP. 777-778.)

537.591 + 523.165 1423
An Investigation of the Absorption of Cosmic

Rays in a Strong Magnetic Field at 3 250 m above
Sea Level. A. Alichanian, A. Alichanow, S.
Nikitin & A. Weissenberg. (J. Phys., U.S.S.R.,
1946, Vol. 1o, No. 3, pp. 294-295.) Continuation
of work described in 73 of 1946 (Alichanow &
Alichanian). Results indicate that a proportion
of the soft component is not composed of electrons ;
it is suggested that the particles observed may be
protons.

1424537-591
Cosmic -Ray Effects at High Altitudes.-C. D.

Anderson. (Phys. Rev., 1st/15th Nov. 1946, Vol. 7o,
Nos. 9/1o, p. 788.) Summary of Amer. Phys.
Soc. paper.

1425537-591
Recent Cloud -Chamber Observations of the Soft

Component of Cosmic Rays.-W. Hazen. (Phys.
Rev., istli5th NOV. 1946, Vol. 70, Nos. 9/io,
p. 789.) Summary of Amer. Phys. Soc. paper.

537.591 1426
The Energy Spectrum of Cascade Electrons.-

I. Tamm & S. Belenky. (Phys. Rev., ist/i5th
Nov. 1946, Vol. 70, Nos. 9/io, Pp. 660-664.)

537.591 1427
The Multiple Production of Neutrons by Cosmic

Radiation.-S. A. Korff & B. Hamermesh. (Phys.
Rev., istli5th Sept. 1946, Vol. 7o, Nos. 5/6, p. 429.)

537.591 1428
The Mass of the Mesotron as determined by

Cosmic -Ray Measurements.-D. J. Hughes. (Phys.
Rev., 1st 15th Nov. 1946, Vol. 70, Nos. 9/10, p.
791.) A review of published results leads to the
conclusion " that the spread in mass values exceeds
the experimental errors, and that it is extremely
likely the mesotron does not possess a unique
mass." But see 1429 below. Summary of Amer.
Phys. Soc. paper.

537.591 1429
The Mass of Cosmic -Ray Mesotrons.-W. B

Fretter. (Phi's. Rev., ist/i5th Nov. 1946, Vol. 7o,
Nos. 9/10, pp. 625-632.) The range of mesotrons
in lead as a function of their momentum was
determined by a double cloud -chamber method.
The results are consistent with a unique rest mass
for mesotrons of 202 times that of an electron.
But see 1428 above.

537591
Mass of Cosmic -Ray Mesotrons. W. B. Fretter3&0

R. B. Brode. (Phys. Rev., ist/i5th Nov. 1946,
Vol. 7o, Nos. 9/1o, p. 791.) Summary of Amer.
Phys. Soc. paper.
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537.591 1431
Measurement of Meson Masses by the Method

of Elastic Collision. Probable Existence of a
Heavy Meson (1000 mo) in the Cosmic Radiation.-
L. Leprince-Ringuet. (Phys. Rev., 1st/15th Nov.
1946, Vol. 7o, Nos. 9/10, pp. 791-792.) Summary
of Amer. Phys. Soc. paper.

537.591 1432
Some Problems in the Study of Cosmic -Ray

Mesons. -B. Rossi. (Phys. Rev., ist/i5th Nov.
11946, Vol. 7o, Nos. 9/10, p. 788.) Summary of
Amer. Phys. Soc. paper.

537.591 1433
Origin of Cosmic -Ray Mesons. -M. Schein.

(Phys. Rev., 1st/15th Nov. 1946, Vol. 7o, Nos.
)9/io, pp. 788-789.) Summary of Amer. Phys.
Soc. paper.

+537.591 1434
1 On the Determination of the Energy Spectrum
' and Sign of Primary Cosmic Radiation. M. S.
Vallarta, M. L. Perusquia & J. De Oyarzabal.
(Phys. Rev., 1stl15th Nov. 1946, Vol. 70, Nos.

19/10, pp. 785-786.) Summary of Amer. Phys.
Soc. paper.

;537.591 1435
On the Space Correlation of Particles in Cosmic

IRays : Part 2- Correlation between Electrons and
Photons. -V. Berestetzky. (J. Phys., U.S.S.R.,
1946, Vol. ,o, No. 3, pp. 211-216.)

1537-591 1436
Ionizing Power of Particles of the Hard and

Soft Components of the Cosmic Radiation. -N.
,Dobrotin. (J. Phys., U.S.S.R., 1946, No. 3,
+p. 207-21o.)

143737'.591
Attempt of an Analysis of Some Cosmic-Ray''henomena.-R. P. Feynman & H. A. Bethe.

Phys. Rev., 1st/15th Nov. 1946, Vol. 7o, Nos.
r 10, pp. 786-787.) Summary of Amer. Phys.
;oc. paper.

37.591 : 523.7 1438
' Three Unusual Cosmic -Ray Increases possibly
ne to Charged Particles from the Sun. -S. E.

.Forbush. (Phys. Rev., 1st/15th Nov. 1946, Vol. 7o,
rt:os. 9/10, pp. 771-772.)
li

'-''037.591.15 1439
' Atmospheric Showers and Bursts. -D. Sko-rltzyn. (Phys. Rev., istli5th Sept. 1946, Vol. 7o,
4os. 5/6, pp. 441-442.)

(I

.1,0,37.591.15 1440
' Penetrating (Atmospheric) Showers in Cosmicays.-V. Veksler, L. Groshev & L. Lazareva.
Thys. Rev., ist/i5th Sept. 1946, Vol. 7o, Nos. 5/6,

fib 440-441.)

7.591.15 1441
Penetrating Cosmic Ray Showers at 3 860 m
ove Sea Level. -L. Bell, N. Birger & V. Veksler.
. Phys., U.S.S.R., 1946, Vol. io, No. 2, pp. 198-

t9.) Results of observations on the Pamir plateau.

7.591.15 : 539.16.08 1442
A Cloud -Chamber Investigation of Penetrating
owers.-G. D. Rochester. (Proc. roy. Soc. A,

13th Dec. 1946, Vol. 187, No. Doi r, pp. 464-479.)
" Some 20% of penetrating showers are accom-
panied . . . by what appear to be electron cascades.

. These showers may be due to electrons or
photons produced in processes which become im-
portant at very high energies; e.g., > e V."

537.591-5 1443
Composition of Cosmic Rays at a Height of 3 250 m

above Sea Level. -A. I. Alikhanoff. (Bull. Acad.
Sci. U.R.S.S., SeY. Phys., 1945, Vol. 9, No. 3, pp.
135-144. In Russian.)

550.38 1444
On the Question of the Origin of Terrestrial

Magnetism. -Y. P. Bulashevich. (Bull. Acad. Sci.
U.R.S.S., ser. geogr. geoph., 1944, Vol. 8, Nos.
2/3, pp. 93-95. In Russian.)

551.510.535 1445
Sporadic E -Region Ionization at Watheroo Mag-

netic Observatory 1938-1944.-H. W. Wells. (Proc.
Inst. Radio Engrs, W. & E., Dec. 1946, Vol- 34,No. 12, pp. 950-955.) Continuous recordings of the
occurrence of the sporadic E, layer have been
analysed to determine diurnal, seasonal, annual
or other regular variations. It is inferred that
there is no direct relationship with recurrent solar
phenomena or with magnetic disturbances.

551.510.535 1446
The Mechanism of Ionospheric Ionization :

Part 2.-R. v. d. R. Woolley. (Proc. roy. Soc. A,
13th Dec. 1946, Vol. 187, No. 'cm, pp. 403-415.)
" The available mechanisms for the production of
electrons in the three regions of the ionosphere are
discussed with special reference to the question
whether it is possible to account for the observed
electron densities without supposing that the sun
emits far more energy in the remote ultra -violet
spectrum than would be emitted by a black body
at 6 000°. The contributions to electron densities
made by metastable states of atoms and molecules
are examined. It is concluded that the observed
electron densities may be accounted for without
requiring high solar energy in the ultra -violet if
the effective recombination coefficient in the F,
region is io-11. The F2 region is supposed formed
by the ionization of atomic oxygen, and the E region
by the ionization of molecular oxygen. The
electrons forming the F, region are supposed to be
provided by metastable .1\1", or by NO." For part I
see 416 of February.

551.510.535 : 621.396.11 1447
The Role of the Ionosphere in the Propagation

of Radio Waves. -R. Jouaust. (Bull. Soc. franc.
Elect., June/July 1946, Vol. 6, No. 6o, pp. 348-354.)
A survey of present knowledge. Regular daily
observations on the ionosphere have been carried
out at the National Radio Laboratory, Bagneux,
since April 1946. The programme envisaged is
the extension of the observations to all the hours
of the day and night and the progressive provision
of further recording stations in France overseas.

1448551-594
A New Theory of Atmospheric Electricity. -

D. S. Kothari & L. S. Lothari. (Sci. Culture, Dec.
1946, Vol. 12, No. 6, pp. 261-263.) A discussion
of Frenkel's theory (2186 of 1946) showing that it
offers a qualitative explanation of some puzzling
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phenomena. It may have wider application to
dust storms and the electrification of powders
injected into gases.

551.594 : 551.574 1449
Influence of Water Drops on the Ionization and

Electrification of Air.-J. Frenkel. (J. Phys.,
U.S.S.R., 1946, Vol. 1o, No. 2, pp. 151-158.)

614.825 : 551.594.221 1450
The Image of Objects produced by Lightning

and Impulse Discharge in Atmosphere.-G. Spivak &
J. Kardash. (J. Phys., U.S.S.R., 1946, Vol. 1o,
No. 3, pp. 252-256.) Laboratory reproduction of
the imprinting by lightning of images of nearby
objects on struck bodies.

LOCATION AND AIDS TO NAVIGATION

621.396.677 1451
Various Papers on Directive Aerials.-See Aerials

section for papers prepared for the I.E.E. Radio -
location Convention, 1946.

621.396.9: 623.454.25 1452
Radio Proximity -Fuze Development. Hinman

& Brunetti. (See 1555.)

621.396.932 1453
Radar Specifications for the Merchant Navy.-

(Onde elect., Dec. 1946, Vol. 26, No. 237, pp. 481-
487.) The specifications for navigational radar
issued by the Service des Phares francais and by
the London conference on radar navigational aids,
May and June 1946, are given, and also that of the
London conference for anti -collision radar.

621.396.932.078 + 621.396.664 1454
Radio Controlled Buoys.-A. F. Hopkins, Jr., &

F. A. B. Smith. (Electronics, Jan. 1947, Vol. 20,
No. 1, pp. 84-86.) A simple v.h.f. remote control
selective relay system, originally used for rapid
black -out of unattended buoys. Its application is
being extended to foghorns and similar navigational
aids only required occasionally.

621.396.933 : 621.38.001.8 1455
Analyzing Present Position of Electronic Aids for

Airplanes. G. Shea. (Tele-Tech, Jan. 1947, Vol. 6,
No. I, pp. 34-41..138.) A discussion of the many
" problems encountered in flight together with
recommended electronic solutions which have been
offered the PICAO delegates ". See also 112 of
January and 428 of February.

621.396.96 1456
Identification, Friend or Foe - Radar's Sixth

Sense.-L. E. Stuart. (Tele-Tech, Jan. 1947,
Vol. 6, No. 1, pp. 60-67.) Technical details of the
U.S. Navy's auxiliary system of pulsed trans-
mission and reception for the positive identification
of aircraft.

621.396.96 1457
Low -Altitude Radar Bombsight.-J. W. Rieke.

(Bell Lab. Rec., Jan. 1947, Vol. 25, No. 1, pp. 13-16.)
An account of the AN/APQ-5 equipment and its
operation.

621.396.96: 518.5 1458
The Ballistic Computer.-Juley. (See 11.94.)

MATERIALS AND SUBSIDIARY TECHNIQUES

535.37 : 535.61-15 1459
Decay in Brightness of Infra -Red Sensitive

Phosphors. R. T. Ellickson & \V. L. Parker.
(Phys. Rev., istl15th Sept. 1946, Vol. 7o, Nos. 5/6,
pp. 290-299.)

538.221.029.64 1460
Theory of the Dispersion of Magnetic Permeability

in Ferromagnetic Materials at Microwave Fre-
quencies.-C. Kittel. (Phys. Rev., 1st/15th Sept.
1946, Vol. 7o, Nos. 5/6, pp. 281-29o.) An explana-
tion of the experimental facts is proposed, based
on a consideration of the equations of motion of a
domain boundary in a applied magnetic field for
frequencies such that the skin depth of the magnetic
field is smaller than the thickness of the domain.
A criticism is given of theories of ferromagnetic
resonance.

546.287 1461
Silicone Oils- Part 2 : Their Applications.-

D. F. Wilcock. (Gen. elect. Rev., Dec. 1946, Vol. 49,
No. 12, pp. 28-33.) For part I see 75o of March.

546.46.78 : 548.2 1462
The Crystal Structure of Magnesium Tungstate.-

N. J. Dunning & H. D. Megaw. (Trans. Faraday
Soc., Dec. 1946, Vol. 42, No. 292, pp. 705-709.)

549.514.51 : 548.24 1463
Artificial Electrical Twinning in Quartz Crystals.-

J. J. Vormer. (Tijdschr. ned. Radiogenoot., Nov.
1946, Vol. 11, No. 6, pp. 215-219. In Dutch with
English summary.) Electrical twinning can easily
be produced below 573°C at well-defined places in
AT-, CT- and GT-cut quartz plates. Such twinning
may occur at points where leads have been soldered
to the metal coatings. In some cases this type of
twinning can be corrected by suitable heat treat-
ment, but attempts to correct natural electrically -
twinned quartz met with little success.

620.193.21 : 669.721
Magnesium : Corrosion Resistance under Accele-rated1464Atmospheric Conditions. R. R. Rogers,

D. A. Tetu & H. Livingstone. (Metal Ind., Lond.,
3rd Jan. 1947, Vol. 70, No. 1, pp. 9-10.) Magnesium
and its alloys offer good resistance to corrosion
except in marine atmospheres, in which case
protective coatings of paints are desirable.

621.3.032.53 : 533.5
Glass -to -Metal Seals. G. D. Redston &

Stanworth. (J. Soc. Glass Tech., April 1945,
J. E.

Vol. 29, No. 132, pp. 48-76.) Stress -optical bench
photoelastic measurements on standard sandwich
seals over a wide temperature range are discussed.
Axial stresses for bead seals at room temperature
were determined by the method of Hull and Burger.

621.3.032.53 : 533.5
4Glass -to -Metal Seals, with Particular Reference166

to Current Lead -In Seals in Vacuum Devices.-
R. W. Douglas. (J. Soc. Glass Tech., April 1945,
Vol. 29, No. 132, pp. 92-110.) A procedure for
avoiding extreme stresses in manufacture or

operation is described.

621.3.032.53 : 533.5 1467
Sealing Glasses.-A. E. Dale & J. E. Stanworth.

(J. Soc. Glass Tech., April 1945, -Vol. 29, No. 132,
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pp. 77-91.) A general discussion of the physical
properties and chemical compositions of common
sealing glasses and their applications. A method
of classification is suggested.

621.314.63 1468
Remarks on the Operation and Construction of

Barrier Layer Rectifiers. -M. Leblanc. (Bull. Soc.
franc. Elect., Aug./Sept. 1946, Vol. 6, No. 61,
pp- 444=452.) Discussion of various theories
proposed to explain the differing properties of

, metals, semiconductors and insulators, with par-
ticular reference to conductivity. It is concluded
that a dry rectifier consists of two crystalline lattices
in which the concentration of the electrons is very
different, separated by an insulating layer having a
thickness of the order of a hundred atomic layers.
Electrons crossing this layer obey the laws of wave
mechanics. In metals, the free electrons do not
obey the classical statistical laws because of their
small mass ; they form a degenerate gas to which
the Sommerfeld-Fermi theory applies. In semi-
conductors the concentration of free electrons is so
low that the electronic gas ceases to be degenerate
and classical laws apply. Copper oxide, copper
sulphide, and selenium rectifiers are discussed with
special reference to the nature and mechanism of
the dielectric separating layer.

621.314.63 1469
Applications of Dry Rectifiers. -J. M. Girard.

,I (Bull. Soc. franc. Elect., Oct. 1946, Vol. 6, No. 62,
522-556.) The principles involved in rectifiers

of the barrier -layer type are discussed and an
1 account is given of the characteristics of selenium
Ii and copper -oxide rectifiers and of their commercial
I production. Many widely differing applications are

described, ranging from apparatus giving many
tens of thousands of amperes at low voltage to
apparatus giving hundreds of thousands of volts at
low currents of the order of tens of milliamperes.

i 621.315.22 : 669.715 1470
Cable Sheathing in Aluminium. -(Light Metals,

 Sept. 1946, Vol. 9, No. 104, pp. 474-498.) A
' critical survey of the possibility of replacing lead
by aluminium, based on published German work.
See also 1471 below.

)621.315.22 : 669.715 1471
I Insulated Cables and Wire in Aluminium. -(Light
!Metals, Dec. 1946, Vol. 9, No. 107, pp. 648-684.)

A continuation of 1470 above. A survey of practice
Iin various countries including France and Italy ;
tithe possibility of replacing copper by aluminium
, is considered with particular reference to the
methods of cable joining.

-21.315.61 : 537.228.1 1472
-! The Dielectric Properties of Ferroelectric (Seignette
'electric) Crystals and Barium Titanate.-V. Ginsburg.
(J. Phys., U.S.S.R., 1946, Vol. Io, No. 2, pp.
107-115.) A discussion based on thermodynamical
consideration of a phase transition from a non-
yroelectric to a pyroelectric crystal.

21.315.61 : 546.4 1473
High Dielectric Constant Materials. -B. WulB. M. Vul]. (J. Phys., U.S.S.R., 1946, Vol. 1o,

o. 2, pp. 95-106.) Another account in Englishof the experimental work noted in 3639 of 1946.

621.315.61 : 547 1474
Contribution to the Knowledge of Electrotechnical

Organic Insulating Materials. -H. Stager, B. Frisch-
muth & F. Held. (Schweiz. Arch. angew. Wiss.
Tech., Dec. 1946, Vol. 12, No. 12, pp. 372-390.)
Research on the relation between the molecular
structure of resinous substances, and the dielectric
losses in layered insulating materials is described.
The dielectric losses in such materials can be
reduced by esterization of the cellulose hydroxyl
substances used as binders ; this also alters the
mechanical properties of the materials. The losses
in materials using glass as binder are dependent on
the alkali content of the glass. With alkali -free
glass the losses are considerably lower than with a
cellulose -type binder and the mechanical properties
are improved.

621.315.61 : 621.396.67.029.64 1475
Dielectric Housings for Centimetre -Wave An-

tennae.-Birks. (See 1343.)

621.315.611.011.5 + 537,226.3 1476
The Relation between the Power Factor and the

Temperature Coefficient of the Dielectric Constant
of Solid Dielectrics : Part 2.-M. Gevers. (Philips
Res. Rep., Aug. 1946, Vol. r, No. 4, pp. 279-3131
A review of available data, given by various
authors. The data differ so widely that a relation
between the power factor and temperature co-
efficient cannot be deduced. For part I see 125 of
January.

621.317.333.8: 621.392.015.33 1477
Insulation for High -Voltage Pulse Networks.-

C. D. Owens. (Bell Lab. Rec., Jan. 1947, Vol. 25,
No. t, pp. 28-31.) Breakdown tests on various
materials, with point-to-point and point -to -plate
electrodes, show correlation, between arc resistance
properties and ability to withstand high pulse
voltages. Mica and glass -bonded mica were found
best for arc resistance.

621.357.6 1478
Electroforming : Parts 1-3.-E. A. 011ard.

(Metal Ind., Lond., 3rd, 17th & 31st Jan. 1947,
Vol. 7o, Nos. 1, 3 & 5, pp. 6-8, 51-53 & 86-88.)
A survey of moulds and moulding materials,
conducting surfaces, types of metal, solution
formulae, etc., for piece part production by electro-
deposition. To be continued.

621.775.7 1479
Metallurgy of Powders ; Study of Compressed

Kovar.-Nguyen Thienchi. (C. R. Acad. Sci.,
Paris, 29th April 1946, Vol. 222, No. i8, pp.
1046-1047.) Kovar ingots were prepared from
carefully purified Co, Ni and Fe, with no Mn.
Rings from these ingots welded perfectly to a glass
having an expansion coefficient of 5 x io-n.
X-ray photographs show that in the case of the
ingot obtained by h.f. heating, the alloy is well
formed, with the same crystalline structure as
kovar of American origin. The structure of that
obtained by heating to r o50°C for 10 hours is
less definite, the diffraction lines being appreciably
more diffuse.

621.793: 666 1480
Metallizing Glass and Ceramic Materials. -A. J.

Monack. (Glass Ind., Jan. 1947, Vol. 28, No. 1,
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pp. 21-25 ..44.) A detailed account of metallizing
methods using (a) mechanical films, (b) metallic
paints, (c) metal spraying, (d) cathode sputtering
or evaporation in vacuo, (e) chemical reduction.

621.793.14 + 539.234 1481
Phenomena of the Production of Thin Metallic

Layers by Vaporization.-Stahl & \Vagener. (See

1414.)

669.018 : 621,775.7 1482
Fernico from Metal Powders.-E. E. Burger.

(Gen. elect. Rev., Dec. 1946, Vol. 49, No. 12, pp.
22-24.) Fernico, an alloy of Fe, Ni and Co, is
produced from powdered materials by sintering.
Its thermal expansion coefficient is almost the same
as that of Corning glass 7o5A0, permitting seals
to be made of almost any size or shape. Its
electrical resistance is about 43 pn/cm3.

669-167 1483
The Structure and Appearance of Metal Surfaces.-

J. H. Nelson. (Metal Treatni., Winter 1946/1947,
Vol. 13, No. 48, pp. 279-285.)

669.3 -F 669.35 1484
Copper and Copper Alloys : a Survey of Technical

Progress during 1946.-E. Voce. (Metallurgia,
Manchu, Dec. 1946, Vol. 35, No. 206, pp. 78-84.)
Discusses the production of copper, its up -grading
by distillation, the casting and properties of various
alloys, corrosion and oxidation and some aspects of
physical metallurgy.

669.738 : 620.193.15 1485
Comparison of Electroplated Finishes under

Humidity (K 110) Test.-Pletallurgia, 1.(a)ichr,
Dec. 1946, Vol. 35, No. 206, pp. 63-64.) Illustrations
of results obtained by F. Taylor in work on cadmium
plating described in 779 of March.

678.1.02 1486
Colloidal Carbon.-W. H. Cadman. (J. R. Soc.

Arts, 27th Sept. 1946, Vol. 94, No. 4727, pp. 646-
663.) A description of the methods of manufacture
and the properties of carbon -black, with special
reference to its use in the rubber industry.

679.5 1487
Polythene.-F. A. Freeth. (Engineering, Load.,

25th Oct. 1946, Vol. 162, No. 4215, pp. 388-389.)
Abridged English text of a lecture delivered at the
loth Congress of the Societe de Chimie Industrielle.

679.5 1488
Contribution to the Knowledge of the Softening of

Polyvinyl Chloride.-H. Stager & F. Held.
(Schweiz. Arch. angew. Wiss. Tech., Sept. 1946,
Vol. 12, No. 9, pp. 278-288.)

679.5 : 620.193.21 1489
The Behaviour of Thermosetting Plastics exposed

to the Weather.-G. 0. Grimm. (Schweiz. Arch.
angew. Wiss. Tech., Oct. 1946, Vol. 12, No.
pp. 311-322.) An account of tests, lasting over
two years, on rods subjected to bending loads and
on a wide range of mouldings exposed in the open.
The materials were chiefly of the phenol and urea
types, with various fillers. Short tests and weather-
ing tests, with or without mechanical loading, do
not give comparable results. Deterioration of
materials exposed to the weather is greatly
increased by simultaneous mechanical loading.

MATHEMATICS
51 : [5 6 1490

Advanced Instruction in Practical Mathematics.-
A. Erdelyi & J. Todd. (Nature, Lond., ,6th Nov.
1946, Vol. 158, No. 4020, pp. 690-692.) A discus-
sion of proposals for the foundation of an Institute
for Practical Mathematics, with suggestions regarding
staff and the functions of such an institution.
These should include instruction in advanced
mathematical techniques not usually included in
university curricula, the provision of short courses
for engineers and others and of post -graduate
courses for mathematicians, the promotion of
research and' the preparation of monographs.
See also leader in same issue, pp. 683-684, Nature,
Lond., 4th May 1946, Vol. 157, No. 3992, pp. 571-
573, and Nature, Lond., 21st Dec. 1946, Vol. 158,
No. 4025, pp. 916-917.

512.831 : 621.392.1 1491
Matrix Methods in Transmission -Line and Im-

pedance Calculations.-wat son. (See 1329.)

517.65 1492
The Finite Parts of Integrals and the Laplace -

Carson Transformation.- J . Gilly. (Rev. sci.,
Paris, June/Dec. 1945, Vol. 83, Nos. 3245/3251,
pp. 259-27o.)

518.5 1493
Calculations and Electronics.-( Electrician, 8th

Nov. 1946, Vol. 137, No. 3571, pp. 1279-1280.)
A short account of the various features to be
incorporated in the A.C.E. (automatic computing
engine) designed by the National Physical Labo-
ratory.

518.5: 621.366.66 1494
The Ballistic Computer. J. Juley. (Bell Lab.

Rec., Jan. 1947, Vol. 25, No. 1, pp. 5-9.) For A.A.
fire control.

518.6: 621.317.329: 621.385 1495
Electrostatic Field Plotting.-Balachowsky. (Bull.

Soc. franc. Elect., April 1946, Vol. 6, No. 58, pp.
181-186.) Starting from one electrode, a second
equipotential surface is plotted very close to the
electrode. Laplace's equation is then used to cal-
culate successive equipotentials until the neighbour-
hood of the second electrode is reached. The shape
of this electrode can thus be found for any assigned
value of its potential. Practical difficulties of the
method are discussed. Similar graphical integration
methods may be applied to problems involving the
telegraphy equation.

519.28 : 52/59 1496
Choice of a ' Reality Index ' for Suspected Cyclic

Variations. \V. Gleissberg. (:Nature, Load., 21st
Dec. 1946, Vol. 158, No. 4025, pp. 915-916.) A

discussion of the cyclic variations apparent in some
natural phenomena which are not purely periodic
in nature. A ' reality index ' to indicate the
degree of reality of such variations is defined and
its use is demonstrated by an example taken from
sunspot observations.

531.33/.39 : 621.396.611.1
On the Stability Conditions of

-L. Couffignal. (Rev. sci.,
Vol. 83 No. 3244, pp. 195-210.)

1497
Oscillating Systems.
Paris, May 194.5,
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MEASUREMENTS AND

620.199 : 621.315.614.6
High -Speed Life Test for

H. A. Sauer. (Bell Lab. Rec.,
No. r, pp. 17-19.)

621.317.083.71 1499
Remote Indication of Measured Quantities using

a Resistance Element and a Crossed -Coil Indicator.-
J. Lorenz. (Arch. tech. lllessen, Oct. & Nov. 1940,
Nos. 112 & 113, pp. Tio9-rio & T121-122.)

621.317.323.027.21 1500
Measurement of H.F. Voltages of the Order of a

Microvolt. -P. Mourmant. (Radio en France, 1947,
No. 2, pp. 15-19.) Indirect methods are pre-
ferred. Practical difficulties and methods of
standardization, and the stability of the heterodyne
and measurement receivers are discussed.

TEST GEAR

1498
Capacitor Paper. -
Jan. 1947, Vol. 25,

621.317.33 : 621.385.3.032.2 1501
Inter -Electrode Capacitances of Triode Valves

and Their Dependence on the Operating Condition.-
S. C. Mitra & S. R. Khastgir. (Indian J. Phys.,
June 1946, Vol. 20, No. 3, pp. 81-99.) Inter -
electrode capacitances are measured by a double -
beat method and their variation with filament and
anode current for three different anode voltages
with no grid bias are studied. Results for eight
commercial valves are given and discussed.

621.317.336 : 621.396.67 1502
The Measured Impedance of Cylindrical Dipoles.-

King. (See 1338.)

621.317.336.6: 621.392.029.64 1503
Standing Wave Meter. -H. E. Kallmann. (Elec-

tronics, Jan. 1947, Vol. 20, \o. i, pp. 96-99.) A
detailed description of an automatic standing wave
detector of moderate accuracy designed for quick
adjustments of microwave equipment. Power
from a constant source is injected into a U-shaped
waveguide. Power reflections caused by mismatch
are measured automatically by a device which
gives a direct meter indication of standing -wave
ratio.

621.317.35 1504
The Cinematic Analyzer. -E. Aisberg. (Radio

Craft, Dcc. 1946, Vol. 18, No. 3, pp. 18-19..66.)
This frequency analyser comprises a receiver and
mixer, a wide band-pass amplifier tuned to 46o kc/s,
a converter stage, an oscillator tuned to 877 kc/s
and frequency -modulated over ± 50 kc/s by a
vibrating reed wobbler, and a selective amplifier
tuned to 417 kc/s. The output from the latter is
applied to the vertical deflexion plates of a c.r.o.,
the 6o c/s sweep being synchronized with the supply' to the wobbler. Applied frequencies between 410
and 510 kc/s thus appear as peaks on the screen,
the height of the peaks indicating the signal ampli-tude. In addition to this direct application to i.f.
stages, the apparatus can also be used for the study
of receiver r.f. stages, selectivity curves and a.f.stages.

i

1505
Wave and Pulse Counter. -R. Blitzer. (Radio

Craft, Dec. 1946, Vol. 18, No. 3, pp. 25, 49.) The
incoming wave is amplified, clipped and reduced
to sharp pulses, which are applied to the grid of athyratron.

621.317.35

621.317.372.029.64 1506
Apparatus for Measurement of Centimetre Waves :Q -Meter and Wattmeter. -A. G. Clavier & R.

Cabessa. (Onde elect., Nov. 1946, Vol. 26, No. 236,
pp. 421-429.) In the Q -meter a positive -grid valve,
with anode voltage varied periodically (e.g., at
210 c/s), is used to create a variable electromagnetic
field ; this in turn excites the resonant cavity, the
Q of which is to be measured. A crystal detector
is used to measure the field in the resonant cavity,
the detector current being applied after amplifica-
tion to the vertical plates of a c.r.o. ; the horizontal
sweep is derived from the voltage used for modula-
tion. The resonance curve thus obtained enables
Q to be found. Q = FolLIF, where Fo is the mean
frequency, corresponding to the peak of the reson-
ance curve, and dF is the width of the curve where
the amplitude is half the maximum. A double -
beat method can also be used. The apparatus
described enables measurements of Q to be made
from 2 000 to about 5o 000 with an accuracy of the
order cf ro%. It has been used for measuring,
at h8 cm, the attenuation constants of coaxial
cables or of circular guides with E01 or 111, waves.
The wattmeter comprises (a) a measurement line
of characteristic impedance 90 (1 and of adjustable
length, which is inserted between the u.h.f. source
and the apparatus to be measured ; (b) a bolometer
probe carried on a slider movable along the measure-
ment line and (c) rack -mounted measurement
equipment. The length of the line and the position
of the bolometer are adjusted to obtain a system
of stationary waves, the bolometer being at a
current loop. Powers from 5o m\V to 150 W can
be measured with the apparatus on wavelengths
between 8 and 14 cm with an accuracy of about
+ 15%.

621.317.38 1507
Definitions and Measurement of Apparent Power

and Energy. -A. Iliovici. (Bull. Soc. franc. Elect.,
Dec. 1945, Vol. 5, No. 54, pp. 367-377.) Applicable
to polyphase circuits.

621.317.7 1508
Manufacture of Electrical Measuring Instruments

in India. -B. B. Bhowmik. (Sci. Culture, Dec.
1946, Vol. 12, No. 6, pp. 275-279.) A brief his-
torical survey, with suggestions for future develop-
ments in the production of jewelled bearings, hair
springs, pivots, magnets, etc.

621.317.7 : 621.385 1509
Portable Precision Valve Tester. -F. Haas.

(route la Radio, Jan. 1947, Vol. 14, No. 112, pp.
59-61.) A description, with circuit diagrams and
constructional details, of an instrument for measur-
ing valve slope, cathode insulation, emission, and
for testing filament continuity and insulation
between electrodes.

621.317.7.082.78 151,0
Electronic Magnetometer. -J. H. Rubenstein.

(Electronics, Jan. 1947, Vol. 20, No. I, pp. 156-
164.) Compact, with sensitive pickup head. Suit-
able for remote indication of the change of position
of a small permanent magnet attached to any
moving object.

621.317.7.082.78.08J.31 1511
Electronic Position Pickup. -D. W. Moore, Jr.

(Electronics, Jan. 1947, Vol. 20, No. r, pp. roo-ror.)
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An earth -inductor compass formed by mounting
an armature on a piezoelectric crystal. A small
permanent magnet is mounted on the pointer
whose position is to be transmitted.

621.317.715 : 621.394.645.35 1512
Contact Modulated Amplifier.-Perkin-Elmer Cor-

poration. (Rev. sci. Instrum., Dec. 1946, Vol. 17,
No. 12, p. 56o.) Notice of manufacture of the
amplifier described in 2629 of 1946 (Liston, Quinn,
Sargeant & Scott). It is designed to replace
sensitive suspension galvanometers ; various appli-
cations are indicated.

621.317.715.085.39 1513
A Simple Galvanometer Amplifier with Negative

Fe e dback .-D. G. Prinz : J. S. Preston. (J. sci.
Instrum., Dec. 1946, Vol. 23, No. 12, pp. 301-302.)
Comment on 367o of 1946, and Preston's reply.

621.317.725 1514
A Very High Impedance R.M.S. Voltmeter for

Iron Testing.-D. C. Gall & F. C. Widdis. (J. sci.
Instruni., Dec. 1946, 'Vol. 23, No. 12, p. 287.) A
valve amplifier, with high input impedance, which.
" has no voltage gain but a high power gain, giving
in effect a very high impedance to the a.c. voltmeter
which it operates. The ratio of input to output
is linear."

621.317.727.025 1515
Alternating Current Potentiometer.-S. Holm-

qvist. (Ericsson Rev., 1946, Vol. 23, No. 4, pp.
297-307.) The required a.c. quantities are trans-
formed thermally into d.c. voltages, which are
measured with d.c. potentiometers. Circuit dia-
grams are given for power, current and voltage
measurement.

621.317.73 1516
A Visual Null Indicator for Impedance Bridge

Measurements at Radiofrequencies.-P. J. Brine &
J. W. Whitehead. (Rev. sci. Instrum., Dec. 1946,
Vol. 17, No. 12, pp. 537-539.) Greater accuracy in
balance is obtained by applying the detector
amplifier output to one pair of plates of a c.r.
tube, and the modulated output of the r.f. oscillator
to the other pair. A straight line trace indicates
balance. Using this indicator with a General
Radio Type 916A bridge, impedance measure-
ments to an accuracy of 0.2 ri can be made in the
presence of interference levels more than 40 db
above

621.317.79 : 621.397.62 1517
Television Synchronizing Signal Generating Units :

Part 1.-R. R. Batcher. (Tele-Tech, Jan. 1947,
Vol. 6, No. r, pp. 50-54 .. 144.) Describes picture
and synchronizing test equipment for studio,
laboratory and receiver production lines.

621.317.794 1518
The Organic Thermistor Bolometer.-C. D.

Niven. (Canad. J. Res., Nov. 1946, Vol. 24, Sec. A,
No. 6, pp. 93-102.) Tests of a bolometer using a
cellophane film painted with aquadag show it to be
much inferior to the inorganic thermistor developed
at the Bell Telephone Laboratories, particularly as
regards drift and speed of response.

621.396.611.4 : 538.569-4 1519
Theory of a Microwave Spectroscope.-W. E.

Lamb, Jr. (Phys. Rev., 1st/15th Sept. 1946, Vol. 7o,

Nos. 5/6, pp. 308-317.) A discussion of (a) the
measurement of the- exponential decay of the
radiation in an untuned echo box between pulses
of radio -frequency power, and (b) the steady-state
response of a large untuned cavity.

OTHER APPLICATIONS OF RADIO AND
ELECTRONICS

518.5
Calculations and Electronics.-(See 1493-)

1520

537.533.7 1521
Imperfections of Shape in Electron -Optical In-

struments.-F. Bertein. (C. R. Acad. Sci., Paris,
13th Jan. 1947, Vol. 224, No. 2, pp. 106-107.)

539.16.08 1522
Design of a Proportional Counter for Gamma-

Rays.-B. B. Benson. (Rev. sci. Instrum., Dec.
1946, Vol. 17, No. 12, pp. 533-536.)

1523
A Universal Radiation Measurement Apparatus,

ni
Its Description, Operation and Possible Applica-
tions.-R. Reiter. (Z. InstruKde, April/June

Vol. 64, Nos. 4/6, pp. 105-121.) An instru-
ment for use with counters, having a special
capacitor arrangement and suitable not only for
single impulse counting but for reading thy relative
values of large radiation quantities from galvano-
meter deflexions. Various applications include
the recording of the intensity characteristics of
X rays and of all kinds of corpuscular radiation.

550.837: 621.39 1524
The Development of Electrical and Radio Methods

of Geophysical Prospecting.-V. Fritsch. (Radio
Tech., Vienna, June/July 1946, Vol. 22, Nos. 2/3,
pp. 139-146.) A review of present-day d.c., a.f.
and h.f. methods, with applications to ore, coal and
oil prospecting, _water detection, investigation of
building sites, and lightning protection.

621.317.39: 531.768 1525
Acceleration Measurement by Wireless Methods.-

G. Loeser. (Z. InstruniKde, J an. /March
Vol. 64, Nos. 1/3, pp. 30-46.)

621.317.7.082.78.085.31
Electronic Position Pickup.-Moore. (See I511.)

621.317.794 : 535.61-15
A Fast Superconducting Bolometer.-D.15H27.

Andrews, R. M. Milton & W. DeSorbo. (J. opt. Soc.
Amer., Sept. 1946, Vol 36, No. 9, pp. 518-524.) For
detection of infra -red signals. A ribbon of CbN
is used at an operating temperature of about 15° IC
which can be maintained with the aid of liquid
hydrogen and nitrogen for several hours. The
primary response time is about 5 x io-4 sec at
about 3 000 c/s while the noise level is 5 x to -4 p.W.

The apparatus has a secondary response time of

5 x ro-2 sec at about 140 c/s.

621.318.572
Modern Geiger -Muller Counters.-Graves. 1(5S2e8e

1364.)

621.365
Electronic Heating.-M. Doucerain. (Bull. Soc.

franc. Elect., Oct. 1946, Vol. 6, No. 62, pp. 498-509.)
Describes applications to the heat treatment of

1944,

1526
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wood, rubber and plastic materials. H.F. heatingshould not in all cases be substituted for other
methods when these are more economical.

621.365.5.029.5 1530High Frequency Induction Heating.-E. May.
(Machinery, Loud., 9th & 23rd Jan. 1947, Vol. 70,
Nos. 1787 & 1789, pp. 45-49 & 109-110.) Abstractof a paper read before the Institution of Production
Engineers.

621.38 : 6 1531
Industrial Electronics. -H. A. Thomas. (Elect.Times, 23rd Jan. 1947, Vol. III, No. 2883, pp. 104-

106.) Summary of I.E.E. paper and discussion.

621.38.001.8 1532The Application of Electronics. -W. Wilson.
(Beama J., Dec. 1946, Vol. 53, No. 114, p. 440.)
Discusses applications in both light and heavy
engineering. Abstract of paper in Machinery
Lloyd, 19th Oct. & 2nd Nov. 1946, Vol. 18, Nos. 21A
& 22A, pp. 37-43 & 37-47-)

621.38.001.8 1533
Opinion Meter. -(Electronics, Jan. 1947, Vol. 20,

INo. 1, p. 198.) To integrate the votes of large groups.
-Each voter sets a hand device, connected to the
¶meter, to the degree of positive or negative opinion

holds.

1321.3.3.0o' : 620.18 1534The " Talysurf " Surface Meter. -(Electronic
iE.ngng, Nov. 1946, Vol. 18, No. 225, p. 351.) A
lescription of a stylus type of instrument manu-
actured by Taylor, Taylor & Hobson for measuringII:he textures of surfaces. High magnifications of

1,airface irregularities are produced electrically,ind displayed graphically.

)21.383.001.8 1535
Electronic Spectroscopy. -G. C. Sziklai & A. C.;chroeder. (J. appl. Phys., Oct. 1946, Vol. 17,

Co. 1o, pp. 763-767.) Double differentiation ofhe signal from a photocell, to which a saw -tooth
-oltage is applied, enables the spectral distributionf the light incident on the cell to be observed on a
`.r.o. The method is directly applicable to colour
hatching.

21.383.001.8 : 614.715 1536
Photoelectric Dust Meter. -G. F. Barnett &L. Free. (Electronics, Dec. 1946, Vol. 19, No. 12,p. 116-119.) A photocell in an illuminated air

uct continuously measures the quantity of lightfleeted by dust particles passing through theystem. Applications include testing and ratingne efficiency of air -cleaning devices.

21.384.6 + 537.291 1537
Resonance Acceleration of Charged Particles.-M. McMillan. (Phys. Rev., ist/15th Nov. 1946,
ol. 7o, Nos. 9/10, p. 800.) Discussion of phase
ability leads to a simple solution of the problem
keeping the particles in step with the accelerating
ld for a very large number of cycles. Descriptionsthe 300 MeV synchrotron and the 184 -inchmchro- cyclotron now under construction at

cerkeley will be given later, with a discussion of
liture possibilities, leading to the eventual attain-

nt of the billion -volt range. Summary of Amer.ys. Soc. paper.

621.334.6 1538
Electron Radiation in High Energy Accelerators. -J. Schwinger. (Phys. Rev., 1st/15th Nov. 1946,

Vol. 70, Nos. 9/10, pp. 798-799.) A discussion ofthe limitation to the attainment of very high energyelectrons, in devices such as the betatron andsynchrotron, due to the radiative energy loss
accompanying the circular motion of the electrons.
Summary of Amer. Phys. Soc. paper.

621.384.6 1539Development of Electron Accelerators. -(Elec-tronics, Jan. 1947, Vol. 20, No. 1, pp. 17o . . 184.)A brief description of the principles of operation
of linear accelerators, cyclotrons, synchrotrons andbetatrons. Their limitations are explained. Medical
applications are indicated.

621.384.6 1540
Preliminary Studies on the Purdue Microwave

Electron Accelerator. -R. 0. Haxby, E. S. Akeley,
A. Ginzbarg, R. N. Smith, H. W. Welch & R. M.Whaley. (Phi's. Rev., 1st/15th Nov. 1946, Vol. 7o,Nos. 9/1o, pp. 797-798.) Summary of Amer.Phys. Soc. paper.

621.384.6 1541The Betatron. -\V. Bosley. (J. sci. Instrum.,Dec. 1946, Vol. 23, No. 12, pp. 277-283.) Anhistorical account of its development and somedetails of particular instruments.

621.384.6 1542The Theory of the Synchrotron.-D. Bohm &L. Foldy. (Phys. Rc. .. i >t 15th Sept. 1946, VOL 70,
Nos. 3;0, pp. 249-258.)

621.384.6 1543Magnetic Fields due to Dee Structures in a Syn-chrotron. -A. F. Clark. (Phys. Rev., 1st /15thSept. 1946, Vol. 7o, Nos. 5/6, P. 444.) Method of
measurement of the out -of -phase fields due to eddycurrents in the metal dee. Summary of Amer.Phys. Soc. paper.

621.385.833 = 537.533.72 1544Properties of Some Electrostatic Lenses. -H.Bruck & L. Romani. (Cah. Phys., Paris, Oct. 1944,No. 24, pp. 15-28. Reprint.) The cardinal elements
and the spherical and chromatic aberrations of aseries of independent electrostatic lenses aredetermined from their constructional parameters.The term ' independent lens' is uSed to distinguish
such lenses from immersion lenses. Study of the
effect of diaphragms or near objects leads to somenew results. All the results are obtained from
experimental values of the potential measured in anelectrolytic bath with sloping base.

621.385.833 1545Effect limiting the Possibilities of the Electron
Microscope. -L. de Broglie. (C. R. Acad. Sci.,Paris, 29th April 1946, Vol. 222, No. 18, pp. 1017-
1019.) Movement of the object due to impactsfrom the irradiating source may result in reduced
image sharpness, particularly when the source uses
particles more massive than electrons. This effectis discussed.

621.385.833 1546
Supplementary Bibliography of Electron Micro-scopy. -M. E. Rathbun, M. J. Eastwood & ).
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Arnold. (I. appl. Phys., Oct. 1946, Vol. 17, No. ro,
pp. 759-762.) References not included in the list
of Marton & Sass (1008 of 1946).

621.386.1 1547
X -Ray Generators at 1 000 and 2 000 kV.-

J. Saget. (Bull. Soc. franc. Elect., Aug./Sept. 1946,
Vol. 6, No. 61, pp. 476-479.)

621.386.1 : 620.179.1 1548
Applications of Recent X -Ray Inspection Equip-

ment.-J. L. Bach. (Machinery, Lond., 21st Nov.
1946, Vol. 69, No. 1780, pp. 663-665.)

621.386.84 1549
Radiography and Microradiography by Secondary

Electrons.-A. Saulnier & J. J. Trillat. (Rev. sci.,
Paris, May 1945, Vol. 83, No. 3244, pp. 211-214.)
Penetrating X rays from a tube operated at 150 kV
or more are passed through a sheet of lead 0.2 mm
thick and the secondary emission from the lead is
used to obtain radiograms of thin objects, such as
butterfly wings, onion skin, etc., interposed between
the lead and a sheet of photographic paper.

621.39: 578.088.7 1550
Electroencephalographic Technique from an En-

gineer's Point of View.-\V. G. Egan. (Proc.
Inst. Radio Engrs, 6. E., Dec. 1946, Vol. 34,
No. 12, pp. 100o-1004.) A general description of
equipment and of a new type of electrode. Methods
of improving calibration accuracy and recorder
performance are suggested.

621.396.645: 621.43.019.8 1551
Constant -Gain Knock Pickup Amplifier.-R. 1'.

Krebs & T. Dallas. (Electronics, Jan. 1947,
Vol. 2o, No. r, pp. 87-89.) " Cathode -follower
input, special feedback circuit, and simplified phase
inverter stage provide flat frequency response from
8 to 20 000 cycles with a gain of r6o 000 for
portrayal of knock patterns of internal combustion
engines on a cathode-ray oscilloscope."

621.396.932.078 621.396.664 1552
Radio Controlled Buoys.-Hopkins & Smith.

(See 1454.)

621.43 1553
Improved Electronic Engine Indicator.-A. H. B.

Walker. (Engineering, Loud., 18th Oct. 1946,
Vol. 162, No. 4214, pp. 361-364.)

621.791.3: 621.365.5 1554
High -Speed Assembly of Radiators by Induction

Soldering.-(Machinery, N.Y., Dec. 1946, Vol. 53,
No. 4, pp. 166-167.)

623.454.25 : 621.396.9 1555
Radio Proximity -Fuze Development. W. S.

Hinman, Jr., & C. Brunetti. (Proc. Inst. Radio
Engrs, W. 6- E., Dec. 1946, Vol. 34, No. 12, pp.
976-986.) A description of fuses for smooth -bore
projectiles. The oscillating detector, amplifier,
power supply unit and safety arrangements are
described in some detail, together with methods of
production and testing.

PROPAGATION OF WAVES
538.566 1556

The Propagation of Electromagnetic Waves in
Two or More Successive Media and the Diffraction

of These Waves Referred to the Study of Cauchy's
Problems.-Robin. _(See 1413.)

621.396.11 : 523.746 : 551.510.535 1557
Effect of Sunspot Cycles on Long Distance Radio

Signals.-Stetson. (See 1420.)

621.396.11: 551.510.535 1558
The Role of the Ionosphere in the Propagation of

Radio Waves.-Jouaust. (See 1447.)

621.396.41.029.64 1559
Calculation of Multiplex U.H.F. Radio -Telephony

Links [100-5 000 Mc/s].-H. Chireix. (Bull. Soc.

franc. Elect., Aug./Sept. 1946, Vol. 6, No. 61,

pp. 415-424.) In three parts. The first part
discusses the effect of various types of aerial on
received power for given power radiated, and the
effect of aerial and receiver height using the height -
gain formulae of Eckersley (1660 of 1937) and of
van der Pol & Bremmer (3245 of 1937, 35 and 3102
of 1938). The second part is a discussion of the
noise factor of various systems, single and multiplex,
with various types of modulation, with and without
relays. The ranges considered are of the order of
5o km ; i.e., up to approximately optical range. In
the third part long-distance communication is
discussed for a range of 200 km, and the possibility
of using various reflector systems as ' passive
relays ' is considered.

621.396.8.029.62 1560
The World above 50 Mc/s. E. P. Tilton. (QST,

Jan. 1947, Vol. 31, No. I, pp. 50-54..116.) Reports
of amateur transmissions on frequencies of 5o AlcIs

and above with a special reference to the first

transatlantic communication on 5o Mc/s using
F2 -layer reflection.

621.396.812.029.56 1561 ,

Short Skip on Five Metres.-O. J. Russell. (Short
Wave Mag., Jan. 1947, Vol. 4, No. 1I, pp. 670-675.)
Analysis of 5 m propagation data suggests the
presence of a short but persistent skip effect of
6o miles, possibly accounted for by a very low

ionized layer at a height of 5-10 miles.

621.396.812 + 538.569.4] 029.64 : 551.57 1562

Water Vapor Absorption of Electromagnetic
Radiation in the Centimeter Wave -Length Range.-
G. E. Becker & S. H. Autler. (Phys. Rev., 1st 15th
Sept. 1946, Vol. 7o, Nos. 5/6, pp. 300-307.) An

experimental investigation of absorption in water
vapour in the region of the longest wavelength
rotational absorption line, which has been shown
to be centred at about 1.34 cm wavelength. The

basis of the method is the determination of the Q
of an 8 -ft cubical copper cavity, maintained at 45°C,
the air pressure being one atmosphere, and the
partial pressure of water vapour being varied
between r and 55 mm Hg. The absorption line is
broadened as the water vapour density is increased.
The wavelength range 0.7 cm to 1.7 cm was explored.
The atmospheric attenuation of 1.34 cm waves is

given as 0.025 db per km for r gm water vapour
per cubic metre. A summary was given in 3719
of 1946.

621.396.812.029.74 1563

Research in England on the Propagation of Ultra-

Short Waves.-Bras. (Bull. Soc. franc. Elect.,

Aug./Sept. 1946, Vol. 6, No. 6i, pp. 480-495.) A

ti
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review of the work already abstracted in 512 and
514-518 of February.

621.396.821: 523.74 1564
Radio Effects observed during the Period of Solar

Activity from 31st Jan. to 14th Feb. 1946.-R.
Bureau. (C. R. Acad. Sci., Paris, 11th March 1946,
Vol. 222, No. II, pp. 597-599.) Atmospherics were
recorded on various wavelengths from 24 000 m to
15o m and -field strengths of the Geneva station on
48.66 m as a method of observing chromospheric
activity. Sudden fade-outs of the decametre wave
signal frequently coincided with sudden increases
in intensities of atmospherics on 11 000 in ;
24 000 m waves were less susceptible to disturbance.
Disturbances of long duration on the decametre
wavelengths indicate that solar activity is not
limited to chromospheric eruptions.

RECEPTION

521.315.6 : 621.396.822; + 530.162 1565
The Response of Biased, Saturated Linear and

quadratic Rectifiers to Random Noise.-D. Middle -
1:011. ( J. (101. PhyS., Oct. 1946, Vol. 17. No. DI,
9p. 778-801.) Rectification of broad -band and
f emi-broad-band noise gives roughly the same
,lipectral distribution as that of the input, but
liarrow-band noise causes an infinite number of
eparate noise bands, centred about harmonics

Id the central frequency. Clipping of any sort
;.lways spreads the spectrum and reduces the output
Hower. The behaviour of linear and quadratic
ectifiers is qualitatively similar in most cases.
"'.11e powers in the d.c. and continuous portions of
he output spectrum are independent of the spectral

lhape of the incoming noise.

:..21.396.619.11/.13 1566
Frequency and Amplitude Modulation. --R.

'.schenbrenner. (Radio en France, 1947, No. 2,p. 8-14.) A theoretical discussion of a Methodgcomparison, with experimental verification.Vith no signal, background noise is worse in the
lfrn. receiver. When signals are being received, it
:actically disappears in the f.m. receiver, but
mains unchanged in the a.m. receiver. Reception
music was much better with the f.m. receiver.

.de -band effects are also discussed.

yr.396.62 1567 The Radio L.L. Synchrovox 645A Receiver.-Padio en France, 1947, No. 2, pp. 23-25.) COM-fete technical description with performance"Laracteristics.

1.396.62
1568)y Converting the BC-348-Q.-P. M. liersten.Jan. 1947, Vol. 31, No. r, pp. 19-21 .. 104.)i

lxlifications necessary to make a surplus receiver
table for amateur use.

1,396.621.54
Method of Plotting Tracking Error.-E. B.enzies. (Electronics, Jan. 1947, Vol. 20, No. 1,128-130.) A beat frequency method.

.396.722(4)" 1939/45 1570adio Technique in Europe during the War :t 2.-H. Baumgartner. (Radio Tech., Vienna,

1569

June/ July 1946, Vol. 22, Nos. 2/3, PP. 104-109.)
An account of the general features of various
German, Swedish and Austrian broadcasting re-
ceivers, including small mains sets and portables,and a fuller description, with circuit diagram, of
an Austrian super -midget mains set.

621.396.812 : 523.5 1571
On the Detection of Meteors by Radio.-Manning,Helliwell, \'illard & Evans. (See 1417.)

621.396.822 : 621.383 1572
Calculated Frequency Spectrum of the Shot

Noise from a Photo -Multiplier Tube.-Sard. (See
1628.)

621.396.822 : 621.396.621.53 1573
Noise -Figure Reduction in Mixer Stages.- 'AI. J . 0.Strutt. (Proc. Inst. Radio Engrs, Ii'. & E., Dec.

1946, Vol. 34, No. 12, pp. 942-950.) An analysis
is given of random noise in mixer stages and its
effect on proper circuit design and feedback. Con-
ditions for optimum gain in a di9de mixer stage
are shown to be identical with those for minimum
noise. Noise figures for triode and multi -grid
mixer stages are related to those of- a comparable
triode amplifier.

621.396.822 : [621.396.094 -if 621.390.015.142 1574
Shot Effect and the Receiving Sensitivity of Transit -

Time Valves of Different Types.-F. Liidi. (lick.
phys. Acta, 21st Sept. 1946, Vol. 19, No. 5, pp.
355-374.) The fundamental Schottky equation
is extended and applied to calculations of the
receiving sensitivity, neglecting the noise of the
input resistance and assuming half the receivedpower to be available at that resistance. The
calculations show that for all transit -time types of
valve the equivalent input resistance, (i.e., the valve
noise) is much greater than the resistance noise.
The results for the different types are summarized
and compared with one another and with triode
sensitivity. From this it appears that only hetero-
dyne reception is capable of giving a satisfactory
sensitivity for microwaves.

621.396.822.029.6 : 523 1575
Disturbances of Extraterrestrial Origin in the

Short Wave Band.-J. l.. Steinberg & J. Denisse.
(Rev. sci., Paris, 15th Sept. 1946, Vol. 84, No.
3257, PP. 293-294.) Historical survey of galactic
and solar noise, from Jansky's observations in 1932
to the recent work of Reber, Southworth, Appleton
and Hey. Recent theoretical work on noise in valves
and aerials and from interstellar matter is briefly
discussed.

621.396.828.1 : 621.394.141 1576
Shorting Gate Noise Suppressor ffor morse re-

ception-(Tele-Tech, Jan. 1947, Vol. 6, No. r,p. 55.) With no signal, incoming and set noise,
after amplification, limiting and rectification, are
used to control a tone generator. The excess
voltage due to the signal operates a gating circuit
which cuts out the tone completely. The result
is silence during the signal and a note of constant
amplitude during spacing, which can be used for
operating printers or automatic equipment. For
another account see Electronics, Jan. 1947, Vol. 20,
No. I, p. 15o.
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534.861
The Acoustic Problems of

lard. (See 1307.)

STATIONS AND COMMUNICATION SYSTEMS
1577

Broadcasting.-Brail-

621.395.44.o29.62/.64 1578
A Microwave Relay System.-L. E. Thompson.

(Proc. Inst. 1?adio Engrs, II. & E., Dec. 1946,
Vol. 34, No. 12, pp. 936-942.) The system is based
on double frequency modulation in which the
carrier is frequency modulated by a sub -carrier,
which is frequency or phase modulated by the
intelligence. The signal/noise ratio and distortion
in such a system are discussed and compared with
those of a single frequency modulation system.
An experimental two-way radio link is described
in which double frequency modulation is used with
carrier and sub -carrier frequencies of about 3 000
MO and r Alc/s respectively. The link consists
of three sections, each about 3o miles long, and
two frequency channels are used for the complete
two-way circuit. At each relay station the trans-
mitters in both directions are on the same channel
frequency, the two receivers operating on the other
channel frequency.

621.395.623.8 1579
United Nations Broadcasting and Sound System.

(See 1315.)

621.396.1 1580
Planning the Amateur Bands.-(Short

Mag., Jan, 1947, Vol. 4, No. 11, pp. 68o -68i.) A
suggested division of each amateur band into c.w.
and telephone zones.

621.396.1 1581
The Moscow Conference on Telecommunications.

-Loyen. (Onde elect., Dec. 1946, Vol. 26, No. 237,
pp. 479-480.) A short review of the objects and
recommendations of the conference from 28th
Sept. to 21st Oct. 1946. See also 871 of March.

621.396.41.029.64 1582
Calculation of Multiplex U.H.F. Radio -Telephony

Links [100-5 000 Mc/s], Chireix. (See 1559.)

621.396.619 1583
Modern Modulation Systems.-P. Gatti n ger.

(Bull. schweiz. elektrotech. Ver., 15th June 1946,
Vol. 37, No. 12, pp. 326-332. Reprint. In German
with French summary.) Systems requiring a wide
frequency band, such as f.m. or pulse -time modula-
tion, are discussed and various combined systems
are tabulated.

621.396.619.11/.13 1584
Frequency and Amplitude Modulation.-Aschen-

brenner. (See 1566.)

621.396.619.16 1585
Pulse Technique.-R. Lemas. ( eievi s 1vane.,

Jan. 1946, No. 9, pp. 14-17.) A general description
of various methods.

621.396.65 1586
Considerations on Multiplex Links by Hertzian

Cables [i.e., radio links].-J. Maillard. (Onde
elect., NOV. 1946, Vol. 26, No. 236, pp. 418-420.)
A general discussion, from the economic point of

view, of the relative merits of modulation and
pulse systems for multiplex operation of radio
links. It is concluded that pulse systems present
definite advantages, since the economy of a multi-
plex radio link is determined much less by the
performance of the link itself (i.e., signal/noise
ratio, frequency band used) than by the cost of the
accessory equipment.

621.396.65.029.64 1587
The Principal Factors affecting Radio -Multiplex

Telecommunication Systems on Ultra -Short Waves.
-V. A. Altovsky. (Onde elect., Nov. 1946, Vol. 26,
No. 236, pp. 401-417.) A detailed discussion of
the problems involved in the design and setting up
of multiplex radio -telephony links on wavelengths
from 3o cm to about i cm, including (a) the require-
ments of the service and criteria of quality, (b)

choice of modulation, (c) choice of frequency and
(d) number of relay stations. Design details are
given for a 20o -channel telephony link to connect
Paris and Lyons (about 30o miles), using a 6 cm
wave and a 20 Mc/s f.m. band. Some particulars
are also given of actual installations in the U.S.A.
and France and of the No. Io equipment used
during the war in Europe by the British army.

621.396.712 1588
Status of Broadcasting Overseas. A. Huth.

(Tele-Tech, Jan. 1947, Vol. 6, No. 1, pp. 56-58 . 146.)
Discusses the effect of the war on the transmitter
and receiver situation in countries outside the U.S.A.

621.396.931 1589
Railroads plan Greater Use of Radio for Com-

munications.-J. Peterson. (Tele-Tech, Jan. 1947,
Vol. 6, No. 1, pp. 78-83 . . 153.) Discusses existing
equipment and future developments.

621.396.931.029.62 1590
Tests confirm Efficiency of 72 Mc/s for Mobile

Radio.-G. H. Underhill. (Elect. iVorld, N.Y.,
1st Feb. 1947, Vol. 127, No. 5, pp. 48-51.) Field
tests in a typical eastern mountainous area indicate
that the performance of a 72-Mc/s system is much
better than would be expected from line -of -sight
considerations. The Central Hudson Gas and
Electricity Corporation is now installing a 75.66-
Mc/s system.

621.396.932: 621.396.5 1591
Multi -Channel Radiotelephone for Inland Water-

ways.-G. G. Bradley. (Tele-Tech, Jan. 1047,

Vol. 6, No. r, pp. 74-77 . . 149.) The special
problems of ship -to -shore radio telephone com-
munication on the Great Lakes are discussed, and
equipment recently designed for this service is

described.

SUBSIDIARY APPARATUS

620.197.122 1592
Pressure Sealing Zip Fastener.-(J. sci. Instrum.,

Oct. 1945, Vol. 22, No. 1o, p. 198.) The fastener
is waterproof and prevents the escape of air or
gases by means of overlapping rubber lips attached
to each side of the line to be sealed.

621.314.6 621.319.4 -- 621.383] : 669.018 1593

Light Alloys in Metal Rectifiers, Photocells, and
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Condensers. -Continuing the series in Light Metals
mentioned in 1226 of April and back references.

(xvii) Jan. 1946, Vol. 9, No. 96, pp. 9-21.
Discusses the manufacture of fixed -paper capaci-

tors, with particular reference to the properties,
handling, and processing of the aluminium foils
employed.

(xviii) March 1946, Vol. 9, No. 98, pp. 144-15i.
The manufacture of fixed paper capacitors is

further considered, with special reference to the
manipulation of the foil and the impregnation ofthe paper. See also pp. 163-166 of the same issue.

(xix) April 1946, Vol. 9, No. 99, 215-220.
Discusses the final stages in the production offixed capacitors.
(xx) May 1946, Vol. 9, No. roo, pp. 231-235.
Discusses the materials employed in the sealing

and potting of fixed paper capacitors.
(xxi) June 1946, Vol. 9, No. tor, pp. 318-325.
Practical considerations of the final productionstages of capacitor manufacture.

621.314.63 1594
Applications of Dry Rectifiers. -Girard. (See1469.)

021.316.722.078.3 1595
Improvement of Various Arrangements for Volt-tge Stabilization.- J . Benoit. (C. R. Acad. Sci.,

L'aris, 13th Dec. 1943, Vol. 217, No. 24, pp. 59; 5001
bridge arrangement of resistors and accumu-

ator batteries, with a neon stabilizing tube in onef the arms, is described. This gives much smaller
l'oltage variations than the usual stabilovolt arrange-0.ents. Similar improvement is possible for any
Toltage stabilizer whose internal impedance is not0 ezligible.-

21.316.722.078.3 : 537.525.3 1596Y,

i, Characteristics of the Pre -Corona Discharge andtits Use as a Reference Potential in Voltage Stabilizers.
;--S. C. Brown. (Rev. sci. Instruni., Dec. 1946,
.-ol. 17, No. 12, pp. 543-549.) Studied particularlyterms of current and voltage characteristics.ihe use of a diode to give a constant reference
'Dtential depends on the high sensitivity of currenti changes in voltage. Factors to be considered in
masign are discussed. A summary was noted in
t758 of 1946.
?

a,.I.522.4
15971 Tests on a Metal Self -Fractionating Oil Diffusion

imp. -H. Wachter & J. W. A. van der Scheer.,

. tech. Phys., 1943, Vol. 24, Nos. to 12, pp. 287 -
DI.) An account of tests on an American pump,F 25o, made by Distillation Products, Rochester,
Y. The pump is of relatively small dimensions,is a speed of about 25o litres/sec and with a rotary
cking pump will reach a pressure of 6 / 10 tor.

EI

TELEVISION AND PHOTOTELEGRAPHY
1.397.262

1598Television System with Mixed Amplitude and
quency Modulation, for the Transmission on agle Carrier Wave of the Video, Synchronizing and
dio Signals. -M. Chauvierre. (Radio en France,5, No. 4, pp. 38-44.) Successive modulation inplitude and in frequency of the carrier wavees two independent channels for video andchronism signals. Line synchronism corre-

sponds to a frequency variation in one sense with
respect to the carrier and image synchronism to a
frequency variation in the opposite sense, so that a
phase inversion followed by a limiter gives absolute
separation of the two synchronizing signals. Appli-cation of a.f. modulation gives a complete television
system on a single carrier wave ; such a system
has been realized in practice with a transmitter ofseveral watts.

621.397.262 1599
Television System with Single Carrier Wave and

Frequency and Amplitude Modulation.-F. Vaglio.
(Radio en France, 1945, No. 4, pp. 46-47.) Pro-
poses a television system with simultaneous ampli-tude and frequency modulation of a single carrier
wave.

621.397.3.012.3 1600
Vertical and Horizontal Definition in TelevisionSystems.- J. A. Widemann. (Televis. franc., Dec.

1945, No. 8, pp. 2-4.) An abac is given from which
the two definitions can be found for any system of
television, given the number of lines and of images
and the cut-off frequency.

621.397.331 1601
Considerations on the Bedford Velocity -Modula-

tion Television System. -P. J. Freulon. (Televis.
franc., Dec. 1945, No. 8, p. ti.) For original paper of
Bedford & Puckle, see 1934 Abstracts, p. 506.

621.397.5 1602
Two Systems of Color Television. -D. G. Fink.

(Electronics, Jan. 1947, Vol. 20, No. I, pp. 72-77.)
A general discussion on the relative merits of the
sequential and simultaneous systems. Both pro-
vide good fidelity of colour transmission, without
flicker, if bandwidth, frame frequency, etc., are
suitably chosen. As simultaneous colour trans-
mission can be reproduced in black -and-white by
existing receivers, the transition to colour television
will be easier on this system. For examples of
each system see 2051 and 2363 of 1946 and 1240 of
April.

621.307.5 : 537.291 1603Theory of the Electric Deflexion of ElectronBeams. -J. Picht & J. Himpan. (Elektrotech. Z.,
17th May 1944, Vol. 65, Nos. 19120, pp. 196-197.)
Summary of a paper abstracted in 3091 or 1941.

621.397.5: 621.391.63 1604
TV [television] on Modulated Light -Beam.- -

(Tele-Tech, Jan. 1947, Vol. 6, No. r, pp. 96..98.)
Describes the transmission of video signals over
short distances by means of a light -beam carrier
system employing a cathode-ray tube as the modu-
lated light source and a multiplier -type photocell
receiver.

621.397.5 : 621.396.67
Line -of -Sight Aerials

Tabard. (See 13391

1605
[antennes de visionj.--

621.397.61 1606
Television Transmission Centre, Paris. -H. Delaby.

(Televis. franc., March 1946, No. 11, pp. 4-8.) A
general account of the present Eiffel Tower equip-
ment, with proposed extensions to relay stations.
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621.396.615.17: 621.316.729: 621.397.5 1607
A Simplified Generator for Synchronizing Signals.

-(Radio en France, 1947, No. 2, pp. 39-42.)
Circuit and constructional details of simple and
comparatively inexpensive equipment.

621.397.62 1608
The Main Types of Faults in a Television Receiver.

Aschen. (Televis. franc., Jan. & Feb. 1946,
Nos. 9 & 10, pp. 4-5..21 & 6.)

621.397.62 1609
Large Television Screens and Their Evolution.-

Hemadinquer. (Te/evis. franc., March 1946, No. i 1,
pp. 17-18..27.) Outlines the development of large -
surface multi -cell screens.

621.397.62 1610
Television for Today : Part 7- Video Detector

Circuits.-M. S. Kiver. (Radio Craft, Dec. 1946,
Vol. 18, No.. 3, pp. 29..61.) Discusses full -wave
detection circuits, the use of peaking -coil filters and
polarity.

621.397.62 1611
Pye [television] Receiver Type B16T.-(Radio en

France, 1947, No. 2, pp. 43-48.) A general descrip-
tion, with circuit details.

621.397.62 1612
Carrier -Difference Reception of Television Sound.

-R. B. Dome. (Electronics, Jan. 1947, Vol. 20,
No. 1, pp. 102-105.) Use of a common i.f. amplifier
for video and sound signals eliminates the effects
of local oscillator hum and frequency drift. The
overall i.f. bandwidth is greater than the carrier
difference frequency, and by the use of absorption
trap circuits, the sound i.f. level is kept below the
minimum level expected from the picture carrier.
The two signals are then separated. A receiver
incorporating this system is reliable in performance,
and costs are reduced.

621.397.62: 621.317.79 1613
Television Synchronizing Signal Generating Units :

Part 1.-Batcher. (See 1517.)

TRANSMISSION

621.316.726.078.3 : 621.396.619.13 1614
Carrier Stabilization in Frequency -Modulated

Transmitters.-G. Guanella. (Brown Boveri Mitt.,
Aug. 1946, Vol. 33, No. 8, pp. 193-197.) Several
automatic control methods are briefly described,
with block diagrams. (a) An a.c. voltage of lower
frequency is derived by heterodyning with a stable
reference frequency and is used for control through
a frequency discriminator. (b) Modulation of a
stable two-phase voltage by a fraction of the carrier
voltage gives a rotating field which is used for
retuning. (c) Modulation of a two-phase voltage,
with differentiating and heterodyning, gives a
control voltage proportional to frequency error.
(d) The carrier frequency is compared directly with
a suitable harmonic of a reference oscillator.

621.394.61 1615
New 10 -kW Transmitter for Telegraphy.-E.

Guyer & M. Favre. (Brown Boveri Mitt., Aug.
1946, Vol. 33, No. 8, pp. 175-178.) The frequency
range is 5.5-21 Mc/s with stability to one part
in 105. The transmitter is designed for 3 -phase

23o/380 V 50 -cycle -supply and is capable of
45o w.p.m. A modulator attachment permits use
for telephony.

621.396.61 : 621.394/.395161 1616
Modern 1 -kW Transmitter.-E. lleili. (Brown

Boveri Mitt., Aug. 1946, Vol. 33, No. 8, pp. 172-174.)
A description, with illustrations, of a short-wave
transmitter for A 12.8-90 m and adaptable for
either telephony or telegraphy. A Franklin
oscillator with quartz control gives frequency
stability of ± 2 X 10-6.

621.396.61: 621.396.619.13 1617
Engineering a 250 Watt BC Transmitter for F.M.-

L. C. Killian & F. Hilton. (Tele-Tech, Jan. 1947,
Vol. 6, No. 1, pp. 68-70.) Using the cascade phase -
shift system.

621.396.61.029,54/.58 1618
The R.A.F. T.1154 Transmitter.-(Short Wave

..1Iag., Oct. 1946, Vol. 4, No. 8, pp. 499-501.) A

brief description of a ioo-W telegraphy/telephony
aircraft transmitter with three frequency ranges :
200-500 kc/s, 3.o-5.5 Mc/s and 5.5 -To Mc/s.

621.396.61.029.58 1619

A 7/14-Mc/s Transmitter.-(Short Wave Mag.,
Oct. 1946, Vol. 4, No. 8, pp. 481-483.) General
description and performance of a 7o -W amateur
transmitter. See also Short Wave Mag., July 1946,
Vol. 4, No. 5, pp. 312-313.

621.396.61.029.58 1620

Five -Band 25 -Watt Transmitter.-B. Randell.
(Short Wave Mag., Jan. 1947, Vol. 4, No. II,
pp. 664-669.) A combination of crystal oscillator
and power amplifier which can be used either as a
low -power transmitter or as an efficient exciter for

a high -power r.f. amplifier. Data are included for
operation on wavebands from 1.7 Mc/s to 28 Mc/s.

621.396.61.029.63 1621
Decimetre -Wave Transmitter giving 50-W Aerial

Power.-R. Schweizer. (Brown Boveri Mitt., Aug.
1946, Vol. 33, No. 8, p. 222.) A general description,
with photographs but no operational details, of a
transmitter with stabilized anode and heater
voltages, suitable for field -strength measurements.

621.396.61.029.64
2Projectors of Centimetre Waves.-H. Gutton.i62

(Onde elect., Dec. 1946, Vol. 26, No. 237, pp. 459-
466.) Calculation of the radiation from projectors
is based on Huyghens' principle. Three types of
projector are discussed : electromagnetic horns,
reflectors and dielectric aerials as used by the
Germans during the war.

621.396.615.14 1623

Ring Oscillators for U.H.F. Transmission.-T.
Goo -tee. (Radio News, Jan. 1947, Vol. 37, No. I,
pp. 48-50..122.) An even number of 4 or more
triodes of the same type are arranged in a ring and
tuned by resonant lines to obtain greatly increased ;

power output, 16 triodes giving about 8 times that
of a pair in push-pull.

621.396.619.13: 621.396.712
New F.M. Broadcast Transmitters.-(Bell 1L6a2h4.

Rec., Jan. 1947, Vol. 25, No. r, pp. 20-23.) Three
transmitters are illustrated and briefly described,
rated at 1, 3 and to kW respectively. The last two
consist of the 1 -kW unit, together with power
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amplifiers. A frequency synchronization system is
employed to control the carrier frequency.

621.396.619.23 1625
Overmodulation without Sideband Splatter. -

0. G. Villard, Jr. (Electronics, Jan. 1947, Vol. 20,
No. r, pp. 9o-95.) Full circuit details of a balanced
modulator for incorporation in an a.m. phone
transmitter, to produce modulation in excess of
r00% without causing adjacent channel interference.

VALVES AND THERMIONICS
537.291 ± 538.691 1626

I The Paths of Ions and Electrons in Non -Uniform
Crossed Electric and Magnetic Fields.-N. D.
Coggeshall. (Phys. Rev., 1st/15th Sept. 1946,
Vol. 7o, Nos. 5/6, pp. 270-280.) The force equations
for a charged particle moving in such fields can be

I integrated by a very simple procedure under certain
1 conditions. These conditions are satisfied when
motion takes place in a median plane symmetrically
situated relative to magnetic pole faces and electro-

1 static electrodes. Numerical integration can be
used when the analytical difficulties are too great,
or when the fields are only known empirically. A
summary was noted in 3882 of 1945.

537.291 : 621.396.615.142 1627
Theory of Small Signal Bunching in a Parallel

`(Electron Beam of Rectangular Cross Section.-
qE. Feenberg & D. Feldman. (J. app!. Phys., Dec.
1946, Vol. 17, No. 12, pp. 1025-1037.) The non-
uniform distribution of charge in the bunched beam

;gives rise to a field which opposes the bunching
process so that a kinematic solution may be validly

!applied only for a limited length of the drift space.
jAn accurate solution of the bunching process requires
the integration of the dynamical and field equations

{which, for ' small signal ' conditions, reduce to a
tinear homogeneous system. Solutions are obtained
which are classified as non -solenoidal or solenoidal
according as the motion produces or does not
;produce a high frequency charge density within the
)eam. The physical problem is solved by taking a
';uitable linear combination of both solutions, a
,arge part of the solution for practical conditions
)eing of the solenoidal type.

i21.383 : 621.396.822 1628
Calculated Frequency Spectrum of the Shot Noise

Tom a Photo -Multiplier Tube.-R. D. Sard. (J.
,,ppi. Phys., Oct. 1946, Vol. 17, No. io, pp. 768-777.)
k- general expression for the power spectrum of the
hot noise produced by a secondary -emission
iultiplier tube is applied to the RCA 931 family.'t is deduced that the noise intensity should be
onstant from zero up to about 100 Mc/s, begin to
'all off appreciably between 100 and I 000 Mc s
,nd become very weak at higher frequencies.

i

21.385 1629
Beam Production in Radial Beam Tubes, Beam

ower Tubes, and Other Low Voltage Electronic
evices.-A. M. Skellett. (Rev. mod. Phys., July
946, Vol. 18, No. 3, pp. 379-383.) In the magnetic
cus radial beam valve, the beam is focused entirely

y an external magnetic field of between 5o and
o gauss and in the power tube by the action of
e grid wires. Other tubes operating at 30o V

t less include the 'magic eye ' tuning indicator
d the orthicon pickup tube in television systems.

621.385: 621.371.329: 518.6 1630
Electrostatic Field Plotting.-Balachowsky. (See

149.5.)

621.385 : 621.317.7 1631
Portable Precision Valve Tester.-Haas. (See

1509.)

621.385.1.032.1.011.2 1632
Impedance of Gasfilled Tubes traversed by a

High -Frequency Discharge.-P. Mesnage. (C. R.
Acad. Sci., Paris, loth July 1944, Vol. 219, No. 2,
pp. 55-56.) Measurements were made with the
tubes placed axially in inductance coils tuned to the
frequency in use. Two types of discharge were
found. In one the resistance is sensibly indepen-
dent of the exciting field ; in the other the resistance
is a decreasing function of the field. The imaginary
part of the impedance may have either sign and is
equivalent to a capacitance for gases and to an
inductance, decreasing with increasing field, for
metallic vapours.

621.385.18.029.64 1633
Physical Processes in the Recovery of TR Tubes.-

H. Margenau, F. L. McMillan, Jr., I. H. Dearnley,
C. S. Pearsall & C. C. Montgomery. (Phys. Rev.,
1stl15th Sept. 1946, Vol. 7o, Nos. 5/6, pp. 349-357.)
Techniques are described for the measurement of
the time of elimination of ions on termination of the
discharge in TR tubes. The capture of electrons by
gas molecules is found to be the principal factor
in recovery.

621.385.3 1634
Development of a Water -Cooled Transmitting

Triode of 50 -kW Anode Dissipation.-F. Jenny.
(Brown Boren' 31111., Aug. 1946, Vol. 33, No. 8,
pp. 211-214.) The cathode consists of 12 tungsten
wires, arranged for single-, three- or six -phase a.c.
heating. The anode is of special electrolytic copper.
Details of evacuation, test procedure and results
arc described.

621.385.3.029.63 1635
A Medium -Power Triode for 600 Megacycles. --

S. Frankel, J. J. Glauber & J. P. \Vallenstein.
(Proc.' Inst. Radio Engrs, F., Dec. 1946,
Vol. 34, No. 12, pp. 986-991.) An account of an
air-cooled triode for delivering 25 kW peak pulse
power at boo Mc/s and of a water-cooled version
for generating continuous waves giving up to
500 k NV at the same frequency.

621.385.3.032.2 : 621.317.33 1636
Inter -Electrode Capacitances of Triode Valves

and Their Dependence on the Operating Condition.-
Mitra & Khastgir. (See 1501.)

621.385.38 1637
The New Thyratron, Sub -Miniature Type RK61

" Raytheon " and Its Applications.-(Radio en
France, 1947, No. 2, p. 7.) Characteristics of a tube
about 8 mm in diameter and 40 mm long.

621.385.38 : 537.525.6 1638
Initiation of Discharge in Arcs of the Thyratron

Type.-C. J. Mullin. (Phys. Rev., 1st/15th Sept.
1946, Vol. 70, Nos. 5/6, pp. 401-405.) From an
equation derived for the anode current as a function
of time during the initiation of the discharge,
estimates of ionization time can be made which are
of the correct order of magnitude.
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621.385.4.029.6 1639
Resnatron may aid Radio.-(Sci. News Lett.,

Wash., 1st Feb. 1947, Vol. 51, No. 5, p. 67.) The
resnatron, used largely during the war for jamming
on frequencies between 35o and 600 Mc/s, will give
r4o kW at 450 Mc/s. Its special features are
briefly described. See also 1732 and 3822 of 1946.

621.385.832 1640
A Cathode -Ray Tube for viewing Continuous

Patterns. -J. B. Johnson. (J. appl. Phys., Nov.
1946, Vol. 17, No. II, pp. 891-900.) " A cathode-
ray tube is described in which the screen of persistent
phosphor is laid on a cylindrical portion of the glass.
A stationary magnetic field bends the electron beam
on to the screen, while rotation of the tube produces
the time axis. When the beam is deflected and
modulated, a continuous pattern may be viewed on
the screen."

621.396.615.141.2 + 621.385.16 1641
Energy Build -Up in Magnetrons. L. P. Hunter.

(J. appl. Phys., Oct. 1946, Vol. 17, No. io, pp.
833-843.) An analysis neglecting the mechanism
of conversion of the d.c. input into the r.f. output
power. The magnetron is represented by its
equivalent circuit. The law of build-up is derived
from energy considerations and the dependence
of starting time on load calculated. " The starting
time is affected slightly by the initial noise level
and becomes infinite below a minimum Q. For
high Q values the starting time can be varied only
by changing the energy stored in the line." A
summary was noted in 291 of January.

621.396.615.141.2 1642
Self -Regulating Field Excitation for Magnetrons.

-H. C. Early & H. W. Welch. (Electronics, Jan.
1947, Vol. 20, No. r, pp. 184 ..188.) Stable
netron operation is obtained by causing the anode
current to excite the magnetic field.

621.396.615.141.2 1643
Background Noise and Audio Frequency Oscilla-

tions in Magnetrons. E. Selzer. (C. R. Acad. Sci.,
Paris, 3rd April 1944, Vol. 218, No. 14, pp. 589-591.)
Background noise is reduced considerably by
accurate adjustment of parallelism of the field and
the anode axis, but is not completely eliminated.
Numerous bands of a.f. oscillations have been
observed. Displacement of the operating point
along the characteristic produces a continuous
change of the frequency of these bands, which is
increased by increase of the applied magnetic field.
These results are discussed.

621.396.615.141.2 1644
Construction of Magnetrons of Great Symmetry

and with Anodes Not Split. Study of Their Static
Properties. E. Selzer. (C. R. Acad. Sci., Paris,
2oth March 1944, Vol. 218, No. 12, pp. 499-501.)
Anodes of large diameter, about 9 cm, are turned
from solid copper and sealed to two glass domes
carrying the cathode system. Results of experi-
ments with such magnetrons are discussed.

621.396.615.142 1645
From Transit -Time Effect to Transit -Time Valves :

Parts 1 & 2.-L. Ratheiser. (Radio Tech., Vienna,
Aug./Sept. & Oct. 1946, Vol. 22, Nos. 4/5 & 6,
pp. 189-196 & 283-292.) Simple explanations
are given of transit -time effects and the interaction
between electrons and a.c. fields. The develop-

mont of modern u.h.f. valves is traced from Bark-
hausen-Kurz retarding -field types to velocity -
modulation valves. To be continued.

621.396.615.142 : 537.291 1646
[Electron] Bunching in Velocity -Modulation Valves.

-J. Voge. (C. R. Acad. Sci., Paris, 1st July 1946,
Vol. 223, No. I, pp. 25-27.) A general treatment,
taking into account electronic fields and showing
one case where these fields do not modify the law
of bunching obtained by neglecting them.

v61s7-

621.396.615.142.2
Theory of Single -Circuit Clystrons.-S.

dove. & V. Lopukhin. (J. Phys., U.S.S.R., 1946,
Vol. ,o, No. 3, pp. 275-284.) The mathematical
solution of the interaction of an electron beam and
the field of a cavity resonator is given. The
amplitude and frequency of the resulting oscilla-
tions are determined in terms of the size and shape
of the cavity and of the applied potentials. The
small effects of the space charge are taken into
account. The theory is applied to the single -
resonator klystron or monotron.
621.396.615.142.2 1648

Mechanical Klystron for Demonstration. -(Elec-
tronics, Jan. 1947, Vol. 20, No. I, pp. 138, 142.)
A rocking motion imparted to a water jib causes
bunching of the water droplets similar to electron
bunching in the klystron.
621.396.694.011.3/4 1649

Study of Electronic Reactance -Variation Devices.
-Mazel. (See 1391.)

621.396.822 : [621.396.694+621.396.615.142 1650
Shot Effect and the Receiving Sensitivity of

Transit -Time Valves of Different Types.-Liidi.
(See 1574.)

MISCELLANEOUS
001.891 (94) 1651

Scientific Research in Australia. (Engineering,
Lond., 3rd -24th Jan. 1947, Vol. 163, Nos. 4225-
4228, pp. 5-6, 42-43, 53-54 & 89-90.) The nine-
teenth annual report of the Council for Scientific
and Industrial Research covering a wide range of
engineering and allied subjects, including for the
first time the work of the Radiophysics Division.

001.98 1652
The False Preconceived Notion. -W. Burridge.

(Brit. med. J., 5th Oct. 1946, No. 4474, p. 516.)
A letter suggesting that in the assessment of con-
flicting but apparently equally valid hypotheses,
the element to reject is that on which all are in
agreement, since this is likely to be the false pre-
conceived notion which has engendered the con-
tradictory conclusions.
orb : 05 1653

World List of Scientific Periodicals. -(Nature,
Lond., 3oth Nov. 1946, Vol. 158, No. 4022, p. 785.)
The third edition, to include all scientific and
technical periodicals that appeared during 1900-
1947, is in preparation.

.061.6 1654
The British National Physical Laboratory. -11.

Buckley. (Sci. Mon., N.Y , Jan 1947, Vol. 64,
No. I, pp. 50-52.) A general account of the
organization and functions of the Laboratory.
The importance of the association with industry
is stressed.
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