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MAIN ADVANTAGES
 Greater magnification
 Higher selectivity
 Small size
 Reduced costs
 Robust construction
 Simple adjustment
 Non -rusting

SALFORD ELECTRI INSTRUMENTS
PEEL WORKS, SALFORD, 3. Telephones : BLAckfriars 6688 (6 lines). Telegrams and Cables : "Sparkless, Manchester"

PROPRIETORS: THE GENERAL ELECTRIC Co. Ltd., OF ENGLAND
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With the VARIAC . . . the right voltage every time
Thousands of enthusiastic users testify to the general usefulness of the VARIAC* con-
tinuously adjustable auto -transformer for use in hundreds of different applications where
the voltage on any a.c. operated device must be set exactly right.
The VARIAC is the original continuously -adjustable, manually -operated voltage control
with the following exclusive features, which are found in no resistive control.

 EXCELLENT REGULATION-output voltages are independent of load, up to the full load rating
of the VARIAC.

 HIGH OUTPUT VOLTAGES-VARIACS supply output voltages 15% higher than the line voltage.
 SMOOTH CONTROL-The VARIAC may be set to supply any predetermined output voltage, with

absolutely smooth and stepless variation.
 HIGH EFFICIENCY-Exceptionally low losses at both no load and at full power.
 SMALL SI ZE-VARIACS are much smaller than any other voltage control of equal power rating.
 LINEAR OUTPUT VOLTAGE-output voltages are continuously adjustable from zero by means

of a 320 degree rotation of the control knob.
 CALIBRATED DIALS-Giving accurate indication of output voltage.
 SMALL TEMPERATURE RISE-Less than 50 degrees C. for continuous duty.
 ADVANCED MECHANICAL DESIGN-Rugged construction-no delicate parts or wires.
VARIACS are stocked in fifteen models with power ratings
from 170 watts to 7 kw ; prices range between 70/- and
£32 : 10 : 0. Instant deliveries can be arranged on 1A
Priority.

* Trade name VARIAC is registered No.
580,454 at The Patent Office. VARIACS
are patented under British Patent 439,567
issued to General Radio Company.

Write for Bulletin 424-B & 742 for Complete Data.

M F111 [ I Eli 11 I b
ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.

Absolutely spot delivery of any
Pk reasonable quantity of all types

(against 1 A Priorities only,
of course).
Reasonably early deliveries against lower
priorities.

180, Tottenham Court Road, London, W.1, and 76, Oldhall Street, Liverpool, 3, Lancs
A
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For Production
Testing

PERCENTAGE BRIDGE TYPE D -43-A

BRIDGE AMPLIFIER TYPE D -44-A

The combination of these two instruments
enables many routine measurements to he
made with speed and accuracy.
Bridge is calibrated to read plus and minus
per cent. of the standard impedance from
0.25% to 50%
Accuracy of measurement over a wide fre-
quency range is achieved by the use of a
simultaneously operated Wagner earth con-
nexion and two bridge transformers.
Bridge Amplifier has a gain of 6odb con-
tinuously variable.
A.C. mains operated.
Dimensions : 12" x 9" x 81-".
Write for Bulletins giving full descriptions
of these useful instruments.

MUIRHEAD & CO. LTD., ELMERS END, BECKENHAM,
KENT Beckenham 0041 - 0042

MUIRHEAD1
FOR OVER 60 YEARS DESIGNERS AND
MAKERS OF PRECISION INSTRUMENTS

C. R. CASSON.43

The illustration shows 2" moving coil in-
struments for flush and projection mounting.

AMPERE

o 0

SERVICEAll I LIT
IN AIR

YON TIIE LAND
ON THE SEA
UNDER TUE SEA

Electrical Measuring Instruments
Must Function Und.l. All Conditions

Atmospheric disturbances, climatic changes, extremes of
heat and cold can all affect the efficiency of instruments.
By installing M.I.P. Instruments, you can be sure that
every provision has been made to counteract the hazards
set up by Nature.

Can we help you
with your !Far -
time problems ?
11 -rile to us -
today.

MEASURING INSTRUMENTS (PURIM LTD.
ELECTRIN WORKS, WINCHESTER STREET, ACTON, W.3

It's the little things that count . .

A transformer is only a small
part of your assembly, but on Its
reliability depends the proper
functioning of the whole equip-
ment. Woden Transformers are
being used more and more where
reliability is all important.
Woden make transformers of every

type from IOVA-10kVA.

TRANSFORMERS

WODEN TRANSFORMER CO.
Thornley St., Wolverhampton Tel.: Wolverhampton 22829
MAKERS OF TRANSPORMERS,POWER PACILS4 SPECIAL RECEIVING &TRANSMITTING APPARAT GS
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EITEL-McCULLOUGH, INC.
SAN BRUNO. CALIFORNIA

Export Agents: Frazar & Hansen 301 Clay Street. San Francisco. California
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ELECTRO-MEDICAL EQUIPMENT

DRAWING OFFICE EQUIPMENT

SPECTROGRAPH
ANALYSIS EQUIPMENT

H.F. ELECTRIC FURNACES

Interference created by above is sup-
pressed by H.F. mains filters and screened
rooms.

We supply screened rooms of any
dimensions and H.F. mains filters 15

and 300 amperes maximum loadings.

AERIAL SYSTEMS
DESIGNED & INSTALLED

A Typical H.F. Filter.

BELLING & LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX

GA 8796
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MIDGET
VALVES
HIVAC LIMITED
Greenhill Crescent.

Telephone:Harrow0895 Harrow on the Hill.Middx.

THE

TANNOY
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 solely
in sound equipment. Canterbury
Grove, London, S.E.27 ; and branches.
Phone : Gipsy Hill 1131.
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OSCILLATOR
with exclusive B.S.R. features

Never has a commercial Oscillator been produced with such a

performance irrespective of price. Built to retain Its superlative
performance indefinitely.

8 Watts with under 1% total
Harmonic distortion.

2-54' dia. Nickel Dials with
slow motion.

4 Output Impedances selected
by switch.

Multi -range Rectifier Output
meter.

All stages checked by m1111 -
am meter.

Hum Content less than 0.16%

Alternative R.C. Output down
to 5 c.p.s.

Output within + 0.5db. 20 to
15,000 c.p.s.

110/2001250 volts, 50 cycles.

L67- 1 0-0.
Model L0800.

BIRMINGHAM SOUND REPRODUCERS LTD.,
CLAREMONT WORKS, OLD HILL, STAFFS. 'Phone : Cradley Heath 6212/3. 'Grams : Electronic. Old Hill.

f4 5

SILENCE
SECURITYSIMPLIC ITT

SILENTBLOC
NO VIBRATION

LUBRICATION
OR WEAR

Mani

Freedom from vibration, with silence and se-
cure flexible support, is assured for radio, instruments, gene-
rators-with the standard range of Silentbloc Anti -Vibration
Mountings. The metal and rubber designs are exclusive
to Silentbloc, and offer the most convenient and
consistently effective medium for the isolation of vibration.

VICTORIA GARDENS LONDON, W. 11SI LE NTBLOC LADBROKE RAND
LIMITED

NOTTING HILL GATE

mot1441./qii_ Millakiwa4010111.1tOrfleilitivoitrigiism
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The demand for " AVO "
Electrical Testing In'struments
for H.M. Forces is now such that
we regret we can no longer accept
orders for ordinary Trade or
private purposes. Orders already
accepted will be despatched as
soon as possible.

Orders from Government
Contractors or Essential Works
can be accepted, but they must
bear a Contra:et Number and
Priority Rating, and ..even these
orders will necessarily be subject
to delayed delivery.

We take 1 this h opportunity of
expressing to the Electrical and Radio
Trades our appreciation of their
co-operation and patience during the
considerable and unavoidable delays
that have occurred in executing their
orders. We feel confident that our
customers will appreciate that we, in
common with other manufacturers,
are prompted by the universal desire
to assist towards a speedy and
satisfactory termination of hostilities.

THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT. CO, LTD.
WINDER HOUSE, DOUGLAS ST, LONDON, S.W.I. Wctom, 3404.7

LELAND

October, 1943
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24 STANLEY ROAD HEATON MOOR
STOCKPORT

TELEPHONE HEATONMOOR 3107

FOR

AMERICAN EQUIPMENT

TRANSMITTERS AND RECEIVERS: A WIDE
RANGE OF BOTH A.M. AND F.M. AVAILABLE.
SPECIAL U.H.F. HIGH GRADE EQUIPMENT BUILT
TO SPECIFICATION.

INSTRUMENTS : TEST GEAR OF NON-STAN-
DARD TYPE BUILT TO SPECIFICATION.

MIDGET COMPONENTS : VALVES, CRYSTAL
EARPHONES, VARIABLE & FIXED CONDENSERS,
RESISTORS, CHOKES, ETC.

GENERAL : WE WELCOME ENQUIRIES FOR
EQUIPMENT AND COMPONENTS UNOBTAINABLE
IN THIS COUNTRY.

PRIORITIES ESSENTIAL.

PONER UNIT
MODEL 26

The Model 26 Mark II is an A.C. mains driven unit
which provides up to 250 m/a at a voltage continuously
variable between 0 and 1000 D.C. (max. continuous

load 100 watts). Ripple voltage is
less than .25 per cent.
British built to R.A.E. specification
and available for priority orders only.

INSTRUMENTS LTD 21. JOHN STREET, BEDFORD ROW. LONDON WEE
TELEPHONE: CHANC ERY 8765

CLOUGH-BRENGLE BOONTONFERRISBALLANTINEHEWLETT-PACKARD
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A new high -conductivity alloy combining physical
characteristics of amazing strength, hardness,
elasticity, and resistance to fatigue, Cu Be 250
is acknowledged as the outstanding metallurgical
achievement of recent years. Available as strip,
rod and wire, it is unsurpassed for springs,
diaphragms, contacts, switch parts, cams, roller
bearings, etc. Leaflet and full details on request.

Manufactured by: THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO., LTD.

Head Office : 22 OLD BROAD STREET, LONDON, E.C.2. Telephone: LONdon Wall 3141

Sole Distributors: RELIABLE ENGLISH AGENCIES LTD., 39, VICTORIA STREET, LONDON, S.W.I. Tel.: ABBey 6259

A7
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CONSTANT VOLTAGE
TRANSFORMERS

 b, '1'  \ be.

BACK ROAD, SHERNHALL STREET, WALTHAMSTOW. LONDON. E.I7. Tel: LARkswood 43661
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VISKRINGS 5 POINTERS

NO

TOOLS

REQUIRED

SELF

FIXING BY

SHRINKAGE

ONLY

"VISKRINGS " Tubular Cable
markers are simply and speedily
fixed over the cable by hand --
they shrink and they're tight.
The simplicity of this system
ensures a considerable and
'worth while saving of vital man
-(or woman) hours of labour.

liementhr, Na TOOLS ARE
REQUIRED FOR FIXING

IVISKRINGS

NO

RUBBER

USED

IMPERISHABLE,

IMPERVIOUS TO

OILS AND

PETROLEUM

INDELIBLY

PRINTED AND

DO NOT INCREASE

DIAMETER OF

CABLE

CABLE MARKER
VISCOSE DEVELOPMENT CO. LTD.
Woldham Road, Bromley, Kent. 'Phone : Ravensbourne 2641

Write for book-
let on lifting and

CHAINshifting or separ-
ate catalogue of

PULLEYconveyors, cranes.

BLOCK
aeh-t h e

equipment.

 GEO. W. K1 NG LTD.,
HARTFORD WORKS  HITCHIN  HERTS

MANCHESTER CENTRAL 3947

ELECTRIC

HITCHIN 960

aLesuow
NEWCASTLE 24196 DOUGLAS 27989

As soon as the war is won
we hope to offer our usual
" DAINITE " Service for
Moulded Rubber Parts. In

the meantime, enquiries
for permitted essential
lines will receive every
attention.

THE HARBORO' RUBBER CO. Ltd., MARKET HARBOROUGH

October, 1943

Postwar industry
will be making wider
use of industrial
electronic technique
developed during
recent years. In this
work Rogers Radio Tubes-the tubes which opened
the way to all -mains wireless-have played and will
play a recognised part. Rogers with an established
reputation for quality, produce all standard types of
radio receiving tubes, power tubes for radio trans-
mission, audio frequency amplification and industrial
electronic applications generally. At present engaged
solely on official work, they look forward to future
co-operation over a wide field of industry.

ROGERS RADIO TUBES LTD.

TORONTO (ONTARIO) CANADA
A subsidiary of BROADCAST RELAY SERVICE LIMITED,
VICTORIA STATION HOUSE, VICTORIA ST, LONDON, S.W.I. J

ESSLERS (london)o
PRECISION TURNING AND MACHINING
OF PLASTIC MATERIAL TO DRAWING.
ALBION HOUSE, 201 -3, CHURCH STREET,
LONDON, N.16. Tel.: Clissold 6247.

TESTOSCOPE:
Makes 30 important

tests AC/DC. Used
everywhere by Electricians,

Wiremen and Service Engi-
neers. Interesting booklet 024

on testing, free. From all Whole-
salers or direct

RUNBAKEN -- MANCHESTER-- 1

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 (5 lines)

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

BRIDGES

RESISTANCES

INDUCTANCES

CONDENSERS

OSCILLATORS

WAVEMETERS

ALL TYPES-ALL FREQUENCIES-ALL ACCURACIES

Capacitance
Inductance
Resistance

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

Tel. New Cross 3225 (Private Branch Exchange)

MICROMETERS WONT

Performance in communication instruments
is measured by a highly specialised range
of testing apparatus. Nothing so simple
as the micrometer-but just as accurate in
measurement.
The production of this test gear is an art
which Marconi Instruments have made
their own ; for within the Marconi
organisation are unique facilities for the

=MEASURE MICROVOLTS

anticipation, and solution, of major testing
problems.
Thus, for manifold requirements, there is
today a Marconi measuring device, created
and fabricated by specialists steeped in
knowledge and experience since the earliest
days of Radio. And in this specialised
field our advisory service is both resource-
ful and the best informed.

ICAI Instruments Ltd
ELECTRA HOUSE KINGSWAY LONDON W.C.2
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STUDDING &
STUDDING PRODUCTS

Accurately cut threads. All diameters
All lengths. All metals

Large Stocks
PROMPT DELIVERIES

LTD. Makers of TELCOMATIC Machine Tools

WIRELESS
ENGINEER

41, GORDON SQUARE, LONDON, W.C.I. Phone: EUSTON 1467 8

,:t 93-10

LARGE DEPT. FOR WIRELESS BOOKS.FOYLES1
FINEST STOCK IN THE WORLD OF NEW AND
SECONDHAND BOOKS ON EVERY SUBJECT.
Catalogues Free. Books Bought.
119-125, [HARING CROSS ROAD, LONDON, W.C.2.
Tel.: GERrard 5660 (16 lines). Open 9 a.m.-6 p.m., including Saturday.

RADIO

SWITCHES
Millions of our " B.A.T.'' - "ARROW " and

"H. & H." Switches make sure and certain
"contact " for us, every day, with thousands
of absolutely satisfied customers.

Specify " Claude Lyons Ltd., London, W.1"
as your preferred supplier when routing your
next official " Requisition," and avoid delays
in delivery and time-consuming rejections,

RADIO

et -
Walter
EELIRMIIIIIM111111111101111111110

RADIO

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

C.R.C.4

ilhelmalletkffnagedki
Me'? a 47 CiNX rakie ?fr.:Wig/MR[4p fe

TRANSRAD1O LTD. Inc TELEQUIPMENT CO. 16 /116HWA7.6EACONSFIEID

Piezo QUARTZ CRYSTALS
for all applications.

Full details on request.

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

ITENT-AXIA
FOR BETTER AIR CONDITIONS

VENT.AX, LTD. 9 VICTORIA STREET, LONDON, SAVA AND AT GLASGOW & MANCHESTER

VOidas a a otia
Precision Engineering Production calls for up-to-
date machines and a highly skilled staff; these of
course we have, but in Light Engineering Products
especially, delivery dates are most useful when
they are adhered to. YOU know that-so do we.

are
(MA) LTD.

Precision Engineers
EUGENE WORKS, EDGWARE ROAD. HENDON. N.W.9

DNB
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ANNOUNCEMENT

WE regret that owing to pressure of Service requirements, orders

for Loudspeakers and Microphones can only be accepted when

accompanied by Government Contract Numbers.

A comprehensive range of Instruments is being manufactured, including Loud-
speaker Units from 2k" diameter to 12" diameter ; Special High Power Loudspeakers
in Cabinets suitable for Tropical conditions ; Hand Microphones, also Special High
Sensitivity Compact Light -weight Microphones for field use ; Telephone Receivers,
Moving Coil Head -phones, etc.

GOODMArlS
INDUSTRIES LIMITED
WEMBLEY, MIDDLESEX.

LOUDSPEAKER & TELEPHONE ENGINEERS

SILVERED MICA CONDENSERS

THE PIONEERS

Incessant progress in methods of
manufacture and research linked
with the most thorough mechanical
and electrical inspection, are reasons
for the outstanding superiority of
U.I.C. Silvered Mica Condensers.
Available in all standardized sizes.
Suitable for tropical and arctic con-
ditions. Type approved.

UNITED
INSULATOR

V°

12-22, LVISIALL
STREET,LONDON,

E.C.1

Tel: TERminus
7383 (5 lines)

Grams:
Calanel,

Smith, London

OW L033 CERAMICS
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WHY THEY USE CORED SOLDER
Cored solder is in the form of a wire or
tube containing one or more cores of
flux. Its principal advantages over stick
soider and a separate flux are :

(a) it obviates need for separate flux-
ing (b) if the correct proportion of flux
is contained in cored solder wire the
correct amount is automatically ap-

plied to the joint when the solder wire is melted. This is
important in wartime when unskilled labour is employed.
WHY THEY PREFER MULTICORE SOLDER. 3 Cores --Easier Melting
Multicore Solder wire contains 3 cores of flux to ensure flux
continuity. In Multicore there isalwayssufficient proportion of

flux to solder. If only two
cores were filled with flux,
satisfactory joints are ob-
tained. In practice, the care
with which Multicore Sold-
er is made means that there
are always 3 cores of flux
evenly distributed over the
cross section of the solder,

so making thinner solder walls than single cored solder, thus
giving more rapid melting and speeding up soldering.

ERSIN FLUX
For soldering radio and electrical equipment non-
corrosive flux should be employed. For this reason either pure
resin is specified by Government Departments as the flux to
be used, or the flux residue must be pure resin. Resin is a com-
paratively non -active flux and gives poor results on oxidised,
dirty or " difficult " surfaces such as nickel. The flux in the
cores of Multicore is "Ersin"--a pure, high-grade resin sub-
jected to chemical process to increase its fluxing action with-
out impairing its non -corrosive and protective properties. The
activating agent added by this process is dissipated during the
soldering operation and the flux residue is pure resin. Ersin
Multicore Solder is approved by A.1.D., G.P.O., and other
Ministries where resin cored solder is specified.

PRACTICAL SOLDERING TEST OF FLUXES
The illustration shows the result of a practical test made
using nickel -plated spade tags and bare copper braid. The
parts were heated in air to 250° C, and to identical speci-
mens were applied i" lengths of 14 S.W.G. 40.'60 solder. To

sample A, single cored solder with resin
flux was applied. The solder fused only
at point of contact without spreading. A

4, A dry joint resulted, having poor mechani-
cal strength and high electrical resistance.
To sample B, Ersin Multicore Solder was

S 6 applied, and the solder spread evenly
over both nickel and copper surfaces, giving a sound
mechanical and electrical joint.
ECONOMY OF USING ERSIN MULTICORE SOLDER
The initial cost of Ersin Multicore Solder per lb. or per cwt.
when compared with stick solder is greater. Ordinary solder
involves only melting and casting, whereas high chemical skill
is required for the manufacture of the Ersin flux and engineer.
ing skill for the Multicore Solder incorporating the 3 cores
of Ersin Flux. However, for the majority of soldering pro-
cesses in electrical and radio equipment Multicore Solder will

WHY

WIRELESS
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the Solder wire with 3 cores of non -corrosive ERSIN FLUX is preferred by the majority of firms
the best radio and electrical equipment under Government Contracts.

October, 3943

MOM W CORE
SOLDER

show a considerable saving in cost, both in material and
labour time, as compared either with stick solder or single
cored solder. Cored solder ensures that the solder and flux
are put just where they are required, and by choice of suitable
gauge, economy in use of material is obtained. The quick
wetting of the Ersin flux as compared with resin flux in single
core resin solder ensures that with the correct temperature
and reasonably clean surface, immediate alloying will be ob-
tained, and no portions of solder will drop off the job and be
wasted. Even an unskilled worker, provided with irons of
correct temperature, is able to use every inch of Multicore
Solder without waste.

ALLOYS
Soft solders are made in various alloys of tin and lead, the
tin content usually being specified first, i.e. 40;60 alloy means
an alloy containining 40% tin and 60% lead. The need for con-
serving tin has led the Government to restrict the propor-
tion of tin in solders of all kinds. Thus, the highest tin content
permitted for Government contracts without a special licence
is 45/55 alloy. The radio and electrical industry previously
used large quantities of 60/40 alloy, and lowering of tin con-
tent has meant that the melting point of the solder has risen.
The chart below gives approximate melting points and
recommended bit temperatures.

ALLOY Equivalent Solidus Liquidus Recommended bit
Tin Lead B.S. Grade C.° C.° Temperature C.'

45/55 M 183° 227° 267°
40/60
30/70

C 183° 238° 278°
D 183° 257° 297°

18.5/81.5 N 187° 277° 317°

VIRGIN METALS-ANTIMONY FREE
The wider use of zinc plated components in radio and
electrical equipment has made it advantageous to use solder
which is antimony free, and thus Multicore Solder is now
made from virgin metals to B.S. Specification 219; 1942 but
without the antimony content.

IMPORTANCE OF CORRECT GAUGE
Ersin Multicore Solder Wire is made in gauges from 10 S.W.G.
(.128" 3.251 m/ms) to 22 S.W.G. (.028"--.71 I m/ms). The
choice of a suitable gauge for the majority of the soldering
undertaken by a manufacturer results in considerable saving.
Many firms previously using 14 S.W.G. have found they can
save approximately 331/3%, or even more by using 16 S.W.G.
The table gives the approximate lengths per lb. in feet of
Ersin Multicore Solder in a representative alloy, 40/60.

S.W.G. 10 13 14 16 18 22

Feet per lb. 23 44.5 58.9 92.1 163.5 481

CORRECT SOLDERING TECHNIQUE
Ersin Multicore Solder Wire should be applied simultane-
ously with the iron, to the component. By this means maxi-
mum efficiency will be obtained from the Ersin flux contained

Irr
in the 3 cores of the Ersin Multicore Solder

e* -44r Wire. It should only be applied directto the
iron to tin it. The iron should not be used
as a means of carrying the solder to the
joints. When possible, the solder wire
should be applied to the component and
the bit placed on top, the solder should
not be " pushed in " to the side of the bit.

ERSIN MULTICORE SOLDER WIRE is now restricted to firms on Government Contracts and other essential Home
Civil requirements. Firms not yet using Multicore Solder are invited to write for fuller technical information and samples.

MULTICORE SOLDERS LTD., BUSH HOUSE, W.C.2. 'Phone Temple Bar 5583/4
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Coercive Force
IN the Philosophical Transactions of the

Royal Society of 1885 * Hopkinson wrote
" I propose to call OA the Coercive

Force ' of the material, and define it as that
reversed magnetic force which just suffices
to reduce the induction to nothing after the
material has been submitted temporarily to
a very great magnetising force. It is the
figure which is of greatest importance in
short permanent magnets." It is to be noted
that it is the induction B and not the in-
tensity of magnetisation J that is to be
reduced to nothing.

In the preface to " Magnetic Induction in
Iron and Other Metals," written in 1891,
Ewing says, " Throughout this book the
author has endeavoured to familiarise the
student with the notion of intensity of mag-
netisation (J) as well as the notion of magnetic
induction (B). It has been urged by some
writers that the alternative which is in this
way offered is unnecessary and confusing,
and that if we keep B ' we may dispense
with J.' The scientific value and the prac-
tical utility of ` B ' are so obvious that no one
proposes to avoid using that. It is ' J ' that
we are told must go. In this cry the author
is by no means disposed to join. It is not too
much to say that in stating the magnetic
qualities of a metal the quantity ' j' is of
primary importance. The facts of satura-
tion, the molecular theory, and the pheno-
mena of magneto -optics, all demonstrate its
physical reality and its fundamental in-
terest." Then on p. 52 he says : " In Fig. 20
a curve showing the relation of the magnetis-

* Vol. 176, p. 455. The modern symbol J has been
substituted for I for the intensity of magnetisation
in the various quotations.

ing force of the solenoid to J is drawn from
the above table . . . This residual magnet-
ism is, however, very feebly held. Applying
a reverse magnetic force quickly removes it,
and a force, OD, of -2.75 C.G.S. units
suffices to destroy it altogether. This force
OD may be said to measure the degree of
stability with which the residual magnetism
is held, and accordingly Dr. Hopkinson calls
it the coercive force,' thus giving an exact
and very useful meaning to an old loosely
applied term."

This appears to be where the trouble
started, for as we saw above, Hopkinson
specifically gave the name to something
different from that to which Ewing here
attached it, with the result that, notwith-
standing Ewing's expressed intention of distin-
guishing between B and J, the term "coercive
force ' continued to be loosely applied.

(a) (b)
Fig. i.

The question is, whether the coercive force
is the value of the reverse H required to
counterbalance exactly the forward magneto -
motive force of the material, thus giving zero
magnetic induction, as shown in Fig. la for
an ellipsoidal permanent magnet, or whether
it is the still greater reverse H required to
destroy the forward magnetisation as shown
in Fig. rb, thus giving a reverse B equal to the
reverse H, as would be the case if the mate-
rial were non-magnetic. Hopkinson adopted
the former and Ewing the latter definition.
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In the case of ordinary iron and steel the
differences between the two definitions is
quite immaterial, but in the case of some
magnetic alloys it is the greatest importance
and may lead to serious misconceptions.
Fig. 2 shows how small the difference is
even in a material with a permeability of
about io. The dotted line is drawn for unit
permeability, i.e., a non-magnetic material.
If the reverse H is in-
creased to io we reach
point X and B = o ;
if H is now very
slightly increased we
reach the point Y for
which -B = -H
and J = o. For the
ordinary ferromagnetic
materials the scale of Fig 2.

H is in units and that of B in thousands,
with the result that the slope of the dotted
line for unit permeability would be greatly
reduced so that it would be hardly distin-
guishable from the horizontal. Under these
circumstances, the points X and Y would
almost coalesce, and, moreover, Y would be
almost vertically below X. Under such
circumstances there is no point in attempting
to discriminate between the two definitions
of coercive force.

Let us now turn to another magnetic
material, investigated some years ago and
recently utilised in the construction of
ammeters by the General Electric Company of
America.

In 1931 H. H. Potter* described experi-
ments made with an alloy of silver, manganese
and aluminium having the following composi-
tion Ag. 86.9, Mn. 8.8, Al. 4.3 per cent., which
corresponds approximately to the formula
Ag5MnAl. Magnetic induction is not men-
tioned in the Paper, all the results being
expressed in terms of intensity (or rather
as the author mistakenly calls it, intensity
per unit volume "). Fig. 3 is reproduced from
Fig. 2 of the Paper and gives the results of
the application and reversal of a magnetising
force of about 14 000 oersteds. Even at this
enormous value of H the alloy is not satu-
rated, but J has reached a value of about 6o.
The reverse H necessary to reduce J to zero
is 570o, which, according to the Ewing defini-
tion, is the coercive force. The residual

* Phil. Mag., XII. p. 255.
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intensity is about 37, corresponding to an
induction B of 465. These values can be com-
pared with those for tungsten steel with a
H, of about 70 and a B,. of II 500, or with
those of Ticonal No. 3 with a He of 600 and
a B,. of 12 700, or with those of Ticonal 2A
with a H, of 95o and a B,. of 6000.

If, however, Fig. 3 be replotted with ordin-
ates representing the induction B as is usual in
electrical engineering work, Fig. 4 is obtained.

The difference between Figs. 3 and 4
shows how careful one must be in forming
opinions as to magnetic properties from a
cursory glance at a hysteresis loop. The same
scales are employed in Fig. 4 'for both H and
B, and the dotted line drawn at 45° is the
magnetisation curve for a non-magnetic
material. For B = o the reverse H is seen
to be 465 which, according to the Hopkinson
definition, is the coercive force H, The Ewing
coercive force corresponds to the point where
the curve cuts the 45° line, since the alloy
then acts as a non-magnetic material.
According to this definition the coercive
force is 5700.

Two engineers of the General Electric
Co. of America have recently described t
" A New Moving -Magnet Instrument for
Direct Current " in which use is made of
this alloy. The authors refer to the Paper
by Potter, and state that the alloy used has
a coercive force (ifi,) of 6000 oersteds and
a residual induction of 6io gausses. They
say " it is unique among permanent magnet
materials in having a coercive force of this

Fig. 3.

high value. The high coercive force enables
the control magnets, which are in the form
of thin strips, to be magnetised in the direc-
tion of their thickness." The symbol (;H,)
suggests that the authors are probably aware
that the coercive force quoted is that for
which the intensity J is zero. The important

t H. T. Faus and J. R. Macintyre, Electrical
Engineering (New York), August, 1942, p. 586.
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point that now arises and needs to be defi-
nitely settled is which of the two coercive
forces 465 or 5700 is to be taken as a measure
of the suitability of the alloy as a permanent
magnet material. For all ordinary purposes
there is no doubt that the smaller figure is
the true criterion. In the symposium on
Magnetism issued by the Institute of Physics
in 1938, there is a paper onPermanent Magnets
by D. A. Oliver of the Permanent Magnet
Association, Sheffield. Except for the formula,
B = 1.1.0H X 47.1, the intensity is never
mentioned, and the coercive force employed

B
12,000

3

8,000

4,0

5 700 465

12,000 8,000 4,000
H

4,000 8,000 12po0

4,000

5,700

apoo

Fig. 4.

in all the diagrams and formulae is that
which reduces B to zero. The problem of
designing a magnet to obtain the optimum
field energy is confined entirely to the second
quadrant of the B -H loop. This can be seen
most simply by considering a toroidal magnet
with a small air gap, for which magnetic
leakage may be neglected. When the mag-
netising ampere turns are reduced to zero,
fH dl around the magnetic circuit must
also vanish i.e., Hala = o where a
and i refer to air and iron respectively.
Hence -B -B = o and /i//a = -

Pa P
Putting tta = 1, we see that B must

decrease and H become increasingly nega-
tive until a point P (Fig. 2) is reached for
which 131--H The magnet is usually
so designed that this working point P gives
approximately the maximum value of the
product BH. If, however, the shape of the
magnet, and therefore the ratio /i//a, is
prescribed by other considerations, the direc-
tion QP in Fig. 2 is fixed, and one must
seek a material to give this line the greatest
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length, since the product BH will be pro-
portional to 0P2. The energy in the air -gap
of the magnet will be equal to A /a.B2/3n ;

Hputting la = -B.li, this may be written

Ale .BHI87r. Hence the magnetic energy
in the gap is proportional to the volume
of the magnet and to the product BH.

Hence the only properties concerned in the
ordinary design of permanent magnets are
Br, H8, and the shape of the B -H curve
between these two points, since on this
depends the maximum value of BH. From
this point of view the alloy under considera-
tion is very inferior to such materials as
Ticonal, since its (BH),,,,x is only 54 000 as
compared with 4.8 X 106 for Ticonal No. 3.
Why then is it used ? The answer to this
question is probably concerned with a quality
which is usually ignored but which may be
of great importance, namely, the ability to
withstand extraneous temporary demagnet-
ising forces. In a material with a B -H curve
like Fig. 2. the dimensions of the permanent
magnet may be such that P is the stable
point. If now an extraneous demagnetising
force is added to that of the magnet itself,
it is obvious that the value of B will fall very
rapidly and reverse. If the point Y is
reached the material is completely demag-
netised, J being reduced to zero. With
ordinary tungsten steel and with materials
like Ticonal, a relatively small additional
demagnetising force would accomplish this,
but in Figs. 3 and 4 it requires a very large
demagnetising force to diminish appreciably
the intensity of magnetisation, and a reverse

DIRECTION OF
"'FIELD OF COIL

FIXED COIL

MOVING
MAGNET

SOFT IRON
SHIELD

CONTROL
MAGNETS

Fig. 5.

H of nearly 6000 to demagnetise the material
completely. It is true that B is reversed
by a relatively small reverse H, but this
magnetic induction is driven through the
material against its permanent magnetisa-
tion without destroying it.

As already mentioned, thin strips of this



472 WIRELESS
ENGINEER

alloy, magnetised in the direction of their
thickness, are used as control magnets in
the new type of ammeter (Fig. 5). It can be
seen that an excessive current flowing
momentarily through the fixed coil would
tend to demagnetise these thin control
magnets. The moving magnet is in the form
of a solid cylinder, magnetised along a
diameter. Here again an unusual material
is employed, viz., a mixture of iron and cobalt
oxides with a coercive force of 95o (which of
the two is not stated) and a residual induction

October, 1943

of 2200. (BH),a, is stated to .be about
106 ; (BH)max of Ticonal No. 3 is about
4.8 x 106, but the oxide magnet has a
specific gravity of about half that of steel,
and it is important to keep the weight of the
moving element as small as possible.

It is evident that in the design of perma-
nent magnets for special purposes, considera-
tion must be given to other factors than those
usually regarded as controlling the design,
and that the term " coercive force " needs to
be carefully defined. G. W. 0. H.

The Network Theorem of Pleijel
IN our discussion of the make and break

network theorem of Helmholtz in the
July Editorial we referred to an article

published by Pomey in 1919 entitled " The
theorem of Pleijel." This theorem was

Ir

(a)

2R

i' then the e.m.f. which, if introduced instead
of the resistance would cause the same change
of current throughout the network is equal
to ni' and not This e.m.f. must be directed
against the current as Pomey says, but for

211 211

8V

8A 9A I4V 7A 14V

IAA .1A 10A 1A1 14A 7A+ j_
44

( b) (c)

stated by Pomey in the following terms :
" Si une resistance ri sans capacite est
inseree dans l'une des branches d'un reseau
complex, Faugmentation de l'intensite dans
une branche quelconque devient la meme
que celle que produirait une force electro-
motrice placee au meme point, qui est egale
a ni quand i est le courant qui se trouve dans
la branch consider& avant le chargement.
La force electromotrice ni devra etre dirigee
vers le courant i."

On p. 487 of this issue we publish a letter
from Dr. J. H. Mole in'which it is shown that
this is incorrect if interpreted to mean that
the e.m.f. inserted " au meme point ": is
inserted in place of the added resistance n,
as we assumed in translating this phrase. It
is correct, however, if interpreted to mean
that the e.m.f. is inserted in addition to the
resistances n, as we assumed in the proof
given: in the Editorial. If, on inserting the
resistance n, the current decreases from i to

(d) (e)

" avant' in his statement one must then
substitute " apres." This is illustrated in
the adjoining Figures. With a 28 volt
battery the currents in (a) will be as shown.
On inserting a 2, ohm resistance between
A and B, the currents will be as shown in
(b), but the same change of currents through-
out the network is obtained in (c) by insert-
ing the e.m.f. of 8 volts, i.e., 2 S2 x 4A in
opposition to the current. If, however,
the added resistance is left in the branch,
then the e.m.f. necessary to produce an
equal change of current is 2Q x 7A, i.e., 14
volts as shown in (d). If the e.m.f. is
reversed so as to flow in the same direction
as the current, it annuls the effect of the
resistance, and the current distribution as
shown in (e) is the same as in (a). Dr.
Mole sets out these two alternative inter-
pretations of Pleijel's theorem quite clearly
in his letter.

G. W. 0. H.
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Coupled Circuit Filters
By K. R. Sturley, Ph.D., M.I.E.E.

(Marconi School of Wireless Communication)

[Concluded from page 434 of the September issue]

6. Extended Applications of the Curves
IT is clear from the analysis given in the

first instalment of this article that gener-
alised selectivity, phase shift, and peak

and trough transfer impedance curves can be
developed for any pair of dissimilar tuned
circuits having a common resonant frequency
and coupled by mutual inductance.

Examination of other types of shunt* and
of series couplings between dissimilar tuned
circuits shows that the curves have much
wider application. Two cases of common

,resonant frequency arise in both forms of
coupling.

(1) The resonant frequency of the primary
and coupling is equal to that of the secondary
and coupling. For shunt coupling the circuit
not being considered is on open circuit and
for series coupling it is short circuited.

(2) The resonant frequencies of the primary
and secondary circuits, in the absence of
coupling, are equal. This is the more
common, in practical circuits.

Case 1
(a) Shunt Inductance Coupling

The circuit is that shown in Fig. 8 and the
analysis yields results identical with that for

RTi LI L2 RT2

Fig. 8.-Tuned circuits with shunt
coupling.

mutual inductance coupling if L1, L2 and M
are replaced by (L1 + L3), (L2 + L3) and L3
respectively. The curves are obviously
applicable to this circuit.

E2

inductance

* The term " shunt " denotes that the coupling
forms a shunt or parallel arm of a T network and
" series " that it forms the series arm of a ff network.
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(b) Shunt Capacitance CoUpling
Fig. 9 gives the circuit for shunt capaci-

tance coupling.
For mutual and shunt inductance coupling

the coupling coefficient is defined as
coupling reactancek = geometric mean of coupling -I- prim-

ary reactance of same kind and
coupling secondary reactance of

same kind.
i.e., if the coupling reactance is inductive or
capacitive the primary or secondary in -

PT! 2 2

(24)

Fig. 9.-Tuned circuits with shunt capacitance
coupling.

ductive or capacitive (respectively) reactance
must be considered.

Hence in this instance

k=
41Ci+C, C2+C3

comC,C, tomC2C3

-V

I
wmC3

inz -

(C1+ C3)(C2+ C3)

I =_

27TVL2C2C3

C2 +C3

Qi
R

(0)..C,)2R.
con,L2

Q =2

R2 +
(w.C2)2R,

I

(25).
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The resistances R. and R. are in parallel
with C1 and C2, and their series equivalents
are therefore as indicated. Analysing as for
mutual inductance gives
4 =
j CO

VRD1  RD2 VQ1Q2 k
C32

(o3 (C1+ C 3)(C 2+ C 3)

2+ 121Q 2 (k2('2(3- - F2) + j (Q1 + Q2) F

(26)

which reduces to expression (5b)
-C 2

X if w --'n is assumed to
(Ci Cs) (C2C3)'

be unity.
It is therefore evident that the generalised

selectivity curves are applicable and the
parameter

Q1Q2k - coupling reactance
geometric mean of primary and second-

ary total series resistances.

as was noted for mutual inductance coupling.
The phase shift curves may also be used

by reading from the right-hand vertical
scale B, i.e., # = go° at g = o and - go°
at g = 4- co. For negative off -tune fre-
quencies the phase angle varies from go°
through 18o° to 270° at 4f = - oo and the
right-hand vertical scale A is used.

The peak and trough transfer impedance

curves require VRDIRD2
(C14-C3)(C24-C3)

Q2 kto be registered with VQ1 =
± Q1Q2 k2

C32

C32The factor occurs(C, + C3)(C2 C3)
be-

cause the capacitive arms of the primary
and secondary circuits consist of C1 or C2 in
series with Cs. The result is a reduction of
the voltage across C2.

(c) Series Inductance Coupling (Fig. io)
The expression for Zr is different from

that 'for shunt coupling as shown by the
detailed analysis of Appendix I, but if
certain assumptions (justifiable in almost all
practical circuits) are made, the expression
for 141 is identical with that of (5a). Hence
all the generalised curves are applicable.
The left-hand vertical scale B of the phase
shift curves is the correct one for positive
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off -tune frequencies. Two points of interest'
arise from the analysis. The coupling
coefficient is now defined as follows :

k I L,I,2

(L1 + L4)(L2 + L4)

coupling susceptance
geometric mean of coupling primary
susceptance of same kind and coupling
+ secondary susceptance of same kind.

.. (27)

(note coupling plus primary susceptance
it= ye + ) i.e., is the same definition as

for shunt cupling except for the substitution

L4

2

Fig. ro.-Series inductance -coupled tuned
circuits.

of susceptance for reactance. The parameter
1/Q1Q2 k is also similar, with susceptance and
conductance substituted for reactance and
resistance, thus

coupling susceptance
Q1Q12 k geometric mean of primary ana

secondary total parallel con-
ductances.

(28)

fm =
/L1L4C, /L2L4C2

Y L,+ L4 L2+ L4

L,L4

I

tom
Li + L4

R,
(w.C1)2Ra

L2L4

Q2=
R2 +

(Wm C2)2R4

aim L2+ L4

(d) Series Capacitance Coupling
The circuit is shown in Fig. It and

fm 27T1/L i(C, C4) 27r1/L 2(C 2 + C4)
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C4

k = V(Ci+ C4)(C2 + C4)

e,= I

+ [wmr,+ 4)]2R.
(,),L29 =

Note

1
R2 +

[a),(C 2 + C4)]2R9
that Ra and R, are effectively
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in

ZT =
-jA/RD,  RD, VQ1Q2(k13 wn

I + Q1Q2[(kL3 - 1103

where

kL3
=1/(L1 L3)(-1,2 + L3)

L3

27TV(L1 -1-3) ci + C3
CiC3

Q= w,(Li +
1

IR,±
(o).C1)2R,
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(A,If - is assumed to be unity, expression
0),,A

(29) is the same as (5b).
Again all the generalised curves are

applicable but for the phase shift the right-
hand vertical scales must be employed, i.e.,
as for shunt capacitance.

(e) Shunt Inductance and Capacitance
Coupling

The circuit is illustrated in Fig. 12 and
analysing by normal procedure gives

Win3 C22
- nO 3 (03) (C1 + C 3)(C 2 C

(22H' )2 -F 21 + Q 2)F

= C1C2

(C, C3)(C2 C3)

I

parallel with (C1 + C4) and (C C4). By
assuming in the numerator of ZT that Q1
and Q,> i and in the denominator that

C42 [1 + j(Q,-1-Q2)-] can be neglected,
C 1C2

C4

TE

Fig. 11.-Series capacitance -coupled tuned
circuits.

it is found that the denominator is equal to
A2 CO2

[(I H-jQiF)(I jQ ,F) Q ,Q 2k2
C1C21(2 tom

and
(7- V RDi  RD2VQ1Q2k

ZT 91

I + 1Q 2(k2(-22 F2) Q 2)F

. . (29)

C,C3
L L,)

C3 + C3

W.(1.2 + L3)
Q2=

IR2 ± (0.),,C2)2R

. . (30)

Provided comL, does not approach I
WmC3,

i.e., the series resonant frequency of the shunt
arm is well outside the normal frequency
range of the coupled circuits, all the general-
ised curves are applicable. The capacitive

C32
factor must he included

(C, C3) (C2 + C3)
for the trough and peak transfer impedance,
and the effective coupling coefficient is the
difference between the inductive and capa-
citive coefficients. The left-hand vertical
scales are used for the phase shift curves if
the inductive coupling coefficient is the

RTI RT2

Fig. 12.-Shunt inductance- and capacitance
coupled tuned circuits.

12
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greater, and the right-hand if the capacitive remarks in (e) also apply here, but there is
coupling coefficient is greater. no capacitive factor.

(f) Series Inductance and Capacitance
Coupling

Fig. 13 gives the circuit and it is found
that the generalised curves are all applicable
provided parallel resonance of the series
coupling arm is not approached. All the

Jrn
I

LiL,
VL, L,(CI+ 6.4)

I
L2L4

(C2 + C4)
L2 -4- L4

Type of
Coupling I'm k JQ,Q2 k

1. Mutual
Inductance

i 44 c o m M

27r1(L, C, JL,L2 \MT/ RT2

e. Shunt
Inductance

1 L3 6,) 07 Li

27r1 (Lti-Z3)C1, \II(Li oL.342 *L3) jar, 'ler2

3 Shunt
Ca,oacitance

1

/C, C2(3,77 C3

271z, C' C3 (C,,,C3)(C, tC3) 1Rri fir2
, C,,'63

4-. Serves
Inductance

1

1

L/Le ( 0 anZ.4_

27r Cy
z/Lt (L,7 -L,,,;(2.2 A L it) / r? Ti (Li t L-42 f?r(L2-,,-4.f)2

/(6`-la7L/L4)2 ())77Z-2/ 4)2Li AZ.It

S. ,Series
CapaCiranCe

I CI CO /reit

err iL WC/ i-C4) AC, t C 4)(Ce 1* C4.) /IT' /77,2

PMZ -7)2 . -4)/771-2)2
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L,L4
"m Li+

Qi
R1

[wsn(C 1+ C 4)]2R

L2L4
wm1,2+ L,

2

R2
+ [Wm (C2 4- C4)]2R
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The effective coupling coefficient is the
difference between the inductive and
capacitive coefficients.

Q, R T /

64.) Z.In / /RI
RT/

7'

(6)/nCr) Ra

6),,,(Z., ,- L3) I
/-

A ) inC1)2 HaA' T1

6,/,._ I
1t R3

8 T7
1'-

Pmcd2fia

Z,L.9.
G.'

R I 1 1
,
'-' sA L lsLi / 1.

Pmedd (fia A' -1).R T.,

(.0,77z_,
R / r

-CA)
/1147)RTI

7 7 7,-

(C, s' Clif(fia

L4
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7

Fig. i3.-Series inductance- and capacitance -

coupled tuned circuits.

To facilitate reference, the above results
for (a) , (b), (c) and (d) are set out in the form
of a table (see Table 1) of mid frequency,
coupling coefficient, the frequency and con-
stant factors associated with

VRDI  RD2 AN1Q2

in the numerator of ZT, the frequency factor
multiplying k2 in the denominator, Q,, Q2,
R7,1 and R2.2. The frequency factors allow a

TABLE_ I. L,C, = L208

-jARol  Ros 1/Q1Q, k
`- + Q1Q2(k2D - + i(Q1 Q2)F

A = (22-' for couplings r, z and 4
0.)

= -w- for coupling 5
wa,

(0.3 C,2
for coupling 3

032 (C, C8)(C, + C3)

D = a4 for couplings r, 2 and 5
0.),

= :w" for couplings 3 and 4

R, = equivalent series resistance of the shunt,
coupling arm.

R4 = equivalent parallel resistance of the
series coupling`arm.

RD' Qi(O.Li for capacitive couplings.

Q1 for inductive couplings.as,C,
RD, !is 'defined similarly by replacing suffix

by 2.

An alternative expression for f,,, and the expres-
sions for Q2 and RT, are found replacing the
suffix s in the f,,,, Q, and R2,1 columns by the
suffix 2, and replacing Ra in the 117, column by Ra.
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rapid estimate of the modification likely to
occur in the symmetry of the curves about
fm. The frequency factor in the numerator is
of much greater importance than that
multiplying k2 in the denominator. Thus for
shunt inductance and mutual inductance
coupling there is a tendency for IZTI at a
given negative off -tune frequency (f < fm)
to be greater than 141 at -the same positive
off-tune-lrequency. This tendency is greatly
exaggerated in the case of shunt capacitance
but is in the reverse direction with series
capacitance (IZTI is greater at a positive off -
tune frequency). The additional equivalent
series resistances inserted in the primary and
secondary circuits due to the parallel external
resistances Ra and R, are, for all except
series capacitance coupling,

(ca,C 1)2Ra

LcumC2PRg
respectively. For series capa-

citance coupling they are
[co nz(u 1 4- (- 4)?Aa

I

I

and
[(0.(C2 COI?, 

Case 2. L1C1 = L2C2

(a) Shunt Inductance Coupling

A complete analysis of this condition is
given in Appendix II, where it is shown that

R VQQk21/L+1L2DI D2 1 2 L L2
Zr -

+ QIQ
2o.)

(k2 - F2) + j(Q1 F Q2)F
sn

(31)

Apart from the factor 2 VL1L2 it is identical
L1-}- L2

with expression (5b) for mutual inductance
coupling. Hence the *generalised selectivity
and phase shift curves are applicable as are
also the trough and peak transfer impedance

2A/LIL2curves if VRDI . RD2 L, + L,
1/Mx kwith

I + Q1Q2 k2
=- 1.

The values of Q1, Q2, fn, and k are different
from those found for case I but it is worth
noting that k can be defined in a very similar
manner.

is registered

k=
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coupling reactance

geometric mean of coupling reactance

+
2L2L

X primary reactance of same
2

kind) and coupling reactance -I- (42±1L2

x secondary reactance of same kind.)

. (3za)
The two factors represented in the denomi-
nator are actually equal so that the definition
can be simplified to

coupling reactance
k 2L,

( -I- L x
coupling reactance

4- L.,
primary

reactance of same kind).
. . (32b)

but the correspondence between the defini-
tions for cases 1 and 2 is then less marked.

VQ,Q2k is also amenable to simple
definition and is the same as that set out

Li
in case I (a) except for a factor

2

+ L2
A/L,L,

multiplying the coupling reactance in the
numerator

L, L,
coupling reactance x

21/L,L2
i.e. 17Q1Q2

geometric mean of primary and
secondary total series resist-

ances.
(33)

(b) Shunt Capacitance Coupling.
The method of procedure is the same as

for shunt inductance coupling.
I

fm=

27T

N

C12aC3
L1 I ± a
C + 2aC3

+ a
I

L2C2
I +'a

C
2C3
+ a

where a = L2 - C

Ll C2

C1C2k -
(Ci C3)(C2 + 2 C.,)

a + a

a



I

'scales are the correct ones for the phase shift
curves and

21/LIL2
V  111)2 L + L 2

Cs'

(I + "C, C3)(1 +2a C2 +
2a

Q2kis registered with Q1

Q1Q2 2
= I on the

trough and peak transfer impedance curves.
The capacitive factor in the above expression
arises from the reduction of voltage due to
the " shunt capacitance already discussed
in case i(b).

(c) Series, Inductance Coupling.
The analysis of this type of coupling is

detailed in Appendix III, and after certain,

(.1).C4I
+ a

2Va
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The definitions for k and VQ,Q2k are exactly
as set out in (a) above.

want lQ1=

and

If 0.),,

R
' [co .,C ,]21? a

I

CamL 2

R +
2 (co n,C 2)2R,

(a - 1)C1(Q1 - Q,)
(r + a)C, + 2aC,

com
k
a -1= -w ± a(f21

in the denominator is assumed to be negli-
gible.

ZT=

479

usually justifiable, ,assumptions have been
made the expression for I Z,I is identical with
that of case 2(a) except that the frequency.
factor multiplying I?' is inverted. Since
this factor is assumed to be unity it is clear
that all the generalised curves are applicable.

(d) Series Capacitance Coupling.
For series capacitance coupling

fin =
27T + 4- a

C4)
2

I

1+ a
27r \fr,(C,

2a

com3
9 Rbi RD2 VQ.0_ k7;3 V

2 VLlyczL,L1+ L2 (1 + a c. C; +
\ 2a iThu 3 2

a (72-1-C3)

I + 2,.Q2(k2 w F2) + j(QI Q2)F

By assuming w. --Le! --= 1, the generalised curves

can be employed. The right-hand vertical k -- C4 = C4

Al(2C y 2aC,±c )F2C,
i+a 4 i-i-a 4 I -a 1 6

The definitions for k and AlO,Q12 k are as
follows

and

coupling susceptance

geometric mean of coupling susceptance
2L1

\LI 4- L2

kind) and coupling susceptance 21-2La+ La
x secondary susceptance of same kind.)

(35)

 x primary susceptance of same

coupling susceptance x

VQ1Q2k-

L1 ± L2
2 VL,L2

geometric mean of primary and
secondary total parallel conductances.

.. (36)

Vct,n12(ci
2

a
u4),-na  tom2(C2 2a

a
R-4) - -Lyn

+ (37)
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By assuming that Q, and Q2 I in the
Q t = numerator of Zr and that in the denominator

Q2 =

R1+ I ±a[,(C C 4)?co R

2

R2 + a ,
[wm(C 2 + 2a

4)]2/?

I

- C42(i ± a)'[' ± 2w .m (Q, + aQ,)1
4aC ,C 2 co I + a i

rC 24 + a)2
1_ 4aC ,C 2

(Q1 + Q 21F

C (1 - a) co.,
-4- 4 (Q2 - Qi)2C, w

Type of
COLiph/75,

Al A s1Q1Q2 f<

I Shunt
Inductance

1 L.3 1, r1.2

27ttl 12, t .. :2-- 1., 0 42a k s 211 z)(2-z-2 43)
CA) in L3

2 7TZ;-q- ..7,cce r ' 4
174a

JRrt R-7-2

2 Shunt
Capacitance

/ 1 Z 7 t 44.CI C2

,cie...aC C4,7C3 2 2, L2
1 i- a

1.,,2aC31(ce
ii- / l'a A

7.2 7..0al
1 R-rr 87'2

EA
C, t 1--772-C3

3 Series
inductance

1

, L,,,Z2

CA) in L.* 217/L.2L/ Le
2L

4C,
L77,2L.4)L2t2aL.T)

2L.1. 1-2 2a 4)2R7-,(2/ 7' R7 -2(L2 7'Ira trez r,La
il

> ,.. a J
2ir 2 ,

Li t-t7..a
4,247e [com L2 aaL.;y

[Cam-4 / t a _I 1 14 a

4 Se ,/PS
Capacitance

, C*

L, ,'L2
(Omni: 247 72

1'62C1acg2.ZI(Cli r-CT)11
YY

,q(a )

-

1 7 2

TC1 Rrf. (cz_ --. Cf(CfnCf7
I

2a61)IRII7a
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is negligible, the denominator of 4 becomes
(a + i)l,C 42

4 a C ,C 21t2

or 12 J
and

[(r jQ' iF)(1 iQ 2F) + l`f 2 2 k2

j 0)-(12- 'V RD, . RD2VQ1Q2k L2A1-11:1-22
Z

21+Q1Q2(k2 -F2)+j(Q1-022)F
(38)

Q7

l

R7-1

I8, R3 i-

7:4
7Rrt

t
((Jr?? C1)2 Ra

CJin L. 7 r
/Q,v. R -7,-

RrI
3

Pm C 1)2Ra

L.,2Z 4
C0,77

f 1
1 t CZ

2.L. 4 R, yL f1 )
Pm Cr)2 li'a RI

(
7 -7' 1,4-a

'5'7-1

C.Jm Li
I /R (

f [con., (c, f.20a cill 2

H-7-7
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Apart from the positive sign and the fre-
quency factors, this is identical with cases
2(a) and (c) so that the generalised curves
again may be used though it should be noted
that the right-hand vertical scales on the
phase -shift curves must be used.

(e) Shunt Inductance and Capacitance
Coupling

As in case 1(e) the generalised curves may
be employed provided parallel resonance of
the coupling arm is not approached. The
equivalent coupling coefficient is the differ-
ence between the inductive and capacitive,
the phase -shift scale to be used being deter-
mined by whichever is the greater. For
the trough and peak transfer impedance
curves

2 -,/ L 1L 2
V RDI  RD2  Li + L2

C32

(I 2+a CI + C3)(I +2 C, + C3)

TABLE II. Lie,
L2= = a

- /A A/RDIRD21/TU2 kZr -
Q1Q2(k2D - F2) + j(Q1Q

A 112 for couplings x and 3
Ed  L,2."

L2

for coupling 4
Wm  L1 L2

[0,32 L1L2
LI + L2

C32

' (I + a 0 ± a
\ 2a A 2
for coupling 2

waD = ----2 for couplings r and 4
Ea,

Ea
= -L -'a for couplings 2 and 3

Er

R3, R4, RD, and RD2 are as defined in Table I.

An alternative expression for fm and the expressions
for Q, and RT2 are found by replacing the suffix I

by 2, as L,, aCs by Cs, L4 by aL4, C4 by
and R. by R, in the expressions for f Q1 and Rri
given above.
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is located with

V421Q2k
1+ Q1Q2k2- I.

Jm =
I

27r

+ a L3) 2aC,C'3
2a 1 + a

2aC 3± + a
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element only, it is generally small or large
respectively in comparison with the react-
ance of the coupling element. Its effect on
coupling coefficient is therefore negligible
but there is a reduction in the Q of the
primary and secondary circuits. Thus if
in a shunt coupling arm there is a resistance
R3 in series with the inductive or capacitive
arm, this resistance must be added to that
of the series resistance of both primary and
secondary circuits. For a series coupling
arm consisting of a resistance R4 in parallel
with the reactance element, this resistance
must virtually be considered as in parallel
with both primary and secondary circuits
and it therefore acts as if it were in parallel
with both external resistances Re and Re.
If the series coupling arm consists of a
resistance in series with a reactance, the
series circuit should be converted to its
equivalent parallel circuit and the resistance
so calculated taken as in parallel with Re
and with Re.

27r

(L2 +I + a
L3

) 2C2C3
2 1 + a

2C3C2+ +a

(f) Series Inductance and
Coupling

The curves may be used for
21/LL2

coupling, VRD1 . RD2 .
L2

Capacitance

this type of
being regis-

teredVQ1
with Q1Q2 k2 =

I on the trough

and peak transfer impedance curves. The
coupling coefficient is the difference between
the inductive and capacitive coefficients
and

fm -
I

2ir

L,2L4
+ a ( (I+a)C4)

2L4) C\
2L1 +

I

L22aL4

27r
/ H._ a (2

2a /
(1-1-a)C4)

2a \
I + a

All the above results for (a), (b), (c) and
(d) are summarised in Table II. The fre-
quency factors in numerator and denominator
of 4 affect the symmetry of the selectivity
curves about fm in exactly the same manner
as for case I.

7. Resistance in the Shunt or Series Coupling
Arms

When the resistance in the shunt or series
coupling arms is the resistance of the coupling

October, 1943

8. Mistuned Coupled Circuits

In special cases the generalised curves can
be used for dissimilar coupled circuits not
having a common resonant frequency, i.e.,
the primary circuit is mistuned from the
secondary. The analysis of Appendix' IV
shows that it is possible when Q, is equal to
or nearly equal to Q2. The effect of mis-
tuning is to increase the coupling coefficient
to Vle2 (F')2, where k is the normal co-
efficient as defined in the sections above
and F' is the ratio of the frequency difference
(11 -12) between the primary and secondary
resonances to the mid -frequency I..

As a method of increasing the equivalent
coupling coefficient (i.e. widening the pass -
band) it is uneconomical because the trough
and peak transfer impedances are less than
for the same pass -band obtained by increased
coupling.

Appendix IV shows that _I'm is a function
of fit and 12, and any change in the resonant
frequency of primary or secondary circuits
affects the peak frequency nearest its reso-
nant frequency and has practically no effect
on that furthest from it. Thus by increasing
the resonant frequency of the primary, A,
the high frequency peak is raised to a higher
frequency. At the same time the ampli-
tudes of both peaks decrease. Decrease of
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12 reduces the frequency of the lower peak
and also reduces the amplitude of both.
These conditions are illustrated in Fig. 14a.

PEAK CONTROLLED
_ sr fi

PEAK CONTROLLED
f2BY

PEAK CONTROLLED
f2By

PEAK
CONTROLLED
eY f

EREOUENCY FREOUENCY

( a ) ( b )

Fig. i4.-Mistuned coupled circuits.
(a) Q, primary resonant frequency increased.
(b) Q2. K Q1.

If Q2 is appreciably greater than Q1, the
amplitude of the peak controlled by 12 (in
this instance the lower frequency) is much
greater than the other peak, selectivity on
the lower frequency side is much sharper,
and the generalised curves cannot be used.
This is shown in Fig. 14b.

9. Conclusion
The above analysis shows that Beatty's

original generalised selectivity curves are
not confined to circuits of identical L, C
and .Q values, but can be applied to all the
simpler forms of coupling between two cir-
cuits of differing values of L, C and Q,
having a common resonant frequency. They
can be applied to mistuned coupled circuits
when Q2 is equal to, or very nearly equal to
Q,, and also to circuits with combined series
and shunt couplings, though the author has
not yet succeeded in developing simple
and accurate expressions for the coupling
coefficient, k, and parameter VQ1Q2k in the
latter case.

The important parameters for deter-
mining selectivity and phase -shift are shown
to be

VQ1Q2 k and 2VQ1Q2
Qi + Q2 Q1'22F

where F = 24f 2 X off -tune frequency
fm mid -frequency.

and the former lends itself to the following
simple definitions in terms of the coupling
reactance or susceptance and the primary
and secondary total series resistances or
parallel conductances.

For shunt coupling and a common primary

483

and secondary resonant frequency in the
absence of coupling

coupling reactance
A/Mak = geometric mean of primary and

secondary total series resistances. .
Susceptance and parallel conductances are
substituted for reactance and series resistance
in order to obtain the definition applicable
to series coupling.

L, + 4,2
A multiplying factor

2 v
- must be in-

serted in the numerator to cover the second
case of common resonant frequency.

It has been shown that the maximum
value of maximum transfer impedance
occurs when VQ1Q2 k = I and double peaks

appear when v Q1Q2 kexceedsV Q1 QE+ -).
Q2 Qi

Maximum transfer impedance for a given
selectivity characteristic is realised by
making Q1 = Q2 and the ratio of total
primary inductance to total secondary in-
ductance (including the coupling inductance,
if any) equal to the ratio of primary external
damping resistance to the secondary external
damping resistance.

In conclusion the author wishes to thank
Varconi's Wireless Telegraph Company for
permission to publish the results.

APPENDIX I
Series Inductance Coupling.

[Case r. "±iL 4C +IL4L4 Cs]

The transfer impedance is given by (see Fig. io.)
Z,Z,

ZT - Z, + Z, + Z,
/251 + jeuL,where Z1 =

jo.)C,[RT, jag.' )(Xi
Rr2 .161.2

Z2 =
jc0C2[Rr, + IjoiC,

Z, = jw.I.,

Coupling coefficient k -
geometric mean of coupling
+ primary susceptance of
same kind and coupling +
secondary susceptance of

same kind.

L,L,
= (L, + L,)(L, + L4)

coupling susceptance
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/ /
 Li+ L. 1 w + L.

L1L4 L2L4

Q1 =
"Li + L4 L4-

R1 R2 4-
(to mC 1)2Ra (wmC2)2R2

L1L4 L2L4
RD1 = Q1Wm.L1 L4.RD2 = sescom L2 L4

Z1

wig\
jaiCI\ I RTil

_Iwci I +1
1

)j)
,;(.1/ CO Li ± 1.4 Wm\

1 ( CO Qi-Li L4\

\,CO3,, L4

. CO L, L5)

Similarly

Z2 icoC, W. 2 L )

I ± jQ,(F

Q
. co L2 + L4\

I + 2(F + L!)

(0.4

1
44

ZT

Or

IZT1

dittober, 1943

RD1Q2k /1 -ice

[i Q 202 - F2n2 (Q1 + Q 2)2 F2

RD,  RD2 VQ1Q2 k

V [1 + Q 2(k2 F2)]2 + (Q1 + Q 2)2 F2

APPENDIX II
Shunt Inductance Coupling [Case 2. L1C1 = L ,C,1

The method of finding coupling coefficient k and
mid frequency f, has been previously established*
and is as follows. In the absence of resistance two
peak frequencies are obtained.

fi- 27r1 /zip, 27TVL2c2

fs
2a1/(L1A/(L, +

2+ bbL 3 i)C

(2)

For the second frequency L, is divided between
the primary and secondary circuits in such a way
that b.L 3 in parallel with

I

b - 1 L2 results in L3

From (2) bL3C1
b

b

- L3C2

r 4- a
or b

a
where a = L 2

Cl=

CO Li + L 4\ (1
/ 2

w L2 + L4\
W2C1C2 \( Wm L4 Wm. L4 )

(r)

co L , + L, * L 2. \ I (1 W L2-1-L4V .

AI +.1Q1(F+L" 1))ja/C2(I+Vi W.: L4 Xi +.1Q2 (F+ W 1)cup L, jwC 2\ +9 Qs
Wm. L4 W. L,

+ ja.41 ± jQ, (F 4- w 11)) (1 ±j Q2
.

(F + w L2))
a), L4 w,,, L4

Assuming that in the numeratorQ1 and Q2 I and
in the denominator

(coo:: iL+1 LL2 2LLL2)

- (1 iQ iF)(0722
L2 L -F2 L4 ±La LI,22)

Lag(I + ww L1 L4L + L Q -F1 L4)

is negligible compared with

k142 [(I + ..7121F)(i + 2F) + 121Q2k2 (02Iq

.  Wm Q1122(Li + L4)(1,2 L 4)k2L 42

Zr - cop3C1C2L.3L1L2

Q1Q2 (k2 a±fw - F2) +7(Q1 Q2)F

to. /(L, -14)L 2

(L2 + L4)Li

I + Q1122 (k2 F2) i(121 Q 2)F

Coupling coefficient
f.

k "2 " -
+ f22 2a L, 1,3)(1 + a)

L3

( 2+, a L, + La)

L,
A24 LV L+L\

\ 4- a + a 2 2/

fm= - k 12A/ I k

I

2ir N/ (Li + +2a a L3)Ci

I

27T ,\AL2+ I 4- a L,C, .. (3)
2

La)C$

" Analysis of Frequency in Oscillating Circuits,"
Howe, Electrical World, August r9th, 1926, p. 368.
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- (Z,+ Z2 + Z3)(Z3 + Z1 + Z,) - Z32
Z1Z2Z5
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. (Z, + Z2 + Z3)(Z3 Z4 + Z6) - 422

RryRT2[(14 Vin(1+ VsF) + ,Q1Q2142]

- jwL3 . (.0,3Z,Z,Z3 - ,
art,2,-- 2 W VW,22C14/42 Com2C2212T2 VC0,2CIRT1. V(.02,C2RT2

485

2 R RT2 T2

2Vc7- j V RD,.RD,VQ,Q2 k . ± a Rr.RT2

for from (3)

com2C, + aL, +
2a

L3

RD = Q1wm (L1 ± 12a a La)

RD, = Q20. (L2 + 2Ci L3)

(02, (L1 + I ± a L3)
2a

Qi

Q2 =

R, +

wm (L, + x + a L,)
2

R +
2 (01,2C2)2R2

ZI + Z2 + Z3 = R2,2 ± (CO(L ± 1.2)
)

Lii++ Las ))
(L, + La)

(a - z)L,
R (I + .1Qz(F 2aL + (I + a)La (0..1/

Similarly
Ze + Z4 + Z,

= R241 jQ2(F + (I - a)L3
w ))2L 2+ + a)1.2.

. (Z1+ Z2+ Z3)(Z4+ Z4+ Zs)

= 122,1142Di + jQ ,F)(r + jQ 2F)

Q,Q 2a)2(a - i)2Le
+ tu,32(2aL1 + (i a)L3)(2L2 + (I + a)L3)

al  Ls(a - - Q2)1
to.(2aL2 + (1 + a)L3)

for 2aL1 + + a)L3 = 21.2 + + a)L2.
The factor

(0 L3(a x)(Q, - Q,) to a -
tom (2aLi + (I + a)L2) tam (TT-1(Q I - Q2) k

may be neglected in comparison with the other
factors.

r .2 ..2./.82
1Z32 =

L 20.2 Rri.Rrs nr2

WW2
n 4aL22 Rri  RT2

cu2 (2aL,+(r+ a)L. 2)(2L 2+(I+ a)L,)

Thus
2VL1.L.

LT

2- Rpi  1421/ Qa k Li+ L.-
+ Q (k2 - F2) + Q F, (4a)

2

2V L,L,
VRD, . RDA, 2 k

IZTI
L1 + L2

V [1 . 2(1? 2 - Fe)]' (Q1+Q 2)2 F, (4b)

It may be noted that the coupling coefficient is
defined as follows :

k
Coupling reactance

geometric mean of coupling reactance
2L2+ (Li + L2 x primary reactance of same

kind) and coupling reactance + ( 2Li
L1+ L2

x secondary reactance of same kind).

APPENDIX III
Series Inductance Coupling [Case 2. LIG' = L2C2]

The two peak frequencies are

tar / L,C,bL, errL, + bL,

2VVL ICI 2w1/L2C2
The inductance L4 is divided between the two
circuits so that bL4 in series with (1 - b)L4 results
in L4.

Combining (x) and (2).

where a= L2 C1

I + a L, C2

k - L,
--

L,
zaL, +

4- a L, L2 ± + a L4

2/(L. + L4) (,LL2

L,
1

L,)

For definition purposes the third expression for
k is best.

k -

/ L2C2(I - b)L4
\ L2 + (I - b)L4

(I)

.. (2)

coupling susceptance

geometric mean of coupling susceptance
2L1

( L, +I.;2 x primary susceptance of same
2L2kind) and coupling susceptance ( L, +

x secondary susceptance of same kind).
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Jm

Q1 =

I I
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IL 2L4 L22aL4
11 + a I + a

27r C2 27r 2a C22L,Li+ NI-L2+ aL,

LizL4
'Um + a

2L,L, +

L,2aL,
+ a

Q2 = 2aL4L2 + I + a
1 1

R1
(w.C1)2Ro

R2 +
(CO mC 2)2R

L 12L4 L22aL,
a + a

RIN =Q1a
1 +n

; RD2 = Q2Wm
1

2L4 242
Li -1- 1+a L2+ -1+aL4

(I + a)L4+ 2L4)
Zi = f.7C2(1 + 9Q, cuco,,, 2L4

1 + jQ,(F + w (I ± ag-sI)
co 2L4

If. (I + jQ2 w (I + a) L2 ± 2aL4)

Z2 = iai`-'2 aim 2aL4
2( co (1 + a)L,1
' w. 2aL4 /

Z4 = jcoL4

ZT

October, 5943

. cum 2- V L L
VRDs R -D2 1/Q1Qak +1L:

c'
1 + Q1122(k2 co'? .0-2 - F2) + 1 + Q2)F

(3a)

OT
RD, A/Q Q k LL2

IZTI
a Li + L2

1,/[1 Q2Qa(k2 - F2)]2 + (Q1 + Q2)2F2
(3b)

APPENDIX IV
Mistuned Mutual Inductance Coupled Tuned Circuits.

Suppose the resonant frequencies of the primary
and secondary circuits of a mutual inductance
coupled filter are f1 and A respectively, f, being
greater than f2.

M
j coC,C2Z2, =

[RTI+j(aiLi- a7ciWERT2+ j(0)La-
+ w2M2

1+1 12 f2Let f, - and df'
2 2

i.e., f,= _I, fn.+ zi'
27r V LICI

:Z 2 ico3CC21-4( + .7Q2
+a)L, 21.4)(

2L,

wCI 2)1

Zr = z2+ Z4 (I
± iQi

(1+ a)L1 +
(F

a)L22+a,.,4)402C1L4 2L4

I ± 1Q2
co + a)L2 + 2aL4)
co, 2aL4

I
co2C2L4(I ± 1Q2

W + a)L2 2aL4\ co + a)Li(F 2Li2aL4

co (1 +,a)L,))(i + jQz (F + co (1 + a)L2,)
± (I ± 1Q1 (F + r )or 2/,m 4 CO 221- 4

Making the assumption in the numerator that
Q, and Q2 . I and in the denominator that

r-Li(i + a) (0,2 4.1..1(1 + a)
L L4 + to2 (I + a)L1 +

+ a)
L (Q. + QOF

40,,, (a - 1)L1
2L, 1 21

w, (I + a)L12(Q1.2 + Qs)
aL,((i + a)L1 + 2L4)

(02, 2L1(Q1a Qs) F
cos (I ± a)L1 21-4

is negligible,
i.e. denominator =

(i+a)
42 k22L1LsE

L(1 +iQ,F)(i+9Q2F)+,21Q2 ka Wwmry4aL

and f2 =
2a VL2C2

f, - Jj'
The first part of the denominator of ZT may be
written

RT,..Rr 2[1 + 9Q 1(w1 '22)1[1 + 1Q 2( a,)]
where

w2L2, = and Q2=
Now

- 2d f1 where Lif is referred to 11 as
I

origin.
However, it is necessary to refer not to 11 but to

the mid -frequency f , and since A > f,
Jf1= 41 - zif

where Llf = the off -tune frequency from f,,,
'U cos 2 (Zif Zif') 2(4- 4i) F F'
co, co fl f,2
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Similarly - = F F'. The denominator of Zr therefore becomes
(02 w

= Rri . RT2DI :1Q1(F Fl(Il-jQ2(F±F;)) R:52111Ray

= RT2 RT2DI +.1Q 1(F - 11(1 + :1Q 2(F F F')) Q1Q2k2 :÷21

= Rri . R2,2[1 Q,Q 2(k2 0:4, (F')2 - F2) + j[(Q, + 22)F (Q2 - Q1) F']]

V R. b,  RDS VQ1Q2 kand 1Zr1 -
V'[' + Q1(22(k2 + (F12 - [(Q1 + Q + (Q8 -Q 1) FT

This expression is identical with expression (5d)
except for the factor (Q2 - Q,)F' and the increase
in the equvalent coupling coefficient from k to

(F')2. Provided Q2 is very nearly equal to
Q1 the generalised curves for selectivity and phase
shift can be applied when the coupling coefficient
is taken as 1/k2 (F')2. It may be noted that
when Q1 = Q2 the curves may be used without
errors from this source. Differentiating the denomi-
nator of 1Zr1 with respect to F and equating to 0
gives

F f N/ k2 (Fla - )
/ \

so that 1Zr1.
V RD, . RD2. VQ,Qak
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N/ (Q i$ Q2')'
(Q1 + Q (k2 (F')°)

4Q12Q12

Comparing this with (6) shows that 1Zr1 max. for
the same selectivity characteristic is reduced in
relation to that obtained with coupled circuits
having the same resonant frequency. Mistuning
as a means of obtaining a given band width as
compared with coupling methods is therefore
inefficient.

Correspondence .

Letters - of technical interest are always welcome. In publishing such communications the
Editors do not necessarily endorse any technical or general statements which they may contain.

Theorem of Pleijel
TQ the Editor, " Wireless Engineer."

SIR,-It seems to me that this theorem as stated
by you in the July Editorial is incorrect. I submit
that it can be stated in either of two forms :

The change of current in any branch of a network
due to the insertion of a resistance n in a branch A
is equal to the curr,ent due to E.M.F.s el or e2 in
that branch where

(a) el = nil where 11 is the original current in
the branch A and the resistance n is still present, or
(b) e, = .02 where i, is the new current in the
branch and the E.M.F. is applied in place of n.

The proof of the theorem which you give leads
directly to my statement (a). You have shown that
an E.M.F. e = in in series with n gives the original
current. (This is evident since the voltage drop
across e and n is zero so that we have effectively
the original circuit.) If e is removed the new
current distribution will be obtained. Hence the
change of current (calculable in the absence of the
original sources) is the current due to e in the
network containing n.

My statement (b) follows from the identity of the
potential drops across /I carrying i, and across the
E.M.F. e2. It is easily deduced that if Ro is the

Thevenin impedance at the point of insertion of n
then

'71e, = - + nIR2
Your form (a) can also be deduced from this.
Application of the theorem to a series circuit of

a so -volt battery, so -ohm resistance and 55 -ohm
added resistance shows clearly the 'differences
between the methods and the incorrect answer
(neg o.5A) given by application of the theorem as
stated by you.

Which of the forms (a), (b) is the best to use
depends on circumstances. If n is small both lead
to the form given by you as an approximation.

I should also like to point out that this theorem
is a direct application of the superposition principle,
and that, as I have shown above, it is most easily
proved without any reference to Tharenin's
Theorem.

JOHN H. MOLE.
Dewsbury.
[Dr. Mole's criticism is fully justified. Pomey's

statement of the theorem, a translation of which
was included in the Editorial, is not very clear on
the point. The matter is further discussed on
p. 472.-ED.]
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" Tracing Valve Characteristics "
To the Editor, " Wireless Engineer."

SIR, -I was very interested in an article by
Geoffrey Bocking with the above title published in
Wireless Engineer for December 1942. At the time
of publication I read through this article but did not
go into the -details of the circuits. A few weeks
ago I thought of making a device similar to the
test set, the circuit of which is given in Fig. 9 of
the article. On going into more detail as to the
operation of the circuit I discovered a very serious
error. With the switches in the E.1.1,, position the
schematic circuit (omitting details of the grid
circuit) is as shown in Fig. A. In order to show

AMPLIFIER
VALVE

ANODE
OF C.R.T.

DC+

D.C.
VOLTAGE

ONLY

(A)

ANODE
OF C.R.T

(B)

D.C.

A.C.

A.0

Ea/Ia characteristics the X deflection should be
proportional to Ea. This condition is fulfilled in
the circuit shown, assuming the drop across R to
be small compared with the anode voltage. The
Y deflection should be proportional to Ia. In the
circuit shown this is not so, since the voltage applied
between the grid and cathode of the amplifier valve
is the A.C. supply voltage to the anode. (about
35o volts A.C.), less the small drop (proportional
to I,) across R. Obviously the amplifier will be
badly overloaded if not damaged, and even if this
were not so, the result would not be correct. The
only ways of connecting the cathode-ray tube are
as shown in Fig. ib of the article, when the use of
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an amplifier on the Y plates is difficult, or as shown
in Fig. B. The only difficulty with the latter
method is that, if a multi -electrode valve is being
tested, a separate supply must be used for each
electrode as shown in Fig. B, so that only I,,
flows through the resistance R. I have made a
test set on these lines which works successfully, but
is rather expensive, due to the separate power
supplies: I would be pleased to let you have
further particulars of this se+ if you are interested.

The error in Fig. 9 cannot, I think, be a printing
error as there seems no way of overcoming the
difficulty without major alterations to the circuit.
Apparently the author cannot have built this test
set, as otherwise he would have found out this
mistake.

I would like to apologise for referring to an
article published so long ago, but it is an error
which is not obvious at a first glance.

The circuit appears to be correct when switched
to show the E811 characteristics, as the supply
to the anode is then D.C.

G. N. PATCHETT.
Eccleshill, Bradford.

I.E.E. Meetings
THE first meeting of the 1943/44 session of the

Institution of Electrical Engineers will be
held on Thursday, October 7th, when Col. Sir A.
Stanley Angwin will give his inaugural address as
president. .

On Wednesday, October i3th, T. E. Goldup, the
new chairman of the Wireless Section, will deliver
his inaugural address.

At an Informal Meeting of the Institution on
Monday, October 25th, the president will open a
discussion on " How Far is International Standard-
isation in the National Interest ? "

All the above meetings commence at 5.3o.

Brit. I.R.E.
COLOUR and Stereoscopic Television " is the

subject of the paper to be delivered by John
L. Baird at the meeting of the British Insti-
tution of Radio Engineers arranged for 6.3o on
October 28th. It will be held at the Institution of
Structural Engineers, r I Upper Belgrave Street,
London, S.W.I.

GOODS FOR EXPORT
The fact that goods made of raw ma-
terials in short supply owing to war
conditions are advertised in this journal
should not be taken as an indication
that they are necessarily available for

export.
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A Valve -Oscillator Theorem*
By Emrys Williams, B.Eng., Ph.D., A.M.I.E.E.

AGREAT variety of methods has been
used for the analysis of valve -oscillator
circuits. The valve -oscillator may be

regarded as an amplifier which has sufficient
anode -grid circuit coupling to enable it to
produce its own input voltage ; or it may be
regarded as a regenerative amplifier whose
feed -back ratio has been increased to the
critical value which makes the voltage -
amplification infinite ; or it may be regarded
as a passive oscillatory_ circuit having zero
total resistance (and hence zero decrement)
as a result of the cancellation of the positive
resistance of the circuit by the negative
resistance of the valve. Each outlook leads
to its particular method of analysis-aimed
at deducing the frequency of oscillation and
the " maintenance condition " (a necessary
relation between the valve parameters and
circuit constants if self -oscillation is to occur).
Some oscillator circuits are best treated using
one outlook, some using another. In the
present paper it is intended to present, in
the form of a theorem, a single procedure
applicable to all orthodox negative -grid
oscillator circuits ; and also, by the applica-
tion of this theorem to one well-known class
of oscillators, to prove certain general rules
of behaviour for such oscillators.

Theorem
In any negative -grid valve oscillator circuit

the following relation must be satisfied

Z 7 A = o (I)

where rA = Valve Impedance (anode incre-
mental resistance)

= Valve amplification factor
N = Complex ratio Vg/V, i.e. the

ratio of the grid and anode
voltage vectors

Z = Impedance of the whole external
circuit connected between
anode and cathode.

* MS. accepted byi the Editor, July 1943.

Using conventional symbols for A.C. vectors
and adopting the valve equivalent circuit !.
shown in Fig. r, we see that

= - p.v g
If, by means of the external circuit connected
to the valve, V, be maintained equal to NV
Where.N is any complex number, we have

Va = - ,uNV 
rAwhence Va/Ia =

+ IAN
. . (2)

This is therefore the vector impedance which
the valve will present, between anode and
cathode, when the circuit is such as to
maintain. Vg/V equal to N. For example, if
N be made real and negative and larger than
i/ik (i.e. if a voltage greater than i//4 times
the anode voltage be fed back to the grid
circuit 18o degrees out of phase with the
anode voltage) the valve would function as

ANODE

a

p Vg

A

I +

Va
rA

4-p N

ANODE
0

0
CATHODE CATHODE

Fig. 1. Fig. 2.

a pure negative resistance. (In general, as
we shall see, an oscillator valve does not
function as a pure negative resistance, but
has also reactance).

If Z represent the vector impedance of the
whole external circuit connected between
anode and cathode (a quantity which can

t In assuming the valve equivalent circuit we
are inherently assuming linear characteristics. In
assuming A.C. vectors we are inherently assuming
sinusoidal oscillation. The above may not, there-
fore, be regarded as a proof of the existence of
sinusoidal oscillations in any oscillator circuit, but
merely as the deduction of certain conditions which
must be satisfied if sinusoidal oscillation does occur.
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usually be easily written down by the use of
the rules for series and parallel impedances)
the whole circuit becomes as shown in Fig. 2.
The application of Kirchhoff's second law to
this circuit gives

/". r A ) = o

so that either the alternating anode current,
/a, must be zero (in which case there is no
self -oscillation) or else equation (1) must be
satisfied.

Examples of the Application of this Theorem

The method of determining the oscillation
frequency and the maintenance condition by
the use of this theorem may be illustrated by
reference to the tuned anode oscillator
(Fig. 3) and the Colpitts oscillator (Fig. 5).

The A.C. equivalent
circuit of the tuned
anode oscillator is
shown in Fig. 4, and
it will be seen that

R jwL jo)C

Fig. 3.

=-
(R +j co L)(Ilj wC)

Moreover the grid
voltage vector is given
by jwMIL, where IL
denotes the vector
for the current
through the coil L.

The alternating voltage across this coil is
clearly equal to - Va, and hence

- Val(R +jwL)
and Va = jeoMIL
so that N = -jo,M/(R jwL)

Substitution of these expressions for N and Z
into equation (I) gives

r A(R + jcoL iljc0C)
(R + jwL)(11:70,C) - µM /C = o

Separation of this identity into its real and
imaginary parts then gives the oscillation
frequency and the maintenance condition as
follows :-

w.=
LC

M = (L + rARC)1µ.

The equivalent A.C. circuit of the Colpitts
oscillator is shown in Fig. 6, and it will be
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seen that this is an example of the class of
oscillators which we shall call " closed circuit
oscillators," i.e. oscillators which consist of
a closed circuit (in this case L C1 C2) with the
valve's anode, cathode and grid tapped on to
this closed circuit. It will be convenient to
denote the impedances which make up the

M

L

Fig. 4

closed circuit by vectors Z1 Z2 Z3, where Z1
is the impedance between cathode and grid,
Z2 is that between cathode and anode, and
Z3 is that between anode and grid. From
Fig. 6 we see that

z Z2(Z1 + Z3)
Z, + Z2 ± Z3

and
N =Z,I(Z,± Z3)

Substitution of these values into equation (I)
gives

r A

Z1 + tai ±. Z3 Zi + .Z2 A- Z3

(3)
For the Colpitts oscillator Z1, Z2 and Z3 are
respectively ifjcoC,, iljwC2 and (R + jwL).
Substitution of these expressions into equa-
tion (3) and separation into real and
imaginary parts gives

/I/C1
RIr AVG 2

and
Rr, L/C1 = (I + /.4) /012C iC 2

The first of these gives the oscillation
frequency ; and if R is small with respect to
rA) as is usual, the oscillation frequency is
seen to be very nearly equal to the frequency
of resonance of the closed circuit. The
second of the above equations gives the
maintenance condition ; and becomes simply
a relation between the valve parameters and
circuit constants (as required) if the value
of at be substituted from the first equation.
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Closed Circuit Oscillators in General

Many important oscillators are of this type,
including the tuned -anode tuned -grid and
the commonest crystal controlled oscillator.
For oscillators of this type the above theorem
reduces to equation (3).

In the majority of closed circuit oscillators
(the Colpitts oscillator is the notable excep-
tion) the impedance Z3 between anode and
grid is a capacitance, often formed simply
of the grid -anode capacitance of the valve.
We may derive the following general
properties of such oscillators (i.e., where
Z3 is a capacitance) from consideration of
equation (3). (The derivation of these pro-
perties is given in an appendix.)

(i) Both Z, and Z2 must have inductive
reactance at the frequency of oscillation. In
the case of the tuned -anode tuned -grid
oscillator, in which Z1 and Z2 are each
parallel L-C circuits, this means that the
frequency of os-
cillation is lower
than the reson-
ance frequency
of either L-C
circuit, since a
parallel L-C cir-
cuit has induc-
tive reactance
only at frequen-
cies below reson-
ance. In the
case of oscilla-
tors having a
piezo - electric
crystal between
grid and cathode,
it follows that the oscillation frequency must
lie in the narrow range of frequencies for
which the equivalent circuit of the crystal
has an inductive reactance.

(ii) The oscillation frequency differs from
the resonance frequency of the closed
circuit by a small amount which tends to
zero as the resistive components of Z1 and
Z2 tend to zero.

(iii) At the frequency of oscillation the
total reactance of the closed circuit is nega-
tive (i.e. capacitive). The .magnitude of
this capacitive reactance tends to zero as
the resistive components of Z1 and Z2 tend
to zero. This provides us with a rule for
determining, for any given oscillator, whether

L R

Fig. 5.
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the oscillation frequency is greater or less
than the resonance frequency.

(iv) At the frequency of oscillation the
reactance com-
ponent of Z, must
exceed iiia times z
that of Z2 by an ANODE

amount which
depends upon the
resistive compo-
nents of Z1 and
Z2. This enables
us to write down
an approximate
Maintenance Condition for any given oscil-
lator.

C, CATHODE

GRID

Z,

Fig. 6.

APPENDIX
Derivation of the above properties of closed

circuit oscillators in which Z3 is a pure capacitance.
Let Z, = a + jb; Za=c+ jd; -jk
where a, b, c, d and k are all real, and a, c and k
are positive. Substituting these expressions into
equation (3), cross -multiplying and separating into
real and imaginary parts, we have

d(b jib - k) = rA(a c) ac(1 II) (4)
rA(b d - k) -ad(i - c(b - k) (5)

These may be abbreviated to
Abd - kd =B

Cb Dd = kE
where A, B, C, D and E are all positive. Eliminating
d between these equations we have

b2(AC) - b(AE C)k (PE + ED) = o
which shows that b must be positive. Similarly it
may be shown that d is positive. Since b and d
denote the reactive components of Z1 and Z2 it
follows that these reactances must be inductive at
the frequency of oscillation, which is the frequency
at which equation (3) holds good.

Next, it will be seen that the right-hand side of
equation (4) is positive ; it follows that (b - k)
is positive. Hence equation (5) shows that
(b d - k) is negative. This last quantity is the
total reactance of the closed circuit, and will be
zero at the resonance frequency of the closed circuit.
It follows that the oscillation frequency differs from
the resonance frequency of the closed circuit.

If, however, the resistive components a and c
are zero, equations (4) and (5) become '

(b - k) (b d - k) =o
showing that in this event the oscillation frequency
is the same as the resonance frequency of the closed
circuit, and that at this frequency the reactance,
b, of Z1 is equal to a fraction of of the reactance,
d, of Z2. In a practical case a and c are not zero,
and we see that the reactive term (b - k) is
positive, while (b + d - k) is negative. It follows
that in practice b must exceed a fraction 1 /// of
the reactance d.

The behaviour of closed circuit oscillators in which
Z3 is a pure inductance may be investigated simply
by changing the sign of k in the above.

Z2
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Wireless Patents
A Summary of Recently Accepted Specifications

The following abstracts are prepared, with the permission of the controller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W .C.2, price II- each

ACOUSTICS AND. AUDIO -FREQUENCY CIRCUITS
AND APPARATUS

553 677.-Construction and arrangement of a
microphone which is operated by contact with the
throat muscles of the user.

Standard Telephones and Cables and I. S. P.
Roberton. Application date 28th November, 1941.
553 997.-Sound-wave transmitter or receiver with
means for eliminating the effect of any movement
of the device through the medium.

T. J. R. Bright. Application date loth December,
1941.
554 o43.-Means for controlling the lamp used to
energise the photo -electric pick-up of a radio -
phonograph combination.

Philco Radio and Television Corporation (assignees
of M. L. Thompson). Convention date (U.S.A.),
13th December, 1940.

DIRECTIONAL WIRELESS
553 970.-Preventing the radiation of Waves
having undesired polarity, say from a radio beacon
station of the overlapping -beam type.

Standard Telephones and Cables and A. J.
Maddock. Application date 9th December, 1941.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

553 67i.-Automatic gain control system applied
to a spaced arrangement of receivers for counter-
acting selective fading.

Philips Lamps (communicated by N.. V. Philips'
Gloeilampenfabrieken). Application date 31st October,
1941.
553 786.-Wireless receiver with press -button tun-
ing means for controlling the setting of a number of
movable condensers.

The General Electric Co. and W. R. Rose. Applica-
tion date 25th April, 1941.
553 847.-Broad-band amplifier comprising two or
more distinct paths for applying stabilising feed-
back to different portions of the frequency range.

Standard Telephones and Cables (assignees of
H. W. Bode). Convention date (U.S.A.) 28th De-
cember, 1940.

TELEVISION CIRCUITS AND APPARATUS
FOR TRANSMISSION AND RECEPTION

553 851.-Television scanning system with means
for automatically controlling or stabilising the
" aspect ratio " of the two deflecting fields applied
to the electron stream of a cathode-ray tube.

Hazeltine Corporation. Convention date (U.S.A.)
1st July, 1941.

TRANSMITTING CIRCUITS AND APPARATUS
(See also under Television)

553 738.-Construction of a portable radio trans-
mitter adapted to be brought into operation in an
emergency.

F. B. Dehn (communicated by Wells -Gardner Cr Co.
and Gardwell Co. Inc.). Application date 1st Sep-
tember, 1941.

553 838.-Short-wave generator or amplifier having
a " suction " or positively -biased grid which is con-
nected through two distinct leads in order to reduce
damping of the input circuit.

Philips Lamps (communicated 'by N. V. Philips'
Gloeilampenfabrieken). Application date 11th De-
cember, .1941.

553 967.-Automatic safeguard against the break-
down of any one of several power amplifiers con-
nected in parallel to a common load, such as a
transmitting aerial.

Standard Telephones and Cables and A. J.
Maddock. Application date 9th December, 1941.

CONSTRUCTION OF ELECTRONIC -DISCHARGE
DEVICES

553 81.-Electrode arrangement for increasing the
gain or sensitivity of a multiple -anode valve
utilising deflection control.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application dare 12th No-
vember, 1911.

553182.-Construction and arrangement of a
metal -to -glass seal in which the component parts
have different coefficients of expansion.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken)..r4IApplication date 19th No-

. 553 746.-Process for making a glass seal, say,
'between the bulb and- base of a thermionic valve,
without setting -up undesirable strains:

Marconi's W. T. Co. (assignees of H. R. Seelen).
Convention date (U.S.A.) 30th November, 194o.

553 755.-Electron-optical arrangement for pro-
ducing from a heated cathode an electron beam of
uniform density in cross-section.

Ges. zur Forderung &' Technischen Hochschule.
Convention date (Switzerland) 29th January, 1941.

553 774.-Arrangement of the striking -electrodes
in a gas -filled electron -discharge tube.

Westinghouse Electric International Co. Conven-
tion date (U.S.A.) 24th April, 1941.
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553 787. -Press -button tuning system wherein one
of the operating links comprises an electro-
magnetically -operated pawl -and -ratchet device.

The General Electric Co. and W. R. Rose. Applica-
tion date 25th April, 1941.

553 805. -Construction and sealing of a radio
transmitter tube of the de -mountable and water-
cooled type.

" Patelhold " Patentverwertungs and Elektro-Hold-
ing A kt. Convention date (Switzerland), 3oth
December, 940.

553 832. -Process for coating refractory wire, such
as tungsten, with separate metallic layers and rare-
earth compounds, for use as thermionic cathodes.

F. Barton. Application date, 3rd December, 1941.

553 841 .-Electrode structure designed to facilitate
the deposition of a sensitive coating in the manu-
facture, say, of a photo -electric, cell.

Western Electric Co., Inc. Convention date
(U.S.A.), 25th January, 194'.

553 846. -Electrode structure designed to reduce
input damping in a discharge tube of the electron -
beam type coupled to a coaxial -line feeder.

Standard Telephones and Cables (communicated
by Western' Electric Co., Inc.). Application date,
28th March, 1942.

553 943. -Cathode-ray tube in which a thin beam
of electrons is maintained in focus by a magnetic
field throughout the range of deflection applied to
the beam by a superposed electric field.

Standard Telephones and Cables (assignees of
A. M. Skellett). Convention date (U.S.A.), 27th
June, 1940.

554 oo4.-Construction and sealing of the lead-in
wires to the electrodes of an electron -discharge
tube.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 11th Feb-
ruary, 1942.

SUBSIDIARY APPARATUS AND MATERIALS

553 723. -Voltage -converting arrangement com-
prising a number of thermionic tubes connected in
series, so that each of the cathodes has a different
operating potential.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 16th Feb-
ruary, 1942.

553 828. -Arrangement of multi -vibrator with a
Class -B amplifier for generating stabilised oscilla-
tions for frequency or phase modulation.

Marconi's W. T. Co. (assignees of J. Evans).
Convention date (U.S.A.), 1st June, 1940.

553 845 Combination of a gas -filled discharge
tube and condenser to control the timing of a slow -
operation relay.

Standard Telephones and Cables (assignees of
B. J. Bjornson). Convention date (U.S.A.), 23rd
October, 1940.
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553 852. -Electron -discharge system for generating
high -frequency oscillations from A.C. mains, and
for providing flexible control of the output supplied
to a variable load.

The British Thomson -Houston Co. Convention
date (U.S.A.), 2nd May, 1941.
553 866. -Electron -beam oscillation generator in
which the electron stream is made to oscillate in the
Barkhausen-Kurz manner across a resonant arrange-
ment of electrodes.

Standard Telephones and Cables (assignees of
J. A. Morton. Convention dale (U.S.A.), 5th July,
1940-
553 884. -Input circuit for controlling and improv-
ing the frequency response of an amplifier of the
kind in which negative feed -back is applied through
a cathode load impedance.

Marconi's W. T. Co. (assignees of J. L. Hathaway).
Convention date (U.S.A.), 7th January, 1941.
553 966. -Arrangement of shunt elements for reduc-
ing the residual inductive effects of a precision wire -
wound resistance.

Standard Telephones and Cables and W. Kram.
Application date, 9th 'December, 1941.
553 971. -Valve frequency -doubling circuit in which
no potentials of the doubled frequency are allowed
to appear across the input circuit.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, tith De-
cember, 1941.

553 973. -Low -powered " pilot " or starting -up
device for a high-powered frequency -converter
system of the magnetic -flux type.

Telephone Manufacturing Co. and L. H. Paddle.
Application date, 24th December, 1941.
554 oo3.-Arrangement and impulsing of a two -
stage cross -coupled valve relay having two alternate
states of stability.

J. H. Reyner and F. R. Milsom. Application
date 5th February, 1942.
554 074. -Means for preventing " flash -over " be-
tween the insulating spacers and the stranded -wire
inner core of a coaxial high -frequency cable. [Addi-
tion to 533 982.]

Telegraph Construction and Maintenance Co. and
E. W. Smith. Application date, 15th December, 1941.
554 092. -Wave transmission network of the bridged -
T type comprising variable attenuation and phase -
shifting elements.

Standard Telephones and Cables (assignees of
A. W. Clement). Convention date (U.S.A.), 23rd
August, 1941.

554 O. -Glow -discharge relay comprising thermo-
expansive electrodes for closing a contact for a
predetermined time.

Westinghouse Electric International Co. Con-
vention date (U.S.A.), 23rd October, 1941.
554 1i7. -Variable -impedance network comprising
an element with a negative temperature coefficient
for stabilising the working characteristic of a high -
frequency transmission -line.

Standard Telephones and Cables (Assignees of
P. G. Edwards and R. K. Bullington). Convention
date (U.S:A.), 9th September, 1941.
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PROPAGATION OF WAVES

2625. THE EXPERIMENTAL DETERMINATION OF THE
RESONANCE RESISTANCE OF RESONATORS IN
THE CENTIMETRIC-WAVE BA ND . -Borgnis.
(See 2755.)

2626. THE RADIATION OF ELECTROMAGNETIC
ENERGY THROUGH APERTURES [and  the
Conception of a " Diffraction " Aerial].-
Neyman. (See 2715.)

2627. THE SUPPRESSOR ACTION OF CONCENTRIC
LINES WITH LONGITUDINALLY LAYERED
DIELECTRIC IN THE DECIMETRIC-WAVE BAND
[Coaxial Cables with Disc Insulation].-
Riedel. (See 2716.)

2628. THE IMPEDANCE OF HOLLOW WAVE -GUIDES.
-H. T. Flint & L. Pincherle. (Proc. Pkys.
Soc., 1st July 1943, Vol. 55, Part 4, No. 310,
PP. 329-338.)

" Maxwell's equations for the electromagnetic
field in the space containing a dielectric bounded by
a conductor can be expressed in a form identical
with the equations which apply to parallel wires or
to concentric cables. This leads to the application
of the concept of impedance in the case of wave -
guides similar to that applied in the case of parallel
wires or cables. Schelkunoff has extended the
concept of impedance to a variety of problems, and
in particular to the case of wave -guides. It is the
purpose of this paper to bring out the close analogy
which exists between the two types of guides, so
that well-known results in one case can be used in
the consideration of the other. It will appear in
this way that knowledge of the relation between
current and potential in the case of parallel guides,

and of the reflecting properties of impedances
placed across them, can be used in the solution of
questions relating to wave -guides."

The writer deals first with transverse magnetic
waves (E -waves) beginning with the infinitely long
tube and the effect of a dielectric slab placed within
it, and continuing with the calculation of the
impedance of hollow tubes with different termina-
tions. Transverse electric waves (H -waves) are
then considered (reflection at the boundary separa-
ting two dielectrics : reflection at a dielectric slab
and at a slab terminated by a hollow tube of
length 1 with a perfectly reflecting end). On the
basis of these results, methods are outlined,
analogous to those used for Lecher wires (see Flint
& Williams, 780 of 2942), for measuring the im-
pedances of hollow guides, and hence the dielectric
constant and absorption of materials which can be
introduced into the guide. Finally, the present
treatment is applied to the case considered by
Lamont (3281 of 1940 [and not as quoted here : see
also 4373 of 1940]), and the relation obtained by
him, and used as the basis of his method of measur-
ing dielectric constants, is thus found again.

2629. ARRANGEMENT FOR COUPLING A WAVE -GUIDE
TO AN ELECTRICAL APPARATUS . -P. G.
Violet. (Hochf:tech. u. Elek:akus., Jan. 1943,
Vol. 61, No. 1, p. 31.)

A Telefunken patent, D.R.P. 722 612. " Since
the optimum coupling possibilities are only en-
countered with guide waves of the lowest order
(E01, H01), the coupling of an electrical apparatus
to a guide excited to a wave of higher order (say
En wave) is carried out by branching the end of the
guide into several parts, which are joined in pairs
to form a loop in which waves of lower order (E01
for instance) are formed, and in which an aerial
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[for the latter wave : with terminals outside the
loop : see Fig. 17] is provided for coupling pur-
poses ". For previous work see 3563 of 1942.

2630. ULTRA -HIGH FREQUENCIES [Summary of
Paper at Joint Meeting of I.R.E. & A.I.E.E.
on 28th January]. --G. C. Southworth.
(Bell Lab. Record, March 1943, Vol. 21,
No. 7, pp. 194-196.) Including a table of
comparative attenuations for Finch and
3 -inch coaxials and a 3 -inch wave -guide.

2631. CORRECTION TO " THE RECIPROCITY THEOREM
OF THE ELECTROMAGNETIC FIELD [Omission

- of Factor in Calculation of Integral for Cavity
Line].-W. D5.11enbach. (Arch. f. Elektrot.,
30th Sept. 1942, Vol. 36, No. 9, p. 572.)
See 326o of 1942.

2632. ULTRA -SHORT ELECTROMAGNETIC WAVES :
I-ELECTROMAGNETIC THEORY : II-TRANS-
MISSION-LINE THEORY.-E. Weber : J. R.
Ragazzini. (Elec. Engineering, March &
April 1943, Vol. 62, Nos. 3 & 4, pp. 103 &
159 onwards.) See also 2633 & 2693, below.

2633. ULTRA -SHORT ELECTROMAGNETIC WAVES :
IV-GUIDED PROPAGATION [Treatment by
Transmission -Line Theory & Optical Ana-
logy : including a Section on Cavity Reso-
nators].-S. A. Schelkunoff. (Elec. Engineer-
ing, June 1943, Vol. 62, No. 6, pp. 235-246.)

2634. RADIO RESEARCH ON METRE WAVES [Note
on Papers by Members of Staff of Radio
Department, N.P.L., dealt with in 1823, 1918,
& 1822 of July].-(Nature, 17th July 1943,
Vol. 152, No. 3846, pp. 83-84.)

2635. MEASUREMENT OF THE ANGLE OF DOWN -
COMING WAVES FROM INDIAN REGIONAL
SHORT-WAVE STATIONS.-M. R. Rao.
(Indian Journ. of Phys., Dec. 1942, Vol. 16,
Part 6, pp. 347-367.)

Author's summary :-" Results of the measure-.
ments of downcoming angles carried out at Delhi
on signals radiated from the Bombay and Madras
broadcasting stations of All -India Radio are given
and discussed.. Close agreement has been found
between the experimental and the theoretical
values. Use of pulse signals radiated from these
stations not only helped to overcome difficulties
of agitation and haphazard rotation of the patterns
on the screen, but also made it possible to resolve
the downcoming waves into their component waves
and to determine the downcoming angles of each.
The results provide an interesting study of the
importance of the various parameters which may
control propagation under given conditions. The
role of the intervening ionised strata such as the
E layer is also analysed and discussed." The
set-up was essentially the same as. that used by
Chamanlal (36o of 1942) based on the method
developed by the Radio Research Board in England.
The wide -band characteristic necessary for the
reception of the pulses used in the present experi-
ments (50 per second, each about 0.0004 second in
length) was achieved by introducing resistances in
the tuned circuits of the i.f. stages.
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A section on pp. 359-361 deals with " the virtual
height paradox : " in a multi -hop transmission,
the virtual height of the layer from which reflections
take place would increase as the order of the hop
increases, as shown in Fig. 8. The results on
Bombay and Madras stations working in the 90 m
band usually conformed to this. However, at the
beginning of April an unusual phenomenon was
observed on the Bombay pulse -patterns . . . the,
first hop is reflected from a virtual height of 500 km,
the 2nd hop from 440 km, and the third hop from
393 km. This is in variance with the established
notions. As an explanation it is suggested that a
deflecting layer in the transmission path, such as
the residual E layer that could have been present
at the time of measurement, would be responsible
for such a phenomenon," as shown in Fig. 9 : the
greater the obliquity of the incident ray the greater
the deviation by the intervening layer, and the
greater, therefore, the virtual height. " Another
effect of the intervening layer is its effect on the
energy distribution in the various component rays " :
the same record for roth April showed that the first
four hops were of the same order of amplitude,
instead of the first hop being, as it was normally,
much weaker than the second or third.

2636. A NOTE ON FIELD STRENGTH OF DELHI 3
AND DELHI 4 AT CALCUTTA DURING THE
SOLAR ECLIPSE OF SEPTEMBER 2IST, 1941.-
S. P. Chakravarti. (Proc. I.R.E., June 1943,
Vol. 31, No. 6, Part I, pp. 269-270.)

The distance is about goo miles. The relative
values of the horizontally (abnormally) polarised
component of the electric -field intensity were
observed ordinarily every minute, and at certain
times every 5 or ro seconds, during and just after
the eclipse. Over the greater part of the period
the average signal intensity from both stations was
higher than the average non -eclipse " intensity,
falling towards the end uf the period almost to (or
temporarily below) that level. Delhi 3 (19.62 m)
shows several cases of quick fading (10-30 seconds
period) during the first 45 minutes, the intensity
sometimes varying from half or full " non -eclipse "
value to over twice or three times that value.
During the second 45 minutes the record shows slow
fadings (1-3 minutes) from about full " non -
eclipse " value to two or, three times that value.
Delhi 4 (25.36 m), on the other hand, shows its
slow fadings in the first 45 minutes and its quick
fadings in the earlier part of the second 45 minutes
(from full or if times to 34 or 4 times the average
" non -eclipse " value).
2637. THE MOLECULAR STRUCTURE OF OZONE [as

obtained by Electron -Diffraction Investiga-
tion].-W. Shand, Jr., & R. A. Spurr. (Sci.
Abstracts, Sec. A, June 1943, Vol. 46, No: 546, .
p. 122.)

2638. NEW SUNSPOT CYCLE [First Group photo-
graphed at Naval Observatory].-(Sci. News
Letter, 29th May 1943, Vol. 43, No. 22,

P. 3394
1639. CORONAL INTENSITY AND GEOMAGNETISM.-

M. Waldmeier. (Sci. Abstracts, Sec. A,
June 1943, Vol. 46, No. 546, p. 107.)

The appearance at the Sun's limbs of " C -regions "
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is correlated with the occurrence about 7.4 days
later (E limb) or 6.2 days earlier (W limb) of
geomagnetic disturbances. Various conclusions are
drawn. For recent work by this writer see 2277,
2604, 2945, & 2948 of 1942.

2640. " DIE ERDMAGNETISCHE AKTIVITAT IN SODAN-
KYLA IN DEN JAHREN 1914-1934' [Book
Review].-E. Sucksdorff. (Terr. Mag. &
Atmos. Elec., June 1943, Vol. 48, No. 2,
pp. 113-114.)

2641. LIST OF GEOMAGNETIC OBSERVATORIES AND
THESAURUS OF VALUES.-J. A. Fleming &
W. E. Scott. (Terr. Mag. & Atmos. Elec.,
June 1943, Vol. 48, No. 2, pp. 97-108.)

2642. ARCHAEOLOGICA GEOMAGNETICA : II, and
SOME EARLY CONTRIBUTIONS. TO THE HIS-
TORY OF GEOMAGNETISM : II AND III.-
S. Chapman : H. D. Harradon. (Terr. Mag.
& Atmos. Elec., June 1943, Vol. 48, No. 2,
pp. 77-78: pp. 79-91.) For I see 2070 of
August.

2643. " HEAT TRANSFER BY INFRA -RED RADIA-
TION IN THE ATMOSPHERE " [Book Review].
-W. M. Elsasser. (Journ. Applied Phys.,
July 1943, Vol. 14, No. 7, p. 367.) Also
Science, 2nd July 1943, pp. 17-18.

2644. METHODEN UND PROBLEME DER DYNA-
MISCHEN METEOROLOGIE " [Notice of Re-
printing].-H. Ertel. (See 2898.) For recent
work by this author see 3490 of 1942.

2645. NOTE ON THE TRANSMISSION OF RADIO
WAVES THROUGH THE EARTH.-D. Silver-
man & D. Sheffet. (Geophyssics, Oct. 1942,
Vol. 7, No. 4, pp. 406-413.)

" Transmission is known to be a function of the
properties of the earth and of the frequency ancl;in
general, improves with increase in earth resistivity
and with decrease in frequency. For all but the
lowest frequencies the attenuation is considered to
be high enough to assign a very low probability to
the transmission of radio waves to any useful depth.
In contrast with the pessimistic nature of these data
are experiments such as those reported [the only
paper quoted is that of Eve, Keys, & Lee, 193o
Abstracts, p. 153, r -h column, & back reference: no
reference is made to Fritsch's work, such as that dealt
with in 4271 of 1936 and back references] in which
radio signals were received in caverns and mines
after transmission through considerable thicknesses
of rock . . . The apparent exceptions provided by
these examples have kept the question open and
have undoubtedly inspired similar though un-
reported measurements of the transmission of radio
waves through the grbund to mines and caves."
The present measurements were made in an active
coal mine at depths of 65 and 75 feet below the
surface and at 5o and 11oo feet, respectively,
horizontally from a vertical entrance shaft. Regular
broadcast transmissions were used (69o, 117o, and
1430 kc/s). At the second receiving position it
appeared that something of the order of 9o% of the
total signal came directly through the earth, the
remainder arriving by way of the vertical and hori-
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zontal shafts. The circles in Fig. 3 show the ob-
served attenuations, the curve being extended by
Eve's formula (ref. " 3 ") to higher and lower fre-
quencies. The theoretical attenuation at this
location is seen to be only 4 : 1 at 5o kc/s as compared
with 1500: I at 1400 kc/s. " This report is admit-
tedly incomplete, in many respects, and particularly
as to the effect on attenuation of the proximity of
the transmitter and the directivity of the antenna
system . . .

2646. OPEN -WIRE RADIO - FREQUENCY TRANS-
MISSION LINES.-Laport. (See 2724.)

2647. REFLECTION OF LIGHT BY A PERIODICALLY
STRATIFIED MEDIUM.-G. N. Ramachandran.
(Sci. Abstracts, Sec. A, June 1943, Vol. 46,
No. 546, p. 114.)

2648. THE MATHEMATICS OF TURBID MEDIA
[Primary Scattering : Secondary Scattering :
the Integral Equation Method : the Differen-
tial Equation Method].-S. Q. Dirntley.
(Journ. Opt. Soc. Am., May 1943, Vol. 33,
No. 5, pp. 252-257.) For previous worksee
936 of 1942.

2649. PAPERS GIVING AN ANALYTICAL SOLUTION
OF THE PROBLEM OF THE WAVE MOTION
GENERATED IN AN ELASTIC MEDIUM BY
APPLICATION OF A PRESSURE OF ARBITRARY
FORM TO THE INTERIOR SURFACE OF A
SPHERICAL CAVITY [of Importance in Seismic
Prospecting].-J. A. Sharpe. (Geophysics,
April & July 1942, Vol. 7, Nos. 2 & 3, PP. 144
and 311 onwards.) Discussed in a letter from
G. B. Lamb in the Oct. 1942 issue, No. 4,
P. 419.

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

2650. SUNRISE MAXIMA IN THE INTENSITY OF
DISTANT ATMOSPHERICS - RECEIVED IN
MEDIUM -FREQUENCY CHANNELS.-S. R.
Khastgir & R. G. Basak. (Current Science
[Bangalore], Oct. 1942, Vol. II, No. iro,
pp. 392-393.) See also 1379 of May, and
cf. 2651, below.

2651. INVESTIGATIONS ON ATMOSPHERICS IN HIGH -
FREQUENCY CHANNELS [2-20 : with
Particular Attention to Sunrise & Sunset
Periods].-S. R. Khastgir & Md. I. Ali.
(Indian Journ. of Phys., Dec. 1942, Vol. 16,
Part 6, pp. 399-419.)

Dacca investigations (by the " peak " method)
during the monsoon time of 1940. A general
explanation of the observed maximum (occasionally
two maxima) before ground sunrise, and of the
maximum just after (occasionally at the same time
as) ground sunset, is given on the main lines of
Khastgir's paper dealt with in 1379 of May, but
with the addition of a role played by the absorbing
D layer, appearing after sunrise and disappearing
after sunset. According to this theory, "the
position of the maximum in respect of time would
give an indication of the loCation of the source of
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atmospherics. If the time of occurrence of the
maximum is less than 40 minutes [4, is the angle
ACG in Fig. 5] before ground sunrise or after ground
sunset, it is evident that the disturbance is coming
from the west, and if it is more than 44, minutes,
the disturbance may come either from the east or
from the west. It is possible to draw a curve
showing the position of the maximum with reference
to the ground sunrise or sunset and the approximate
location of the disturbance in miles. . . . If the
double sunrise peak is to be associated with the
E -layer and F -layer reflections respevtively, it is
possible also to calculate approximately the separa-
tion in time between the two intensity maxima.
The obstrved values of this time difference for
some typical cases are given in Table II. The
theoretical values which would give approximate
agreement for suitable values of the reflection
height are also shown in the table. The results of
similar experiments by R. G. Basak on Boo kc/s
(Current Science [Bangalore], Oct. 1942) are also
incorporated in this table. Considering the un-
certainty in the actual reflection height the agree-
ment can be regarded as satisfactory."

Observations on the frequency -distribution of the
atmospheric field strengths were taken on the
2-5 Mc/s and ro-2o Mcis bands. For distant
atmospherics during the day, plotted against IT
the field strengths E gave an approximate straight
line in one case only ; in the others, the curve was
straight over a limited range only. During the
night, when the sky waves predominated, in both
frequency bands E decreased exponentially with
increase of f. Atmospherics due to local thunder-
storms gave the relation E = A ± B/f in both
bands, and the same was given by " rain statics "
(during prolonged drizzle with slight flashes but no
thunder). Each of these cases is considered
theoretically (pp. 412-418). The final section deals
with an estimation of the signal-strengtlw values for
good reception at Dacca on 5, and io Mc/s, for
morning, afternoon, and night during May and June.

2652. ON THE PRESENT POSITION OF LIGHTNING
RESEARCH [Survey].-K. Berger. (Bull. de
l'Assoc. Suisse des Elec., 19th May 1943.
Vol. 34, No. ro, pp. 269-275: in German.)
Dealing more particularly with work in South
Africa and U.S.A. A further paper on Swiss
results (1936-1938), not yet published, is
promised.

2653. DIELECTRIC -RECOVERY CHARACTERISTICS OF
LARGE AIR GAPS [under Conditions pertain-
ing to Multiple Lightning Strokes : Experi-
mental Investigation].-G. D. McCann &
J. J. Clark. (Elec. Engineering, Jan. 1943,
Vol. 62, No. r, Transactions pp. 45-52.)

2654. IGNITION -CHANNEL CROSS SECTION AND THE
IGNITION PROCESS WITH [Ultra -Violet] IR-
RADIATION OF LIMITED CROSS SgCTION.-
W. Fucks & H. Bongartz. (Zeitschr. f. Phys.,
25th March 1943, Vol. 120, NO. 7/ I 0,

J. 468-475.)
" ignition channel " is to be distinguished

from the " electron channel " : it is the region
important for the initiation of the discharge, at the
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moment of instability. It appears never to have
been dealt with theoretically : the present paper
describes an experimental investigation, in which
(in air at atmospheric pressure) its radial extension
is measured by a procedure utilising the ignition -
potential decreases produced by irradiating a
gradually increased amount of cathode surface.
The ignition -channel cross section is found to
increase with the gap -length : with increasing_gap-
length the " relative channel -diameter " (ratio of
channel -diameter to gap -length) diminishes. The
measured relative ignition -channel cross sections
are from one to two orders of magnitude greater
than the, calculated electron -channel cross sections.
Implications of the results, as regards lightning -
flash mechanism, are envisaged in the final
paragraph.

2655. APPLICATION OF LIGHTNING -PROTECTIVE
DEVICES IN WARTIME [Possible Saving in
Critical Materials & Man-Hours].-I. W.
Gross. (Elec. Engineering, Jan. 1943, Vol. 62,
No. I, p. 34 : summary only.)

2656. VOLTAGE SURGE AND FOURIER SPECTRUM IN
HIGH -VOLTAGE ENGINEERING [and the Dis-
tortions produced by Retarding Cables,
etc.].-H. Samulon. (Bull. de l'Assoc. Suisse
des Elec., 19th May 1943, Vol. 34, No. Jo,
pp. 279-291 : in German.)

2657. AN IMPROVED COSMIC -RAY RADIO SONDE
[with Scaling -Down performed at Ground
Station instead of at Transmitter as in
Original Design (2305 of 1942) : Pulses only
about 1/ro 000 s, Minimum Spacing about
Twice This : Special Method of Keying :
Superheterodyne Reception (with Tuned
Lines for R.F. Tuning)].-W. H. Pickering.
(Review Scient. Instr., June 1943, Vol. 14,
No. 6, pp. 171-173.)

PROPERTIES OF CIRCUITS
2658. THE EXPERIMENTAL DETERMINATION OF THE

RESONANCE RESISTANCE OF RESONATORS IN
THE CENTIMETRIC-WAVE BAND.-BOrgniS.
(See 2755.)

2659. " COMMUNICATION CIRCUITS " [Transmission
Lines & Wave Guides : Book Review].-
L. A. Ware & H. R. Reed. (QST, July 1943,
Vol. 27, No. 7, p. 34.) " Prerequisites being
ordinary calculus and elementary a.c.
theory . . ."

266o. RASUMES OF RECENT RESEARCH : CYLIN-
DRICAL CAVITY RESONATORS CONTAINING
SEVERAL DIELECTRIC MEDIA.-D:\Middleton.
(Journ. Applied Phys., July 1943, Vol. 14,
No. 7, p. 363.) See 2661, below.

2661. ULTRA -HIGH -FREQUENCY OSCILLATIONS OF
CYLINDRICAL CAVITY RESONATOR1 CONTAIN-

. ING TWO AND THREE DIELECTRIC MEDIA .-
D. Middleton. (Phys. Review, 1st/15th May
1943, Vol. 63, No. 9/1o, pp. 343-351.)

" The results indicate a new and convenient
absolute method for the measurement of dielectric
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constants of good dielectrics, for wavelengths
around Io cm [differing from the methods of King
and Lamont in that a single resonance position is
determined with the sample under test at one end of
the resonator ; it is simpler, and more convenient in
the case of fluids, but less sensitive because the
maximum -shift conditions are not necessarily
satisfied]. They show also that the resonator be-
haves like a band -transmission filter for file par-
ticular mode excited, and further the analysis yields
formulae involving the resonant lengths and fre-
quencies which, it is hoped, may be of use in future
experimental measurements and in the design of
tunable u.h.f. resonators. The theory applies
generally for all modes and resonant dimensions of
a tube containing three different dielectrics. Speci-
fically, we will discuss the E, and II, modes and
corresponding resonant lengths" of resonators of
fixed and variable over-all lengths containing a
movable dielectric slab, and of a resonator of vari-
able total length with a slab at one end. It is shown
that modes of the form E, and H90 are not excit-
able if there is more than one dielectric present in the
resonator. Confirmatory experiments on 3070 Mc /s
are described.

2662. CONCERNING THE ROOTS OF J',,(X)Arc,(kX)-
y(kx)N'(x) = o [Relation arising in Cer-
tain Problems of Resonant Cavities with
Cylindrical Symmetry].-R. Truell. (Journ.
Applied Phys., July. 1943, Vol. 14, No. 7,
PP- 350-352.)

From the R.C.A. Laboratories. " The first roots
of this relation are presented here as a function of
k for n = I, 2, 3, 4. The M'Mahon relation does
not allow calculation of the first roots, despite
statements to the contrary in several places. It
is shown that the functions r (x)11\i` (x) have
relative maxima at x = n except for n = o ".

2663. CORRECTIONS' TO " TRANSFORMATION ELE-
MENTS [Quarter -Wavelength Lines) WITH
LOWEST ' BALLAST'' ON THE OSCILLATING
FIELD ENERGY ".--W. Dallenbach. (Hochf:
tech. u. Elek:akus., March 1943, Vol. 61,
No. 3, p. 83.) See 1844 of July.

2664. THE 9UESTION OF THE USE OF LUMPED -
CONSTANT OR DISTRIBUTED -CONSTANT
TUNING ELEMENTS FOR ULTRA -HIGH FRE-
QUENCIES: AND A SPECIAL VARIABLE
INDUCTANCE FOR 260-350 'MC/S.-Summer-
hayes. (In paper dealt with in 2855, below.)

2665. A CATHODE -FOLLOWER STAGE [for Tele-
vision].-Kreuzer. (See 2752.)

2666. A SELF -BALANCING PHASE -INVERTING CIR-
CUIT AND ITS DESIGN.-V. S. Kobylyantsev.
(Izvestiya Elektroproni. Slab. Toka, No. 6,
1940, PP. 44-49.)

Phase -inverting circuits are used for transforming
an asymmetrical voltage into a voltage symmetrical
with respect to earth. The simplest example of such
a circuit is a transformer in which the middle point
of the secondary winding is earthed. In this paper
a theoretical discussion is presented of the operation
of a circuit employing -two triodes I and II (Fig. I)
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of which I receives the asymmetrical voltage and
II automatically acquires the necessary excitation
for balancing the output of I. Conditions for cor-
rect operation of the circuit are established and
methods for designing the circuit discussed. Results.
of an experimental investigation, including fre-
quency characteristics of the circuit, are also given.

2667. NETWORK THEORY, FILTERS, AND EQUAL-
ISERS : PART III [M -Derived (Ladder)
Filters : Lattice Filters : Relation between.
Ladder and Lattice Structures : Equalisers :
Dividing Networks].-F. E. Terman. (Proc.
I.R.E., June 1943, Vol. 31, No. 6, Part I,
pp. 288-302.) Three corrections to Part I
(2086 of August) are given at the end.

2668. ARRANGEMENT FOR THE PRODUCTION OF A
 DIRECT VOLTAGE PROPORTIONAL TO FRE-

QUENCY [but Independent, of Amplitude].-
Brown Boveri. (Hochpech. u. Elek:akus.,
Jan. 1943, Vol. 61, No. 1, p. 31.)

Swiss Patent 218 680. " The d.c. indicating
instrument 7 (Fig. x6) is supplied, every time the
a.c. changes its sign, with current pulses of opposite
direction by the action of a transformer 5 with
saturation characteristic and another 6 without such
a characteristic, or a condenser."

2669. NOTES ON INVERSE FEEDBACK: CHARACTER-
ISTICS, CIRCUITS, AND DESIGN CONSIDERA-
TIONS.-P. C. Erhorn. (QST, June 1943,
Vol. 27, No. 6, pp. 13-17.)

2670. VARIABLE -FREQUENCY BRIDGE -TYPE FRE-
QUENCY -STABILISED OSCILLATORS [for High
and Low Frequencies].-W. G. Shepherd
& R. 0. Wise. (Proc. I .R.E., June 1943,
Vol. 31, No. 6, Part I, pp. 256-268.)

Functioning " in a manner similar to those
described by Meacham (263 of 1939: bridge -
stabilised oscillators 'embodying a thermal element
as amplitude control) but employing electrical -
frequency -determining networks better adapted to
the necessity of covering a range of frequencies .

The circuits employed are two examples of bridged -T
and parallel -T circuits whose advantages have been
discussed recently by Tuttle and Honnell (1549 and
2368 land 3111] of 194o). One of the circuits em-
ployed is particularly applicable to low frequencies
because only capacitances and resistances are
employed " [the 1.f. model described had a range of
14 c/s to 5o kcis in four steps : in the h.f. model
(bridged -T) the four -step range was from x2 kc/s to
6 Mc/s].

2671. A DIFFERENT NEGATIVE -RESISTANCE OSCIL-
LATOR : UTILISING SCREEN VOLTAGE REGU-
LATION FOR PRODUCING NEGATIVE RESIST-
ANCE [Special Pentode Circuit] .-W. Davidon._
(QST, July 1943, Vol. 27, No. 7, pp. 25 and
74.)

" The suppressor -grid voltage varies the plate
resistance from a positive value when the suppressor
is either zero or close to it, through infinity and to
the negative value already discussed . . ." The
value of the negative resistance is low, about
5000 ohms, " permitting a low L/C ratio to be used

4
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in the oscillator circuit and thus further improving
the output wave -form. This low value of negative
resistance might also be used to good advantage
to satisfy the need for a ' pliodynatron ' of low nega-
tive resistance for a resistance -tuned amplifier
(Cabot, 1934 Abstracts, p. 497 [not Sewall, as in
ref. " 2 "]) . . . For oscillator operation in the
audio frequencies, a resistance -capacity network
can be used instead of a tuned circuit, as demon-
strated in Fig. 4."

2672. SWEEP OSCILLATORS.-M. M. Finkel'shteyn
[Finkelstein]. (Izvestiya Elektroprom. Slab.
Toka, No. 6, 1940, pp. 58-61.) The theory
and applications of oscillators with con-
tinuously varying frequency and constant
output voltage are discussed.

2673. AN ELECTRICAL TRANSDUCER CIRCUIT FOR
USE WITH CAPACITY PICK-UP DEVICES
[primarily for Seismic Work & Study of
Mechanical Vibrations in General, Dilato-
meters, etc : a Coupled -Oscillator Trans-
ducer with Mains Supply : Many Advan-
tages, including Simplicity in Operation,
Practically Constant Sensitivity (depending
on Absolute rather than Percentage Changes
in Capacitance) from Zero to Several Hun-
dred Kc/s, and Freedom from Interference].-
E. V. Potter. (Review Scient. Instr., May
1943, Vol. 14, No. 5, pp. 130-135)

Utilising the current changes in a circuit tightly
coupling two similar oscillators, when a change in
the natural frequency of the one oscillator circuit
tends to alter its oscillating frequency, and power has
to be transferred (via the coupling circuit) in order
to maintain the two circuits in synchronism
(" Ziehen " effect : Appleton, ref. " 5 ".)

2674. ELECTRICAL CIRCUIT ANALYSIS OF TORSIONAL
VIBRATIONS [of Multi -Cylinder Engines,
Continuous Shafts, etc.]-Pipes. (See 2907.)

2675. TRANSIENT ANALYSIS OF LINEAR SYSTEMS
[and Its Application to Mechanical &
Acoustical Problems].-M. F. M. Osborne.
(Journ. Applied Phys., April. 1943, Vol. 14,
No. 4, pp. 180-184.)

From the Naval Research Laboratory. " The
response versus frequency curve is the more com-
monly accepted criterion of performance of an
electrical system, although many properties of a
circuit can be read directly from its square -wave
response (refs. " 2 " to "6"). The methods of
square -wave analysis have not been generally
applied to mechanical system's owing to the diffi-
culty of producing a mechanical square wave . . ."
Author's summary :-" A method is suggested for
determining either,. the indicial admittance of a
linear system, when the response to a known tran-
sient is observed, or the shape of the transient, when
the admittance is known. A method is also outlined
for obtaining the impedance operators, and in par-
ticular the impedance coefficients (stiffness, resist-
ance, and inertia). Corrections due to the reaction
of the instrument used in measuring the response of
the system, or of a restraint to insure stability of the
system, can be taken into account when appreci-
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able. Suggested applications are to acoustical and
aerodynamical problems."

2676. A COMPARISON OF THE [Amount of Arith-
metical Computation required to determine
Transient Currents by the] TRANSFORM AND
CLASSICAL METHODS.-W. V. Lyon. (Elec.
Engineering, May 1943, Vol. 62, No. 5, pp.
198-203.) See also 726 of March : and cf.
Pipes, ibid., July 1943, Vol. 62, No. 7,
pp 326-327, on Duncan & Collar's introduc-
tion of the matrix method.

2677. ON THE THEORY OF THE DISTORTION OF
TELEGRAPH SIGNALS IN THE HIGH -FRE-
QUENCY CIRCUITS OF RADIO APPARATUS.-
I. S. Gonorovski. (Izvestiya Elektroprom.
Slab. Toka, No. 6, 194o, pp. 16-27.)

In high-speed telegraphy, and especially in pic-
ture telegraphy when approximately 2000 signals
per second are transmitted, the time necessary for
building up and falling off of a signal (time constant).
becomes of great importance. In this paper a
mathematical discussion is presented in which
methods are indicated for determining the time
constant of a high -frequency channel consisting
of n stages with tuned circuits (Fig. I). The cases
of a channel with and without frequency multi-
pliers are considered separately. A numerical
example is added.

2678. SURGE -GENERATOR CIRCUITS [Development
of Formulae for Free Periods and Damping
Factors of High -Voltage Surge -Generator
Circuits in Discharge, containing Large
Number of Meshes : Approximations based
on Actual Case].-E. Fisher. (Journ. Applied
Phys., July 1943, Vol. 14, No. 7, pp 341-
342)

2679. THE " MITNAHME " [Pulling -into -Tune] OF
SELF - EXCITED OSCILLATIONS, AND ITS
TECHNICAL UTILISATION.-F. Kirschstein.
(E.N.T., Feb. 1943, Vol. 20, No. 2, pp.
29-38.)

A few years ago the term '; mitnahme " was
practically limited in its use to the pulling into tune
of the local -oscillator oscillations by the signal
waves received by the aerial, in heterodyne recep-
tion, or the mutual pulling into tune of the two h.f
oscillations in a beat -note generator when low beat
frequencies were required : that is to say, it referred
to unwanted and troublesome effects of only nuis-
ance importance. Recently, however, a whole
series of circuits have been developed in which, just
as in the earlier arrangements, the frequency of a
controlled oscillation is brought into coincidence with
that of a controlling oscillation, and which can there-
fore be spoken of as " mitnahme " circuits. They
serve the most varied practical purposes, and the
" mitnahme " effect has become a useful tool of an
importance already considerable and likely to in-
crease in the future. The present writer, after a
short treatment of the classical effect in heterodyne
reception, describes some of these " mitnahme "
circuits in which the effect is used deliberately.

The first of these is the arrangement used by
Kaden (736 of 194o) in his " frequency meter on the
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compensation principle ", Fig. 2. This frequency
meter has the disadvantage over other types of
direct -reading meters, such as that of the A.E.G.,
of having a comparatively narrow frequency range,
namely that corresponding to the ' mitnahme "
region. On the other hand it has the advantage
that the indicating current is comparatively large
and allows fluctuations of the frequency under
measurement to be followed rapidly. The time
constant of the iron -cored choke, which prevents
sudden changes in the d.c. biasing current I, can
easily be brought down to a few milliseconds, for
note -frequencies, by a suitably large ohmic resist-
ance in the magnetising current circuit, and will
fall still lower in the measurement of higher fre-
quencies owing to the decreasing coil inductance.
Hence by registering the current I it is possible
not only to record the time -characteristic of rapidly
altering frequencies, rather as in pitch measure-
ments in acoustics, but also to deal with periodic
fluctuations of the frequency under measurement,
such as occur in a frequency -modulated oscillation.
" The ' mitnahme ' frequency meter thus becomes
an important demodulating device for frequency -
modulated oscillations ".

Working fundamentally in the same way as this
Xaden " mitnahme " circuit is the de Reynauld
arrangement of Fig. 5, covered by a U.S.A. patent.
This has the advantage of following even more
rapid fluctuations of the incoming frequency &f,
owing to the absence of a time constant for the
biasing of the magnetic core. In its place there is
the time constant of the parallel connection of
R and C ; but this time constant can be made the
smaller, the higher the frequency cog of the local
oscillations, since the object of this RC circuit is to
prevent the supply voltage U from fluctuating in
the rhythm of cug. Thus the de Reynauld circuit
is particularly good for the demodulation of fre-
quency -modulated oscillations at high modulating
frequencies.

The above two arrangements are typical of the
" mitnahm,e " circuits, having the two essential
features of these : namely a self-excited oscillating
stage whose frequency can be varied within certain
limits by some controlling quantity (the current
I in Fig. 2, the voltage U in Fig. 5), and a device in
which the phase angle between the " pulled -in "
oscillation and the " pulling -in " oscillation is
established and converted into a controlling quan-
tity : in Fig2-2 the device takes the form of a Graetz
circuit, in Fig. 5 it is a valve rectifier. The " mit-
nahme " effect can also be regarded as a regulating
process in which the frequency of the " pulled -in -
oscillation is continually controlled in such a way
that a definite phase angle between it and the con-
trolling oscillation remains constant throughout :
Urtel's paper, 1399 of 1939, is referred to in this
connection.

In Section 3 the two " essential " features for a
" mitnahme " action, mentioned above, are identi-
fied in the case of the classic effect in heterodyne
reception (Fig. 6) : the " controlling quantity "
here is seen to be the phase angle Ok of the retroaction
factor ft = -11./11., and the limits of the
" mitnahme " zone are reached when cfp, the phase
angle between the retroaction voltage Uk and the
incoming voltage Elf, is 9o° and - 90°. For when
0 exceeds either of these values the special relation
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between 0 and Wk, necessary for the correct adjust-
ment of the frequency cog, ceases.

Section 4 deals with the " specially important
application of ' mitnahme ' to frequency -division ",
as in quartz clocks. The particular circuit for this
purpose shown in Fig. 8 differs from that of Fig. 6
only in that the LC circuit is tuned to a frequency
which is an nth part of the controlling frequency
w1, and in having also a combination RC' in the
grid circuit with a time constant about equal to the
period of the controlling frequency (of (see Hudec,
3490 of 1938). The synchronising action in this
circuit of Fig. 8 is discussed ; it is satisfactory over
long periods for frequency ratios of 3 : 1 or 5 : I ;

a modified form of Fig. 6 is used by Siemens &
Halske for larger ratios, such as in obtaining a
4 kc/s oscillation from a 6o kc/s quartz, for multiple
carrier -telephony. The use of " mitnahme " in the
single-sideband transmission of music (with carrier -
suppression) is illustrated in Fig. II.

Section 5 describes the frequency division used
by Rohde & Schwarz in their transportable quartz
clock [see 1956 of 1941] and Section 6 the use of
" mitnahme " by the C. Lorenz Company in com-
mon -wave broadcasting. Finally, the long Section
7 deals with. the arrangement developed by the
writer for the exact speed regulation of an axle
driven by a d.c. motor : this has already been
described at length in 1484 of May. In the last two
paragraphs the writer points out that the extremely
important subject of the synchronisation of free
relaxation oscillations by' control oscillations does,
according to the above ideas, also involve " mit-
nahme " action, for the " kipp " frequency depends
on the phase angle between the controlled and con-
trolling oscillations, and for certain phase angles
frequency -equality sets in as a stable condition.
There are, however, certain differences between the
two cases, and the term " synchronisation " is used
for the relaxation -oscillation arrangements, while
" mitnahme " is reserved for those involving
harmonic oscillations.

2680. SOME ASPECTS OF COUPLED AND RESONANT
CIRCUITS.-J. B. Sherman. (Proc. I.R.E.,
Nov. 1942, Vol. 3o, No. 11, pp. 505-510.)

" An analysis is presented of the coupled im-
pedance and its components in the two -mesh
inductively coupled circuit with a tuned secondary.
A similar analysis is made of the impedance and its
components in the parallel -resonant circuit having
dissipation in the inductive branch."

2681. A METHOD FOR DETERMINING THE NORMAL
MODES OF FOSTER'S REACTANCE NETWORKS
[Series Combinations of Antiresonant Cir-
cuits or Parallel Combinations of Resonant
Circuits].-W. R. Le Page. (Elec. Engineer-
ing, June 1943, Vol. 62, No. 6, p. 267 :
summary only.)

2682. THE LOCUS CIRCLE LAW [including Its
Application to A.C. Bridge Balancing].-
J. Basch. (Arch. f. Elektrot., 31st Oct. 1942,
Vol. 36, No. Io, pp. 623-628.)

" The law is proved that for any arbitrary net-
work consisting of a source with sinusoidal e.m.f.
with constant frequency, and of linear load elements,



October, 1943 WIRELESS
ENGINEER

all possible ratios of the type ' element -voltage or
-current/element-voltage or -current ', or of the
type ' E element -voltages or -currents/2' element -
voltages or -currents ' will move along circles as
lacus curves, when the dissipative resistance or the
reactance, or the impedance (the latter in the case
of unchanged phase angle) of any one load element
is varied." The law can be applied also to
conductances.

2683. ELEMENTARY AIC. MATHEMATICS : PART VI
-PARALLEL CIRCUITS.-G. Grammer. (QST,
July 1943, Vol. 27, No. 7, pp. 42-48 and 58.)

2684. THE OBTAINING OF FOUR -TERMINAL NET-
WORKS WITH THE SAME ITERATIVE IMPE-
DANCES [but Different Attenuation Character-
istics in the Suppression Region] BY MATRIX
TRANSFORMATION.-G. A. Usunoff. (Arch. f.
Elektrot., 3oth Nov. 1942, Vol. 36, No. II,
pp. 687-692.)

Further development of the work dealt with in
3227 of 1942. is known that the roots of the
characteristic equation of a matrix remain invariant
in face of the so-called ' similarity ' transformation
Z' = S-1 . Z . S. It follows from this that if this
type of transformation is applied to the impedance
matrix of a four -terminal network, new impedance
matrices are obtained whose characteristic equations
have the same roots as the original matrix. These
new matrices may have new four -terminal networks
corresponding to them. The finding of such new
quadripoles, with equal iterative impedances, has a
well-defined importance for the theory of filters,
since in this way it is possible to arrive at definite
cascade combinations of quadripoles which will
possess prescribed attenuation characteristics."

The method is applied first to a T network and
then to a bridged -T network. The transformation

matrix S is of the form S =
P qi

, but since in
each case only a symmetrical matrix (giving a
symmetrical quadripole) is considered, q is taken
as equal to m and n to p. Thus, for the quadripole
of Fig. 3a (already shown on pp. 689-690 to be a
band -stop filter), use of eqn. 12 gives as the attenua-
tion function (iterative transmission coefficient) of
the " transformed." quadripole of Fig. 3b the
expressions for g'K found on p. 692. The limiting
frequencies are the same as those of the original
quadripole, but the frequencies for which the
attenuation becomes infinitely large are given by
the equation just below Figs. 4, 5, involving the
quantity T, which is 4mpi(m P)2 and depends
only on the ratio p/m. " In this case it is possible
to calculate a large number of quadripoles all
having the same limiting frequencies but different
attenuations in the suppression region " : in a
numerical example fI is taken as 3000 c/s and 12 as
5000 cis, and the small table on p. 692 gives the
calculated frequencies fro, and f,, 2 at which the
attenuation becomes infinitely great, for four
values of p/m from 0.23 to 0.38. For the value 0.23
the two frequencies are the same (3873 c/s), as is
seen by the bottle -neck attenuation curve of Fig. 5,
which also shows the double -peak curve for
p/m = 0.3-
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2685. EQUIVALENT CIRCUITS FOR OSCILLATING
SYSTEMS AND THE RIEMANN-CHRISTOFFEL
CURVATURE TENSOR .-Kron. (See 2905.)

2686. SOME APPLICATIOICS OF NON-LINEAR CUR-
RENT/POTENTIAL CHARACTERISTICS.-E. E.
Shelton. (Sci. Abstracts, Sec. B, June 1943,

46,Vol.. No.1944536: p. 119.) From- Electronic

2687. ESTIMATION OF HARMONICS IN D.C.-POLAR-
ISED IRON -CORE CHOKES [Treatment by Use
of Taylor's Series as in H.F. Investigation
of Valve Characteristics : Simple Practical
Application of Results].-W. Hartel. (Arch.
f.Eklarot., 30th Sept. 1942, Vol. 36, No. 9,
PP 556-572.)

2688. SUMMATION CIRCUITS WITH CURRENT TRANS-
FORMERS [for dealing with the Sum of the
Currents in Two or More Circuits].-Edler.
(See 2779.)

2689. RECTIFICATION WITH IMPERFECT RECTIFIERS.
-H. Sattler & W. Zwiesler. (Hochf:tech. u.
Elek:akus., March 1943, Vol.- 61, No. 3,

PP- 71-74.)
" For the charging of a condensei from an

alternating -voltage source with the help of a
rectifier there is a whole series of mathematical and
graphical approximate solutions, obtained for
various purposes. Those solutions which have as
their object the calculation of mains rectifiers
assume an ideal rectifier with complete blocking
action, and calculate the d.c. voltage at the con-
denser, and its ripple, for various loads, either with
the help of greatly simplifying assumptions as to
the voltage characteristic (refs. ' to 3 '), or by
an integrating method ('4 ' 5 ') or by Fourier
analysis of the rectified voltage (' 6 ', ' 7 ').

" The object of the present work is to determine
by a mathematical -graphical method the voltage
characteristic at a condenser connected through an-
' imperfect ' rectifier to an alternating -voltage
source, and to give the rectified voltage at the con-
denser, and its ripple, in a simple form as a function
of the dimensions of the rectifier circuit. This aim
is accomplished, mathematically, exactly, without
approximation, and is confirmed by experiment " :
Fig. 6, where a type AZ, rectifier is provided with
suitable shunt and series resistances to fulfil the
introductory assumptions of the physical approxima-
tion to an ' imperfect " rectifier, namely that in the
pass direction it should have a constant pass
resistance Rd independent of voltage, and in the
blocking direction a larger constant blocking
resistance R, : in these resistances the internal
resistance of the alternating -voltage source can be
included additively. This physical approximation
has already been used by Papalexi (1912) in investi-
gations on electrolytic -valve cells, and by Jolley
in his book (ref. " 9 "), for the investigation of the
current in a capacitively loaded rectifier circuit.

2690. SKIN EFFECT IN BIMETALLIC CONDUCTORS
[e.g. Copper -Covered Steel Lines for Carrier
Currents up to 16o kcis : General Equations :
Experimental Determination].-B. R. Teare,
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Jr., & Josephine R. Webb. (Elec. Engineer-
ing, June 1943, Vol. 62, No. 6, Transactions
pp. 297-302.) See also 2093 of August.

2691. THE IMPEDANCE OF 'A GROUNDED WIRE [as
in Geophysical Prospecting].-A. Wolf.
(Geophysics, Oct. 1942, Vol. 7, No. 4,
PP. 414-418.)

" The impedance of an insulated wire stretched
along the surface of the earth, regarded as a homo-
geneous conductor, is a function of frequency and
of the conductivity of the earth. Formulas are
given for the inductance and resistance of such a
wire which are applicable under conditions met
with in geophysical prospecting."

2692. PAPERS ON FORMULAE RELATING TO RECT-
ANGULAR TUBULAR CONDUCTORS.-Higgins.
(See 2761 & 2762.)

TRANSMISSION

2693. ULTRA -SHORT ELECTROMAGNETIC WAVES :
III -GENERATION. - I. E. Mouromtseff.
(Elec. Engineering, May 1943, Vol. 62, No. 5,
pp. 206-215.) One of a series originally
presented as a lecture to a Basic Science
group of the A.I.E.E : see also 2632/3,
above.

2694. ARRANGEMENT FOR THE GENERATION OF
ULTRA -SHORT WAVES BY FREQUENCY-
MULTIPLICATION.-R. Forberger. (Hochf:
tech. u. Elek:akus., Jan. 1943, Vol. 61, No. 1,
p. 29.)

A Telefunken patent, D.R.P. 721 599. Several
streams of electrons, proceeding from a common
cathode to a common anode but separated by
partitioning walls, are simultaneously modulated
by a common grid G (Fig. z). In the different
channels the disposal and potentials of the various
electrodes (such as the secondary -electron -emitting
surfaces V) are such that the various path -times are
different, and the electrons reach the anode at a
multiplied frequency.

2695. MAGNETRON OR RETARDING -FIELD VALVE
ARRANGEMENT.-K. Fritz. (Hochf tech. u.
Elek:akus., Jan. 1943, Vol. 61, No. 1, p. 29.)

A Telefunken patent, D.R.P. 722 246. The
electrode near the cathode K is emissive of secondary
electrons and is divided into a number of parts
P, . . . P4 (Fig. 4), which are at such potentials that
they deliver electrons in the correct rhythm for
the working electron flow proceeding to the anodes

2696. AN ANALYTICAL DEMONSTRATION OF HART -
LEY -OSCILLATOR ACTION [emphasising the
Regions of Amplification & Non -Amplifica-
tion of the Oscillation, and Their Relation
to the Action of the Circuit : including
Numerical Comparison between Values of
Oscillation -Amplitude thus calculated (by
Guillemin's Method : 2697, below) and
Those obtained by the " Average g,"
Method].-F. A. Record & J. L. Stiles.
(Proc. I .R.E., June 1943, Vol. 31, No. 6,
Part I, pp. 281-287.)
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2697. AN ANALYTICAL METHOD OF PREDETERMIN-
ING THE BEHAVIOUR OF A VACUUM -TUBE
OSCILLATOR, WHICH YIELDS REGIONS OF
OSCILLATION AND NON -OSCILLATION, THE
AMPLITUDE OF OSCILLATION, AND WAVE
FORM.-E. A. Guillemin. (Harvard Uni-
versity paper, 1935: mentioned in 2696,
above.)

2698. A 250 -WATT C.W. TRANSMITTER USING
RECEIVING -TYPE TUBES : 6L6Gs IN A
SIMPLE TWO -STAGE RIG [One 6L6G driving
(Link -Coupled) Two in Push -Pull, the Latter
on 1125 Volts].-B. C. Barbee. (QST, July
1943, Vol. 27, No. 7, pp. 3o-32.) " With a
little intelligent handling, however, they'll
take it and like it."

2699. AUTOMATIC OFF -FREQUENCY PREVENTION :
CONSTRUCTION OF A GRAVITY -OPERATED
CIRCUIT -BREAKING RELAY.-" Sourdough."
(QST, June 1943, Vol. 27, No. 6, pp. 28
and 38.) To work with the relay -closing
device described in the May issue.

RECEPTION
2700. ARRANGEMENT FOR THE RECEPTION OF

ULTRA -SHORT WAVES [by a Magnetron].-
C. Lorenz A.G. (Hochf :tech. u. Elek:akus.,
Jan. 1943, Vol. 61, No. 1, p. 3o.)

D.R.P.722 472. The diameter of the split
anode A (Fig. to) is larger than the critical diameter
at which the anode is grazed by the electrons, and
the steady magnetic field is of the resonance -field
value for the signal frequency. The anode polarisa-
tion is so low that no anode current flows through
the indicator T in the absence of incoming signals.

2701. CIRCUIT FOR ULTRA -SHORT-WAVE RECEP-
TION [by a Magnetron].-E. Habann.
(Hochf :tech. u. Elek:akus., Jan. 1943, Vol. 61,
No. I, p. 30.)

A C: Lorenz patent, D.R.P.722 733. " The
receiving valve is traversed by a constant magnetic
field of such strength that the rotation time of the
electrons coincides with a period of the signal
oscillation ; it contains, in addition to the multi -
segment perforated electrode i, which surrounds
the cathode 3 (Fig. 13) and to which the incoming
signals are led in push-pull, a further, outer
cylindrical collector electrode 4 with positive bias,
from which the demodulated voltage is taken."

2702. DAMPING -CIRCUIT ARRANGEMENT USING TWO
ABSORBING VALVES IN PUSH-PULL, PARTICU-
LARLY FOR OBTAINING SUPER -REGENERATIVE
RECEPTION for for Modulating].-H. G.
Moller & K. H. Schwarz. (llockPech. u.
Elek:akus., Jan. 1943, Vol. 61, No. 1,
pp. 3o-31.) D.R.P.722 902. See Fig. 14.

2703. THE BEHAVIOUR OF MIXING DIODES AT LOW
AND HIGH FREQUENCIES. - H. Meinke.
(E.N.T., Feb. 1943, Vol. 20, No. 2, pp. 39-48.)

From the Telefunken laboratories. " The special
relations in the treatment of diode problems are
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determined by the following facts :-the anode of
the diode, acting as the input (control) electrode,
takes up the whole diode current ; an appreciable
amount of power is consumed in the control process,
and the input admittance is fairly large compared
with that of grid -controlled valves. As the output
electrOde, the anode has a ' durchgriff ' of unity, so
that the output admittance also is large. All the
voltages involved occur at the same electron space,
so that in the passage of the modulated flow of
electrons retroactive effects occur between the input
and output sides of the diode. It is already known
that with a diode acting as rectifier the load resist-
ance on the rectified -current side influences the
input resistance on the alternating -current side, and
also that the internal resistance of the a.c. source
influences the internal resistance of the diode on
the d.c. side (see Hollmarm's " Elektronenrohren ",
and Rothe & Kleen, 3263 of 1942). Similar effects
occur in the rectification of a modulated a.c., in
which the load resistance for the modulation fre-
quency, on the output side of the diode, retroacts'
-on .the input (Rothe & Kleen, loc. cit Urtel, 1933
Abstracts, p. 623 [and not as in ref. " 3 "] :

Wilhelm, 1365 of 1937). The same causes produce
the retroactive effects between the input and inter-
mediate -frequency systems in diode -mixing, cal-
culated by Strutt [& van der Ziel (for decimetric
waves) : see 2362 of September].

" The principle of diode -mixing has been described
so often that I may refer to the literature on the
subject (Strutt, lac. cit. and 1448 of 1936, and his
book, 2975 of 1940: Rothe & Kleen's book, 3053
of 1941). The basic circuit is seen in Fig. 4a " : the
process is summarised on p. 39, the signal frequency,
heterodyning frequency, and intermediate frequency
being represented as angular frequencies h, ii, and
z in order to simplify the formulae. The importance
of the image frequency is brought out : ' in the
reception of high frequencies with low intermediate
frequencies, there is so little difference between

z and ii - z that the receiving circuit [h.f.
input circuit] represents for both frequencies an
impedance which does not vanish." The image -
frequency currents occurring on mixing thus
produce image -frequency voltages in this circuit,
and these retroact on the mixing process. " In the
present paper it is shown that an extension of the
existing rectification theory of the diode can deal
with all the actions occurring in the mixing process.
The method can be extended directly to diodes with
transit -time effects. The diode, in analogy to the
amplifying triode, is represented by diagrams of
-characteristics [two papers by the present writer,
in Telefunken-Rohre, Vol. 6, 1941, pp. 25o & 297,
are here referred to] : the retroactive effects men-
tioned are explained with the help of ' working
curves ' superposed on these curve families. The.
connection between the formulae obtained and the
usual derivation of the conversion conductance,
from the course of the instantaneous slope of the
diode without transit -time effects, is given in
Section v," where it is stated that methods for the
simple calculation of the conversion conductances
from the diode characteristics were described in the
writer's papers just mentioned : see also Ablaze,
2705, below. Section vi deals with the effects of
.electron inertia : the simplifying assumptions made
are the same as in the first of the previous papers
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and in Megaw's paper dealt with in 1546 of 1936,
natnely parallel plane electrodes at a distance small
in comparison with their size ; space charge and
initial electron velocity neglected, Measurements
show that the effect of the inertia is rather less than
that calculated in this way. " A further paper will
deal with a bringing together of theory and experi-
ment by the consideration of hitherto neglected
influences ". The present simplified theory leads
to eqns. 57 to 59, from which the mixing process in
transit -time diodes can be calculated in the most
general case, as it could be (when transit -time effects
were absent) by eqns. 26 to 28. The whole paper
should be read in conjunction with that of Matare,
just quoted.

2704. THE RECTIFICATION CHARACTERISTIC FIELD
OF A DIODE AT Low AND HIGH FREQUENCIES,
and THE POWER BALANCE OF A DIODE AT
Low AND HIGH FREQUENCIES.-H. Meinke.
(Telefunken-Rohre, No. 21/22, 1941, p. 250
onwards : No. 23, 1941, p. 315 onwards.)
The first of these is referred to in 2703,
above : both are referred to in 2705, below.

2705. INPUT AND OUTPUT RESISTANCES OF MIX-
ING DIODES [including .the Case of Ultra -
High Frequencies]. --H. F. Matare. (E.N.T.,
Feb. 1943, Vol. 20, No. 2, pp. 48-59.)

" In connection with Meinke's paper (2703,
above), in which the resistance relations in diode -
mixing were considered in the most general way,
the present work will discuss some special problems
and experimental results.- On the basis of the work-
ing characteristic of the diode, the experimentally
found interactions can be explained easily. Calcu-
lations and measured results for various cases are
compared [Sections in & iv]. Further, it will be
shown that it is possible, in principle, to make such
admittance determinations also by noise measure-
ments [Section v].

" In the decimetric-wave region a case of special
interest is that in which the h.f. input circuit repre-
sents an appreciable impedance for the image -
frequency wave also. The resistance relations here
are closely examined [Section VI]. On the grounds
of constancy of frequency the mixing with harmonics
is often of special importance. It is therefore in-
vestigated thoroughly here [Section vii]. The in-
fluence of electron inertia will be estimated and
discussed " [Section viii].

Section Iii, " on the calculation of the admittances
by means of reduced functions ", starts off with
eqns. 49 & 5o, derived in Meinke's paper for the
h.f. and i.f. admittances of the diode in the case
where the h.f. circuit represents no resistance for
the image frequency: it is mentioned that these
equations (eqns. 2 & 3 of the present paper) were
first given by Strutt (2362 of September). They
simplify down to eqn. 3a when the h.f. and i.f.
circuits are tuned, and the treatment of this equa-
tion, and of the quantities S, and S,, (the mean
mutual conductance-rectifying-characteristic slope
-and the conversion conductance), is facilitated
by the introduction of the use of " reduced func-
tions," denoted by an asterisk : thus the " reduced
function " S,* is the ratio S,/h1P-1, and Sc'=
Se/141"-1, where k and n are taken from the equation
of the characteristic, J = k U". Introducing these
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" reduced functions " into eqn. 3a gives eqn., 3b
for the " reduced " Inf. and i.f. admittances of the
diode, namely W*Dit =135*Dz=0)*D=-. S* y- .5'0,2/Sty
and Fig. 3 gives the curves for f3j*D for various values
of n from r to 2 as a function of U*,,, the " reduced"
d.c. voltage Uo/I1 =- cos 0. These " reduced "
quantities can still be used with advantage even when
the conditions of eqn. 3a are not fulfilled, that is
when (41, and 61, are not zero, and Fig. 4 (based on
eqn. 3c) gives the " reduced " admittances 1:9*Dy
(and 03*Dh), as functions of U*,, with various values
of (0th (and (t,) as parameter, for the case when
n = 1.35.

Section iv describes the experimental determina-
tion of the diode i.f. real admittance GDy by means
of measurements of the damping of the i.f. circuit,
first for a single -diode arrangement and then for
push-pull arrangements using a duo -diode. In all
the examples given the measured points fall well on
the calculated curves. In the " noise -measurement "
method described in Section v, the valve -noise
currents of known value (the equations employed
haVe already been found satisfactory : see 391 of
February) are generated by the use of a " noise "
diode, a directly heated diode working in the satura-
tion region. Fig. Is shows the circuit for the deter-
mination of the i.f. admittance of the diode under
test : the noise -generating diode is labelled
" Rauschdiode." Two different procedures are
described.

The calculation of the input and output resist-
ances of the diode superheterodyne arrangement,
as given in Section iii, no longer holds good if the
image -frequency wave h2 = z is also found in
the reception channel, as is frequently the case in
decimetric wave reception, and Section vi deals
with this case, equation (24) being found for G'.1),
Comparison with eqn. 3 shows that when the image
frequency also produces a voltage in the receiver
circuit the retroaction term in the expression is
multiplied by a factor of 2 : this is explained at
the top of p. 54, together with the appearance in
eqn. 24 of a new conversion conductance S,,, con-
cerned with the second harmonic of the hetero-
dyning wave. On the simplifying assumption that
Gh is zero, eqn. 24 becomes eqn. 3o, and Fig. 13
gives, for various values of U from 2 to ro v, curves
of GDy for Gh = CO, for Gh = o, and for the case
where the image frequency is involved according to
eqn. 3o.

The question of mixing with harmonics frequently
arises in the decimetric-wave region, where the re-
quirement of great stablity of the heterodyning
generator is difficult to fulfil. Section vii therefore
examines how the diode input and -output resistances
behave in this case, and pays special attention to the
question of conversion.amplification, of -such import-
ance in determining the sensitivity of a receiver.
Fig. 18 shows the curves for St,./Stg, of great signifi-
cance in connection with the conversion amplifica-
tion, for values of m (the order of the harmonic)
from i to 4 : n (see above) is taken as 1.5 throughout.
The ratio is plotted against values of the " reduced "
working voltage Uto. Strutt & van der Ziel (toe.
cit.) have already shown that for extremely small
values of 0 (the current -flow angle) Sc. approaches
the value (r/r)S.x . 0/2 for all values of m, and this
is seen in Fig., 18, where all the curves converge as
Uto approaches the value - cos 0. Thus for extreme
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Class C working it is of no importance which har-
monic is used, but this working is difficult to obtain
in practice. Figs. 14-16, however, giving the con-
version conductances for the 1st to 5th harmonics as
a function of Uto for n = x , 1.5, and z respectively,
show that maxima and minima occur in the S,
curves at definite working conditions, differing
for the various harmonics. Use should therefore
be made of this fact by choosing the optimum con-
ditions : experimental tests on the sensitivity con-
firm this point.

The final Section yin, on the influence of electron
inertia on the input and output diode admittances,
extends Meinke's work in certain directions and
applies the results to the case of an LGI diode with a
cathode/anode gap of 0.15 mm, working on a
5o cm wavelength. Among other results, it is seen
that the decrease of the output admittance through
retroactive effects is diminished by the action of
electron inertia : as the frequency increases, the
transit -time effect acts the more strongly to increase
the admittance, in opposition to the retroactive
action.

2706. THE DYNAMIC SENSITIVITY OF RADIO -TELE-
GRAPH [and Phototelegraph] RECEIVERS.-
M. L. Volin. (Izvestiya Elektroprom. Slab.
Toka, No. 6, 1940, pp. 38-44.)

The sensitivity of a radio -telegraph receiver is
determined as follows:-when no signal is received
the amplification of the receiver is raised to a
maximum possible value beyond which false opera-
tion of the receiver begins, due to internal noises :
the output of an oscillator is then applied to the
receiver and raised to a maximum value E at which
there will be no false operation of the receiver, but
d.c. impulses free from interference will be obtained
at the output when E is switched on and off. E is
a measure of the (static) sensitivity of the receiver.
It is pointed out that for high-speed telegraphy or
picture transmission E has to be raised to a value E1,
which is a measure of the dynamic sensitivity for a
given speed and quality of transmission. In the
present paper the- relationship between E and E,
is established, and the effect of the frequency band-
width passed by the receiver on El is discussed.
Methods are also indicated for determining the band-
width necessary for satisfying the required condi-
tions. The paper ends with a report, with a number
of oscillograms, on an experimental investigation
which was undertaken to verify the theoretical
discussion.

2707. OSCILLATORS FOR TESTING RADIO RECEIVERS
IN ASSOCIATION WITH A CATHODE-RAY
OSCILLOGRAPH.-Dubenetski. (See 2765.)

2708. EFFECT OF RADIO FREQUENCIES OF A POWER
SYSTEM ON RADIO -RECEIVING SYSTEMS
[R. F. Measurements to determine Correla-
tion : Results useful for Approximate Calcula-
tion of Interference].-C. V. Aggers, W. E.
Pakala, & W. A. Stickel. (Elec. Engineering,
Jan. 1943, Vol. 62, No. 1, p. 28 : summary
only.) Cf., for example, 1659, 1956, 2346,
and 3573 of 1942.

2709. MEASUREMENTS PERTAINING TO COORDINA-
TION OF RADIO RECEPTION WITH POWER
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APPARATUS AND SYSTEMS [Radio Noisemeter
Calibrations : Relations of Apparatus Noise -
Levels to Radio -Receiver Interference :
Radio -Influence Voltage for Apparatus :
etc.].-C. M. Foust & C. W. Frick. (Elec.
Engineering; June 1943, Vol. 62, No. 6,
Transactions pp. 284-291.)

2710. CIRCUIT FOR THE ELIMINATION OF INTER-
FERENCE ON A NEIGHBOURING FREQUENCY
[a Two -Aerial, Three -Circuit Arrangement
producing a Cancelling -Out of the Interfer-
ence Frequency].-R. Feld. (Hochf:tech. u.
Elek:akus., Jan. 2943, Vol. 61, No. 1, p. 31,
Fig. 15.) A Telefunken patent, D.R.P.
723 205.

271t. GENERATION OF ELECTRIC CHARGES BY
MOVING RUBBER -TIRED VEHICLES.-S. S.
Mackeown & V. Wouk. (Elec. Engineering,
May 1943, Vol. 62, No. 5, Transactions
pp. 207-210.) See, for example, 697 of 1942.
A summary was referred to in 2042 of July.

2712. ALTERNATIVE MATERIALS [Note on " Metre-
lite," for Screening of Interference, etc :
Metal - Sprayed Synthetic - Resin - Bonded
Boards & Similar Materials].-Runcolite,
Ltd. (Sci. Abstracts, Sec. B, June 1943,
Vol. 46, No. 546, p. 205.)

2713. THE DEVELOPMENT AND PRESENT POSITION
OF THE BROADCAST RECEIVER INDUSTRY OF
THE WORLD [including the Differences in
European & American Technique & Price
Levels].-W. F. Ewald. (E.T.Z., 6th May
2943, Vol. 64, No. 17/18, pp. 243-247: to
be concluded.)

2714. UNITIZED -CONSTRUCTION RADIO RECEIVERS
[built up from Three Basic " Cells," and using
only One Type of Valve in Entire Circuit,
regardless of Its Complexity : 95% of Usu-
al Connecting -Wire eliminated]. - Harvey
Machine Company. (QST, July 1943, Vol.
27, No. 7, p. 51 : paragraph only.)

AERIALS AND AERIAL SYSTEMS
2 7 15. THE RADIATION OF ELECTROMAGNETIC

ENERGY THROUGH APERTURES [and the
Conception of a " Diffraction " Aerial].-
M. S. Neyman. (lzvestiya Elfktroprom.
Slab. Toka, 'No. 6, 2940, pp. 1--I6.)

The problem discussed is as follows :-a metallic
envelope totally encloses a space in which electro-
magnetic waves of constant amplitude are excited
(endovibrator : see 2081 of August). An aperture
is made in the envelope, and it is required to formu-
late laws determining the radiation of electromag-
netic energy through the aperture. It is pointed out
that an exact solution of the problem would be too
complicated and therefore, without impairing the
accuracy required for practical purposes, a number
of simplifications are made. A general formula (I)
determining the power radiated through the aper-
ture is derived, and the effects of the size of the
aperture, and its position with respect to the current
antinode, oR the radiation resistance of the aperture
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are discussed. The discussion leads to the concep-
tion of a " diffraction " aerial (endovibrator with
an aperture), and it is shown Ohat this type of
aerial can be used with advantage for reception and
transmission on decimetric and centimetric waves.
The possible application of the discussion to the
theory of electromagnetic screening is briefly indi-
cated. The paper is concluded by a report on an
experimental investigation confirming the theo-
retical results obtained. Polar diagrams of a
diffraction aerial are shown.

2716. THE SUPPRESSOR ACTION OF CONCENTRIC
LINES WITH LONGITUDINALLY LAYERED
DIELECTRIC IN THE DECIMETRIC-WAVE BAND
[e.g. Concentric Cable with Trolitul Discs
supporting the Central Conductor].-H.
Riedel. (Hochf:tech. u. Elek:akus., March
1943, Vol. 61, No. 3, pp. 65-70.)

Since the dielectric losses increase linearly with
the frequency, and in the decimetric-wave band are
already of the same order of magnitude as the eddy -
current losses, the tendency is to reduce them to a
minimum by keeping down the number of discs as

. much as is practicable from mechanical considera-
tions. But electrical considerations also come into
the question, for if the spaces between the discs
are of ,the same order as the wavelength to be trant-
mitted, reflections will occur which in the most
unfavourable conditions will add up from disc to
disc and cause a severe loss of energy. A thorough
investigation of this question from the theoretical
standpoint has already been carried out by Buchholz
(2302 of 1940), and the theoretical section it of the
present paper is based on his calculations.

' Section III describes experiments on a 2 m -long
cable section of the disc -insulated type, with a slit
along its -outer conductor so that the disc -spacing

 could be varied : the disc -material was also changed.
Measurements were carried out on two fixed wave-
lengths (31.5 and 20 cm), varying .spacings (and
consequently varying numbers of discs) and
different dielectric constants, to find the dis.;-spacing
for which no appreciable ill effect on the trans-
mission of energy through the cable could be
detected. For the shortest working wavelength
used, A = 20 cm, a cable with 3 mm trolitul discs
at distances from 3o to 6o mm was found to be
satisfactory (Fig. to) : though the curve was
already dropping between 4o and 6o mm, the drop
at 6o mm was only a fraction of 'the big drop
between 90 and tob mm, and actually so little
difference was found in the attenuations of two longer
lengths of works -made cable (3 mm trolitul discs),
with spacings of 3o and 6o mm respectively, that
the latter spacing was finally adopted. The
attenuation curve of the resulting-A.E.G. cable,
with aluminium outer conductor and 5.5 mm copper -
plated aluminium central wire, is seen in Fig. II :
' it brings out the suitability of this cable for wave-
lengths down to 20 cm." The curves (frequenta
and trolitul discs) of Figs. 3 -to show the correct-
ness of the plan adopted, of making the measure-
ments with the cable terminated by its average
characteristic impedance Z, (eqn. 8), the final disc
being kept at a distance of a half -spacing from the
end.

Section Iv points out that while so far a rejector
action is concerned the frequency range of a cable
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can be increased towards higher frequencies by
reducing the spacing of the discs, the resulting
increase of the nu&ber of discs not only raises the
dielectric losses but provides more points of reflec-
tion whose additive effect will, beyond a certain

cause a falling -off of the transmitted energy.
It then goes on to discuss attempts to improve the
trap  Sion b rrInlrin the characteristic in-y rsarl.nraa.

inside the discs equal to that in the spaces between
them : this can be attempted, as in Fig. 12, by
increasing the diameter of the outer conductor
just at each disc position, so that Z (in the discs
themselves) becomes equal to Z. (in the spaces) for
the particular dielectric constant in question. This
plan has the disadvantage of a sudden transition,
for the outer conductor, from one diameter to
another : the lines of force from the (uniform)
central conductor tend to concentrate at the sharp
corner of the expansion, few of them reaching the
extreme diameter : the result is once more a change
of characteristic impedance at this point. On
Zinke's suggestion the change from on outer -
conductor diameter to another was made gradual
by the use of conical sleeves (Fig. 13) : the tube -
lengths between the disc positions were made
telescopic so that the disc -spacings could be varied.
Curve I of Fig. 14 shows again the characteristic
on a 31.5 cm wave of an ordinary cable length,
already given in Fig. 5, with curve 2 for the new
design superposed on it : the complete absence of
the deep trough at the 150 mm spacing is obvious.
The slight waviness of the curve is attributed partly
to the slight diameter -differences of the telescoping
tubes and partly to not quite perfect matching at
the discs. On the whole a distinct step towards
improving the performance of the cable is indicated.
A final experiment, with' the discs removed from
the new -type cable and replaced by a longitudinally
uniform dielectric, showed that the periodic changes
in the diameter of the outer conductor produced
suppressor action analogous to that due to the
discs in an ordinary cable : Fig. 15 illustrates this,
the deep trough occurring when the spacing of the
conical expansions is no more than 140 mm (the
wavelength is presumably again 31.5 cm). This
emphasises the necessity, in a cable for a very wide
frequency band, of an extremely uniform character-
istic impedance throughout its length.

2717. ARRANGEMENT FOR COUPLING A WAVE
GUIDE TO AN ELECTRICAL APPARATUS.-
Violet. (See 2629.)

2718. CORRECTION TO " THE RECIPROCITY THEOREM
OF THE ELECTROMAGNETIC FIELD " [Omis-
sion of Factor in Calculation of Integral for
Cavity Line].-W. Dallenbach. (Arch. f.
Elektrot., 3oth Sept. 1942; Vol. 36, No. 9,
P 572.) See 3260 of 1942.

2719. CORRECTIONS TO " TRANSFORMATION ELE-
MENTS [Quarter -Wavelength Lines] wITH
LOWEST ' BALLAST ' ON THE OSCILLATING
FIELD ENERGY." -W. Dallenbach. (Hochf:
tech. u. Elektakus., March 1943, Vol. 61,
No. 3, p. 83) See 1844 of July.

2720. A NOTE ON THE MUTUAL IMPEDANCE OF
ANTENNAS.-C. W. Harrison, Jr. (Journ.
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Applied Phys., June 1943, Vol. 14, No. 6,
pp. 306-309.)

" Recent research at this Laboratory demon-
strates that whereas the assumption of a sinusoidal
distribution of current is satisfactory for calculating
the distant field of an isolated centre -driven antenna
of non -vanishing radius [ref. " 3 "], this distribution
Is in reality only the matting term in a compucatea
series involving powers of the small quantity
1/Q, where I? is defined by 2 log, 2h/a, and a is the
radius of the antenna wire [ref. " 4 "]. When a
parasitic element is placed in proximity to a driven
antenna, there is no reason to suppose that the
distribution given by (z) is still the leading term in
the correct current distribution along the driven
antenna. Additionally, the writer can see no reason
for assuming that (I) also applies to the parasitic
radiator, when it is remembered that this element
is immersed in a field of varying amplitude and
phase over its entire length. If a rigorous solution
is desired for the mutual impedance of antennas; the
problem is a boundary -valued one. The case of two
-antennas can be handled if one is willing to cope with
simultaneous integral equations involving the Ina-

' known current distributions under the integral
signs . . ."

Author's summary :-" An expression is derived
for the mutual impedance of a symmetiical centre -
driven antenna in proximity to an untuned parasitic
element, when the wires are parallel, and are not
displaced in length. An integral, frequently occur-
ring in antenna problems, is evaluated graphically
over the range required in the present analysis.'
The input impedance to the driven aerial is dealt
with in an appendix.

2721. THE RADIATION FIELD OF A SYMMETRICAL
CENTRE -DRIVEN ANTENNA OF FINITE CROSS
SECTION, and THE DISTRIBUTION OF CURRENT
ALONG A SYMMETRICAL CENTRE -DRIVEN
ANTENNA.-C. W. Harrison, Jr., & R. King.
(Referred to in 272o, above.) Appearing in
Proc. I.R.E.

2722. AN ELECTROMECHANICAL CALCULATOR FOR
DIRECTIONAL -ANTENNA PATTERNS.-C. E.
Smith &- E. L. Gove. (Elec. Engineering,
Jan. 1943, Vol. 62, No. 1, p. 28 : summary
only.) Already referred to in 2018 of July. .

2723. A METHOD OF MEASURING THE EFFECTIVE-
NESS OF ELECTROSTATIC LOOP SHIELDING
[as %used for Noise Reduction in Broadcast
Reception : Effectiveness determined as
Ratio of Effective Heights of Loop as Mag-
netic - Field & Electric - Field Collector :
Method selected as Best of Five tried for
Laboratory Determinations].-D. E. Foster
& C. W. Finnigan. (Proc. I.R.E., June
1943, Vol. 31, No. 6, Part I, pp. 253-255.)

Using a short rod aerial connected to a standard -
signal generator and, projecting above an artificial
ground plane below which all the apparatus, except
it and the loop itself, is located.

2724. OPEN - WIRE RADIO - FREQUENCY TRANS-
MISSIoN LINES [Method of Logarithmic
Potentials used to derive Desigg Formulae
for Various Balanced and Unbalanced Lines :



October, 1943 WIRELESS
ENGINEER

and a Note on the Application to the Design
of Low -Frequency Aerials (e.g. Cage Aerial,
Multi -Wire Flat -Top Aerial)].-E. A. Lapart.
(Proc. I.R.E., June 1943, Vol. 31, No. 6,
Part I, pp. 271-280.) Cf. Frankel, 2304 of
September.

2725. CHARACTERISTICS OF UNBALANCED OVER-
HEAD TRANSMISSION LINES [With Details
of Attenuation and Radiation, Data on Three
Common Types, etc.].-G. H. Brown.
(Broadcast News, May 1941.) Referred to in
2724, above.

VALVES AND THERMIONICS
2726. PATENTS ON ULTRA -SHORT-WAVE GENERAT-

ING DEVICES.-Forberger : Fritz. (See
2694 & 2695.)

2727. PAPERS ON THE ACTION OF A DIODE AT LOW
AND HIGH FREQUENCIES [including Fre-
queney-Conversion].-Meinke. (See 2703/4.)

2728. INPUT AND OUTPUT RESISTANCES OF MIXING
DIODES.-Matare. (See 2705.)

2729. CALCULATIONS ON THE USE OF STATIC
SECONDARY -ELECTRON MULTIPLIERS.-G.
Maurer. (Arch. f. Elektrot., 31st Oct. 1942,
Vol. 36, No. TO, pp. 608-614.)

Author's summary :-" The calculation of the
multiplying properties of an electron -multiplier is
carried out particularly simply if the multiplier
characteristic curve log V as a function of U is
chosen as the characterising curve [V is.the over-all
multiplication, U the total voltage used for the n
multiplying stages, omitting the collector voltage
of the non -multiplying output stage]. In deter-

the number of stages necessary to obtain a
desired multiplication it is advantageous to use the
stage characteristic log y as a function of the volt-
age -per -stage u, if the quality of the various stages
is equal and independent of the number of -stages.
The fluctuations of multiplication produced by
fluctuating voltage can also be determined quickly
and easily by the use of such a characteristic."

As examples of the method, the writer works out
some practical examples, of which the first is the
calculation of how high the over-all voltage must
be, and how many stages are required, in order to
obtain a tog multiplication with the smallest possible
over-all voltage. The last, more complex example
is the case where, for a similar io6 multiplication,
the multiplier is required to be so worked that it
has a high resolving power for a close series of pulses
(that is, that the to° secondary electrons produced
by a single primary shall reach the final anode as
simultaneously as possible, their path times suffer-
ing as little scattering as possible). To attain this
it is necessary to use a minimum number of stages
each with as high a stage -voltage as possible. An
over-all voltage of 2500 v is available. How many
stages, and what stage -voltage should be chosen ?

The writer refers to Schnitger's paper dealt with
in 2718 of 1941, but no mention is made of the same
worker's papers dealt with in 451 and 1692 of 1942,
the first of which deals specially with the use of a
logarithmic measuring scale for the multiplication.

507

2730. THE EFFECT OF THE MAGNETIC FIELD OF
THE CATHODE 'ON THE ANODE CURRENT OF
A CYLINDRICAL DIODE.-A. M. Bliznyuk.
(Izvestiya Elektroprom. Slab. Toka, No. 4/5,
1940, PP. 43-47.)

The magnetic field of a filament current is usually
so weak that its effect on the inter -electrode space
chary, and therefore on the anode current, can
be neglected. If, however, an a.c. filament supply
is used, the small anode -current variations so
produced may cause the appearance of noise in the
loudspeaker. In this paper the cases of a cylindrical
anode with (a) a single filament along its axis, and
(b) U-shaped heater are discussed, and for each
case formulae (25-28) are derived for determining
the average equivalent increase (correcting poten-
tial) which should be added to the anode voltage to
maintain the anode current unchanged when the
magnetic field is introduced.

2731. FILAMENT CONTROL AND ITS TUBE -LIFE
EFFECT [including Rules for Tungsten,
Thoriated, & Coated Filaments : Effect of
Mains Fluctuations : Optimum Stand -By
Conditions].-D. W. Jenks. (Sci. Abstracts,
Sec. B, June 1943, Vol. 46, No. 546, p. 116.)
From Communications, Dec, 1942.

2732. SURFACE AREA OF OXIDE -COATED CATHODES
DEDUCED BY ADSORPTION OF GAS AT LOW
PRESSURES.-L. A. Wooten & C. Brown.
(Sci. Abstracts, Sec. B, June 1943, Vol. 46,
No. 546, p. 116.)

2733. THE EFFECT OF HIGH ELECTROSTATIC FIELDS
UPON THE VAPORISATION OF MOLYBDENUM
[and Platinum], and THE EFFECT OF HIGH
ELECTROSTATIC FIELDS UPON THE VAPORISA-
TION AND RESISTANCE OF MOLYBDENUM
FILAMENTS.-G. B. Estabrook : W. P. Reid.
(Phys. Review, 1st115th May 1943, Vol. 63.
No. 9/1o, pp. 352-358 : pp. 359-366.)

2734. NEW ORE DEPOSITS OF TANTALUM IN NEW
MEXIC0.-(Science, 14th May 1943, Vol. 97,
No. 2524, Supp. p. 12 : paragraph only.)

2735. GLASS STRAIN: EXAMINATION OF FAILURES.
IN LAMP AND ELECTRONIC DEVICES.-H. J.
Nolte. (Electrician, 9th July 1943, Vol. 131,
No. 3397, pp. 31-33.) From the paper dealt
with in 2396 of September.

DIRECTIONAL WIRELESS

2736. RADAR : STATEMENT ISSUED BY WESTERN
ELECTRIC FOR INFORMATION OF ITS' EM-
PLOYEES [with Historical Sketch].-Western
Electric. (Bell Lab. Record, June 1943,
VOL ZI, No. I0, pp. 362-363.) See also
Buckley, on p. 333 : and cf. Army-Navy
statement, QST, June 1943, p. 51: also
2896, below, and Wireless World, Aug. 1943,
p. 245.

2737. METHOD OF DETERMINING THE DIRECTION
OF MOTION AND THE SPEED OF AN OBJECT
MOVING IN A ROAD DR CHANNEL.-H.
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Scharlau. (Hochf:tech. u. Elek:akus., Jan.
1943, Vo. 61, No. 1, p. 32.)

A Telefunken patent, D.R.P.722 63o. " On
either side a,b (Fig. 19) of the roadway, transmitters
G,, Gb are erected, working with receivers F,,, Fb
opposite to them "[three receivers are shown on
either bank]. From the sequence in time of the
breaks in reception caused at the points A,B . . .

by the craft V moving on the course P, the direction
of the motion is obtained, and from the ratio of the
time -differences between the indications AC and
BC, and CE and CD, the distance from the banks
is derived, and from this (combined with the time
observations) the speed is calculated. By choosing
different modulations, errors due to the (dotted -line)
reflected rays are eliminated."

2738. METHOD OF DISTANCE DETERMINATION ON
THE REFLECTED -RAY PRINCIPLE.-H.
Gutton. (Hochf:tech. u. Elek:akus., Jan.
1943, Vol. 6/, No. I, p. 32.)

D.R.P.723 075. " Transmitter and receiver are
controlled by a variable modulation frequency in
such a way that the receiver is blocked during trans-
mission, times and open during pauses in trans-
mission : the distance of the reflecting object is
found by  measuring the difference between the
modulation frequencies given by two neighbouring
reception -minima."

2739. ULTRA -SHORT-WAVE SIGNAL ARRANGEMENT
FOR SAFETY OF CRAFT IN CONDITIONS OF
POOR VISIBILITY [Provision of Transmitter,
Receiver, & " Reflecting Surfaces " of Special
Design (Multiple Dipoles on Rhythmically
Swung Axes)].-J. Pintsch Company.
(Hochf:tech. u. Elek:akus., Jan. 1943, Vol. 61,
No. I, p. 32.) D.R.P.723 207..

2740. METHOD OF DETERMINING THE POSITION OF
AN AIRCRAFT WITH RESPECT TO FIXED
POINTS OF A LANDING GROUND [Two Aerials
radiating Same Power & Frequency but
Different Modulations : Ratio of Received
Intensities (indicated by Quotient -Meter in
Aircraft) gives. Position relative to the Two
Aerials].-S.F.R. Company. (Hochf:tech. u.
Elek:akus., Jan. 1943, Vol. 6i, No. 1, p. 32.)
D.R.P.723 206.

2741. AUTOMATIC DIRECTION FINDER [Rotating -
Frame Type, with Direct -Reading Arrange-
ment].-R. Weber. (Hochf:tech. u. Elek:
akus., Jan. 1943, Vol. 61, No. I, pp. 31-32,
Fig. 18.) A Lowe Radio patent, D.R.P.
722 193.

ACOUSTICS AND AUDIO -FREQUENCIES
2742. TRANSIENT ANALYSIS OF LINEAR SYSTEMS

[Methods applicable to Acoustical & Aero-
dynamical Problems].-Osborne. (See 2675.)

2743. AN APPARATUS FOR THE INVESTIGATION OF
ECHO PHENOMENA IN CLOSED SPACES
[Greatly Simplified Equipment].-B. Burger.
(Hochf:tech. u. Elek:akus., March 1943, Vol.
61, No. 3, pp. 75-82.)

Arguing on the lines that as a general rule an
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acoustical investigation of a room is only needed
when its acoustical properties are bad and require
improvement, and that in such a case it is only
necessary to find out which particular parts of the
walls are producing troublesome reflections, the
Writer has cut out all oscillographic recording and
reduced his equipment to a special warble -tone
generator of constant intensity, a directive receiver
of constant sensitivity, and an indicator giving the
relative intensities of the arriving waves.

The development of the warble -note generator
is discussed in detail : the method using the in-
ductance -variation of an iron -cored choke, produced
by passing an alternating current through an auxili-
ary winding, was adopted as preferable to all the
other methods tried (described in the full Disserta-
tion of which this is an abridged version). The
warble -frequency was chosen as Io c/s, and since an
oscillatory circuit for this frequency would require
a rather heavy iron -cored' choke, and the whole
equipment was intended to be easily portable, it
was decided to use a, relaxation -oscillator which (as
Lattmann & Salinger have shown : 2972 of 1936)
can be made to give sinusoidal waves. The complete
circuit is seen in Fig. 16.

The receiver was a piezoelectric microphone pro-
vided with an exponential horn, feeding a two -stage
resistance -coupled amplifier and a rectifier with a
milliammeter in, its anode circuit. A compensation
method (p. 8o, r -h column) was employed to make
the readings proportional to sound pressures. All
the supply voltages were taken from small batteries
to avoid mains noises and long leads.

2744. SWEEP OSCILLATORS [Theory & Applica-
tions].-Finkelstein. (See 2672.)

2745. VARIABLE -FREQUENCY BRIDGE -TYPE. FRE-
QUENCY -STABILISED OSCILLATORS.-Shep-
herd & Wise. (See 2670.)

2746. LOUDSPEAKER WITH ACOUSTIC GUIDES, IN
SUNK Box, PROJECTING THE SOUND ABOVE
GROUND AT ANGLE TO HORIZONTAL [gives
Better Coverage than Vertical, Radiation,
and' Better High -Note Reproduction than
Horizontal].-L. Bialk & H. Benecke.
(Hochf:iech. u. Elek:akus., Jan. 1943, Vol.
61, No. I, p. 32, Fig. 22.) A Telefunken
patent, D.R.P.722 046.

2747. THE MIRROPHONE : MAGNETIC SOUND -RE-
CORDER AND REPRODUCER.-(Bell Lab.

o Record, Sept. 1941, Vol. 20, No. 1, pp. 2-5
and 8.) See 2153 of 1941.

2748. PROTECTION FOR WORKERS IN NOISY IN-
DUSTRIES : A LUCITE " EAR-MOULD.-
D. A. McCoy. (Science, 28th May 1943,
Vol. 97, No. 2526, Supp. p. 12.)

PHOTOTELEGRAPHY AND TELEVISION

2749. TELEVISION PROSPECTS.-W. R. G. Baker.
(Proc. I.R.E., June 1943, Vol. 31, No. 6,
Part I, p.. 305.) Summary of address.
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2750. A KINESCOPE FOR A TABLE T EL EV rs oN
RECEIVER .-A . S. Buchinski & A. G. Yakov-
lev. (Izvestiya Elektroprom. Slab. Toka,
No. 4/5, 1940, pp. 52-54.)

A cathode-ray tube developed in Russia for mass
production is described. The main data. of the
kinescope are as follows :-anode voltage 3500 V ;
modulating -voltage (swing), 3o v ; filament volt-
age, 2.5 v ; average blocking voltage, 35 v ; maxi-
mum working current of the ray, 125 µA ; over-all
length of the tube, 353 mm ; screen diameter,
172 mm ; colour of fluorescence, white.

2751. CALCULATIONS ON THE USE OF STATIC
SECONDARY - ELECTRON MULTIPLIERS. -
Maurer. (See 2729.)

2752. A CATHODE -FOLLOWER STAGE.-V. L. Kreyt-
ser [kreuzer]. (I zve.stiya Elektroprom. Slab.
Toka, No'. 4/5, 1940, pp. 54-64.)

In television amplifiers cathode-follOwer stages
are often used (Fig. I). In this paper a mathematical
discussion of the operation of such a stage is dis-
cussed under the following headings :-amplifica-
tion factor ; equivalent amplifier (with an anode
load) and its characteristics ; frequency and phase
characteristics of a stage without correcting cir-
cuits ; input capacity of the stage ; a stage with both
anode and cathode loads. In conclusion it is
pointed out that the circuit is particularly suitable
for use at the output of a multi -stage amplifier.

2753. ON THE THEORY OF THE DISTORTION OF
TELEGRAPH [and Phototelegraph] SIGNALS
IN THE HIGH -FREQUENCY CIRCUITS OF RADIO
APPARATUS . -Gonorovski. (See 2677.)

2754. THE DYNAMIC SENSITIVITY OF RADIO-
TELEGRAPH [and Phototelegraph] RECEIVERS.
-Volin. (See 2706.)

MEASUREMENTS AND STANDARDS
2755. THE EXPERIMENTAL DETERMINATION OF THE

RESONANCE RESISTANCE OF RESONATORS
IN THE CENTIMETRIC-WAVE BAND . -F.
Borgnis. (Naturwiss., Vol. 31, 1943, p. 20
onwards : summary in E.T.Z., 6th May
1943, Vol. 64, No. 17/18, p. 249.)

A two -page article with 4 diagrams. The impossi-
bility of measuring the resonance resistance of the
cavity and concentric -line resonators used in the
centimetric-wave band by the methods employed
in the short-wave band is first discussed. Then it
is mentioned that the resonance resistance can be
defined from the energy standpoint; just as in the case
of quasistationary circuits, as the ratio R, = U2/N,,,
where U is the effective voltage at R1, and N. is
the true power ; but in doing this it must be stated
to what point of the resonator the resonance resist-
ance is referred. Whereas, in the quasistationary
circuit, the damping d and the resonance resistance
are connected by the relation dR = VLIC, this
is not so in the non-quasistationary circuit, so that
it is impossible to get at the resonance resistance
by way of the measurement of the damping (which
can be accomplished well even in the centimetric
wave region : a summary or paper in E. T. Z.,

Vol. 64, 1943, p. 18, is here referred to), since the
usual conceptions of concentrated capacitance and
inductance are not valid here.

A measurement of the resonance resistance be-
comes, however, possible if a known ohmic 'resist-
ance is connected in parallel with the resonator
at an appropriate point, without appreciably alter-
ing the field, and the decreased deflection of an
indicating instrument is simultaneously noted. A
circular -sectioned cylindrical cavity resonator such
as that of Fig. 2, excited to its fundamental oscilla-
tion, has its strongest electric field along its axis of
rotation between the points A, B, and this field
sinks to zero towards the outer jacket according to
a Bessel function. To determine the resonance
resistance at  the point of strongest field, a thin
dielectric rod C is introduced between A and B,
having a known dielectric constant e and loss angle
tan 6 : this rod acts as a pure ohmic resistance
R' connected in parallel with the resonator without
affecting the character of the field distribution.
Keeping the excitation coupling constant, the result-
ing smaller deflection a' is measured on a square -
law indicator. With the same test wavelength
another reading a!' is -taken with a different rod.

" Since the relative wavelength-chango LIA/A of a
cavity resonator on the introduction of a dielectric
rod of radius p is equal to 1.86 (e - t)ft I R2 [this is
the result given at the end of 2306 of 1942], the two
rods must be chosen so that p2 ( - ) has the same
value in each case. The conductance of such a rod
is G'0 = (p2rrIz) . wee,, tan 8 (e0 = o.886 x Io").
From the ratio of the two deflections, putting
k = Vara', and with the known conductances G',
and G0, of the two rods, the resonance resistance is
obtained from the easily derived formula R,
(1 - k)I(kG', - G"). Measurements with, = 14 cm
on a box -shaped cavity of length loo mm and
diameter 107 mm gave resonance -resistance values
of 6.o, 6.o, and 6.3 x 106 ohms when measured with
the rod combinations quartz-ardostan, calit-ardo-
stan, and quartz-calit respectively. The theoretical
value for this resonator was R,, = 8.6 x 106 ohms.

" If the above method, illustrated by application
to a circular -sectioned cylindrical cavity resonator,
is applied to a concentric -tube line closed at both
ends, thin dielectric circular discs are introduced
between the inner and outer conductors at the point
of measurement."

2756. THE IMPEDANCE OF HOLLOW WAVE -GUIDES
[and Its Measurement: and the Measure-
ment of Dielectric Constants & Absorption].
-Flint & Pincherle. (See 2628.)

2757. A METHOD OF DIELECTRIC -CONSTANT MEAS-
UREMENT AT WAVELENGTHS AROUND I0 CM.
-Middleton. (In paper dealt with in 2661,
above.)

2758. THE MEASUREMENT OF ANOMALOUS DIS-
PERSION IN OPAQUE DIELECTRICS [by
determining Brewster's Angle by Reflec-
tion of Polarised Light from a Polished
Surface : Constant -Deviation Optical. System
& Integrating Photoelectric Device (Multi-
plier -Photocell controlling Multivibrator)
making Ultra -Violet Measurements possible
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(in contrast to Pfund's Method, 651 of 1942)]
-A. W. Lawson. (Review Scient. Instr.,
Feb. 1943, Vol. 14, No. z, pp. 38-43-)

2759. DETERMINATION OF OPTICAL CONSTANTS
[Conductivity & Dielectric Constant] OF
METALS BY REFLECTIVITY MEASUREMENTS
[using the Electromagnetic Equations to
yield Graphical Method of Working Out.]-
J. R. Collins & R. 0. Bock. (Review Scient.
Instr., May 1943, Vol. 14, No. 5, pp. 135-141.)

2760. DETERMINATION OF THE COEFFICIENTS OF
SELF AND MUTUAL INDUCTANCE OF COILS
BY THE STEADY -DEFLECTION METHOD, USING
THE ROTATING COMMUTATOR. [Sell -Induct-
ance of 1 mH measured within about 1 %].-
A. V. Telang. (Sci. Abstracts, Sec. B, June
1943, Vol. 46, No. 546, p. ro8.)

2761. NEW FORMULAS FOR CALCULATING SHORT-
CIRCUIT STRESSES IN BUS SUPPORTS FOR
RECTANGULAR TUBULAR CONDUCTORS, and
NEW FORMULAS FOR THE INDUCTANCE AND
REACTANCE OF SQUARE TUBULAR CON-
DUCTORS.-T. J. Higgins. (Journ. Applied
Phys., March 1943, Vol. 14, No. 3, pp. 151-
154: April, No. 4, pp. 185-187.) See also
2762, below.

2762. FORMULAS FOR THE GEOMETRIC MEAN DIS-
TANCES OF RECTANGULAR AREAS AND. OF
LINE SEGMENTS [" Seemingly Not to be
Found in the Existent Literature "].-T. J.
Higgins. (Journ. Applied Phys., April 1943,
Vol. 14, No. 4, pp. 188-195.)

2763. 260- TO 350 -MEGACYCLE CONVERTER UNIT
FOR GENERAL ELECTRIC FREQUENCY -MODU-
LATION STATION MONITOR.-Summerhayes.
(See 2855.)

2764. STANDARD -SIGNAL GENERATOR [Type 8o5-A :
16 kc/s to 5o Mc/s : primarily for 'Use in
Quantity Production of Receivers for Armed
Forces : Ruggedness combined with High -
Quality Performance]. - General Radio.
(Review Scient. Instr., Feb. 1943, Vol. 14.No. 2, pp. 53-54.)

2765. OSCILLATORS FOR TESTING RADIO RECEIVERS
IN ASSOCIATION WITH A CATHODE-RAY
OSCILLOGRAPH.--V. G. Dubenetski. (Iz-
vestiya Elekts?prom. Slab. Toka, No. 4/5,
I94o; pp. 24-32.)

The operation of the R.C.A. type T.M.V. fre-
quency -modulated oscillator for testing amplifiers
with band-pass filters is discussed. A similar
oscillator, type G.S-I, developed in Russia is also
described.

2766. VARIABLE -FREQUENCY BRIDGE -TYPE FRE-
QUENCY - STABILISED OSCILLATORS. - Shep-
herd & Wise. (See 2670.)

2767. FORCE -CONSTANTS AND NORMAL MODES OF
THE TOTALLY SYMMETRIC VIBRATIONS IN
a -QUARTZ AT ROOM TEMPERATURE.-B. D.
Saksena. (Sci. Abstracts, Sec. A, June 1943,
Vol. 46, No. 546, p. 112.)
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2768. THE MrrNAHma. " [Pulling -into -Tune] OF
SELF-EXCITED OSCILLATIONS, AND ITS TECH-
NICAL UTILISATION [in Various Synchronising
Arrangements].- Kirschstein. (See 2679.)

2769. ARRANGEMENT FOR THE PRODUCTION OF A
DIRECT VOLTAGE PROPORTIONAL TO FRE-
QUENCY [but Independent of Amplitude].-
Brown Boveri. (See 2668.)

2770. A METHOD OF MEASURING THE EFFECTIVE-
NESS OF ELECTROSTATIC LOOP SHIELDING.-
Foster & Finnigan. (See 2723.)

2771. THE MICROLINEOMETER.- E. F. Travis.
(Gen. 'Elec. Review, June 1943, Vol. 46, No. 6,
PP 345-348.)

" Micro from microseconds, line from linearity,
plus meter gives rnicrolineometera crystal -con-
trolled frequency standard and square -wave gener-
ator designed primarily for the production testing
of servo sweep generators in wide -band cathode-ray
oscilloscopes, but also having many other applica-
tions " : such as the measurement (in conjunction
with a servo sweep generator) of the time delay in
transmitting a pulse through a transmission line :
in solving the, problem of terminating a transmission
line correctly : etc. A particular " servo sweep
generator- " (sweep generator synchronised with a
short -duration phenomenon which is recurrent but
not necessarily with a constant recurrent rate) is
shown in Fig. 3.

2772. INSULATION TESTING OF ELECTRIC WINDINGS
[with Description of Equipment].-C. M.
Foust & N. Rohats. (Elec. Engineering,
Jan. 1943, Vol. 62, No. I, p. 3o : summary
only.)

2773. VOLTAGE SURGE AND FOURIER SPECTRUM IN
HIGH -VOLTAGE ENGINEERING [and the Dis-
tortions produced by Retarding Cables,
etc.].-H. Samulon. (Bull. de l'Assoc. Suisse
des Elec., 19th May 1943, Vol. 34, No. 10,
pp. 279-291: in German.)

2774. ON THE VOLTAGE DISTORTION IN HIGH -
VOLTAGE TEST EQUIPMENT [and the Frequent
Errors due to Its Neglect : Method of Testing
the Suitability of Generators].-K. Andresen.
(Areh. f. Elektrot., 3oth Sept. 1942, Vol. 36,
No. 9, PP 541-555-)

2775. Two NEW ELECTROSTATIC VOLTMETERS FOR
HIGH AND Low VOLTAGES [e.g. Ranges of
13-15 kV and 0-30o or 500 V].-M. Nacken.
(Arch. f. Elektrot., 3oth Nov. 1942, Vol. 36,
No. 11, pp. 678-686.)

In a previous paper (2055 .of 1939) the effective-
ness of electrostatic and electrodynamic restoring
forces was reported on in connection with a method
of linking to the voltage standard, without recourse
to any absolute mechanical comparison procedure,
measurements of voltages of arbitrary height ; and
of doing this with extremely high sensitivity and
with an accuracy in accordance with that of the
most sensitive measuring methods. Owing to the
changes in the course of the lines of force involved



October, 1943 WIRELESS
ENGINEER

in any movement of the system, the 'electrostatic
controlling forces cannot be represented in a
simple and clear form, and methods of approxima-
tion are therefore called in. A much employed
method, consisting in the development of the
capacitance change into a power series, yields the
value of voltage at which the electrometer system
becomes unstable. Another method of approxima-
tion, developed in the present paper, gives not
only the voltage value for instability but also
the corresponding pointer position, which is found
to bear an unvarying relation to the electrode
spacing.

De -stabilising controlling forces acting on a
moving system in opposite directions lead to a
distortion of the scale which yields an extensive
compression of the bottom -of -the -scale deflection
and a high sensitivity for small voltage -differences.
This property is made use of in the instrument
shown in part in Fig. 9 ; the symmetrical horizontal
arm, carrying a circular flat disc at either end, is
suspended at the mid -point of a stretched vertical
ribbon : one disc moves in a damping cylinder, the
other between two flat plates, electrically con-
nected, whose opposed actions on the moving disc
are discussed (with the help of Fig. 6) on pp. 682-683.
The resulting curve is shown in Fig. 1o, in com-
parison with that of a square -law instrument : a
deflection of 2 cm (mirror and light -spot indica-
tion) is only reached at 13 kv, the full-scale deflec-
tion of. 3o cm at 15 kv : at the higher voltages a
difference of r volt can be read. Both the outside
electrodes can be adjusted so as to vary the range
and scale -character of the instrument. " The
apparatus can perform good service in the sensitive
monitoring of voltage -constancy in high -voltage
systems, and in combination with photoelectrically
controlled devices constitutes a high -voltage relay
of high sensitivity. In the laboratory, too,
it has many uses for precise measurements in
the neighbourhood of some fixed, voltage, for
example in the -determination of striking -voltage
fluctuations."

On the other hand, a superposition of the
stabilising and de -stabilising controlling forces can
be employed to produce a linear scale, and this
(with the accompanying high initial sensitivity) is
used in the instrument illustrated in Figs. 11-14.
Here again the horizontal arm carrying a 'disc at,
either end is suspended by a stretched vertical
ribbon : but in this design each of the discs moves
in a hollow cylinder, closed at one end and insulated
from the base -plate, which is itself insulated in the
earthed metal case seen in Fig. 13. Mirror and
light -spot indication is again employed. " The
calibration curves of instruments with the range
0-300 v and 0-50o v are shown in Fig. 14. The
range can be extended by the factor 1/2 by the use
of only one half of the system, the design being
symmetrical. The second instrument [o-Soo v ;
curve " a "] shows a completely linear scale, apart
from a narrow region at the lower end. The arrange-
ment of the discs in the -hollow cylinders gives such
an effective air damping that the movement of
the system is aperiodic. Because of its simple
construction and the comparatively large forces
involved, the instrument indicates with great
accuracy. The spot comes to rest in less than one
second.

5(I

2776. AN [Electronic] INSTRUMENT FOR THE DE-
TERMINATION OF CONTACT MAKING AND
BREAKING TIME.-W. Richter & W. H.
Elliott. (Elec. Engineering, Jan. 1943,
Vol. 62, No. 1, Transactions pp. 14-16.)

2777. A SIMPLE DEVICE FOR MEASURING THE TIMES
OF OPERATION AND RELEASE OF A RELAY.-
B. S. Sotskov. (Izvestiya Elektroprom. Slab.
Toka, No. 6, 194o, pp. 64-67.)

In this device a circuit in which a condenser C
charging through a resistance R serves as a time -
measuring element, and a neon lamp as an indicator.
R and C are so adjusted as to prevent the lamp
from striking, and from these values the time
constants can be determined. The accuracy of the
device is of the order of r msec.

2778.' NOTE ON THE TESTING OF MAGNETIC
MATERIALS, USING A CATHODE-RAY OSCILLO-
GRAPH WITH ELECTROSTATIC DEFLECTION
ONLY [3664 of 1942].-K. Kreielsheimer.
(Journ. of Scient. Instr., Feb. 1943, Vol. 20,
No. 2, p. 32.)

2779. SUMMATION CIRCUITS WITH CURRENT TRANS-
FORMERS [in Measuring Technique, for deal-
ing with the Sum of the Currents in Two
or More Circuits : Calculation of the Current
& Phase Errors as Functions of the Errors
of the Individual Transformers]. -L -H. Edler.
(Arch. f. Elektrot., 31st Dec. 1942, Vol. 36,
No. 12, pp. 743-750.)

2780. THE LOCUS CIRCLE LAW [including Its
Application to A.C. Bridge Balancing].-
Basch. (See 2682.)

2781. AN A.C. BRIDGE [with Balance Equation
L, = CR2, at All Frequencies, including
Zero].-B. Petree. (Elec. Engineering, Jan.
1943, Vol. 62, No. 1, p. 49.)

2782. RAPID NON-DESTRUCTIVE MATERIAL TEST-
ING [Bridge for detecting Slight Differences
in Magnetic, Conductive, & Dielectric Pro-
perties of Two Samples placed in Inductance
Coils].-W. A. Knoop. (Sci. Abstracts, Sec.
B, June 1943, Vol. 46, No. 546, p. II0.)

2783. A VARIABLE - RATIO - ARM CONDUCTIVITY
BRIDGE [Accuracy within about o.oi % over
a Range of One Million Ohms (extensible to
Ten Million with only Slight Loss in Accu-
racy)].-W. F. Luder. (Review Scient. Instr.,
Jan. 1943, Vol. 14, No. 1, 13P. 1-3.)

2784. A NEW CONDUCTIVITY BRIDGE [Range in
Ohms 0.2-250 000 : ?primarily for Plant -
Research Liquids].- fisher Scientific. (Re-
view Scient. Instr., Feb. 1943, Vol. 14, No. 2,
PP 52-53.)

2785. A VERSATILE OIL -TESTING CELL OF NOVEL
DESIGN [Inexpensive Cell for Routine
Determinations of Electrical Properties of
Oils, Liquid Dielectrics, Plasticizers, etc.].-
T. Hazen. (Review Scient. Instr., May 1943,
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Vol. 14, No. 5, PP. 141-143.) Fulfilling, for
routine purposes, the duties of the more
expensive precision -type cells (e.g. the Harts-
horn-Rushton design, 753 of 194o).

2786. A TUNED NULL - DETECTOR [eliminating
Volume Adjustment by compressing a
Volume Range of over ioo db into the
Variation of the Reading of a Simple Milli -
ammeter, and with Simple Tuning without
Calibration Charts 01 Curves).-F. B. Ander-
son. (Bell Lab. Record, June 1943, Vol. 21,
No. io, pp. 347-35r.)

2787. NOTE ON A METHOD FOR MEASURING SMALL
ELECTRIC CHARGES [Of order of 1.5 X IO 33
Coulomb, with Probable Error of about x% :
primarily for Measurements of Ionisation in
Air produced by X-Rays].-R. M. Showers.
(Review Scient. Instr., Feb. 1943, Vol. 14.
No. 2, pp. 35-37.) At higher sensitivities
(about rob electrons instead of the above
108) the accuracy is within about ± 20%.

2788. " ELEKTRISCHE MESSGERATE : GENAUIGKEIT
UND EINFLUSSGROSSEN " [Electrical Measur-
ing Instruments : Accuracy & the Factors
affecting It (Temperature, Stray Fields, etc.):
Book Review].-R. Langbein & G. Werk-
meister. (Bull. de l'Assoc. Suisse des Elec.,
19th May 1943, VOL 34, No. ro, p. 304.)
An enthusiastic review.

2789. TERMINAL CORRECTIONS FOR TEMPERATURE
TESTS. ON SHORT CONDUCTORS.-W. N.
Goodwin, Jr : Bauer & Taylor. (Elec.
Engineering, Jan. 1943, Vol. 62, No. I, p. 49.)
Bauer & Taylor's method (838 of March) is
only correct for sufficiently long conductors :
Goodwin quotes the full equation ,from his
paper on " The Compensated Thermocouple
Ammeter " (1543 & 2338 of 1936).

2790. STANDARDS FOR THERMO-ELEMENTS AND
THEIR ACCESSORIES [for Temperature Mea-
surement : Agreement between German
Manufacturers].-C. Sieber. (E.T.Z., 22nd
April 1943, Vol. 64, No. 15/16, pp. ,126-228.)

21791. OBSERVATIONAL STANDARDS [for Glossiness
of Surface, Flaws & Coverage of Finish on
Resistors & Condensers, etc.].-T. C. M.
Woodbury. (Bell Lab. Record, Sept. 1941,
Vol. 20, No. I, pp. 13-14.)

2792. PROPOSAL FOR THE EXTENSION OF OUR
SYSTEM OF MENSURATION [" qD" as Unit of
Length].-Bingham. (See 2881.)

SUBSIDIARY APPIRATUS AND MATERIALS

2793. ON DI OPTR IC F. I I T RON-OPT ICAL APPARATUS
WITH ARBITRARILY CURVED " OPTICAL "
AXES.-Wendt. (Zeitschr. f. Phys., 6th April
1943, Vol. 126, No. 11/12, pp. 720-740.)

" There are already a few electron -optical devices
in which the ' optical ' axis is not straight .(as for a
series of centred lenses with rotational symmetry)
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but curved: for instance the Coeterier-Teves
arrangement [" image converter," 1045 of 1937],
in which the object and image planes are at right
angles, and the mass spectograph: Except for the
latter, which requires no stigmatic and geometrically
correct image formation, electron -optical devices
with curved axes have attained little importance.
This may well be attributed chiefly to an at present
incomplete mastery of the image -formation laws
of such arrangements. A theory would seem to be
needed which would allow the design of the image -
forming organ, necessary for the production of a
distortionless image, to be determined in a simple
manner ; which would cover the dioptric laws of
such an image -formation ; and which would
calculate the cardinal quantities [focal lengths,
principal planes, etc.] and givb information as to
the aberrations occurring. The setting -up of such
a theory is the object of the present Work, though
the calculation of the aberrations will be left to a
later paper."

2794. NEW OSCILLOSCOPE WITH WIDE FREQUENCY -
RANGE FOR INDUSTRIAL MEASUREMENTS
[Frequency Response ± 3 db from zo c/s to
2 Mc/s : Linear Sweep from 5o c/s to 35o kcisj.
-Radio City Products. (Scient. American,
April 1943, Vol. ,68, No. 4, pp. 184-185.)

2795. RAPID PROCESSES IN THE MERCURY -VACUUM
ARC, MEASURED WITH A NEWLY DEVELOPED
HIGH - VOLTAGE CATHODE - RAY OSCILLO-
GRAPH [Full Description of the Munich
Oscillograph with a Max. Recording Speed
(S = 0.04) of about 7o 000 km/s : with
0.5 mm Spot Diameter, Resolving Power
(given by Number of Trace -Widths per
Second) 14 X Io10/s : Application to Exten-
sion of Mierdel's Work, 1165 of 037].-
Engelbrecht. (Arch. f. Elektrot., 3oth Sept.
1942, Vol. 36, No. 9, pp. 515-54o.)

2796. THREE NEW CATHODE-RAY TUBES.-R.C.A.
(Journ. Applied Phys., April 1943, Vol. 14,
No. 4, p. zoo.)

2797. THE CATHODE-RAY OSCILLOGRAPH APPLIED
TO LONG-TIME SWITCHING TRANSIENTS [De-
velopment of Simple & Inexpensive Portable
Equipment with Two Low -Voltage Tubes,
Film Drum, etc.] ;-Dunlap & Rohats.
(Elec. Engineering, May 1943, Vol. 62, No. 5,
Transactions pp. 231-234.)

2798. A " MEMOIt. UNIT FOR USE WITH AN
OSCILLOGRAPH FOR STUDYING ARC -BACKS
IN IGNITRONS [Small Motor converted into
a Capacitive Charge -Storer to repeat the
Ignitron Actions to Oscillograph already set
into Operation].-Pakala. (Journ. Applied
Phys., July 1943, Vol. 14, No. 7, p. viii.)
Note on a Westinghouse device : cf. 2082
of 1942.

2799. THE LATEST IN MAGNETIC OSCILLOGRAPHS
[General Electric Type PM-io-B2, with Six
or More Galvanometer Elements].-Geiser &
Hancock. (Gen. Elec. Review, May 1943,
Vol. 46, No. 5, pp. 289-294.)
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2800. ELECTROSTATIC ELECTRON -MICROSCOPY : III
[Illustration of Principles set out in Pre-
ceding Parts by Description of a Permanently
Aligned Simplified Instrument with External
Photography and a Resolving Power of about
200 AU].-Bachman & Ramo. (Journ.
Applied Phys., April 1943, Vol. 14, No. 4,
pp. r55-160.) Final part of the series dealt
with in 195o of July : see also 1218 of April.

2801. SOME APPLICATIONS OF THE HIGH RESOLVING
POWER OF THE ELECTRON MICROSCOPE
[including a Discussion of the " Four Argu-
ments " against the Gain given by the
Apparatus (" Unnatural State " indicated
by Absence of Brownian Motion ; Depth of
Focus ; etc.) : Some Comparisons with
Photomicrographs]. - Green & Fullam.
(Journ. Applied Phys., July 1943, Vol. 14,
No. 7, pp. 332-340.)

2802. INTERPRETATION OF ELECTRON MICROGRAPHS
OF SILICA SURFACE REPLICAS [also Formvar
Replicas: the Great Value of Stereo -
Pictures : Resolution (and the " Shape
Limitation Factor ") : etc.].-Heidenreich.
(Journ. Applied Phys., July 1943, Vol. 14,
No. 7, pp. 312-32o.) For previous work see
543 of February.

2803. ON SOME PROBLEMS RELATING TO CRYSTAL
PHOSPHORS AND INSULATORS.-B1n1S, MOg-
lich, & Rompe. (Physik. Zeitschr., 25th
March 1943, Vol. 44, No. 6, pp. 122-129.)

" The quantum output of a crystal phosphor,
given by the ratio of, the number of light quanta
re -emitted to the number absorbed, is characteristic
of its luminescent activity. For a good phosphor
it attains a value of 0.5 to 0.7, for a poor one it
has a very low value. The study of the quantum
output of a crystal phosphor can provide important
information as to the structure of the luminophor
in question. The fact, for  instance, that the
quantum output is of the order of magnitude of
unity, and yet differs considerably from one,
appears to prove that it is closely linked to the
phosphor structure : in what manner, will be dealt
with (together with other questions [such as the
comparative importance of the roles played by
single and multiple collisions, and the decrease in
quantum output with increased activator content])
in the following pages."

2804. THE MECHANISM OF LUMINESCENCE OF
PHOSPHORS [Measurements on Alkali -Halide
Phosphor of Potassium Chloride activated by
Thallium].-Antonov-Romanovskij. (Journ.
of Phys. [of USSR], No. 3/4, Vol. 6, 1942,
pp. 12o -14o : in English.)

" The measurements of the decay law  were
carried out for a very prolonged (' complete ') and
for a very short excitation, with various intensities
of the exciting light. The influence of ' red ' light
on the law of decay was also investigated. The
results of the measurements show conclusively that,
contrary to the current view [the 1938 Oxford
Conference is cited here], the radiation of these
phosphors is of a recombination and not of meta -
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stable character [so that alkali -halide phosphors do
not, as usually accepted, represent a separate class
of metastable phosphor but must be referred to the
same class as the alkaline -earth phosphors]. De-
pending on the conditions of excitation, the decay
can proceed, in general, either according to the
bimolecular or the monomolecnlar scheme." Among
the results of the tests with red light, the effect of
such irradiation, in producing a quenching effect
when applied in the initial stages of decay and an
acceleration of the process of luminescence (in-
creased brightness) when applied in the later stages,
is brought out definitely.

2805. ON THE LUMINESCENCE OF FLUOR -SPARS
[Measurements, in the Ultra- Violet &
Visible Regions, of the Fluorescent Spectra
of Various Natural CaF2 Crystals, at Room
Temperature & at + ifio°C (to increase
Radiation) : Decay Characteristic is Hyper-
bolic].-Rwatschew. (Journ. of Phys. [of
USSR]; No. 3/4, Vol. 6, 1942, PP. 141-144
in German.)

The fluorescence in the ultra -violet spectrum was
measured by a special cylindrical light counter
whose " dark " pulses did not exceed one per minute
on the average. Excitation was by X-rays. " The
hyperbolic law of the decay of fluorescence of fluor-
spar leads to the conclusion, according to Antonov-
Romanovskij 's ideas, that the photochemical
reaction is a bimolecular one."

2806. THE MICROLINEOMETER [for the Production
Testing of Servo Sweep Generators for Wide-
Band Cathode -Ray Oscillographs].-Travis.
(See 2771.)

2807. A SYNCHRONISED CALIBRATOR FOR SWEEP
AND GAIN IN CATHODE-RAY RECORDING -
[particularly for Periodic Single or Independ-
ent Multiple Sweeps : primarily for Nerve -
Potential Study].-Talbot. (Review Scient.
Instr., June 1943, Vol. 14, No. 6, pp. 184-
186.)

" A Circuit is described comprising an RC oscilla-
tor and multivibrator which generate three timing
scales suited to calibrate a wide range of sweep
speeds. In addition, a square pulse with adjustable
duration is provided to calibrate the gain and to
record the frequency characteristics of an amplifier.
Both calibrations are synchronised with.the sweep."

2808. A THYRATRON COMMUTATOR FOR CATHODE-
RAY OSCILLOGRAPHS.--GOKlie11110. (Izves-
tiya Elektroprom. Slab. Toka, No. 6, 1940,
PP. 50-58)

An equipment is described for obtaining on the
screen of a cathode-ray tube the image correspond-
ing to a number of simultaneous oscillatory pro-
cesses. It consists essentially of the following three
parts :-(i) Input amplifier valves (one per channel ;
Fig. 1). . The valves have a common anode -resist-
ance across which the complex voltage is developed.
At any instant only one valve is operating, the others
being locked by grid bias. (2) A thyratron " ring,"
similar to that proposed by Wynn -Williams (r93i
Abstracts, p. 572) for controlling the amplifier
valves : each valve is controlled by a separate
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thyratron. (3) Relaxation oscillator for controlling
the thyratron ring. The operation of the set is
discussed and a description is given, including a
circuit diagram, of a model for four channels (Figs.
7, and 8). Several possible applications of the
apparatus are suggested and a number of experi-
mental oscillograms are shown.

2809. SURGE -GENERATOR CIRCUITS [Development
of Formulae].-Fisher. (See 2678.)

2810. VOLTAGE STABILISER FOR ELECTRON -DIF-
FRACTION POWER SUPPLY.-Bauer & others.
(Review Scient. Instr., Feb. 1943, Vol. 14,
No. 2, pp. 3o-32.) Circuit and performance
of a stabiliser slightly modified from that of
Parratt & Trischka (1489 of 1942).

2811. AN ELECTROMAGNETIC VOLTAGE REGULATOR
INDEPENDENT OF FREQUENCY VARIATIONS.
-Nikiforov. (Izvestiya Electroprom. Slab.
Toka, Nos. 4/5 & 6,1940, pp. 72-78 & 61-62.)

An analysis is given of the operation of the
existing types of electro-magnetic voltage regulators
using a saturated choke and a condenser, and it is
shown that their operation is greatly affected by the
frequency variations of the supply. Consequently
a new circuit is proposed employing essentially
two series -connected circuits of which the first con-
sists of a capacity C, connected in parallel with an
inductance L-1 (non -saturated choke with an air
gap) and the other of a capacity C2 connected in
parallel with an inductance LI (saturated choke)
followed by a resistance R (Fig. 4). The windings
LI and L2 are wound in opposition. The operation
of this regulator is analysed and it is shown that if
the frequency of the supply varies by ± 4% the
regulated voltage will vary by from ± o.i % to

0.2%.- The discussion inchides the operation of
the regulator with a rectifier. A practical circuit for
the regulator (Fig. i) is also suggested.

2812. A NEW LABORATORY CEMENT [High-Pyseal,
companion to Pyseal (developed to replace
Picein)].-Fisher Scientific. (Review. Scient.
Instr., May 1943, Vol. 14, No. 5, p. 154.)

2813. IGNITION -CHANNEL CROSS SECTION AND THE
IGNITION PROCESS WITH IRRADIATION OF
LIMITED CROSS SECTION.-Fucks & B00-
gart!. (See 2654.)

2814. PAPERS ON THE EFFECT OF HIGH ELECTRO-
STATIC FIELDS UPON THE VAPORISATION OF
MOLYBDENUM AND PLATINUM FILAMENTS.-
Estabrook : Reid. (See 2733.)

2815. ON CERTAIN PECULIARITIES OF THE OPERA-
TION OF AN OXIDE CATHODE IN MERCURY
VAPOUR.-Ivanov. (Izvestiya Elektroprom.
Slab. Toka, No. 4/5, 1940, PP. 39-42.)

Continuing 2221 of August, a report is presented
on an experimental investigation in which various
measures for preventing the crumbling of the
oxidised layer were tested. It is stated in conclusion
that while the phenomenon cannot be preVented
altogether, a considerable improvement can be
achieved if certain precautions are taken in the
manufacture and operation of this cathode.
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2816. RECTIFICATION WITH IMPERFECT RECTIFIERS.
-Sattler & Zwiesler. (See 2689.)

2817.. DISCUSSION ON " THE CHARACTERISTICS AND
APPLICATIONS OF THE SELENIUM RECTIFIER."
-Richards. (Journ. I.E.E., Part II, Aug.
1942, Vol. 89, No. ro, Pp. 371-372.) Con-
tinued from 3704 of 1942.

2818. INSTRUMENT RECTIFIERS [New Series of
Selenium Rectifiers in 20 Sizes, Output I to
130 mA].-Selenium Corporation. (Review
Scient. Instr., April 1943, Vol. 14, No. 4,
p. "9.)

2819. SEMICONDUCTING PROPERTIES OF STANNOUS
SULPHIDE [Experimental Investigation].-
Clark & Anderson. (Nature, 17th July
1943, Vol. 152, No. 3846, PP. 75-76.)

2820. FRICTIONAL PHENOMENA : XIII-INTERNAL
FRICTION IN SoLios [Quantitative Definition
of Internal -Friction Losses : Experimental
Determination & Some Results : Chief
Mechanisms leading to Internal Friction
(Thermal & Plastic Processes) : Behaviour
of Losses as Function of Vibration Frequency,
and Its Physical Basis].-Gemant. (Journ.
Applied Phys., May 1943, Vol. 14, No. 5.
pp. 204-216.) See. also 2821, below.

2821. FRICTIONAL PHENOMENA : XIV-TECHNICAL
APPLICATIONS OF THE INTERNAL FRICTION
OF SOLIDS [including a Section on the
Correlation between Internal Friction & Di-
-electric Losses in Insulating Materials, and
a Comparison with the Cole and Wagner
Viewpoints]. - Gemaht. (Journ. Applied
Phys., June 1943, Vol. 14, No. 6, pp. 258-270.)
For some previous parts see 2166 of August,
and 282o, above.

2822. BREAKDOWN AND 'TIME-LAG OF DIELECTRIC
MATERIALS.-Attwood & Bixby. (Journ.
Franklin Insi., March 1943, Vol. 235, p. 259
onwards.)

2823. THE CONTROL, SPECIALISED TESTING, AND
USE OF SOME MODERN INSULATING MA-
TERIALS.-Dunton. (Electrician, 23rd April
1,943, Vol. r3o, No. 3386, pp. 422-423)
Summary of I.E.E. paper and Discussion.

2824. THE FUNDAMENTAL PROBLEM OF THE THEORY
OF VISCOUS FLUIDS, and THE VISCOSITY OF
DILUTE SOLUTIONS OF LONG -CHAIN MOLE-
CULES : V-DEPENDENCE ON THE SOLVENT.
-Putman : Huggins. (Journ. Applied
Phys., May 1943, Vol. 14, No. 5, pp. 244-245 :
Pp. 246-248.)

2825. INVESTIGATIONS ON THE MECHANICAL
STRENGTH OF MOULDED SYNTHETIC MA-
TERIALS, and ON THE INFLUENCE OF PRODUC-
TION CONDITIONS ON 'THE STRUCTURE AND
TEARING STRENGTH OF MOULDED PARTS
OF SYNTHETIC MATERIALS. - Frischmuth :
Grimm. (Schweizer Arch. f. angew. ,Wiss. u.
Tech., Jan. 1943, Vol. 8, No. I, pp. 24-35
Feb. 1943, No. 2, pp. 55-59: both in
German.)
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2826. ORGANIC PLASTICS AS INSULATING MATERIALS
[New Types & Improved Manufacturing
Techniques of Older Types have Increased
Their Importance : Electrical Character-
istics].-Delmonte. (Elec. Engineering, Jan.
1943, Vol. 62, No. I, pp. 19-23.)

2827. RECENT DEVELOPMENTS IN ORGANIC PLASTICS
FOR ELECTRICAL INSULATION. - Hazen.
(Elec. Engineering, May 1943, Vol. 62, No. 5,
pp. 191-197.)

2828. EXTRUDED PLASTIC TUBING [Various "Tulox"
Types, " free from Longitudinal Strain " and
therefore giving Screw Machine Parts
superior to Those made by Injection Mould-
ing].-(Review Scient. Instr., May 1943,
Vol. 14, No. 5, pp. 154-155.)

2829. THE SPOTS ON MICA (MUSCOVITE) AND THEIR
EFFECT ON ITS ELECTRICAL PROPERTIES.-
Golovinskaya & Mikhaylov. (Izvestiya
Elektroprom. Slab. Toka, No. 4/5, 1940,
pp. 67-71.) A report with tables and graphs
on tests on different kinds of mica.

2830. PYREX BRAND MULTIFORM GLASSWARE [With
Various Data & Comparison with Other
Insulating Materials]. - Corning Glass.
(Review Scient. Instr., May 1943, Vol. 14,
No. 5, pp. 155-156.) See also 2497 of
September.

2831. CERAMICS FOR HIGH - FREQUENCY INSULA-
TION [Advantages of Steatite Ceramics].-
Rigterink. (Bell Lab. Record, May 1943,
VOL 21, No. 9, pp. 290-293.) For a long paper
see 839 of 1942.

2832. A CERAMIC " REPLACEMENT " MATERIAL [Ad-
vantages of " Prestite " in Various Applica-
tions].-Westinghouse. (Review Scient. Instr.,
May 1943, Vol. 14, No. 5, p. 155.) See also
2390 of September.

2833. INVESTIGATION OF CERAMIC MATERIALS BY
OPTICAL AND X-RAY' ANALYSIS.-Rosenthal.
(Sci. Abstracts, Sec. A, June 1943, Vol. 46,
No. 546, p. 123.) From Electronic Eng:g,
Jan. 1943-

2834. INSULATING MATERIALS FOR VERY HIGH
VOLTAGE CABLE TECHNIQUE [Papers & Oils :
a Survey].-Wallraff. (E.T.Z., 19th Nov.
1942, Vol. 63, No. 45/46, PP- 539-544-)

2835. THE ELECTRICAL BREAKDOWN IN INSULATING
OIL [Comparison at 165 kc/s and 50 c/s :
Influence of Electrode Gap, Temperature,
Vertical or Horizontal Electrode Arrange-
ment, and Time : Discussion of the Various
Breakdown Theories].-Hahnel. (Arch. f.
Elektrot., 31st Dec. 1942, Vol. 36, No. 12,
PP ' 716-734-)

Among other results, " it was found, contrary to
expectation, that the breakdown strength of oil
under h.f. voltage was greater, for small electrode
gaps, than under 5o c/s voltage. The gap length at
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which the h.f. breakdown voltage was the same as
the 5o c/s voltage became larger as the temperature
was lowered."

2836. THREE NEW INSULATING ALTERNATES FOR
VARNISHED SILK [Varnished Rayon, Cotton
Cloth, & Nylon].-(Journ. Applied Phys.,
April 1943, Vol. 14, No. 4, P. 199.)

2837. THE NEW TEST PROCEDURES FOR ENAMELLED
WIRE : AN INTRODUCTION TO D.I.N. E 92 112
[made necessary by New Types of Enamel
dire to War Conditions].-Crebert. (E.T.Z.,
2nd Oct. & 5th Nov. 1942, Vol. 63, Nos. 41 /42
& 43/44, PP- 503-504 & 528.)

283.8. SYMPOSIUM ON PROTECTIVE FINISHES FOR
SCIENTIFIC INSTRUMENTS AND APPARATUS :
FOREWORD : PROTECTIVE CHEMICAL AND
SURFACE FINISHES : THE ANODIC OXIDATION
OF ALUMINIUM AND ALUMINIUM ALLOYS :
PROTECTIVE PAINTS AND VARNISHES.-
Philpot : Sutton : Hovey : Wornum. (Journ.
of Scient. Instr., June 1943, Vol. 20, No. 6,
pp. 85-102.)

2839. " SURFACE FINISH [Book Review].-Schle-
singer. (Journ. of Scient. Instr., June 1943,.
VOL 20, No. 6, pp: 102-1034 " It is under-
stood that the British Standards Institution
will shortly issue a specification for measuring
surface finish based on this report."

2840.

2841.

CONSERVATION OF DEFENCE MATERIALS IN
THE BELL SYSTEM.-(Bell Lab. Record, Sept.
1941, VOL 20, No. I, pp. 9-12.)

ALTERNATIVE MATERIALS [Note on " Metre-
lite," for the Screening of Interference, etc.].
-Runcolite, Ltd. (See' 2712.)

2842. THE UTILISATION OF ALUMINIUM IN ELEC-
TRICAL ENGINEERING [including " Cupal "].
-Streiff. (Sci. Abstracts, Sec. B, June 1943,
Vol. 46, No. 546, p. 104.) For the use of
Cupal in u.h.f. technique and elsewhere see
3745 of 1942.

2843. INDIUM [Its Properties & Uses : Electrical
Contacts : Brazing & Soldering Alloys :
etc.].-(Review Scient. Instr., June 1943,
Vol. 14, "No. 6, pp. 191-192.) One of the five
" unrestricted " metals.

2844. NEW STACKPOLE IRON CORES FOR USE UP
TO 150-175 Mc/s [Moulded Cores with Per-
meabilities of about 5 and High " Q "].-
Stackpole Carbon. (Review Scient. Instr.,
Feb. 1943, Vol. 14, No. 2, I/ 53.)

2845. FER-HA, A NEW SWISS PRODUCT [to over-
come Difficulties in importing Compressed-

* Powder Cores].-Hasler Company. (Bull.
de l'Assoc. Suisse des Elec., 19th May 1943,
Vol. 34, No. ro, p. 301.) No details are
given.
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2846. REGIMENTING ATOMS: IN SEARCH FOR
BETTER TRANSFORMER CORES [Westing-
house Researches] .-Siegel. (Scient. Ameri-
can, Feb. 1943, Vol. 168, No. 2, p. 6o.)
Continuation of the work which resulted in
the development of Hipersil.

2847. THE USE OF ELECTROLYTIC METHOD IN
STUDYING MAGNETIC FIELDS . -LlIkOShkOV
(Izvestiya Elektroprom. Slab. Toka, No. 4/5.,
2940, PP. 32'-38.)

It is shown that if the equipotential lines and
lines of force of a system consisting of two con-
ductors and two insulators are plotted with the aid
of an electrolytic bath, then the same diagram will
apply if the conductors and insulators are inter-
changed, except that the equipotential lines will
become the lines of force and vice versa (Figs. I and
2). The proof is extended to cover the case of a
system consisting of three conductors and three
insulators (Figs. 3 and 4), but could be shown to
hold good for any system of n conductors and insu-
lators. On the basis of this discussion, methods are
proposed for studying magnetic fields and deter-
mining (by using models) the current distribution
on the surface of conductors in a h.f. furnace. As
ail example, a cylinder surrounded by a ring through
which the h.f. current is passed (Fig. 7) is considered.
The methods proposed can be used for determining
the shape of induction elements necessary for obtain-
ing the desired current distribution on the surface of
conductors.

2848. A NEW METHOD FOR THE THEORETICAL
INVESTIGATION OF THE MAGNETIC FIELD OF
ELECTROMAGNETS [primarily for Electro-
magnetic Separators].-Sotchnev [Sochnev].
(Comptes Rendus (Doklady) de l'Acad. des
Sci. de l'URSS, loth Oct. 1941, Vol. 33,
No. I, pp. 24-27 : in English.)

" The existing methods . . . are either very
complicated, or their application is connected with
a series of a priori and not always adequate assump-
tions, owing to which they often fail to give reliable
and practically applicable results . . The method
proposed by the writer is to a great extent free from
the drawbacks of the old methods." The primary
application is to multipolar magnets, but magnets
in which one pole face is " rifled," and the other
either smooth or with hollows under the rifling
ridges, are'also considered. See also 3603 of 1936
and 26o of 1942.

2849. ESTIMATION OF HARMONICS IN D.C.-POLAR-
ISED IRON -CORE CHOKES .-Hartel. (See
2687.)

2850. FACTORS AFFECTING THE DESIGN OF D.C.
MAGNETS. - Rader. (Elec. Engineering,
June 1943, Vol. 62, No. 6, Transactions
PP: 307-310.),

The new requirements imposed by the present
vital, use of d.c. controls in mobile equipment (see
for example Russell & Charbonneau, Elec. Engineer-
ing, July 1943, p. 316) is stressed, together with the
lack'of assistance in design in the literature. " The
usual types of steel used are briefly discussed, in-
cluding, their influence on ' sticking ' or residual
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forces. _Calculated curves are presented which show
the influence of pole -face area on the force developed
by the magnet. Flux measurements on a number of
magnets show that theoretical calculations are often
in great error because of factors such as leakage and
saturation which are usually neglected. Data show
that the flux in a d.c. magnet with a small air -gap
may vary by as much as 300% between ont part of
the circuit and another." There is a best pole -face
area for max. pull, varying with the air -gap and
applied ampere -turns. The use of a ballistic galvano-
meter for d.c. design is urged.

2851. AN IMPROVED FORM OF SENSITIVE RELAY
[Limitation on Performance, by Force re-
quired to Separate the Contacts, removed by
Provision of Alternative Path for Relayed
Current, when Relay closes, and by Periodic
Separation oft Contact Points].-Legallais.
(Review Scion. Instr., Feb. 1943, Vol. s4,
No. 2, pp. 51-52.)

2852. NEW LITTLEFUSE INDICATOR OPERATES BY
REFLECTED LIGHT [Solenoid - Operated
" Signalette " (indicating by Reflected
Light," Black " Light, & Fluorescence) takes
1.5 W compared with 4.5 W of Usual Indi-
cator Lamps,: primarily for Aircraft].-(Proc.
I.R.E., May 1943, Vol. 31,. No. 5, p. xlii.)
See also p. lxii.

2853. " ACCUMULATOR CHARGING : EIGHTH EDI-
TION " [Book Notice].-Ibbetson. (Wireless
World, July 1943, Vol. 49, No. 7, p. 211.)

STATIONS, DESIGN AND OPERATION

2854. SKIN EFFECT IN BIMETALLIC CONDUCTORS
[e.g. Copper -Covered Steel Lines for Carrier
Currents up to 16o kc/s].-Teare & Webb.
(See 2690.)

2855. 260- TO 350 -MEGACYCLE CONVERTER UNIT
FOR GENERAL ELECTRIC FREQUENCY -MODU-
LATION STATION MONITOR.-Sumtnerhayes.
(Prot. I.R.E., June 1943, Vol. 31, No. 6,
Part I, pp. 249-253.)

For converting the u.h.f. signals down to 5.4
Mc/s for 'measurement and indication by the
already existing f.m. monitor designed for use in
the 42-50 Mc/s u.s.w. broadcasting band. The
service record of the units already installed has
been entirely satisfactory.

" There is a border line of frequency somewhere
in the region of 3o to 30o Mc/s where it becomes
uncertain for any particular application as to
which type of structure, lumped constant or dis-
tributed constant, may be used to the best advan-
tage. In this paper an application is described in
which especially designed lumped -constant variable
inductors are used to tune a 26o -35o Mc/s mixing
circuit. This application represents a border -line
case where it is felt that the lumped -constant
elements have been pushed to the maximum
frequency of their usefulness and yet where they
still exhibit the advantage of small size and ease
of tuning over a range, as compared with trans-
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mission -line structures." The inductors consist
essentially of a standard variable air condenser in
which the central portion of the stator plates has
been removed, leaving only the outer edges, so
that each stator plate forms a one -turn coil (Fig.
3) the inductance is progressively reduced by
turning the rotor plates to increase the coupling,
thereby introducing in effect a short-circuited
secondary turn on each side of the inductance
turn. Stator turns may be connected in series or
parallel, or disconnected.

2856. THE POSSIBILITY OF USING FREQUENCY -
MODULATED ULTRA -SHORT WAVES FOR
RADIO BROADCASTING.-A. D. Knyaiev.
(Izvestiya Elehtroprom. Slab. Toka, No. 6,
1940, PP. 27-37.)

The difficulties in serving radio listeners in
densely populated and industrial centres with a
number of broadcasting programmes are pointed
out and the possibility of using frequency -modulated
ultra -short waves for this purpose is investigated.
The peculiarities of ultra -short-wave transmission
are considered and the applications of frequency -
modulation technique to transmission and reception
described. The advantages of frequency modula-
tion over amplitude modulation are discussed.
In conclusion it is stated that the method proposed
ensures high -quality reliable reception with a
choice of several programmes. This paper opens
a discussion on the subject.

2857. ARRANGEMENT FOR DUPLEX COMMUNICA-
TION ON DIRECTED SHORT OR ULTRA -SHORT
WAVES.-Kriebel. (Hochf:tech. u. Elek:akus.,
Jan. 1943, Vol. 61, No. r, p. 29.)

A Telefunken patent, D.R.P.722 165. " When
at least one station is mobile, and the position of
the other station has to be determined by direction -
finding before the establishment of communication,
a longer wave (say 4 m) is sent out from an all-
round aerial for this purpose, with a frequency
differing from that of the service wave (say 5o cm)
by the amount of the i.f. of the frequency -changing
receiver which is used for both waves."

2858. REBUILDING TR-4s [Abbott TR-4 Trans-
mitter -Receiver] FOR NON -PRIORITY TUBES
SOLVING THE REPLACEMENT PROBLEM WITH
STANDARD RECEIVING TYPES.-MIX. (QST,
July 1943, Vol. 27, Noi 7, PP17-IS and 32.)

2859. AN ECONOMICAL TRANSMITTER -RECEIVER
FOR WERS.-Magee. (QST, June 1943,
Vol. 27, No. 6, pp. 32-34)

286o. CD-WERS IN THE STATE OF MARYLAND :
AN EXAMPLE OF CENTRALISATION OF CD-
WERS ACTIVITIES AT A STATE BEAD-
QUARTERS.-McNulty. (QST, pine 1943,
Vol. 27, No. 6, pp. 25-27 and '78.) For a
warning of the danger of interference by
WERS signals with aircraft communications
see Tilton, p. 9o.

2861. GERMAN RADIO EQUIPMENT [Series of M. A. P.
Reports].-(Sci. Abstracts, Seca. B, June
1943, Vol. 46, No. 546, p. 118.)
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2862. COASTAL RADIO TELEPHONE SYSTEMS.-
Pruden. (Bell Lab. Record, March 1943,
Vol. 21, No. 7, pp. 183-187.) For an earlier
paper see 3402 of 1942.

GENERAL PHYSICAL ARTICLES
2863. - THE PARTICLES ' OF MODERN PHYSICS "

[Book Review].-Stranathan. (Journ. Ap-
plied Phys., July 1943, Vol. 14, No. 7, pp.
365-366:)

2864. RELATIVISTIC FIELD THEORIES OF ELE-
MENTARY PARTICLES [with a Section on
Applications (Bremsstrahlung, Pair Genera-
tion, Compton Effect, etc.)].-Pauli. (Re-
views of Mod. Phys., July 1941, Vol. 13, No. 3,
pp. 203-232.)

2865. " MISCELLANEOUS PHYSICAL TABLES-
PLANCK'S RADIATION FUNCTIONS AND ELEC-
TRONIC FUNCTIONS " [Book Review].-
(fount. Applied Phys., July 1943, Vol. 4,
No. 7, p. 369.) Sponsored by the National
Bureau of Standards.

2866. STOCHASTIC PROBLEMS IN PHYSICS AND
ASTRONOMY [including a Chapter on
Brownian Motion and a Section on the
Escape of Particles over Potential Barriers].
-Chandrasekhar. (Reviews of Mod. Phys.,
Jan. 1943, Vol. 15, No. I, pp. 1-89.)

""A common characteristic of all these problems
is that interest is focused on a property which is the
result of superposition of a large number of variables,
the values which these variables take being governed
by certain probability laws . . ."

2867. FURTHER FACTS CONCERNING THE MAGNETIC
CURRENT.-Ehrenhaft. (Sci. News Letter,
26th June 1943, Vol. 43, No. 26, p. 405:
summary only.) An American Physical
Society paper : for previous work see 1889 &
3408 of 1942 and 11'26 of January.

2868. A THEORY OF GRAVITATION [" making It a
Push instead of a Pull, thus Avoiding the
Bugbear of Action at a Distance : Core of
the Earth as an Electronic Gas (explaining
why It does Not transmit Transverse Earth-
quake Waves) : Future Possibility of Predic-
tion of Earthquakes].-Shneiderov. (Science,
7th May 1943, Vol. 97, No. 2523, Supp. p.

MISCELLANEOUS

2869. CONCERNING THE ROOTS OF j'n(z)N't,(kX) -
J',,,(kz)N'(z) = o.-Truell. (See 2662.)

2870. A COMPARISON OF THE TRANSFORM AND
CLASF 'CAL METHODS.-Lyon. (See 2676.)

' 2871. ON THE ITERATIVE SOLUTION OF LINEAR
SIMULTANEOUS EQUATIONS [and Its Advan-
tages : Schmidt's Method (566 of 1942) & a
Suggested Alternative Process].-Freeman.
(Phil. Mag., June 1943, Vol. 34, No. 233,
pp. 409-416.)
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2872. LINEAR PARTIAL DIFFERENTIAL EQUATIONS
WITH ANALYTIC COEFFICIENTS [with Special
Reference to the Uniqueness of Solutions of
the Cauchy Problem, & to the Functional
Character of the Solutions] .-John. (Proc.
Nat. Acad. Sci., March/April 1943, Vol. 29,
No. 3/4, pp. 98-104.)

2873. A NOTE ON THE INTEGRATION OF LINEAR
SECOND -ORDER DIFFERENTIAL EQUATIONS
BY MEANS OF PUNCHED CARDS.-Kormes.
(Review Scient. Instr., April 1943, Vol. 14,
No. 4, p. 118.)

2874. NOTES ON A CONTROLLED TYPE OF ONE-
DIMENSIONAL MOTION: SOLUTION OF SECOND -
ORDER NON-LINEAR DIFFERENTIAL EQUA-
TION, and DETERMINATION OF MOST FAVOUR-
ABLE INTERVAL FOR THE NUMERICAL INTE-
GRATION OF SYSTEMS OF DIFFERENTIAL
EQUATIONS [of Importance as regards Inter-
polation Processes].-Bilharz : Collatz.
(Joltrn. Roy. Aeron. Soc., June 1943, Vol. 47,
No. 39o, pp. 295-296: p. 296.) R.T.P.3
Abstracts.

2875. A METHOD OF INTERPOLATION [applicable to
Construction of a Cubic Curve to pass
through Four Given Points]. --Fry. (ASTM
Bulletin, May 1943, No. 122, pp. 29-30.)

2876. " TABLE OF THE COEFFICIENTS OF EVERETT'S
CENTRAL DIFFERENCE INTERPOLATION FOR-
MULA " [Book Review].-Thompson.. (Phil.
Mag., June 1943, Vol. 34, No. 233, pp. 431-
432.) No. V of " Tracts for Computers."

2877. "SEVEN -PLACE VALUES OF TRIGONOMETRIC
FUNCTIONS FOR EVERY THOUSANDTH OF A
DEGREE " [Book Review].-Peters. (Journ.
Applied Phys., May 1943. Vol. 14, No. 5,
pp. 222-223.)

2878. ESTABLISHMENT OF THE Quarterly of Applied
Mathematics, SPONSORED BY BROWN UNI-
VERSITY.-(Journ. Applied Phys., June 1943,
Vol. 14, No. 6, p. 3r o.) The first issue is that
of April 1943-

2879. THE APPLICATION OF STATISTICAL METHODS
TO THE- QUALITY CONTROL OF MATERIALS
AND MANUFACTURED PRODUCTS [Sympo-
sium].-Belz, Cornish, & Stewart. (Journ.
Inst. Eng. Australia, March 1943, Vol. 15,
No. 3, pp. 53-62.)

2880. INCREASED PRODUCTION THROUGH THE
CORRECT ORGANISATION OF THE WORK .-
Bars. (Zeitschr. V.D.I., 1st May 1943,
Vol. 87, No. 17/18, pp. 233-239.)

2881. PROPOSAL FOR THE EXTENSION OF OUR
SYSTEM OF MENSURATION [to cover Range
from Microscopic Lengths to Astronomical :
" qD " (on Analogy to " pH "), the
Logarithm of the Length expressed in Centi-
metres, as Unit of Length : Application to
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Wire Gauges, etc.].-Bingham. (Journ.
Applied Phys., April 1943, Vol. 14, No. 4,
pp. 196-198.)

The Angstrom unit thus becomes g.0000 qD,
while the velocity of light is 10.4768 qD/s and the
distance of the Andromeda nebula is 23.833 qD.

2882. RUTHERFORD : LIFE AND WORK TO THE
YEAR 1919, WITH PERSONAL REMINISCENCES
OF THE MANCHESTER PERIOD [First Ruther-
ford Memorial Lecture of the Physical
Society].-Robinson. (Proc. Phys. Soc.,
1St May ,1943, Vol. 55, Part 3, No. 309,
pp. 161-182.)

2883. WHY DO SCIENTISTS AND PHILOSOPHERS SO
OFTEN DISAGREE ABOUT THE MERITS OF A
NEW THEORY ?-Frank. (Reviews of Mod.
Phys., July 1941, Vol. 13, No. 3, pp. 171-175.)

" . . . This disagreement arises with necessity,
for the ' established philosophical principles ' are
mostly petrifactions ' of physical theories which
are no longer appropriate to embrace the facts of
our actual physical experience."

2884. THE FORTIETH ANNIVERSARY OF THE FIRST
RADIO LINK IN RUSSIA. - Petrovski.
(IzvestiYa Elektroprom. Slab. Toka, No. 4/5,
194o, pp. 78-79.)

" After the inventor of radio communication,
Prof. A. S. Popov, made a report on his investiga-
tions to the Physico-Chemical Society of Petersburg
on 5th May 1895 (Marconi's first patent application,
No. 12039, is dated 2nd June 1896), no further
developments took place for several years, mainly
because the Russian Government was not interested
in the invention." In December 1899, however,
owing to a navigational error the battleship
" Admiral Apraksin " ran aground near the island
of Hokhland. In order to refloat the ship it was
essential to establish telegraph communication with
Kronstadt. The nearest telegraph station was at
Kotka on the Finnish shore, 44 km away, and under
the direction of Popov radio -communication was put
into service between Hokhland and Kotka over the
ice -bound sea. The first official telegram trans-
mitted over the link, on 6th February 190o, was an
order to the icebreaker " Errnak " to assist in the
rescue of 5o fishermen stranded on a floating ice-
berg. " Ermak " ultimately succeeded in taking
off 27 men.

2885. SCIENCE IN CHUNGKING. -Needham. (Nature,
17th July 1943, Vol. 152, No. 3846, pp.
64-66.)

2886. MAINTAIN POST-WAR RESEARCH AT WAR-
TIME LEVEL.-Hooper. (Proc. I.R.E., July
1943, Vol. 31, No. 6, Part I, p. 247.) An
Editorial note calls attention to the import-
ance of Admiral Hooper's recommendations.

2887. RADIO ENGINEERING IN WARTIME [including
the Story of " Radio Timor "].-Fly. (Proc.
I.R.E., June 1943, Vol. 31, No. 6, Part I,
PP. 303-304.)



October, 1943 WIRELESS
ENGINEER

2888. ADDRESS TO THE I.R.E. CONFERENCE.-
Ashbridge. (Proc. I.R.E., June 1943, Vol.
31, No. 6, Part I, pp. 302-303.)

2889. CORRESPONDENCE CONCERNING PROPOSED
CONSTITUTIONAL AMENDMENTS TO THE I.R.E.
[2268 of August].-(Proc. I.R.E., June 1943,
Vol. 31, No. 6, Part I, pp. 307-308.)

2890. INVENTIONS, PATENTS, AND THE ENGINEER
[with Special. Reference to the U.S. Patent
Laws, and the Accusation of Suppression of
Patents] .-Crawford. (Elec. Engineering,
Jan: 1943, Vol. 62, No. r, pp. io-16.)

2891. THE KILGORE SENATE BILL [" Mobilisation
of Science " : Further Criticism].-Egloff.
(Science, i4th May 1943, Vol. 97, No. 2524,
pp. 442-443.) See 2548 of September : for
the American Institute of Physics' resolution
see issue of 28th May; No. 2526, pp. 482-483
(and see pp. 486-487 and 488). See also 21st
May, 4th & 25th June, pp. 461, 508-511, &
577-579.

2892. SCIENCE AND POLITICS [Criticism of Editorial].
-West. (Review Scient. Instr., June 1943,
Vol. 14., No. 6, pp. 188-189.)

" Physicists must avoid the error of yielding
leadership to men who are merely well-known as
scientists . . . A union is a specialised tool for
economic or social action, as a technical' society is
a specialised tool for the improvement of the
standards and techniques of a particular science, and
neither can be used very effectively for other
purposes."
2893. TOWARD AN IMPROVED PROFESSIONAL

SPIRIT AMONG INDUSTRIAL PHYSICISTS [and
the Steps taken by the American Physical
Society].-(Journ. Applied Phys., March
1943. Vol. 14, No. 3, p. 103.)

2894. AMERICAN INSTITUTE OF PHYSICS : REPORT
FOR 1942 [condensed : including Some Data
on Journals].-(Review Scient. Instr., May
1943, Vol. 14, No. 5, pp. 148-151.)

2895. LIBRARY STOCKS OF PERIODICALS [Need for
a Decision, on a National Scale, by a Repre-
sentative & Impartial Body, regarding the 
Allocation of Available Copies : Part of a
Larger Scheme of Survey & Assessment of
Needs].-Barnard. (Nature, 24th July
1943, Vol. 152, No. 3847, p. 106.)

111896. SCIENCE AND THE CENSOR [Excerpt from
New York Times prompted by Army & Navy
" Radar " Statement : Imperfect Coor-
dination between British & American
Officers of Censorship, etc.].-(Science, i4th
May 1943, 'Vol. 97, No. 2524,13.443.) For
the statement mentioned see 2736, above.

2897. [The Word] " ELECTRONICS " versus. " RA-
DIONICS CORRESPONDENCE.-(QST, June
1943, Vol. 27, No. 6, pp. 56-57.) See also
Wireless 'Engineer, Sept. 1943, la 437, where
the original letter is reprinted, with an
Editorial comment.
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2898. REPUBLICATION OF TECHNICAL BOOKS OF
Axis ORIGIN [Announcement]. (Review
Scient. Instr., May 1943, VOL 14, No. 5,
p. 158.) See also p. viii, where among others
Ertel's " Methoden and Probleme der
dynamischen Meteorologic " is offered.

2899. SUGGESTIONS FROM THE OFFICE OF SCIENTIFIC
PERSONNEL OF THE NATIONAL RESEARCH
Council. [regarding the Demand for Teachers
of Physics & of Mathematics].-(Review
Scient. Instr., Feb. 1943, Vol. 14, No. 2,
pp. 29-30.) See also p. 58.

2900. THE TRAINING OF ENGINEERS IN THE ELEC-
TROTECHNICS DIVISION IN TECHNICAL
COLLEGES, and THE TRAINING OF PROBA-
TIONERS.-Nipper : Siebelist. (E.T.Z., 22nd
April 1943, Vol. 64, No. 15/16, pp. 209-212 :
pp. 212-215). See also summaries of other
papers on similar subjects, on pp. 217-222.

2901. TRAINING TECHNICAL PERSONNEL FOR WAR
INDUSTRY [the ESMWT Programme].-
White. (Elec. Engineering, June 1943, Vol.
62, No. 6, pp. 247-25o.)

2902. QST VISITS CAMP HOOD : RADIO IN THE TANK
DESTROYERS, and RADIO TRAINING AT CAMP
HOOD.-De Soto. (QST, July 1943, Vol. 27,
No. 7, pp. 9-13: pp. 14-16 and 82..90.)

2903. " AIRWOMEN'S WORK " [in the W.A.A.F :
Book Notice].-Taylor. (Wireless World,
July 1943, Vol. 49, No. 7, p. 211.)

2904. THE " MITNAHME " [Pulling -into -Tune] OF
SELF-EXCITED OSCILLATIONS, AND ITS TECH-
NICAL UTILISATION [in Various Synchronising
Arrangements].-Kirschstein. (See 2679.)

2905. EQUIVALENT CIRCUITS FOR OSCILLATING
SYSTEMS AND THE RIEMANN-CHRISTOFFEL
CURVATURE TENSOR [in connection with
Hunting of Selsyn Systems, etc.].-Kron.
(Elec. Engineering, Jana 1943, Vol. 62, No.
Transactions pp. 25-31.)

2906. TRANSIENT ANALYSIS OF LINEAR SYSTEMS
[Methods applicable to Acoustical & Aero-
dynamical Problems].-Osborne. (See 2675.)

2907. ELECTRICAL CIRCUIT ANALYSIS OF TOR-
SIONAL VIBRATIONS [of Multi -Cylinder
Engines, Continuous Shafts; etc.].-Pipes.
(lown. Applied Phys., July 1943, Vol. 14,
No. 7, pp. 352-362.)

" The results may be applied by a mere change
in notation to the analysis of the longitudinal
oscillations of linear spring and mass systems as
well. as to that of the longitudinal oscillations of
prismatic bars."

2908. AN ELECTRICAL TRANSDUCER CIRCUIT FOR
USE WITH CAPACITY PICK-UP DEVICES [for
Seismic & Vibration Investigations, Dilato-
meters, etc.].-Potter. (See 2673.)
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2909. PAPERS ON A SOLUTION OF THE WAVE
MOTION GENERATED IN AN ELASTIC MEDIUM
BY A PRESSURE AT THE INTERIOR SURFACE
OF A SPHERICAL CAVITY [of Importance to
Seismic Prospecting].-Sharpe. (See 2649.)

2910. A STUDY OF ELECTRICAL EARTH NOISE.-.
Neuenschwander & Metcalf. (Sci. Abstracts,
Sec. A, July 1943, Vol. 46, No. 547, p. 151.)

291r. NOTE ON THE TRANSMISSION OF RADIO
WAVES THROUGH THE EARTH [into a Coal
Mine].-Silverman & Sheffet. (See 2645.)

2912. THE IMPEDANCE OF A GROUNDED WIRE [as in
Geophysical Prospecting].-Wolf. (See 2691).

2913. THE GEIGER-MULLER COUNTER IN THE -
SERVICE OF MINING [Prospecting for Radium -
Bearing Earths : with Descriptions of
Special Counter with Spherically Symmet-
rical Sensitivity, and Pot -Type Directional
Counters : the Complete Bore -Hole "
Equipment].-Rajewsky. (Zeitschr. 1. Phys.,
25th March 1943, Vol. I 20 , No. 7/10, pp.
627-638.) For previous papers see 2220 &
2921 of 1942..

2914: A SYNCHRONISED CALIBRATOR FOR SWEEP
AND GAIN IN CATHODE - RAY RECORDING
[of Nerve Potentials, etc.].-Talbot. (See
2807.)

29115. NERVE CONDUCTION AS AN ALTERNATING -
ACTION EFFECT IN THE ALBUMEN CHAIN
[Formulation of a Complete Mechanism
which is an Example of Energy Migration in
Nonconductors (e.g. Phosphors)].-Schmidt.
(Physik. Zeitschr., 25th March 1943, Vol. 44,
No. 6, pp. 139-15o.) For work by other
writers see, for example, 997, 2320, & 3215
of 1941 and 2207/9 of 1942: also many
references at end of present paper.

2916. LIGHT MUSCULAR EXERCISE MAY REDUCE
THE TIME FOR ADAPTING EYES TO DARK .--
Kekcheyev. (Nature, 29th May 1943, Vol.
151, No. 3839, pp. 617-618.) Following On
previous work on the speeding of dark -
adaptation by exciting other sense organs
(tf. Margolin, 2608 of September).

2917. JOINING THERMOPLASTIC FABRICS WITH A
SEWING MACHINE USING RADIO -FREQUENCY
CURRENT INSTEAD OF NEEDLE AND THREAD.
-Brown : R. C. A. (Sci. News Letter, 12th
June 1943, Vol_ 43, No. 24, p. 372: photo-
graph and caption only.)

2918. GENERATION OF ELECTRIC CHARGES BY
MOVING RUBBER - TIRED VEHICLES .-Mac-
keown & Wouk. (See 2711.)

2919. RAPID NON-DESTRUCTIVE MATERIAL TESTING
[Bridge for detecting Slight Differences in.
Properties of Two Samples].-Knoop. (See
2782.)

2920. DETECTOR FOR UNDER -SURFACE FLAWS IN
STEEL [Heat -Treated Parts (Bearing Races) :
Magnetic Method using Cathode -Ray Oscillo-
graph].-Brace & Williams. (Sci. Abstracts,
Sec. B, June 1943, Vol. 46, No. 546, p. 109.)
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292I. DRY GRAIN -SEPARATED FROM WET BY ELEC-
TRIC CONDENSER . -OXIey & Henderson.
(Sci. News Letter, 5th June 1943, Vol. 43,
No. 23, p. 361.) From Nature.

2922. " AUDIO SCALE " MAY OPEN WAR WORK TO
BLIND [Accurate & Rapid Weighing by Head-
phone Indications (', Interlocked Signals "
Principle as in Radio Beacon)].-Toledo
(Ohio) Scale Company. (Elec. Engineering,
Jan. 1943, Vol. 62, No. 1, p. 40.)

2923. AN ELECTROSTATIC VOLTMETER FOR USE
WITH A PHOTOELECTRIC DEVICE AS A HIGHLY
SENSITIVE HIGH -VOLTAGE RELAY.-Nacken.
(In paper dealt with in 2775, above.)

2924. AUTOMATIC APPARATUS [with Photoelectric
Controls] TESTS SINGLE TEXTILE FIBRES.-
Harris & others. (Sci. News Letter, 5th
June 1943, Vol. 43, No: 23, p. 361.)

2925. NEW INVESTIGATIONS ON LUBRICATING OILS
[and the Use of " Clouding " Curves plotted
from a Photoelectric Measuring Equipment].
-Stager & Kiinzler. (Schweizer Arch. f.
angew. Wiss. U. Tech., Jan. 1943, Vol. 8, No. r,
pp. 15-24 : in German.)

2926. PHOTOELECTRIC GLOSSMETER. - Photovolt
Corporation. (Review Solent. Instr., April
1943, Vol. 14, No. 4, p. 119.)

2927. A TWO-CYCLE FLASHER [High -Flux Light -
Valve providing Single Flashes of 3 msec.
or longer, operated & controlled Electron-
ically : Loudspeaker Movements driven by
Thyratrons, and driving Two Vanes : Two -
Shutter Principle applicable to More Refined
System for Higher Frequencies].-Talbot.
(Review Scient. Instr., June 1943, Vol. 14,
No. 6, pp. 181-184.)

2928. THE LIMIT OF VISUAL RESOLUTION [Experi-
mental Investigation]. - Selwyn. (Proc.
Phys. Soc., 1st July 1943, Vol. 55, Part 4,
No. 310, pp. 286-291.)

2929. RECENT OPTICAL MATERIALS AND THEIR
POSSIBLE APPLICATIONS, and PLASTICS AND
THE OPTICAL INDUSTRY [With Table of
Typical Plastics, showing Various Properties,
Not only Optical].- Johnson : Wearmouth.
(Proc. Phys. Soc., rst July 1943, Vol. 55
Part 4, No. 310, pp. 291-30o : pp. 3ox-313.),
Followed by H. H. Emsley (pp. 314-321)
on " Plastic Spectacle Lenses ".

2930. PERSPECTIVE DRAWING MADE EASY BY
PHOTOGRAPH Y. -Wheeler. (J01491t. of Scient.
Instr., July 1943, Vol. 20, No. 7, pp. I15-r16.).

293 I . THE GIANT CAMERA [for photographing
Tracings, Prints being then made from the
Oiled Haloid Paper Negatives instead of
from the Actual Tracings : consists of Two
Rooms with Lens in Separating Wall].-
-Haard. (Bell Lab. Record, June 1943, Vol.
21, No. Io, pp. 356-36o.)
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A stitch
in time .

Everyone knows that Redifon radio trans-
mitters, receivers, amplifiers and other
equipment are thoroughly reliable. That's
particularly reassuring just now, when our
production effort is extended on the most
essential work. You can add to this safety
factor by a little extra care in maintenance.
For instance :-

2

3

4

Make sure that all voltages and currents are
correctly adjusted, that the relays act properly, and
that the specified fuses are fitted.
Keep everything clean, free from dust and moisture,
well ventilated.
Carry out any minor repairs to wiring ; keep all
screws and nuts tight ; watch for oil leaks ; and
have a regular inspection schedule.
Handle the controls with reasonable care.

WIRELESS
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REDIFFUSION LTD.
A Subsidiary of Broadcast Relay Service Limited

111

Designers and manufacturers of Radio Communication and Industrial Electronic Equipment
VICTORIA STATION HOUSE VICTORIA STREET  LONDON SWI (PHONE VICTORIA 8831)

Jn all communications-
Condensers ar' at work

UNITSThe

4.4 Horne of Condensers
ADvr. of A, N. HUNT LTD. LONDON S.W.13. EST. 1901- 24'
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THERE IS NO SUBSTITUTE
FOR

ENGINEERING EXPERIENCE

And this is obviously a matter of extent, intensity and time.

Take Electrical condensers for instance-simple in conception maybe

-but demanding infinite experience and skill, to satisfy the exacting

operating conditions of modern requirements. The fulfilment of

these has meant the whole time occupation of highly skilled specialists,

working at high pressure, in this way to earn, along with their country-

men in other spheres, the right of survival.

What a wealth of experience and technical excellence will be available

to all, when happier times arrive ; and nowhere more than in

Dubilier Condensers.

DUBI LIER
CONDENSER CO. (19151 LTD.
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