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FREQUENCY BRIDGE
TYPE D-101- A
A Bridge for the measurement of audio frequencies-simple to
operate-direct reading-outstandingly accurate-reasonably

priced.

A complete description of this Bridge is given
in Bulletin B -526-B, which will be sent on request.

* Frequency range, 100 c.p.s. to
12,100 c.p.s.
* Direct reading on two decade
dials and a third continuously
variable dial.
* Measuring accuracy ± 0.25%
± 1 c.p.s.
* Reading accuracy - better
than 0.05% over the whole range.
* Accuracy unaffected by stray
magnetic fields.
* Input impedance 400 - 1,500
ohms unbalanced.
* Telephones form a suitable
detector for most measurements.
* Light and easily portable.

MUIRHEAD
MUIHIIEAD & CO. LTD., ELMERS END, BECKENHAM

TELEPHONE: BECKENHAM 0041-2
KENT

FOR OVER 60 YEARS DESIGNERS AND
MAKERS OF PRECISION INSTRUMENTS

C. R. C. 36

RESEARCH LABORATORY
With its specialised equipment
and resources is able to under-
take experimental researches
and the mathematical investiga-
tions of problems connected
with vibration and sound, for
projects of the highest priority.
Your preliminary enquiry will)
bring details of the day to
day availability of this service.

TANNOY is the registered trade!

mark of products manufactured by Guy'
R. Fountain, Ltd., the largest organisa,
tion in Great Britain specialising solel)
in sound equipment. Canterbury
Grove, London, S.E.27 ; and branches'
Phone : Gipsy Hill 1131.
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THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT.

OWER OUTPUT -CLASS C TELEGRAPHY

EIMAC 4 250A PERFORMANCE DATA
OttiviNG PONall NO POw01 PUMP

"EC/ENO

DRIVING POWER -C. LASS C TEL EGR APHY

10
so

,REOUENCY-MEGACYCLES

NEW EIMAC 4-250A TETRODE
Heading a parade of sensational new valves now in

ii production, the Eimac 4 -2 50A, Tetrode-introduced
several months ago - is already in great demand. It
may pay to check these performance characteristics

I against your own requirements.
As can be seen by the chart above, the new Eimac

4-250A Tetrode will deliver 750 watts output at fre-
quencies up to 70 Mc. with a driving power of only 5
watts. At frequencies up to 40 Mc. an output of 750 watts
may be obtained with a driving power of 3.5 watts.

The grid -plate capacitance of 0.12 uufd. is extremely
low, allowing operation at high frequencies without
neutralization. Use of Eimac "X" process control grid

'd reduces both primary and secondary emission which
provides utmost stability.

You are invited to supplement the information given
here with a technical bulletin on Eimac 4-250A Power
Tetrode. It contains an elaboration of the valve's char-
acteristics and constant current curves. Send your name

A and address and a copy will go to you by return mail.
1 The lid's Coming Off...

, Watch your favorite tradejournals
for announcements of other new

', Eimac valves to be releasedthis year.

I FOLLOW THE LEADERS TO

CAUTION I Check serial numbers
on Eimacvalves before you buy. Be
sure you're getting newest types.
Look for latest serial numbers.

1.00000001.4 t
EITEL-McCULLOUGH, INC., 1086 San Mateo Avenue, San Brune, Calif.
Plants located at: Son Bruno, California and Salt Lake City, Utah

Export Agents: Frazer & Hansen, 301 Clay St., San Francisco 11; Calif., U.S.A.

100 150

ors

TYPE 4-250A-POWER TETRODE
ELECTRICAL CHARACTERISTICS

Filament. Thoriated Tungsten
Voltage 5.0 volts
Current 14.5 amperes

Plate Dissipation (Maximum) . . . 250 watts
Direct Interelectrode Capacitances (Average)

Grid -Plate 0 12 umfd.
Input 12 7 terifd
Output 4.5 ten fd.

Transconductance (is = 80 ma.,
. . Es =s-- 3000 v., Ec 2 = 500 v.) 4000 //mhos

Authorised Distributors: BERRY'S (SHORT-WAVE) LTD., 25 HIGH HOLBORN, LONDON, W.C.I.
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for HIGH HIGHER and
HIGHEST FREQUENCIES!

SOME TENAPLAX CABLES HAVE

60% AIR INSULATION
Patented method of construction
reduces losses to a minimum.

Plastic Cover

 Electrical Screening

 Alkathene Sleeve

 Braided Alkathene
Filaments

 Conductor
Write for details to

TENAPLAS LTD., 7 PARK LANE, LONDON, W.1

VARIABLE CAPACITORS
Present circumstances demand
increased production by standardiza-

tion. We are, nevertheless, looking

to the future and would welcome
an opportunity to discuss with you

your requirements for production,

development and new designs.

SYDNEY S. BIRD & SONS LTD.
CAMBRIDGE ARTERIAL ROAD, ENFIELD.

2././
sto

February, 1911

ll/SAW/NOS;
CLOSE- OP

N0.2 IDENTIFICATION

A great advantage of " Viskrings" Cable Markers
is that they are available in all colours. indelibly
printed in black with any wording. Here is double
identification-colour and wording. A positive
boon in complicated circuits.

 NO TOOLS REQUIRED
 NO RUBBER USED
 IMPERISHABLE, IMPERVIOUS TO

OILS AND PETROLEUM

 INDELIBLY PRINTS;
 SELF FIXING BY SHRINKAO,
 DO NOT INCREASE DIAMETE

OF (ABLE

iii

CABLE MARKER

VISCOSE DEVELOPMENT CO. CM
Woldham Road, Bromley, Kent. ;Phone: Ravensbourne 264t

MINIATUREA MIDGE

THE SCIENTIFIC
VALVE

HIVAC LIMITED. Greenhill Crescent Harrow on the Hill. Middx. Phone:Ho)'").11
4r
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1

I The
GOODMANS

I RANGE
Includes Loudspeakers

i 1

, 1

output.

from 2 dia. (i watt
output) to 18 in. cone
models and Industrial

1

Types up to 20 watts

tiyary L' TOMORROW....
THAT tomorrow must be taken care of today has always been Goodmans

policy. Constantly thinking and planning ahead Goodmans inevitably
found themselves leaders in the field of Sound Reproduction. As a result,
during the past critical years Goodmans have been entrusted with many
onerous tasks in the designing and production of Loudspeakers, Microphones,
and Earphones. True to their policy Goodmans tested and sifted to build
data which might serve in the days to come. Now Goodmans stand ready to
give of their greatly enhanced knowledge to the no less onerous tasks of Peace.
The TYPE T2/I2. Overall Dia. 12t in. Voice Coil
Impedance 15 ohms at 400 C.P.S. Power Handling Capacity
12 w. Peak A.C. on flat 4 ft. baffle (15 w. horn loaded).
Flux. Density 13,000 gauss.

1 GOODRUM

00pMANS INDUSTRIES LTD LANCELOT RD WEMBLEY MIDDX

UNITED

CERAMIC

efirabg CAPACITORS

Outstanding characteristics of U.I.C. Pot
and Plate Capacitors are the high break -down

strength, low loss factor, and small dimensions.

Working Voltage: io KV D.C. only or 7.5 KV
D.C. Peak ±A.C. Working Load R.F.: Up
to 25 KVA according to type. Max. Current:
Up to 14 AMP. according to type. Range
of Capacitance: 5 pF to 1200 pF. Tested to
Specification Kilo. Full details on request.

INSULATOR CO. LTD. 12-22 LAYSTALL STREET, LONDON, E.C.1
Tel.: TERminus 7383 (.5 lines) Grams. : Colonel, Smith, London
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NO -
WE DON'T
MAKE THIS
CHAIN ...

BRITISHMACH' NE
CHAIN LTD.
ELM ROAD, NEW
MALDEN, SURREY.
'Phone - Malden 1749.
Telegrams and Cables-
Britchain, Nov Malden.

WE make the smallest chain that can
be fashioned from fine drawn wire.
Our output has, in the main, been
devoted to war priority precision in-
struments, but the change -over to
peace time production will be made
as rapidly as possible, and we hope it
will not be long before our skill and
experience are again at your service.

SIZES FOR EVERY PURPOSE BETWEEN
36 LINKS AND 3 LINKS TO THE INCH.

* SUPREME FOR RADIO COMMUNICATIONS

TELCON CABLES
with

TELCOTHENE

INSULATION

This new material pro-
duced by TELCON is the
latest development in low
loss thermoplastic insula-
nts. A complete range
of "TELCOTHENE"
insulated cables is now
available for use in the
Audio, Radio and Ultra
High Frequency fields.

Send for H.F. brochure.

TELCON Designed H.F.
Cables are the Basis of

World Standards.

THE TELEGRAPH CONSTRUCTION 8 MAINTENANCE CO. LTD.
Founded 1864

Head Office: 22 OLD BROAD ST., LONDON, E.C.2. Tel: LONdon Wall 3141
Enquiries to TELCON WORKS, GREENWICH. S.E.I0. Tel: Greenwich 1040

Precision Instruments
of Maintained Accuracy

We specialise in the manufacture of Switch-

board and Portable Pattern Ammeters,
Voltmeters, Wattmeters, Multi -Range Test

Sets, Remote Position Indicators and

Electronic Instruments for Service use.

MEASURING INSTRUMENTS (PULLIN) Lt
ELECTRIN WORKS, WINCHESTER ST., LONDON,

All correspondence to be addressed to:
Phoenix Works, Great West Road, Brentford, Middlesex. Phone: Eali

ERE IS THE NEVM-----

TRANSFORMERsi
 SUPERB TECHNICAL DESIGN  FINEST
QUALITY MATERIALS  HIGH OPERATIONAL
EFFICIENCY GUARANTEED RELIABILITY

BEAUTIFUL APPEARANCE

BRIEF DETAILS OF THE RANGE
Mains Transformers, 5-5,000 Watts.; Input and Output
Transformers ; Filter Chokes.

. . . . AND OF THEIR CONSTRUCTION
High Quality Silicon iron laminations; wire to B.S.S.
Standards ; finest grade insulation ; Die Cast Streamline
Shrouds ; Black bakelite Terminal panels ; High Vacuum
Impregnated coils layer wound with condenser tissue j
interleaving ; Porcelain terminals insulated and/or silver
plated soldering tags.

WWODEN TRANSFORMER COMPANY LTD..
Moxley Rd., Bilston, Staffs. Tel : BILSTON 4195Ct ,

OPEN a.,, TRANSFORMERS
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ERECT A DOUBLE
PURPOSE AERIAL
and save 25% on sound and
vision aerial installation

REFLECTOR TUBE USED

ALSO AS A'SKYRUD

AERIAL FROM
10 TO 1.000 METRES

AERIAL TRANSFORMER
OF ALL WAVE 'ELIMINDISE

SYSTEM

FEEDER TO SET END
TRANSFORMER OF

.ELINIINOISE. SYSTEM
AND RADIO RECEIVER

MAINS

U

DIPOLE TUBES

MOULDED INSULATOR

FEEDER FROM DIPOLE
TO TELEVISION RECEIVER

WT. PINE MAST

BRACKETS AND STEEL
LASHINGS FOR ATTACHMENT

TO CHIMNEY

SET END TRANSFORMER'
OF 'EOM IROISE SYSTEM
ATTACHED 10 BACK OF
RADIO RECEIVER '

MAINS SUPPRESSOR

SKIRTING BOARD PLUG

AND SOCKET TERMINATION

OF TELEVISION FEEDER

UNIVERSAL GUTTER

INSULATORS

LIGHTNINs. ARRESTOR

WIRE TO EARTH
PLATE OR

nbined Television & Broadcast Aerials with 100 ft. cable,
without wooden masts, L.502 & L.392 100, £13.0.0d.
bined Television & Broadcast Aerials with 120ft. cable,
without wooden masts, L.502 & L.392 120 £13.16.0d.

SELLING & LEE LTD
AMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX.,

The plug and socket. Two
of the many electrical
components which depend
on good insulation

UNIFORM INSULATION-
THICK or THIN

IF you are making a component, such as a plug
and socket, for instance, you can do so a great

deal more easily when you know that your plastic
insulating material is uniformly effective, whether
the section is thick or thin.

The only way you can be certain of this, is when
you know that the plastic preform has been
thoroughly heated all the way through, and has
cured simultaneously throughout.

The pre -heating of plastic preforms can only be
achieved with such certainty by using radio heating.
Redifon radio heaters have been specially developed
to do this particular work. With outputs ranging
from 250 watts to 25 kilowatts, Redifon radio
heaters can deal with between 2 oz. to 3 lbs. of
plastic material per minute. Saving in production
time is usually over 50%.

Redifon radio heating sets have all the necessary
safety devices for use by unskilled operators. They
are fully enclosed and simple to operate. Manufac-
turers who wish for further particulars of the use
of radio heating should get in touch with Rediffu-
sion engineers now.

REDIFFUSION LTD.
Designers and Manufacturers of Radio Communication

and Industrial Electronic Equipment

SUBSIDIARY OF BROADCAST RELAY SERVICE, LIMITED

CARLTON HOUSE, REGENT STREET, S.W.I
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RADIO INSTRUMENTS LTD
PURLEY WAY, CROYDON.

Telephone: THOrnton Heath 3211

RADIO

STAMPINGS

RADIO

Walter
RADIO

CHASSIS PRESSINGS

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

THE

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

THE' HARBORIF RUBBER CO. LE., MARKET HARBOROUGH

C. R. C. 4.

The Old
Grammar School.

Marke, Harboro'
Erocced i 615

BEAT FREQUENCY OSCILLAT(

LE LAN
-for priority requirem,
at present. Write for
stating frequency range

INSTRUMENTS LTD aJOHN
TELEPHO

STRNEE: BCEDHFOANGERDOW, IQ
R

/Isis
p

WOE
MAO

1V11)10c00)

or all purposes
GREENFORD, MIDDLESEX  WAXLOW  23

LARGE DEPT. FOR WIRELESS BOOKS.0"."'F 0 Y L E
EC

FINEST STOCK IN THE WORLD OF NEW AP;,'
SECONDHAND BOOKS ON EVERY SUBJ

Quick Postal Service. Books Bouglq
119-125, CHARING CROSS ROAD, LONDON, W.0
Tel.: GERrard.5660 (16 lines). Open 9 a.m.-6 p.m., including Saturn

IOU
ELECTRIC

CHAIN
PULLEY
BLOCK

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

 GEO. W. KING LTD.,
HARTFORD WORKS  HITCHIN HERTS.

MANCHESTER CENTRAL 3947 NEWCASTLE 94199
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JUDGMENT...
We offer you understanding and co-
operation and when planning your
future enterprises, we invite you to
submit your problems to us.

At B.S.R. we have a team of Research

Engineers co-operatively engaged
with many new problems which de-

r mand the highest degree of accuracy,

in both thought and design.

BIRMINGHAM
SOUND

REPRODUCERS LTD.

rPhone: Cradley Heath 6212/3 'Grams : Electronic, Old

OSCILLATORS

AMPLIFIERS

ELECTRONIC DEVICES

TRANSFORMERS AND CHOKES

)UIPPING A LABORATORY?

Time and time again experience has shown that a considerable
saving of time and money could have been made if Marconi
Instruments had been called in at the; very earliest stages of
equipping or re -equipping a scientific laboratory. All too
often it is found that vital instruments have to be installed
almost as an afterthought when it is too late to site them in the
most logical and convenient place. All too often it is found after
several measuring instruments have been installed that a single
piece of Marconi apparatus could have done the work of them all.

Consult Marconi Instruments from the start-it costs nothing
and may save a great deal of time and money.

MARCONI INSTRUMENTS LTD.
BANS, HERTS. Telephone: ST. ALBANS 4323/6. Northern Office: 30 ALBION STREET, HULL. Telephone: HULL 16144
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DEVELOPMENTS
IN MEASUREMENT

AND CONTROL

We offer manufacturers andA3rocess users

a service ,'On problems of' measurement and

control : . a service ,based oft scientific
i;

method, technical ingenuity and modern

productidn, covring the field

Prototype and Manufacture:
4

of Idea,

BA IN
INSTRUMENT COMPANY LIMITED

CUMNOR, OXFORD

originators and makers of scientific instruments for
measurement and control

131

Piezo QUARTZ CRYSTALS
for all applications.

1

1 Full details on request.

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

VENT-AXIA
VENTILATING UNITS

-readily adaptable for Valve Cooling
VENT-AXIA LTD., 9 Victoria Street, London, S.W.1
Also at : Glasgow, Manchester, Birmingham and Leeds'

LEWIS'S SCIENTIFIC
LENDING LIBRARY

ELECTRICAL & RADIO ENGINEERING
TEXTBOOKS & WORKS OF REFERENCE

New Works and New Editions can be had from the
Library immediately on publication.

ANNUAL SUBSCRIPTION from ONE GUINEA
Prospectus on Application

H. K. LEWIS & Co. Ltd.
136 Gower Street, London, W.C.1

Telephone : EUSton 4282 (S lines)

PARTRIDGE

ERG'S HAVE THE URGE TO GO ABROk

SPEAKING

EXPORT1Y-
ERG Resistors

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

ERG Resistors are processed up to t'

highest Service Standards at a competitive pri

ERG

E R G RESISTORS LT
1021 A FINCHLEY ROA,

LONDON, N.W.I 1
Phone: Speedwell 696',

NEW iDUAL TESTO$C014
Ideal for High an(
Low Voltage Tes:
ing; 1:30, 100,85c

A.C. and D.C.
,, Surd for interesting leaflet 024 on Electric..

and Radio Testing, front all Dealers or direr)

RIJNBAKEN.MANCHESTER.1

ti

" LAB " range of 2% Precision built Transfoni s
and Chokes can now be supplied to your s!,i-
fications without quoting Government Pric.y.

LAB" RANGE COMPONENTS ARE USED BY MOST GOV .

MENT AND INDUSTRIAL RESEARCH ESTABLISHMENT
R.A.E. Type Approved

RTS ELECTRONICS LTD., King St., Exeter, Eng'

SPECIALIST ATTENTION
1,

The solution of individual problems has for mi
years formed a part of our normal day's work.
transformers are employed in the equipment yi
manufacture, we shall be glad to give you the advi
tage of our experience and to offer the same effici'

Telephone. Abbey 2244

service that 1,

fidence of t,

won the cc;

G ov e rn m et',
Experimen1;'

TRANSFORMERS LTD
Esta

I n dublishmS);

76-8, PETTY FRANC, LONDON. S.W I

and of the Lej
ing str
0 rgan i sati on,,,_

i
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WAVEMETERS

OSCILLATORS

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

CONDENSERS

INDUCTANCES

RESISTANCES

BRIDGES
W. SULLIVAN
- LIMITED -
London, S.E. 15

Tel. New Cross 3225 (Private Branch Exchange)

Capacitance
Inductance
Resistance

ALL TYPES-ALL FREQUENCIES-ALL ACCURACIES

Regd. Trade Mark

PRECISION
TESTING INSTRUMENTS

,IIGH accuracy, simplicity, excep-
onal versatility and proven reliability
)tve won for "AVO " Instruments a
orld-wide reputation for supremacy
herever rapid precision test work is
Imianded. There is an "AVO " Instru-
ent for every essential electrical test.

The MODEL 7 50 -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. Direct
readings. No external shunts or series resistances. Provided with
automatic compensation for errors arising from variations in
temperature, and is protected by an automatic cut-out against
damage through overload.

jtrietors and Manufacturers :
AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD., WinderiHouse, Douglas Street, London, S.W.1. 'Phone: VICtoria 3404-8

ti
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The cost of solder for a joint is so little and a sound joint means so much.
Whether you make 10,000 sets or repair 1-be safe -use the finest cored
solder in the world. Ersin Multicore - the only 3 core solder. Our job is

to send:you details - please ask for them.
MULTICORE SOLDERS LTD., MELLIER HOUSE, ALBEMARLE STREET, LONDON, W.1

Telephone : Regent 1411, (P. B. X. 4 lines)
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Freedom from vibration with silence and secure flexible support is
available for radio, instruments, generators-from the standard range
of Silentbloc Anti -Vibration Mountings. The metal and rubber de-
signs are exclusive to Silentbloc, and offer the most convenient
and consistently effective medium for the isolation of vibration.

Full particulars on application.

SILENCE
SECURITYSIMPLICITY

SILENTBLO
'.NO VIBRATION.

LUBRICATION

'IRA DE
OR WEAR

SILENTBLOC VICTORIA GARDENS LONDON, W.-11
LIMITED LADBROKE ROAD :;:,,tte=.11 .

spiikAlck.
MA0140

eftstavilifitafe
TIRANts.PovemERs
Line Voltage Variations of

± IS Ocreduced to 1`),()
TYPICAL SPECIFICATION

INPUT VOLTAGE 190-260 v, 50 cp s.
OUTPUT VOLTAGE 230 v. t 190
MAX, LOAD, 150 wOtts.

Input power factor over 9O'
Prices on application Write for details.ROAD, SHERNHALL STREET, WALTHAMSTOW, LONDON, E.17 Phone : LARkswood 4366 & 4367
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MICA CAPACITORS
From the first days of Mica
Capacitor production Dubilier has
been an outstanding Trade Mark,
standing for reliability and every
advance in manufacturing technique.

METALLISED MICA CAPACITORS
These capacitors have remarkable
stability, a wide capacity range and
marked ability to withstand all

climatic conditions.

CERAMIC CAPACITORS
Sturdy in construction, consistent in
performance, reliable in long usage.
Once fitted, these capacitors can be
left unattended for years.

PAPER CAPACITORS
Dubilier offer a comprehensive range
of paper capacitors with a wide variety
of working and test voltages. Every
up -to-the-minute feature has been
incorporated in the production of these
long -life components.

DUBILIERCONDENSER CO. (1925) LTD.

LONDON, W.3

rf#0 NiS Fly

February, I
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EDITORIAL

The Size of an Electron and the Nature of its Mass

IN the editorial of March, 1944, on
problem of two electrons and Newton's
third law," we showed the importance of

the toroidal distribution of displacement
currents and the associated magnetic field
,produced whenever an electron is moving.
This magnetic field represents a certain
amount of energy which must be expended
'in accelerating the electron, just as energy
must be expended in accelerating a mass.
In both cases the energy imparted to the

Fig. I.

II moving charge or mass is proportional to the
square of the velocity, and one can regard
the magnetic field of the moving electron as
endowing it with a certain equivalent mass.

The question that then arises is whether the
electron has any other mass, that is, whether
it has any gravitational mass or whether its
entire apparent mass is inertial and due to
its magnetic field. If we could isolate an
electron and apply the callipers to it we could
soon answer this question, for an electron is
known to have an apparent mass of 9.11 x
10-28 gramme and a charge of 4.803 X I0-1°
electrostatic unit, and if we knew its diameter
we could calculate the equivalent mass of its
magnetic field. We propose, however, to
adopt the reverse procedure and determine
the size of the electron on the assumption
that its apparent mass is due entirely to the
inertia of the magnetic field.

The magnetic field strength H at any point
due to a current element i . ds is equal to
i . ds sin 0/r2 where i is in e.m. units. Putting
i . ds = qv/c where q is in e.s. units and c =
3 x io", we have H = qv sin Olcr2. The
energy in the elemental zone shown in Fig. I
will be

H2
ran . 2 wr sin 0 . dr

q2v2 dr
= c2r4  87r ' 27rr2 sin30 . dO

2 r2v d
sin30 de4c2 1'2
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The energy in the spherical shell will be the
integral of this from o to which, since

I 2v2
sin30 c/0 = 413 is - . -2 2  ar ergs.

3 C

0

If the electron be regarded as a sphere of
radius y0 the total energy of the magnetic
field external to the electron is

q2v2 dr I q2v2
3 c2 y2 3

C2
YD

If we neglect any magnetic field within the
electron, which is the same as assuming its
charge to be on its surface, this will represent
the total energy, which we can therefore
equate to o.5mv2. Putting

_ a2v2 I
0.5 inv2 = -2 . -

3 c Yo
gives

2 q2 2 4.8032 X 10-2°
'0  inc2 3 9.11 X io-28 X 9 X 1020

= 1.88 x io-13 cm.
If the charge is not assumed to be confined

to the external surface of the electron but is,
for simplicity, assumed to be uniformly
distributed throughout its volume, the
external magnetic energy will be unaffected,
but there will now be some internal magnetic
energy which will materially affect the result.
Outside the electron we were only concerned
with displacement currents but inside the
electron we have both convection currents
due to the moving charge and displacement
currents due to the changing electric field.

Fig. 2.

If Fig. 2 represents the spherical electron, thedensity of the charge will be 3q/47rr03, the
corresponding current density will be
3qvI41Tcr03, and the current linked by acircle of radius y will equal (3q/47Ty03)
X 77Y2 X v/c.

This would equal H x 2701147r where H is
the strength of the magnetic field at this
radius, if this were the only current, but we
must now consider the distribution of dis-
placement current throughout the sphere.

The charge within a sphere of radius Y is
qr3/r03 and the radial electric field 8 at this
radius is qr/r03. In Fig. 3 & at a fixed point P,
for which 0 = 7712, is plotted for two succes-
sive positions of the source (assumed positive),
i.e., of the centre of the electron, and it can

be seen that d&ldt = v

-u
4 - <<( 8"

6E -

utSt

Fig. 3.

If id is the displacement current, we have
therefore

r

dD d&
id =. I

c. dt 47TC dt zpre Y.

I v qr I qv
47TC 0 ztirC Y03

At any other point for which 0 is not equal
to 17/2, & = qr/r03 and the axial component

= qx1r03 where x = r cos 0. Since
d&ldt.(q1r03)dx1dt = qv/r03, id=qvArcro3
as in Fig. 3.

It should be noted that this is independent
of r ; so the displacement current, like the
convection current, is uniformly distributed
throughout the volume and of exactly
one-third the magnitude.

It can be seen at once from Fig 3 that the
displacement current is in the oppositedirection to the convection current and thatthe resultant current density is 2qv/473-cy03.
Hence

H X 27V 2qv
41T

X 71-y2
47rcro3
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qvyd H = anywhere inside the sphere at a
cro

istance y from the axis. It is of interest
:o note that on the surface of the sphere

ro sin B and H = qv sin Olcro2 as found
:or the external field.

Having found the value of H throughout
he sphere we must now find the magnetic
mergy. The volume of a cylindrical shell of
adius y and thickness dy is 2Trr0 sin 0
X 2ro cost x ro cosO dO = 477703 sin 0 cos2 0 dO
here y = ro sing.
Multiplying this by H2/87r we have

q2v2 sin 20 47Tro3 sin° cos20 dO
X01,04 8r

q2v2
= , sin30 cos20 dO

2C210
77.12

i0iFor the whole sphere sin30 cos20 dO

1.42

J(sin30 - sin.50) dO
0

= - T8i = 15
And thus the whole magnetic energy inside

q2V2
the sphere is equal to which is exactly

15 c-ro
a fifth of the external magnetic energy. The
value calculated above for the radius ro by
equating 0.5 mv2 to the magnetic energy
should therefore be increased from 1.88
X 10-13 to

x 1.88 x 10-13 = 2.256 X io-13 cm.
This is based on the purely arbitrary assump-
tion that the charge distribution is uniform
throughout the assumed sphere.

Although only a sixth part of the total
energy is within the electron, the greater
part is concentrated within a very small

).radius. The energy contained in the space
between the surface of the electron and a
spherical surface of twice the radius will be

q2v2

3
.

c2 ro 21r0)
equal to

a2v2
i.e., to I 7 so that, with the internal

c ro
energy, we can say that about o.6 of the total
magnetic energy is contained within a
sphere of twice the electron radius.

We would emphasize that the sole object
of this calculation is to determine the size
that an electron must have if its apparent
mass is due solely to the energy of the
magnetic field set up by its motion. If its
radius can be proved to have some greater
value, then the above calculation will show
to what extent its total mass can be ascribed
to its magnetic field and to what extent it
possesses gravitational mass.

It is interesting to consider how its
magnetic field endows the electron with all
the kinetic properties that one usually
associates with mass, such as momentum,
kinetic energy and centrifugal force. To
accelerate it the magnetic field must be
increased and this induces an electric field
opposing the motion of the electron ; when it
decelerates, the magnetic field decreases and
the induced electric field tends to keep the
electron in motion ; thus any departure
from uniform velocity in a straight line calls
into being forces opposing the change. In
considering the rotation of an electron
around an atomic nucleus we can thus apply
the usual Newtonian laws on the assumption
that the electron has ordinary gravitational
mass even if it really has no such mass ;
surely a very striking and unexpected
conclusion. G. W. 0. H.

Correction.

In the Editorial of September last we
referred to Dr. Geoffrey Builder as " of the
D.S.I.R. of Australia." We learn, however,
that Dr. Builder is no longer connected with
the Radio Research organization, but has
been for some time in practice in Australia
as a consulting engineer.
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SUMMARY.-It is shown that the normal treatments of the transient response of
filters are either not sufficiently simple or are not really suitable for all types of filter ; the
method which considers the filter as an idealized transmission characteristic is satisfactory
for multi -section filters and gives results in simple terms, but for single -section filters a special
treatment is desirable. A method of determining the build-up and decay characteristics
is given for a single section of the " 6 -element symmetrical " band-pass filter, and the type
of equation obtained is of general application to other types of section.
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Introduction

THE question of the transient response
of filters is extremely complicated,
and compared with steady-state

treatments involves advanced mathematics
from whatever point of view it is approached.It is very important in pulse -signalling
systems, however, and consequently certain,, rules of thumb " have been commonlyquoted, and used in design. The twoimportant ones are :

(a) The build-up time of a band-pass
filter for an applied signal of mid -band
frequency is equal to the reciprocal of thebandwidth in cycles/sec. For a low-passfilter, the build-up time of an applied D.C.signal is one-half of the reciprocal of thecut-off frequency in cycles/sec.

(b) The amplitude of the peak of thetransient caused by the sudden application
* MS. accepted by the Editor, September 1945

-

or removal of a frequency outside the pass -
band of a band-pass filter is proportional to
the bandwidth and inversely proportional to
the difference between applied frequency
and mid -band frequency.

Various text - books 1' 2'3 on filters and
circuits give some treatment of this problem
and quote or justify the above rules. The
method of approach is to consider the filter
not as a combination of impedance elements
but as an idealized transmission charac-
teristic in which the pass -band is quite flat,
the rate of cut-off infinite, and the attenua-
tion outside the pass -band infinite ; the
phase characteristic is considered linear
throughout the pass -band. It is not difficult
to appreciate that this hardly represents a
practical filter of conventional type. It is
worth noting, however, that substantially
" ideal " filters can be made, see Bode and
Dietzold5 and Levy6.

Carson and Zobel4 give a treatment which
is based on the actual circuits, but assumes
smooth terminations on an image impedance
basis. This treatment is extremely com-
plicated, and gives results which are difficultto use.

Some of the results of these two methods
will be briefly summarized in subsequent
sections and their shortcomings discussed.

Another method of computing the transient
response of any kind of band-pass filter isgiven by E. C. Cherry17, who uses measured
or calculated values of the attenuation and
phase -shift of the filter at every frequency
component of the applied pulsed tone (i.e.,
tone regularly applied and removed). Themethod therefore gives only an approxima-tion (though generally quite adequate) to theresponse to a single unit -step envelope. Itis, moreover, rather laborious. It has thevery great advantage, however, that itenables the envelope shape to be determinedfor applied frequencies different from the
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mid -band frequency yet still within the
pass -band.

It has been found in practice that the first
method of treatment gives results which are
not only simple to compute, but also
represent the performance of real filters,
,provided the filters have sufficient sections to
make their performance approach the ideal
in respect of rapid cut-off and high attenua-
tion, outside the pass band. Such perform-
ance may be attained by filters of i 2 or
2 sections (or more), and, as will be shown in
ue course, the analytical results apply very

closely in all major respects.
For filters of a single section, however, the

theory is not adequate. Large discrepancies
in performance are found. A special treat-
ment of this case has therefore been de-

9veloped, and is described in Section 3. The
analysis is based on the actual filter circuit,
and equations are given for the build-up
and decay of pulses of the mid -band frequency
of band-pass filters.

Throughout the paper, only band-pass
filters are discussed. This is the most
general case, and for most purposes the
performance of a low-pass filter can be taken
as equivalent to that of a band-pass filter
'Df bandwidth equal to twice the low-pass
cut-off frequency, and with a mid -band
frequency of zero*. Thus the pulse envelopes
,discussed for band-pass filters represent the
actual current for low-pass filters.

Again, only the 6 -element " series -
derived T -section is considered in dealing
with single -section filters. The steady-state
responses of the various arrangements of

6 -element " (or symmetrical) sections are
different, and are fully discussed in a previous
paper,11 but it is unlikely that the transient
esponses will be greatly different, and it is
hought that the one case treated should be

adequate. Unsymmetrical filters (i.e. filters
hvith different steady-state responses above
Ind below the pass -band) are not dealt with
ere, but have been found to be quite

4capable of treatment by the methods
dicated.
It must be emphasised that all the methods

liscussed for band-pass filters assume that
he bandwidth is small in relation to the

id -band frequency. There is no corre-
ponding limitation in the application to
ow -pass filters.

* This means that in the equations given, nwo
or band-pass filters should be replaced by 2we for
ow -pass filters, where we = cut-off angular fre-
uency.

A

E
G

M

m

R

coo

we

List of the more Important Symbols
= attenuation ratio of pass -band in " ideal "

filter.
= peak amplitude of applied signal.
= a constant in the transient term for a single -

section filter (and is a function of m).
111/

kIL
( 4_ cool

n w, p
= derivation parameter of filter.

fractional bandwidth = bandwidth/mid-
band frequency.

= differential operator = d/dt.
time in seconds.

= design resistance of filter.
= bandwidth in radians per sec.

PRoo
= mid -band angular frequency.
= cut-off angular frequency of low-pass filter.

I. Analysis of Band -Pass Filter with an
Idealized Transmission Characteristic

The filter is assumed to have a flat attenua-
tion response in the pass -band, infinitely
rapid cut-off, infinite attenuation in the
attenuating bands, and a linear phase
characteristic in the pass -band. The applied
signal consists of a voltage E cos wit suddenly
switched on at time t = o. The envelope of
this signal is the Heaviside Unit Step. The
signal can be expressed as the Fourier
integral :

Co

el = - cos colt -I-- E I Isin wt . dco
2 27r (2) - 0.)

0

sin wt d w (I)2n w
0

where e1 = voltage at any instant,
E cos colt = suddenly impressed wave

w = any angular frequency in
the spectrum.

Alternatively, the following form may be
used if w is taken to be the envelope com-
ponent, i.e., the difference between any
frequency being considered and the applied
frequency :

GO

e = -E cos co --E -I sin (wl w)t ciw
2 27r co

a 0
CO

- - Sin (col} w)t dco
27r co

E
(2)

- 0

This signal is restricted in the limits of
integration by postulated filter character-
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Introduction

THE question of the transient response
of filters is extremely complicated,
and compared with steady-state

treatments involves advanced mathematics
from whatever point of view it is approached.
It is very important in pulse -signalling
systems, however, and consequently certain
" rules of thumb " have been commonly
quoted, and used in design. The two
important ones are :

(a) The build-up time of a band-pass
filter for an applied signal of mid -band
frequency is equal to the reciprocal of the
bandwidth in cycles/sec. For a low-pass
filter, the build-up time of an applied D.C.
signal is one-half of the reciprocal of the
cut-off frequency in cycles/sec.

(b) The amplitude of the peak of the
transient caused by the sudden application

* MS. accepted by the Editor, September 1945.

or removal of a frequency outside the pass-
band of a band-pass filter is proportional to
the bandwidth and inversely proportional to
the difference between applied frequency
and mid -band frequency.

Various text - books 1. 2' 3 on filters and
circuits give some treatment of this problem
and quote or justify the above rules. The
method of approach is to consider the filter
not as a combination of impedance elements
but as an idealized transmission charac-
teristic in which the pass -band is quite flat,
the rate of cut-off infinite, and the attenua-
tion outside the pass -band infinite ; the
phase characteristic is considered linear
throughout the pass -band. It is not difficult
to appreciate that this hardly represents a
practical filter of conventional type. It is
worth noting, however, that substantially
" ideal " filters can be made, see Bode and
Dietzold5 and Levy6.

Carson and Zobel4 give a treatment which
is based on the actual circuits, but assumes
smooth terminations on an image impedance
basis. This treatment is extremely com-
plicated, and gives results which are difficult
to use.

Some of the results of these two methods
will be briefly summarized in subsequent
sections and their shortcomings discussed.

Another method of computing the transient
response of any kind of band-pass filter is
given by E. C. Cherry", who uses measured
or calculated values of the attenuation and
phase -shift of the filter at every frequency
component of the applied pulsed tone (i.e.,
tone regularly applied and removed). The
method therefore gives only an approxima-
tion (though generally quite adequate) to the
response to a single unit -step envelope. It
is, moreover, rather laborious. It has the
very great advantage, however, that it
enables the envelope shape to be determined
for applied frequencies different from the
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mid -band frequency yet still within the
pass -band.

It has been found in practice that the first
method of treatment gives results which are
not only simple to compute, but also
represent the performance of real filters,
provided the filters have sufficient sections to
make their performance approach the ideal
in respect of rapid cut-off and high attenua-
tion outside the pass band. Such perform-
ance may be attained by filters of 1/ or
2 sections (or more), and, as will be shown in
due course, the analytical results apply very
closely in all major respects.

For filters of a single section, however, the
theory is not adequate. Large discrepancies
in performance are found. A special treat-
ment of this case has therefore been de-
veloped, and is described in Section 3. The
analysis is based on the actual filter circuit,
and equations are given for the build-up
and decay of pulses of the mid -band frequency
of band-pass filters.

Throughout the paper, only band-pass
filters are discussed. This is the most
general case, and for most purposes the
performance of a low-pass filter can be taken
as equivalent to that of a band-pass filter
of bandwidth equal to twice the low-pass
cut-off frequency, and with a mid -band
frequency of zero*. Thus the pulse envelopes
discussed for band-pass filters represent the
actual current for low-pass filters.

Again, only the 6 -element " series -
derived T -section is considered in dealing
with single -section filters. The steady-state
responses of the various arrangements of
" 6 -element " (or symmetrical) sections are
different, and are fully discussed in a previous
paper," but it is unlikely that the transient
responses will be greatly different, and it is
thought that the one case treated should be
adequate. Unsymmetrical filters (i.e. filters
with different steady-state responses above
and below the pass -band) are not dealt with
here, but have been found to be quite
capable of treatment by the methods
indicated.

It must be emphasised that all the methods
discussed for band-pass filters assume that
the bandwidth is small in relation to the
mid -band frequency. There is no corre-
sponding limitation in the application to
low-pass filters.

* This means that in the equations given, moo
for band-pass filters should be replaced by 2. co, for
low-pass filters, where w, = cut-off angular fre-
quency.

List of the more Important Symbols
A = attenuation ratio of pass -band in " ideal "

filter.
E = peak amplitude of applied signal.
G = a constant in the transient term for a single-

section filter (and is a function of m).

m

(p
0) 0 p

nz = derivation parameter of filter.
= fractional bandwidth = band width/mid-

band frequency.
p = differential operator =
t = time in seconds.
R = design resistance of filter.
W = bandwidth in radians per sec.

wo
co,

= P I a) 0.
= mid -band angular frequency.
-= cut-off angular frequency of low-pass filter.

1. Analysis of Band -Pass Filter with an
Idealized Transmission Characteristic

The filter is assumed to have a flat attenua-
tion response in the pass -band, infinitely
rapid cut-off, infinite attenuation in the
attenuating bands, and a linear phase
characteristic in the pass -band. The applied
signal consists of a voltage E cos oilt suddenly
switched on at time t = o. The envelope of
this signal is the Heaviside Unit Step. The
signal can be expressed as the Fourier
integral :

E Ie1 = -E cos wit + sin cut . do,
2 27r col -w

o
a0

27r col +
E I

sin cut . do) (I)

0

where e1 = voltage at any instant,
E cos w11 = suddenly impressed wave

w = any angular frequency in
the spectrum.

Alternatively, the following form may be
used if w is taken to be the envelope com-
ponent, i.e., the difference between any
frequency being considered and the applied
frequency :

e1 = - cos co - E- - sin (w1 - co)/ . da)
2 27r co

0

27r
- - sin (col + (.0)/ . do)

co

E
(2)

 0

This signal is restricted in the limits of
integration by postulated filter character-
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where A = attenuation ratio of pass -band,
to = transmission time (i.e., time from

the instant of application of the
input to that instant when the
output has half its steady am-
plitude)

= 0/(w - 00) for any frequency in
the pass -band where 0 = phase -
shift.

Si = " Sine -integral," defined by
x

sin u
. du

u

d W W
, W

(t - t0)

dt. Si (t - to) = .
2

2 W

and when t = to, this is W/z.
27rBuild-up time =
W-

istics. If the cut-off frequencies are wo + W/2
and w0- W/2, where w0 =mid -band (angular)
frequency and W is the bandwidth (angular
frequency), then the integration has to be
performed between the limits (00 - W/z and
wo + W/2. Most of the working is given by
Guillemin3, and leads to the following
results :-

LI Impressed Frequency = Mid -band Fre-
quency = w0.

Output voltage, e2(t)

=EA[1- + -Si2- .

W-(t - to)] cos coot (3)

50

Build-up time (defined as the time required
for the amplitude to change from zero to the
steady-state value at a rate corresponding to
that at the half -amplitude point),

EA EA
fdel 1 EA
L dt 7

t= to

[Jd,Si . -W - to)]
at

t= to

The differential coefficient required is of the
form

kx
d

dx.
f(u) . du

and this can be shown to be equal to
k f (kx)

-
2

(t - to)

(4a)

Note that W is the bandwidth in. rads./sec.

Build-up time -
Bandwidth in cycles/sec.

(4b)

1.2 Impressed Frequency NOT equal to Mid -
band Frequency

(a) The case where the impressed frequency
lies in the pass -band but is not equal to the
mid -band frequency is difficult and is not
fully discussed in the text -books quoted.
(But see Cherry".)

(b) Where the impressed frequency lies
well outside the pass -band, the voltage
produced at the output of the filter is shown
by Guillemin to be

e2(t)
7r(a)o2 w2) W

EAW
sin - (t - to)

p, 2

-2 (t - to)

sin (coot +) ..

where w = im/ pressed angular frequency

w02 costa w2 sine a=

=
(`-'1. tan a)
wo

(5)

a = initial phase angle of applied pulse, E
cos (wt + a). Now if W < wo (i.e. a narrow
bandwidth) and w/w0 is not very different
from unity (conditions which frequently
apply in practice) then

= cif

(wog 0)2) = 2wo (coo - w)

EA. W 2
sin (t - t0)

e2(t) = 27r(wo - co) W
-2- (t - to)

sin (w0 t a) . . . . (6)

This represents an envelope of maximum
amplitude at t = to given by

EA
e2  max -

27T
. (7)(a) 0 - w)

which gives the rule that the transient peak
is proportional to bandwidth and inversely
proportional to the frequency difference be-
tween the applied pulse and mid -band.

The envelope is itself oscillatory, on both
sides of t = to, and decays fairly rapidly.

An important point to be noted is that
when w is well removed from w0, then the
transient peak amplitude depends on the
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initial phase angle, a. We see that
(5))

Transient peak for a = o
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(from sections* as before gave these results :-

C° 0
(8)Transient peak for a = 7r/2 (1)

which may be quite a large or small ratio.
It is interesting to note that the same
relationship is obtained with a single tuned
circuit". However, when the bandwidth n
is very small, this effect is often unimportant.

1.3 Comments on the Theory

The theory outlined above is very useful
in that certain simple results are obtainable
which may be quite adequate for many
practical purposes. The simple rules quoted
at the beginning of the section have been
found to agree with practical measurements
provided the filter has enough sections to
give a rapid cut-off with an adequate
attenuation outside the pass -band.

An example of how the relation of Equ. (7)
corresponds with practice is shown in Fig. i.
A half -section filter (m = 0.858, (2)0 = 16,650,

n = -= 0.037) gives a transient peak about
0

9 db larger than that given by Equ. (7). A

40
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1,000

DIFFERENCE OF APPLIED AND MID -BAND FREQUENCIES -cis

Fig. 1. Transient response of 6 -element filters ;
bandwidth = too cls, mid -band = 2,65o c/s.

whole -section filter (m = 0.884, n = 0.037)
gives a transient peak 5 db larger. The two
filters together agree with equation (7) to
within one or two decibels. Generally speak-
ing, for narrow -band filters of symmetrical 4 -
or 6 -element types it has been found that
equation (7) applies quite closely for a
number of sections in excess of i 2 or 2.

Regarding build-up time, and defining this
as in Sect. Li, tests made on the same filter

39

section, m = 0.858,
build-up time = 9 ms

section, m = 0.884,
build-up time = 9.5 ms

These two together,
build-up time = 10.0 ms

Also, i section, constant -k,
build-up time = 8.5 ms

Build-up time from equation (4)
= 10.0 ms

Thus the better filter, which gave agreement
on the transient peak amplitude, also gives
agreement on build-up time. The other
filters give a shorter build-up time, but the
discrepancy is small-under 15 per cent.

Regarding the actual waveforms of the
transient components, given by equations (3)
for co = w 0 and by equations (5) and (6) for
w coo, and illustrated by Guillemin (see
Vol. II, Figs. 207 and 208), it is found that
practical filters give a rather different result.
For instance, equation (3) gives some output,
with an oscillatory envelope, right from
negative time up to the actual build-up ; it
gives, too, an oscillatory component to the
envelope after build-up has occurred. This
is because of the characteristics of the sine
integral (tabulated in numerical form in
certain mathematical tables, notably Jahnke
and Emde), which has an oscillatory com-
ponent. In practice, no such preliminary
oscillation is obtained, although an oscillation
after build-up can often be observed. This
will be clear from the oscillograms accom-
panying this paper. Again, equations (5)
and (6) give the preliminary output, which
is not found in practice.

As far as the shape of the main part of the
build-up and decay curves is concerned
(dealing with the case of applied frequency =
mid -band frequency), equation (3) gives the
build-up envelope as

+
7T
-Si .

2
- (t - to) . . (3a)

where to is the, time at which the envelope
reaches half its steady-state amplitude, which
is here taken as unity. A graph of this
function over the main part of its range is

* All these filters had a design bandwidth (nwo)
of roo c/s. Throughout this work, " bandwidth "
means the quantity nwo, and is not related to any
arbitrary attenuation values, as is sometimes the
case in other works.
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shown by the full -line curve of Fig. 2, the
values of the sine -integral being obtained
from Jahnke and Emde's Tables.

The build-up and decay curves of three
actual filters (measured on a Cambridge
Oscillograph) are compared with this " ideal "

1.2

1'0

08

06

0.4

0.2

0

7

integral curve indicates, but is quite sym-
metrical about the half -amplitude point. No
doubt, the presence of dissipation in the
filter components accounts for some dis-
crepancies, but, at any rate, the filters used
in the experiments had a value of Q x n equal

to about 4, a value which
is typical for narrow -band
filters.

It is to be noted that
as the number of sections
is increased beyond two,
the build-up character-
istics are not much af-
fected if the sections are
matched on an image
impedance basis and are
non -dissipative, because
then the addition of
further sections does not
greatly affect the pass -
band loss -frequency re-
sponse. But if the filter
is dissipative or if the sec-
tions are mutually inde-
pendent and each termi-

3.2
nated in fixed resistances,
then the build-up time is
increased as further sec-
tions are added, due to the
reduction in the effective
bandwidth.

The above discussion
has ignored the actual
time after switching at
which the half -amplitude

point is reached. Generally this is not an
important matter in practice, and can be
estimated with sufficient accuracy from the
slope of the phase -frequency curve at mid -band.
Alternatively, the build-up curves of the
individual sections may be calculated
as described in Section 3, and the times
added together. If greater precision is re-
quired, the Superposition method should be
adopted.

It may be concluded here that the " ideal"
theory is reasonably satisfactory for multi -
section filters, but not for single sections.

Some further comment on some of these
points is given by Bell. (7)*

A very fine paper on the idealised filter
has been published by Kamphausen8, and
this shows-

(a) the effect of short pulses, where the
make " and " break " transients interfere,

3,--

2

4

"5

-32 -2.4 -16 -0.8 0 0-8

(t.. -t°) RADIANS

16 2.4

4
2

Fig. 2. Build-up curves of " ideal " and actual multi -section filters.
The upper end of curve 1 is oscillatory about amplitude 1.0, and the
lower end about o.

Curve 1. [Sine integral x Ihr] i
3. Measured decay
2. Measured build-up r -sect., m= m = 0.884.
4. Measured build-up, r -sect., m = r -sect., m = 0.884.
5. Measured build-up, s -sect., m = f, alone.

curve in the same figure. No account is taken
in this instance of the " transmission time " ;
all curves take as zero time the time at which
the half -amplitude is reached. It is clear
that the curve of the single -section constant -h
filter is considerably different from (3a)
it is fitted considerably more closely by the
equations (22) and (23), to be discussed later
in Section 3.2. A derived section is still
more unsymmetrical about the half -amplitude
point, and consequently equation (3a) is an
even poorer representation of its charac-
teristics. But the build-up and decay of the
Ii -section filter are simulated reasonably
closely by the sine -integral curve, which lies
about midway between the later halves of
the build-up and decay envelopes, which are
different in that the decay shows an over-
shoot or oscillation, as does the sine -integral.
The build-up of a 2 -section filter errs in some
respects in the opposite way from the I -section
filter ; it has a slower build-up than the sine- * See footnote on p. 42.
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and where the maximum transient amplitude
may be doubled.

(b) the effect of extremely short pulses
(duration < I ) where the transient is

coo-co
independent of coo and co.

(c) the effect of applying pulses with an
exponential envelope. This case arises fre-
quently in practice where the pulse may be
transmitted through a sending -end filter or
tuned circuit (which gives it an envelope
with a shape not far from exponential) before
being applied to a receiving -end filter.

2. Analysis of Band -Pass Filter by Carson
and Zobel's Method

This method of treatment of the problem
assumes an infinite succession of filter
sections, all the same, so that all junctions
are reflectionless. An expression is then
derived for the current in the nth section.
The working involves advanced mathematics,
a discussion of which is outside the scope of
this paper ; consequently, only a summary
of the main results will be given, all based
on the work of Carson and Zobel4. Only the
case of a constant -k band filter will be
discussed.

The indicial admittance up to the nth
section* is

W t
A7(t) = - sin coot (9)

co
J(2n

where j ,n(-W t ) = Bessel function of order 2n
2

and argument -11t

R 0 = design impedance.

For values of Wt> 2n, the character of
2

the function is indicated by the following
approximate formulae :-

A n(t)

where

W 1.12n 41 4 [sin (0) ot -2co oR 0 7r t
Wt

q2n 2-

+ 02n) + sin (wot q2n . -W - 02n)

. . (I0

[hen =
n2

W212I

r6 n2
q2n =4/I W2/2

4n 1and 02n, = 7i 2n sin -1 -

4 vv -1

We see from equation (Io) that the transient
signal is composed of two frequencies equally
spaced around the mid -band frequency. But,
these two frequencies vary with time, owing
to the factor q2n, and lie within the pass -band,
approaching the cut-off frequencies when t
is large.

So, ultimately
W t

A n(t) --)- j
TrW

4 [sin (coot- -2cooRo i2
4n + 1 Wt 4n I 1+ 7r) + sin (coot +

4 ITI2

. . (II
When an e.m.f. sin (cot + 0) is applied to the
filter, the build-up of current in the nth
section is given by

Wt

R 0
fsin (coot + 0)f 2j2n (Wt21) . cos [ (0) - (00) . d (W t

2
0

+ cos (coot + 0)

-----------

Now, An(t) is very small until -Wt > 2n.
2

Thus the signal is transmitted with an appar-
ent velocity of propagation of approximately
W/4 sections per second.

* i.e., the current flowing in the nth section in
response to a unit voltage applied at the input of
the filter.

Wt

2

J 2n
Wi

sin [(co - coo) - 4)] . d ()}
2

.. (12)

where ti is a variable of integration only.
The derivation of this expression is not

given by Carson and Zobel, except that it is
obtained by substituting the indicial admit-
tance into the Superposition Theorem. The
form of this build-up characteristic is
extremely inconvenient, but the integrals
can be computed, and typical curves of the



WIRELESS
ENGINEER

February, 1946

build-up at various frequencies are given by
Carson and Zobel.

The time T required for the alternating
current to build-up to its steady-state value,
the applied frequency being within the
bandwidth, is given approximately by

T= 4n
W I -4 (co

W
- cool (I3)

This is, of course, the time from t = o, and
includes the " transmission -time " of the
filter (referred to as to in section LI). When

W = 01,3, the time is 4n, corresponding to the

velocity of propagation of W/4 sections per
second.

One very definite conclusion to be reached
from Carson and Zobel's work is that the
transient oscillations in the filter are of
frequency located in the bandwidth, varying
with time, and settling down to the cut-off
frequencies. This is rather different from the
result of the previous method of treatment
(Section I), which gives fixed transient
frequencies of the cut-off value. Equations
3, 5 and 6 all give transient frequencies

2
- ; that this is so in the case of

equation (3) may be seen from its differential
coefficient with respect to t.

Carson and Zobel's method does not give
any simple expressions for the rate of build-up
at the half -amplitude point. The expression
(13) gives the transmission time " at mid -
band = 4n/W. The method of Section
gives " transmission time " = 20,,,/W where

= phase shift at cut-off. Thus the two
methods give similar results in this respect,
but they are only the same if Ow = 2 radians
per section for a constant -k filter. This is, of
course, not the case-the value of Ow for a
constant -k filter under image impedance con-
ditions is IT radians per section. It is worth
noting, however, that if we consider trans-
mission time as being given by the slope of

the phase shift -frequency curve at mid -band,
we find this to be 4/W for one section, which
agrees with Carson and Zobel's result. There
still remains a small discrepancy, however ;

Carson and Zobel define transmission time as
the time taken to reach substantially steady-
state amplitude. The " ideal " method defines
it as the time taken to reach half the steady-
state amplitude.

In general, the above method of analysis
is far less useful than that involving the
idealized transmission characteristics, not
because it is less accurate (indeed, it repre-
sents real filters more accurately), but
because it does not lead to simple and easily-
applied relationships. Further work along
the lines of this section has been published,
as follows :-

Carson and Zobel give an outline treatment
of the case of any terminating impedance in
Appendix IV of their paper.

Finite, resistance -terminated filters (low-
pass type only) are dealt with, again in
outline, by Weber and Di Toro9.

Finite, resistance -terminated, dissipative
filters (low and high-pass types) are dealt
with in reasonable detail, with experimental
results, by Chu and Chang".

(To be concluded)
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* Bell comments on some of the difficulties asso-
ciated with the " ideal " theory, but it seems
doubtful whether his suggestions as to its real
significance are valid. For instance, his main
conclusion that the ideal theory really represents a
half -section filter is not supported by experimental
evidence, and the present author has shown that,
in practical cases, it is only filters of more than
one section which are reasonably well represented
by the " ideal " theory, and that smaller filters
require special analysis. Bell points out, of course,
that the effect of dissipation in the filter will be

to modify the oscillatory components of the tran-
sient envelope. He is misleading in his discussion
on p. 325, in connection with the term # in equation
(3) of the present paper. For a band-pass filter, the
expression W- Si . - (1 - to) represents the

77. 2
envelope of the wave, so that the # presents no more
difficulty than .for a low-pass filter, which (as
previously pointed out) may be regarded as a band-
pass filter of pass -bandwidth equal to twice its
cut-off frequency (i.e., extending from - f, to + f
with a mid -band frequency of zero.
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PUSH-PULL CIRCUIT ANALYSIS*
Cathode -Coupled Output Stage

By S. W. Amos, B.Sc.(Hons.), Grad.I.E.E.
(B. B.C. Engineering Training Department)

()ST circuits used for providing the
out -of -phase signals necessary for
driving push-pull stages of amplifica-

tion employ a valve or centre -tapped trans-
former to perform the " phase -splitting " but
the circuit given in Fig. i requires neither of
these components. This circuit is one in
which one output valve derives its input by
cathode -coupling from the other. In its
application to resistance -coupled intermediate
A.F. stages it is quite well-known12 but its
suitability for stages having a transformer
output coupling is less widely recognised. It
has, however, been used in this way by
C. G. Mayo and H. D. Ellis in the design of
certain B.B.C. audio -frequency amplifiers.

The input signal is applied to the terminals
A B, of which B is earthed, and the two
valves V1 and V2 (usually high -slope tetrodes
or pentodes, but drawn as triodes for con-
venience) operate automatically in push-
pull. The phase -reversal is accomplished as
follows. Consider the circuit with V2 and
all its grid circuit components removed. The
valve V/ then operates normally but with
some current feedback due to the A.F.
potentials developed across the unbypassed
grid bias resistance Rk and the resistance Ro.
These A.F. potentials provide the input
signal for V2 when it is in circuit.

In order that the A.C. component of the
anode current of V2 shall be 18o deg. out of
phase with that of V1, the cathode of V2
must be joined to the cathode of V, and its
grid must be joined to earth. This latter
connection is actually made via a capacitor
in order that the correct value of grid bias
may be applied to V2 by means of the grid
leak R2. Thus the anode currents of both
valves pass through Rk (which hence acts as
a common grid bias resistance) and R 0 and
the amplitudes of the A.C. components of
these anode currents adjust themselves so
that they are unequal, V1 providing the
greater A.C. component. This difference in
amplitude is necessary in order to provide
the input signal for V2. It is the purpose of

* MS. accepted by the Editor, September 1945.

this analysis to find the effect of varying R
on the performance of the circuit and hence
to find an expression for its optimum value.

Let it and i2 -= amplitude of the A.C.
components of the anode currents of V1
and V2 respectively (both currents are
regarded as positive, their directions being
indicated in Fig. i, and i, is assumed
greater than i2).

E, and E2 = amplitudes of the alternating
potentials between grid and cathode of
V1 and V2 respectively

Ek = amplitude of the P.D. developed
across Rk

Eo = amplitude of the P.D. developed
across R0

E = amplitude of the input signal applied
across AB.

From Fig. r, we have
Ei = E - Ek)

E - [(i - 2)R 0 (i -
= E - - 2)(Ro Rk)

iORki

= E - (i1 - 2)Ro'
in which Ro' R0 Rk

Also E2 = Ek
(i1 - i2)(Ro Rk)

= (il i2)R0'
Regarding V, and V2 as constant
generators, we have

g,E, = gm {E - (i, - .i2)
and

(I)

(2)

current

(3)

i2 = gmE2 = gm(ii i2)Ro' (4)

in which V1 and V2 are assumed to be valves
with the same value of gm. It is considered
unnecessary in equations (3) and (4) to
include negative signs, thus, i/ = -
With the input signals and anode currents
of V1 and V2 as indicated in Fig. 1, all phase
relationships are taken care of by using
positive signs throughout as in equations
(3) and (4).

From (3) (il- i2)R0' E - -
gm
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From (4) - 12)RO'
gm

E- i -i 2

gm gm

11 ± 12 = gmE
which shows that the combined output
currents of V1 and V2 have the same value
that would be given by a single valve with
the same value of gp, and the same total
input E.

Fig. 1. The circuit
analysed in the text.

Solving (3) and (4) for i1 and i2 we find
(1 g,,R0')gmE

21 I+ 2g,Ro'
um2R E

and i =
2 I + 2gmR0'

gmEit- 12- I ± 2gmR0'
In order to assess the difference between
it and i2 we shall use the symbol d to repre-
sent (difference in amplitude of the A.C.
components of the anode currents of V1
and V2) / (mean amplitude of the A.C. com-
ponents)

- 2i.e. =
-2-(21+12)

From the expressions given above for
- i2 and i2

2gmE I 2

I + 2g,Ro'  g,E- I + 2g7nRo'
In most practical problems it will be found
that 2gmR0' considerably exceeds unity,
so that

=

-
gmRo'

I

Ro'
dgn,

Suppose, for a particular type of valve,
gm = ro mA/volt and we do not wish the
difference in A.C. components of the anode
currents to exceed 5 per cent. of their mean
value. We have, from (8).

Ro'
to

I
= 2,000 ohms.

20  1,000
Ro' is, of course, the value of total cathode
resistance, i.e., grid bias resistance R5.,
together with the coupling resistance Ro.
If Rk is ioo ohms then R0 will need to be
1,900 ohms. We shall deal throughout
this manuscript, however, with the value
of Ro' rather than Ro. A value of Ro' of
2,000 ohms may be considered excessive,
since the D.C. components of the anode
currents of V1 and V2 which pass through
it may cause the safe heater -cathode insula-
tion rating of the valves to be exceeded. If
the total cathode current of each valve is
40 mA and if R0' is 2,000 ohms, then the
steady P.D. across R0' is 2,000 x 8o

1,000
= 16o volts. Ro' will, therefore, need to be
capable of dissipating steadily a power of

8o
x 16o = 12.8 watts, and if the valves1,000

require an anode potential of 250 volts,
N
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Fig. 2. Curves illustrating the variation of H.T.
supply volts, the percentage difference in anode
currents and the power in R,' with variation of
R0'. These results apply to valves with g,,, -
iomA/volt and total cathode current = 4o mA

per valve.

the total H.T. voltage necessary will be
250 + 160 = 410, which may be considered
excessive. The dependence of 4, power
in R0' and H.T. voltage on the value of
Ro' are illustrated in Fig. 2, evaluated for
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valves with gn, = I() mA/volt and total
cathode current equal to 4o mA per valve.
From this a most suitable value for Ro'
would appear to be about r,000 ohms. It
would be good enough, probably, to make
Ro = r,000 ohms (a standard value), Rk
being zoo ohms (a typical value) so that
Ro' = 1,100 ohms. Clearly, for a given
value of 4, in order that the power wasted

2'0

1.9
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17

16

I 5

13

1'2

II

0910

0 8

ASYMPTOTIC TO 2 AS a a,

AS YM PT TIC TO 1 AS CC 0

10

VALUE OF Ro FOR gm = 10mA/VOLT -7.- OHMS

Fig. 3. Dependence of E 1E, on the value of g,R0'.

02 03 .0-5 I 2 3 4 5 10 20 30 50 100

VALUE OF a (gmR0

20 30 50 100 200 500 500 1,000 2,000 5,000 10,000

in R0' shall be a minimum and also for
minimum value of total H.T. supply, the
highest possible value of gm is necessary.
Also, since the input signal for the second
valve is given by the product of R0' and
(see equation (2)) it is a good thing to use
valves requiring a small input signal, for
these will require a smaller value of R0' for
a given d than other valves requiring bigger
input signals. Pentodes or tetrodes, then,
are more suitable to use in this particular
circuit than triodes.

Input Signal Requirements
From (r) and (7), we have

E =E
2gniRo'

+ gmR0'
+ 2g,,,R0')

E + 2gmR0'
Ei I ± g,Ro'

Now the fraction E
gives the value of the

,
total input signal across AB (Fig. r) over
the input signal required by V,. Let

gm = 10 mA/volt and Ro' = r,000 ohms
as before. We have

ro
i -I- 2 X X I,000E 1,000 21

= - .-------, 1.91IIEl 10I +
1,000

X 1,000

so that the input signal required by the
circuit is, in these circumstances, 1.91 times
that required by one of the push-pull valves.
Since t, is greater than i2, it follows that
V, has a larger input signal than V2 and
so overloads first. Suppose V1 can accept
a maximum input signal of 8 volts peak value.
The input necessary to the circuit is 8 x 1.91
= 15.28 volts for maximum output power.

The dependence of
E
-- on the value of ginRo'

l
is illustrated in Fig. 3, from which it can be
seen that the greater g,R0' is the more
nearly will E approach twice E,.

Dependence of Output Power on Value of
gnyo'

It is also interesting to find the effect of
varying R0'. on the power output of the two
valves. Since 1, exceeds i2, it follows that
if V1 is driven to the limit of its power
output, then V2 is being under -run to an
extent governed by the value of R0'. The
power actually delivered by the two valves

I'0
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VALUE OF a (ign,R0
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VALUE OF 11:, FOR gm - lomAhotT -7,- OHMS

Fig. 4. Illustrating the dependence of output
power ratio on the value of cc.

is proportional to 212 222 whereas if both
anode currents equalled it the power would
be proportional to 2 i12. Hence the fraction
of the maximum possible power output
actually obtained, P, is defined by
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P=212+222' 1 I

2 _L '22

2i 12

= 2(I 2 \
i,12/
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estimate the value of a necessary to give
the desired power output. Suppose, for
example, we want at least 90 per cent. of
the maximum possible power output. For
this value a = io from Fig. 4, so that, if
gm = Io mA/volt for the particular valves

From (5) and (6) a ioused R0' =- = =1,000 ohms. Clearly
gmi2 gmR0'

gmR0'
21 ,2 1

P = + 8m "±
a2 1= +
+ a)2.1

where a = gmlr? o'

In Fig. 4 this fraction has been plotted
in the form of a curve and from this we can

10

1,000
the greater gm is the less will R0' need to
be to give the required output power.

This method of achieving push-pull opera-
tion is covered by British Patents Nos.
492,407 (General Electric Co., Ltd.) and
508,697 (British Broadcasting Corporation).

REFERENCES
1 0. H. Schmitt, Jo:sm. Scient. Instr., March, 1938, Vol. 15, p. 100.
2 W. T. Cocking, Wireless World, 13th April, 1939, Vol. 44, p. 340_

MICRO -ELECTROMAGNETIC WAVES*
The Nature of Spark -Generated Waves

By M. G. Kelliher and E. T. S. Walton
(Trinity College, Dublin)

SUMMARY.-A description is given of a reliable, sensitive, and fairly selective detector
for the micro -electromagnetic waves produced by sparking between short tungsten rods under
oil. It has usually been assumed that the radiation produced in this way consists of a damped
train of waves emitted every o.oi sec, if the transformer used to produce the sparks is run on
5o c/s A.C. The present experiments show that about 20 to 3o wave trains are emitted every
o.oi sec and that these trains show very much smaller damping than is predicted by theory.
It is suggested that some mechanism may be present tending to maintain the oscillations.

IN the early years of this century a con-
siderable number of theoretical and
experimental papers were published on

the nature of the radiation emitted when
sparks were passed between two rods im-
mersed in oil. References to some of these
will be found in a paper published by
Pollock.' The best known work is perhaps
that of Nichols and Tear,2 although only
very seldom is any reference made to it in
modern books dealing with micro -wave work..
A few years ago, Melloh3 showed that the
damped trains of waves produced by the
spark method may be used for quantitative
work on their transmission through hollow

* MS. accepted by the Editor, August 1945.

metal tubes. He found that the wave length
of the radiation emitted was about 2.5 times
the total length of the two rods used, but that
the ratio increased considerably when the
wave length was below about 5 cm. The
factor of 2.5 agrees with the figure 2.53
found theoretically by Macdonald 4, but
disagrees with the factor calculated by
Abrahams of 2 (I + 5.6e2), where i/e = 4
loge 2a/b, 2a being the total length of the
rods and b being their radius. Rayleigh6 also
showed that the factor is nearly 2. Page and
Adams' derived a complicated formula, the
numerical values obtained suggesting that
the correction term of 5.6 E2 in Abraham's
formula should be approximately doubled.

The apparatus required for the spark

1
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method is very simple, and if modified suit-
ably, may be used for producing very short
waves. By sparking through a suspension
of metallic particles in oil, Glagolewa-
Arkadiewa8 showed that radiation extending
into the far infra -red region could be gene-
rated. On account of the promise which this
method gives for the production of very short
waves beyond the range of existing mag-
netrons and klystrons, a study of the original
spark method was undertaken. While
writing the present paper, giving the results

0

FINE
CONTROL

COARSE
CONTROL

1/2 WATT
RESISTANCES

SCALE
5

TUNGSTEN RODS

Fig. i. The construction of the oil -immersed

spark gap is shown here. Resistors are
included at the outer edges of the tungsten rods

to damp long -wave oscillations.

of these experiments, a paper has been

published by Cooley and Rohrbaugh°, who
describe some new work on the method of
Glagolewa-Arkadiewa.

The Generator
The tungsten rods, usually of 2 mm

diameter, were sealed into the sides of two

tubes of pyrex glass which are immersed in
oil. The power is supplied by a small trans-
former giving about 8,000 volts R.M.S.
The current is limited to about 4 mA by
two water resistances placed symmetrically
between the transformer and the spark gap.
Higher currents than this cause rapid wearing
away of the tungsten rods, necessitating
frequent adjustments to the gap. The output
also becomes irregular owing to excessive
carbonisation of the oil in the gap. In order
to damp out oscillations of longer wave-
length which may be radiated from the
connecting wires, it has been found ad-
visable to place two i-watt io,000-ohm
resistances next to the air gaps at the outer
ends of the tungsten rods. The connections
from these resistances to the water resistances
were made of resistance cord.

The function of the air gaps is probably
to isolate the tungsten rods from the rest
of the apparatus during the oscillations.
This is achieved since the transit time of an
electron across the air gaps is long in com-
parison with the period of oscillation. The
size of the air gaps is not very important.
If the air pressure in them is reduced, the
output is found to be roughly proportional
to the pressure.

The exact size of the oil gap between the
tungsten rods is of great importance, its
optimum size varying from about 0.025 mm
for an arc current of 3 mA to o.oi mm for
an arc current of 20 mA. A convenient
method of making this adjustment is shown
in Fig. I. The coarse and fine controls are
well worth the extra complication. Various
liquids have been tried for the oil gap, but
none has been found superior, as regards
size and steadiness of output, to kerosene
as recommended by previous workers.

Detection of the Radiation
In our earlier experiments, a simple crystal

and point contact connected to a galvano-
meter were used, the connecting wires in the
neighbourhood of the crystal acting as a small
aerial. It was found later that the measured
value of the wavelength of the radiation
emitted depended on. the details of the
crystal circuit. Hence it was considered
advisable to arrange that this could be
tuned. The detector shown in Fig. 2 has
been found to be very satisfactory. It
consists of a concentric -tube type of resonator
fitted with a crystal detector (silicon and
tungsten point). The silicon is soldered to a
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recess in the central rod, while the tungsten
wire is supported by a short cylinder which
is rigidly attached to the inner rod by some
polystyrene and which can slide inside the
outer tube without touching it. It thus
forms a small capacitor, such as is usual in
this type of arrangement. The position of the
crystal in the resonator is controlled by the
knurled nut N1 and may thus be adjusted to
give appropriate loading of the tuned circuit.
The length of the resonator is controlled by
the knurled nut N2 which moves a sliding
contact connecting the central rod to the
coaxial tube. As this sliding contact is the
place of maximum current, it is important
that the electrical contact should be a good
one. This is secured by making it of double
split -collet type, one part of which expands
against the outer tube, while the other part
contracts on the central rod when the locking
nut N3 is tightened. The contacts with the
outer cylinder and with the inner rod are
therefore both good ones. The screw S is
prevented from rotating by the plate P, and
the collet C by a slot and projection arrange-
ment which cannot be seen in the drawing
of Fig. 2.

This detector is selective if its fundamental
mode of oscillation is used, as the following
experiment shows. The wavelength of the
radiation from a given oscillator is measured
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lator used. The results plotted in Fig. 3
were obtained using a great variety of
oscillators, and show a linear relation
between the measured wavelength and the
length of the detector resonator. The slope
of the line is 5.o instead of the value 4
required if the detector circuit is behaving
exactly as a quarter -wave resonator. The
intensity for any particular setting of the
detector varies greatly with the length of the
oscillator. This result shows that the output
from a given oscillator is spread over a
considerable range of wavelengths.

The presence of higher modes of oscillation
in the detector circuit can be shown by
passing the radiation down a suitable tube so
as to filter out the longer waves. Fig. 4
shows how the measured wavelength depends
on the length of resonator, when the radiation
from a 1.96 cm oscillator is filtered through
an 8o cm length of tube of internal diameter
4.3 cm. AB is the straight line taken from
Fig. 3 and CD is obtained by adding to the
abscissa of each point on AB a half -wave-
length and leaving the ordinate unaltered.
Thus CD corresponds to the detector circuit
acting as a three-quarter wave resonator,
The experimental points lie well on the line
CD except when the resonator is very short.
In this case the fundamental is excited as
shown at the point P. If shorter oscillators

INCHES

"7.));# '

11111111

N

Ip

Fig. 2. The detector is a crystal fitted to a concentric -tube resonator.
The position of the crystal is adjustable by N, and the length
of the resonator by N2 ; N3 is a locking nut. The collet C is
plevented from turning by a slot and pin which cannot be seen

in the drawing.

by setting up standing waves formed by
reflection at a conducting plane. It is found
that the wavelength thus measured depends
on the tuning of the detector and not (except
in extreme cases) on the length of the oscil-

and smaller diameter filters are used, the
type of oscillation excited in the detector
circuit becomes less definite and the tuning
of the oscillator has very little effect on the
measured wavelength.
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The Amplifier
It was expected that the output from the

crystal would consist of one rectified damped
train of waves emitted every o.oi sec. (This
view is not correct as will be seen later.) In
order to amplify this, a three -stage resistance -
capacitance coupled amplifier was used, the
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To check this, the output from the amplifier
(without metal rectifier) was examined using
a cathode-ray oscillograph. Fig. 5 shows a
typical pattern obtained and is quite different
from what one would expect. There are a
considerable number of irregularities on the
curve, each of these probably corresponding

to a train of damped
waves. Estimates in-
dicate about 20 to 3o
of them every o.oi
second, instead of the
one train hitherto as-
sumed. This result
was confirmed by ex-
amining the oil spark
in a rotating mirror,
for about 20 to 30
minute sparks were
seen to occur every
o.or second, while the
air gaps showed a con-
tinuous luminosity
over each of these
periods. That the ra-
diation was actually

1 5
being emitted during
the greater part of each
0.01 second, was veri-
fied by placing be-
tween the oscillator
and the detector, a
disc containing suit-

ably placed holes and rotating it at syn-
chronous speed. In this way, any fraction
of the cycle could be picked out and ex-
amined separately. It showed that the
radiation was being emitted throughout the
greater part of each cycle. Thus very little
is to be gained by sparking at a higher
frequency than is obtained from the ordinary
mains, as has been suggested by Hesselbeck.i°

(2) State of polarization. The detector
already described is very suitable for deter-
mining the state of polarization. The radia-
tion was usually found to be highly polarized,
figures as high as 99 per cent. being some-
times attained. The plane of polarization is
not always exactly parallel to the tungsten
rods. Sometimes it is inclined at angles up
to 200, without there being any obvious
reason for it. Refractive indices for
materials may be measured readily by finding
the angle for minimum reflection and using
Brewster's law.

(3) The energy spectrum. The wavelength
was measured by forming a set of standing

B
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C

6-5 1-0 15 20 2 5 3 0 35 40 (05 1.0 20 25 30 35 40
LENGTH OF RESONATOR IN cm.

Fig. 3 (Left). The relation between the wave -length and the length of
the detector resonator is linear. In Fig. 4 (Right) AB is for the same
condition, but CD represents the case when the detector acts as a three-

quarter wave resonator.

time constant of the circuits being about
0.05 sec. The output of this amplifier was
fed into a pentode which was transformer -
coupled to a full -wave metal rectifier and
D.C. milliammeter. This arrangement gives
a very sensitive detector with sufficient power
to operate a quick -acting robust meter. The
overall voltage amplification was about
7 x 106 and the sensitivity could be varied
over a wide range by a potentiometer built
into the coupling circuit between the first
and second valve. As tested by the inverse
square law, the output was roughly pro-
portional to the intensity of the radiation over
a range of more than ioo to i, provided the
output from the copper -oxide rectifier was
not too small.

Nature of the Radiation from the Oscillator

(i) Number of wave trains per second. It
has usually been assumed that the radiation
from the type of oscillator used in these
experiments would consist of one train of
damped waves emitted every o.oi second.
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waves by reflection at a metal plane. Fig. 6
gives the usual type of curve obtained. It
shows that there are at least 3o waves in the
train and that the wavelength can be
measured with considerable accuracy. The

a_

0

-4-- 1/100 SEC.

TIME

Fig. 5. This diagram shows a typical radiation
wave.

general rise in the curve can be explained
by the increasing inequality in the distances
of the detector from the oscillator and from
its image in the reflecting plane. Using a
given oscillator, a wide variety of wave-
lengths may be measured in this way by
merely varying the tuning of the detector.
(See Fig. 4.) This variety must be present
in the output of the oscillator, for the pro-
duction of standing waves could not be
explained by assuming that a single wave-
length is present and that the tuning of the

detector is very broad. This view is sup-
ported by the results shown in Fig. 7. The
full curve shows how the output of the ampli-
fier depends on the tuning of the detector,
the oscillator having a length of 4.5 cm.
Remembering that the output of the ampli-
fier is roughly proportional to the intensity,
we can calculate the logarithmic decrement
from the readings, where the output falls to
one half. Its value was found to be o.61.
The dotted line shows the resonance curve
calculated for the detector assuming that it
acts as a quarter -wavelength concentric -
tube resonator loaded by the crystal. The
rectifying contact used had a resistance of
3,720 ohms in one direction and 545 in the
other, as measured by a Post Office box.
This gave a value of 0.28 for the logarithmic
decrement. The difference between the two
curves in Fig. 7 represents the spread of
wavelengths in the radiation. This spread
has been confirmed by an analysis of the
radiation by filtering it through tubes of
various diameters.

The maximum in Fig. 7 occurs at a wave-
length of 12.3 cm, giving a value of 2.7
for the ratio of wavelength to length of
oscillator. This is higher than even Mac-
donald's theoretical value of 2.53. It seems
reasonable to expect experimental values
higher than the theoretical values. In the
theory, an isolated oscillator is assumed,
while in practice it is supported by pyrex
glass and partly surrounded by oil. The
presence of these would tend to increase
capacitances between various parts of the

DISTANCE OF OSCILLATOR FROM
REFLECTING PLANE 284 cm

10 20 30 40 50

1 1 I 1 I 1

1111111IIIIII111111111111111
60 70 80 90 100 110 120 130 140 150 160 170 180

DI STANCE FROM REFLECTING PLANE IN cm.

190 200

Fig. 6. Wavelength is measured by forming standing waves, and this diagram shows the type
of pattern usually obtained.
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oscillator, and an increase in any capacitance
connected to any resonant circuit always
tends to increase the wavelength.

(4) The number of waves in each wave train.
The standing -wave curves show that there
are at least 3o waves in a train, and there
may be many more. In these experiments
the oscillator was allowed to radiate freely

a. 4

0
-

lib

to

0

0

0

10 14 16 18

WAVELENGTH IN cm.

20

Fig. 7. Detector Resonance Curves.

in all directions and was not near any metal
which might act as a resonator. Such a
resonator, if shock excited, might radiate
its energy slowly and thus give a compara-
tively long train of waves. Various experi-
ments showed that the radiation originated
at the oscillator and was not radiated from
connecting leads, etc. The comparatively
long trains of waves observed are completely
at variance with what would be expected
theoretically from the radiation damping
of the oscillations. Exact calculations for a
thin rod do not appear to have been made yet.
In the case of a conducting sphere,1' the
logarithmic decrement due to this cause is

3.6. This means that after one complete
oscillation, less than 0.001 of the energy
remains. Abrahams gave for the logarith-
mic decrement of the oscillations on a thin
prolate spheroid, the formula 8 = 9.74 e
+ 47.6 e2 where e has the same meaning
as given before. This is in close agreement
with the results of Page and Adams7.
For the oscillator used to give the curve in
Fig. 6, 2a = 2.4 cm, b = 0.1 cm. Thus
8 = i.o6 and the oscillation would be very
rapidly damped. While there is some doubt
as to how far results for a thin prolate
spheroid are applicable to a rod of uniform
cross-section,6 there seems to be no doubt
that the order of magnitude is correctly
given. It is difficult to explain the absence
of rapid damping in Fig. 6, unless we assume
that there is some mechanism present which
is tending to maintain the oscillations over
considerable periods, of time. The usual
negative -resistance characteristic of an arc
may be the agent responsible, or perhaps it
may be connected with plasma oscillations
studied by Langmuir and Tonks.12 Whatever
may be the explanation, if such a mechanism
is present, the spark method of generating
very short waves may be of more use in the
future than has hitherto seemed likely.
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ERRATA

It is regretted that two errors occurred in
" Aerial Impedance Measurements " in the De-
cember issue. One of the authors, M. H. Oliver,
was described as A.M.I.E.E. instead of Grad. I.E.E.,
and in Fig. 9 the scale of resistance is shown as
100-1,400 ohms instead of 0-1,300 ohms.
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DOUBLE -DERIVED TERMINATIONS
By R. 0. Rowlands, B.Sc.

(The General Electric Co., Ltd.)

SUMMARY. -A method is described for connecting filters in series or parallel such
that the real part of their impedance or admittance function is equivalent to that of a
double m -derived section.

Some of the networks obtained are original and have been covered by a patent
application.

Introduction
IT is well known that the image impedance

of a constant -k type filter varies con-
siderably over the pass range of the

filter. When it is desirable that a filter
should have a fairly flat impedance character-
istic it is generally terminated with one-half

R

0
X

Fig. 1. Impedance functions with I, Constant -k
termination ; II, m -Termination ; and III,

mm' -Termination.

of an m -derived section, a value of m = o.6
being usually chosen. With this value of m
the impedance only varies about 5 per cent.
over 8o per cent. of the pass range.

Zobel has shown' that by repeated deriva-
tion the image impedance can theoretically
be made to approach a constant value in an
oscillatory manner over as large a part of

r -

Fig.
(a) (b)

2. Complementary Filters, (a) in series,
and (b) in parallel.

the pass range as is desired. The higher the
degree of derivation, however, the more
complicated the filter becomes, so that in
practice it is not usual to employ a termina-

* MS. accepted by the Editor, October, 1945.

tion of more than the 2nd degree of deriva-
tion. This is called an mm' -termination.

The behaviour of the impedance function
for these three types of terminations is shown
in Fig. z in terms of x where

x fc for a low-pass filter.

f for a high-pass filter.

.fra2

for a band-pass filter.
.fci- fc2

=-fel
2

L2 for a band -stop filter.
f- fm

Theh o < x < i represents the pass range,
and i < x < co represents the stop range.

-

mmz 2Z2k

Fig. 3. A is a composite filter of image imped-
ance W2k.

Complementary Filters.
These are two filters having substantially

the same cut-off frequencies and with the
pass range of one corresponding to the stop
range of the other. They are connected
either in series or parallel at one end, but
have their other ends separate as shown in
Fig. 2.

The networks (a) and (b) are inverse
networks, i.e. for every property of one net-
work the corresponding property of the other
network may be obtained by the application
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of the principle of duality.2 In the following
discussion, therefore, only one of the above
cases will be considered in proving a par-
ticular relationship.

Fig. 4 (Above). The image
impedance of the circuit of
Fig. 3 at the terminal Q.

Real part of Wikm.
- - - Imaginary part of

1171km-

Imaginary part of
Wikm -

Fig. 5 (Right). This cir-
cuit is the network of
Fig. 3, with a double -
derived half - section
added at terminals Q.

A

÷ZIk
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purpose of this article it is convenient to
regard them as being formed in the following
manner. In Fig. 3, let A be a composite
filter having an image impedance W2k at
terminals P. If a shunt -derived half -section
is connected in tandem with it the image
impedance at the new terminals Q is
shown in Fig. 4.

If it is to be suitable for connecting in
series with its complementary filter at
terminals Q, its impedance in its stop range
must be low in order not to interfere with
the performance of its complementary filter
in the latter's pass range.

The impedance function is resistive in the
pass range and reactive in the stop range.
It has a pole (i.e. its value is infinity) at one
frequency, and so in this form it is unsuitable
for connecting in series with its comple-
mentary filter at these terminals. The pole,
however, is due entirely to the last series
arm B of the network, and as B is composed

1 t

I'm Zik 7mmiZik
0-f 04:fp r't--tt--.t-rtRytnr(p*-o-.-rolr6on-..-.LL --o

--1 '-ii--*
2mmi, a0i_m22k . T2Z 2k

Also, although all the formulae will be
worked out in terms of Zlh and Z 2k, the
series and shunt arms of a general filter, the
figures will be drawn for the case of a low-
pass filter as this will make the argument
easier to follow.

Fractional Termination
There are a number of different ways of

regarding fractional terminations.3 For the

zZik rn(i -Ern i)izik
*--10005-0 000 t .0

D 1

N
2Z2k-tt.E

m

0

Wik

m(i+m,)
Nm2 2Z2k

T

"*- W2kmmi

Fig. 6. The network of Fig. 5 can be reduced
to the form shown here.

2Z2k
m

2Z2k

W2k-1.- "4"- Wikm-4"

TCI
T

""-W2kmmi

of pure reactances the real part of the
impedance looking in at Q is unchanged if B
is removed.
i.e. if Wikm = R

where R (x) = o for i<x<oo
and X (x) = o for o<x<i
then W'lk, = Wikni - jB

= R - j(B - X)
The effect of removing B is shown in

Fig. 4. It will be seen that the imaginary
part of W'lk, is fairly symmetrical about
x = i. The complementary filter similarly
terminated will have a similar impedance
function except that the imaginary part will
be of opposite sign, and so when the two are
connected in series the imaginary parts of
the impedance at the common terminals
largely cancel each other out, the extent to
which this is achieved depending upon the
value of nt chosen. The real part of the
impedance of each filter will be the same as
that of a shunt -derived section.



54 WIRELESS
ENGINEER

February, 1946

The above process amounts to connecting
a reactor in shunt with the output terminals
of each filter and since the end shunt arm in

co

0

-CO

00

Fig. 7. The admittance junction at terminals T
of the network of Fig. 6.

Real part of admittance at T.
Imaginary part of admittance at T.
Imaginary part of admittance at T

with C removed.
Imaginary part of admittance at T

with C and F removed.

each filter is already a similar reactor it
merely amounts to modifying the value of
this. This is known as a fractional termina-
tion. In the case of filters connected in
parallel fractional termination consists of
increasing the end series arm by 2m7_ 1k.

Double -Derived Terminations
Having proceeded thus far the next logical

step is to attempt to improve the impedance

mTzik (I + mm ik

0---, eel) Now

N

0

Wik

F
(ii-mm,)2Z

T
I i_m2 2k
iZik

0

Fig. 8. The removal of the arm C from Fig. 6
reduces the circuit to this form.

function still further by connecting a double -
derived half -section to terminals Q of Fig. 3
and repeating the method which produced
the fractional termination. If the end half -
section of A is regarded as being outside A

then the network will be as shown in Fig. 5.
As we are from now on concerned with the
network between terminals N and T,
terminals P and Q may be ignored and the
network becomes that of Fig. 6.

It will be seen that the network of Fig. 6
differs from that of Fig. 3 in that it is
terminated on the right in a shunt arm
instead of a series arm. It is therefore
necessary to consider the admittance at
terminals T rather than the impedance.

This admittance function (shown in Fig. 7)
has two poles, one at x = x0,, and the other
at x = co. The pole at x = ;I- is due
entirely to the series resonance of the arm C,
and the removal of C leaves the real part of
the admittance unchanged but does not,
however, remove the pole at x = co. (In
other words the impedance at T with C
removed is still zero at x = co, due to com-
ponents D and E).

It can be shown, however (see Appendix I)
that the network of Fig. 6 with the arm C
removed is equivalent to that of Fig. 8.
Here the reactor F (= D E), which
contributes to the pole in the admittance
function at x = co, appears in shunt across
terminals T, and so can be removed without

(i+m) 2Z ik (i1-rnm,)2Zik
'Oboe) \----1---, MATO N ----

(I + m m I) 22 k
m(i+m)(i+m,) 2-

(I-M)(1-1-MMI) I

1T1(1+MO 2 Zik

Fig. 9. The addition of a half -prototype section
to Fig. 8 brings the network to this form.

affecting the real part of the function. The
resulting network is the required termina-
tion ; it can be connected to a filter of
impedance Wik at terminals N and con-
nected in parallel with its complementary
filter similarly constructed, at terminals T.
The real part of the admittance at T will be
equivalent to that of a filter terminated in
an mm' -half section while the imaginary
components being of opposite sign in each
filter will largely cancel each other out.

Preferred Form
It will be seen that the termination of

Fig. 8 with the reactor F omitted consists of
three inductors and one capacitor in the case
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of a low-pass filter, and three capacitors and
one inductor in the case of a high-pass filter.
Since capacitors are in general more eco-

2Z2 k - -
m

T,i+2mm,m2),,_m)2Z2k

MQtf11)2(I+1111)

I-I-2MM1+m2 2 ZIk
2 (I-1-1T1R11)2

1+2MMI +m2 TZik

16b000,

a

m(i+ m) (I+ mi)

I+ MM
gra I

.., 2Z2k
1-1-2fIlMi+M.- -

Fig. ro. This diagram is an equivalent to that
of Fig. 9, but requires fewer inductors.

nomical than inductors, it would De preferable
to have an equivalent form of the low-pass
termination involving a smaller number of

inductors.

If half a prototype -section is connected to
terminals N of the termination, the network
of Fig. 9 is obtained. This can be shown
(see Appendix II) to be equivalent to the
network of Fig. io, which fulfils the above
requirement.
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APPENDIX I

If the above networks are equivalent with respect to their input and output terminals then,
using the property that the impedances at these terminals are invariant, we have the following
transformation equations in matrix form.4

For 3 Zik
Y - t o I x 0 C 0 0

-t s+t
0 0

And for 2Z2k
p -p 0

-p p q -q
0 q q

O y 0

O z I

I x o

o y o

o zI

Equating coefficients we have
From (1) Row 3 z =

a
From (2) Row i Col. 3 x =

From (2) Row i p - p = o gives
bat bay
b2 b

o d -d
o -d d

a o -a
o b o

-a o a

a +

b + a
i.e. 3' b

so ap=ba-( b)

q = a + b
da (a + b)=

b2

da
= c

d (a + b)s=

I 0 0 c + dx2 dxy - dx(r - z)

x y z =-. dxy dye -dl'(i-z)
0 0 I -dx(x -z) - dy(i-z) d(i - 2)2

(3)

(4)

.. (I

1 o o a + bx2 bxy bxz - a

x y z bxy bye by;

o o bxz -a byz 4- a
.. (2)

but

therefore

a= I T m
in (1 nit)

b = I - ni2
c --=

d =m (I -I- /7/1)

p=

J

I - m2 I 4- mm,
+ m1) (1 -4- no 1 - 072

I -(- 10101

+ ink) (i + in)

- Oi + 9n -f- mint i +
q= - m2 - »i2

in(I
+

mm,
I - 1112

- in)(1 -f- Min,)
in (1 --- nit)

(5)

(I - 072)
in2(1+ in ,)
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7/1 ( I 4- 17/1) (I - 2/22) =Y I X
I + 712 1/2 ( I 4- M1)

in (1 -- m1)(i nnn1) I - ;n2s - X- n22 in(' -I- n12)

= I 4-- non,

APPENDIX II

If a reactor e 2z2,, is connected across the right-
hand terminals of each of the equivalent networks
of Fig. II, then equations (4) remain unchanged
except that

q q e a d- b e
(4a)

0
Fig. II.

0
O'

and so, solving for a, b, c, d, and e in terms of
p, q', r, s and t by means of equations 4 and 4a, we
obtain

psa =
s t

ps2
b

t(s t)

-s2d =
s t

st
s t r

pq' s
ps - q' t

c=

e =

The values of the elements of the network of
Fig. 10 can then be obtained from those of Fig. 9
by means of these equations.

CORRESPONDENCE
Pulse Modulation

To the Editor," Wireless Engineer."
SIR,-The recent proposal by Messrs. Pye, Ltd.,

of the so-called " videosonic " method of trans-
mitting a television sound channel raises an import-
ant issue which appears .to be somewhat inexcus-
ably elided in their publications to date ; namely,
what audio -frequency band does such a system
admit ?

While the answer to this question is almost obvious
for the case of a single sinusoidal component of
modulation, it is not so obvious whether any addi-
tional restrictions arise when a complex wave form
is considered ; that is to say, there is no a priori
guarantee that the system admits of linear super-
position. Further, it is not entirely clear whether
the audio band restriction has to occur at the trans-
mitter or at the receiver or at both.

In the proposed system, the sound channel is
handled by means of a width -modulated pulse
transmission, in which the pulses occur during the
normal line -sync intervals. Thus the system
belongs to a class which may more generally be
termed " strobosonic " ; the characteristic feature
of this class being that the sound waveform is
reconstructed from a succession of extremely short
glimpses at the original. The signal can thus be
conveniently expressed, in terms of a notation
which the writer proposed some years ago.* as
follows :-

{ ct, + al cos p it a2 cos pet . . col qt,
where the term in brackets represents the complex
modulating wave form and col qt is the repetitive
impulsive function of afrequency q, having the
definition

col qt = o for qt * 21z7r
col qt co for qt 2nr

the nature of the infinity being defined by

lim
E

CO1 0 . dB -= 27r
E -moo

nrr -
Using the theorem

00

cos pt col qt = E cos (p - sq) t

we see that the signal may be written

at, cos sqt H- a1 E cos (p1 - sq)t . . .

s

The wanted terms in the expression are those
corresponding to s = o. All the other terms, which
are in the nature of image frequencies with respect
to the strobe frequency and its multiples, have to be
excluded by filtering.

It is thus clear :
(a) That there is an absolute limit for the audio

band at half the strobe frequency.
(b) That restriction to this band must be carried

out by filtering both at the transmitter and at
the receiver, and

(c) That the linear superposition principle

* Wireless Engineer, November 1938.
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applies so that no complications arise on consider-
ing complex wave forms.

As to practical conclusions, it must be expected
that the effective audio band would be consider-
ably below the theoretical limit of half the strobe
frequency, since a sharp cut off within the normal
audio band is known to be aurally disagreeable,
possibly in part due to filter ringing effects. As
one is not restricted by expense in the case of the
transmitting filter, it may be assumed that the
theoretical figure for the audio band can be closely
approached ; in the case of the receiver, where
filtering possibilities are limited, a lower effective

cut-off 7 -must be expected. Thus for a strobe
frequency of xo,125 c/s, corresponding to the present
405 -line standard, one may anticipate an audio
frequency band of perhaps 4,000 c/s, which seems
rather a severe restriction for a service which other-
wise could offer the most useful realization of high
fidelity.

On the other hand, for an increased line fre-
quency, the system appears to offer attractive
possibilities for a sound channel of acceptable
quality. The suggestion that there is even room
for two sound channels appears unfortunate.

London, N. W. x r L. H. BEDFORD.

BOOK REVIEWS
Antenne e propagazione delle onde elettro-

magnetiche (per ingegneri)
By BRUNO PERONI. Pp. 372 ; 119 Figs. Michele

dell'Aira-Editore. Rome.
This book is very unusual in that it is not in

type but reproduced from handwriting ; it is
beautifully done and almost as easy to read as if
it were printed. The first 58 pages are concerned
with the fundamental laws of electro-magnetism
and the various potentials and vectors. We repro-
duce an interesting diagram showing the relation
between the various magnitudes. Starting, for

O
.example, at the top left-hand corner with q, the
quantity crossing unit area, by applying blbt one
obtains the conduction current density ; by
applying - div one obtains the density of charge
or any change in it ; by integrating q/47rEr through-
out the volume one obtains the Hertzian potential II
and similarly for the other magnitudes.

The second chapter which occupies nearly half
the book deals with the radiation of electromagnetic
waves from aerials under various conditions. Not
only are the theoretical formulae developed, but
graphical methods are described for the approxi-
mate determination of the radiation from actual
aerials. Polar curves of radiation distribution are
obtained for vertical and horizontal aerials and
arrays. The third chapter is devoted to the
propagation of waves over the earth's surface and
the effects of the ionosphere. Chapter IV deals
with receiving aerials, and Chapter V with methods
of feeding aerials and aerial arrays, and with

directional -reception. There -are three appendices,
the first of 3o pages on vector calculus, the second
on vector potential and self and mutual inductance,
and the third on the solution of differential equa-
tions. The Giorgi system of units is employed
throughout.

The scribe has done his work wonderfully well ;
he makes occasional slips such as resistance in
Ohms and capacitance in Faradays, but the book
is remarkably free from such errors. It can
certainly be recommended to any advanced student
or radio engineer with a knowledge of Italian or the
desire to acquire such knowledge. G. W. 0. H.

Annales de Radioelectricite
Vol. x, No. x, July 1945. 79 Boulevard Hauss-

mann, Paris.
The associated French radio-telegraphic com-

panies have established at 98 Boulevard Hauss-
mann, Paris, a " Centre d'information et de
documentation." Among the activities of this
body is the publication of a journal giving an
account of the scientific and technical achievements
of the associated companies. The new association
is really a development of an association of the
leading radio manufacturing concerns founded in
1918. It is intended to publish the journal
quarterly. The first number contains 8o pages.
After an introduction by M. Ponte, a director of
the Comp. Generale de T.S.F., there follow four
articles ; the first by M. Warnecke occupies
48 pages and deals with " La physique et la tech-
nique des tubes electronique d'emission dits a
modulation de vitesse ' " ; it concludes with a
valuable list of 86 references, many of them to
French patent specifications. The second paper
is by M. Chireix, the chief engineer of the Societe
Francaise radioelectrique ; it deals with signal
and noise power in amplitude, duration and
frequency modulation of ultra-short wave pulses.
The third article is by M. Laplume and deals with
electromagnetic shielding by a tube with its axis
perpendicular to the magnetic field. The final
paper is a short note by M. Guenard on the maximum
current possible in an electronic beam subjected to
density modulation along the axis of a cylindrical
tube of given dimensions.

This journal promises to make a very useful
contribution to the current literature of radio
research and development. G. W. 0. H.
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PHYSICAL SOCIETY'S EXHIBITION
Measuring Equipment : Cm -Wave Apparatus :

Industrial Electronics
FOR three days in Ja,puary the Physical Society

held its thirtieth exhibition of scientific instru-
ments and apparatus. It was the first to be

held since 1939, and was characterized by two
things-the overwhelming preponderance of wireless
and allied equipment and the enormous variety of
such apparatus.

Measuring instruments formed the greater part
of this apparatus, and here one of the clearest
trends is for the cathode-ray oscilloscope to become
a precision instrument rather than a mainly quali-
tative waveform indicator. It always has been
capable of quantitative application, of course, but
in the past this often entailed considerable trouble
in calibration and the checking thereof. Instru-
ments are now made in which this can be effected
simply and quickly by built-in standards.

The Marconi -Instruments Electrostatic Viewing
Unit, for instance, is designed especially for pulse
work and a " time standard " is included to assist
in the measurement of small time intervals. This
takes the form of a high -Q circuit which is kicked
into oscillation at its natural frequency to produce
a damped wave train. Natural frequencies of
5o kc/s, 500 kc/s and 5 Mc/s are provided.

Cossor _Yodel 448 double -beam oscilloscope.

In the Cossor Model 448 double -beam instrument
an amplitude scale calibrated in voltage is provided.
This oscilloscope is also noteworthy in having a
time -base which can be used to give a single stroke,
triggered by the input, for use with non -recurring
phenomena. It is, of course, usable also as a
recurrent time -base. A camera attachment is
available.

This firm also produces a multiple-recording unit

in which two double -beam tubes and a moving -film
camera permit records of four traces to be made
simultaneously. 7o - mm film is employed and
writing speeds up to 3 km/sec. can be handled.

The amplifiers fitted to oscilloscopes now handle
a very wide frequency band. In the Cossor model
referred to above, the range at low gain is 5o c/s
to 5 Mc/s. Mullard have two models ; the E8o5
has an amplifier flat within 3 db from 2 c/s to
2 Mc/s and usable up to 5 Mc/s, while the E800
has a coverage of o.i c/s to 40 kcis with a variation
less than 2 db.

Standard signal generators appeared for much
higher frequencies than ever before, and the lower-
frequency instruments were more refined. The
TF 867 of Marconi Instruments, for the range of
15 kc/s to 3o Ale/s, includes an A.G.C. system to
keep the output constant within ± 1 db, as well
as the usual manual control for precise setting. A
crystal calibrator is fitted, and special steps have
been taken to reduce frequency modulation.

A higher frequency model by the same firm
(6-300 Mc/s) is of particular interest in that turret-
coil changing is used without any switch contacts.
Instead of switches, a capacitance connection to

the coil is used. Each coil on the turret is pro-
vided with two sets of vanes which rotate with
the_turret and enmesh with two sets of fixed
vanes in the " work " position.

At still higher frequencies cavity resonators
are used for the frequency -determining ele-
ments. Among the types shown by Standard
Telephones & Cables was one covering 7.1-1 cm
and using a velocity -modulated valve as an
oscillator. The frequency is controlled by a
plunger moving in a resonant cavity and oper-
ated by a micrometer -head type of adjustment.

This firm also exhibited a wavemeter of
N.P.L. design, and the National Physical
Laboratory itself was showing a similar instru-
ment. This covers 500-10,000 Mc/s with a
cavity resonating in a hybrid TM, -coaxial
mode. The adjustable plunger is of the non-
contact type, and a crystal detector is incor-
porated. The accuracy is 1 part in 1o4.

Wavemeters for lower radio frequencies were
shown by Sullivan. The direct reading Sullivan -
Griffiths wavemeter covers 30 kcis to 6o Mc/s
with an accuracy of 1 part in 1o4 immediately
it is switched on. Temperature compensation
is used, and it is proof against humidity effects.

A.F. Oscillators
Among audio -frequency signal sources the beat -

frequency oscillator still finds wide application.
Mullard showed a model with 4 watts output for

per cent. distortion and covering 15 c/s to 20 kris.
Marconi Instruments exhibited one intended for
V.F. work and covering 5o c/s to 5 Mc/s in two bands
with an output of i watt.

Resistance -capacitance oscillators, however, were
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very prominent for purely A.F. applications. The
Marconi Instruments model covers 15 c/s to 20 kc/s
in three ranges, while Dawe Instruments showed
two types. One covers 20 CiS to zo kc/s with r watt
output and the other zo c/s to 200 kc/s with ma mW
output.

The Muirhead-Wigan R.C. oscillator is of especial
interest in that the frequency control operates on
the decade principle and covers 1 c/s to 111.1 kc/s.
There are four decade dials, providing thousands,
hundreds, tens, and units, and a key switch giving
alternative multiplying factors of 1 and 10. The
accuracy of frequency is claimed as -I- 0.2 per cent.
or ± 2 c/s, whichever is the greater.

Standard Telephones and Cables centimetre -
wave signal generator

For frequency-measurement at the lower fre-
quencies, Salford were showing a direct reading
instrument covering 5o c/s to 45 kc/s which is
independent of waveform. The input is converted
to a square waveform of constant amplitude and a
rectifier stage provides a current proportional to
frequency. The reading is stated to be independent
of interference provided that the latter is 6 db
below the signal.

Impedance measurements were covered by a wide
variety of bridges. A Schering bridge covering
0.001 µµF to 4 µ,µF was exhibited by Sullivan. It
is intended for the measurement of valve inter -
electrode capacitance with an accuracy better than
0.001 µµF. 1VIuirhead were showing a general-
purpose bridge for the measurement at audio -
frequency of R, C, L, dissipation factor, and
magnification.

Tinsley had a special bridge for use with strain
gauges. It is of the unity -ratio type and covers
strains from a few parts in a million to 0.5 per cent.

Inductance measurement is carried out with a
T -bridge in the Dawe Instruments model covering
10 mH to ioo H. A 1, 000-c/s source is used.

British Physical Laboratories exhibited equipment
designed primarily for production testing. A

capacitance bridge, energised at 1 Mc/s, covering
f /4/4F to 0.003 p.F, an electrolytic -capacitor bridge

covering o.2 /4F to 2,200 pF with an automatic
overload -protection device, and a Q -meter were the

most outstanding examples of their products. The

Leland Instruments Q -meter is noteworthy in

permitting measurement over the wide range of

30-200 Mc/s.
Measuring Instruments (Pullin) showed a resist-

ance and capacitance bridge covering 1S2 to ro MS2
and I0 µµF to I00 I/F. A valve voltmeter is
included and can be used for external measurements.
1-4 The Salford high -voltage valve -voltmeter utilizes
the linear relation existing between the grid and
anode voltages of a cathode-ray tube at the beam -
extinction point. The input is applied to the anode
and the grid voltage for extinction is read off a
calibrated control. It is suitable for A.F., R.F.
and pulses with peak values up to 10 kV.

A three -range instrument of the valve electro-
meter type and covering up to 28o volts was shown
by Baldwin Instrument Co. It has an input
capacitance of i /.4ILF with a resistance of 1016 S2 and
is due to Dr. F. T. Farmer.

Pointer -type instruments were shown by many
firms and two trends are evident. One is towards
hermetic sealing and the other towards very high
resistance voltmeters. The former trend was well
exemplified by the exhibits of Ferranti, Ernest
Turner, Elliott and Sangamo Weston and the latter
by the multi -range Avometer with a 50-µA move-
ment. This gives a voltmeter resistance of 20,000
ohms per volt. This meter is also interesting in that
it incorporates an automatic cut-out to safeguard,
not only the meter itself but the shunts.

V.H.F. Equipment
The most outstanding exhibits in the high -

frequency field were undoubtedly the valves
designed for generating frequencies in the cm -wave
region. Both magnetrons and velocity-modulated
valves developed chiefly for radar were shown by
many firms, and there were also low -power types
suitable for the local oscillators of receivers, signal
generators, etc. Ferranti, the G.E.C. Research
Laboratories and M. 0. Valve Co., and Marconi's
W.T. Co. showed many types of magnetron, while
Standard Telephones & Cables
exhibited velocity -modulated
valves.

Of almost greater interest
were negative - grid triodes
for high frequencies. Stand-
ard Telephones & Cables
showed the CV 127 with an
output of 20 W at 600 Mc/s,
among others, and the G.E.C.,
and M.O. Valve Co. had the
CV 273 which will oscillate
in a concentric-line circuit
at frequencies up to 3,500
Mc/s (8.6 cm). This last is
of the disc -seal type in which
grid and anode are in the
form of copper discs extend-
ing through the glass envelope
and sealed thereto. The con-
nections are made by means The C V273 disc -seal

of external bands clamped to triode for cm -wave

these discs.
oscillators.

This stand also displayed
examples of modern V.H.F. technique in the

form of oscillators with line and cavity resonators.

Some with a modified form of a normal resonant
circuit were also on view, and one, of the butterfly

type, had a range of 250-900 Mc/s.



6o WIRELESS
ENGINEER

February, 1946

II

For the measurement of R.F. currents at high
frequencies a number of special thermo-couple
type detectors are now made. The Cambridge
Instrument Co. have a range of vacuum thermo-
junctions having cm -wave dipole aerials fixed
directly into the sides of the glass wall. Thermo-
couples designed for building into the walls of wave-
guides and resonators were shown by Standaid
Telephones & Cables. They are for a current of
15 mA at frequencies of 300-6,000 Mc/s.

Cables with Telecothene insulation were shown in
a wide range by T. C. & M. Co. The patterns range

Butterfly oscillator shown by G.E.C.

from low -power 7o -ohm feeders of the coaxial type
to shielded twin -cables, and there are also some
semi -air -spaced varieties.

British Insulated Callender's Cables were showing
a similar range of high -frequency cables with poly-
ethylene dielectric. With an impedance of about
72 Q and a capacitance of 22 µµF/ft, the C.W. 95
has an attenuation of 8 db per roo ft at r,000 Mc/s.
It is a lead -alloy sheathed cable with an outside
diameter of 0.45 in and a power rating of about
120 watts.

This firm was also showing waveguides. There
are flexible sections built of copper braid and also
of gauze, but the most interesting is one which
consists of an assembly of metal discs in a moulded -
rubber hose. The hose has internal ribs which
serve to position and space the metal discs and itself
provide the flexibility. The discs are pierced with
a rectangular hole in the centre, so that each disc
forms a short section of a rectangular waveguide.
The dimensions of the spaces between successive
discs is such that they form cavity resonators of
low impedance at the guide end. The low impe-
dance forms a virtual short circuit between adjacent
sections and the guide as a whole behaves sub-stantially as if it were of continuous metal con-
struction.

Industrial Electronics
Many firms were exhibiting apparatus for the

measurement of the moisture content in grain in
both mains and portable battery -operated types.
In all cases a measured quantity of grain is inserted
in a cell and some moisture -dependent electrical
property is measured. Three scales-for wheat,
oats and barley-are usually provided.

In the Dawe Instruments' model the alternating
current passed by a given quantity of grain is
measured, and this principle is also adopted for this
firm's " Moisture in Timber " meter. Measurement
is effected in the Marconi Instruments' model by
determining the effect of the sample upon the Q
of a circuit. The Mullard instrument, however,
measures the capacitance of a grain cell.

The National Physical Laboratory was also
showing a device of this type and in this a source
of alternating current is applied through an adjust-
able phase -shifting network to the grain cell and a
resistor in series. The phase of the voltage across
the resistor is compared in a valve circuit with
that of the supply.

The detection of cracks in metals can be carried
out in several ways. One method, adopted by
Salford, depends on the interruption by a crack of
eddy currents in the surface of the specimen. The
interruption causes a change of frequency of a
tuned circuit, lighting a lamp and indicating on a
dial the depth of the crack.

" Echo depth -sounding " is used for crack
detection by Henry Hughes & Son. Pulse technique
is adopted with 2.5 Mc/s quartz crystals mounted
on the surface of the material to act as transmitter
and receiver. The signals are displayed on a
cathode-ray tube and fault detection is possible at
depths up to 12ft.

pH -meters were shown by a number of firms.
The Marconi Instruments' model embodies an
electrometer triode with a stabilized H.T. supply.
'The Muirhead model is designed for small and
constant input current so that the voltage drop in
the electrode resistance is independent of the pH
of the solution. It is direct -reading and there is an
internal standard for checking the calibration.

B. I. Callender's Cables exhibited screened
R.F. cables with polyethylene insulation.

Potentiometer -titration equipment employing a.
" Magic Eye " instead of a pointer-type indicator
was exhibited by Griffin & Tatlock and also by
Mullard.

An automatic balance potentiometer is a feature
of the pyrometer shown by Honeywell-Brown. The
unbalanced voltage is amplified and converted to
A.C. It is then applied to a reversing motor which
drives the potentiometer in the direction of balance.

Dielectric heating apparatus was by no means
unrepresented. The Scientific Acoustics model has
an output of 2 kW at 45 Mc/s from a single oscillator,
while Ferranti -Wild -Barfield use a push-pull circuit
to give 2 kW at 35 Mc/s and their equipment
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includes an automatic power output control in which
a motor is employed to vary the spacing of the
work electrodes. Rediffusion were demonstrating
their R.H.2 generator with apparatus for drying
powders.

Electro-medical equipment was featured by
Marconi Instruments, who showed a theracoupler

B. I. Callender's Cables flexible waveguide.

with an output of 250 W at so Mc/s, diathermy
apparatus in two types, one providing 350 \V at

Mc/s and the other 300 \V at 5o Mc/s. There was
an X-ray dosemeter in which the amplified output
of an electrometer triode is applied to an integrator,
and a four -channel electro-encephalograph.

The Cambridge electro-cardiograph employs a
string galvanometer and a continuous paper camera,
and is of remarkably small dimensions.

The electron microscope, with a magnification
of 50,000 times, and a resolving power fifty times
as great as an optical instrument, was shown by
Metropolitan -Vickers. It is of the continuously
pumped type operating at 50 kV and includes
camera recording equipment. There is provision
for visual observation.

Components, Accessories and Materials
The importance of guarding against the effects of

humid atmospheric conditions has led to the
adoption of hermetic sealing in many components.
Quartz crystals in evacuated glass envelopes,
similar to that of a valve, were shown by Marconi's
W.T. Co., and by Standard Telephones & Cables.

Muirhead had a range of sealed capacitors and
the Telegraph Condenser Co. were showing several
varieties. The " Metalmite " range comprises
miniature types in which the outer aluminium tube
is spun on to synthetic rubber end -plugs to form a
seal. It is rated to withstand a temperature range
of - zio° to + roo° C with relative humidities up to
ioo per cent.

In some cases glass -metal seals are being adopted
and the Telegraph Construction & Maintenance Co.
were showing Telcoseal No. I, an alloy having a
controlled coefficient of thermal expansion almost
identical with that of borosilicate glass. The seals
shown consist of a lead -through wire fitted with a
glass bead to the outside of which is sealed a flanged
metal ring. The flange can be soldered to the metal
case of a component so that the unit provides a
sealed lead -out wire.

Even when complete sealing is not adopted, some
form of tropic -proofing is common. Thus, Standard
Telephones & Cables were showing a moving -coil
microphone in both tropical and non -tropical forms.
The latter has an aluminium -wire coil, but copper is
used in the former which has also a lacquer seal.
The sensitivity is of the order of - 85 db below

volt/dyne/cm.

Westinghouse have applied hermetic sealing to
small copper -oxide rectifiers and have also improved
the moisture imperviety by eliminating graphite as
a contact material.

This firm also showed selenium -type rectifiers for
power purposes-a type of rectifier also exhibited
by Standard Telephones & Cables.

Voltage control and stabilization devices were to
be found in considerable numbers. Westinghouse
showed the " Noregg " D.C. and " Stabilistor
A.C. stabilizing devices. The latter produces a
constant voltage output of good waveform without
moving parts.

Zenith had variable voltage transformers with
manual or motor control and Gresham Transformers
were showing a multi -tapped transformer with a
separate commutator -type switch giving an output
variable from o to 23o volts.

Selenium barrier -layer photo -cells in a wide range
of low -voltage types were exhibited by Evans
Electroselenium. A high -voltage type, consisting
of a battery of single cells, is intended for use with a
valve amplifier and the output across IM.f2 is of
the order of r volt for an illumination of 5 ft candles.

Apart from the V.H.F. types, there were not
many new valves to be seen. Ferranti had a cold -
cathode gas -triode intended for use with a photo-
cell. It needs an input signal of 5 volts, but takes

Marconi Instruments moisture -in-grain
meter.

less than 4µA current, and can control a peak
current of up to 20 mA.

This firm also showed electrometer valves,
including a double -triode with an ion -screen be-
tween the filament and the grids. It is intended
for use in balanced circuits.

Cossor exhibited a range of battery valves of
miniature type with the ring -seal and miniature
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7 -pin base. Prototypes of pressed glass -base
valves suitable for television frequencies were
shown by the M.O. Valve Co.

Mechanical relays and mercury -switches were to

Marconi-Osram CV 214 3 -cm magnetron.

be found on a number of stands. They ranged
from power types through the telephone -pattern
to an aerial -switching relay with polysterene
insulation shown by Londex on the one hand, and
the high-speed Carpenter relay of the Telephone
Manufacturing Co., which will operate up to 300
c/s, on the other.

Materials shown by T. C. & M. Co. included
Telcothene form of flexible sheet as well as

rod, tube and strip and Telcuman. This last is a
precision resistance alloy with a resistivity of 42-46
microhms/cm3 and an E.M.F. against copper
of less than //VP" C.

The Permanent Magnet Association were showing
TAlcomax II, a nickel -aluminium -cobalt -iron alloy

with a magnetic energy nearly three times as great
as Alnico.

The Decca Navigator is intended for course and
position finding in aircraft and in surface ships.
It is characterized by remarkably compact equip-
ment and, since it operates by measuring the phase
difference between continuous -wave transmissions
from spaced transmitters, it requires a remarkably
small spectrum in the ether. The transmitted
frequencies are such that they have common -
frequency harmonics, and it is the phase of these
harmonics which is compared in the receiver and
used to activate a series of direct -reading dials.

Hearing -aids with amplitude compression in the
middle and low frequencies were shown by Multi -
tone Electric. This is done in order to reduce
masking effect of high intensity sounds and improve
intelligibility. One instrument measures only 51 in
x 2i in x r1 in and weighs 121 oz, including layer -
type batteries.

G.E.C. Research Laboratories had on view a set
employing the ASAC (automatic selection of all
channels) system. Any one of 336 channels in a
band at about 3 metres can be selected. Of the
three crystals used, one controls an oscillator the
harmonics of which govern the channel spacing.
When a channel is selected by means of numbered
dials, the band is swept by a motor -driven capacitor
and the harmonics operate a counter circuit which
stops the motor when the required channel is
reached.

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 II- each.

ACOUSTICS AND AUDIO -FREQUENCY CIRCUITS
AND APPARATUS

571 676.-Sintering process for the manufacture of
magnetic nickel -cobalt alloys, particularly for the
diaphragms of telephones and other electro-acoustic
instruments.

Standard Telephones and Cables Ltd. ; B. B.
Grace ; and E. Mills. Application date 19th Novem-
ber, 1943.
571 778.-Condenser type of microphone in which
a flat diaphragm is " domed " away from the back -
plate prior to the application of the polarising
voltage.

0. K. Kolb. Application date loth December,
1943.
571 870.-Single-diaphragm microphone, the back -
plate being formed with central apertures and with
peripheral air -passages to produce a uni-directional
effect.

03.. K. _Kolb. Application date loth December,

571 963.-Generating low -frequency pulses, as
used for code signals, by the control of an oscil-
lating column of mercury.

The Siemens and General Electric Railway Signal
Co., Ltd. and H. J. Napier. Application date
21st December, 1943.

AERIALS AND AERIAL SYSTEMS
572 085.-Quarter-wave high -impedance terminat-
ing element for the coupling -end of a concentric
transmission line feeding a dipole aerial.

The British Thomson -Houston Co., Ltd. Con-
vention date (U.S.A.) 16th March, 1943.

DIRECTIONAL WIRELESS
571 239.-Course-indicating system in which one
radiated field is non -directional, whilst the other
is directional and is reversed in phase as it swings
through the course -line.

Soc. Industrielle des Procedes Loth. Convention
date (The Netherlands) 23rd June, 1939.
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RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

571 314. -Frequency-discriminating circuit com-
prising a filter of the bridged -T or parallel -T type
for receiving frequency -modulated signals.

Philco Radio and Television Corp. (assignees of
R. B. Albright). Convention date (U.S.A.) 24th
November, 1942.

571 4o4. -Receiver in which interstation-noise is
suppressal by the action of a multivibiator circuit
which is effective only in the absence of a desired
signal.

The British Thomson -Houston Co. Ltd. Convention
date (U.S.A.) 3oth January, 1943.

571 452. -Short-wave adaptor which also acts as
an aperiodic amplifier when long or medium waves
are being received.

J. Lips. Convention date (Switzerland) loth
November, 1942.

571 458. -Compact variable-resistance device, par-
ticularly suitable as a volume -control for a radio
receiver.

The Morgan Crucible Co., Ltd., and L. TV. Miller.
Application date 22nd February, 1944.

571 483. -Gas -filled relay for recording signals con-
sisting of the positive and negative half-cycles of a
sinusoidal train.

Western Electric Co., Inc. Convention date
(U.S.A.) 6th August, 1942.

571 580. -Super -regenerative amplifier for use as
an amplitude -limiter and as a detector for phase- or
frequency -modulated signals.

Marconi's W.T. Co., Ltd. (assignees of G. C.

Sziklai). Convention date (U.S.A.) 15th December,
1942.

571 787. -Permeability-tuning device for a short-
wave superheterodyne in which two coils are wound
with varying pitches to ensure a constant frequency -
difference throughout the tuning range.

Marconi's W.T. Co., Ltd. (assignees of W. F.
Sands). Convention date (U.S.A.) 24th October,

1942.

571 836. -Permeability -tuning system for a multi -
band short-wave receiver in which an auxiliary
continuously -adjustable core is used for band -
spreading.

Marconi's W.T. Co., Ltd. (assignees of W. F.
Sands). Convention date (U.S.A.) 24th October,

1942.

571858 -Permeability -tuning system in which
an auxiliary magnetic core is provided for coarse
and fine control, and for band -spreading, on each
of the short-wave settings.

Marconi's W.T. Co., Ltd. (assignees of W. F. Sands
and J. J. Brand. Convention dates (U.S.A.)
24th October and 21st November, 1942.

571 898. -Wave -band or like change -over switch,
wherein a moving member slides in a trough -
shaped fixed member having] multiple contacts
along its sides.

Marconi's W.T. Co., Ltd., E. R. Burroughes ;
and H. H. Lightfoot. Application date ,3oth

November, 1943.

572 138. -Silicon -carbide and wire combination
for rectifying oscillations of very high frequency
by presenting a minimum capacitance -shunt.

The British Thomson -Houston Co., Ltd. and T. H.
Kinman. Application date 6th March, 1942.

572 214. -Pair of valves having a common cathode
feedback -resistance and arranged to amplify
selectively a predetermined band of frequencies.

Cinema -Television, Ltd. and S. S. West. Appli-
cation date 16th December, 1943.

572 216. -Cascaded valve circuit with selective
feed -back for selectively amplifying a predeter-
mined band of frequencies.

The Mullard Radio Valve Co., Ltd. and C. L.
Richards. Application date 28th December, 1943.

572 220, -Powder -cored inductance coil in which
the core and coil are connected to two lead-in
wires which also serve as supports, say from the
chassis of a wireless set.

Neosid, Ltd. and M. Grenly. Application date
23rd March, 1944.

TELEVISION CIRCUITS AND APPARATUS
FOR TRANSMISSION AND RECEPTION

571776. -Means for suppressing the cathode-
ray beam on the return stroke of the scanning
sweep in a television system.

Standard Telephones and Cables, Ltd. (assignees
of P. S. Christaldi and J. R. Banker). Convention
date (U.S.A.) 21st January, 1943.

571 944. -Cathode-ray interlaced scanning -systems
for the stereoscopic projection of televised signals,
or of a recorded cinema film.

The British Thomson -Houston Co., Ltd. and A. P.
Castellain. Application date 1st June, 1943.

TRANSMITTING CIRCUITS AND APPARATUS
(See also under Television)

571 225. -Modulation system in which an ionizable
gas is used to vary the resonance frequency of an
oscillator tube of the rhumbatron type.

W. W. Groves (communicated by N. G. Schonander).
Application date 1st October, 1943.

571 84o. -Frequency-modulating system depending
upon the use of a resistance -reactance oscillator
and a delay -network for frequency-control.

Standard Telephones and Cables, Ltd. (com-
municated by International Standard Electric Cor-
poration). Application date 11th February, 1944.

571 970. -Visual indicator for the remote tuning -
control, say of the tank circuit of a wireless trans-
mitter.

Standard Telephones and Cables Ltd. (assignees
of H. R. Sherwood). Convention date (U.S.A.)
13th February, 1943.
572 oo6.-Means for controlling or stabilizing the
frequency of the tuned circuits in frequency -
modulated transmitters, or in superheterodyne
receivers.

" Patelhold" Patentverwertungs &c. Akt. Conven-

tion date (Switzerland), 19th May, 1942.

572 161. -Holder or mount for one or more trans-
mitting valves with provision for the supply of
cooling -fluid.

Standard Telephones and Cables, Ltd. (assignees
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of R. B. Hoffman). Convention date (U.S.A. 24th
June, 1942.
572 259. -Metering arrangement for detecting and
measuring the modulation of carrier -oscillations
with respect to the amplitude, or instantaneous
frequency or phase, of the oscillations.

Marconi's W.T. Co., Ltd. (assignees of M. G.
Crosby). Convention date (U.S.A.) 24th March,
1943.

CONSTRUCTION OF ELECTRONIC -DISCHARGE
DEVICES

571 187. -Construction of the base and contact -
pins of a miniature valve with a so-called " button "
stem.

Standard Telephones and Cables, Ltd., and S. J.
Powers. Application date 19th November, 1943.
571 431. -Construction of the metal base of a valve
of the type to which a screening can be permanently
secured.

The M-0 Valve Co., Ltd., and C. W. Cosgrove.
Application date 6th August, 1941.
571 503. -Cathode assembly and construction de-
signed to generate a narrowly -defined election
stream, and to be free from certain undesirable
heat -expansion effects.

Marconi's W.T. Co., Ltd. (assignees of W. M.
Trumbell and L. F. Coombs). Convention date
(U.S.A.) 29th September, 1942.
571 678. -Construction, and use as an amplifier,
detector, or generator, of an electron discharge
device designed to produce a split beam of electrons.

G. R. E. Cleveland. Application date loth January,
1944.
571 709. -Valve cathode designed to be operated
at high voltage and under a pressure different from
that prevailing in the main bulb.

Westinghouse Electric International Co. Con-
vention date (U.S.A.) 17th October, 1942.
571 764. -Construction and arrangement of the
cathode starting device in a gas -filled discharge
tube of the " make -alive " type.

Westinghouse Electric International Co. Con-
vention date (U.S.A.) 7th May, 1942.
572 000. -Gas -tight articulated or ball-and-socket
joint, to allow the electrode of an electron -discharge
tube to be adjusted externally.

Standard Telephones and Cables, Ltd. and R. N.
Hall. Application, date 28th January, 1944.
572 257. -Construction and arrangement of the
anode of a high-tension rectifier.

The Mullard Radio Valve Co., Ltd., 0. Pressel,
and G. A. M. Diepstraten. Application date 22nd
February, 1944.

SUBSIDIARY APPARATUS AND MATERIALS
571 290. -Photo -electric relay for stabilizing the
intensity of aviation and other navigational sig-
nalling -lights against fog and other atmospheric
variations.

Chance Bros., Ltd., and J. G. Holmes. Application
date 8th September, 1943.
571 294. -Installation for testing or adapting radio
apparatus to withstand extreme variations of
temperature, pressure and hunixlity.

Air Control Installations, Ltd., and G. E. Clifford.
Application date 4th October, 1943.

571 345.-Thermionic-valve converter -unit for sup-
plying high -frequency current from direct or A.C.
mains to an ultra -violet therapeutic lamp or other
gaseous discharge device.

H. W. K. Jennings (communicated by Sun -Kraft,
Inc.). Application date 23rd July, 1943.
571 498. -Dielectric containing one or other of the
aromatic sulphones as an ingredient to give a high
S.I.C. and low power -loss.

The British Thomson -Houston Co., Ltd. Con-
vention date (U.S.A.) 31st March, 1942.
571 599. -Holder or mount for resiliently clamping
a thermionic valve or other electrical component
having a frangible base.

Belling and Lee, Ltd., and E. M. Lee. Application
date 18th June, 1943.
571 623. -Method of mounting and exciting a
piezo-electric crystal of the A.T.-cut type so as to
allow slight deliberate variations of the fundamental
frequency.

The General Electric Co., Ltd., and S. K. Lewer.
Application date 24th February, 1943.
571 652. -High -frequency transmission line con-
sisting of a number of conductors held together,
but spaced apart, by a helically -intertwined strip
of insulating material.

Marconi's W.T. Co., Ltd. (assignees of W. R.
Koch) Convention date (U.S.A.) 27th February,
1943.
571 656. -Arrangement for preventing sparking
across the moving contacts of an electric current
converter.

The General Electric Co., Ltd., and E. Friedlander.
Application date 21st April, 1942.
571 687. -Apparatus of the teleprinter code type
for indicating at a distance say the bearing of an
aeroplane as determined by a D.F. installation.

Standard Telephones and Cables, Ltd., G. C.
Hartley, E. M. S. McWhirter, and J. Handley.
Application date 11th March, 1941.
571772. -Artificial line made of strips of high -
permeability metal, interleaved with insulation,
and provided with a number of intermediate tapping
points.

Standard Telephones and Cables, Ltd. (assignees
of L. A. de Rosa). Convention date (U.S.A.) 8th
August, 1942.
571 798. -Construction of fixed capacitor to reduce
heat expansion and to improve the power -factor.
(Addition to 552 707).

Sir H. Ingrain, Bart. Application date 3rd
January, 1944.
571 817. -The use of supersonic sound -waves for
the detection of hidden flaws say in a pneumatic
tyre.

Wingfoot Corporation. Convention date (U.S.A.)
2nd September, 1942.
571 905. -Process for removing traces of iodine
from the surface of a selenium rectifier, in order
to increase its " reverse " resistance.

W. W. Triggs (communicated by Bolidens Grov.
Akt). Application date 12th January, 1944.
572 o18. -Valve -holder, with spring clip to take
the valve -pins, and an associated lower tab to
which the circuit connection is soldered.

British Solenoids, Ld., S. J. Tyrrell, and A. C.
Young. Application date 7th October, 1943
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ACOUSTICS AND AUDIO -FREQUENCIES
1534.213.4 257Attenuation of Sound in Circular Ducts.-'1E. Fisher. (J. acous. Soc. Amer., Oct. 1945, Vol. 17,! No. 2, pp. 121-122.) A method alternative to that

of Molloy and Honigman (2677 of 1945) for calcula-ting the attenuation constants. Good agreement
,between the results of the two methods is noted.
534.321.9: 621.396.9 258Acoustic Control in the Flight of Bats.-H.Ha rtridge. ( Nature, Lond., 27th Oct. 1945, Vol.1156, No. 3965, pp. 490-494.) Experiments show thatbats, while flying, emit a discontinuous supersonicnote that enables them to detect obstacles byobserving the echo. The sensitivity of hearing
s depressed during the emission of the supersonic
ulse, and restored to receive the echo. There are;lose analogies with radar.

)34.86 259
" Higher Fidelity " in Sound Transmission andeproduction.-G. M. Nixon. (J. acous. Soc.

-11ner., Oct. 1945, Vol. 17, No. 2, pp. 132-135.) Aiscussion of factors which include (a) lack ofnowledge of absorbent properties of acousticaterials outside the range 128-4 096 c/s (b)bsorption by the air at frequencies above 4 000 c/sc) acute hearing loss for frequencies above 2 000 c/sith advancing age.

534.862
260The Technique of Production [film] Sound Record-ing.-H. G. Tasker. (J. Soc. Mot. Pict. Engrs, Oct.1942, Vol. 39, No. 4, pp. 213-227.) Mainly a descrip-tion of the use and placement of directional micro-phones, and the effect of acoustical factors such asreflections.

62/.394/.396].645.33 261AC/DC Quality Amplifier.-(Wireless World, Dec.
1945, Vol. 51, No. 12, pp. 354-357.) Output 2 W,negative feedback. Design and construction, in-cluding construction of output transformer.
621.394/.3961.645.33 262

Improved Driver Stages for Class-B [a.f.] Ampli-fiers.-E. A. Henry. (QST, Nov. 1945, Vol. 29,No. ii, pp. 45-5o, 118.) Use of the cathode -follower
circuit for this purpose gives " practically perfect "regulation, large damping factor, low distortion,and wide frequency range. The relevant design
principles are described, with typical examples.
621.394/.3961.645.33 263Parallel Tube High Fidelity Amplifier.-F. C.Jones. (Radio, Oct. 1945, Vol. 29, No. ro, pp.27-29.) Parallel -tube amplifiers may be designedto give a few watts output with less distortion thanis produced by push-pull types having the sameoutput. Design data are given for amplifiersusing output stages of two paralleled beam powertetrodes with negative feedback.
621.395.623 264A General Theory of Passive Linear Electro-
acoustic Transducers and the Electroacoustic Re-
ciprocity Theorem. I.-L. L. Foldy & H. Primakoti.(J. acous. Soc. Amer., Oct. 1945, Vol. 17, No. 2,
pp. 109-120.) " A theory of the operation of passive
linear electroacoustic transducers is developed onthe basis of the most general linear equations (inthis case, integral equations) relating the pressure
and normal velocity at each point on the transducer
surface and the voltage and current at the trans-
ducer's electrical terminals. These, together with
the appropriate solutions of the wave equation
expressed through the use of Green's functions forthe medium in which the transducer is immersed
and the equations defining the electrical terminationof the transducer, completely characterize thebehaviour of the transducer, and allow explicit
calculation of such quantities as impedances,
responses, etc., in terms of four parameters entering
the fundamental equations.

" On the basis of this theory, a proof of the reci-
procity theorem for electroacoustic transducers
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relating their speaker and microphone responses is
presented embodying the conditions necessary for
its validity. These conditions are essentially the
existence of certain symmetry relationships among
the transducer parameters. 'When these symmetry
relationships may be expected to hold is to be dis-
cussed in Part II of this paper to appear later.
Some applications of the theory are presented and
others are outlined."

621.395.623 265
The Eleetroacoustic Four -Pole Transducer as an

Acoustic Transmitter.-J. Muller -Strobel. (Arch.
Elektrotech., Jan./Feb. 1944, Vol. 38, Nos. 1/2,
pp. 62-90.) The forces due to reaction of the sound
field are introduced into the equations of motion
of the diaphragm of a telephone receiver. Separa-
tion of the mechanical, electrical, and acoustic
terms is consequently obtained, so that it is unneces-
sary to represent acoustic forces by effective
added mass, stiffness, or damping. A damping
proportional to diaphragm velocity is introduced as
equivalent to the material and frictional damping
proportional to displacement. This is permissible
for small amplitudes.

Measurements were made on specially constructed
earphones to find the relationship betweeen trans-
ducer impedance and acoustic reaction forces. The
instruments were measured in a vacuum, with and
without locking of the armature, giving the no-
load impedance. The armature velocity and the
phase -angle between the magnetic forces and the
armature deflection are determined from the
equations. The condition of resonance gave the
polar moment of inertia of the cone -shaped dia-
phragm clamped at the edges.

The e.m.f. induced in the coil is determined, and
the corresponding impedances calculated. Ohmic
resistance, and eddy -current and hysteresis losses,
experimentally determined, are represented by
equivalent resistances. Measurements on trans-
ducers of two types showed the no-load running
impedance to be partly dependent on current and
partly independent of it. Current -dependence
was only found near resonance, i.e., for greatest
mechanical deviation, and further investigation
was confined to conditions giving impedances
independent of current.

Figures are given for the stiffness of the diaphragm
and for the torsional restoring couple on the arma-
ture. To determine the mechanical damping
coefficients it is assumed that the change in exciting
force with frequency has no effect on the form of the
resonance curve. This is justified for small damp-
ing.

A survey of the behaviour of acoustic forces is
obtained from measurements of impedance in a
free sound field. A general expression is given for
the relationship between the change in impedance
and the acoustic force of the sound field causing it.
This has a simple form in a free field, but was very
complicated for the transducers used, as the cavities
around the diaphragms, with their different reson-
ant frequencies, substantially affected the sound
field. The force can, however, be resolved into its
component parts, so that the constructional features
of the transducer can all be considered mathe-
matically.

621.395.623.34 266
The Conical Sound Souree.-P. G. Bordoni.

(J. acous. Soc. Amer., Oct. 1945, Vol. 17, No. 2,

pp. 123-126.) The formula for the acoustic pres-
sure due to a rigid cone axially vibrating in an
infinite baffle, deduced by W. N. Brown (13o of
1942) is developed in the form of rapidly converging
series. This enables directional and response
curves to be plotted. It is found that " The
pressure radiated by a mass -controlled cone de-
creases on the axis as frequency increases, instead
of keeping constant, as it does with a disk. The
directional curves are like those of a disk of the
same radius, but a little flattened."

621.395.623.7/.8 267
The Quarter -Wave Method of Speaker Testing.-

S. L. Reiches. ( J. Soc. Mot. Pict. Engrs, May
1942, Vol. 38, No. 5, pp. 457-467.) A pulse roughly
equivalent to a quarter of a sine wave, generated
by discharging a condenser through a resistance,
is used to excite the loudspeaker under test. The
acoustic output is received by a microphone, and
a reading of peak voltage is made.

621.395.623.7 268
The Moving Coil Loudspeaker.-G. R. Cooper.

(Overseas Engr, Nov. 1945, Vol. 19, No. 218, pp.
45-48.) .An elementary account of the causes of
resonance. Improvements in response may be
obtained by the use of baffles and also by intro-
ducing corrugations into the cone. It is hoped
that the efficiency of loudspeakers will be increased
by the use of new materials.

621.395.623.8 : 534.846.4 269
On the Acoustic Conditions and Preliminary

Calculation for Setting Up Several Loudspeakers.-
M. W. Matschinsky. (Arch. Elektrotech., Jan./Feb.
1944, Vol. 38, Nos. 1/2, pp. 57-61.) Consideration
of- the physical and mathematical conditions for
undistorted and good -quality hearing of speech
and music. There must be no acoustically dead
spots, and each sound reproduced by the system
must be heard once only at any point in the area
served. The following formulae are derived from
the relationship between the field strength and
time delay of a signal from a loudspeaker. For
loudspeakers in the open, max R = 1.5 c Lltrev..
where R is the distance between two loudspeakers,
c the velocity of sound in air, and Jteee, the opti-
mum reverberation time. In an enclosed space,
max R = 1.5 c (At rev. - At rev. tats) where At- - rev, tats iS

the actual reverberation time of the space con-
sidered.

621.395.625.2 270
Business Recording Equipment.-R. Stone.

(Radio News, Nov. 1945, Vol. 34, No. 5, pp. 32. 
106.) The requirements of an office recording -
reproducing system are formulated and the Sound -
Scriber equipment, using thin vinylite disks and
the embossed -groove process, is described.

621.395.625.6 271
Some Practical Aspects of the Intermodulation

Test [for sound films].-E. Meschter. (J. Soc.
Mot. Pict. Engrs, Sept. 1945, Vol. 45, No. 3, pp
161-17o.) Effect of film density on intermodu-
lation.

621.395.625.6 272
A Frequency -Modulated Control -Track for Movie -

tone Prints. J. G. Frayne & F. P. Herrnfeld.
(J. Soc. Mot. Pict. Engrs, Feb. 1942, Vol. 38,
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No. 2, pp. 111-123, Discussion pp. 123-124.)
" A 5 -mil frequency -modulated track located
between sound and picture areas is proposed to
control reproduction in the theater from one or
more soundtracks. A variation of approximately
one octave in the control frequency provides a
3o-db change in volume range which may be used
in part for volume expansion of loud sounds or as
noise reduction for weak sounds. The control -
track frequency is varied manually and recorded
simultaneously with the sound -track in the dubbing
operationTthe gain of the monitoring channel being
varied in accordance with the control frequency
to produce automatically the enhanced volume
range desired from the release print."

621.395.625.6 273
Design and Use of Noise -Reduction Bias Systems

[for sound -film equipment]. -R. R. Scoville &W. L. Bell. (J. Soc. Mot. Pict. Engrs, Feb. 1942,
Vol. 38, No. 2, pp. 125-147.) The improvement in
film background -noise afforded by the biased
recording method depends on the fact that noiseis reduced when the average light transmitted
through the film is held to the lowest usable value.This condition is obtained by partially closing
the shutter of the light valve during quieter inter-
vals, by means of a superimposed bias current;
but this introduces undesirable noise components
which, however, can be greatly reduced by the
use of fine-grain sound films, and by pre -emphasis
of the higher frequencies in recording, and subse-
quent attenuation in reproducing. Variable -area
records have less noise than variable -density ones.
Circuit diagrams suitable for bias recording are
given together with photographs of a noise re-
duction unit.

621.395.665 274Elimination of Relative Spectral Energy Dis-
tortion in Electronic Compressors.-B. F. Miller.
(J. Soc. Mot. Pict. Engrs, Nov. 1942, Vol. 39, No.5, pp. 317-323.) " The exaggeration of sibilant
speech -sounds produced when electronic volume
compression is employed in sound -recording chan-nels is shown to be a form of amplitude -selective
frequency distortion, which is generated by virtue
of the normal mode of operation of the compressor.
The practical elimination of this form of distortion
is accomplished by equalization of the compressor
control -rectifier input circuit, the amount of
equalization employed being proportional to the
inverse average relationship between rms speech -
pressure per cycle and speech component frequency."

l4u21.395.665. I 275Volume Expansion. -J. G. White. (Radio,tct. 1945, Vol. 29, No. 1o, pp. 24-25.) Summaryf 3489 of 1945.

)2TLe3n9t5s;t9i2ve Code for Measurement of Performance276f [air conduction] Hearing Aids. -Committee ofhe American Hearing Aid Association. (J. acous.
oc. Amer., Oct. 1945, Vol. 17, No. 2, pp. 144-150.): It is believed that these specifications representhe best of present practice, although additionsay be made later to cover further material . . .on which sufficient information is 'not yet avail-ble]."

621.396.615.11 277
Resistance -Capacity Oscillator. -F. G. Clifford.

(Radio, Oct. 1945, Vol. 29, No. I°, pp. 16..18.)
Summary of 2989 of 1945.

621.396.62
A 21 -Tube All -Purpose Receiver. -Marshall.(See 407.)

621.396.645.33 279
Audio. Section Design Data for Battery OperatedReceivers. - Sylvania Electric Products, Inc.,Engineering Dept. (Radio, Oct. 1945, Vol. 29,No. 1o, pp. 36-37.) In battery -operated receiversit is desirable to secure uniform efficiency over awide range of h.t. voltages. Optimum circuit valuesfor a typical R -C coupled audio amplifier drivestage using a ILD5 valve are given with graphsand a table showing performance over a range of

operating conditions and circuit constants.
534.321.9 280

Der Ultraschall und seine Anwendung in Wissen-
schaft und Technik [Book Review].-L. Bergmann.
VDI-Verlag, Berlin, 3rd edn. 1942, RM 25. (Natur-
wissenschaften, Feb./Mar. 1944, Vol. 32, Nos. 5/13,p. 91.) A comprehensive work.

278

AERIALS AND TRANSMISSION LINES
621.315.1: 621.396.67 281Power for Aerials. -F. C. McLean & F. D. Bolt.(Elect. Rev., Land., 7th Dec. 1945, Vol. 137,No. 355o, pp. 825-826.) Short report of a paperread to the Radio Section of the I.E.E., on thedesign and use by the B.B.C. of various types of
open -wire power lines for feeding aerials at fre-
quencies ranging from 0.2 to 25 Mc/s. " Attenua-
tion must be minimized even at the cost of heavier
transmission lines." The four -wire line is now ingeneral use for powers above 5o kW.
621.315.2 282

Some New Features of Low -Voltage Cable.Madsen & McKinley. (See 341.)

621.315.212.1 : 621.316.54 283
A Simple Coaxial Switch. -E. Burgess. (Radio

News, Nov. 1945, Vol. 34, No. 5, pp. 58, 6o.) Theconstruction of a switch for connecting a common
coaxial feeder to alternative aerials.

621.392 284Waves and Wave Guides. -G. G. (QST, Nov.
1945, Vol. 29, No. II, pp. 54-58.) A simple educa-tional article. The complex wave -patterns in
waveguides are described in terms of combinations
of plane waves incident on and reflected from thesurfaces of the guide.

621.396.67 285
Demonstrating the Properties of Aerials.-( Elec-

tronic Engng, Dec. 1945, Vol. 17, No. 214, pp. 800-
8o5, 835.) An oscillator giving about 45 W output
at 13o Mc/s is used to feed transmission lines andaerial systems. The current, and voltage dis-tributions are shown by detecting devices such as
lamps or crystals used with deflecting instruments.
18 figures show numerous demonstrations.

621.396.67 286
RCA's Antennalyzer.-G. H. Brown. (Electronic

Industr., Oct. 1945, Vol. 4, No. 1o, pp. 223, 226.)
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The impedances of the elements of an aerial array
are represented by adjustable interrelated circuits
fed from the same r.f. source. The equivalent of
directional response is represented on a c.r.t.
indicator, so that the required amplitude and phase
of feed currents can be deduced, thereby eliminating
laborious and approximate theoretical solutions.

621.396.67 287
Technic of Antenna Gain Measurements. G.

Glinski. (Electronic Industr., Oct. 1945, Vol. 4,
No. to, pp. 88..223.) An outline of basic equipment
and arrangements required for v.h.f. work. The
gain of a transmitting aerial is measured at the
receiving point relative to a half -wave transmitting
dipole fed with the same power. The insertion of a
slotted section in the coaxial feeder permits the
measurement of the standing wave in the line in
order to obtain a measure of the power delivered to
the aerial in the two cases. Graphical aids to
computation are given.

621.396.67 : 621.317.33 288
Aerial Impedance Measurements.-L. Essen &

M. H. Oliver. (Wireless Engr, Dec. 1945, Vol. 22,
No. 267, pp. 587-593.) The impedances of various
cylindrical and conical aerials were measured by
the resonant line method and are presented
graphically. The dependence of the properties of a
cylindrical dipole on its diameter is shown. The
impedances of a conical unipole with a reflecting
sheet and of a conical dipole are shown for the
frequency range 200-1 000 Mc/s. The apparent
impedance of a cylindrical dipole fed from a con-
centric cable with and without a A/4 balancing
transformer is investigated. The accuracy of
measurement is limited by reflections from nearby
objects and by stray capacitances, and it tends to
be poor when the measured resistance is of the
same order as the characteristic impedance of the
measuring line. For the measuring apparatus see
1113 and 3973 of 1945. See also 3525 and 3605
of 1945.

621.396.674 289
Airloop Antenna.-( Electronic Industr., Oct.

1945, Vol. 4, No. to, p. 114.) A novel manu-
facturing process, whereby a multiturn loop is
pressed out of a copper sheet onto a supporting
insulating sheet, results in a loop of high Q, because
the formed turns stand out in inverted -V fashion
and are substantially air -spaced.

621.396.677 290
Antenna.-C. \V. Hansel. (Radio, Oct. 1945,

Vol. 29, No. to, p. 39.) Combination of two V -
antennae to obtain a directive system with broad-
band characteristics. Summary of U.S. Patent
No. 2 379 706.

621.396.677 291
Polar Diagrams for Antennas.-J. S. McPetrie,

L. H. Ford & J. A. Saxton. (Electronic Industr.,
Oct. 1945, Vol. 4, No. to, pp. 17o, 174.) Summary
of 2612 of 1945.

621.392 292
High Frequency Transmission Lines [Book

Review].-W. Jackson. Methuen, London, 1945,
152 pp., 6s. ( Nature, Lond., 9th June 1945,
Vol. 155, No. 3945, p. 681.) The author - has
supplied a real need by providing a convenient and
reasonably comprehensive monograph . ."

CIRCUITS
021.3.011 : 531 293

Electromechanical Analogies. -- A. Bloch. Nat,fc
Loud., 4th Aug. 1945, Vol. 156, No. 3o pp
151-152.) Brief account of 3277 of 1945

021.3.012.3 : 021.3.017 21 294
Loss due to Series Resistance between Matched

Source and Sink.-(Radio, Oct. 1945, Vol 29
No. lo, p. 38.) Chart with explanatory diagram

621.314.2 295
Methods of Driving Push -Pull Amplifiers.

(Electronic E11 , Dec 1945. Vol. 17, No 214
pp. 810-617.) Four diagrams show the transformer
triode phase-splitter, paraphase, and " out -of
balance " methods.

621.314.2 : 578.088.7 296
Biological Amplifiers -2.-D. H. I'arnum. (I

less Iroild, Dec. 1945, Vol. 51, No. 12, pp. 373
Two -valve compressor stages are described
connecting a push-pull input stage to a single-
ended amplifier. lnterstage coupling for good 1.f.
response and the advantages of battery power
supply are discussed, and the conclusions are applied
to a suggested design for a complete amplifier.
For part i see 45 of January.

621.392.4 297
Historic Firsts : Balancing Networks. --(Bell I al,

Rec., Nov. 1945, Vol. 23, No. i i, pp. 41.2 4 1

In early repeater stations loaded artificial lines wee,'
used to balance the impedance of real lines.

621.392.5 298
[Isolating] Network Design.-J. K. Islackenzic

(Radio, Oct. 1945, Vol. 29, No. 10, pp. 20..24.
Summary of 3822 of 1945.

621.392.52 299
Preferred Numbers [and filter design]. M. N.

McLean. (Wireless Engr, Dec. 1945, Vol. 22,
No. 267, p. 594.) A letter pointing out an error in
3823 of 1945 (H. Jefferson) and Jefferson's reply.

621.394/.396).645.33
Improved Driver Stages for Class -B

Henry. (See 262.)

62 I .394/.396].645.33
AC DC Quality Amplifier.-(See 261.)

621.394/.396].645.33
Parallel Tube High Fidelity Amplifier.

(See 263.)

300
Amplifiers.-

sol

302
J Ulle

621.395.665
Elimination of Relative Spectral Energy

tortion in Electronic Compressors.-Miller.
274.)

621.395.665.1
Volume Expansion.-J. G. White.

Oct. 1945, Vol. 29, No. to, pp. 24-25-)
of 3489 of 1945.

621.396.611.3 305
Know Your Coupled Circuits.-D. Espy. (QST,

Oct. 1945, Vol. 29, No. to, pp. 76-80.) The double.
tuned transformer is analysed and easy reference
charts are given.

308
Die -
(See

304
(Radio,

Summary

tr
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621.396.615.11 306
Resistance -Capacity Oscillator.-F. G. Clifford.

(Radio, Oct. 1945, Vol. 29, No. ro, pp. 16..18.)
Summary of 2989 of 1945.

621.396.615.17 307
The Equivalent Circuit of the Multivibrator.-

G.W.O.H. (Wireless Engr, Dec. 1945, Vol. 22,
No. 267, pp. 573-575.) Discussion of the treatment
of the multivibrator by Kiebert and Inglis (3494 of
1945) in which the valves are represented by
switched -resistances. The charge and discharge
processes are conveniently calculated by the
application of Helmholtz's (Thevenin's) theorem.
The effect of grid current is approximately repre-
sented by the switching of a 1 000 S2 resistance in a
typical numerical example. The method enables
observed wave -forms to be readily interpreted.

621.396.615.17 : 621.317.755 308
Time -Base Converter.-H. Moss. (Wireless Engr,

Dec. 1945, Vol. 22, No. 267, p. 593.) Letter
acknowledging anticipation of 3266 of 1945 in a
B.B.C. patent (B.P. 566 102).

621.396.616 309
On the Forced Electromagnetic Oscillations in

Spherical Resonators.-Rydbeck. (See 320.)
621.396.619 310

The Input and Efficiency of Class B Modulators.-
R. M. W. Grant. (Marconi Rev., July/Sept. 1945,
Vol. 8, No. 78, pp. 96-104.) " It is shown that even
with linear characteristics the level of quiescent
anode current has an important bearing on the
distortion produced, and that bottom -bend curva-
ture of the valve characteristics reduces this
distortion. Valve rating is also discussed."
Measurements are described, made on a pair of
CAT 20 valves at r kc is with output powers in the
range 9 to 76 kW.

621.396.619.1 311
Keying of Radio Frequency Transmitters.-

Wassell. (See 480.)

GENERAL PHYSICS
534.13 312

Wave Equations for Finite Elastic Strains.-
H. M. James & E. Guth. (J. appl. Phys., Oct. 1945,
Vol. 16, No. ro, pp. 643-644.) Brief note suggesting
error in 2822 of 1945 (Nadai).

535.3 + 621.396.11 313
An Exact Theoretical Treatment of Reflection-

Reducing Optical Coatings.-R. L. Mooney. (J. opt.
Amer., Sept. 1945, Vol. 35, No. 9, pp. 574-583.)

Exact formulae for reflectivity, R, and trans-
mittivity, T, are obtained by treating the problem
s a boundary problem in electromagnetic theory.

Jeneral formulae for R and T are given for coatings
onsisting of a single homogeneous transparent film
)f uniform thickness. Formulae are also given for
he minimum reflectivity for a monolayer coating
nd for the values of R and T for a beam of light
erpendicularly incident on a plane surface of a
ransparent medium covered by two transparent
omogeneous films of different thicknesses and
ndices of refraction. The general expressions for
t and T for two -layer coatings are given, and it is
,hown that a maximum value of T is obtained when
he thickness of each coating is one quarter-wave-
ngth.

538.566.2: 535.338 314
The Doppler Effect in a Refracting Medium.-

I. M. Frank. (Bull. Acad. Sci. U.R.S.S., Ser. phys.,
1942, Vol. 6, Nos. 1/2, pp. 3-31. In Russian.)
The radiation in the optical range of the spectrum
from an oscillating electrical dipole (excited atom)
moving in a uniform refracting medium is con-
sidered. In the method used a moving source oflight, radiating spherical waves from different
points of its trajectory, is replaced by_a number of
stationary sources radiating light impulses at
definite instants. The theory of the method is
discussed, and the Doppler formula (3,4) is derived,
which differs from the usual formula (r,r) by the
inclusion of the refractive index. A qualitative
analysis of the mathematical interpretation is givenand the intensity distribution of the radiation
spectrum is examined. The case of a dipole moving
in a medium without dispersion is discussed and
formulae (4,4) determining the field of the dipoleare derived. The Doppler effect for very high
velocities is then considered and it is shown that
since dispersion always exists in a real medium a
complex effect may take place if condition (5,5) is
fulfilled, i.e. a source of monochromatic light
moving uniformly may radiate in a given direction
not one but several Doppler frequencies. As in
practice velocities approaching that of light cannot
be attained an examination is made of the possi-
bility of observing the complex Doppler effect in
the case of an atom moving in a rarefied gas with
a velocity much lower than c. The required
numerical values are calculated for the cases of
sodium in sodium vapour and hydrogen in lithium
vapour. The radiation spectrum of a dipole moving
in a gas is also considered. Finally the radiation
from a dipole moving in a refracting medium with
a velocity exceeding the velocity of light for that
medium is discussed. It is known that an electron
moving with such a velocity radiates light in a
certain direction (Cherenkov effect) and necessary
conditions are established for an analogous effect
to take place in the case of a dipole. The 'basic
principles of an optical model for illustrating the
method used in this paper are indicated.
621.315.54 315

Electrical Resistance of Liquid [alkali] Metals.-
Krishnan & Bhatia. (See 342.)

621.318.32.o17.31 : 538.54 316
On the Theory of Eddy Currents in Plane Metal

Sheets in the Rayleigh Region.-Rudiger &
Schlechtweg. (See 353.)

621.319.7: 621.385.833 317
Potential Distributions of Equal Coaxial Cylinders.

-R. D. Hill. (J. sci. Instrum., Nov. 1945, Vol. 22,
No. II, pp. 221-222.) From experimental plots of
the field between two electrodes end -to -end, using
an electrolytic tank, empirical formulae have been
derived for the axial potential in terms of the axial
distance and the electrode geometrical factors.

621.384.6 318
Radiation from a Group of Electrons Moving in a

Circular Orbit.-McMillan. (See 440.)

621.396.11 : 535.42 319
The Theory of Diffraction.-F. B. Pidduck.

(Phys. Rev., 1stl15th Sept. 1945, Vol. 68, Nos. 5/6,
p. 142.) Brief note on theoretical work to replace
the restricted methods based on Kirchhoff's
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integral. Anticipatory mention of book " Currents
in Aerials and High Frequency Networks"' by
Pidduck (Clarendon Press, Oxford).

621,396.616 320
On the Forced Electromagnetic Oscillations in

Spherical Resonators. -0. E. H. Rydbeck. (Ark.
Mat. Astr. Fys., 14th Nov. 1945, Vol. 32, Part 3,
Section A, No. II, 18 pp. In English.) A detailed
mathematical analysis of the response of the space
enclosed by two concentric spheres to excitation by
means of a current loop (TE waves) and by a dipole
current element (TM waves). The case of a simple
hollow sphere is included by assigning to the inner
sphere the same medium constants as for the
dielectric space. Formulae are given for the
intensities of the various modes in terms of the
material constants of the space and the boundaries
and the location of the exciting loop. The effects
of a second loop, terminated by a known impedance,
are also evaluated, and also the mutual impedance
or coupling between the loops. An equivalent net-
work for the mth resonance of the nth mode of a
high -Q hollow sphere with two inserted current
loops is derived and illustrated.

GEOPHYSICAL AND EXTRATERRESTRIAL
PHENOMENA

523.165 + 537.591 321
Cosmic Rays.-( Nature, Lond., 3rd Nov. 1945,

Vol. 156, No. 3966, PP. 543-544.) Summary of
discussion at an Anglo-French Conference on Cosmic
Rays held at Bristol University during September
1945.

523.165 322
Determination of Orbits in the Field of a Magnetic

Dipole, with Applications to the Theory of the
Diurnal Variation of ' Cosmic Radiation.-K. G.
Malmfors. (Ark. Mat. Astr. Fys., 14th Nov.
1945, Vol. 32, Part 3, Section A, No. 8, 64 pp. In
English.) A knowledge of the trajectories of
charged particles in the earth's magnetic field is
relevant to the theory of the aurora and to certain
cosmic radiation problems. The paper describes
an experimental investigation of this subject.
See also 3471 of 1945. A magnetized Al-Ni-Co
steel ball, 10 cm in diameter was used to represent
the earth, and an electron gun was mounted in the
vicinity of the surface. The whole assembly was
so mounted inside a cylindrical brass vacuum
chamber that any desired orientation of the beam
relative to the sphere could be obtained. A
fluorescent screen at one end of the cylindrical
chamber was used to determine the deflection of
the beam from its original path.

The main conclusion with regard to cosmic
radiation is " it would seem improbable that the
difference in diurnal variation arises from particles
.of energy less than Poi° eV, and it accordingly
follows therefrom, that the magnetic field of the
Sun cannot be the cause of this variation. If the
working hypothesis of the isotropic distribution
of cosmic radiation in space is not exactly fulfilled,
it would appear that therein resides one possi-
bility for explaining the effect as observed."

523.72 323
Departure of Long -Wave Solar Radiation from

Black -Body Intensity.-E. V. Appleton. ( Nature,
Lond., 3rd Nov.. 1945, Vol. 156, No. 3966, pp.

534-535.) Comment on 1028 and 3252 of 1945
" . . . there is evidence . . . which suggests that
during periods of marked solar activity the sun
occasionally emits radiation in the radio spectrum
greatly in excess of black -body radiation corre-
sponding to 6 000°K."

523.746.5 324
A Forecast of Solar Activity.-W. Gleissberg.

(Nature, Lond., 3rd Nov. 1945, Vol. 156, No.
3966, p. 539.) The next maximum in sunspot
activity will probably be the greatest within living
memory. It is likely to be reached before May
1948.

LOCATION AND AIDS TO NAVIGATION

621.3 (41) " 1939/1945 325
British Electrical Engineers and the Second

World War.-Dunsheath. (See 415.)

621.396 326
Radio in the U.S. Navy.-(See 417.)

621.396.9 327
The Pioneers of Electromagnetic Detection

[Radar] in Great Britain.-S. Cripps. (Onde elect.,
Nov. 1945, Vol. 20/25, No. 224, pp. 128-131.) Based
on 3909 of 1945.

621.396.9 328
Fundamentals of Radar -3. Radar as a Weapon

of Offence : ASV and H2S. (Wireless World,
Dec. 1945, Vol. 51, No. 12, pp. 363-365.) A
description of the systems for the detection of
surface vessels from aircraft (ASV), and for the
electronic reproduction of a map of the terrain
beneath an aircraft (H2S). First started on a
wavelength of r2 m, these systems were later im-
proved by the use of centimetre wavelengths. The
beam shape is such that equal echoes are received
from similar targets at any positions within the
range of the instruments. Later improvements
on H2S introduce a correction for the height of
the aircraft and yield an undistorted map instead
of a " slant -range " map. For parts 1 and 2 see
3903 of 1945 and 85 of January.

621.396.9 329
Radar. (Radio News, Nov. 1945, Vol. 34,

No. 5, pp. 35-37.) Nine photographs of U.S.
Army ground locators SCR 268 and SCR 547 for
controlling anti-aircraft guns and searchlights.

621.396.9 330
Practical Radar : Part 6.-J. McQuay. (Radio

News, Nov. 1945, Vol. 34, No. 5, pp. 41..99.)
Technical details of methods of displaying target
information. The special requirements of cathode-
ray tubes used in radar are given, and the generation
of linear, circular and spiral time bases is described.
The indication of echoes by either electrostatic or
electromagnetic deflection or by intensity modula-
tion of the beam leads to the display of one co-
ordinate by simple deflection of the linear or
circular time base, or two coordinates by the raster
method, using intensity modulation. The plan
position indicator with synchronized rotating aerial
and radial time base is explained. A glossary
of radar terms is appended.
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621.396.9 331
A Radio Navigational Aid.-( Nature, Lond.,

3rd Nov. 1945, Vol. 156, No. 3966, P. 542.) IPA
brief description of a device developed by the
Decca Navigator Co., involving measurement of
phase differences between ground signals received
from two or more fixed long -wave transmitters. The
accuracy is about zoo yards at 300 miles, and is
better for shorter ranges.

621.396.9- 332
Detection of Birds by Radar.-D. Lack & G. C.

Varley. (Nature, Lond., 13th Oct. 1945, Vol.
156, No. 3963, p. 446.) Letter giving evidence of
radar echoes from birds (gulls, geese, and starlings)
travelling at speeds of about 3o mph which were
frequently confused with fast-moving ships. See
also 333.

621.396.9 333
Detection of Birds by Radar.-H. A. C. McKay.

(Nature, Lond., 24th Nov. 1945, Vol. 156, No.
3969, p. 629.) Letter containing quotations from

l a German document about " spurious echoes "
which the present writer attributes to birds. The
Germans appear to think the echoes were due to
layers in the atmosphere. See also 332.

621.396.9: 534.321.9 334
Acoustic Control in the Flight of Bats.-Hart-

ridge. (See 258.)

621.396.9 : 534.88 335
Safeguarding our Seaways-The Modern Nautical

Chart. -A. L. Shalowitz. (Sci. Mon., N. Y., Oct.
2945 Vol. 61, No. 4 pp 249-264.) Includes an
account of the Radio: .Radio -Acoustic -Rangingstic-Ranging method for
determining geographic position when out of sight
of land. The sound wave from a bomb exploded
under water by the survey ship is received by a
hydrophone attached to an anchored sono-radiobuoy. This wave causes a radio signal to be
transmitted by the buoy for reception at the
survey ship, where observation is made of the delay
between the explosion and the received signal.

621.396.9 : 629.13 336
Timing [high-speed aircraft] by Radar.-H. B. D.

(See 397.)

621.396.931/.933].2 : 621.396.61 337
Calibrating Transmitters, Types TV.10, TV.11

and TV.12.-M. D. Tooley. (Marconi Rev., July/
Sept. 1945, Vol. 8, No. 78, pp. 89-95.) The low -
power portable transmitters are designed for use at'd.f. stations, and provide a vertically -polarized
.ignal. In each transmitter type, provision is madeor c.w., m.c.w., and keyed operation, with a
"requency stability of " not worse than o.r % after
n. initial warming -up period ". Each type operates
rom a 6 V car battery, a built-in vibra-pack with a
ull-wave cold -cathode rectifier is used to provide
, "gh-tension supply. Type TV.ro covers the
requency range 5.8-30 Mc/s in four bands ; a
ye -section tubular aerial is used. Type TV.11
overs the band 0.15-2.5 Mc/s in four bands, and
designed to work with an L aerial. Type TV.12

Aerating in the band 3o -8o Mc/s, uses an aerial
milar to that used with the TV.ro. Full circuitetails are given.

MATERIALS AND SUBSIDIARY TECHNIQUES
549.514.1 338

Optical Methods for Determining the Orientation
of Quartz Crystals.-R. S. Rivlin. (J. sci. Instruni.,
Nov. 1945, Vol. 22, No. Ix, p. 221.) A. reflection
method for finding the direction of the a -axis on a
ground surface of quartz parallel to the (000x) -plane
by observation of scintillations when the crystal
surface is rotated in its own plane. Accuracy is
increased by the deposition of a silver film on the
surface.

549.514.1 339Quartz Crystals.-In the UDC numbers forabstracts 91, 92 and 126 of January, for 594.514.1
read 549.514.1.

621.3.047.43 (23.03) 340
Carbon -Brush Contact Films.-R. H. Savage.

(Gen. elect. Rev., Oct. 1945, Vol. 48, No. ro, pp.23-20.) A carbon brush sliding on copper in
vacuum shows high friction and rate of wear which
is stopped instantly by water vapour at a pressure
greater than 3 mm Hg. Solid adjuvants (CdI, or
PbC12) in the brush reduce the vapour pressure
required to 0.1-0.2 mm Hg. The glazed film of
carbon found on copper surfaces is formed at normal
humidities and will maintain the low friction con-
dition for a short period at low humidity, e.g. in
high -altitude flying. Measurements with a blast
of water vapour on the collector surface showed thatthe average water molecule evaporates from a
carbon surface in less than to -3 sec, and a calcula-
tion supported by tests gives 0.7 x 10-6 sec.

621.315.2 341
Some New Features of Low -Voltage Cable.-

L. D. Madsen & R. B. McKinley. (Gen. elect. Rev.,
Oct. 1945, Vol. 48, No. 20, pp. 44-47.) An outlineof various types of insulated cables for power
distribution, and the advantages of overhead cablesover bare wires. Use of polyvinyl chloride and
chloroprene on rubber insulation reduces breakdown
risks on underground cables. Polyvinyl chloride
has been used to protect I1 kV busbars.

621.315.54 342
Electrical Resistance of Liquid [Alkali] Metals.-

K. S. Krishnan & A. B. Bhatia. (Nature, Loud.,
27th Oct. 1945, Vol. 156, No. 3965, pp. 503-504.)
A theoretical explanation is considered for the
observed increase of about 5o% which occurs on
melting.

621.315.54: 621.316.849 343
Resistivity of Thin Metallic Films.-A. VanItterbeek & L. De Greve. (Nature, Loud., 24th

Nov. 1945, Vol. 156, No. 3969, pp. 634-635.)
Measurements at different temperatures on the
temperature coefficient of resistance of nickel
films between 20 and 700 mil in thickness, show a
sudden discontinuity at 358°C. Thin films less than
40 mis possess a negative temperature coefficient.

621.315.55 344
Aluminium Alloys as Conductors.-A. Schulze.

(Arch. tech. Messen, Oct. 2943, No. 248, T.122.) A
condensed account of the properties of alloys
containing different proportions of Si, Fe, Ca, and
Mg, in relation to their use for overhead transmission
lines. The mechanical strength and electrical
conductivities for several alloys are given graphically
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and in tables. The properties of Aldrey are given
in detail.

621.315.59 345
The Electrical Properties of Semi-Conductors.-

R. J. Maurer. (J. appl. Phys., Oct. 1945, Vol. 16,
No. ro, pp. 563-570.) Experiments which have
yielded information regarding the behaviour of
electrons in semi -conductors are reviewed. Evidence
based on measurement of electrical conductivity,
the Hall effect and thermoelectric effects are dis-
cussed, together with data dealing with departures
from stoichiometric proportions in the lattice of the
substance concerned. " Deviations from stoichio-
metric proportions are the most important type of
impurity ' which one has to consider when

dealing with the electrical properties of semi-
conducting compounds. There are available
physical -chemical methods by which, in favorable
cases, the degree of disorder may be determined
as a function of the equilibrium conditions. The
combination of these measurements with the
determination of the electrical conductivity, a, and
the Hall constant, R, enables one to deduce the
mean free path and the density of conducting
particles as a function of the degree of disorder
and of the temperature."

621.315.59 346
The Basic Principles of Semi -Conductors. --

F. Seitz. (J. appl. Phys., Oct. 1945, Vol. 16,
No. to, pp. 553-563.) A review of typical deviations
from ordinary valence rules by alloys and inorganic
compounds, and of the effect on the electrical
properties of a compound of a deviation from
stoichiometric proportions. The value of informa-
tion obtained from electrical measurements is
illustrated by reference to several semi -conducting
compounds.

621.315.612.4 347
Dielectric Constants of Some Titanates.-B. Wul.

(Nature, Lond., loth. ct. 1945, Vol. 156, No. 3964,
p. 480.) The permittivities of Be, Mg, Ca, Zn, Sr,
Cd and Ba titanates, measured at room tempera-
ture at r Mc/s, ranged from 17 for Mg to greater
than i 000 for Ba. A curve shows the large
variation in permittivity of barium titanate with
temperature over the range -200 to + 300° C.

621.315.613.1 348
Synthetic Mica.-(Elect. Rev., Lond., 7th Dec.

1945, Vol. 137, No. 355o, p. 826.) Notice of two
reports (one British, one American) issued by the
Mica Trade Association, on German manufacture
of synthetic mica and substitute materials.

621.315.616.9+679.51(213) 349
Properties of Plastics [in Tropical Conditions].-

S. Rogerson : W. J. Tucker : P. I. Smith. (Elec-
tronic Engng, Sept. 1945, Vol. 17, No. 211, p. 698.)
Correspondence arising from 3044 and 3359 of
1945,

621.315.616.9 : 536.41 350
Thermal Expansion and Second -Order Transition

Effects in High Polymers, Part II. Theory.-R. F.
Boyer & R. S. Spencer. (J. appl. Phys., Oct. 1945,
Vol. i6, No. 10, pp. 594-607.) " The nature of the
thermal expansion anomaly in high polymers,
known as the second -order transition, is examined
in some detail. It is suggested that below the
transition temperature, Tin, polymer chains can

expand sidewards but not parallel to their length.
At Tm lengthwise expansion becomes prominent,
thus accounting for the sudden increase in thermal
expansion. Experimental results are presented
showing the anisotropic expansion of oriented
polymers below TM. The transition effect is then
treated as a problem in viscous flow, which gives
rise to various semi -empirical plots connecting Tm
with applied forces, plasticizer content, and time
effects. The brittle point, Tb, involves highly
elastic deformation, and is shown to be a funda-
mentally different test, although Tm and Tb are
sometimes numerically equal. Various factors
influencing the brittle point are reviewed briefly."
For part I, see 3605 of 1944.

621.315.616.9: 541.64 351
Molecular Weight Studies on High Polymers

with the Electron Microscope.-R. F. Boyer &
R. D. Heidenreich. (J. appl. Phys., Oct. 1945,
Vol. 16, No. io, pp. 621-639.) A technique is
described for isolating single polymer molecules,
and examining them under the microscope. Circular
particles 15-500 A in diameter have been observed,
and are believed to represent single molecules.
The relation between diameter and molecular
weight is reviewed in detail. " The data appear to
favor the concept of a random coil to the extent
that particle diameter varies as the square root of
the molecular weight. The molecular weight dis-
tribution curves obtained are of the expected shape
and extent, although the average molecular weights
computed from the distribution curves are 4-5
times greater than values measured by an inde-
pendent method. Finally, the role of electrical
charges in stabilizing isolated polymer molecules
is discussed."

621.315.617.3 35a
Insulating Varnishes.-(Elect. Rev., Lond., 14th

Dec. 1945, Vol. 137, No. 3551, p. 857.) Short
report of a discussion by the Radio Section I.E.E.,
led by C. R. Pye. " Probably the type most likely
to come into general use would be based on ' Sili-
cone ' polymers . . . "

621.318.32.017.31 : 538.54 353
On the Theory of Eddy Currents in Plane Metal

Sheets in the Rayleigh Region.-O. Rtidiger &
H. Schlechtweg. (Arch. Elektrotech., Jan./ Feb. 1944,
Vol. 38, Nos. 1/2, pp. 42-56.) Starting from the
Rayleigh expression B = µ0H (x2- H2 for weak

fields, the differential equation for the field distribu-
tion in a metal sheet is approximately solved.
The current density and eddy -current loss are then
determined. The loss is separable into two parts,
one corresponding to permeability independent of
field strength, and the other proportional to a.
Functions required for practical application are
given in graphs. Numerical examples are worked.
out. The loss proportional to a can, in some cases,
be only a small fraction of the total, but it can be
substantial for silicon alloys, and for those of the-
Permalloy type.

621.318.322 : 538.27 354
Increase of Initial Permeability due to Elastic

Stress.-K. Sixtus. (Naturwissenschaften, Feb./
March, 1944, Vol. 32, Nos. 5/13, pp. 73-74.) A
brief report of experiments showing the effect of
slight bending on the permeability of Fe -Si (3% Si),

ji
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stampings. For alternating fields of the order of
o.of Oersted the permeability was increased by
factors up to 1.5. For strong fields the'rper-
meability was slightly reduced.

621.385.832 + 535.37 355
On the Question of the Upper Temperature Limit

of the Luminescence of Phosphors.-Brauer. (See
447.)

621.52 356
High -Vacuum Pumps. - R. Witty. (J. sci.

Instrum., Nov. 1945, Vol. 22, No. I1, pp. 201-206.)
A description of two types of rotary oil pump,
and the principles of operation of diffusion pumps,
with an outline of the construction of some modern
types.

621.52 357
Use of Silicones as Diffusion Pump Oils.-G. P.

Brown. (Rev. sci. Instrum., Nov. 1945, Vol. 16,
No. 11, pp. 316-318.) Two silicones, a straight
hydrocarbon (Litton C), an ester (Octoil) and a
chlorinated aromatic hydrocarbon (Narcoil) were
compared for performance in a nonfractionating
diffusion pump. The high -boiling silicone produces
the highest vacuum, as indicated by an untrapped
ionization gauge, and is almost completely free from
oxidation when exposed to air while hot. A table
showing the relative merits of the oils is given.
621.791.3 358

Self -Soldering.-( Wireless World, Dec. 1945,Vol. 51, No. 12, p. 387.) A short note on a device
for soldering telephone cables in the field. A small
copper tube contains cored solder, and has a com-
bustible material on the outer surface. The endsof the wire are twisted and inserted in the tube, and
the outer material is ignited by striking on the
packing box as if it were a match.
679.5 359Modern Plastics [Book Review].-H. Barron.
Chapman & Hall, London, 1945, 68o pp., 42s.
(Engineering, Lond., 19th Oct. 1945, Vol. 160,No. 4162, p. 303 ; B Barna J., Oct. 1945, Vol. 52,No. so, pp. 338-339.) A text -book for the general
scientific or technical reader, rather than for thespecialist.

MATHEMATICS
517.942.9

360The Laplace Equation.-E. Kasner & J. De Cicco.
(Science, 7th Sept. 1945, Vol. 102, No. 2645, pp.256-257.) Letter on some difficulties involved intransformation of the three-dimensional equation.
518.5

361A New Type of Differential Analyzer.-V. Bush &S. H. Caldwell. (J. Franklin Inst., Oct. 1945,Vol. 240, No. 4, pp. 255-326.) The instrument
incorporates features of proven merit from earlier
designs, but has greater precision, scope andflexibility. It can be used by investigators workingeither locally or at a distance.

531.314: 621.385 362Dynamics of Electron Beams.-D. Gabor. (Proc.Inst. Radio Engrs , N. Y Nov. 1945, Vol. 33,No. II, pp. 792-805.) Hamiltonian dynamics arepresented in their two less familiar forms, viz.,he canonical equations expressing the energy ofmotion of a particle in terms of its position and

momentum, and the Hamilton-Jacobi equation,
expressing motion in terms of an action functionwhen the momentum is irrotational. This coversall cases of electron motion in electrostatic fields,and in electromagnetic fields having no componentnormal to the cathode. The equations can beapplied to the motion not only of a single electron
but also to that of a regular stream of electrons.

The method can be used for graphical and
numerical approximate solutions of electron motion,
or for the inverse problem of designing the field toproduce a certain desired type of motion. The
Hamilton -Jacobi equation also lends itself to the
treatment of small perturbations caused by changes
in the electromagnetic field.

Transit -time effects are dealt with by trans-
forming the equation into one symmetrical in time
and space coordinates, and this is shown to be
equivalent to the principle involved in phase -
focusing. The case of electrons with random
motion is dealt with by introduction of Hamilton's
phase -space and inclusion of a density distribution
term in the canonical equations.

These methods provide useful tools for deter-
mining solutions of the more general problems, and
for developing solutions for special cases of the more
complex problems of electron beams.
621.385 363

Space Charge between Coaxial Cylinders.-Page &
Adams. (See 485.)

MEASUREMENTS AND TEST. GEAR
621.3.012.3 : 621.3.017.21 364

Loss due to Series Resistance between Matched
Source and Sink.-(Radio, Oct. 1945, Vol. 29,No. io, p. 38.) Chart with explanatory diagram.
621.317.32 365

Sphere -Gaps : Irradiation and Impulse -Voltage
Measurement.-J. M. Meek. (Elect. Rev., Lond.,
3oth Nov. 1945, Vol. 137, No. 3549, p. 778.) Short
account of a paper and discussion at the I.E.E.
An investigation has shown the need for some
revision of the B.S. rules for measurement with
sphere -gaps. Irradiation (e.g. by insertion of
radium in the high -voltage sphere) is necessary to
avoid errors in the measurement of impulse voltages.

621.317.33 : 621.396.662.2 366
Simplified Coil Testing.-G. T. Clack. (Electronic

Engng, Dec. 1945, Vol. 17, No. 214, pp. 829-832.)
Simple circuits are given for testing resistance,
insulation, and inductance, involving only a
milliammeter and valve voltmeter as measuring
instruments. The latter should be of good stability
with an operating range up to 20 Mc/s. Inductance
methods given include direct measurement at 1.f.,
comparator bridge, oscillator and valve -voltmeter,
and dynatron. For production testing, comparison
with a standard coil frequently offers the most
convenient method.

621.317.332 : 621.315.14 367
A Method of Measuring the Radiofrequency

Resistance of Wires.-C. Stewart, Jr. (J. apps.
Phys., Oct. 1945, Vol. 16, No. 10, pp. 608-614.) A
coaxial transmission line o -f oo ft long, with the
wire under test as the inner conductor and a metal
tube as the sheath, is short-circuited at one end and
connected at the other to a commercial Q -meter.
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Conditions are chosen so that the line impedance is
inductive at the test frequency, and so that errors
introduced by the Q -meter internal resistance are
minimized. The theory of the method, which is
suitable for use in the frequency range 0.2 to
40 Mc/s, is given in detail. The technique " appears
to be more reliable than the use of coils, assuming
all precautions just described to be taken and con-
sidering commercial test equipment commercially
available at present. Also the results of this method
agree closely with those of calculations by skin effect
formulas."

621.317.35 368
The Short - Time - Constant Circuit. - M. G.

Scroggie. (Wireless World, Dec. 1945, Vol. 51,
No. 12, pp. 358-361.) The application of a square -
wave signal to an R -C circuit with a short time
constant is investigated by Fourier analysis, the
waveform of the voltage across the resistor being
derived, and compared with experimental observa-
tion. A demonstration of the principle of wave
analysis.

621.317.361 369
Frequency Measuring System.- H. 0. Peterson,.

(Radio, Oct. 1945, Vol. 29, No. 1o, p. 40.) A system
for combining harmonics and sub -harmonics of a
crystal oscillator to produce a wide range of con-
trolled frequencies by decade switching. Summary
of U.S. Patent No. 2 38o 868.

621.317.361 : 621.396.615.17 370
Automatic Control for Locked Oscillator.-McCool.

(See 474.)

621.317.39.082.7
An Electrical Moisture Meter.-Hartshorn &

Wilson. (See 388.)

621.317.42.089.6 372
Note on Calibration of Grassot Fluxmeters.-

R. S. J. Spilsbury & C. E. Webb. (J. sci. Instrum.,
Nov. 1945, Vol. 22, No. T T, pp. 213-215.) " Small
discrepancies in the calibration of fluxmeters were
traced to differences in the time interval between
break and make of the reversing switches employed.
Similar variations in the deflexion produced by a
given change of linkage were found to occur when
the rate of fall of the coil in a Hibbert Magnetic
Standard was altered, and it is concluded that the
effect depends on the velocity attained by the
moving coil of the fluxmeter and hence implies
variability in the damping coefficient. The avoid-
ance of errors arising from this effect, by the choice
of a suitable calibration procedure, is important if
the fluxmeter is to be used for measurements of
high precision."

621.317.715 373
A Galvanometer Amplifying System of Great

Sensitivity.-D. C. Gall. (J. sci. Instrum., Nov.
1945, Vol. 22, No. TT, pp. 218-219.) - A double

. . . system using a photocell and thyratron . . .

The sensitivity of the galvanometer is increased by
positive mechanical feed -back and the circuit
stabilized by negative electrical feed -back. It
enables fractions of a microvolt to be recorded."

371

621..723 374
Measurement of High Voltages.-J. M. Meek &

F. W. Waterton. (Nature, Lond., 6th Oct. 1945,
Vol. 156, No. 3962, pp. 422-423.) An attracted -

disk electrometer for absolute measurement of a.c.
or d.c. voltages up to Too kV with an accuracy of
0.3% is operated in a continuously -evacuated
system to avoid breakdown, convection currents,
and effects of dust and humidity.

621.317.725 + 621.317.734] : 621.385 375
Electronic Volt-Ohmmeter.-H. H. Arnold. (Radio

News, Nov. 1945, Vol. 34, No. 5, pp. 48..132.) A
sensitive valve voltmeter using a large-scale meter
of low sensitivity. The circuit is of an unbalanced
bridge type, two valves in adjacent arms acting
as a phase inverter to give a linear scale. Use of a
cathode -follower stage gives input impedance
30-300 M.Q. The ohmmeter section employs a
voltage -dividing network. Ranges o-6 000 V in
six ranges beginning o-6 V, and o.1 -5.1o8 Q.

621.317.726 : 621.385 376
A High Impedance Pulse Voltmeter.-D. E.

Howes. (Rev. sci. Instrum., Nov. 1945, Vol. 16,
No. TT, p. 322.) A cathode -coupled amplifier is
connected to a conventional diode rectifier, using a
single 6SN7 (double triode) for the two purposes.
The advantages are a high input impedance with a
comparatively low output impedance. The instru-
ment responds equally well to pulses from one to
20 /Is in length.

621.317.726: 621.385 377
A Voltmeter for Complex Waveforms.-C. H.

Banthorpe. (J. Televis. Soc., Dec. 1944, Vol. 4,
No. 4, pp. 9o-91.) For waves of amplitudes up to
200 V peak -to -peak. The voltage to be measured
is applied through a cathode -coupled amplifier to
a cathode-ray tube, on which the measurement is
made.
_The circuit gives a flat response for frequencies up

to about 2.5 Mc/s.

621.317.73 378
Impedance Bridge with a 109 to 1 Range.-

(Nature, Lond., 24th Nov. 1945, Vol. 156, No. 3969,
pp. 639-640.) Summary of 2285 of 1945. (H. T.
Wilhelm.)

621.317.733 + 536.531).087.6 379
An Automatic Recorder for Resistance Thermo-

...LI

Thermo-
metry. D. R. St11_(Rev. sci. Instrum., Nov. 1945,
Vol. 16, No. IT, pp. 318-321.) Measurement of
temperature to ± 0.01 ° C with a platinum resistance
thermometer requires resistance measurement to
-1- 0.00' 9. A standard io inch chart recorder will
cover a range of 152, or io°C, with this accuracy.
The Wheatstone bridge including the thermometer
is balanced automatically by a T S2 slider, the arm
of which carries the recording pen. At the ends of
its travel an additional T S2 from a decade bank is
automatically switched in or out as required. The
selector switch on the f S2 bank of coils at the ends
of its travel operates similarly, by a Geneva gear
mechanism, the selector switch of a decade bank of
10 S2 resistance coils. A second pen records the
positions of the decade resistance selector switches.
The range covered is from -190° C to 55o° C.

621.317.738 + 621.317.79 380
New Types of Test Gear for Television Production.

-P. D. Saw. (J. Televis. Soc., Dec. 1944, Vol. 4,
No. 4, pp. 76-81.) A description of a reactance
comparator and alignment oscillator designed for
unskilled operators. The comparator contains an
oscillator loosely coupled to a tuned circuit. The
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resonance frequency of the tuned circuit is varied
rapidly about its mean value in synchronism with
the movement of a pointer over a scale. The p.d.
developed across the circuit when it is in tune with
the oscillator operates stroboscopic illumination of
the pointer and scale. The pointer appears to be
at rest in a position depending on the difference
between the oscillator frequency and the mean
frequency of the resonant circuit. The components
to be tested can be connected to either the oscillator
circuit or to the coupled tuned circuit, and com-
ponents with the same reactance cause the pointer
to appear at rest in the same position. For an
oscillator frequency of 500 kc/s reactance differences
of o.x µ,u.F can be observed.

The alignment oscillator generates a signal with
mean frequency adjustable from 35 to 5o Mc/s,
frequency modulated at 5o c/s over a range of a few
Mc/s. There is a buffer output stage. A stable
frequency -calibrating oscillator is also provided.
621.317.79: 621.385 381

Vacuum Tube Analyzer.-L. G. Sands. (Radio
News, Nov. 1945, Vol. 34, No. 5, pp. 38..85.) An
instrument for checking valve characteristics. Tests
on emission, gas current, noise, and trans -
conductance can be made, the latter by using an
oscillator to drive the test valve, with a null method
of measurement. Voltage supplies for all electrodes
are incorporated and are  fully variable. Con-
structional details are included.

621.396.67 : 621.317.33
Aerial Impedance Measurements. - Essen &Oliver. (See 288.)

621.396.67.082
Technic of Antenna Gain Measurements.-Glinski. (See 287.)

OTHER APPLICATIONS OF RADIO AND
ELECTRONICS

382

383

531.714.7 : 621.317.39 384
An Electrical Micrometer.-D. C. Gall. (J. sci.' Instrum., Nov. 1945, Vol. 22, No. ix, p. 219.)k method of measuring very small displacements

)3T the use of electrical resistance strain gaugesittached to a micrometer head. By means of an
tmplifier, an ink record of the displacement can bemade. Full-scale galvanometer deflexion for o.00rch.

44.62: 621.383.8 385An Application of Multiplier Photo -Tubes to the
'Ipectrochemical Analysis of a Magnesium Alloy.-p. A. Nahstoll & F. R. Bryan. (J. opt. Soc. Amer.,
,)ct. 1945, Vol. 35, No. ro, pp. 646-650.)
,78.088.7 : 621.314.3

Biological Amplifiers.-Parnum. (See 296.)
386

21.315.1/.5] : 621.317.3.082.78 387A Splice Detector for Army Field Wire.-F. S.Itird. (Bell Lab. Rec., Nov. 1945, Vol. 23, No. II,
 424-426.) Another account of 14o of January.
1.317.39.082.7 388An Electrical Moisture Meter.-L. Hartshorn &
. Wilson. (J. Instn elect. Engrs, Part II,ct. 1945, Vol. 92, No. 29, pp. 403-412. Discussion). 412-415.) For use with grains, seeds, fabrics,c. An alternating voltage is applied to the

material in a suitably designed " cell". The current
passing through the cell is measured by means of a
sensitive thermionic ammeter of special construc-
tion,. which can be adjusted to read the capacitance
current, proportional to the dielectric constant of the
material, the conductance current,- proportionalto its a.c. conductivity, or some function of both
these currents chosen to give the most favourable
variation with moisture content.

621.318.57 -1- 621.3.083.7 389
Electronic Mechanism for Measurement andControl in Plant and Industry.-T. A. Cohen.

(Instruments, April 1945, p. 228.) A light disk
attached to the pointer of a measuring instrument
moves near coils in the grid circuit of an oscillator,
causing large changes of anode current. Abstract
in Electronic Engng, Dec. 1945, Vol. x7, No. 214,
p. 836.

621.365: 621.383 390
An Automatic Furnace Discharge Indicator.-

(Beama J., Oct. 1945, Vol. 52, No. Jo, p. 331.) In a
roller hearth electric furnace the moving charge
interrupts a light beam and a photoelectric relay
mechanism gives warning that the charge is ready
to be removed from the furnace.

621.365.5 + 621.365.92 391
Radio Heating in Industry.-(S. Afr. Engng,

Dec. 1945, Vol. 56, No. 12, pp. 284-285.) Elemen-
tary account, with reference to an exhibition of
equipment dealt with in 4158 of 1945.

621.365.52: 534.321.9: 669 392
Degassing of Metal Alloys.-W. Esmarch, T.

Rommel & K. Benther. (Electronic Industr.,
Oct. 1945, Vol. 4, No. xo, pp. 166,- :I7o) Summary
of a German paper. See also 2048 of 1945, and
Electronic Engng, July 1945, Vol. 17, No. 209.

621.365.92 : 664.84 393
The Electronic Blanching of Vegetables.j. C.

Moyer & E. Stotz. (Science, zoth July 1945, Vol. 102,
No. 2638, pp. 68-69.) The process gives only 3%
loss of ascorbic acid compared with 30-4o% for
steam or boiling -water blanching. Vegetables
in retail cartons are passed between electrodes
from a 75o W 150 Mc/s oscillator.

621.365.92 : 679.5.023 394
H. F. Heating in Heatronic Moulding.-A. E. L.

Jervis. (Electronic Engng, Dec. 1945, Vol. 17,
No. 214, pp. 819-824.) H.f. heating has advantages
for the softening of thermo-setting plastics for
-moulding. The more uniform heating gives better
quality with fewer rejects, there -is the possibility -`of
producing more complicated shapes, and the cost
is lower. These factors are considered in some
detail.

621.385.833 395
The Preparation of Specimens for the Electron

Microscope.-D. G. Drummond. (Electronic Engng,
Dec. 1945, Vol. 17, No. 214, pp. 807-809.)

621.396.91 396
Flight Similitude Tests of Radiosondes.-National

Bureau of Standards. (J. Franklin Inst., Oct.
1945, Vol. 240, No. 4, p. 335.) Samples of mass-
produced radiosondes are tested in a chamber in
which the ambient pressure and temperature and
the ventilation can be made to simulate flight
conditions. A short note.
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629.13: 621.396.9 397
Timing [high-speed aircraft] by, Radar.-H. B. D.

(Wireless World, Dec. 1945, Vol. 51, No. 12, p. 376.)
The aircraft flies towards the radar installation and
the limits of the course over which its speed is
measured are marked by signals generated inside
the equipment to simulate echoes from the begin-
ning and end of the course. The coincidence of
these signals with echoes from the aircraft mark the
beginning and end of the timing operation, which is
carried out by counting the pulses emitted by the
radar transmitter during the interval, the pulse
repetition frequency being known.

629.135 : 621.38 398
Electronics at the R.A.E. [Royal Aircraft Estab-

lishment] Exhibition.-(Electronic Engng, Dec.
1945, Vol. 17, No. 214, pp. 810-813.) Measurements
of vibration frequencies and amplitudes, accelera-
tions, and static and dynamic strains in structures
are among the aircraft constructors' problems that
are best solved by electronic means. The pick-up
unit is of first importance. Strains are measured
by wire resistance gauges ; vibrations by a piezo-
electric crystal, an electro-magnetic generator, an
eddy -current pick-up, or a variable inductance.
Capacitors are used to determine torsional vibra-
tions or pressure. Cathode ray tubes or recorders
present the information given by the pick-up.
The exhibits included items developed by aircraft
and instrument firms, by the R.A.E. and by other
Ministry of Aircraft Production experimental
establishments.

PROPAGATION OF WAVES
621.396.11 535.3 399

An Exact Theoretical Treatment of Reflection -
Reducing Optical Coatings.-Mooney. (See 313.)

621.396.11 400
Graphical Determination of the Horizon.-

W. H. Anderson. (Radio, Oct. 1945, Vol. 29, No. 1o,
pp. 35..64.) Estimation of optical range over land
by drawing the profile of the transmission path
with suitably adjusted scales for the radius of the
earth and height above sea level.

621.396.11 : 535.42 401
The Theory of Diffraction.-Pidduck. (See 319.)

621.396.11.029.64 + 621.396.24 + 621.385.1 402
Simultaneous Use of Two New Radiocommunica-

tion Techniques : Centimetre Waves and Frequency
Modulation.-A.-G. Clavier & V. Altovsky. (Bull.
Soc. franc. Elect., March 1944, Vol. 4, No. 35,
pp. 85-97.) By taking advantage of the special
features of centimetre waves (sharp directivity,
wide -range modulation), the company Le Materiel
Telephonique " have been able to realize a multi-
channel radio -telephony system which " can be
inserted in a long-distance telephony traffic system
without infringing national standards " (a " hertzian
cable "). This result has been obtained by using
frequency modulation, negative feed -back, and
frequency compression. The authors consider that
this terminal technique is now so satisfactory that
the use of such centimetre -wave systems will in
future be limited only by propagation character-
istics.

Experiments carried out in 1941 are described,
in which these propagation characteristics were
" for the first time " confirmed by observation.

In experiments on sources, the L.M.T. had, in
1939, developed a wave -guide magnetron giving a
few milliwatts at a wavelength of 9 mm, but for
the long-distance communication experiments a
io cm velocity -modulation tube was used, giving
about 3 W useful output from a horn radiator.
A similar tube giving ioo W was developed in
1940-1941, and another giving 25 W at 5 cm wave-
length was developed in 1942.

The sender was located at a point on the coast
about 700 m above sea level, giving a horizon of
about Too km. The receiver, using a similar horn,
was in a specially constructed cabin on board a
boat. Up to the horizon, the field strength was
inversely proportional to the distance, and at this
limit was some 30-35 db above the level needed by
the limiter stage of the f.m. receiver. (A recorder
in front of the limiter stage gave a measure of
relative field strength.) During this first voyage
the weather was fine and warm, and the sea calm,
as it had been for some time. Beyond the line of
sight, the recorder showed pronounced, though not
rapid, fluctuations of field strength, with maxima
reaching nearly to the line -of -sight level, and
minima approaching, but not passing, the minimum
level required by the limiter. These fluctuations
did not affect the received modulation (speech,
music, and pure tone), as frequency modulation
was being used-an important practical considera-
tion. This behaviour continued to about 190 km
from the sender (90 km beyond the horizon), when
the prearranged programme terminated before the
limiting distance had been reached.

In some later voyages over the same route, but
in bad weather, there was a rapid and fairly uniform
fall of field strength beyond the horizon, with loss
of contact at about 17o km. In one case both
types of variation were observed at different periods.

It is concluded that although a horizontal
stratification of optical characteristics may give
abnormally long ranges under certain weather con-
ditions, the range of reliable communication on
centimetre wavelengths is the horizon of the sender.

621.396.11.029.64 : 551.51.052 403
On the Effect of Refraction in the Troposphere

on the Propagation of Ultra -Short Radio Waves in
a Diffraction Zone.-B. A. Vvedenski (Wwedensky).
(Bull. Acad. Sci. U.R.S.S., Ser. phys., 1942, Vol. 6,
Nos. 1/2, pp. 41-55. In Russian.) Refraction and
diffraction affect the propagation of radio waves
of all wavelengths, but the relative importance of
each of the two factors varies with the wavelength,
and in the case of ultra -short waves refraction
becomes predominantly important. A detailed
mathematical investigation is presented in which
both diffraction and refraction are taken into
account, and a formula (6,i) is derived for deter-
mining the field due to a vertical elementary dipole
radiating ultra -short waves, i.e. the case of vertical
polarization only is considered, although with minor
mathematical .adjustments the case of horizontal
polarization could also be covered. In order to
simplify the necessary calculations, curves published
in a previous work by the author, dealing with the
purely diffraction problem, could be used.

The following two main conclusions are reached :
(a) owing to the presence of refraction the vertical
component of the field beyond the horizon may be
either smaller or greater than if refraction were
absent. This contradicts the commonly accepted
notion, due to the indiscriminate introduction of
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optico-geometrical conceptions into the diffraction
formula, that refraction always increases the field
component, (b) fading undoubtedly occurs. See
also 394 of 1945.

621.396.8.029.63/.64 404
Microwave Transmission Power Requirements. -Browder & Young. (See 482.)

RECEPTION
621.396.61.029.58 405

Engineering British B48 Walkie Talkies.-(See
467.)

621.396.61/.62).029.62 406
Converting 112 -Mc Gear for 144. --Rand : Brad-ley. (See 469.)

621.396.62 407A 21 -Tube All -Purpose Receiver.-J. Marshall.
QST, Nov. 1945, Vol. 29, No. 11, PP 31-37,1x4.) A detailed description of a receiver intended

to be equally suitable for high -selectivity long-range
communication and for high-fidelity reproduction

! of broadcast transmission, with provision for
phonograph, microphone, and recording facilities.
621.396.621.53 408

Conversion Diagrams for Triode Tube Mixers.-H. Stockman. (J. appl. Phys., Oct. 1945, Vol. 16,No. ro, pp. 639-642.) Measurements are described
using a grounded -grid acorn valve operated in the
grounded -grid condition, the signal and hetero-
dyning voltages being derived from low -impedance
sources. I.f. output is measured with a speciallydesigned voltmeter, with a tuned circuit at the

q input terminals. Ten such circuits are provided,
i which together cover a wide impedance range ; anyone of these input circuits may be selected by a

suitable switching operation. It is thus possible
to determine the optimum mixer bias and load

4 impedance necessary to give maximum power out-put at i.f. The i.f. used is 450 kc 's and examples of
experimental results for a signal frequency of 7 Mc/sare included. Noise considerations are excludedfrom discussion. " It is understood that the . . .

41; diagrams and curves [given] do not completely
describe the operation of a triode tube mixer but
merely serve to indicate how the operation may bestudied . . ." For previous work see 1522 of 1944and 778 and 2600 of 1945.

621.396.621.53.029.62 409
Home Constructed 112 Mc Receiver.-J. Gavin &S. Heytow. (Radio News, Nov. 1945, Vol. 34,q No. 5, pp. 29..129.) A superheterodyne receiverusing conventional circuits and valves. Con-structional details of the 15 Mc/s i.f. transformersare given.

621.396.621.53.029.62 410112 Mc. Converter.-R. Frank. (Radio News,Nov. 1945, Vol. 35, No. 5, pp. 46..78.) Design andconstructional details of a unit including a twintriode as local oscillator and mixer to give an i.f.of 20 Mc/s. This is connected to a suitable com-munications receiver.

621.396.621.53.029.62 411A Four -Tube Superheterodyne for 144 Mc.-B. Goodman. (QST, Nov. 1945, Vol. 29, No. i1,pp. 27-30, 108.) A super -regenerative second

detector is used. This combination is claimed to be
free from some of the disadvantages of the straight
super -regenerative circuit, e.g. lack of selectivityand undesired antenna reaction, and receiverradiation. Constructional details are given.
621.396.645.33 412

Audio Section Design Data for Battery Operated
Receivers.-Sylvania Electric Products, Inc., En-
gineering Dept. (See 279.)
621.397.62 413

Extended -Range Television Reception : Part I.-Wilder. (See 463.)

621.396/.397].62 414
Radio Receiver Design, Part II [Book Review].-

K. R. Sturley. Chapman & Hall, London, 480 pp.,
28s. (Wireless Engr, Dec. 1945, VOL 22, No. 267,
p. 586.) An inadequate chapter on television " mars
an otherwise excellent book ". For reviews of Part I
see 2893 of 1944.

STATIONS AND COMMUNICATION SYSTEMS

621.3(41) " 1939/1945 415British Electrical Engineers and the SecondWorld War -P. Dunsheath. (Engineer, Land.,
12th & 19th Oct. 1945, Vol. 18o, Nos. 4683 & 4684,
pp. 280-281 & 302-305.) Long summary of I.E.E.
Presidential address, containing a brief account of
the war activities of the Post Office, e.g. jamming
of German army radio communications ; reception
and re -radiation of German air navigation signals
to mislead hostile aircraft ; crystal control of groups
of broadcasting stations on identical frequencies to
prevent their use for air navigation ; great expan-
sion of emergency home communication routes,
particularly the 1 + 3 system (one audio and three
carrier -frequency channels). The main develop-
ments of radar are also described.

621.391.1 416
Multichannel Communication Systems.-F. F.Roberts & J. C. Simmonds. (Wireless Engr, Dec.

1945, VOL 22, No. 267, pp. 576-580.) Part II of apaper dealt with in 183 of January. Detailed
descriptions are given of the oscillator, phase
divider, pulse generator and modulator units of
the transmitter, and the synchronizing and de-
modulating units of the receiver. Results obtained
with the experimental apparatus are given. Cross-talk was 42 db between adjacent channels and
45 db to other channels ; on speech, cross -talk was
audible but unintelligible, and with a large number
of channels could be classed as noise. The, effective
audio band was zoo -3 5oo c/s.

621.396 417Radio in the U.S. Navy.-(QST, Oct. 1945,Vol. 29, No. 10, pp. 14-04.) Four articles by
members of the U.S. Navy describing Naval radio
communications in all its branches, and Radar,
with numerous photographs of air -borne and sea-
borne equipment, training stations, etc.

621.396.24 -I- 621.396.11.029.64 + 621.385.1 418
Simultaneous Use of Two New Radiocommunica-

tion Techniques : Centimetre Waves and Fre-
quency Modulation.-Clavier & Altovsky. (See 402.)

621.396.61 419
War Reporting Equipment used by the B.B.C.-Richardson & Walker. (See 466.)
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621.396.61.029.64
Army Set No. 10.-(See 470.)

420

621.396.619 421
Pulse -Width Modulation.-( Wireless World, Dec.

1945, Vol. 51, No. 12, pp. 361-362.) Description of
the basic principles. Good reproduction can be
achieved using only two pulses per cycle of the
highest modulation frequency transmitted. Several
channels may be superimposed on a single carrier
by inserting the pulses of one channel in the inter-
vals of the remaining channels.

621.396.641.1/.2 422
The Outlook for Radio Relaying.-R. Bown.

(Bell Lab. Rec., Oct. 1945, Vol. 23, No. to, pp. 365-
367.) Wire telephony has, in the past, been of
higher quality than radio telephony due to the
advantages of directivity, available frequency
spectrum, and relative freedom from noise and
transmission disturbances. In these respects micro-
wave radio is comparable with wired circuits, and it
seems possible that microwave telephony links
can have quality comparable with wire telephony.

621.396.8.029.63/.64 423
Microwave Transmission Power Requirements.-

Browder & Young. (See 482.)

621.396.97.029.62 424
U.H.F. and Post -War Broadcasting. K. I.

Jones & D. A. Bell. (J. Televis. Soc., Mar. 1944,
Vol. 4, No. 1, pp. 6-9.) Opening contribution to an
I.E.E. discussion, 2344 of 1944.

SUBSIDIARY APPARATUS
518.5 425

A New Type of Differential Analyzer.-Bush &
Caldwell. (See 361.)

620.193(213) : 621.396.6 426
Tropic -Proof Components : A Reader's Experience

Malaya].-R. C. Joyce. '(Electronic Erigng,
Sept. 1945, Vol. 17, No. 211, p. 698.)

621.315.2 : 621.317.333.4 427
A Simple Method of Locating Insulating Faults

Affecting All Conductors in a Cable.-H. Weber.
(Tech. Mitt. schweiz. Telegr. Teleph. Verw., 1st
April 1945, Vol. 23, No. 2, pp. 51-55. In both
French and German.)

621.315.2 : 621.317.333.4 428
On the Location of Insulation Faults in Cables.

C. Lancoud. (Tech. Mitt. schweiz. Telegr. Teleph.
Verve., 1st April 1945, VOL 23, No. 2, pp. 56-74.
In both French and German.)

621.315.2: 621.317.79 429
The Lookator.-J. T. Schott. (Bell Lab. Rec.,

Oct. 1945, Vol. 23, No. 1o, pp. 379-383.) A device
using pulse technique to locate faults in trans-
mission lines. Pulses are applied to the line and
the fault, being a discontinuity, gives reflected
pulses which are displayed on a c.r. tube. The
distance of the fault is derived from the time delay
of the reflected pulse, and the form of the trace
often gives good indication of the type of fault.

621.315.212.1 : 621.316.54 430
A Simple Coaxial Switch.-Burgess. (See 283.)

621.315.221 : 620.193.7
Study of A.C. Sheath Currents and their

on Lead -Cable -Sheath Corrosion.-Sherer &
bois. (See 511.)

621.315.221 : 620.193.7 432
Electrolysis and Corrosion of Underground Power -

System Cables.-Gorman. (See 510.)

621.316.849: 621.315.54 433
Resistivity of Thin Metallic Films.-Van Itterbeek

& De Greve. (See 343.)

621.317.733 + 536.531).087.6 434
An Automatic Recorder for Resistance Ther-

mometry. Stull. (See 379.)

621.318.42 435
The Design of H. F. Chokes.-V. J. Cooper.

(Marconi Rev., July/Sept. 1945, Vol. 8, No. 78,
pp. 105-112.) An account of the design of simple
single -layer unscreened solenoid chokes based on an
examination of the characteristics of a large number
of them. Curves are given which enable the lowest
order anti -resonant and resonant frequencies to be
derived from the choke dimensions and length of
wire used. Wavelength range considered, 6-300 m.

621.319.7 : 621.385.833 436
Potential Distributions of Equal Coaxial Cylinders.

-Hill. (See 317.)

621.383.2 437
The Colour Response of [emissive] Photoelectric

Cells. A. Sommer. (J. Televis. Soc., Sept. 1944,
Vol. 4, No. 3, pp. 51-57.) Simple theory and pro-
perties of emission photo -electric cells. Einstein's
equation for the conversion of energy of radiation
into "electronic energy gives the relation V =-
12 336/A, where V is the velocity of an emitted
electron in electron -volts, and A is the wavelength
of the incident light in Angstrom units.

The conditions for high photo -electric emission
are capacity for absorption of light, availability
of loosely bound electrons, low work function, and
the substance must be neither a good insulator nor
a good conductor. The manufacture of the silver -
oxygen -caesium cell and of the antimony -caesium
cell are described, and their spectral responses
explained.

The choice of cells for particular light sources is
discussed. The normal practice of defining sensi-
tivity in terms of response to lumens of incident
light is shown to be faulty : it is better to match
the spectral emission curve of the light source to the,
performance curves of the available photo -cells.
Examples are given of correct matches, using the
performance curves of cells in common use.

621.384.6 438
A 100 -Million Volt Induction Electron Accelerator.

-W. F. Westendorp & E. E. Charlton. (J. appl.
Phys., Oct. 1945, Vol. 16, No. ro, pp. 581-593.)
" The plan and construction of a device capable of
accelerating electrons to energies as high as
Too million electron volts are described together
with the special building to house it. A more
detailed description of the device and its con-
struction will appear in the General Electric Review.
The accelerator has a pole face 76 inches in diameter,
weighs 130 tons, and operates on 6o -cycle current
requiring at full load 200 kilowatts. The machine
is air cooled and is capable of continuous operation

431
Effect.
Gran-
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at full voltage . . ." Loading difficulties intro-
duced by small variations in the supply frequency
are described, together with the method evolved of
avoiding such troubles. Measurements made on
the output of X-rays under continuous and pulsed
operation are detailed.

621.384.6 439
The Synchrotron -A Proposed High Energy

Particle Accelerator.-E. M. McMillan. (Phys. Rev.,
Isti15th Sept. 1945, Vol. 68, Nos. 5/6, pp. 143-144.)
A device- related to the cyclotron offering the
possibility of reaching energy in the io9eV range
with either electrons or heavy particles.

621.384.6 440
Radiation from a Group of Electrons Moving in a

Circular Orbit.-E. M. McMillan. (Phys. Rev.,
1stli5th Sept. 1945, Vol. 68, Nos. 5/6, pp. 144-145.)
When a concentrated group of electrons moves in a
circular orbit the radiation loss will not seriously
affect the operation of the " synchrotron ".

621.396.611 441
Air -Seal Test Set for [Quartz] Crystal Units.-G. W. Willard. (Bell Lab. Rec., Oct. 1945, Vol. 23,No.. to, pp. 361-364.) Quartz crystal plate holdersfor use in arctic or tropical conditions must be

sealed, and a routine test is necessary to detect airholes in the seal. The holders are placed in achamber that is exhausted for a specified period.
A high voltage is then applied to the terminals of
the crystals and the value of the ionization current,
which depends on the pressure within the holder,
indicates whether leakage has taken place.

621.396.662.2: 621.317.33 442Simplified Coil Testing.-Clack. (See 366.)
1621.319.45 443The Electrolytic Capacitor [Book Review].-A. M. Georgiev. Murray Hill Books, New York,
 191 pp., $3.00. (Radio News, Nov. 1945, Vol. 34,No. 5, p. 62.) " . . . a comprehensive study of the
design, construction, manufacture, function, andesting . . ." For another review see 4005 of 1945.

is TELEVISION AND PHOTOTELEGRAPHY

)21.317.738 + 621.317.79 444
New Types of Test Gear for Television Production.Saw. (See 380.)

)21.383 : 621.397.611i
, 445The Isoscope : A Slow -Electron Image Analyser.-R. Barthelemy. (Onde elect., Nov. 1945, Vols.

0/25, No. 224, pp. 103-115.) . The author calls
')Itention to the drawbacks of the Iconoscope-articularly those due to unwanted secondarymission. " It is interesting to note how unlikelywas, in view of this emission, that this deviceould ever be satisfactory." He then gives a

irly long account of the Orthiconoscope (Radio
'orporation) in which the desired minimization of

secondary emission was sought by using a slow-eed electron beam, with electric deflexion,agnetic focusing and an axial direction. Thiscecessitated a transparent mosaic and various other
odifications of the original Iconoscope assembly.

a has its own drawbacks, which are enumerated,!jut " the balance is nevertheless very favourable to
late use of slow -speed electrons ".

In view of the difficulty of getting uniform
intensity over the whole mosaic with electric
deflexion, the author has studied the possibility
of magnetic deflexion, and, in conjunction with
Paumier, Monnot and Bobenrieth, has developed a
new tube of this type giving improved uniformity
of definition, whence the name " Isoscope".

Further, taking advantage of the fact that the
slow -speed beam can be made to give up to t00%
modulation in the output circuit, some experiments
have been made on the high -frequency modulation
of the beam itself, so that a vision -modulation high -
frequency (to Mc/s) carrier is available at the
output, leading to a simplification of the subsequent
amplification process. To avoid direct excitation
of the output electrode and circuit at the carrier
frequency, the latter is obtained as the difference
between two higher frequencies applied respectively
to the cathode and the Wehnelt tube of the gun, or
alternatively, to the Wehnelt tube and the output
electrode of the mosaic. " All the difficulties have
not yet been resolved, but the first applications of
the Isoscope with high -frequency modulation arefull of promise."

621.383.2 446
The Colour Response of Photoelectric Cells.-

Sommer. (See 437.)

621.385.832 + 535.37 447
On the Question of the Upper Temperature Limit

of the Luminescence of Phosphors.-P. Brauer.
(Naturwissenschaften, Jan. 1944, Vol. 32, Nos. 1/4,
p..32.) A short note stating that a phosphor
containing more than one activator has an upper
temperature limit of luminescence that is different
for each of the activators.

621.385,832, : 621.397.62 448
" Telechrome " .[cz.t.. for colour television].-

J. L. Baird. (J. Televis.'Soct,Sept. 1944, Vol. 4,No. 3, pp. 58-59.) This tube uses a separate
electron beam for each colour reproduced.. For two
colours the two cathode-ray beams scan the opposite
sides of a thin plate of transparent mica, one side
being coated with a phosphor giving one colour and
the other side with a phosphor giving the other
colour. For three colours, one side of the screen
is ridged to provide the requisite number of surfaces.

A new form of scanning reduces colour flicker by
introducing colour alteration at every line instead
of the present practice of changing the colour only
with each successive frame.

621.396.9 449
Practical Radar : Part 6 [Display. systems].-

McQuay. (See 33o.)

621.396.97.029.62 450
U.H.F. and Post -War Broadcasting.-Jones &

Bell. (See 424.)

621.397 451
Color Television.-P. C. Goldmark, J. N. Dyer,

E. R. Piore, & J. M. Hollywood. (J. Soc. Mot.
Pict. Engrs, Apr. 1942, Vol. 38, No. 4, PP 311-354.)See 481 of 1943.

621.397 452
Colour Television, Part II.-P. C. Goldmark,

E. R. Piore, J. M. Hollywood, T. H. Chambers &
J. J. Reeves. ( J. Tekvis. Soc., Mar. 1944, Vol. 4,
No. 1, pp. 19-24.) Long summary of 3452 of 1943.
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621.397
Television Terms and  Definitions.-(J.

Soc., Sept. 1944, Vol. 4, No. 3, pp. 65-67.)
40 terms taken from B.S.2o4:1943 of the
Standards Institution.

453
Televis.
About
British

621.397 454
Objectives for Post -War Television.-W. Miner.

(J. Televis. Soc., Mar. 1944, Vol. 4, No. 1, pp. 13-16.)
Reprint of 1628 of 1944.

621.397 455
A Survey of the Problems of Post -War Television.

-B. J. Edwards. (J. Televis. Soc., Mar. 1944, Vol. 4,
No. 1, pp. 10-12.) Extract from 1109 of 1945.

621.397 456
Post -War Television.-British Institution of Radio

Engineers. (J. Televis. Soc., Sept. 1944, Vol. 4,
No. 3, p. 71.) An extract from " Report on Post -
War Development in the Radio Industry ". It is
proposed that the service should be broadcast, not
wired ; that carrier frequencies and video band-
width should be of the same order as in pre-war
practice. Vestigial side -band transmission, a 25%
increase in the number of lines per frame, and a
maximum modulation frequency of 3.25 Mc/s, are
also suggested. The sound transmission should be
part of a nation-wide u.h.f. high -quality sound
service.

621.397 457
American Proposed Standards for Post -War

Television.-(J. Televis. Soc., Dec. 1944, Vol. 4,
No. 4, PP. 94-96.) Reprint of 846 of 1945.

621.397 458
Television after the War.-O. J. Russell. (J.

Televis. Soc., Sept. 1944, Vol. 4, No. 3, pp. 6o-63.)
A plea that the technical development of television
should not exclude its progress as an art ; that it
should attempt to produce its own art form, rather
than imitate cinema practice. In particular, it is
suggested that a screen ratio of height/width of 3/2
would be aesthetically satisfying for use with the
type of subject most appropriate to television and
would give technical advantages in improved
definition without increase of band width. A table
shows the improvement in definition possible in
plain, stereoscopic and colour images by using
different frame ratios.

621.397 459
The Pye " Videosonic " Television System.-

D. I. Lawson. (Electronic Engng, Dec. 1945,
Vol. 17, No. 214, pp. 814-815.) An account of the
system described in 23o of January. See also
11" fireless World, Dec. 1945, Vol. 51, No. 12, pp.
371-372.

621.397.61 460
Mobile Television Equipment.-R. L. Campbell,

R. E. Kessler, R. E. Rutherford & K. V. Landsberg.
(J. Soc. Mot. Pict. Engrs, July 1942, Vol. 39, No. i,
pp. 22-36.) Description of an equipment com-
prising 15 light -weight units including (a) Synchro-
nizing generator (2 units) incorporating a monitoring
c.r.o., supplying signals for horizontal sweep,
vertical sweep, composite blanking and composite
synch. Several camera chains may be controlled
by one generator. (b) Camera control unit, using
a 5 -stage video amplifier. Two blanking slippers are
operated by means of low -impedance diode limiters.

The video output from the camera has a high-level
cathode -loaded stage for use with the amplifier, and
a low-level stage for the electronic view -finder and
monitor.

621.397.62 461
Problems of Theater Television Projection Equip-

ment -A. H. Rosenthal. (J. Soc. Mot. Pict. Engrs,
Sept. 1945, Vol. 45, No. 3, pp. 218-240.) Light
storage and light modulation of a standard source
are necessary to obtain theatre television projection
comparable with motion picture projection. In the
Supersonic system, supersonic waves of frequency
10-20 MO are created in a liquid by a piezo-
electric plate excited by an electronic oscillator,
which is amplitude modulated by the television
signals. Light from a standard source is passed
through the liquid and is diffracted an amount
dependent upon the amplitude of the supersonic
waves. With a liquid column of 2 inches about
25o picture elements of a 525 -line frame can be
projected simultaneously. The movement of the
picture elements across the projection screen can
be stopped by the use of a rotating mirror polygon
to give a compensating movement. This system
has been used regularly on a commercial scale.

In another system being developed, light from a
standard source is passed through the screen of a
Skiatron tube ; the amount of light transmitted by
any portion of the screen is varied by scanning the
screen with a television -signal -modulated cathode-
ray beam. A high storage effect is obtained by
retaining the transmission values unchanged over
the frame period.

Both systems can be readily adapted for colour
television by the additive successive colour method
by placing a small filter disk in the optical system
where the light beam is small. The Skiatron
system can also be used with the more efficient
subtractive successive -colour method by passing
the light through successive screens of suitable
materials.

621.397.62 462
Some Aspects of Large Screen Television.-

T. M. C. Lance. (J. Televis. Soc., Dec. 1944, Vel. 4,
No. 4, pp. 82-88. Discussion p. 89.) A brief descrip-
tion of Baird's and Karolus's bank of lamps giving
low -definition projection, and of the Kurt Rosenberg
system using cinema films projected onto a bank
of 1 026 photocells at 20 frames a second, in which
each cell is connected to the grid of a mercury -gas
triode and excites four 6 W lamps on a large sign
board. The board consisting of 4 104 lamps
measures 3o X 20 ft and consumes 50 kW on full
modulation.

Methods of projecting high -definition c.r. screens
are discussed, and a brief description given of a
method of applying the Schmidt camera for
illuminating a 15 x 20 ft screen.

After a brief description of Diavisors, the Rosen-
thal system, and the proposed Donal and Langmuir
projection system, a description is given of Fisher's
equipment developed in Switzerland. Light from
a powerful source passes through two grids, between
which there is a liquid film o.1 mm thick ; the grids
are arranged so that when the surface is undisturbed
light is not transmitted. The surface can be
deformed by electrostatic means, and when this
occurs refraction of the beam gives an output which
is a function of the degree of deformation. Much
ancillary equipment is involved and so far no
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information is available as to the degree of contrast
or screen illumination achieved by this method.

621.397.62 463
Extended -Range Television Reception : Part 1,-

M. P. Wilder. ( QST, Nov. 1945, Vol. 29, No. r 1,
pp. 18-22, 112.) A detailed description of a tele-
vision receiver (51 Mc/s) with which the author has
had good reception for a considerable proportion
of the tra.-smission time at 90 miles distance and

000ft below the line of sight. A noise limiter
is an impcFrtai.t element. The first of three parts.
621.397.7 464

7,000 Hours Experience in Television Service.-
H. R. Lubcke. (J. Televis. Soc., Dec. 1945, Vol. 4,
No. 4, pp. 91-92.) A synopsis of the development of
tele ..ision technique by the Don Lee Broadcasting
System of America (Station W6XAO). A list of
preferences to papers and patent specifications is
given. Synopsis of a paper in Electronic Industries,
July 1944, Vol. 3, No. 7, p. 110.

621.397.7 465
Some Engineering Aspects of Portable Television

Pick-Ups.-H. R. Lubcke. (J. Soc. Mot. Pict.
lEngrs, Dec. 1942, Vol. 39, No. 6, pp. 384-390.)
!The experiences at Station W6XAO.

TRANSMISSION
521.396.61 466

War Reporting Equipment Used by the B.B.C.-W. D. Richardson & P. H. Walker. (Wireless
World, Dec. 1945, Vol. 51, No. 12, pp. 377-379.)
During the campaign in Europe mobile transmitters
were used by the B.B.C. to transmit news to England.
k 500-15 000 kc/s, 250 W, transmitter was mounted
3n lorries and trailers complete with power supply,
Acores, and a small studio. Two 7/ kW short-wave
ets, less highly mobile, were used for transmitting
ver the longer distances.

21.396.61.029.58 467
Engineering British B48 Walkie Talkies.-

Electronic Industr., Oct. 1945, Vol. 4, No. Io,
p. 104-108..142.) This portable transceiver cover-
ag the range 6 to 9 Mc/s follows the main details
f its prototype the British Army Wireless Set
To. 18. The space economy of a common antenna
oil for both the receiver input and the transmitter
nk circuit has been dispensed with resulting in
proved electrical performance. The most note-

orthy additions are a crystal calibrator and a
and -generating set.

21.396.61.029.62 468
An A.M.-F.M. Transmitter for 50 Mc.-E. P.ilton. ( QST, Nov. 1945, Vol. 29, No. 11, pp. 23-

6.) Output 4o W, with crystal or v.f.o. control.
1.396.61/.64029.62 469
Converting 112 -Mc Gear for 144.-P. S. Rand :T. E. Bradley. (QST, Oct. 1945, Vol. 29, No. ro,
. 72-73, 116.) A description of the modifications
cessary to operate 112 Mc/s transmitting and
ceiving equipment on the 144-148 Mc/s band, inrticular the Abbott TR-4 and various QST-

?signed units.

1.396.61.029.64 470
Army Set No. 10.-(Wireless World, Dec. 1945,31. 51, No. 12, pp. 383-384.) The use of centi-

etre wavelengths for military communications

gives high security from interception by the enemy
because radiation can be beamed and because sur-
rounding hills form an effective screen. The No. I°set is a centimetre -wavelength, pulse -modulation,
trailer -mounted British army communications equip-
ment that can handle eight speech channels simul-taneously.

621.396.611.21 471
Harmonics in the Piezo-Electric Oscillation of a

Quartz Crystal.-L. C. Tsien & H. C. Chu. (Nature,Lord., 6th Oct. 1945, Vol. 156, No. 3962, p. 424.)
A quartz crystal driven by a Hartley oscillator can
be forced to vibrate over a wide range of frequencies,
especially at (p 1) f/2 where f = crystal funda-
mental frequency, p = integer ; the odd harmonics
are much stronger than the even. In a Pierce
circuit with weak feed -back only the fundamental
and odd harmonics are obtained.

621.396.611.21 : 621.396.615.14 472Crystal Control in the New Ham Bands.-J.Holmbeck. ( QST, Nov. 1945, Vol. 29, No. II,
pp. 38-39.) A description of heterodyne methods
whereby 1.75, 3.5 and 7 Mc/s crystals can be used
to control oscillators in the 144, 5o and 21 Mc/s
bands.

621.396.615.14 473
Getting Acquainted with the " Lighthouse "Tube.-P. S. Rand. (QST, Nov. 1945, Vol. 29,

No. II, pp. 11-14.) A simple tuned -line transmitter
for the 144, 220 and 42o Mc/s bands. Bands are
selected by changes of line length, tuning over the
band is by a capacitor at the end of the line.

621.396.615.17 : 621.317.361 474
Automatic Control for Locked Oscillator.-W. A. McCool. (Radio, Oct. 1945, Vol. 29, No. xo,pp. 39-40.) Increased stability of a multivibrator

with locking -voltage amplitude variations is ob-
tained by supplying a plate voltage derived fromthe locking signal. Summary of U.S. Patent No.
2 377 894--

621.396.619 475Modulator.-R. C. Shaw. (Radio, Oct. 1945.
Vol. 29, No. Io, pp. 42, 58.) High-fidelity amplitude -
modulation of a carrier wave is produced by varia-
tion of amplifier feedback in accordance with the
modulation signal. Summary of U.S. PatentNo. 2 379 042.

621.396.619 476
The Input and Efficiency of Class B Modulators.-

Grant. (See 310.)

621.396.619.018.41 477
Wave Length Modulation.-M. G. Crosby. (Radio,

Oct. 1945, Vol. 29, No. ro, p. 42.) A method of
obtaining crystal control of a frequency -modulated
transmitter. Summary of U.S. Patent No. 2 375 527.

621.396.619.018.41 478
A Delay Line Frequency Modulator.-D. Weigh -ton. (Wireless Engr, Dec. 1945, VOL 22, No. 267,

pp. 581-586.) A method of phase modulating a
crystal -controlled signal giving larger phase devia-tions than other methods. The crystal -controlled
signal is mixed with an f.m. signal from a reactor -
valve modulator, and the difference component is
passed through a delay line, after which it is mixedwith the f.m. signal to give the original central
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frequency as the summation component. The
effects of distortion in the reactor -valve modulator
and in the delay line are estimated and their influ-
ence on design is discussed. For 2% harmonic
distortion and a 1 db drop at 10 kc/s a phase shift
of not less than 12 radians and probably up to 90
radians can be realized.
621.396.619.018.41 : 621.396.611.21 479

Crystal -Controlled Frequency Modulation.-S. K.
Lewer. (Wireless World, Dec. 1945, Vol. 51, No. 12,
pp. 367-370.) The use of an X -cut quartz crystal
to control the frequency of a master oscillator,
this frequency being varied by the application to the
crystal of voltages at modulation frequency.
Adequate frequency deviation may be obtained
by frequency multiplication followed by the use of
the heterodyne principle, a process which may be
repeated several times.

621.396.619.1 480
Keying of Radio Frequency Transmitters.-

H. J. H. Wassell. (Marconi Rev., July/Sept. 1945,
Vol. 8, No. 78, pp. 77-88.) The problems
are surveyed and summarized. The desirable
characteristics of the radiated signal under c.w.,
m.c.w., and voice -keyed carrier operation, are
considered with particular reference to signal shape,
the constancy of the radio frequency, and the
elimination of unwanted radiation. Means of
equalizing the load on the power supply during space
and mark periods are examined. Keying control
circuits incorporating design features imposed by the
considerations outlined above are described in
detail. A short section deals with the provision
of " listening through " facilities in hand -speed
two-way telegraphy links.
621.396.645.31 481

Using the New High -Power Beam Tubes.-D.
Mix. (QST , Oct. 1945, Vol. 29, No. Jo, pp. 67-68,
116.) A description of an amplifier using Eimac
4-125 A screen -grid tubes suitable for 28, 14, 7 and
3.5 Mc/s, and capable of handling a power input of

kW, and a two -stage transmitter using HK 257-B
pentodes delivering 200 W on the above frequencies.

621.396.8.029.63/.64 482
Microwave Transmission Power Requirements.-

J. E. Browder & V. J. Young. (Radio, Oct. 1945,
Vol. 29, No. io, pp. 30-34, 64..67.) The factors
involved in obtaining satisfactory microwave com-
munication are discussed, and a " balance sheet "
method of calculation presented. On the " gain "
side are oscillator power, gain of transmitting and
receiving antennae, and perfect -receiver sensitivity.
On the " loss " side are transmitter and receiver
cable losses, " isotropic " transmitter and receiver
antennae characteristics, propagation loss and
receiver noise figures. Typical numerical values
of these quantities are given graphically and
examples of required transmitter power worked out.
The effect of reflection interference on propagation
loss is briefly considered.

621.396.931/.9331.2 : 621.396.61 483
Calibrating Transmitters, Types TV.10, TV.11 and

TV.12.-Tooley. (See 337.)

VALVES AND THERMIONICS
621.385 484

Valve [colour] Coding. --K. E. Marcus. (Wireless
World, Dec. 1945, Vol. 51, No. 12, pp. 384-385.)

A letter adding to 246 of January. Colours for
heater ratings, but letters to represent functions.

621.385 485
Space Charge between Coaxial Cylinders.-

L. Page & N. I. Adams, Jr. (Phys. Rev., Istl15th
Sept. 1945, Vol. 68, Nos. 5/6, pp. 126-129.) " New
solutions of the space charge equation are obtained,
which converge much more rapidly than Lang-
muir's solution in the important case where the
radius of the outer electrode is large compared with
that of the inner electrode."

621.385 : 531.314
Dynamics of Electron Beams.-Gabor.

486
(See 362.)

621.385 : 621.317.79 487
Vacuum Tube Analyzer.-Sands. (See 381.)

621.385.1 + 621.396.11.029.64 + 621.396.24 488
Simultaneous Use of Two New Radiocommunica-

tion Techniques : Centimetre Waves and Frequency
Modulation.-Clavier & Altovsky. (See 402.)

621.385.3 (091) 489
Saga of the Vacuum Tube : Part 20.-G. F. J.

Tyne. (Radio News, Nov. 1945, Vol. 34, No. 5,
pp. 5i . .120.) A description of the construction
and manufacturing difficulties of some early British
valves developed for use during the 1914-18 war.

621.385.34 490
Transmitter Valves -I. - M. Matricon, J. Chan-

tereau, R. Montagne & A. Laurent. (Onde elect.,
Nov. 1945, Vols. 20/25, No. 224, pp. 116-127.) A
detailed description of new types and designs of
external -anode transmitting valves, and of corre-
sponding new manufacturing techniques developed
by theFrench Thomson -Houston Co.

Distinctive features of these designs are (I) the
elimination of any deep concavities in the glass
parts of the envelopes, which were inconvenient
and ill adapted for cooling : (2) termination of
the control grid on a metal ring electrode fused
into the glass along its top and bottom edges :
(3) the use of pre -formed accurately -moulded glass
elements of size and shape suitable for assembly
by eddy -current heating, and the complete elimina-
tion of the glass -lathe and gas -jet technique.

MISCELLANEOUS
001.891 491

The Work of the [British] Department of Scientific
and Industrial Research.-E. V. Appleton. (J. roy:
Soc. A YlS, 22nd June 1945, Vol. 93, No. 4694, pp. 372-
382. Discussion, pp. 382-384.) The Department
is responsible for the organization of scientific
research over a very wide field. It has established,
or controls, ten national research laboratories of
which the National Physical Laboratory is the
largest, and encourages industrial participation in
research through a number of Research Associations.
The scope of these laboratories is briefly described
and some indication is given of the useful work they
have accomplished.

001.891 492
A Plan for Research in the United States.-

(Nature, Lond., 4th Aug. 1945, Vol. 156, No. 3953,
pp. 130-132.) A review of the Bush report " Science
-the Endless Frontier ". See also 493 below,
4095 of 1945 and back references.
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001.891 493
Conditions for the Promotion of Research.-

(Nature, Lond., 4th Aug. 1945, Vol. 156, No. 3953,
pp. 125-128.) Editorial comment on 492 above.

001.891 : 621.38 347.771 : 621.396.9 494
Some Navy Electronics Problems and a Proposalfor a Radar Patent Pool.-J. B. Dow. (Elect.

Engng, N. Y., Mar. 1945, Vol. 64, No. 3, pp. 87-91.)
A well -organized research programme of adequate
scope would maintain the progress made during
the war years. More attention should be devoted
to standardization of components and to a more
thorough testing of their dependability under all
-conditions of use. If the progress made in radar
techniques is to be made generally available with-
out undue delay, a solution of the patent problem
is essential, and it might be found in a patent pool.

001.891 (47) 495
Electrical Research in the U.S.S.R.-G. Oster.(Proc. Instn Radio Engrs, Aust., Aug. 1945,Vol. 6, No. 2, pp. 6-8.) A reprint of 2409 of 1945.

02
496

Association of Special Libraries and InformationBureaux : Annual Conference.-( Nature, Lond.,
L 17th Nov. 1945, Vol. 156, No. 3968, pp. 605-607.)
Papers and discussions on the planning and equip-
ment of research libraries, links with the U.S.A.,
reference books, and the circulation of scientificinformation both as individual papers and inabstract.

06.054
497

before Professional Societies.-W. L. Everitt.
The Presentation of Technical Developments

0(J. Soc. Mot. Pict. Engrs, Sept. 1945, Vol. 45, No. 3,pp. 184-190.) A reprint from Proc. Inst. RadioEngrs, N. Y., July 1945, Vol. 33, No. 7, p. 423.

61.231: 62 498The Engineer and his Future.-C. A. Powel.Elect. Engng, N. Y ., Jan. 1945, Vol. 64, No. r,)p. 14-16.) Engineers have not had sufficient
ublic recognition. There is a need for an associa-:ion of all branches of the profession, apart from
he technical societies, to represent the engineern civic and state affairs.

01.231 : 62 499
7 Organization of the Engineering Prof ession.-F. Fairman. (Elect. Engng, June 1945, Vol. 64,To. 6, pp. 220-223.) The author favours an all-
lclusive association of professional engineers withne grade of membership, rather than a federation4 existing societies.

X72.1 : 62
500Civic Responsibilities of Engineers. - (Elect.mgng, N. Y ., July 1945, Vol. 64, No. 7, pp. 251-52.) Wider participation of engineers in public

airs is advocated in this report by an AIEE corn-ittee.

7.771 501Invention and Patents.-W. E. Bumand. (Elect.ev., Lond., 9th Nov. 1945, Vol. 137, No. 3546,p. 687-688.) The present system discouragesvention by high fees, uncertainty as to the pro-tion afforded, certainty of heavy expense in
holding this very uncertain protection, and the

apprehension that, if an invention is successfully
developed, some prior patent may be discoveredthat will deprive the inventor of his benefits. Itis suggested that special courts be set up consisting
of technically -trained persons assisted by legal
persons acting only in an advisory capacity. Suchcourts would make reasonable awards to the in-ventor, which would be reviewed from time to
time, depending upon the value of the invention
to the general well-being of the community.
51 : 53

502Mathematical Theory vs. Physical Concept.-E. H. Armstrong. (Proc. Instn Radio Engrs,Aust., July 1945, Vol. 6; No. r, pp. 12-14). Acollection of quotations from text -books andjournals in which frequency -modulation was be-littled and adversely criticized on theoreticalgrounds. " It was in the face of these barriers offalse conclusions that the experimental methodbased on physical reasoning laid bare the hidden
phenomena which led to the invention of the f.m.system." The author also quotes, however, anarticle by Carson and Fry which gives a mathe-
matical demonstration and exact calculation of thegain in signal/noise ratio obtainable from f.m.systems, and which incidentally refers to theillusory character of some of the earlier claims.

519.283
503Statistical Tools for Controlling Quality.-J.Manuele & C. Goffman. (Trans. Amer. Inst.elect. Engrs, July 1945, Vol. 64, No. 7, pp.524-528.) An elementary description of howstatistical concepts-for example, standard devia-tion, and average value of a number of observations-may be used to detect aberrations in manufac-turing processes.

535.767 : 535.88
504A Stereo-Episcope.-W. E. Curtis & T. A. Little-field. (J. sci. Instrum., Nov. 1945, Vol. 22, No.pp. 215-218.) The images of a stereoscopic pair'projected on a special screen are seen in relief byuse of either Anaglyph or Polaroid filters andspectacles. Details of the construction and of theadjustment procedure are given.

551.509: 621.3 505Meteorology -Aid to Electrical Engineers.-F. J.Mahaffy. (Elect. Engng, N. Y., Aug. 1945, Vol.64, No. 8, pp. 29o-294.) An examination of recent
advances that have broadened the range and scopeof weather prediction, the factors entering intothe forecasting process and of specific meteoro-
logical information the electrical industry can ex-pect for aid in both its long-range and day-to-dayoperations.

6 : 623
506The Influence of Research on Victory in War.-J. C. Ward, Jr. (Elect. Engng, N. Y ., April 1945,Vol. 64, No. 4, pp. 133-138.) A short discussion

on the relations between American governmentagencies (ministries) and industry in the fields of
research and development, followed by a justifica-tion of the need for continuous research. Thescale and type of problems encountered duringthe war in achieving technical superiority over the
enemy, are illustrated with examples drawn mainlyfrom the aeronautical field. Statements by variousheads of American development laboratories are
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included, dealing with their particular achievements
and future requirements.

6(07) 62 507
Explorations in Engineering Education.-A. B.

Bronwell. (Proc. Inst. Radio Engrs, N. Y Nov.
5945, Vol. 33, No. II, pp. 735-740.)-Analysis of
recommendations from sections of I.R.E. for
changes in the system of engineering education
required to meet modern needs. Educators in
answer suggest three curricula (1) normal training
for the majority (2) management and (3) scientific -
technical.

614.825 508
Safety.-AIEE Committee on Safety. (Elect.

Engng, N.Y ., Jan. 1945, Vol. 64, No. r, pp. 44-
45.) Electric shocks and burns are a major pro-
blem in the power industry. References are given
to two recent developments in artificial respiration.

620.193(213) : 621.396.6 509
Tropic -Proof Components : A Reader's Experi-

ence [in Malaya].-R. C. Joyce. (Electronic Engng,
Sept. 1945, Vol. 17, No. 211, p. 698.)

620.193.7: 621.315.221 510
Electrolysis and Corrosion of Underground

Power -System Cables.-L. J. Gorman. (Trans.
Amer. Inst. elect. Engrs, June 1945, Vol. 64, No. 6,
pp. 329-336.) An account of the extensive ex-
perience of the Consolidated Edison Co. of New York
on the various types of corrosion to which cables
are liable and the best means of their prevention.
For discussion see Trans. Amer. Inst. elect. Engrs,
June Supplement 1945, Vol. 64, pp. 479-482.

620.193.7 : 621.315.221 511
Study of A.C. Sheath Currents and their Effect on

Lead -Cable -Sheath Corrosion.-C. M. Sherer &
K. J. Granbois. (Trans. Amer. Inst. elect. Engrs,
May 1945, Vol. 64, No. 5, pp. 264-268.) An
account of two cases in which the lead sheaths of
cables have been corroded through electrolytically,
the initial corrosion being accelerated by rectified
alternating currents induced in the sheath by the
load current. Protection can be obtained by
applying to the sheath a small negative bias with
respect to earth by means of a dry battery. For
discussion see Trans. Amer. Inst. elect. Engrs,
June Supplement 1945, Vol. 64, pp. 483-484.

621-526: 621.314 512
Servo -Me chanisms.-D. C. Bomberger. (Bell

Lab. Rec., Nov. 1945, Vol. 23, No. u, pp. 409-411.)
A servo mechanism is similar in principle to an
electronic feed -back amplifier in that a large output
power can be controlled by a small signal. Stability
problems also are similar in the two devices.
621.3(091) 513

100 Years of Electricity and Electronics.-V.
Zeluff & J. Markus. (Sci. Amer., July 1945, Vol.
173, No. I, pp. 7..16.) A review of developments
in the electrical and electronic industries during
the past century. Pioneer work is described on
electric lighting, X-ray tubes, wire communication,
radio and television. Prospects of the future
applications of radar and industrial electronics
are discussed.
621.3.017.72 514

Contribution to the Problem of the Thermal
Circuit in Electrical Machines and Apparatus.-

L. Ciganek. (Arch. Elektrotech., Jan./Feb. 1944,
Vol. 38, Nos. I/2, pp. 29-34.) Equations are
derived for the temperature distribution in a
rectangular bar when heat enters at one end and
is all given up to the surrounding medium from the
surface of the bar. The cases are then treated of
two bars of different section connected in parallel,
draining a heat source, and of two bars of different
section connected in series to the heat source.
Numerical examples of the application of the
formulae are worked out, and the temperature
distribution at the contact point of a switch is
discussed briefly.

621.313 + 621.315] (23.03) 515
Effect of Altitude on Electric Apparatus.-L. M.

Robertson. (Elect. Engng, June 1945, Vol. 64,
No. 6, pp. 214-216). " Increase of altitude results
in decrease of air density, heat dissipation by con-
vection, dielectric strength of air, windage losses,
ambient temperature and humidity, and this affects
operation of some electric apparatus. Corona loss,
lightning currents, commutation, and earth re-
sistance also are affected." The data given chiefly
concern the operation of electrical machinery and
transmission lines in mountainous districts.

621.315.616.9 679.511(213) 516
Properties of Plastics [in tropical conditions].

S. Rogerson : W. J. Tucker : P. I. Smith. (Elec-
tronic Engng, Sept. 1945, Vol. 17, No. 211, p. 698.)
Correspondence arising from 3044 and 3359 of 1945.

621.327.43 + 621.385.132 517
Fluorescent Lamps. H. G. Jenkins. (G.E.C. j.,

Aug. 1945, Vol. 13, No. 4, pp. 185-198.) The
development of fluorescent lamps is reviewed. The
cold -cathode high -voltage types were extensively
used before the war and their properties make them
suitable for special lighting problems. For more
general use, hot -cathode low -voltage types have
now been developed, and a description is given of
their properties and installation.

621.396 : 134 51s
Telepathy-Or should it be Radio -Telepathy ?-

" Radiophare ". (Wireless TVorld, July 1945,
Vol. 51, No. 7, pp. 214-216.) A review of some
of the evidence for the existence of telepathy, and
speculation as to the connection between telepathy
and h.f. radiation. See also 4112 of 1945.

621.396.6(213) 510
Tropical Treatment of Military Equipment.7.

W. F. Horner & F. R. Koppa. (Electronic Industr.,
July 1945, Vol. 4, No. 7, pp. 106-108, 150..162.)
The two main causes of deterioration are fungoid
growths and moisture absorption. The equipment
is treated and tested in respect of both effects in a
laboratory in which tropical conditions are repro-
duced. A list of fungicides is given.

621.798 (213) 520'
Recommendations for Preserving and Packaging

for Tropical Theatres of War. British Standards
Institution. (British Standard Packaging Code:
Supplement 2, 1944.)

Correction.-In the January abstracts, for Trcitg,
[mon.] Amer. Inst. elect. Engrs read Trans. Amer.
Inst. elect. Engrs.
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