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An All -British product the result of tontinuous
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Varying Input Voltage :

185-270 Volts.
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AUTOMATIC VOLTAGE REGULATORS

General Characteristics
Constant A.C. Output

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

Wide A.C. Input Voltage Limits
Example : 185-270 volts, 50 -cycles, I -phase. Other single-

phase voltages or frequencies can be dealt with, on special
orders.

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

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

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

below. Others can be built, including models giving (example)
115 v. ± 1% on 185-270 v. input : or multiple outputs, all
regulated. The regulators also stabilize well under all load
conditions, from no-load to 100% load.

Constant Output Voltage :

230 Volts + 1 %

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

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

la Priority Orders Only
Conditions are such that we can only consider orders and

enquiries where essential work is indicated. On IA Priorities
delivery is either early or ex stock.

Complete Data
Please request Bulletin VR 10744.

EIGHT STOCK MODELS ARE OFFERED
Type Watts A.G. input Voltage Output Voltage Net Wt. Price

VR-I 0 10 3 lbs. £5 - 15

VR-20 20 7 lbs. £8 - 0
VR-60 60 185-270 230 v.± 1 per

cent.
17 lbs. £10 - 10

VR-I50 150 50-- Or, as ordered 42 lbs. £13 - 10

VR-300 300 I -phase (see text above) 62 lbs. £22 - 10

VR-500 500 68 lbs. £29 - 10

VR-I000 1000 120 lbs. £47 - 10

VR-2500 2500 450 lbs. £175 - 0

rimy bwiri
ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.
/80, Tottenham COW! had, 10/7d0/7,&/ and 76,010/IALL IT. L/VERPOOL , 3, LANCS.
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CERAMIC CAPACITORS

IN SERIES/PARALLEL COMBINATION

extend the useful range of voltage,
load and current
FOR RADIO COMMUNICATION, BROADCASTING,

TELEVISION, NAVIGATION . . . and

HIGH FREQUENCY EQUIPMENT FOR INDUSTRIAL.

MEDICAL, & SCIENTIFIC PURPOSES . . . .

Full details on request

UNITED INSULATOR CO. LTD., 12-22 LAYSTALL ST., EC1

Tel: Terminus 7383 (5 lines) Grams : Calane/ , Smith, London.

T H E PIONEER S OF LOW -LOSS CERAMICS

CON
VALVEHOLDER

A new development
in Valveholder design.

An enlarged view
of the Berricon "
Beryllium Copper
Socket which
maintains low and
non -varying con-
tact resistance for
indefinite periods.

RADIO INSTRUMENTS LTD.
Subsidiary of Aeronautical & General Instruments Ltd.

PURLEY WAY, CROYDON.
Phone THOrnton Heath 3211.

BEAT FREQUENCY6)MLLATORS

LE LAND -tor priority requirenient.4 only
at present. Write for particulars
stating frequency range required.

INSTRUMENTS LTD MOM SEET.BEDFORD ROLONDON WU
TELEPHOTINE: CHAN CCRY 6763
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Eimer 1000T valves in
ate atrigh6er stage of
W6XA0 rem's:titter.
Naylor) d
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At Don Lee Hollywood ...Station KTSL
using EIMAC VALVES since 1938

Jolla Lee Wrigbe. nosed Homr Er011011,10
Director of 'The Family Circle" :Immanent
being interviewed. and iciness revealiog
frisks of ber trade.

for ',Ironton broadcast over 1V6 X AO.

Hal March. currently on trangontiseental
mato thou:, give p tttttt of their Miran

Tao young contreitant. Robert Sweeny and

Write for your copy of Electronic
Telesis-a 64 page booklet fully illus.
Crated-covering the fundamentals of
Electronics end many of its important
applications In laymen's language.

Work on television station W6XAO
(Commercial station KTSL) began in
November 1930; and thirteen months
later, Dec. 23. 1931, it was on the air
on the ultra high frequencies. the first
present day television to operate on
schedule. Today the station occupies
elaborate copper sheathed studios
which stand 1700 feet above Holly
wood with an antenna on a 300 -foot
tower.

The program log shows almost every
type of presentation. Highest in inter.
est and achievement are the remote
pick-ups and special event broadcasts
made simultaneously or recorded on
film for release later. Studio presenta-
tions, especially those directed to war
activities, have become a duration stan-
dard.

Under the direction of Harry R.
Lubcke, television station KTSL will

be in daily schedule immediately after
the war. Mr. Lubcke says: "We have
been using Eimac valves in our televi-
sion transmitter since about 1938
We have found them good and reliable
performers... their design is such that a
favorable ratio of power output to valve
and circuit capacitance is obtained ...
we look forward to using new Eimac
valves which may be forthcoming."

Here again is a statement from a
leader in the field, which offers clear
evidence that Eimac valves are first
choice of leading electronic engineers
throughout the world.

Follow the leaders to

SITIl.fAcCUltOUG11, inc.. 991 Son Mateo Avenue, Son Brune, Cellf.
Plants located at: San Bruno, California and Salt lake City, Utah

iopert Agent,: tracer E. Hanlon, 301 Clay St., San Francisco 11, Calif., U.S.A. A.
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Measurement has become a science in itself. In electrical
communications it must encompass the globe, yet remain
accurate to very much less than a hairsbreadth; it must
daily serve the communications engineer yet anticipate the
trend of development and research.
Thus to describe measurement in communications is
equally to define the function of Marconi Instruments
Ltd., makers of the highly specialised equipments which

MARCONI
ST. ALBANS, HERTS.

June, 5945

have reduced once complicated testing problems to the
level of routine operations.
We spare just a moment to review with satisfaction our
endeavours of recent years-the tasks of to -day are no less
vital and the expectations for to -morrow no less momentous
in a world where communications will spread the truth to
the far corners of the earth.

INSTRUMENTS LTD
Telephone: St. Albans 4323 - 6

B. A. & B. S. F. NUTS, BOLTS

& SCREWS

STUDDING & ALL THREAD STUDS

LARGE STOCKS - PROMPT DELIVERIES

TELCO LTV's ofTELCOMATIC
Machine Tools

41, GORDON SQUARE, LONDON, W.C.I
Telephone: Euston 1467/8

t:f

TILE

TAN N OY
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.

TAN NOY 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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Standard Sine Wave Sources

FREQUENCY RANGES (3 Models)
0-15,000 c.p.s.

0-25,000 c.p.s.
0-50,000 c.p.s.

Three range Output Voltmeter incor-
porated -0-250, 0-50, and 0-10.
Four output impedances, 5,000, 1,000
600 and 15 ohms.

OUTPUT UP TO 5 WATTS.
10 CYCLES PER SECOND

TYPE LO.800A OSCILLATOR, a scale of which is illustrated together
with an actual oscillogram of output voltage, gives good waveform even
below 10 c.p.s. This necessitates a minimum " pull -in " between the
two H.F. oscillators. Superlative design results in an almost perfect
waveform from lowest to highest frequencies. Output voltage is
constant to within a few per cent. over the frequency range.

BIRMINGHAM SOUND REPRODUCERS LTD.,

CLAREMONT WORKS, OLD HILL, STAFFS.
'Phone: Cradley Heath 6212 3. 'Grails: Electronic, Old Hill.

TYPE LO.800A
This model is chosen as
a Standard by most
Departments.
Stable, reliable and indispensable
to all serious workers.

5

ROTARY - STUD SWITCHES FOR INDUSTRIAL USE

* Completely protected by
the drip -proof cast iron
box.

* Easily accessible terminal
board within the box pro-
vides means of connec-
tion without soldering.

* Box screwed to take
standard 11 in. diameter
electrical conduit.

STANDARD TYPES.
Type
No.

No. of
Poles

Max. No. of
Studs per pole Mounting Weight

D - 109-A

D -109-B

D -145-A
D -145-B

I

2
I

2

25

I I

25

I I

Panel

Panel

Wall
Wall

31 lbs.
31 lbs.
41 lbs.
41 lbs.

* Available in panel -
mounting and wall -
mounting patterns.

* Finished black cellulose
enamel with bronzed face-
plate.

* Overall Dimensions :-
Type D-109 : 31 in. dia.

x 44 in deep.
Flange 41 in. dia.

Type D-145 : 8 in. x
4 in. x 31 in. deep.

MUIRHEAD

Other Types can be supplied to special order.
MUIRHEAD & CO., LTD., ELMERS END, BECKENHAM, KENT. BECKENHAM 0041-0042.

FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS,
C.R.C.42
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PUILO
-I'M AN

FRGS
I am the c.g.s.

unit of energy-
you'll find me

in every radio
circuit.

ERG
ERG is the

trade mark that
will identify our
products of quality-small parts for big jobs.

ERG
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ERG RESISTORS LTD
1021a, FINCHLEY ROAD,

LONDON, N.W.I I
Phone: Speedwell 6967 rn

MINIATUREAr MIDGET

We specialise

in their

anulacture

HIVAC LIMITED. Greenhill Crescent, Harrow on the Hill. Middx. Phone: He3.)1141

PARTRIDGE
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VARIABLE CAPACITORS
Present circumstances demand
increased production by standardiza-

tion. We are, nevertheless, looking

to the future and would welcome
an opportunity to discuss with you
your requirements for production,

development and new designs.

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

TECHNICAL ABSTRACTS
Appointments

DEPARTMENT of Scientific and Industrial Research,
National Physical Laboratory, Teddington.

MEN or women are required for abstracting technical
papers on radio and allied subjects. A good reading know-
ledge of French and German, with at least one other
language, together with some knowledge of the physical
sciences, is required; or alternatively a good knowledge
of radio with a reading knowledge of French and German.
Salary £25o to £500 p.a., inclusive of war bonus, and will
be fixed according to age, qualifications and experience.
APPLICATIONS, which must be in writing, stating date of
birth, full details of qualifications and experience (including
a list in chronological order of posts held) and quoting
Reference Number P.N. 122, should be addressed to the
Ministry of Labour and National Service Appointments
Department (A.3), Sardinia St., Kingsway, London, W.C.2.

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

service that has
Telephone,- 2244 won the con-

fidence of the
Government
Experimental
Establishm e n is

TRANSFORMERS LTD and of the Lead-
ing Industrial

76-8, PETTY FRANCE, LONDON S.W. I Organisations.
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BELLING Er LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX

GA

A COMPACT AND PRECISE

WAVEMETER

FOR USE IN ALL CLIMATES
EVERY ship and shore radio station must

have, as an essential part of its equipment,
a wavemeter that is absolutely reliable under
all conditions.

The Rediffusion 6o5A Wavemeter has been
constructed to have a discrimination of o.i per

cent over a range
of frequencies from
zoo to 43,000 kilo-
cycles (3,000 to 7
meters) . This range
is covered by using
8 coils, which are

CIRCUIT OF THE REDIFFUSION carried in a sepa-
sou WAVEMETER rate case and are

used in conjunction with a graph card made
out for each individual coil. Tuning is by means
of a variable condenser.

The 6o5A Wavemeter is normally used for
frequency measurement of a transmitting
station, and as a standard by which to tune
a transmitter output. It can also be used to
indicate the resonance of modulated carrier
waves, and to indicate the functioning of a very
low -power radiating circuit.

The wavemeter unit is light and compact,
weighing only 74- pounds, and is 5" x 8" x 8".
The construction throughout has been designed
to resist severe variations of climate in most
parts of the world. The eight coils are carried
in a case of similar size weighing 4 pounds.
In use the coils are attached to two terminals
placed on the side of the wavemeter.

This instrument is available now. Further
details can be sent on request.

REDIFFUSION Ltd.
Designers and Manufacturers of Radio Communication

and Industrial Electronic Equipment
SUBSIDIARY OF BROADCAST RELAY SERVICE LIMITED

VICTORIA STATION HOUSE, LONDON, S.W.1 (Phone Victoria 8831)
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for HIGH HIGHER and
HIGHEST FREQUENCIES!

TENAPLAX
Co -axial Cable

SOME TENAPLAX CABLES HAVE

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

Plastic Cover

 Electrical Screening

 Alkathene Sleeve

 Braided Alkathene
Filaments

 Conductor
Write for details to

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

Na-
WE DON'T
MAKE THIS
CHAIN ...

BRITISHMACH I NE
CHAIN LTD.
ELM ROAD, NEW
MALDEN, SURREY.
'Phone - Malden 1749.
Telegrams and Cables-
Brikhain, New Malden.

We are the largest makers in
the Empire of fine precision
chain, and our output is now
mainly being used in war
priority precision instruments
where extreme accuracy is of
vital importance.

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

lure, 1945

LOOKING
AHEAD

The day that hostilities cease may be
a little late to start deciding who shall

supply the Transformers and Chokes
for your post-war product.

Why not let us have a rough idea
NOW of what you will want, and let

us submit suggestions and proto-
types

Just at the moment we are extremely
busy making hundreds of thousands

of transformers for the battle front,
but we are able to devote a certain

amount of thought and planning for
post-war.

Installed in our new factory is the
very latest in Coil Winding Machines,
vacuum impregnating plant, test

equipment, and everything necessary
for the production of the finest

transformers that are made.

Drop us a line and let us show you
the latest fashions. You are bound

to be interested !

TRANSFORMER CO. LTD.

MOXLEY ROAD, BILSTON, STAFFS.
Telephone: BILSTON 41959-0

DUAL TESTOSCOPE
This new dual
model indi-

,zz
cites 2-30 volts

and 100-750 volts
Send for leaflet G.24 on "Testing.' '

RUNBAKENMANCHE5TER1

ITENT-AXIA
FOR BETTER AIR CONDITIONS

El D. 9 VICD/RE., LONDON. W.1 AND AT GLASGOW & MANCHESTER

TECHNICAL BOOKS
supplied from stock or obtained to order.

A twelve -page list, together with an eight -page
supplement, giving details of reproductions of German
technical publications, issued under the authority of
the Alien Property Custodian in Washington, has
just been prepared. A copy will be sent on
application.

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

Telephone : EUSton 4282 (5 lines).
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Freedom from vibration with silence and secure flexible support is
available for radio, instruments, generators-from the standard range
of Silentbloc Anti -Vibration Mountings. The metal and rubber de-
signs are exclusive to Silentbloc, and offer the most convenient
and consistently effective medium for the isolation of vibration.

1'1411 J urlicolurs on application

SILENCE
SECURITY

SIMPLICITY

SILENTBLOC
NO VIBRATION
LUBRICATION

OR REAR
TRADE MA 0 Ii

SILENTBLOC VICTORIA GARDENS LONDON. W.
LIMITED LADBROISE ROAD TI

0 T mg IBM% WEI

'TRANSFORMERS
Line Voltage Vaviations of
± IS %'reduced to ±

TYPICAL SPECIFICATION
INPUT VOLTAGE 190-260 v. 50 c ps.
OUTPUT VOLTAGE 230 v. ±. I %
MAX. LOAD. 150 watts.

Input power factor over 901;
Prices on application Write fordetails,

9

BACK ROAD, SHERN HALL STREET, WALTHAMSTOW, LONDON, E.17 Phone : LARkswood 4366 & 4367
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Switchboard and Portable Pattern Microammeters, Milliammeters, Ammeters,
Voltmeters, Wattmeters and Testing Sets.

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

Piezo QUARTZ CRYSTALS
for all applications.

Full details on request.

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

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

1SLERS,,aondog/13-,

THE

As soon as conditions permit we
hope to offer our usual "DAINITE"
Service for Moulded Rubber Parts.

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

HARBORO' RUBBER CO, LTD., MARKET HARBOROUGH.

COD

June, 2945

SE

Le
A.

V et.s In capacity

W

attenuation
of CO -Y. Cables

attenuation

new
possibilities

in electronic
and

equipment
design

both
for the

war effort
d for the post-war

elean ctronic age.

BASICALLY BETTER
A/R -SPACED

101/10.11 CA 131113
TRANSRADIO LTD. I6THE HIGHWAY. BEACONSFIELD.7 BU(KS.

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

GREENFORD, MIDDLESEX  WAXLOW 2300

RADIO

STAMPINGS

Wad
RADIO

CHASSIS

RADIO

PRESSINGS

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

C. R. Casson 4.



H. W. SULLIVAN
- LIMITED -
London, S.E.i5

Tel. New Cross 3225 (Private Branch Exchange)
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WAVEMETERS

OSCILLATORS

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

CONDENSERS

INDUCTANCES

RESISTANCES

BRIDGES Capacitance
Inductance
Resistance

ALL TYPES-ALL FREQUENCIES-ALL ACCURACIES

"THE META / THAT NEYFA' SETS T/R11,...:
`TIFILCON'

BE t MU
Cu Be 250

NM FATIGUE i TENSILE STRENGTH-comenvirr

A non-magnetic, heat treatable alloy, Cu Be 250
combines physical properties of amazing strength
and hardness; high conductivity and elasticity; and
gives a consistently high performance under all
conditions. It is well suited for service in the
radio and electrical fields, and is unsurpassed for
springs, diaphragms, contacts, switch parts, etc.
Available as strip, rod and wire. Leaflet and
full details on request.

Manufactured by : THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD.
Head Office : 22 OLD BROAD ST., LONDON, E.C.2. Tel : LONdon Wall 3141

Sole Distributors: BERYLLIUM & COPPER ALLOYS LTD. 39 Victoria St. London, SW1 Tel:,413Bey6259 TELCON METALS
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Technical Reasons Why

DRSIN MULTICORE SOLDER
Is the Finest Cored Solder in the World

3 CORES
OF FLUX

ERSOM

INSAPCfir4
TRUE CORE

SOLDER

Three Cores of Flux ensure flux continuity. No lengths without
flux are wasted. Consistent high quality joints are obtained with
comparatively unskilled labour. Exactly the correct proportions of
solder to flux are provided. Separate fluxing operations are obviated
and no extra flux is required. The three cores of flux being evenly
distributed over the cross section of the solder provide thinner solder
walls than otherwise. This gives rapid melting and speeds up soldering.
The flux does not tend to run out of the cores, so there is always a
supply available for the next joint. The utmost economy of solder
and flux is achieved.

Ersin, contained in the three cores of Ersin Multicore Solder, is the
fastest non -corrosive flux. Possessing all the non -corrosive advantages
of rosin, it enables joints td be speedily made on oxidised or " difficult"
surfaces such as nickel. Ersin not only avoids oxidation during soldering
but removes surface oxide already present-this is particularly
advantageous in respect of materials that have been in stock or
apparatus that is being serviced. The use of Ersin Multicore, with
correct soldering technique, avoids " HR " or dry joints.

Ersin Multicore Solder is made in most gauges between 10 and 22
S.W.G. (128-.028") (3.251-.7109 m/ms). For general radio
and eleCtrical production and maintenance 13 and 16 S.W.G. are
in most demand.

Five alloys of Ersin Multicore Solder are
available-all antimony free. Under
present circumstances 45% tin and 55%
lead is the most widely used alloy.

Virgin
Tin & Lead

Technically, Ersin Multicore Solder is far superior to any other cored
solder. A practical laboratory or production test will demonstrate
this and show you that it is the most economical solder to use. The
majority of British and oversea manufacturers already enjoy the advan-
tages of Multicore. If you do not, and are engaged upon Government
contracts, write for further technical information and free samples.

MULTICORE SOLDERS LTD.
Commonwealth House, New Oxford Street, London, W.C.1

Tel.: CHAncery 5171-2
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The Phase Convention of Currents and
Voltages in Valve Circuits

THIS was the title of the Editorial in
March, 1940, which was inspired by
some correspondence in which a radio

engineer had sought an authoritative opinion
on a statement that occurs in some of
Terman's books and which he regarded as
incorrect. We pointed out that its correct-
ness depended entirely on the conventions
adopted. We also pointed out that what-
ever convention is adopted there is bound to
be some difficulty with the signs either of
voltage or current for " one cannot pretend
that the valve and not the battery is the
source of power without paying the penalty
somewhere." In the May issue of Wireless
World (p. 140), Dr. K. R. Sturley returns to
this same problem in an article entitled
" Valve Vectors," and arrives at some
peculiar results by methods that we must
confess we do not understand. In the simple
valve amplifier with a resistance load we
are told that " the most important fact to
grasp is that the grid input A.C. voltage
and the voltage generated imagined to exist
inside the valve are I8o° out of phase."
Surely a much more important fact to
grasp is that they may be assumed either
in phase or 180° out of phase, depending
on the convention adopted as to which
direction around the anode circuit is to be
regarded as positive.

In Fig. I (a) a steady current flows around
the circuit in an anti -clockwise direction.
Nobody would suggest that this is a negative
current ; hence for direct currents the anti-
clockwise direction is positive. If the grid
is now made more positive this current
increases, i.e., a small current SI is super-
imposed on the original current 10. Now

how shall we represent this ? We have
assumed the anti -clockwise direction as
positive for Eb and the steady current /0;
which direction shall we call positive for
small changes of the current and for the
fictitious e.m.f. µ8E8 producing them ? We
can either stick to the anti -clockwise con-
vention and say that the new current is
/0 8/ or adopt the opposite convention

0

Fig. i.
( b )

for the variations of current and write
/0 - 81. The first convention assumes that a
positive SE, applied to the grid is equivalent
to a positive PE, in the valve, which pro-
duces a positive 8/, whereas the second con-
vention assumes that a positive SE, applied
to the grid is equivalent to a negative µ8Eg,
i.e., 1800 out of phase in the A.C. case,
which produces a negative current which is
then substracted from I, giving an increased
resultant. It is this second convention that
we are told is the most important fact (!)

to grasp. We must confess that, although it
is often employed and leads, of course, to the
correct results, to us it has an air of topsy-
turvydom. In explanation Dr. Sturley says



262 WIRELESS
ENGINEER

" The current /a' is the A.C. current pro-
duced by the generated voltage pEg and
must not be confused with the actual A.C.
change /a superimposed upon the D.C.
current /0 taken from the H.T. source."
Whatever does this mean ? Surely there is
only one alternating current in the circuit,
viz., that which is pictured as being pro-
duced by an e.m.f. in the valve, and it is this
current which is superimposed upon the
direct current. As the result of this con-
fusion he arrives at Fig. 2, which is an exact
reproduction of his Fig. 4 (a) showing voltage/
time relationships. According to this diagram

E

E

EAK

Eb- I0R0

Fig. 2.

at the moment of maximum positive Eg
applied to the grid, the voltage Eak across
the valve reaches its maximum value, which
is simply contrary to the facts. He then
says, " Two important points arise from this
analysis regarding the valve as a generator
of µE, volts, (r) the generated voltage is
1800 out of phase with the input voltage
E, and (2) the A.C. current produced in the
anode load by the generated voltage p,E,
is 180° out of phase with the actual cur-
rent variation superimposed upon the D.C.
anode current." The first point, as we have
already shown, is a matter of choice and
convention, and so far as one can judge,
Dr. Sturley's convention appears to be that
the alternating current is positive when it
flows in the opposite direction to the steady
current ; if one adopts the other convention,
i.e., the same direction as positive for both
D.C. and A.C., the fictitious generator
voltage is in phase with Eg. With regard
to the second point, surely if the assumed
e.m.f. pEa does not produce the actual
alternating current flowing in the circuit,
but one 18o° out of phase with it-and
presumably of the correct amplitude-
there is something radically wrong and the
obvious thing to do is to reverse pEg. There

June, 1945

is only one alternating current flowing in the
circuit, and in the equivalent circuit this
can be pictured as being produced by an
e.m.f. ILE, acting in the valve. Dr. Sturley
appears to picture two equal and opposite
alternating currents /a and /a ; one of
them must surely be a figment of his imagina-
tion, as otherwise they would annul each other
and leave only the D.C. component.

The simple facts are as follows. Under
steady conditions, the currents and voltages
are as shown in Fig. I (a). When an alternating
voltage is applied to the grid, an alternating
current is superimposed upon /o, and at the
moment of positive maximum grid voltage,
the superimposed currents and voltages are
as shown in Fig. (b). Now this is exactly
what would happen if the valve contained
a source of e.m.f. µE, acting around the
circuit in the same direction as /0, /a and Eb.
When the two diagrams are superimposed the
currents and voltages in the one are simply
added to those in the other, with one excep-
tion, viz., the P.D. across the valve. In the
D.C. diagram Eak = Eb - 10R0 and is posi-
tive, whereas in the A.C. diagram it is Eka
and not Eak which is equal to IaRo and
positive.* Hence the resultant Eak is the
difference, viz. (E0 - /0R0) - IaRo = Eb
-(I0 + Ia)Ro. It should be noted that this
is simply a statement of the facts. That the
voltages across the valve are of different
sign follows, of course, from the fact that in
the left-hand diagram the valve is merely
absorbing power whereas in the right-hand
diagram it is the source of the A.C. power.
Although all the power, if traced to its source,
comes from the battery or the H.T. supply,
we can regard the valve as a grid -controlled
converter supplied with D.C. power as
shown in the left-hand diagram and giving
out A.C. power as shown in the right-hand
diagram. It differs from most other con-
verters by having one common circuit for
both input and output. The mean output
of the H.T. source is always Ebb°, of which
/02R0 goes to the load and the remainder
as D.C. input to the valve ; of this the valve
returns /a2R0 as A.C. output to the load,
which therefore gets a total of (42+ /a2)Ro.
The grid control is expressed by the formula
/a = pEgl(Rad-R0). We have employed
Dr. Stmiey's symbols in order to simplify
reference to his article. G. W. O. H.

* Eak means the potential at A minus that at K,
whereas Eka means the potential at K minus that
at A.
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POLAR DIAGRAMS*
Experiments with a Half -Wavelength Receiving Aerial

and a V -Type Wire -Netting Reflector
By J. S. McPetrie, D.Sc., M.I.E.E., L. H. Ford, M.Sc., A.M.I.E.E.,

and J. A. Saxton, B.Sc., A.M.I.E.E.
(Radio Division, National Physical Laboratory)

ABSTRACT.-Experimental measurements have been made of the polar radiation diagram
of a receiving system comprising a half -wavelength aerial associated with a V -type reflector,
used on a wavelength of 5o cm. The reflector consisted of two screens of galvanised iron
wire netting of /in. mesh ; polar diagrams were measured for various angles of the V between
8o° and 33o° and distances of the aerial of quarter, half and three-quarter wavelengths from
the apex of the reflector. Gains up to 13 decibels over a half -wavelength dipole aerial were
obtained with this simple aerial system.

Experiments using a half -wave dipole aerial in the plane of a flat sheet reflector, corre-
sponding to a V -type reflector of 36o°, are also described. The results show that in this
case a polar diagram having almost uniform sensitivity over an arc of 180° can be obtained
combined with a single minimum in the direction of the transmitter. Such a system may
be of use for direction finding purposes.

1. Introduction
REFLECTORS are frequently used to

improve the performance of aerials,
and obtain highly directive aerial

systems. In particular, at the high -fre-
quency end of the radio spectrum, such a
system can be devised without the arrange-
ment becoming cumbersome in its linear
dimensions. An experimental
investigation has been made of
the properties of an aerial sys-
tem consisting of a reflector,
formed by two similar con-
ducting sheets hinged at one

****-
Fig. 1. Polar diagrams obtained

with a V -type reflecting screen, for
various angles (0) between screens
forming V, in the equatorial plane.
Wavelength = 5o cm. ; size of
each screen = 6o cm. x 90 cm. of
i" mesh wire netting. A/2 aerial
parallel to line of intersection of
screens and at a distance A/4 from
vertex.

been taken with the aerial parallel to the
apex, or hinged edge of the V, others with
the aerial perpendicular to the apex of the
V ; they have been taken in the equatorial
plane of the V, and also in the plane bisecting
the angle of the V. The angle of the V on
the side enclosing the aerial has been varied
over the range 8o° to 33o°, and in addition

O°

=160°

of their edges to form a V, which partially
enclosed a half -wave dipole aerial.

The present paper describes experiments
in which polar diagrams have been measured
under a variety of conditions ; some have

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

(.1) 4100°

0
" /4

(1)120° 0:1)4140°

=240° =270°

330°

experiments have been made with an aerial
in the plane of a flat sheet, a condition
corresponding to an angle of the V of
360°.

The wavelength at which the experiments
were conducted was 5o cm., with a few
'exceptions noted in the text.
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2. Experimental Procedure
The reflector used in the majority of the

experiments consisted of two similar wooden
frames covered with fin. mesh galvanised

= BO°

=160°

4:). 270°

=100° 1:D= 1 20°

(1)

90
t2

1:1= 2 10°
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Preliminary experiments showed that small
alterations in the disposition of the apparatus
(e.g. height above ground, distance between
sender and receiver) produced only minor

(I)  2 40°
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Polar diagrams obtained with V -
type reflecting screen, for various
angles (0) between screens forming
V, in the equatorial plane. Wave-
length = 5o cm. ; size of each screen
= 6o cm. X go cm. of mesh wire

netting.
Fig. z (Left). A/z aerial parallel to

line of intersection of screens and
at a distance 2/2 from vertex.

Fig. 3 (Below). A/2 aerial parallel
to line of intersection of screens

300° and at a distance /A from vertex.

iron wire netting. The sides were each
6o cm. x go cm., the apex of the V being
formed by the hinged junction of their
shorter edges. Any alterations made in this
arrangement are noted at the appropriate
places in the text.

In all cases the half -wave dipole aerial
used was symmetrically disposed with respect
to the reflecting system under test. In the
case of V reflectors, the centre of the aerial
was in the plane bisecting the angle of the V
and the plane bisecting the ends and apex
of the V, or equatorial plane. In the case
of the flat sheet reflectors the centre of the
aerial was in the plane of the sheet and the
plane bisecting the appropriate opposite
edges of the sheet.

The receiver used was a field -strength
measuring set, similar to that described by
Colebrook and Gordon -Smith ; * this set,
together with the aerial system under test,
was mounted on a turntable, in such a way
that the axis of rotation passed through the
centre of the aerial. The sender used was
a 5o cm. oscillator of constant output, the
aerial of which was set, as required, to be
parallel to the receiving aerial. When
measuring a polar diagram the turntable
was rotated and observations made of the
field strength from the sender, at a succession
of angles between the direction of the axis
of the receiver aerial system and the direction
of the transmitter.

* F. M. Colebrook and A. C. Gordon -Smith,
J ourn. I .E.E., 1943, Vol. go, Part III, p. 28.

changes in the polar diagrams obtained, and
did not affect their general shape.

3. Experimental Results
(A) V Reflector.
Figs. I to 5 show a representative selection

of the polar diagrams obtained, in the
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equatorial plane of the aerial system, for
various values of the angle 0 between the
sides of the V enclosing the aerial, in the
range 8o° to 33o° ; while Figs. 6 and 7 show

4N9

(I)=160°

(i)

(.4

X12 I = 100°

4)=180°
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A method has been evolved from which the
reflection coefficient of a reflector such as the
screen used in these experiments can be
determined from the polar diagram obtained

C)=60°

4)=120° t

(1)-,60°

Fig. 4. Fig. 5

Polar diagrams obtained with V -type reflecting screen, for various angles (0) between screens forming V, in
the equatorial plane. Wavelength = 5o cm ; size of each screen = 6o cm. x go cm. of I" mesh wire netting.

Fig. 4. A/2 aerial perpendicular to line of intersection of screens and at a distance Al2 from vertex.
Fig. 5. A/2 aerial perpendicular to line of intersection of screens and at a distance IA from vertex.

3/4X

CD -too*

polar diagrams in the plane bisecting the
angle of the V for values of 0 in the range 6o°
to 18o°. The distance between the aerial
and the apex of the V was A/4, A/2 or IA, as
indicated on the figures.

The gain of the aerial system measured
in the direction of maximum received signal
over that of a half -wavelength dipole is
given in Fig. 8. High accuracy cannot be
obtained for the latter measurement as there
was inherently some doubt as to the com-
parison half -wavelength aerial being unin-
fluenced by, for example, the metal boxes of
the receiver. In order to reduce this effect
to a minimum measurements were made
with the simple dipole at a series of distances
from the receiver and an average value
taken as correct. It is estimated that the
gains given in Fig. 8 are correct to 2 decibels
and their relative magnitudes to i decibel.

for an angle of V of 18o° and a distance of
A/2 of the aerial from the screen. This
method is not described in the paper, but
it showed that the modulus of the reflection
coefficient of the lin. mesh screen used was
greater than o.9. This result is in agreement
with those obtained by another method* on
a wavelength of 1.5 m.

(B) Flat Sheet Reflector

A representative selection of the polar
diagrams obtained, using a flat sheet re-
flector with a half -wave dipole in the plane
of the sheet, is shown in Figs. 9 and io.
With the exception of Fig. 9 (f) the diagrams
were taken in the equatorial plane and over a
range of sizes of sheet, wavelengths and

* J. S. McPetrie, Proc. Phys. Soc., 1934, Vol. 46,
PP. 637-648.
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distances of the aerial from the edge of the
sheet. The diagram shown in Fig. 9 (f)
was taken in the plane of the sheet. For
this purpose the sheet, with the aerial
attached, was mounted in a horizontal
plane ; the shape of the diagram is likely
to have been affected by the presence of the
earth, since the reflected ray would not be
obscured by the sheet, as is the direct ray
at certain angles. A number of diagrams
(not shown) were obtained with the aerial
perpendicular instead of parallel to the edge
of the sheet ; the results gave a figure -of -
eight diagram which, within the limits of
experimental error, was the same as that
which would be given by a horizontal dipole
in the absence of the sheet.

A comparison of the diagrams of Fig. 10 (d)
and (e) shows that the relative dimensions
of the sheet used considerably affect the
shape of the curve in the region of the
minimum. With the aerial parallel to the
longer side of the sheet a single minimum is
obtained in the direction of the transmitter,
and with the aerial parallel to the shorter

(a) it- ao° D 1/4X (b) 0:1)-6o° D -3/4X

._
(c) 4)-120° D.'1/4X (d) 4)-(20° D -3/4X

D (f) .180* D=3/4X

Fig. 6. Polar diagrams obtained with V -type
reflecting screen, in the plane bisecting the
angle, CP, of the V, for various values of 4) and
of the distance, D, between the aerial and the
apex of the V. Aerial parallel to the apex of the
V. Sidei of V each 6o cm. X 90 cm. of r wire

netting. A = 5o cm.
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- side of the sheet there are two minima close
together. For this reason, a number of
polar diagrams were taken using a V reflector
with the same size sides as before, but with

(a) .60° D :X/2 (c x/2
AERIAL TO APEX OFV

AERIAL fl TO APEX OF V

f

( b) (1) -120° D. X/2 (d) (1)-led'07141" D. X/2
AERIAL TO APEX OF V AERIAL fl TO APE% OF V

(e) -90° D= Xi2 '(f) 4)=90° D- 3/4A
AERIAL 1 TO APEX OFV AERIAL TO APEX OF V

Fig. 7. Polar diagrams obtained with V -type
reflecting screen, in the plane bisecting the angle,
0, of the V, for various values of and of the
distance, D, between the aerial and the apex of
the V. Sides of V screen each 6o cm. x 90 cm.

of wire netting. A = 5o cm.

the apex formed by 90 cm. edges. These
are shown in Fig. II ; the angle of the V
varies between 18o° and 330°.

4. Conclusions
(A) V Reflector

Darbord* has shown that the theoretical
gain of a sheet reflector in the form of a
paraboloid with the source in the focus is
given by R-A where R is the radius of the
aperture. It will be noted from Fig. 8 that
the maximum gain over a half -wavelength
dipole is obtained with the aerial parallel to
the line of intersection of the screens for a
spacing A/2 between aerial and reflector
apex and an angle of the V of 75°. The

* R. Darbord, J. de Phys. et Radio, 1932, Vol. 3,
pp. 105-115.
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gain under this condition is over 13 decibels
whereas the gain derived from Darbord's
formula for a paraboloid having the same
aperture is if decibels. The V -type reflector,
therefore, can have a gain comparable with
that of a paraboloid of comparable dimensions.

Various other conclusions can be drawn
directly from an inspection of the figures.

(I) For all spacings between aerial and
reflector the backward radiation decreases
as the angle of the V is decreased to the
minimum of 8o° for which polar diagrams
were measured. This is particularly evident
in the case in which the aerial is parallel
to the line of intersection of the screens.

(z) For a given angle of V the backward
radiation increases with increase in distance
of the aerial from the apex of reflector.

(3) For the case in which the dipole is
parallel to the line of intersection of the two
screens forming the V and for angles of V
in the neighbourhood of 8o° to too° there is
no appreciable change in the polar diagram

Fig. 8 (Below). Variation of gain measured in
direction of maximum received signal with angle
of V for three distances (d) between aerial and
apex of V. Full line = aerial parallel to line of
intersection of sides of V ; dotted line = aerial
perpendicular to line of intersection of sides of V.

Fig. 9 (Right). Polar diagrams obtained With a
i" wire netting flat sheet reflector, 18o cm. x
120 cm., with the aerial in the plane of the sheet

at a distance, D, from the i8o cm. edge.

15.0

12 5

10 o

7 5

50

2 5

00
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ciable wave -range without important change
due to the reflector in the resulting polar
diagram or gain over a A/z dipole.

(a) A =11.1. D. (b)X-10A. D
EQUATORIAL DIAGRAM EQUATORIAL DIAGRAM

(c) X . D.
EQUATORIAL DIAGRAM

(d) X. I M D.X
EQUATORIAL DIAGRAM

11
(e) X -2m. D. /4 (f) a= IM. D. Xj4

EQUATOR IAL DIAGRAM COPLANAR DIAGRAM

100 CM

1.--
120 CM

d= X2
o d = 3/4X

x d= Ai,
+ d = Xhi

d=Abs

1:, \
\ // d=3/4X b

\

d=/4\ \r ;
Nrc

Y4'i4/ '+//\
-1

'.,

-N....x...,

\4\.+...___-x- d= /2

I
50 100 150 200

ANGLE OF V - DEGREES

or gain with change in distance of aerial from
apex of V over the range A/4 to A. This
means that an aerial system incorporating
a V -type reflector can be used over an appre-

250 300 350

(4) The gain with the aerial perpendicular
to the line of intersection of the screens is
less than that when the aerial is parallel to
that line, particularly for small angles of V.
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(B) Flat Sheet Reflector
The polar diagrams of Figs. 9 and io show

that by using an aerial in the plane of a flat
sheet reflector it is possible to obtain a
polar diagram showing an almost uniform
sensitivity for a signal received from any
direction over an arc of 180°, combined with
a reasonably sharp minimum when the sheet
is in the plane connecting the transmitter
and receiver. This property might be of use
for direction finding purposes. In this
connection the following points emerge
from the diagrams :-

(i) The edges of the sheet parallel to the
aerial should be greater than a wavelength
(Fig. 9 (e)).

(2) The edges of the sheet parallel to the
aerial should be not less than the other edges
(Figs. io (b) and (c) and Figs. io (d) and (e)).

(3) The aerial should be less than A/z from
the edge of the sheet (Figs. 9 (c) and (d)).

(a) A.180 CM. B.120 CM. ( b) A410CM 8120 CM.

(c) A.120CM B. 60CM (d) A.6QCM 8.90CM

(e) As90CM 13,60CM

B

( f ) A4 -60C14 B. 40CM.

A

Fig. 5o. Polar diagrams obtained with a flat sheet
reflector, sides A x B, with the aerial in the
plane of the sheet at a distance of A/4 from the
edge A. A = 5o cm. Diagrams in equatorial
plane. Diagrams (a), (d), (e) i" wire netting

sheet; (b), (c), (f), copper sheet.

(a) 4).330°

(C) 4).270°

(e) 4)=21e

June, 5945

(b) 1.300°

(d)

(f)
A/4

.240°

.180°

\4'
Fig. 55. Polar diagrams obtained with a V re-

flecting screen, in the equatorial plane, for
various values of the angle, 0, of the V. Aerial
parallel to the apex of the V at a distance of A14.
Sides of V each 90 cm. X 6o cm. of 1". wire

netting. A = 5o cm.

(4) Provided the above three conditions
are observed the wavelength may be varied
over a range of at least two to one without
any alteration in the size of the sheet or the
spacing between the sheet and the aerial.

(5) If conditions (I) and (2) are not satisfied
the minimum in the direction of the trans-
mitter disappears and is replaced by two
minima at about i5o° on either side of this
direction with a subsidiary lobe between
them.

The results obtained on a V reflector with
longer edges of the sides forming the apex
show that the desirable properties shown by
the flat sheet reflector are retained pro-
vided that the angle of V is greater than 270°.
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Essay in

RADIO -FREQUENCY HEATING
By T. C. Macnamara and H. T. Greatorex

THE problem with which the writers
were faced was to produce eddy -
current heating apparatus to flash

the getter in a small neon tube approximately
two centimetres in length and half a centi-
metre in diameter. The getter medium
was metallic and consisted of a small disc
about two millimetres in diameter and
o.00zin. thick.

The tube electrodes were of about No. 20
S.W.G. wire just over a centimetre in length
and placed axially at a distance of about
two millimetres apart. It was quite clear
from the outset that the introduction of
comparatively few watts into the metallic
disc of getter would produce sufficent
heating to cause the requisite flashing, but
owing to the extremely small size of the
tube it was not easy to bring about this
desired effect.

A complication existed in that, whereas
there was no objection to the heating of
the electrodes themselves-in fact it was
advantageous from the degassing point of
view - excessive heating had to be
avoided otherwise there was danger of the
seal, through which the lead -out wires
emerged, being damaged. A further com-
plication existed in that no heating must be
induced into the sealing wires themselves
at the point where they passed through the
glass, otherwise the chances of damage would
be greatly increased. This meant that the
heating effect had to be strictly localised,
as far as possible to the actual point where
the getter was placed.

Choice of Operating Frequency
The writers frankly admitted that they

had little experience of eddy current heating
by means of high frequencies and were thus
Rot in a good position to judge the merits
of one frequency over another. They had
read that where discreet depth of penetration
-was not a special feature there was no par-
ticular advantage in using an extremely high
frequency because the magnitude of the
heating effect is said to increase propor-
tionally to the square root of the frequency.

* MS. accepted by the Editor, March, 1945.
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As it did not seem worth while, therefore,
the use of ultra -high frequencies was avoided
because of the greater difficulties which
would have been introduced into the design
and operation of the valve generator. On
the other hand it was thought that up to a
point the higher the frequency the easier it
would be to obtain an effective coupling
between the heater coil and the work to be
heated, not only because of the increase
in the value of w but also because the react-
ance of the heating coil (which would ob-
viously have to be small, physically) would
be more significant at higher frequencies and
so render the circuit more manageable.

Bearing in mind these various considera-
tions, it was decided that an attempt should
be made to use a frequency just below the
medium broadcast band and 0.5 Mc/s was
chosen, quite arbitrarily. It must be con-
fessed that the choice of such a frequency
was partly influenced by the writers' ex-
perience of the manipulation of radio circuits
in this band of frequencies, added to which,
was the fact that almost any valve can be
made to operate efficiently as an oscillator
on such frequencies.

Question of Interference
The writers felt their responsibility in the

suppression of interference very keenly
because they had, in the past, encountered
extensive troubles on the television band
and elsewhere with interference from medical
apparatus employing radio frequencies. It
was, therefore, with a firm resolve that no
appreciable radiation should occur, that the
problem was tackled and this idea was kept
in mind throughout. It must be mentioned
in passing that in the writers' experience
the majority of radio interference occurs
in unsuspected ways. Most people, in
designing radio -frequency apparatus, pro-
vide some form of screening box and let it
go at that, with the usual result that the
spurious radiation is almost as bad as if
there were no screening at all. The usual
reason for this result is that the screening
is by no means complete, but even if it is
apparently complete there are often leaks
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down the various cables or sneak currents
through indeterminate earth paths all of
which area contributory, if not the main
cause of spurious radiation.

The G.P.O. who, of course, are the licensing
authority for all types of high -frequency
apparatus, very properly insist that the
most obvious source of leakage, e.g., the
incoming mains power cables, should be
provided with effective high -frequency filters
specified by them, but as they obviously
cannot foresee all uses to which every piece
of apparatus can be put, they cannot specify
means whereby radiation can be eliminated
from all the combinations of associated
circuits which might be set up.

The G.P.O., however, has the final word
because when equipment has been com-
pleted, and before  they are prepared to
grant a licence for its operation, they re-
quire to take field -strength measurements
to satisfy themselves that radiation of both
fundamental and harmonic frequencies has
been reduced to a negligible value.

Early Attempts using Receiving Valves
In the present case, as previously stated,

it was clear that only a very small wattage
would be required to effect the flashing
operation, provided that this wattage could
be dissipated in the very small mass of the
getter disc, or the closely associated portions
of the electrodes. In consequence it was felt
that, if an efficient generation of H.F. energy
and effective concentration of a suitable
magnetic field could be obtained, it was quite
possible that an H.F. generator of compara-
tively low power, using receiving valves of
the more robust type, would suffice.

For instance, if a power of 10 watts
actually dissipated in the work would be
sufficient, then, assuming the possibility
of obtaining an overall efficiency of io per
cent., a generator giving an output of zoo
watts would suffice. The figure of io watts
in the work was more or less guess -work,
based upon reflection on the heat in a
6 -watt low -voltage filament lamp such as a
car side -lamp bulb.

As shown in Fig. 1, a simple oscillator
employing four valves of the L.F. power -
output pentode type was set up and arranged
to oscillate at 0.5 Mc/s taking an input of
35o mA at 40o volts representing 140 watts.
Assuming a conversion efficiency of 75 per
cent. (which is usually obtainable on these
frequencies) this should have given an output
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of zoo watts. It was found in practice that
such an output could indeed be obtained
without difficulty and the resultant oscil-
lator easily lit a roo-watt gas -filled lamp
to full brilliancy as measured by photometric
methods.

Heating Coil Experiments
The obvious objective in designing the

heating coil was to produce a high -frequency
magnetic field of small dimensions yet
having the maximum possible intensity
within the limits of the power available.
Two ways of producing this result suggested
themselves, viz., a coil of many turns of
comparatively fine wire through which a
relatively small current passed, or, alter-
natively, a coil of few turns of thick wire
carrying a high current.

+ 400 V.

2000 /.1k.L.F

4 VALVES
IN PARALLEL

2000
F

2.000
/.14.11

SO /1H

Fig. 1.

1,030
F

soµ H HEATING
COIL

Although the writers had noticed that
in most eddy -current heating installations
it seems customary to use heating coils of
the latter type, viz., of thick wire with many
amperes flowing, they decided to try whether
the technique of finer wire, more turns and
smaller current, might not prove superior
for the particular application with which
they were concerned.

A coil was accordingly prepared con-
sisting of 25 turns of 16 gauge D.C.C. wire
pile -wound in three layers. The pile winding
was adopted because, as radio engineers of
the old school will remember, it has the
advantage of enabling a number of layers of
wire to be assembled in such a way that
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interturn capacitance is not significant, and
interturn voltage is kept to a minimum.
Although not much seen in present-day
radio practice, pile winding has the pro-
nounced advantage of enabling a large
number of turns to be concentrated into a
small space without disadvantages which
would be inherent in other forms of winding,
and it was this property that attracted the
writers.

The resultant coil had an inductance of
25 µ.11 -and was arranged to form part of a
series circuit including an additional coil
of 5o Ai and a condenser having a value
of 1,030 µµF. The 5o iLH coil was set up so
as to provide a variable magnetic coupling
to the oscillator circuit as shown in Fig. 1.
The measured resistance of the closed circuit
so formed, expressed as a series component,
was just over r ohm, so that a current of
about io amperes was produced by the
dissipation of the rated loo watt output of
the generator.

This was pretty poor because the ampere -
turns in the heating coil were only 25o, and
it appeared fairly clear that this would be
insufficient. Also measurement of the H.F.
resistance of the circuit showed that a
negligible increase occurred when the neon
tube was inserted into the coil indicating
clearly that the coupling was very low even
though the coil was a very close fit on the
tube. Practical tests confirmed the inade-
quacy of the arrangement and it was scrapped.

Profiting by the failure of this experiment
it was decided that the purely wasteful
losses in the heating circuit must be radically
reduced. An attempt was made to do this
in two ways. First, the coil was rewound
in similar form using a stranded conductor
composed of 81 strands of 44 S.W.G., each
strand separately insulated. This form of
conductor, sometimes known as " Litzen-
draht," is widely used and noted for its low -
loss properties on this order of frequency.

Secondly, it was decided that it was
wasteful to take the current through the
whole of the coupling circuit feeding it and,
therefore, it was decided to resort to the
use of a condenser in parallel with the
heating coil itself and thus confine the high
value circulating current to the shortest
possible path. Accordingly, a condenser
of .9,000 µIX was shunted across the ter-
minals of the heating coil, using extremely
short and heavy conductors.

The series H.F. resistance of this com-
bination at 0.5 Mc/s was measured to be
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0.4 ohm in series with a reactive component
of j35 ohms. It was encouraging to
note that with this arrangement, when the
neon tube was inserted into the coil the
series resistance increased to 1.1 ohms which
meant that, of the total power introduced
into the coil, 6o per cent. was being usefully
introduced into the load.

With the use of a shunt condenser, how-
ever, there arose the problem of feeding the
heating coil because the shunt resistance
of the condenser -coil combination was
approx. 3,000 ohms in parallel with j35
ohms which would call for the application
of 55o volts in order to give the requisite
100 watts into the circuit. To produce such
a voltage would be inconvenient as this
would clearly be beyond the scope of any
reasonable form of magnetic coupling, and
in fact would have to be applied by tapping
the condenser -coil combination directly
across the tank circuit of the valve generator.

This was felt to be unsatisfactory from
several points of view, especially in that the
leads to the heating coil unit (which were
required to be several feet long) would be
subject to large potential differences be-
tween them which would be inconvenient,
as it was desired to make them in the
form of a twisted pair. Not only would
this arrangement materially contribute to
operating convenience, but if such a twisted
pair could be terminated approximately
in its own characteristic impedance (say
Rio ohms) then radiation from it would be
reduced to a negligible value.

Accordingly the arrangements shown in
Fig. 2 were adopted using an L section to
step down impedance to the feeder. The
action of the L section, as given in Fig. 2,
was as follows :-

(a) Shows equivalent circuit of heater
coil expressed in shunt.
Shows addition of a shunt condenser
of value smaller in capacitance than
for resonance, to leave a value of 177
ohms of shunt inductive reactance.

(c) Shows the effective circuit resulting
from (b).

(d) Shows the equivalent of (c) expressed
as a series circuit.

(e) Shows the effect of correcting the
power factor by means of a series
condenser, giving Rio ohms resistive
to the feeder.

(f) Shows the practical form of circuit
which results.

This arrangement worked according to plan

(b)
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and circulating currents of 20 to 30 amperes
were produced in the heating coil, thus
giving 700 ampere -turns.

The passage of this current rapidly re-
sulted in the over -heating of the coil, be-
cause, although the resistance of the stranded
conductor was very low its ventilation pro-
perties were so poor that the heat generated
did not readily escape. This was not felt

3,000

(a)

- J ,77n

100 CI

+.1177n

(d) (e)

1000
RESISTIVE

(b)

toon

177n

Fig. 2.
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to be an insuperable disadvantage because
the action of flashing the getter should only
take a matter of one or two seconds, and as
a reasonable time would elapse between
operations, it was felt that the coil would
not necessarily over -heat under practical
conditions of operation.

Unfortunately the arrangement described
was not successful for the following reason
which had not been fully foreseen. On in-
serting the neon tube in the coil and switch-
ing on the power, heat was rapidly generated
in the work and the load on the oscillator
appeared as zoo watts. Owing, however,
to the fact that the electrodes in the tube
were of magnetic material, the moment
they reached the " change temperature "
the coupling between the coil and the tube
fell to an almost negligible value and the
load on the generator dropped off to almost
nothing. Thereafter it was useless to keep
the power on because the tube never gOt
any hotter and the temperature at which the
getter flashed was never reached, in fact,
the only result was that the heating coil
burned out. This proved conclusively that
of the power dissipated in the tube, only a
small fraction went to heat the disc of getter,
the balance heating the electrodes.

An attempt was then made to construct

a heating coil, having even lower resistance
from a very finely stranded Litz wire which
was of about o.z5in. diameter and was
composed of several thousand strands of
44 S.W.G. wire, each strand separately in-
sulated. A coil of similar inductance was
wound and a similar circuit arrangement
adopted but the experiments proved a
failure because, with the larger diameter of

wire, the mean dia-
meter of the coil was
much larger (although
its internal diameter
was the same) and con-
sequently the coupling
to the tube was very
much less.

A final attempt to
produce better condi-
tions was made using
an iron core composed
of o.00 in. thick lam-
irm of ferrous alloy
suitable for use at high
frequencies. Calcula-

( f ) tions had shown that
the air gap, which must
of necessity be intro-

duced into the core, would have the result of
increasing reluctance of the magnetic circuit
to a point at which the iron did not con-
tribute much advantage with the exception
of concentrating the total flux into a smaller
area.

Measurement of the resistance of the
resultant inductance, however, showed at
once that the losses in the core were such
as to put the scheme right out of court.
It must be stated that the arrangement of
core stampings was not such as to give
the greatest freedom from eddy -current
losses, nor was the cross section of the
core sufficient to reduce the flux density to
the value at which the lowest losses could
reasonably be expected, but a bigger cross
section of, core could not be used because
of the very small size of the work into which
induction was to be effected.

The conclusion was reluctantly reached
that owing to the difficulty of obtaining
sufficient overall efficiency, particularly as a
result of coupling troubles, it was not possible
to obtain the desired effect by the use of
oo watts of energy, at any rate by any of

the means which the writers could visualise
at that time. In consequence it was decided
to turn attention to the development of a
more powerful generator, giving 600 watts.

(c )

2,00044F

7,000

3.000 c)

HEAT I NG
COIL
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This was felt to be rather an admission of
inefficiency, but it appeared to be the only
practical course.

Higher Power Equipment
Power Unit.-The design of the 600 -watt

generator was influenced by the components
which were obtainable in the difficult circum-
stances of the present day. A power unit,
consisting of H.T. transformer and rectifiers
which had one time formed part of a public
address system, was available giving an
output of i ampere at i,000 volts D.C.

R.F. Generator.-The unit consisted of a
perfectly conventional arrangement of four
valves in parallel operating into a split
circuit as shoWn in Fig. 3. The closed circuit
consisted of 4o turns of ro gauge bare copper
wire wound on a hexagonal polystyrene
former built up from 6 slats slotted to receive
the wire and supported by end cheeks. This
gave an inductance of roo it.H. The con-
denser consisted of a ceramic pot of i,000
p.p,F capacitance.

N.T.+ 1j)00 V

ipoo,u.µF

loon
2.4 VALVES 
IN PARALLEL

Fig. 3.

1,000
ALI.LF

KEYING
RELAY

TWISTED
10A FLEX

ti

ti

HEATING
UNIT

It was essential that the D.C. voltage
should be kept off the tank circuit, and as
an additional safeguard the circuit was split
by means of an inductive tap which went to
earth, consequently, in the event of a break-
down of any component it was quite im-
possible for H.T. voltage to appear on the
tank coil, because, as will be disclosed,
a mutual nductance tap arrangement was
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ultimately used to couple the heating coil and
it was, of course, imperative that no danger
of shock to the operator should arise.

In order to avoid short -rave spurious
oscillation in the valves each grid and anode
circuit included a ioo-ohm I -watt carbon
resistance shunted by a small self-supporting
coil of 16, gauge wire, the purpose of the
latter being to carry the D.C. in the circuit.

The valves chosen for the R.F. generator
consisted of four ioo-watt valves designed
for low -frequency amplification, in public
address systems which could be fairly readily
obtained. These were not regarded as ideal
valves for the purpose, but special valves
for the R.F. working were much more
difficult to obtain, and, as previously
stated, almost any valve will operate as a
generator at o.5 Mc/s.

In order to obtain high conversion effi-
ciency the valves were operated in the
Class C condition of oscillation with a high
value of negative bias on the grids, so as
to make the anode operating angle very
small. This bias was provided by the grid
leak. Anode and grid current meters
common to all valves were provided. In
order to speed up the switching on and off
as required for the particular operation a
system of keying, much favoured by
amateurs, was adopted, namely by inter-
rupting the grid leak circuit by means of a
relay and allowing the valves to back them-
selves off into the non-conductive region.

With the grid circuit open it was found
that all oscillation ceased, and the static
feed on the valves was very low. Test
showed that the oscillator as described
would comfortably light up six zoo -watt
household lamps to full brilliancy with
an input of o.8 ampere at i,000 volts which
represented a conversion efficiency of 75
per cent. Higher conversion efficiency might
have been obtained but it was felt that the
operation would tend to be critical if its
efficiency was pushed any higher.

Final Design of Heating Coil
As a first attempt the coil previously

described, constructed from fin. Litz con-
ductor, was tried, and a measure of success
was obtained, but the result was marred
by the fact that the heating was too diffuse,
so that the seal was heated up and fre-
quently cracked.

Attention was, therefore, turned to a fresh
design of coil and it was decided to abandon
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the use of a stranded conductor because it
was always liable to be burned out, and was
not particularly robust. It was all very well
for laboratory tests, but under practical

Interior view of H.F. generator with screens
removed. Power unit is in lower section.

conditions, in the hands of not particularly
skilled operators, it seemed likely to prove
a source of trouble.

Moreover, the use of an L section to
match the coil and
its shunt condenser
combination to the
feeder proved over a
period to be unsatis-
factory, because, ow -

Complete heating coil
and condenser unit.
Note H.F. and relay
cables coming into
handle and press but-

ton to energise.

ing to the high Q' of the circuit, the slightest
change of frequency in the oscillator re-
sulted in completely upsetting the loading
conditions.

Further experiments directed to the pro-
duction of a more practical coil revealed
that if a circulating current of some 4o
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amperes was used, the required heating
effect could be obtained with a heater coil
of about 10 turns closely coupled to the
work.* A coil was wound from 16 gauge
bare copper wire, with the turns almost
touching, and placed in series with a loading
coil of some io pH to make the circuit more
manageable. This coil was an immediate
success in flashing the getter, but when
several successive operations were carried
out, the coil became red hot.

With this arrangement, the writers felt
that all that remained was to produce a
more rugged coil and to eliminate the loading
coil which introduced unnecessary losses.
Accordingly a coil was constructed consisting
of io turns of kin. x is in. copper strip
wound edgewise into a coil having an internal
diameter of T5 -g in. The turns of the resultant
helix were separated by about A in. so that
the whole structure was no more than 'in.
in length and +On. in outside diameter.

This coil was extremely rugged and of a
pleasing design, but its inductance proved
to be extremely low, viz., 0.35 µH. Nothing
daunted, however, the writers shunted it
by means of a o.3 ix mica condenser which
tuned it to resonance. The combination of
coil shunted by condenser had a shunt
resistance of 5o ohms which corresponded
to an H.F. series resistance (composed of
coil resistance, lead resistance and con-
denser losses) amounting to 0.02 ohm.
This permitted a circulating current of
175 amperes for a dissipation of 600 watts,
at which current the coil rapidly became red

hot, but due to its rugged construction no
harm was done. The final form of coil,

* (It should be noted that the resultant 400 A.T.
was less than that produced in earlier experiments.
The better coupling conditions to the neon tube,
however, resulted in'greater dissipation of energy
in the work).
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built with the shunt condenser into a con-
venient form for operation, is ilhistrated.

In actual practice, the resultant magnetic
field caused the getter to flash in a fraction

Close-up of heating coil, Bettering valve on pump.

of a second, so that it was found possible to
reduce the number of valves in parallel in
the generator from four to two. With the
output thus reduced to 30o watts the desired
flashing of the getter took place in about two
seconds which was a convenient time. With
the higher power there was danger of fusing
the electrodes as well as cracking the seal.

Feeding the condenser -coil combination
was simplicity itself, as having a shunt
resistance of 5o ohms, it could be operated
through a length of ordinary twisted to
amp. flex, which was not too badly ter-
minated. Moreover, being of negligible
length compared with the wavelength, the
radiation from it should be insignificant.
The operating conditions for the flex were
quite easy, as with a termination of 5o
ohms a current of 2.45 amps, at a voltage of
120, flowed. Under these conditions PR
and dielectric losses in the flex were ex-
tremely small and could be neglected.

Interference Tests
As previously stated a great deal of atten-

tion was paid, not only to screening, but to
the arrangement of earth paths and to the
inclusion of filters in all leads coming into
the cabinet. The only leads which obviously
could not be provided with filters were those
comprising the twisted pair feeding the
heating coil unit, but as explained, these
leads were tolerably well terminated and
carrying only a low voltage. The whole
generator and power units were mounted in
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a cabinet consisting of an angle -iron frame-
work with screwed -on copper panels. Venti-
lating apertures were screened with copper
gauze of about Ain. mesh. Tests made by
means of a calibrated receiver showed that
radiation on the fundamental frequency was
negligible and no appreciable trace of
harmonics could be detected. This result
was, needless to say, highly satisfactory and
fully in keeping with the writers' recognition
of the cardinal principle of avoiding inter-
ference at all costs.

Conclusions
Although the desired result had been

fully realised and the experiment crowned
with success from that point of view, the
writers are far from satisfied with the very
low overall efficiency of the device.

At the moment efficiency may not be a
very serious consideration having regard to
the effectiveness cif the results obtained and
considering the advantage under which the
apparatus is operating in that it produces
an effect which is difficult to obtain by any
other means. In commercial terms, there-
fore, the process may be regarded as a
success, at any rate in the present state of
development of the technique of radio -
frequency processing. As radio -frequency
processes are introduced more widely into
industrial activity, questions of efficiency,
with their implications of power consumption
and valve cost, will begin to assume serious
significance.

Also the question of interference with
radio communication, broadcasting and tele-
vision will become more and more pressing.
The writers, therefore, are convinced that
the study of efficiency is most necessary
even during the early days of radio -frequency
processing, when its unique properties tend
to outweigh all other considerations. If
the efficiency of installations can be in-
creased, then the powers tequired can be
kept severely down with consequent advan-
tage from both commercial and inter-
ference angles. With this aspect of the
matter in view the writers hope to devote
some time to the design of heating coils, as
it is in this field that the most profitable
line of advance seems to lie.

Such matters as the use of short-circuited
step-down transformer features incorporated
in the coils and the concentration of the
magnetic field by means of low -resistance
short-circuited turns, are some of the ex-
pedients that they hope to investigate.

ristreutiRjestei i6f1:1;i6t
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PART III

THE NATURE OF THE ELECTRON BEAM

Introduction
THE theory which we have developed

is based on the assumption that in
the electron beam there are no

transverse electric forces, which in a valve
of standard construction implies that there
is no displacement of electrons in the direc-
tion of they axis, i.e., parallel to the wires
of the screen grid. In practice this can
never be realised, for apart from the action
of grid supports, earthed screens, etc., a
spreading or scattering of the beam is caused
by the mutually repulsive forces of the
electrons.

We shall not endeavour to give a complete
account of space charge effects in beams
whose width is less than their length, but
beam spread is of such importance to the
working of ordinary valves that we must
make at least a superficial study if the
principal features in valve performance are
to be appreciated.

Beam Spread due to Electron Mutual Re-
pulsions
A simplified treatment of an electron beam

of rectangular section has been given by
Thompson and Headrick (Proc. I.R.E., 1940).
The following assumptions were made which,
though too generous for the case in hand,
allow some idea of the nature of the problem
to be realised:

1. That there are no bodies in the vicinity
of the beam, so that all electric forces with
the exception of a longitudinal force are due
only to the mutual repulsions of the electrons.

2. That the section of the beam is rect-
angular, the vertical side being very great
compared with the width.

3. That'at some plane normal to the beam
all electrons have the same velocity and that
normal to the plane. 'Further, it is assumed
that the current density is constant over the
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section in this plane. We shall choose it as
a reference plane.

4. That the speed v of an electron is given
in the relation : # . mv2 = eV.

Within the beam Poisson's equation must
be satisfied, namely :-

.217 -=- 47rp .. (6i)
If the longitudinal force is neglected (the
force in the x direction), then :

d2V
Ty -2 = 4rP

and so at the reference plane where p is
constant we can integrate (12) and obtain :

dV (where y is measured
4arpy (63) from the centre of

the beam).

Let J be the total current per unit depth
of the beam, then J = 2yei where 2y, is the
beam width, and we may write :

p =.
2.Yt

.. (64)

where x is the longitudinal velocity.
By substitution in (63) we obtain :

dV 2ir y
. . (65)dyx Yo

We see at once (a) that the transverse
force on the outermost electron does not
depend on the width of the beam, and (b) that
the transverse force at an internal point is
proportional to y/yo. We can deduce, there-
fore, that the charge density is constant over
any parallel section of the beam in the sub-
sequent motion electrons being displaced in
proportion to their initial distance from the
centre of the beam). Thus equation (65)
holds at any other plane parallel to the
reference one. To determine the subsequent
motion we may concentrate only on the
outermost electrons for which throughout

.. (62)

dV 27rJ
dy

.. (.66) ,. .

Thompson and Headrick now introduce
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the longitudinal force and assume that it
affects t only. This is not correct, for it
invalidates the integration of (6i) which
must now be written :

b2V j_b2V
axe by2 47rP

since V is a function of x and y. The magni-
tude of the error involved will be small only
if the longitudinal force is small compared
with the transverse force at the edge of the
beam, and this presents an undesirable limit
in further calculation.

To proceed we shall write that the longi-
tudinal force on any electron is eF.
whence: eFx

and by integration and rearrangement :

z=
me

. F.. t

where X. is the longitudinal velocity at the
reference plane.

Returning now to equation (66) we can
write the transverse equation of motion as
follows :

dV J 27r e J
dy x0+

m-

e  Fx 

which by integration subject to the condition
= o when t = o provides the result :

8y
e .F.2

J
xo

.. (68)

where 'Sy is the displacement of the outer
electron when the longitudinal velocity
changes from X, to i.

Let V, be the potential at the reference
plane and let V. be the potential at a plane
distance x2 ; then by (68) the displacement
in travelling between these planes can be
written :

.. (67)

=- 1163:)

AI 27 x2rt- 202  J
Sy =

(V0 - V0)2 PTV; -AITTa

+ ln 1;ad

[Vrig - -VVo
190x2o2 r

- (V - 17.)2

1/IT. . /n/lPg]

. . (69)
where Sy and x2a are in mm.,

277

V0 and V, are in volts,
J is in mA per mm. depth of beam.

If there is no longitudinal force,

8v 23.75x202 J
V312

where V is the potential in the beam.
Formulae (69) and (70) are not enough to

determine the spreading of the beam in an
actual valve, but they give some indication
of the amount to be expected.
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Fig. 24. Graphs of the functions W ,, Ws and Ws.
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An objection has already been raised with
regard to the treatment of the longitudinal
force, and in this connection it is interesting
to integrate (66) obtaining the relation :

y2
S V = - .

Yo
where SV is the potential difference between
a point y and the centre of the beam.

In the previous.units this can be written ;
47.5_J y2
Vi7cY0

SV = . .(71)

"1-'46it 4
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where V1 is the potential at the centre of the
beam.

The value of 8V in practical cases may be
between 5o and ioo volts, which implies that
the speed of the outermost electron is very
different from that at the centre of the beam,
and there is the possibility that the longi-
tudinal velocity component at the edge may
be greater or less than at the centre. If it be
greater, then the beam spread should be less
than as given by (69) and (7o), but if it be
less then it is possible for the outer electrons
at some point to lose their forward velocity
and return to the source. That is, the
phenomenon of reflection which we have
associated with the " knee " in the anode
current characteristic may in certain cases
be a feature of the electron beam brought
about in quite a different way from that
described in the earlier parts of this paper.
The writer has seen no experimental evidence
which supports this latter view, and indeed
in all valves which have been examined it
appears to be more likely that the outer
electrons have a greater longitudinal velocity
component than the inner ones, which being
so allows the theory which has been developed
to be applied at least to the centre portion
of the beam, but the possible disintegration
of the beam per se is a matter of too great
importance to be dismissed without due
consideration.
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Beam Spread at the Knee Anode Voltage

The condition under which we are most
interested in the formation of the beam is
when the anode voltage is at the " knee "
value. By our previous hypothesis this

80 90 100 110
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implies that a potential minimum of value
VT is formed and there is no return of
electrons to the screen. This still may be
maintained, but it is necessary to realise
that over a section of the beam parallel to
the anode the potential is no longer constant,
but increases toward the edge.

We shall assume that reflections first occur
at the centre of the beam and endeavour to
find an expression for the reduction in charge
density due to beam spread.

In earlier parts of this paper we have only
been concerned with electron displacement
brought about by the deflecting action of the
wires of the screen grid. Now we must
consider displacements in a direction parallel
to the wires of the screen brought about by
the mutual electron repulsions. To distin-
guish between them, the former will be
referred to as tangential displacements and
the latter as transverse displacements.

We shall calculate the transverse displace-
ment of an electron in much the same way
as before, but there is a further factor worth
taking into account, namely the effect of the
screen and anode planes. At these planes
the potential is constant throughout the
beam and there can be no transverse field
component, i.e., the planes act in such a way
as to cancel to some extent the mutually
repulsive forces of the electrons and therefore
reduce the beam spread.

The following assump-
tions will be made :

1. That the longitu-
dinal component of the
field in the screen -po-
tential minimum reg-
ion is constant and has

the value VT - Vg
xg

Fig. 15. Calculated loci
of the knee for the square
and linear velocity dis-
tribution laws corrected
for beam spread and
superimposed on a fam-
ily of I a- V a character-
istic curves for valve (2).

In the potential minimum -anode region we
shall again assume that the longitudinal
component of the field is constant, but this

time let its value be
Xa

2. To account for the transverse electric

Kg-VT
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force due to the interaction of the charge in
the beam and the screen and anode planes
we shall assume that a transverse force

27TeJF = acts on the outermost electron
xg

throughout the first region in opposition to
the mutual repulsion forces. This value has
been chosen since it is enough to cancel the
transverse forces at the plane of the screen.
In the potential minimum -anode region let F

have the value since this is enough to
Xa

cancel transverse forces at the anode.
Proceeding as before, we can evaluate 8y,

and Sya the transverse displacements of the
outer electron in the two regions. Strictly
it is not the electron at the edge of the beam
which we should refer to, but the outer
electron of a central element in the beam,
whence :
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In evaluating 8y, and Sya it is necessary
to know x,, x. and Va, whereas these
quantities are themselves dependent on the
beam spread. The uncorrected values may
be used since they do not change by much,
and a high degree of accuracy is not to be
expected.

Corrected curves of the knee locus for
valve (2) are given in Fig. r5. It will be
noted that the slope is now nearer the
observed slope.

The Effect of Beam Spread and Other
Factors on the I, - V. Characteristic
Curve
The effect of beam spread on the shape of

the /. - V. curve below the knee is very
much more difficult to determine. We have
already remarked that the potential over a

95 zg2 1179 Vr VITT in
8- Y g (V , - T)2 L A/Vg y rj

and :

To

(72)

LYVQTE /
- VV1i90 x. . J .[/ A/ Va + bnj°Yg (Va- VT)

xa
Vg VT

Vg VTl
in / VT 7xg IV; 1g (V Va VVT)1

NN )

simplify (72) and (73) they have been rewritten :

I. xg (V,V1+
(Vg - VT) (A/Vg + A/VT) 17;) j

..

The functions WI, W2, W3 have been graphed, Fig. 14 -

The Knee Locus corrected for Beam Spread
-By means of Sy, and Sya we may make a

correction in the knee locus as calculated
earlier.

Previously i was given as i =
'

but

now the beam broadens from b to (b 28 y a) in
the distance x, so it seems reasonable to
take the current density in this region as

I
= 2/(b + aye)

Likewise between the potential minimum and
anode we may take as the corrected value of
.current density

12 =-
I

21(b 28y, + Sy.)

(73)

(74)

(75)

section of the beam at the potential minimum
is not constant but increases toward the edge,
and we are no longer able to state that the

Vcurrent reaching the anode is =1-71. I or
VT

41V
, I for the square and linear velocityVT

distribution laws respectively when Vm< V,.
This is not an objection to the calculation
of the knee anode voltage with beam spread,
for it is still true that electrons begin tp be
reflected back to the screen when Vm. = VT;
all that is in doubt is the quantity reflected.

To complicate matters further, those
electrons which are reflected must receive a
large transverse velocity component since at
the instant of reflection their forward
velocity component is zero. It is possible,
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therefore, that the greater part of the.
reflected electrons return to the screen
outside of the main beam.

We shall not attempt to estimate these
effects, but we can state with certainty that
they must act in such a way as to allow a
higher anode current to be passed than was
given in the previous calculation.

When V.> V, the effect of beam spread
is less, for as V. increases the time of transit
of electrons becomes shorter, that is, they
are under the influence of transverse forces
for a shorter time and these forces themselves
are diminished since the space charge density
is less.

We may expect little change, in the curve,
Fig. 12 (Part II), to the right of the point A,
but to the left, the maximum at B must be
reduced and might even disappear. In terms
of Fig. 13 (Part II) we may expect the points
A and K to converge, the current curve
below K to increase and the regression at B
to disappear. That is, beam spread acts in
such a way as to reduce the region of
instability, and in certain cases there may
be no discontinuity in the Ia - Va character-
istic curve.

There are two other factors which are of
importance to the shape of the I.- Va
characteristic curve, namely :

i. The internal resistance of the valve.
2. Secondary emission.
In all calculations it has been assumed that

the anode voltage has no effect on the
current crossing the screen in the anode
direction, or, in other words, that the screen
effectively shields the anode froin the rest of
the valve.

This in no way affects calculations of the
knee locus, since at the knee all electrons
reach the anode, and it is therefore of no
consequence that the current crossing the
screen is a function of the anode voltage.
On the other hand, if we concentrate on a
particular characteristic, it is important to
the shape of the curve if the current crossing
the screen is dependent on the anode voltage.

The equations (55), (56) and (57) set out
previously can no longer be solved in' a
simple manner, for the first two_ now depend
on Va. A solution might still be effected if /
were a linear function of Va, which it is for
V. greater than the knee, but when electrons
begin to be reflected I is related to V. in a
more complex fashion. Electrons then
approach the screen in all directions, and
there is the possibility that some may inter -
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lace between the wires of the screen before
being collected by it, reducing the field at
the cathode produced by the screen.

In the limiting case the potential minimum
remains at the value VT as the anode voltage
is reduced below the knee value and la - Va
curves have the knee locus as an envelope,
approaching that line at points determined
solely by the setting of the control grid bias
(see Fig. i6). It is unlikely that this condi-
tion could ever be achieved in practice

la

KNEE LOCUS
KNEE LOWS

Va

Fig. 16.

V,

Fig. 17.
The effect of the internal resistance of the
valve on the way in which the I - V, curves
approach the knee locus. Fig. 16 shows a valve
with a very low resistance, and Fig. 17 a valve

with high internal resistance.

(involving, as it would, no increase in screen
current below the knee anode voltage), but
the fact remains that at an anode voltage
below the knee a decrease in the current
crossing the screen will cause an increase in
the current reaching the anode, and calcula-
tions which do not account for the reduction
of I with V. must give low values of Ia below
the knee.

In Fig. 17 a family of curves is sketched
of the kind to be expected from a valve in
which the anode potential has little effect on
the cathode current. The knee locus is
chosen to be the same as in Fig. i6.

The effects of secondary emission from the
anode are well known at a low current density
and low anode voltage, for it merely causes a
depression in the observed anode current.
This depression generally occurs near the
knee anode voltage for the simple reason
that there is no retarding field at the anode
and secondary electrons are able to cross to
the screen. With high cathode currents the
knee anode voltage may be quite great and
the potential minimum VT considerably less
than Va. Secondaries now enter a retarding
field and are returned to the anode whereby
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the observed anode current is not affected.
The current value at which suppression
begins to take place is the critical current
value mentioned earlier when the knee anode
voltage is equal to VT. This current value is
of supreme importance in the design of the
valve, for whereas a low value is desirable for
suppression, it marks the current above which
the knee voltage increases, and to obtain
power with high plate efficiency it is necessary
that high currents can be passed at low anode
voltages, that is, that the knee anode voltage
is low.

The contribution of secondary electrons to
the space charge near the anode tends to
counteract the reduction in density due to
beam spread. We may deduce therefore
that at high values of anode current secondary
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emission from the anode is liable to promote
the unstable situation before mentioned
which, though not entirely due to secondary
emission, is without doubt aggravated by it.
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BOOK REVIEWS
Report of the Cambridge Joint Advisory Committee

for Mathematics.
Syllabuses for Examinations taken by Sixth Form

Pupils. Pp. 11. Cambridge University Press,
zoo, Euston Road, London, N.W.i. Price 6d.

This Report sets out four detailed syllabuses
entitled respectively subsidiary, ordinary, further,
and higher mathematics. These are all supposed
to cover a two-year course following the ordinary
school certificate and leading up to the higher
school certificate. The subsidiary course is for
Arts courses which " include mathematics for its
cultural value." The ordinary course is suitable
when mathematics is taken as a principal subject
in the higher school certificate. Further mathe-
matics is suitable for students with a special apti-
tude for the subject and who may compete for
university scholarships in it. The same may be
said of the higher course only more so ; it may be
regarded as equivalent to two principal subjects.
An interesting detail of the subsidiary and ordinary
courses is that alternative syllabuses are given,
the one being pure mathematics with mechanics
and the other, pure mathematics with statistics ;
although in the ordinary course some mechanics
is included in the latter alternative. The report
shows that the committee realise the undesirability
of over -specialisation at school ; it expresses the
hope that the Colleges will plan their mathe-
matical scholarship examinations so as not to give
too much weight to advanced work. There is one
statement in the Report which might well have
been printed in specially large type ; it is as follows :
" We are led to believe that University teachers
of mathematics prefer undergraduates who have
had a broad course of sixth -form work ; an excess
of mathematics at school is an evil if it excludes a
good grounding in some other subject such as
physics, facility in writing one's own language or
the ability to read others."

G. W. O. H.

Quality Through Statistics -
By A. S. Wharton, F.S.S., A.I.I.A. Pp. 6o 4- iv

with 16 illustrations. Philips Lamps Ltd., Century
House, Shaftesbury Avenue, London, W.C.2.
Price 6s.

The author is Technical Adviser-Statistics to
Philips Lamps, and this book is claimed to incor-
porate the results of experience in the factories of
the Philips Group and elsewhere. It is stated that
this is an attempt to deal with the subject from a
new angle, and to explain Quality Control in a
simple manner which will be understood by the
inexpert reader.

In the opinion of the reviewer the attenipt has
failed. This small book is no easier to read than
any of the other basic texts on Quality Control, and
indeed the effort to avoid analysis leads to some
confusion, as on page 11, where a simple formula
is strung out in words. It is necessary at times to
refer back to other works to find what the author
means. Thus, in Part I, in the description of the
Philips' Tables for use where the process average
is not known, a quantity described as Control
per cent. is introduced. It is not clear whether
this is the " lot tolerance per cent. defective " or
the " average outgoing quality limit." This failure
to define the terms used persists throughout the
book.

On page 18 a table is printed which does not
agree with Table IV of Dr. Sealy's work *; the
B.S.I. Committee has surely evolved rules for the
selection of integers for this purpose. The diagram
which follows, although substantially the same
as Figure 23 of B.S.600 R, omits the lower curves.
The table on page 34 appears to give instructions
which conflict with Table io of B.S.600 R, and
Table I of Sealy.

These examples of conflicts are of importance. It

* " A First Guide to Quality Control for En-
gineers." Ministry of Supply.
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is important in introducing Quality Control that
the foreman, inspectors and shop stewards should
understand what is going on. If there is any con-
fusion about detail the Works Relations problem
is greatly accentuated.

In Part III there is an account of a Quality
Bonus system which has been introduced. At first
sight this is attractive, but the conflicting claims of
Quality and Production Bonuses are not adequately
discussed. The rates must be so adjusted that it is
not possible to make more profit by abandoning
the whole of one to gain a maximum of the other.

Perhaps the most serious omissions are these :
there is no discussion of the necessary gauging
accuracy, which may materially affect the working
of a control system, and the special problems of
machines which are too accurate or not accurate
enough are not mentioned. Another special
problem arises when a machined part can be sal-
vaged if it fails on upper limits.

As a guide to Quality Control in the factory this
book does not appeal to me, especially as the price
is rather high. There is another aspect which
demands some notice. The author attributes our
failure to compete successfully in world markets
in 1920-40 to a neglect of Quality. An alternative
explanation is that our factories were overburdened
with non-productive staff. Wholesale Quality
Control may mean new armies of inspectors and
clerks to swell the overheads. An economic survey
of the cost of control is needed much more urgently
than new elementary descriptions. H. J.

Books Received
Elementary Principles of Wireless

By W. E. Flood, M.A. An endeavour is made in
this little book to explain, in a simple straight-
forward manner, the basic principles of wireless
transmission and reception. At the end of some
of the 13 chapters a few ,exercises are suggested.
Pp. 88 ; 43 figures. Longmans, Green & Co.,
43, Albert Drive, London, S.W.19. Price is. 6d.

Lewis's Medical, Scientific and Technical Lending
Library (Catalogue)

The aim of this catalogue, the last edition of
which was published in 1937, is to provide sub-
scribers to Lewis's Lending Library with the titles
of books available. Part I, the index to authors
and titles occupies 714 pages, an increase of 164
pages on the previous edition. Part II, which
occupies 208 pages, is a classified index of subjects
with the names of authors who have written on them.
It is estimated the catalogue includes about 24,000
titles. Pp. 922 + viii (Demy 8vo). H. K. Lewis
& Co., Ltd., 136, Gower Street, London, W.C.I.
Price 12s. 6d. to subscribers, 25s. to non -sub-
scribers.

Literature
Metallised bushes for hermetically sealed com-

ponents are described in leaflet No. 18 from Steatite
and Porcelain Products, Stourport-on-Severn,

, Worcs.

A descriptive brochure of the operation and
applications of some of the Clayflex flexible bearings
has been compiled by Clayflex, Ltd., Teddington
Road, Stratford -on -Avon.
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Standard Frequency Transmissions
THE B.B.C. has announced that four of its trans-

mission frequencies are now controlled within
± 1 part in 106 of the nominal frequency and can,
therefore, be employed as reference standards.

The frequencies are 200, 618o, 9510 and 17,810 kcis
and reception of one or other of them should
generally be possible anywhere in the world for a
period each day. Transmission hours may change
with alterations in B.B.C. services, but the present
GMT schedule is :-

200 kc/s 0400-1330 1430-0045
6,18o kc/s 0400-1330 1430 -2215 2230-0045
9,510 kc/s 0400 -0800 1730 -0215

17,810 kc/s 0900-1515

Trigonometrical Tables
ANEW book on trigonometrical tables giving

six -figure logarithms of numbers. anti-
logarithms and logarithms of the six trigono-
metrical ratios for every minute of the angle has
been produced by the Trade School of the Ford
Motor Company. Copies of this 128 -page book
are obtainable from the Ford Motor Company,
Dagenham, Essex, price 3s., post free. A com- ,
panion volume, giving the six -figure table of natural
trigonometrical functions and formulae is also
available, price Is. 6d.

Power Level Indicators
MUIRHEAD and Company ask us to draw

readers' attention to two errors which they
regret appeared in their advertisement in the May
issue. The accuracy of the power -level indicators
mentioned is independent of waveform and fre-
quency up to 5o kc/s (not 53 kc/s). The input
resistance of Type D -152-A in the table should read
600 Sl ± 1%.

Dr. E. B. Moullin
ACHAIR of Electrical Engineering has been

established at Cambridge University and the
first occupant is to be Dr. E. B. Moullin, who is at
present Donald Pollock Reader in Engineering
Science at Oxford University.

Dr. Moullin is an M.A. of 'both Cambridge and
Oxford. He was a lecturer at the former from
1920-1929 during which time he laid out and
equipped the electrical laboratory.

The Chair has been established under the auspices
of the I.E.E. of which Dr. Moullin is a Vice -Presi-
dent. He is also a Member of the Radio Research
Board and was Chairman of the I.E.E. Wireless
Section in 1939-40.

Bowen Trust
AS a result of a gift from Mr. W. Bowen, govern-

ing director of the Bowen Instrument Co.,
the Scientific Instrument Manufacturers' Associa-
tion has founded a Trust Fund, the income from
which is to be devoted to the " encouragement
and development of invention, design, research,
processes and manufacturing technique in the
scientific instrument manufacturing industry."
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Prizes will be awarded annually to employees of
members of the Association submitting papers not
exceeding 3,000 words, fulfilling the objects of the
Trust.

For this year the Council will award a prize to
the value of L25 in each of the five sections covering
different types of instrument. Papers must deal
with a new invention, an improvement of design, A
improvement in manufacturing technique, or a new
development or new process arising from research.

Further particulars are available from the Secre-
taries, Messrs. Binder, Hamlyn & Co., 12/53, South
Place, London, E.C.2.

I.E.E. Report
IT will be seen from the Council's Report presented

at the 73rd Annual General Meeting of the I.E.E.
on May loth that a considerable amount of work is
being undertaken by special committees in prepara-
tion for post-war developments.

Among the new or reconstituted committees are
those on Research, Radio Interference and Radio
Requirements for Civil Aircraft.

Following recommendations from the Post -War
Planning Committee, a permanent Research Com-
mittee has been set up with the following terms of
reference :-

" To advise the Council in matters connected
with electrical research which affect the Institution,
to assist in the selection of Institution representa-
tives on external bodies concerned with research, to
help such representatives,- and when necessary to
provide liaison between them and the Council on
matters of policy."

In response to, a request from the Postmaster -
General the Committee on Electrical Interference,
whose Report as the Committee on Radio Inter-
ference was made in 1936, has been reconstituted.
The chief task of the new committee is to review
the recommendations contained in the earlier
report ; and to consider the desirability of modifica-
tions resulting from the introduction of new forms
of high -frequency equipment. The Committee will
also consider whether the adoption of a system for
the voluntary, as distinct from the compulsory, use
of an interference -free mark will be likely to bring
about a substantial control of interference with
radio reception.

At the request of the Air Ministry the Council has
set up a committee to formulate technical air-
worthiness requirements for the design and installa-
tion of radio equipment in civil aircraft. The regula-
tions will define the requirements to be met in the
design and installation of this equipment.

The I.E.E. Report records that there has been a
further increase in the number of members
elected during the past year, the total for all
classes being 2,639. There are at present 12,568
Corporate Members. The total membership is
26,665, an increase of 2,107. It is pointed out that
the formation of local radio groups has resulted in
a noticeable increase in the membership of the Radio
Section, which is now over 2,600.

Back Numbers
COPIES of Wireless Engineer for the months of

January, February and March, 5945, are
urgently required by our Publishers. Will any
readers who are prepared to dispose of these issues
please communicate with our Publishers ?
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CORRESPONDENCE
Letters of technical interest are always welcome.
In publishing such communications the Editors
do not necessarily endorse any technical or general

statements which they may contain.

Frequency Modulation
To the Editor, " Wireless Engineer "

SIR,-My letter in your February issue was in-
tended as a contribution to the controversy between
F.M. and wide -band A.M. plus limiter. The
point which I wished to make clear was that the
popular generalisation, " F.M. is of no value if
the interference is stronger than the signal," is
not applicable to impulsive interference.

Messrs Gladwin and Thompson (April issue) are,
of course, in agreement with me on this. The
increase in audible output resulting from the in-
creased duration of the rectified output from pulses
of very large amplitude is a phenomenon which
must occur in any system, whether F.M. or A.M.,
in which limiting takes place after the signal has
passed through resonant circuits.

The only point at issue is whether the minimum
noise output in the presence of carrier to which
the receiver is accurately tuned is negligible. It
was suggested at a recent I.E.E. meeting that there
is a wide variation between' the responses of different
receivers to impulsive noise. It would be interesting
to know whether the observations of Messrs.
Gladwin and Thompson cover both wide -band and
narrow -band receivers. It appears to me that
the effect of a strong impulse superimposed on a
carrier symmetrically placed in the pass -band of
the receiver, can at most produce a phase change
of 18o degrees. Regarded as a phase modulation,
this will be of small amplitude in most practical
systems. There will, of course, be a frequency
modulation corresponding to the abrupt transition
on the commencement of the pulse, but this
will represent a very narrow pulse lasting perhaps
one cycle of the intermediate frequency, and should
therefore contain very little energy.

London, N.2I. D. A. BELL.

Deflected Electron Beams
To the Editor, " Wireless Engineer "

SIR, Mr. Harries, in your April issue, should not
be surprised that I contend that the deflection
power becomes zero when the frequency becomes
zero, as it is a point which I have stressed in your
columns several times. Its certitude is too im-
pregnably founded on simple dynamical theory
to admit any doubt.

New Barnet, Herts. S. RODDA.

Change of Address
THE address of the Radio Industry Council and

that of Radio Manufacturers' Association,
Radio Manufacturers' War Export, Group, British
Radio Equipment Manufacturers' Association and
the Inter -Services Component Manufacturers'
Council is now 59, Russell Square, London, W.C.I ;
telephone, Museum 6905-5.
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WIRELESS PATENTS
A Summary of Recently Accepted Specifications

The following abstracts are prepared, with the permission of the Controller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 11- each.

ACOUSTICS AND AUDIO -FREQUENCY CIRCUITS
AND APPARATUS

566 162. --Microphone of the capsule type with a
moulded plastic granule chamber provided with a
metallic inset for the diaphragm.

Ericsson Telephones Ltd. ; B. 0. Anson ; and
S. H. D. Ward. Application date 14th July, 1943.
566 221.-L.F. transformer wound on a three -
limbed core according to formulae which determine
the relative proportions of core to core for given
cross -sections.

P. F. Roberts. Application date 2nd July, 1943.
566 398. -Mounting .and sealing the drive unit in
the throat of a liorned loudspeaker for out -door
working.

G. R. Fountain Ltd. ; H. J. Houlgate ; and G. C.
Wheeler. Application date 21st June, 1943.
566 524. --Circuit for testing the static or dynamic
performance of push-pull variable -gain L.F. ampli-
fiers.

Marconi's W.T. Co. Ltd. (assignees of J. W.
Bayliss). Convention date (U.S.A.) 26th June, 1942.
566 551. -Valve circuit with a fixed -frequency
interrupter or " chopper " in the input, for ampli-
fying very small direct currents.

A. Graves ; T. J. Dawes ; and Alltools Ltd.
Application date 16th Aug., 1943.
566 64.2.-L.F. transformer assembled from com-
ponent parts which are all designed for compact
storage in quantity.

C. Cutler and Metropolitan -Vickers Electrical Co.
Ltd. Application date 11th October, 1943-
566 903. -Non-linear resistance element arranged
to operate as a selective low -frequency relay.

Automatic Telephone and Electric Co. Ltd. and
T. G. Rice. Application date 13th July, 1943.

DIRECTIONAL WIRELESS
566114. -Optical system for evenly illuminating
the dial, say, of a radio direction finder at night.

Marconi's W.T. Co. Ltd. and J. H. Moon. Applica-
tion date 24th March, 1943.
566169. -Means for exciting the different aerials
of a radio -navigational transmitter in predeter-
mined phase -relation.

Standard Telephones and Cables Ltd. and A. J.
Maddock. Application date 3rd July, 1942.
566 172. -Phase -reversing switch for the aerials of
a radio beacon giving a blind approach path
(addition to 562 853).

Standard Telephones and Cables Ltd. and L. J.
Heaton -Armstrong. Application date loth November,
1942.
566 286. -Cathode -follower valve for coupling,
matching, and balancing aerials, particularly in
directional receivers of the Adcock type,

J. E. Rhys-Jones and The Plessy Co. Ltd. Applica-
tion date 14th October, 1942.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

566 ioo.-D.C.-A.C. converter in which the trans-
former is wound, in such a way as to reduce sparking
across the interrupter contacts, and consequent
radio " noise."

Marconi's W.T. Co. Ltd. and H. Haywood. Applica-
tion date 8th June, 1943.

566 135. -Switch -tuned receiver wherein the station
selector automatically effects a change -over to
band -spreading on the short-wave range.

Philips Lamps Ltd. (communicated by N. V.
Philips' Gloeilampenfabrieken). Application date
6th May, 1940.

566 2o9. -Super -regenerative receiver in which the
use of a high quenching frequency is combined with
optimum amplification without signal distortion.

Ferranti Ltd. ; M. K. Taylor ; and I. N. Vaughan -
Jones. Application date 1st June, 1943.

566 255. -Receiver for frequency -modulated signals
wherein a local oscillator, operating at a sub -har-
monic of the signal frequency, serves as a detecting
device.

Philco Radio and Television Corp. (assignees of
C. T. McCoy). Convention date (U.S.A.) 13th June,
1942.

566 540. -Receiver in which the selectivity of the
input circuit is automatically varied with any
adjustment of the gain or volume control.

Marconi's W.T. Co. Ltd. (assignees of A. D,
Zappacosta). Convention date (U.S.A.). 29th June,
1942.

566 634. -Receiver for frequency -modulated signals
in which an I.F. coupling transformer with a double -
humped resonance curve is utilised to increase gain
and selectivity.

Philco Radio and Television Corp. (assignees of
the Administratrix of the late C. Travis). Convention
date (U.S.A.) 2nd July, 1942.

566 703. -Variable condenser in which the periphery
of one of the plates is formed with elements that
can easily be broken -off to facilitate ganging.

The Mullard Radio Valve Co. Ltd. and C. E.
Maitland. Application date 1st July, 1943.

566 895. -Valve circuit with feed -back and phase -
change elements, for delivering a direct current free
from random voltage fluctuations, and capable of
wide adjustment by potentiometer control.

B. M. Hadfield. Application date, loth June,
1943.
566 906. -Crystal -controlled wavemeter device
adopted to be incorporated in a superhet receiver
for checking or indicating the frequency of the
incoming signal.

A. C. Cossor Ltd. and A. H. A. Wynn. Application
date 14th July, 1943.
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TELEVISION CIRCUITS AND APPARATUS
FOR TRANSMISSION AND RECEPTION

566 429. -Television system in which the studio is
illuminated by fluorescent instead of incandescent
lamps, without prejudice to the resulting picture.

Marconi's W.T. Co. Ltd. (assignees of 0. H.
Schade). Convention date 27th July, 1942.

566 669. -Reducing echo effects in television by
periodically changing the carrier frequency so as
to introduce alternate gains and losses in phase
during the blanking interval.

Philco Radio and. Television Corpn. (assignees of
D. B. Smith). Convention date (U.S.A.) 5th May,
1942.

566 835. -Television scanning circuit in which the
damping tube used for controlling the current in
the deflection coils is combined with a passive
network shunted across the coils.

Marconi's W. T. Co, Ltd. (assignees of 0. H.
Schade). Convention date (U.S.A.) 3oth June, 1942.

566 877. -Saw-toothed oscillator for a C.R. tube
in which the power supply is drawn from two '
separate D.C. sources under a regulated control
to prevent waste of energy.

Marconi's W. T. Co. Ltd. (assignees of 0. H.
Schade). Convention date (U.S.A.) 3oth May, 1942.

TRANSMITTING CIRCUITS AND APPARATUS
(See also under Television)

566 o7r.-A.C. regulating system in which valves
reversely connected in parallel, operate automatic-
ally to offset voltage fluctuations in the supply line.

L. H. Paddle and M. E. Barth. Application date
5th March, 1943.

566 471. -Moving -contact converter for the smooth
rectification of polyphase current.

M. Widakowich. Convention date (Sweden) 5th
September, 1942.

566 556. -Frequency -modulating apparatus wherein
the " flywheel " circuit comprises two critically -
coupled and normally equally -tuned circuits, and a
reactance which is varied by the signal.

The General Electric Co: Ltd. ; M. R. Gavin ; and
V. A. Heathcote. Application date 27th August, 1943-

566 576. -Condenser -discharge circuit comprising a
gas -filled valve and an iron -cored inductance for
generating oscillations suitable, say, for diathermy.

Durham Cables Ltd. and N. Steel. Application date
1st April, 1943.

566 841. -Push-pull H.F. amplifier with a cross -
coupling network for neutralising the effect of
R. F. voltages induced across the connecting leads.

Standard Telephones and Cables Ltd. (assignees
of H. Romander). Convention date (U.S.A.) 24th
August, 1942.

566 844. -Impedance -inverting device, such as a
quarter -wave transmission line, or a balanced
T- or Pi -network, for preventing . distortion in
Class C. modulating amplifiers.

Standard Telephones and Cables Ltd. (assignees of
H. Romander). Convention date (U.S.A.) 16th
November, 1942.
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566 852. -Method of inter -connecting sections of
H.F. coaxial transmission lines, and of making
fixed or rotatable riglit-angled joints.

Bruno Patents Inc. Convention date (U.S.A.)
loth March, 1942.
566 987. -Impedance network for deriving quad-
rature voltages from an oscillator, particularly
in frequency -modulating systems.

Philco Radio and Television Corpn. (assignees of
the administratrix of C. Travis). Convention date
(U.S.A.) 2nd July, 1942.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE

566 259. -Anti -fading signalling system in which
an unmodulated wave of a given frequency and
amplitude is mixed with a second modulated wave
of, different frequency and lower amplitude.

Marconi's W.T. Co. Ltd. (assignees of C. W.
Hansell). Convention date (U.S:A.) 26th June, 1942.

566 278. -Device for detecting infra -red rays by
their effect on the dielectric constant of zinc or
cadmium sulphides.

S. Rothschild and Cathodeon Ltd. Application date
21st June, 1943.
566 785. -Removing undesired reflection effects
from the desired echo signal in pulsed systems of
radio exploration.

Standard Telephones and Cables Ltd. and E. H.
Ullrich. Application date 11th April, 1941. -
566 829. -Control device for a system in which an
oscillator of variable frequency is regulated through
a frequency discriminator by a second oscillator
generating one or more standard frequencies.

The General Electric Co. Ltd. ; B. C. L. Angell ;
and J. B. L. Foot. Application date loth June,
1943.

CONSTRUCTION OF ELECTRONIC -DISCHARGE
DEVICES

566 067. -Cathode-ray oscillation generator in
which secondary electrons released by the main
stream are caused to vibrate about an auxiliary
grid in the Barkhausen-Kurz manner.

Flowerdale Ltd. ; A. Perelmann ; and L. Young.
Application date 11th February, 1943.

566 225. -Means for attaching a lead -out conductor
to an electrode of a vacuum tube.

Standard Telephones and Cables Ltd. (assignees of
L. C. Goodale). Convention date (U.S.A.) 27th
August, 1942.
566 300. -Construction of electric discharge tube,
particularly designed to reduce the Faraday " dark
space " before the positive -column glow.

The British Thomson -Houston Co. Ltd. Convention
date (U.S.A.) 21st April, 1942.

566 364. -Electrode assembly of a transmitter
valve of small dimensions for high-powered working.

Standard Telephones and Cables Ltd. (assignees of
C. V. Litton). Convention date (U.S.A.) 6th June,
1942.
566 374. -Method of making multiple metal -to -
glass seals, under non -oxidising conditions, in the
manufacture of electron discharge tubes.

The Mullard Radio Valve Co. Ltd. and L. M. Myers.
Application date 17th August, 1942.
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566 542. -Construction of four -electrode discharge
tube, incorporating a resonant cavity, for ultra-
high -frequency work.

The British Thomson -Houston Co. Ltd. (communi-
cated by The General Electric Co.). Application date
19th July, 1943.

566 65;. -Construction, spacing, and alinement of
the electrodes of a cathode-ray tube designed for
velocity modulation.

Standard Telephones and Cables Ltd. (com-
municated by. Western Electric Co. Inc.). Applica-
tion date 28th March, 1942.

566 902. -Construction and assembly of the elec-
trode system of a " metal " transmitting valve.

Marconi's W. T. Co. Ltd. (assignees of H. R.
Seelen). Convention date (U.S.A.) 11th July, 1942.

SUBSIDIARY APPARATUS AND MATERIALS

566 021. -Multiple -contact electrode for reducing
the shunt capacitance across a piezo-electric
oscillator.

Marconi's W.T. Co. Ltd. (assignees of W. R.
Koch). Convention date (U.S.A.) 4th June, 1942.

566 022. -Pulse generator and cathode-ray indi-
cator for locating faults, by reflection effects, in
signal transmission and other electric cables. '

Standard Telephones and Cables Ltd. and L. E.
Weaver. Application date 4th June, 1943.
566 o31. -Stabilising a D.C. source by mixing the
output from a standard local oscillator with that
from a valve whose frequency varies with the
voltage to be controlled.

G. S. P. Scantlebury. Application date 27th
March, 1943.

566 102. -Frequency -dividing circuit in which the
two control grids of a pentode are alternately
biased to cut-off under the timing of a condenser
discharge circuit,

R. Calvert ; G. G. Gouriet ; and E. Davies.
Application date 23rd June, 1943.

566 1o5. -Wheatstone bridge for rapidly indicating
whether a resistance falls within a tolerated margin
of its reputed value.

Radio Gramophone Development Co. Ltd. ; C. F.
Marriott ; and D. H. J. Taylor. Application date
23rd August, 1943.

566156. -Impulse -counting circuit comprising a
series of cold -cathode gas -filled three -electrode dis-
charge tubes.

Standard Telephones and Cables Ltd. ; F. H. Bray ;
and L. R. Brown. Application date i ith June, 1943-

566 2oo.-Resistance-capacitance integrating device,
in which a cathode -follower valve serves to offset
any non -linearity due to voltage build-up on the
condenser.

F. R. Milsom ; Furzehill Laboratories Ltd. ; and
S. Smith and Sons (Motor Accessories) Ltd. Applica-
tion date 27th March, 1943.

566 215. -Biasing and regulating arrangement for
a frequency -dividing or time -base circuit of the
three -valve type.

R. Calvert ; G. G. Gouriet ; and E. Davies.
Application date 23rd June, 1943.
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566 279. -Coupling piece for metallic pipes in which
provision is made for electrically bonding or earthing
the system.

A. S. Green ; T. Astley ; and R. Birchenough.
Application date 14th October, 1943.
566 465. -Push-pull frequency multiplier in which
the grids are fed in quadrature, and are also
dephased from the supply, to generate " even "
harmonics.

Standard Telephones and Cables Ltd. (assignees of
B. M. Charchian). Convention date (U.S.A.) 27th
October, 1942.
566 449. -Magnetic stator and rotor elements of a
device for giving remote indications of quantities
or measurements.

Sangamo Weston Ltd. Convention date (U.S.A.)
18th February, 1942.
566 492. -Cement of powdered copper and a syn-
thetic resin for making electric connection to con-
denser plates, or to graphite -coated resistance.

Philips Lamps Ltd. (communicated by N. V.
Philips' Gloeilampenfabrieken). Application date
24th May, 1940.
566 515.-Piezo-electric oscillator with an inductive
shunt which is designed to increase the natural
impedance of the crystal at anti -resonance.

The General Electric Co. Ltd. and A. J. Biggs.
Application date 12th May, 1943.
566 549.-Piezo-electric crystal mounted as a
combined grip -and -electrode unit which allows the
crystal limited movement.

Marconi's W. T. Co. Ltd. (assignees of E. M.
Washburn). Convention date (U.S.A.) 12th August,
1942.
566 559. -Construction of non -inductive resistance,
particularly for high -voltage circuits.

The British Thomson -Houston Co. Ltd. and H. E.
Cox. Application date 8th September, 1943.
566 833. -Process for making a selenium cell
wherein- the so-called blocking layer is deposited
electrolytically.

Standard Telephones and Cables Ltd. (assignees of
A. von Hippel ; M. C. Bloom ; and J. H. Schulman).
Convention date (U.S.A.) 24th June, 1942.
566 843. -Transmission -line device for measuring
reactance and resistance values at ultra -high
frequencies.

The British Thomson -Houston Co. Ltd. Con-
vention date (U.S.A.) 15th September, 1942.
566 927. -Electrode system to permit large articles
to be subjected to high -frequency fields.

B. Jablonsky. Application date 14th May, 1943.
566 945. -Circuit arrangement of a variable capaci-
tance, a' resistance, and an inductance, adapted to
simulate a variable resistance for high. -frequency
bridge measurements.

C. G. Mayo. Application date 19th February,
1943.

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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PROPAGATION OF WAVES
1717. THE NON-REFLECTING TERMINATION OF A

TRANSMISSION LINE.-Smith : Willis Jack-
son & Huxley. (See 1744.)

I 718. RESONANT COILED TRANSMISSION LINES
[and Their Use for Study of Reflection at
Low Radio Frequencies or (with Lumped
Constants) at Audio Frequencies].-Paine.
(See 1745.)

1719. VERY -HIGH -FREQUENCY " BURSTS " ANA-
LYSED by F.C.C. ENGINEERS. - F.C.C.
(Communications, July 1944, Vol. 24, No. 7,
pp. 61 and 88.) See also 390 of February.

1720. RADIO RECEPTION VARIES WITH THE PHASES
OF THE MOON.-M.I.T. (Sci. News Letter,
3oth Dec. 1944, Vol. 46, No. 27, p. 426:
paragraph only.)

" It improves from the time of the moon's
first quarter to shortly before full moon, and again
from about the moon's last quarter until a few
days before the new moon." For previous papers
on the influence of the moon see, for example,
Stetson, 2486 of 1944.

1721. NEW WEATHER MAPS FOR MAKING DX
PREDICTIONS [Subscriptions now Accepted].
-U.S. Weather Bureau. (QST, Nov. 1944,
Vol. 28, NO. II, p. 21.)
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1722. MECHANISM. OF RADIO FADE-OUTS : A NEW
THEORY [Summary of Jouaust's Paper,
dealt with in 3788 of 1944].-R. Jouaust.
(Wireless World, Feb. 1945, Vol. 51, No. 2,
p. 49.) Over the initials " T. W. B."

1723. " ANOMALOUS " BEHAVIOUR OF THE F2
REGION OF THE IONOSPHERE.-D. F. Martyn.
(Nature, 24th March 1945, Vol. 155, No.
3934, pp. 363-364.)

" Two theories usually are jointly invoked " to
explain the well-known anomalies. " According
to the first, the low values of N in mid -summer are
due to a great expansion of the upper atmosphere
by solar heating . . . This view appears to be
supported by the fact that h (max), the height at
which N is found, is some 15o km greater in summer
than in winter. The second theory explains the
different type of variation in the northern and
southern hemisphere as due to a superposed annual
variation of ionisation, of unknown origin, which
has a maximum throughout the world in Dedember-
January and a minimum in June -July.

" Simple calculation shows that the ' expansion '
theorem demands a summer value for T of the
order ten times greater than the winter value,
which is highly improbable on any reasonable
theory of radiative equilibrium in the ionosphere,
so that it seems desirable to explore other possible
explanations of F2 -region anomalies. Evidence in
support of an alternative theory is supplied by
the data shown in the accompanying graph, which
compares the monthly mean minimum equivalent
heights h' for north temperate, south temperate,
and equatorial locations for the period 1937/41 . . .

" It will be seen from the graphs that the height
variations in the northern and southern hemisphere
are out of phase, showing a true seasonal variation,
with maxima in mid -summer, as the ' heating '
theory would predict. On the other hand, it is
seen that h' at Huancayo does not show maxima
when the sun is overhead (that is, in February
and October), in disagreement with this theory.
Inspection shows, however, that the Huancayo
graph parallels that of Washington when the sun
is north of Huancayo and parallels that for Aus-
tralia when it is in the south. (The more complex
graphs for N at the same stations, which are not
reproduced here, show the same phenomenon.)

This behaviour, which is similar to that of the
diurnal variation of the magnetic declination at

-tkiaa b
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Huancayo, suggests strongly that the variations
of h' and N are controlled, as are the magnetic
variations, by large-scale tidal movements in the
upper air.

Evidence for the existence of such a tide at
these levels is presented in a separate communica-
tion. The different seasonal behaviour of N in the
two hemispheres is believed to be d.ue to -a difference
in the seasonal variation of the phase of the tides
in the two hemispheres."

1724. PEACETIME USES FOR V2 [for Ionospheric
Research, etc.].-Clarke. (See 2031.)

1725. POSSIBILITY OF AURORA IN A COMET'S
TAIL.-Julia M. Vinter-Hansen. (Nature,
loth Feb. 1945, Vol. 155, No. 3928, p. 181 :
summary only.)

1726. SUN, EARTH, AND SHORT-WAVE PROPAGA-
TION: EFFECTS OF THE SOLAR SYSTEM
UPON LONG-DISTANCE, SHORT-WAVE COM-
MUNICATIONS [Survey, with Maps, Charts,
etc., from- Various Sources].-H. E. Hall-
borg. (Prot. ' Radio Club of America, Dec.
1944, Vol. 21, No. 2, pp. 1-6.) A 1942 Radio
Club paper : for other work see 2973 of
1941 and 365 of 1942.

1727. SUNSPOT MINIMUM : HAS IT ALREADY
PASSED ?-T. W. Bennington. (Wireless
World, March 1945, Vol. 51, No. 3, pp. 81-82.)
Including a note on the magnetic disturbance
of 16th/i7th December, 1944.

1728. STRUCTURE. QF SOLAR CORONA OF SEPTEMBER
2IST, 1941, FROM OBSERVATIONS WITH
STANDARD CORONOGRAPHS [Investigation of
Coronal Forms : Their Relation to the For-
mations on the Solar Surface : Study of
Variation & Motion of Coronal Details].-E. J. Bugoslayskaya [Bougoslayshy].
(Comptes. Rendus (Doklady) de l'Ac. des Sci. de
l'URSS, loth April 1944, Vol. 43, No. I, pp.
7-9 : in English.)

" From such studies of coronal forms one may
decide which stream of particles corresponds to
some particular formation observed on the solar
surface. They also throw light on the problem of
the influence the active regions of the Sun have on
the Earth." The report deals in turn with promi-
nence systems, regions of spots, and polar rays. For
previous work see 1014 of April and back reference.

1729. ASTRONOMICAL AND GEOPHYSICAL PERIOD-
ICITIES [Discussion].-Royal Astronomical
Society. (Nature, 24th Feb. 1945, Vol. 155,
No. 393o, pp. 224-227.)

i 73o. A STUDY OF TIME VARIATIONS IN THE COSMIC-
RAY DIRECTIONAL INTENSITY -DISTRIBUTION.
-M. L. Yeater. (Phys. Review, istl15th Feb.
1945, Vol. 67, No. 3/4, PP. 74-91.)

Leading to a relating of the variations with
terrestrial magnetic fluctuations (which modify the
allowed cones of certain primary cosmic -ray
particles) and providing new support for Schremp's
conclusion that positive and negative particles
with the same elm exist among the primary cosmic
rays,

17j1. THE ENERGY' SPECTRUM OF THE PRIMARY
COSMIC RADIATION.-S. Kusaka. (Phys.
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Review, 1st/15th Jan. 1945, Vol. 67, No. 1/2,
pp. 50-51.) A summary was dealt with in
1395 of May.

1732. MEASUREMENT OF THE SPECIFIC IONISATION
OF FAST MESOTRONS WITH AN IONISATION
CHAMBER AND A LINEAR AMPLIFIER.-
W. C. Dunlap, Jr. (Phys. Review, ist/15th
Feb. 1945; Vol. 67, No. 3/4, pp. 67=73.)

1733. EXTENSIVE PENETRATING SHOWERS [New
EXperimental Results, and Their Implica-
tions].-L. Janossy, G. D. Rochester, & D.
Broadbent. (Nature, 3rd Feb. 1945, Vol. 155,
No. 3927, pp. 142-143.)

1734. ON A RAPID METHOD OF ATMOSPHERIC
TRANSPARENCY DETERMINATION [using Fes-
senkow's Simple Formula for the Distri-
bution Of Brightness over a Diurnal Sky].-
E. Piaskowskaia - Fessenkowa. (Comptes
Rendus (Doklady) de l'Ac. des Sci. de l'URSS,
loth May 1944, Vol. 43, No. 5, pp. 199-201 :
in English.)

1735. ON SCATTERING OF RADIATION BY CLOUDS
[Comparative Measurements on the Various
Cloud Forms in Similar Conditions].-N. N.
Kalitin. (Comptes Rendus (Doklady) de l'Ac.
des Sci. de l'URSS, loth June 1944, Vol. 43,
No. 7, pp. 289-291 : in English.)

1736. DIFFUSION OF LIGHT THROUGH SCATTERING
MEDIUM OF LARGE OPTICAL THICKNESS
[composed of Plane -Parallel Layers].-V. A.
Ambarzumian. (Comptes Rendus (Doklady)
de l'Ac. des Sci. de l'URSS, 3oth April 1944,
Vol. 43, No. 3, pp. 102-106: in English.),
With application to the distribution of light
over a sky of uniform cloudiness.

1737. THE MULTIPLE SCATTERING OF WAVES :
I-GENERAL THEORY OF ISOTROPIC SCATTER-
ING BY RANDOMLY DISTRIBUTED SCATTERERS.
-L. L. Foldy. (Phys. Review, 1st/15th Feb.
1945, Vol. 67, No. 3/4, PP- 1.07-119)

The multiple scattering of particles by a random
distribution of scatterers has been treated in some
detail in the literature : the treatments are all
based essentially on the Boltzmann integro-differ-
ential equation of conservation in phase space, and
-are thus classical rather than quantum -mechanical
in foundation. On the other hand, to the writer's
knowledge the multiple scattering of waves, by a
consistent treatment based on the wave equation
itself, has never been dealt with. Such -treatments
as have appeared (in the discussion, e.g., of propaga-
tion of light through stellar atmospheres or turbid
media) are based on the approximation of con-
sidering light rays as the trajectories of particles
(photons) which are then treated on the basis of the
Boltzmann equation : thus the interference phe-
nomena characteristic of waves are neglected.

The writer begins by discussing various cases
where such neglect may not be legitimate : these
include the scattering of sound waves by the water
droplets of fog, etc., and the scattering of electrons
by aggregates of various kinds. " Finally, the
connection between the so-called coherent scattering
(leading to the macroscopic phenomena of refraction
and specular reflection) and the incoherent scattering
can only be appreciated through a consistent wave
treatment of scattering from beginning to end."
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In the present paper the writer develops a wave
theory of multiple scattering for the case of scalar
waves isotropically scattered by randomly distri-
buted scatterers. The final Discussion indicates
directions in which the theory may be generalised,
such as the extension to vector waves, including
electromagnetic ; frequency changes of scattered
waves produced through Doppler effect by moving
scatterers ; and non -steady-state scattering, in
which the incident wave function does not have a
harmonic dependence on the time.

1738. CONTRIBUTION TO THE THEORY OF THE
SEcci Disc [in Sea Optics : Derivation of
Relation between Depth at which the Disc
becomes Invisible and the Optical Constants
of the Water, by Use of Kuznetzov's
Approximate Equations for a Purely Scatter-
ing Medium].-B. V. Ovchinsky. (Comptes
Rendus (Doklady) de l'Ac. des Sci. de l'URSS,
3oth May 1944, Vol. 43, No. 6, pp. 244-248 :
in English.)

1739. FRESNEL REFLECTION OF DIFFUSELY INCI-
DENT LIGHT.-A. Gershun. (Journ. Opt.
Soc. Am., Feb. 1945, Vol. 35, No. 2, pp. 162-
163.)

" The reflectances for diffusely incident light on
the plane boundary between two non -conducting
media are connected by the relation n2(i -R) =
n'2(x -R'), where R and R' are the reflectances for
the light, coming from media having refractive
indices n and n', respectively. This relation may
be considered as a particular case of one general
photometric invariant," n2T=n'27', for the trans-
mission of the diffuse light by the layer con-
tiguous to two different media. For other recent
work by the same writer see 1024 of April.

1740. A LETTER FROM LORD RAYLEIGH TO J.
WILLARD GIBBS, AND His REPLY [1892
Correspondence on the Dispersion of Light
Waves].-E. B. Wilson. (Proc. Nat. Acad.
Sci., Jan. 1945, Vol. 31, No. 1, pp. 34-38.)

1741. THE PROJECTION OF LIGHT [Theory of Beam
Formation : Lenses : the Paraboloid Mirror :
the Hyperboloid : the Ellipsoid : Sectional
Mirror : Combination Paraboloid -Ellipsoid :
Suppression of Filament Images].-F. Ben -
ford. (Journ. Opt. Soc. Am., Feb. 1945,
Vol. 35, No. 2, pp 149-156.) Cf. also
Woodson, 2117, below.

PROPERTIES OF CIRCUITS

1742. THE ADMITTANCE COEFFICIENT [Generalised
Conception & Applications].-Harries. (See
1808.)

1743. DIODE MODULATION.-G. H. Fett & A. D.
Bailey. (Phys. Review, 1stli5th Jan. 1945,
Vol. 67, No. 1/2, p. 62 : summary only.)

" It is shown analytically [and confirmed experi-
mentally] that a perfect diode in series with a pure
resistance load is capable of producing frequency
components required in amplitude modulation,
either when the effect of the diode is considered as a
series of pulses analysed?by means of Fourier series,
or when the diode is considered as a synchronous
commutator . . . " Among other results it is
shown that with a parallel -resonant -circuit load the
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diode behaves like a variable effective resistance
whose magnitude is controlled by the magnitude
and sign of the modulating signal in series with the
carrier. When the Q of the load is high, complete
modulation is obtained with about half of the signal
voltage required with a resistance load.

1744. THE NON-REFLECTING TERMINATION OF A
TRANSMISSION LINE.-D. H. Smith : Willis
Jackson & Huxley. (Proc. Phys. Soc.,
ist March 1945, Vol. 57, Part 2, No. 32o,
pp. 90-96)

Authors' summary :-" In a recent paper (1031
of April), Willis Jackson & Huxley have presented
some experimental results which appear not to
agree with the theory of the non-reflecting termina-
tion of a transmission line when the latter is ter-
minated by a thin film. The present paper shows
that their results may be explained by the partial
transparency of a very thin conducting film to
electromagnetic waves, and that there is no real
disagreement with the usual theory."

The writer concludes : " Jackson & Huxley's
terminating device is non-reflecting for one fre-
quency only. The ideal non-reflecting termination
for a coaxial line would be a length of distortionless
line, with high attenuation, having the same physical
dimensions and characteristic impedance as the
line to be terminated, but it is doubtful whether this
could be set up with known materials."

1745. RESONANT COILED TRANSMISSION LINES
[and Their Use for Study of Reflection at
Low Radio Frequencies or (with Lumped
Constants) at Audio Frequencies : for
Selective Couplings between Valves in an
Amplifier : etc.].-R. C. Paine. (Com-
munications, June 1944, Vol. 24, No. 6,
pp. 46..52.)

" Somewhat similar wave -resonant coils ' for
more selective tuning of receivers were described
by Louis Cohen " (193o Abstracts, p. 44 [and
PP 43 & 214])- -

RIGOROUS METHODS. OF SOLVING LONG
TRANSMISSION -LINE PROBLEMS [TWO Me-
thods avoiding Use of Charts or Tables
of Hyperbolic Functions of Complex Angles].
-.-R. H. Paul. (Journ. I.E.E., Part II,
Feb. 1945, Vol. 92, No. 25, pp. 20-22.)

1747. COMPLEX TRANSMISSION LINE NETWORK
ANALYSIS.-N. Marchand. (Elec. Communi-
tion, No. z, Vol. 22,1944, PP 124-129)

" This paper outlines a method of reducing a
complex transmission Him network to a conven-
tional transmission line circuit, permitting applica-
tion of the ordinary equations with which the
reader is assumed to be familiar. The method
employs a number of theorems concerning the
currents in coaxial and balanced transmission lines
and on their shields. From these theorems the
currents flowing in the lines are determined and the
equivalent circuits obtained."

An example of such a complex network is that
shown in Fig. io, joining two transmission lines.
The problem is to find the input impedance at the
point J at a given distance from a break A (in the
inner shield) which couples the input transmission
line to another coaxial line whose inner conductor
is the shield of the input line and whose outer
conductor is a large shielding cylinder.

1746.
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1748. THE THEORY OF TRANSMISSION LINES [Tutorial
Paper " for Students and for Engineers Not
Regularly Confronted with Transmission -
Line Problems "].-E. N. Dingley, Jr.
(Proc. I.R.E., Feb. 1945, Vol. 33, No. 2,
pp. 118-125.)

1749. INFLUENCE OF FEEDBACK ON SOURCE IM-
PEDANCE [" Analysis of the Use of Negative
Feedback to reduce Source Impedance in
Amplifier Stages and Transmission Lines, as
required in Video Design & Other Applica-
tions where High -Frequency Response must
be Improved or Loudspeaker ` Hangover '
must be Eliminated "].-R. W. Crane.
(Electronics, , Sept. 1944, Vol. 17, No. 9,
pp. 122-123.)

1750. INFLUENCE OF THE NOISE OF VACUUM TUBES
ON THE ACCURACY OF LINEAR AMPLIFIERS.-
J. M. W. Milatz & K. J. Keller. (Physica,
Jan. 1942, Vol. 9, p. 97 onwards.)

A 16 -page paper mentioned in Review Scient.
Instr., Dec. 1944. For a summary see Physik.
Berichte, No. 6, Vol. 24, 1943. PP. 473-474. " The
noise spectrum of an RCA 57 amplifier pentode with
free grid is investigated in the range 50-1000 c/s in
the working conditions which have been found
favourable for use in combination with an ionisation
chamber . . ."

1751. SIGNAL/NOISE RATIO [Letter on Burgess's
Paper (1038 of April) : Possible Misconcep-
tions from One of His Conclusions as to
Relative Merits of Direct & Transformer
Connections of Source to Valve : also the
Further Complication due to Effective
Temperature of R, being usually 2-3 Times
Room Temperature owing to Transit -Time
Effects].-M. V. Callendar : Burgess. (Wire-
less Engineer, April 1945, Vol. 22, No. 259,
pp. 181-182.)

1752. CATHODE BIAS IN PUSH-PULL STAGES : IS
A BY-PASS CONDENSER NECESSARY ?-
Cocking. (See 1792.)

1753. PRACTICAL APPLICATIONS OF SIMPLE MATHE-
MATICS : PART VII-PUSH-PULL OPERATING
CHARACTERISTICS : PART VIII-CLASS B
AMPLIFIER DESIGN.-E. M. Noll. (QST,
Nov. & Dec. 1944, Vol. 28, Nos. II & 12,
pp. 39-41 and 90 : pp. 40-42.)

1754. VIDEO -AMPLIFIER DESIGN : A DISCUSSION
OF THE BASIC PRINCIPLES OF WIDE -BAND
AMPLIFIERS.-C. H. Merritt. (QST, Dec.
1944, Vol. 28, No. 12, pp. 24-28.)

1755. THE CATHODE FOLLOWER : A SIMPLE MATHE-
MATICAL DISCUSSION OF DESIGN FACTORS.-
W. H. Minor. (QST, Dec. 1944, Vol. 28,
No. 12, pp. 18-19.) -

1756. LOW -FREQUENCY AMPLIFICATION : PARTS I,
II, AND III.-K. R. Sturley. (Electronic
Eng:g, Nov. & Dec. 1944 and Jan. 1945,
Vol. 17, Nos. 201/203, pp. 236-238 and 247
290-293 : 335-338: to be contd.)

" The purpose of this series of articles is to
discuss the characteristics needed of an amplifier
with special reference to low frequencies down to
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c/s, not forgetting, however, the effect which the
low -frequency design may have on the performance
at high frequencies."

1757. A NOTE ON AMPLIFIERS FOR ELECTROCARDIO-
GRAPHY.-G. D. Dawson. (Electronic Eng:g,
Dec. 1944, Vol. 17, No. 202, p. 293.)

Sturley (1756, above), quoting Donovan (2606
[and 3435] of 1943), states that such amplifiers
need to have a 1.f. response from about 5 c/s upwards.
The present writer, with the help of the records a-d,
shows that a response which attenuates sine waves
of 3 c/s by only 5% introduces considerable distor-
tion of the " T ' wave and produces a form similar
to one which may occur in disease. Such an
amplifier should have a frequency response flat
down to at least 0.5 c/s.

Secondly, record a shows signs of another form
of distortion due to the fact, mentioned by Lewis
in his book on electrical counting (45 of 1944), that
an R -C -coupled amplifier with roughly equal time
constants in all its inter -stage couplings, used near
the lower limit of its fiat response, tends to produce
an oscillatory response to a single pulse input.
Thus " the best type of amplifier for electrocardio-
graphy would seem to be one having an over-all
time constant of two seconds, preferably with this
all, concentrated in a single inter -valve coupling,
the other couplings being direct."

1758. RADIO DATA CHARTS : NO. 18-TRANSMIS-
SION AND PHASE SHIFT OF RC COUPLINGS.-
J. McG. Sowerby. (Wireless World, March
1945, Vol. 51, No. 3, pp. 84-85.)

1759. PARALLEL " R " AND SERIES " C " ON THE
[Ordinary 4 -Scale] SLIDE RULE [by Reversing
the Slider].-" H.E.S." (Wireless World,
March 1945, Vol. 51, No. 3, p. 74.) For the
graphical method see "Diallist ", April issue,
No. 4, p. 126.

1760. CHARACTERISTICS OF THE TRANSITRON OSCIL-
LATOR.-C. Brunetti. (Communications, June
1944, Vol. 24, No. 6, pp. 40-44 and 87..89.)

Based on the writer's work at Lehigh University.
" The simplicity of the circuit coupled with its
versatility makes it a practical solution to many
laboratory problems [cf. Mitchell, 1873, below].
While the theory and general properties of the
device have been covered in earlier papers,
occasionally an experimenter is confronted with
the realisation of having a circuit set up directly
as described in the literature and yet refusing to
function. A careful review of the situation will
generally show, however, that some essential feature
has been overlooked . . ." Hence the present paper :
a later one will deal particularly with the effects of
varying the plate and control -grid voltages.

1761. THE DESIGN AND APPLICATION OF MULTI -
VIBRATORS, EMPLOYING THE ABRAHAM-
BLOCH SYSTEM AS A BASIS OF PLANNING.-
Abbott. (See 1879.)

1762. SUSTAINED SUBHARMONIC RESPONSE IN NON-
LINEAR SERIES CIRCUITS [Of Resistance,
Inductance, & Capacitance : Experimental
Analysis].-C. F. Spitzer. (Journ. Applied
Phys., Feb. 1945, Vol. 16, No. 2, pp. 105-
III.)

Among other results, " the hysteresis loop
during subharmonic response consists of a major
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loop, to which minor loops are attached. Also,
the inductor voltage appears to consist of only two
sinusoidal components, one of subharmonic fre-
quency and one of the frequency of the applied
voltage. Thus subharmonic response could be
simulated by superposition on the inductor of two
sinusoidal voltages of proper frequency ratio and
amplitudes."

1763. SEMI -STABILISED H.T. SOURCE : USE OF A
SMALL AUXILIARY VALVE FOR RIPPLE
SUPPRESSION [and Removal of All but the
Slowest of Variations due to Mains -Voltage
Fluctuations : an " Almost Traditional "
(but Untraced) Circuit for Electronic Smooth-
ing, and a Variant suitable for Any Value of
Fixed Load, without Further Adjustment].
-E. A. Hanney. (Wireless World, April
1945, Vol. 51, No. 4, p. 124  )

1764. ELECTRICAL DIFFERENTIATION AND INTE-
GRATION OF CURRENT AND VOLTAGE WAVE-
FORMS [Fundamental Aspects, and the
Departures from Mathematical Rigour
occurring in Practical Applications].-G. B.
Hoadley & W. A. Lynch. (Communications,
July 1944, Vol. 24, No. 7, pp. 48..58.)

1765. TRANSIENTS IN HOMOGENEOUS ELECT RI CAL
LADDER NETWORK OF FINITE LENGTH.-
W. Nijenhuis. (Physica, Sept. 1942, Vol. 9,
p. 817 onwards.) A 15 -page paper men-
tioned in Review Scient. Instr., Dec. 1944.
For a summary see Physik. Berichte, No. 1o,
Vol. 24, 1943, pp. 730-731.

1766. FREQUENCY -COMPENSATED DELAY NETWORK
[for delaying Pulse Signals].-E.M.I. Labora-
tories. (Electronic Eng:g, Jan. 1945, Vol. 17,
No. 203, p. 345.)

1767. WAVETRAPS WITH INFINITE Q : USE OF A
SIMPLE BALANCED FILTER CIRCUIT .-
Roddam. (See 1789.)

1768. ON THE REPEATING RESISTANCE OF SYM-
METRICAL UNIFORM CHAIN SCHEMES [New
Result, and Its Application to Determining
the Maxima of the Resonance Curve].-
P. L. Kalantarov & L. A. Zeitlin. (Comptes
Rendus (Doklady) de l'Ac. des Sci. de l'URSS,
loth June 1944, Vol. 43, No. 7, pp. 283--
285 : in English.)

" One of the essential characteristics of a four -
pole is the repeating resistance which means that,
having closed the leading -out terminals of the four -
pole through such a resistance, one obtains an
identical resistance between the leading -in ter-
minals. Considering a uniform chain scheme
whose leading -out terminals are closed through
a resistance equal to the repeating resistance of the
link, we readily come to realise that this resistance
is also the repeating resistance of the whole scheine.
However, as will be shown later, the repeating
resistance of the whole scheme can in addition take
values different from the repeating resistance of the
link."

If the output terminals of the chain scheme are
closed by, a resistance Z, it is shown that the con-
dition that this terminating resistance Z should be
the " repeating " (iterative) resistance of the scheme
is that BIZ = ZC.. This condition is fulfilled if

= VBIC (or in the case of a single link, if
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Z = A/Bi/C1), These conditions are well known ;
it need only be remarked here that they are in-
dependent of the number of links.

But the above condition is also satisfied if B = o
and C.= o (or for a single link, 131= o and C1 = o).
The existence of these second conditions " does
not appear ever to have been called to attention.
Let us therefore discuss these conditions in greater
detail. It follows from eqn. 7 that if the con-
ditions of the second kind are fulfilled for a single
link, they also hold good for the chain scheme as a
whole. But it may be seen from the same relations
(eqn. 7) that the conditions of the second kind
for the whole scheme can be satisfied even if the
respective conditions for a link are not satisfied,
and we have F. (a) = o. Thus, unlike the con-
ditions of the first kind, those of the second kind
depend upon the number of links but not upon
the value of terminal resistance of etch scheme,
and if they are fulfilled, any terminal resistance is
a repeating resistance."

1769. TENSOR ALGEBRA AND ITS APPLICATION IN
THE SOLUTION OF NETWORK PROBLEM S.-
C . F. Davidson. (Electronic Eng:g, Oct.
& Dec. 1944, Vol. 17, Nos. 200 & 202, pp.
205-106 & 299-301.)

1770. A LOW -IMPEDANCE -COUNTER CIRCUIT [De-
pendable, Easy to get Working, up to at
least 3o Counts per Second : specially de-
signed for Use with Low -Impedance Counters
such as Cenco : requires Positive Pulse
around 35 V].-E. L. Langberg. (Review
Scient. Instr., Jan. 1945, Vol. s6, No. 1,
P 14-)

TRANSMISSION

1771. A GENERATOR OF DAMPED MICRO -WAVES
[" Spark Discharges between 46o Series -
Paralleled Metallic Spheres develop Watt
of Power at 7000 Mc/s "].-Montani. (See
2056.)

1772. ULTRA -SHORT-WAVE TRANSMITTER FOR THE
CAPE-CHARLES/NORFOLK MULTIPLEX SYSTEM
[Design Features of Unattended U.S.W.
Double-Sideband Multiplex Transmitter].-
R. J. Kircher & R. W. Friis. (Proc. I.R.E.,
Feb. 1945, Vol. 33, No. 2, pp. 101-106.)
For other papers on this system see 1779 and
1945/6, below.

1773. F.M. AND A.M. TRANSMITTER ANALYSIS
BASED ON A RECENT STUDY OF " ON -THE -
AIR " OPERATING AND MAINTENANCE CHAR-
ACTERISTICS [and the Many Favourable
Features offered by Frequency Modulation].
-S. Helt. (Communications, July 1944,
Vol. 24, No. 7, pp. 36 and 85..88.)

1774. DIODE MOD UL AT ION .-Fett & Bailey. (See

1743.)

1775. PULSE TIME MODULATION [Outline of Its
Development : General Theory : Important
Advantages].-Deloraine & Labin. (See
1947.)

1776. CHARACTERISTICS OF THE TRANSITRON OSCIL-
LATOR.-Brunetti. (See 1760.)
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1777. POWER AMPLIFIER PI -NETWORK TANK
DESIGN : A DISCUSSION OF R.F. COUPLING
METHODS : TYPICAL APPLICATION PROBLEMS
ANALYSED [and a Simplified but Exact
Method of Calculating the Network Para-
meters].-H. A. Brown. (Communicationi,
June 1944, Vol. 24, No. 6, pp. 36-38 and
92..95.)

RECEPTION

1778. VERY -HIGH -FREQUENCY " BURSTS" ANA-
LYSED BY F.C.C. ENGINEERS.-F. C. C.
(Communications, July 1944, Vol. 24, No. 7,
pp. 61 and 88.) See also 390 of February.

1779. ULTRA -SHORT-WAVE RECEIVER FOR THE
CAPE-CHARLES/NORFOLK MULTIPLEX RADIO-
TELEPHONE CIRCUIT [Design & Performance
of Receiver to accept A.M. Double-Sideband
Signal & to deliver the Signal consisting of
12 Single-Sideband Channels at 12-60 kc/s
to Telephone Cable Pair].-D. M. Black,
G. Rodwin, & W. T. Wintringham. (Proc.
I.R.E., Feb. 1945. Vol. 33, No. 2, pp. 95-100.)
For other papers on this system see 1772,
above.

1780. FREQUENCY MODULATION [Letter on Bell's
Account of the Performance of F.M. Re-
ceivers to Impulsive Interference (1218 of
April) : " a Little Over -Simplified "].-
A. S. Gladwin & G. T. Thompson : Rell.
(Wireless Engineer, April 1945, Vol. 22,
No. 259, p. 181.)

1781. THE FREQUENCY DISCRIMINATOR [Simple
Discriminator : the Foster-Seeley Circuit :
Phase Relations : Effect of Frequency :
Provision for A.V.0 : the R.C.A. Valve
Phase-Splitter Circuit].-R. A. Lampitt.
(Electronic Eng:g, Oct. 1944, Vol. 17, No. zoo,
pp. 196 and 201..204.)

1782. CALIBRATED RESPONSE -CURVE TRACER [for
the Alignment of R.F. & I.F. Band -Pass
Amplifiers : of Special Value for F.M.
Receivers, Vestigial-Sideband Amplifiers,
etc.].-Hamburger. (See 1874.)

1783. SIGNAL/NOISE RATIO [Letter on Burgess's
Paper].-Callendar. (See 1751.)

1784. DISCUSSION ON " NOISE FIGURES OF RADIO.
RECEIVERS " [3457 of 1944 (and 1457 of
May) : " Noise Factor " versus " Noise
Figure " : Formulation of " Absolute Sensi-
tivity " : Need for Revised Definition of
Noise Factor (Difficulty of Superheterodyne
Receiver with Image -Frequency Response :
Pawsey & Payne -Scott) : etc.].-D. 0.
North : H. T. Friis. (Proc. I.R.E., Feb.
1945, Vol. 33, No. 2, pp. 125-127.)

1785. VERY -HIGH -FREQUENCY RADIO -NOISE ELIM-
INATION [on Aircraft].-T. B. Owen. (Elec.
Engineering, Dec. 1944, Vol. 63, No. 12,
Transactions pp. 949-954.) A summary was
dealt with in 459 of February.

1786. ELECTRIC LAMP FAILURES : A " THERM -
IONIC " FAULT [Lamp continues to Burn
Brightly with Severed Filament, emitting a
Slight Noise : Suggested Explanation].-
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" K.G.B." : C. Atherton. (Wireless World,
Feb. 1945, Vol. 51, No. 2, p. 49.)

This appears to be the secret of the lamp which
seems to be " quite all right when it is switched off
and appears to die cold." A letter from Atherton
in the March issue, pp. 92-93, describes an exactly
similar experience and reports that " interference
with a small receiver in the same room was sufficient
to drown the local broadcast almost to extinction " :
see also " Diallist ", pp.

1787. THE MECHANISM OF THE CONTAMINATION
OF PORCELAIN INSULATORS.-W. G. Thomp-
son. (Journ. I.E.E., Part II, Aug. 1944,
Vol. 91, NO. 22, pp. 317-327.)

1788. FILTERING GENEMOTORS USED TO SUPPLY
RECEIVERS [including the Super -Regenera-
tive Type].-H. C. Haines. (QST, Nov.
1944, Vol. 28, No. II, p. 52.) .

1789. WAVETRAPS WITH INFINITE Q : USE OF A
SIMPLE BALANCED FILTER CIRCUIT [Article

.prompted by Amos's Paper (1458 of May) :
Improvement of Rejection -Efficiency by
" Cancellation Resistance " from Coil Centre -
Tap to Earth, and Variations : etc.].-
T. Roddam : Amos. (Wireless World, April
1945, Vol. 51, No. 4, pp. 118-119.)

1790. SUPERHETERODYNE WHISTLES [and Their
Origin : with Tables and Charts showing
Frequencies at which Interference may be
experienced, for Various Intermediate Fre-
quencies : etc.].-C. C. McCallum. (Elec-
tronic Eng:g., Dec. 1944, Vol. 17, No. 202,
pp. 281,-284.)

1791. TRANSVERSE MAGNETIC PERMEABILITY [in-
cluding, Some Applications].-Gorelik. (See
1942.)

1792. CATHODE BIAS IN PUSH-PULL STAGES:
IS A BY-PASS CONDENSER NECESSARY
[Investigation taking Valve Non -Linearity
into Account.].-W. T. Cocking. (Wireless
World, March 1945, Vol. 51, No. 3, pp. 75-
78.)

" Textbooks are usually silent on the subject
and, in the rare cases when they do refer to it, are
apt to conflict in their advice." The following
conclusions are reached : " in all push-pull stages
but the output it is usually desirable to use a com-
mon cathode -bias resistance without a by-pass con-
denser because of the self -balancing action then
obtained. Distortion is increased by a negligible
amount. In a Class A and ' light ' Class AB out-
put stages the by-pass condenser can also nor-
mally be omitted with advantage. It should not
be omitted, however, in a true Class AB stage.
The omission of the condenser makes it less import-
ant to use matched valves, and in the case of a
resistance -coupled stage it becomes more important
to Match the coupling resistances than the valves."
2793. " NEW THOUGHTS ON CONTRAST EXPANSION "

[Reply to Rudkin's Letter, 1089 of April].-
T. Roddam. (WirelesS World, Feb. 1945,
Vol. 51, No. 2, pp. 58-59.)

1794. A NEW VERSATILE TONE -CONTROL CIRCUIT :
I-BASIC PRINCIPLES OF TONE CONTROL :
II-BASS AND TREBLE LIFT WITHOUT
VARIATION OF MIDDLE FREQUENCIES.-
Patchett. (See 184o.)

A
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1795. FUTURE OF MINIATURE RADIO [Matter Of
Great Social Concern-the Over -Noisy Wire-
less Set - and the Failure of Engineers &
Sociologists to find a Solution : also the
Problem of Divided Interests in the Family :
Both solved in Writer's Household by Use of
" Pocket " Sets & Midget Earpieces requiring
No Headbands].-C. M. R. Balbi. (Wireless
World, April 1945, Vol. 51, No. 4, p. 110.)

1796. OUR NEW RECEIVERS [Manufacturers asked
to call a Halt to the Inexplicable Tendency
towards Smaller & Still Smaller Chassis :
the Service -Man's Nightmare].-S. Gould.
(Wireless World, April 1945, Vol. 51, No. 4,
p. Jo.)

" Perhaps, too, with the advent of a reasonably
sized chassis, the weakest link in the modern receiver
-the high -voltage electrolytic condenser-might
give way to the larger but more reliable paper type,
and so eliminate at least 20% of all breakdowns."

1797.

AERIALS AND AERIAL SYSTEMS
V.H.F. " V " ANTENNA FOR AIRCRAFT. -

Jasik. (See 1817.)

1798. A NEW STUDIO -TO -TRANSMITTER ANTENNA
[for 343.6 Mc/s Link from Schenectady to
Helderberg Mountains (12 Miles) : Choice
of Structure based on Physical Require-
ments : Theory (Usefulness & Application
of Southworth's Relationships, 1931 Ab-
stracts, pp. 41 & 211) : Practice (and the
Reasons for the " Rather Odd " Physical
Structure)].-M. W. Scheldorf. (Proc.
I.R.E., Feb. 1945, Vol. 33, No. 2, pp. ro6-
122.) Cf. 3472 of 1944.

1799. A HIGH -GAIN COAXIAL ANTENNA [Vertical
Metal Pipe Structure constituting Four
" Western Electric 51 A " Coaxial Aerials:
primarily for Transmission to Vehicles with
Whip -Type Aerials].-A. B. Bailey. (Bell
Lab. Record, Feb. 1945, Vol. 23, No. 2, pp. 62-
64-)

1800. ULTRA -HIGH -FREQUENCY DIRECTIVE AN-
TENNAS [Account of Development of Rota-
table Aerial System for Frequencies around
224 Mc/s, for Radiation in a Direction
confined to a Few Degrees in Horizontal
& Vertical Planes : 16 Sets of 2 Stacked
Elements arranged in 4 End -Fire Arrays].-
H. N. Maxwell & C. Alway. (Communica-
tions, July 1944, Vol. 24, No. 7, pp. 33-35
and 59, 6o.)

1801. AERIAL SYSTEMS FOR [Ultra -Short and]
SHORT RADIO WAVES [Summaries of " Theory
and Performance of Corner Reflectors for
Aerials " and " The Measured Performance
of Horizontal Dipole Transmitting Arrays"
(for 15-2o m Waves : used by B.B.C.)].-
E. B. Moullin : H. Page. (Nature, loth Jan.
1945, Vol. 155, No. 3925, pp. 88-89.) For
previous summaries see 47 of January.

1802. THE RADIATION RESISTANCE OF A HALF -
WAVE DIPOLE AERIAL.-G. W. 0. H. (Wire-
less Engineer, April 1945, Vol. 22, No. 259,
PP. 153-156.)

" This Editorial contains no new discovery but
describes step by step the calculation from funda-
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mental principles of the radiation resistance of a
half -wave dipole aerial or of a quarter -wave vertical
earthed aerial. It is hoped that it will prove of
interest to those engaged in teaching the funda-
mental principles of radio telegraphy."

1803. IMPEDANCE RELATIONSHIPS OF BROADCAST
ANTENNA ARRAYS [Direct Method, independ-
ent of Aerial Heights & Methods of Excita-
tion, for the Adjustment of Multi -Element
Arrays].-W. Pritchett. (Communications,
Sept. 1944, Vol. 24, No. 9, pp. 54 .. 62.)
Concluded from the August issue.

1804. REMOTE MONITOR FOR DIRECTIONAL BROAD-
CASTING [Continuously Operating Receiver
at if Miles in Null -Point Direction actuates
(over Telephone Line) Microammeter on
Operator's Console at Transmitter : Tuned -
R. F. Receiver better than Superheterodyne :
Accuracy within 3%).-M. A. O'Bradovick.
(Electronics, Sept. 1944, Vol. 17, No. 9,
pp. 131 and 270, 272.)

VALVES AND THERMIONICS
1805. NEW TUBES [Characteristics of Some of the

" Lighthouse " Series of V.H.F. Valves].-
(QST, Nov. 1944,, Vol. 28, No. II, p. 44.)
Supplement to 1477. of May.

1806. TRANSIT TIME AND SPACE CHARGE IN A
PLANE DIODE.-L. Brillouin. (Elec. Com-
munication, No. 2, VOL 22, 1944, pp. Ira-
r23.)

" Exact formulas are developed for the beginning
and the end of the discharge when the space charge
does not completely cathode/anode
interval but moves towards the anode (beginning of
discharge) ,or recedes towards the cathode (end of
discharge). So far as the present author is aware,
this problem has not previously been completely
and accurately considered, notwithstanding the
fact that its solution should prove valuable in the
comprehension of triode phenomena. The problem
is, essentially, the one discussed by C. C. Wang
(3338 of 1941), but his theory is hard to follow and
seems open to very serious shortcomings . . ."

The second part of the paper deals with the
problem of the dispersion of transit times for diodes
without and with space charge. Whereas the
curves of Fig. 3 show that " tubes with small space -
charge effects may exhibit almost constant efficiency
for a large frequency interval corresponding to
(12)", a comparison of Figs. .3 and 4 shows that
' the space -charge effect results in very serious

increase in phase shifts, and does not exhibit any
tendency towards the flat maximum of Fig. 3. It
is evident, therefore, that the efficiency of tubes with
large space -charge effects should decrease continu-
ously with increasing frequency."

1807. SPACE -CHARGE EFFECTS BETWEEN A POSITIVE
GRID AND ANODE OF A BEAM TETRODE
PART I.-G. B. Walker. (Wireless Engineer,
April 1945, Vol. 22, No. 259, pp. 157-169.)

" Space -charge effects beyond a positive grid have
acquired a new importance in the last few years . . .

So far as the author is aware, only simple cases of
space -charge have been treated, and there is a very
urgent need for further information, both qualitative
and quantitative, on the effects which arise in an
actual valve.
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" The most important omission in previous
theories is that no account is taken of the trajectories
of the electrons, and writers tend to over -simplify
the problem by the assumption that electrons cross
a positive grid all with the same velocity directed
normally to the grid. This quite definitely is not
true in practice, nor is it even approximately so,
and the primary concern of the paper is to analyse
space -charge in beams formed by electrons whose
motions differ . . . Although we attempt no more
than a simple analysis of a particular valve type, it
is hoped that the findings may throw some light on
the behaviour of electrons in other valves and that
the method of attack may prove to have wider
applications . . ."

Part I has the following sections : General
Survey : the Mechanism of the Knee (of the /,,/ V.
characteristic) : Outline of the Space Charge : the
Velocity Distribution : Primary Effect of Space
Charge on the Knee : the Effect of the Tempera-
ture Velocity Distribution of Electrons on Space -
Charge Density : Appendices.

1808. THE ADMITTANCE COEFFICIENT [Generalised
Conception, and Application to (i) Simple
Voltage & Current Relationships, (ii) Voltage
& Current in a Circuit having Variable
" Constants ", and (iii) " Displacement Co-
efficient " of a Cathode -Ray Tube or Deflec-
tion Valve].-J. H. 0. Harries. (Electronic
Engrg, Nov. 1944, Vol. 17, No. 201, pp.
257-258.)

1809. SECONDARY -ELECTRON RADIATION [Survey,
with 89 Literature & Patent References].-
J. H. 0. Harries. (Electronics, Sept. 1944,
Vol. 17, No. 9,. pp. 100-108 and ,8o, 184.)

" A thorough survey of existing American,
British, and other information on the subject,
arranged for maximum usefulness to electronic
engineers engaged in designing electron multipliers,
dynatrons, beam tetrodes, pentodes, and other
tubes in which secondary electrons resulting from
electron bombardment are either utilised or sup-
pressed." In the section dealing with " critical -
distance " beam tetrodes the lack of any satis-
factory published theory is discussed : the writer
hopes to present an approximate theory, taking the
various essential factors into account, when war-
time matters permit. As regards the emission time
of secondary electrons, the only conclusion the
writer can find in the literature is that it is less than
10-9 second.
1810. DEFLECTED ELECTRON BEAMS [Reply to

Rodda's Letter (1072 of April), particularly
His Statement that Deflection Power becomes
Zero when f = o : Equations for Ratio of
Power used to Deflect the Electrons to Power
carried by Electron Beam, for Cases when f
IS & Is Not Zero].-J. H. O. Harries : Rodda.
(Wireless Engineer, April 1945, Vol. 22,
No. 259, p. 182.)

1811. INFLUENCE OF THE NOISE OF VACUUM TUBES
ON THE ACCURACY OF LINEAR AMPLIFIERS.-
Milatz & Keller. (See 175o.)

1812. SIZES OF ELECTRON TUBES USEFUL FOR
MAGNIFYING THE WEAKEST SIGNAL.-W.
Engbert & others. (Physica, Feb. 1942,
Vol. 9, p. 248 onwards.) Letter, mentioned
under the above translated title in Review
Scient. Instr., Dec. 1944, which is presumably
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a continuation of the coirespondence dealt
with in I102 of 1943. For previous work see
816 of March.

1813. SOME TECHNICAL ASPECTS OF VALVE STAN-
DARDISATION : RADIO SECTION I.E.E.
cussioN.-A. H. Cooper & others. (Wireless
World, April 1945, Vol. 51, No. 4, p. 125.)

1814. RENEWING BURNT -OUT TUBES [Of High -
Voltage Type used in A.C.-D.C. Broadcast
Receivers, when Heater is Burnt -Out :
Renewal by " snapping " High Voltage
across Heater Pins : Months More of Service
often obtained].-J. S. Ferland. (QST,
Dec. 1944, Vol. 28, No, 12, pp. 46-47.)

1815. A DEVICE ATTACHED TO AN OPTICAL PYRO-
METER OF DISAPPEARING -FILAMENT TYPE
TO EXTEND ITS SCALE OVER LOW TEM-
PERATURES.-Freivert. (See 2078.)

DIRECTIONAL WIRELESS
1816. RADIO DIRECTION FINDING AT A WAVE-

LENGTH OF I.8 METRES [Investigation of
Accuracy attainable with Adcock -Type
Aerials, with Special Attention to Errors
due to Polarisation & to Nearby Parasitic
Radiators].-W. H. Pickering, J. David, &
W. F. Homyak. (Phys. Review, istl15th
Jan. 1945, VOL 67, No. 1/2, p. 66 : summary
only.)

" The antenna consisted of two vertical quarter -
wave rods spaced three-quarters of a wavelength.
The effects of various types of grounding plane
have also been investigated. With favourable con-
ditions an accuracy of 0.2 degree is attainable, but
polarisation errors may be as large as io degrees.
For best determination of the null direction, the
receiver output is recorded on a paper slip syn-
chronised with the rotation of the antenna."

1817. .V.H.F. " V " ANTENNA FOR AIRCRAFT
[replacing the Horizontal -Loop Type for
Localiser & Radio -Range Work : Theoretical
& Experimental Studies].-H. Jasik. (Com-
munications, Sept. 1944, Vol. 24, No. 9,
pp. 33-35 and 83 ..86.)

818. WRIGHT FIELD'S HAM -BUILT DIRECTION
FINDER : A HOME-MADE BEAM ANTENNA
GUIDES LOST PLANES TO SAFETY [Three -
Element V.H.F. Rotary Array].-(QST,
Nov. 1944, Vol. 28, No. 11, pp. 42-43 and 9o.)

1819. " IT CAN NOW BE REVEALED . . ." : SOME
ACHIEVEMENTS OF THE BRITISH RADIO
INDUSTRY [during the War : Extracts
from Chairman's Speech, Radio Industry
Council's Inaugural Luncheon : with Special
Reference to Various Types of Radioloca-
tion].-F. B. Duncan. (Wireless World,
March 1945, Vol. ,5 , NO. 3, p. 87.) FM-
" Monthly Commentary " Notes see p. 65.

1820. " ECHOLOCATION " BY BLIND MEN, BATS,
AND RADAR [and the Advantage of a Single
Unifying Term] .-Griffin. (See 2028.)

1821. ADDENDUM TO " MARINE NAVIGATION AIDS :
THE RADIO DIRECTION FINDER AND THE
GYRO -COMPASS " [825 of March].-E. H.
Price & W. J. Gillule. (Elec. Communication,

4
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Nd. 2, Vol. 22, 1944, p. 167.) Refers the
reader to Kolster & Dunmore's Bur. of
Stds. paper (published 1922) for a historical
treatment of the radio direction finder.

1822. A CATHODE-RAY UNIVERSAL " FLIGHT ATTI-
TUDE " INSTRUMENT : A PROPOSAL FOR A
NOVEL FARM OF ELECTRONIC AIRCRAFT
INSTRUMENT WHICH WOULD SIMPLIFY
CIVILIAN FLYING.-F. Postlethwaite. (Elec-
tronic Eng.w, Nov. 1944, Vol. 17, No. 201, pp.
229-235.)

Thus a typical indication (Fig. 8, " g ") shows
that the nose of the machine is pointing down while
descending at a rate which can be read off a scale.
The aircraft is also side -slipping to the right.
Indication " j " shows among other things that
ice is forming on the wings.

1823. CIVIL AVIATION DISCUSSION [including Some
Requirements of Radio Operation]. --Royal
Aeronautical Society. (Journ. Roy. Aeron.
Soc., Feb. 1945, Vol. 49, No. 410, pp. 55-
98.) For the section on radio see pp. 92-93.

1824. DETERMINATION OF ALTITUDE BY MEASURE-
MENT OF AIR PRESSURE AND TEMPERATURE.
-W. G. Brombacher. (Journ. Franklin
Inst., Dec. 1944, Vol. 238, No. 6, pp. 453-
454 : summary only.)

ACOUSTICS AND AUDIO -FREQUENCIES
1825. THE MULTIPLE SCATTERING OF WAVES :

I-GENERAL THEORY OF ISOTROPIC SCAT-
TERING BY RANDOMLY DISTRIBUTED SCAT-
TERERS.FOldy. (See 1737.)

1826. RECORDING LISSAJOUS' FIGURES [by a Re-
fined Method using Compound Pendulum
carrying Light -Beam Device recording on
Bromide Paper : Some Specimens].-W. B.
Hales. (Journ. Acous. Soc. Am., Jan. 1945,
Vol. 16, No. 3, pp. 137-146.)

1827. THE DIPOLE MICROPHONE [Design, Theory,
and Various Applications].-B. Olney, F. H.
Slaymaker, & W. F. Meeker. (Journ.
Acous. Soc. Am., Jan. 1945, Vol. 16, No. 3,
pp. 172-177.)

A summary was dealt with in 73 of January.
" The use of tubes makes it possible to remove the
microphone transducer element from a location
directly in front of the talker's mouth, and yet
retain the acoustical advantage of a close -talking
microphone . . . " " If it should be desirable,
for example in a distant -talking microphone, the
directional characteristics could be changed' from
the cosine type to cardioid by changing the length
of one tube by an amount equal to the dipole
spacing. It might even be possible to construct
a microphone in which one tube had an adjustable
crook, like a trumpet tuning slide, and thus obtain
a variety of directional patterns.

" The small size of the tubes which can be used
suggests the additional possibility of applying some
form of tube microphone to an acoustic wattmeter,
or an impedance -measuring device, where it is
desirable to make measurements without disturbing
the sound field . . . "

1828. WHY LOW-LEVEL MICROPHONES ? SOME
ADVANTAGES OF THE NEGLECTED CARBON
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MICROPHONE .-MCM. Silver. (QST, Dec.
1944, Vol. 28, No. 12, pp. 32-33.)

1829. ON THE THEORY OF THE DIRECTIONAL
PATTERNS OF CONTINUOUS SOURCE DISTRI-
BUTIONS ON A PLANE SURFACE.-R. Clark
Jones. (Journ. Acous. Soc. Am., Jan.
1945, Vol. 16, No. 3, pp. 147-171.)

A summary was referred to in 72 of January.
" The subject is very closely related to the problems
of the directionality of antenna arrays [refs. " 4 "-
" 6 "] and of optical systems " [no reference is
given, but cf. 1706 of May]. Part I gives the general
theory (among other things, " an interesting rela-
tion between linear distributions and those with
circular symmetry is pointed out," so that if one
is given the other can be calculated) : Part II deals
with numerical results for specific source distribu-
tions and superposition of distributions : and
Part III contains 22 tables, of which table II, more
detailed than the others, is that of the directional
pattern of a circular piston.

1830. THE PRODUCTION OF INHARMONIC SUB -
FREQUENCIES BY A LOUDSPEAKER [Letter
prompted by Olson's Paper, 69 of. January].-
R. V. L. Hartley : Olson. (Journ. Acous.
Soc. Am., Jan. 1945, Vol. 16, No. 3, p. 206.)

" Thus the subharmonics mentioned in the paper
may be regarded as a special case of a more general
class of subfrequencies," indicated in the theory
of multi -resonant non-linear systems (Hartley,
3712 of 1936).

1831. SUB -CRYSTALLINE CHANGES OF STRUCTURE
ACCOMPANYING THERMAL TRANSITIONS IN
ROCHELLE SALT, AND IN POTASSIUM DIHY-
DROGEN ORTHOPHOSPHATE. - A. R.
Ubbelohde & I. Woodward. (Nature,
ioth Feb. 1945, Vol. 155, No. 3928, pp. 170-
171.)

1832. DESIGN OF CROSS -OVER NETWORKS FOR
LOUDSPEAKER UNITS :' DIVIDING FILTERS
FOR " WOOFER "-" TWEETER " COMBINA-
TIONS.-E. N. Sieder. (QST, Dec. 1944,
Vol. 28, No. r2, pp. 35-38.)

1833. ACOUSTIC CONSIDERATIONS IN TWO-WAY
LOUDSPEAKER COMMUNICATIONS [Talk -Back
Systems].-A. J. Sanial. (Communications,
June 1944, Vol. 24, No. 6, pp. 33-35 and
84..86, 904

1834. TRENDS IN COMPONENT DESIGN : REVIEW
OF A WARTIME EXHIBITION.-Radi0 Com-
ponents Manufacturers' Federation. (Wire-
less World, April 1945, Vol. 51, No. 4, pp. 98-
105.) This is the exhibition mentioned in
1494 of May.

1835. GRAMOPHONE RECORDS [Serious Complaint
about Gold -Coloured Metallic Dust used in
printing Labels (lodges in Groove & is almost
Impossible to Remove) : Plea for Strobo-
scopic Edge to All Labels : etc.].-L. G.
Woollett. (Wireless World, April 1945,
Vol. 51, No. 4, p. 112.)

1836. TAPE versus Disc [Note on R. C. A. Victor
News -Letter to Dealers & Distributors :
Arguments in Favour of the Conventional
Disc Record].-R. C. A. (Review Scient.
Instr., Dec. 1944, Vol. 15, No. 12, p. 359.)
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1837. " THE TECHNIQUE OF MOTION PICTURE
PRODUCTION " [Symposium : Book Re-
view].-Society of Motion Picture Engin-
eers. (Journ. Acous. Soc. Am., Jan. 1945,
Vol. 16, No. 3, p. 211.) Three of the eleven
chapters are on " sound recording ", " re-
recording ", and " prescoring and scoring."

1838. "NEW THOUGHTS ON CONTRAST EXPAN-
SION " [Reply to Rudkin's Letter, 1089
of April].-T. Roddam. (Wireless World,
Feb. 1945, Vol. 51, No. 2, pp. 58-59.)

1839. " SCALE DISTORTION AND VISUAL ANALO-
GIES.-P. Stevenson. (Electronic Eng:g, Oct.
1944, Vol. 17, No. 200, pp. 207-208.)

" When the effect of normal perception is called
' scale distortion ' . . . and an effect of abnormal
perception is held to be free of ' scale distortion',
it is time to call a halt and endeavour to clear
away the mists of confusion . . ."

1840. A NEW VERSATILE TONE -CONTROL CIRCUIT :
I-BASIC PRINCIPLES OF TONE CONTROL :
II-BASS AND TREBLE LIFT WITHOUT
VARIATION OF MIDDLE FREQUENCIES.-
G. N. Patchett. (Wireless World, March &
April 1945, Vol. 51, Nos. 3 & 4, pp. 71-74 &
106-109.)

For high -quality reproduction only : the merits
of the circuit (which includes a phase -splitting
triode and an amplifying twin triode) cannot be
obtained if the remainder of the equipment has a
poor frequency response, produces distortion, or is
very limited in output power.

1841. CORRESPONDENCE ON " ACOUSTIC FILTRATION
AND HEARING AIDS " [83 of January] :
ANSWER TO SCHIER'S LETTER TO THE EDITOR
[497 of February].-F. M. Grossman & C. T.
Molloy : Schier. (Journ. Acous. Soc. Am.,
Jan. 1945, Vol. 16, No. 3, pp. 207-208.)

1842. THE CONSIDERATION OF HEARING AIDS AND
AUDIOMETERS BY THE COUNCIL ON PHYSICAL
MEDICINE [including the Consideration of
Advertising Matter, and Its Difficulty].-
H. A. Carter. (Journ. Acous. Soc. Am.,
Jan. 1945, Vol. 16, No. 3, pp. 203-205.)

1843. AIR- AND BONE -CONDUCTION AUDIO TESTING
ASSEMBLY.-N. A. Watson. (Journ. Acous.
Soc. Am., Jan. 1945, Vol. 16, No. 3, pp.
194-196.) A summary was dealt with in 88
of January.

1844. SOME EXPERIMENTAL EVIDENCE FOR PERI-
PHERAL AUDITORY MASKING.-K. Lowy.
(Journ. Acous. Soc. Am., Jan. 1945, Vol. 16,
No. 3, pp. 197-202.) A summary was
referred to in 87 of January.

1845. " SPEECH READING-JENA METHOD " [Book
Review].-Anna M. Bunger. (Journ. Acous.
Soc. Am., Jan. 1945, Vol. 16, No. 3, pp.
211-212.)

1846. CERTAIN APPLICATIONS OF PHYSICAL PRIN-
CIPLES TO THE PLAYING OF MUSICAL INSTRU-
MENTS : PART I [Steel versus Gut Strings
(and the Full Importance of the Effect of
Humidity on the Latter) : Pressure on the
Bow, and Ways of Holding It : Psychological
Matters in relation to Muscular Activity in
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the Playing of Stringed Instrupients (Stac-
catos, Vibratos)].-W. F. G. Swann. (Journ.
Franklin Inst., Jan. 1945, Vol. 239, No. 1,
pp. 1-26.)

1847. INTONATION OF THE BOEHM CLARINET [and
Its Correction].-C. S. McGinnis & R.
Pepper. (Journ. Acous. Soc. Am., Jan. 1945,
Vol. x6, No. 3, pp. 188-193.)

" The faults are not of merely academic interest
but are so appreciable as to discourage the more
universal use of an instrument which excels in
beautiful tone quality and dynamic flexibility . . ."
The corrected mechanism, " which requires no new
fingering and is not complicated, should certainly
be adopted by manufacturers for the use of sym-
phonic players or those who desire to play in tune
without resorting to various annoying and im-
practical adjustments while performing."

1848. THE FIRST SUBMERGED REPEATER [Construc-
tion & Operation of the Repeater laid in Irish
Sea: suitable for Depths up to about
zoo Fathoms].-R. J. Halsey & W. T.
Duerdoth. (P.O. Elec. Eng. Journ., July
1944, Vol. 37, Part 2, pp. 33-39.) Text
partly taken from the I.E.E. paper dealt
with in I ioo of April.

1849. THE EFFECT ON CROSSTALK OF REPAIRS
TO 12 -CHANNEL CARRIER CABLES.-D. W.
Cherry. (P.O. Elec. Eng. Journ., July 1944,
Vol. 37, Part z, pp. 54-58.)

1850. A WIDE -RANGE ADJUSTABLE ACOUSTIC IM-
PEDANCE.-W. F. Meeker & F. H. Slaymaker.
(Journ. Acous. Soc. Am., Jan. 1945, Vol. 16,
No. 3, pp. 178-182.) A summary was dealt
with in 79 of January.

1851. LOW -FREQUENCY PHOTO -MECHANICAL OSCIL-
LATORS.-Baldock & Grey Walter. (See
2058.)

1852. DESIGN FOR A BEAT -FREQUENCY OSCILLATOR
[with Attention to the Avoidance of Fre-
quency Drift with Temperature Variation,
of Distortion in the Detecting Device, of
Interactions, etc.].-C. E. Cooper. (Elec-
tronic Eng:g, Nov. 1944, Vol. 17, No. 201,
pp. 252-254.) From Radio Manufacturers'
Service.

1853. LOW -FREQUENCY AMPLIFICATION.-StUrley.
(See 1756.)

1854. SCREENED TESTING -BOOTHS : PROTECTION
AGAINST ELECTRICAL AND ACOUSTIC INTER-
FERENCE.-Ultra Electric. (See 1872.)

1855. THE DEGASSING OF LIGHT METAL ALLOYS
BY SONIC VIBRATIONS.-Esmarch & others.
(See 2048.)

1856. A NEW PHENOMENON IN THE PIEZOELECTRIC
OSCILLATIONS OF A QUARTZ CRYSTAL.-
Parthasarathy, Pande, & Pancholy. (Journ.
of Scient. & Ind. Res., June 1944, Vol. 2,
p. I onwards.) Referred to in Journ. Acous.
Soc. Am., Jan. 1945, p. 213.

1857. SOME APPLICATIONS OF ULTRASONICS IN
HIGH -POLYMER RESEARCH [Production &
Destruction of Suspensions : Temporary
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Qpening of van der Waals Bonds : Breaking
of Chemical Bonds].-H. Mark. (Journ.
Acous. Soc. Am., Jan. 1945, Vol. 16, No. 3,
pp. 183-187.) With a bibliography of
25 items.

1858. APPARATUS FOR THE DETERMINATION OF
DISPERSION AT SUPERSONIC FREQUENCIES.-
L. N. Liebermann. (Electronic Eng:g, Jan.
1945, Vol. 17, No. 203, p. 348 : summary,
from Bull. Am. Phys. Soc., 1944.) A
previous summary was referred to in 3908
of 1944

PHOTOTELEGRAPHY AND TELEVISION
1859. FUTURE OF TELEVISION : FINDINGS OF

HANKEY COMMITTEE-EARLY TRANSMIS-
SIONS RECOMMENDED.-Hankey Committee.
(Electrician, 16th March 1945, Vol. 134,
No. 3485, pp. 229-230.) For a leading
article see pp. 225-226.

1860. ENGINEER'S CONSCIENCE [Are, the Great
Schemes for Bigger & Better Television
Justified ?].-J. Harmon. (Wireless World,
April 1945, Vol. 51, No. 4, pp. 111-112.)

" A fascinating activity for the designer. But
what is the image to be ? No one has yet shown
any reason why I should want television in my
home . . ."

1861. TELEVISION AWARDS [for Outstanding Contri-
butions to Development].-Television Broad-
casters' Association. (Proc. I.R.E., Feb.
1945, Vol. 33, No. 2, p. 127.)

1862. TELEVISION RECEPTION : HIGHLIGHTS OF
A . I .E. E.-I. R. E . TELEVISION LECTURE.-
T. T. Goldsmith. (Communications, June
1944, Vol. 24, No. 6, pp. 6o and 89, 91.)
From the DuMont laboratories.

1863. SWISS TELEVISION LARGE -SCREEN PRO-
JECTOR [Account of the A.F.I.F. System
(Amrein, 1511 of May) based on an Article
from Swiss Technics, Feb. i944].-T. M. C.
Lance : Fischer. (Electronic Eng:g, Dec.
1944, Vol. 17, No. 202, pp. 294-296.) From
the author's Television Society paper on
" Some Aspects of Large -Screen Television."

1864. FREQUENCY MODULATION [Pros & Cons].-
D. A. Bell. (Wireless World, Feb. 1945,
Vol. 51, No. 2, p. 58.) See x218 of April.

1865. VIDEO -AMPLIFIER DESIGN : A DISCUSSION
OF THE BASIC PRINCIPLES OF WIDE -BAND
AMPLIFIERS.-C. H. Merritt. (QST, Dec.
1944, Vol. 28, No. 12, pp. 24-28.)

`1866. CALIBRATED RESPONSE -CURVE TRACER [Of
Special Value for Vestigial-Sideband Ampli-
fiers, etc.].-Hamburger. (See 1874.)

1867. CATHODE - RAY TUBE MANUFACTURING
PROBLEMS.-J. R. Beers. (Communications,
Sept. 1944, Vol. 24, No. 9, pp. 46..52 and
82.) From the North American Philips
Company. See also 190o, below.

1868. THE MULTIPLIER PHOTOCELL: ITS ADVAN-
TAGES AND LIMITATIONS .- A. Sommer.
(Electronic Eng:g, Sept. 1944, Vol. 17,
No. 199, pp. 164, 166.)

A
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1869. A NOTE ON PHOTOCELL NOMENCLATURE.-
W. Sommer. (Electronic Eng:g, Dec. 1944,
Vol. 17, No. 202, p. 296.)

" In the writer's opinion many of the terms
defined in B.S.S. 205 (Part 6, Sec. 8, 1943) relating
to photoelectric cells are ambiguous and mislead-
ing . . ." A suggested terminology is put forward
for criticism and discussion.

1870. ELECTRO-OPTICAL EFFECT IN COLLOIDS.-
B. W. Sakmann. (Journ. Opt. Soc. Am.,
Dec. 1944, Vol. 34, No. 12, pp. 774-775
summary only.) See 3202 of 1944.

1871. COMBINATIONS OF SPHERICAL LENSES TO
REPLACE NON -SPHERICAL REFRACTING SUR-
FACES IN OPTICAL SYSTEMS.-J. L. Hough-
ton. (Proc. Phys. Soc., 1st March 1945,
Vol. 57, Part 2, No. 320, pp. 84-90.)

MEASUREMENTS AND STANDARDS
1872. SCREENED TESTING -BOOTHS : PROTECTION

AGAINST ELECTRICAL AND ACOUSTIC INTER-
FERENCE [Booths used by Ultra Electric,
Ltd., for Testing of U.H.F. Equipment].-
Ultra Electric Company. (Wireless World,
April 1945, Vol. 51, No. 4, pp. 116-117.)

1873. SINGLE -VALVE MODULATED TEST OSCILLATOR:
A CHEAP AND COMPACT INSTRUMENT WITH A
RANGE OF 250 kc/s TO 15 Mc/s [using a
Heptode Frequency Changer in Transitron
R.F. Connection, allowing Use of Untapped
Coils and simplifying Range-Switching].-
K. W. Mitchell. (Wireless World, Feb. 1945,
Vol. 51, No. 2, pp. 56-57.)

1874. CALIBRATED RESPONSE -CURVE TRACER.-
G. L. Hamburger. (Wireless Engineer,
April 1945, Vol. 22, No. 259, pp. 170-181.)

Author's summary :-" An apparatus is described
which greatly facilitates the alignment of r.f. and
i.f. band-pass amplifiers. With its aid the response
curve of the amplifier to be aligned is continuously
traced on the screen of a cathode-ray tube in con-
junction with a coordinate system of frequency and
amplitude derived from a standard -signal gener-
ator."

Among the main applications of the apparatus
are : (i) the testing of f.m. receivers with i.f.
around 5 Mc/s : the advantages for the alignment
of the frequency -discriminator are specially pro-
nounced, since the linearity of its characteristic can
be directly and instantly checked on the c.r.o.
screen : (ii) the alignment of television i.f. amplifiers,
particularly those for vestigial sideband : " the
peculiar response curve strived at in vestigial -side -
band reception, with its 5o% response at carrier
frequency, etc., has to be adjusted to rather close
limits if overshoot distortions are to be kept at a
minimum. The continuous and quantitative record
afforded by the apparatus described should prove
valuable in this instance."

In the amplitude -calibrator unit the throw -over
switch, applying the f.m. signal for one half -period
and the constant -frequency signal for the other,
takes the form of a circuit with two h.f. pentodes :
this has proved extremely reliable.

1875. SHEAR MODES IN PIEZOELECTRIC CRYSTAL
[Quartz & Tourmalin] PLATES.-S. Bhaga-

D
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vantam & D. Suryanarayana. (Nature,
Toth Feb. 1945, Vol. 155, No. 3928, p. 171.)

Investigations of the diffraction patterns in a
liquid medium showed that besides the usual thick-
ness longitudinal mode, patterns corresponding to
thickness transverse or shear modes were present
occasionally. Such patterns were facilitated when
the plates were silvered in patches only, or prepared
so that there was a deviation from the normal cut.
With irregular silvering, not only did the odd
harmonics of the shear mode appear but also the
even harmonics of all the modes began to show up.

Such results were used for determining the elastic
constants corresponding to the shear modes:
details are being published elsewhere. " These
observations mean that particular shear modes
cause longitudinal strains in the crystal plates,
resulting in corresponding longitudinal ultrasonic
waves in the liquid. The phenomenon is presumably
connected with the coupling between the longi-
tudinal and shear modes, produced either by the
finite size of the plate, or the cut of the plate, being
such that the modes themselves are inherently
coupled."

1876. ELASTIC CONSTANTS OF QUARTZ [calculated
from Resonance -Frequency Determinations
using Supersonic Diffraction of Light Tech-
nique : Correction for Forces arising from
Polarisation produced by Vibrations (Lawson,
2493 of 1941) : Comparison with Values due to
Voigt (Static Method) and Atanasoff & Hart
(1452 of 1941)].-B. R. Rao. (Current Science
[Bangalore], Jan. 1945, Vol. 14, No. 1, p. 17.)
For the C13 constant the transmission method
evolved in the same laboratory (Bhaga-
vantam & Bhimasenachar, ref. " 3 " and 99
of January & 51I of February) was used
with a Z -cut plate.

1877. ADJUSTING THE FREQUENCY OF QUARTZ
OSCILLATOR PLATES [X -Ray Equipment for
U.S. Army Signal Corps].-North American
Philips Company : C. Frondel. (Journ.
Franklin Inst., Jan. 1945, Vol. 239, No. 1,
pp. 74-75.) See also 1529/30 of May.

1878. A NEW PHENOMENON IN THE PIEZOELECTRIC
OSCILLATIONS OF A QUARTZ CRYSTAL.-
Parthasarathy, Pande, & Pancholy. (Journ.
of Scient. Cr Ind. Res., June 1944, Vol. 2,
p. I onwards.) Referred to in Journ. Acous.
Soc. Am., Jan. 1945, p. 213.

1879. THE DESIGN AND APPLICATION OF MULTI -
VIBRATORS, EMPLOYING THE ABRAHAM-
BLOCH SYSTEM AS A BASIS OF PLANNING.-
W. R. Abbott. (Communications, July 1944,
Vol. 24, No. 7, pp. 38-4o and 84.)

" While the amplifier concept shows that oscilla-
tions will exist, it gives no information concerning
the output frequency or wave -shape. Since both
of these are important, further analysis is desir-
able . . ." High -frequency operation is not con-
sidered.

1880. ON THE MEASUREMENT OF SMALL AND SLOW
POTENTIAL VARIATIONS BY MEANS OF FRE-
QUENCY MODULATION.-C. A. Beevers & R.
Furth. (Journ. of Scient. Instr., March 1945,
Vol. 22, No. 3, pp. 48-5o.)

The writers' " Encephalophone," for the investi-
gation by an acoustical (change of pitch) method of

the rhythmic potential changes produced on the
scalp by the activity of the nerve cells of the brain,
was dealt with in 2041 of 1943 and back reference.
The present paper describes the latest improved
and compact form of the apparatus, after mention-
ing some of its advantages over the standard
method of oscine). graphic recording : it ends by
outlining some other applications. These include
the investigation of piezoelectric phenomena
(routine testing of quartzes, etc.), the measurement
(in conjunction with a 'piezoelectric pick-up) of
very small slow mechanical oscillations, and the
measurement (in conjunction with a photocell or a
thermopile, respectively) of light -intensity or
temperature variations.

The potential changes on the scalp are of the
order of 1-100 or, their frequency between I and
io c/s. With the present apparatus (with a six
valve RC -coupled amplifier and two 5 Mc/s Hartley
oscillators each with its frequency -modulating
variable -mu pentode) a potential variation of
io p.v produces a change of pitch of about one
octave in the note.

1881. A NEW TYPE OF MAGNETOMETER, THE
" OERSTED -METER," BASED ON THE INTER-
ACTION OF TWO PERPENDICULAR FIELDS.-
Berstein. (In paper dealt with in 1943,
below.)

1882. A NEW TYPE OF ELECTRON -OPTICAL VOLT-
* METER.-L. Jacob. (Journ. I.E.E., Part

II, Dec. 1944, Vol. 91, No. 24, pp. 512-515 :
Discussion pp. 515-516.) Already dealt
with in 2665 of 1944 -and back reference.

1883. A VALVE VOLTMETER FOR HIGHER VOLTAGES.
-J. F. Tunnies. (Electronic Eng:g, Sept.
1944, Vol. ,7, No. 199, pp. 168-169.) An
account, by R. Neumann, of the paper dealt
with in 2442 of 1942.

1884. ELECTROSTATIC VOLTMETERS [the Rawson
Type 518, offering " Many Features Not
Previously Available in Commercial Instru-
ments " : Frequency Response " Very
Good, without Appreciable Errors even at
Low Radio-Frequencies"].-Rawson Elec.
Instr. Company. (Review Scient. Instr.,
Dec. 1944, Vol. 15, No. 12, pp. 352-353.)

1885. MOVING -COIL AMMETERS [and the Reduction
of Temperature Effect by a Bridge Circuit :
etc.].-G. W. Stubbings. (Electronic Eng:g,
Dec. 1944, Vol. 17, No. 202, p. 304: sum-
mary, from Electrician, 1944.)

1886. INSTRUMENT TRANSFORMERS [including the
Writer's Compensated Transformer].-A.
Hobson. (Journ. I.E.E., Part II, April
1944, Vol. 9,, No. 20, pp. 147-163: Dis-
cussion pp. 163-168.) Summaries were re-
ferred to in 543 and 874 of 1944. For
another Discussion see December issue,
No. 24, pp. 568-571.

1887. VOLTAGE -TRANSFORMER TESTING SET [pro-
viding a " Highly Sensitive Method of
testing Voltage Transformers for Phase
Angle & Ratio Errors"].-Elliott Brothers.
(Journ. of Scient. Instr., March 1945, Vol.
22, No. 3, pp. 55-56.)

'" A
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1888. A METER TEST SET.-N. M. Gilbert. (Bell
Lab. Record, Feb. 1945, Vol. 23, No. 2,
Pp. 57--61)

1889. " ENGINEERING PRECISION MEASUREMENTS "
[Book Review].-A. W. Judge. (Engineering,
2nd Feb. 1945, Vol. 159, No. 4125, p. 83.)
A notice was referred to in 531 of February.
" Always scientifically sound and reveals
an exceptionally wide knowledge and per-
sonal experience of workshop and toolroom
practice . . ."

189o. METRIC OR BEDLAM ? [PostScript to Letter
dealt with in 1125 of April : Units of Length,
with Special Reference to Cables].-A. L.
Meyers. (Wireless Engineer, April 1945,
Vol. 22, No. 259;p. 182.)

" After working through a Service specification
containing no less than five different units of length,
I have felt like quoting pressures in pennyweights
per square hand, and attenuations in percentage
diminutions per rod, pole, or perch . . . The
great development of h.f. cables during the war
is a golden opportunity to introduce the metric
system in this field at least, and the good example
might be contagious . . ." Regarding the in-
convenience of decibels, " if we must retain our
feet despite their paining us, then the mb/ft is
easier to manipulate, besides shorter and more
pleasing, than the db/roo ft."

1891. SERVICES COMPONENTS STANDARDISATION
[List of Specifications issued on behalf of
the Inter -Service Components Technical
Committee].-British Standards Institution.
(Wireless World, April 1945, Vol. 51, p. 105:
Electronic Eng:g, March 1945, p. 431.)

1892. REVIEW OF RECENT ABSOLUTE DETERMINA-
TIONS OF THE OHM AND THE AMPERE [and
Comparison of Results with Those of Other
Recent Compilations].-H. L. Curtis. (Journ.
of Res. of Nat. Bur. of Stds., Oct. 1944, Vol.
33, No. 4, pp. 235-254.)

1893. SUGGESTIONS FOR THE REORGANISATION OF
THE INSTRUMENT INDUSTRY AFTER THE
WAR.-R. S. Clay. (Journ. of Scient. Instr.,
March 1945, Vol. 22, No. 3, pp. 41-43.)

SUBSIDIARY APPARATUS AND MATERIALS
1894. DEFLECTED ELECTRON BEAMS [Reply to

Rod da's Letter] .-Harri es. (See 1810.)

1895. THE RECORDING OF STATIONARY PATTERNS
ON THE CATHODE-RAY OSCILLOGRAPH [With-
out Use of Photography : Curved traced on
Cellophane by Pin-Point].-Walton. (Journ.
of Scient. Instr., March 1945, Vol. 22, No. 3,
13.54.)

The tracing " is difficult to see in ordinary light,
but if it is illuminated by a point source of light
the depression in the cellophane . . . acts like a con-
cave lens, causing the rays of light which strike it to
diverge. A sharp shadow of the tracing is thus
cast on a piece of paper held behind it, and the
details may be drawn -in readily by a pen or pencil
. . . The method is cheap to use and it has the
advantage that records may be transferred rapidly
to a notebook and studied during the course of a
series of observations."
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1896. CATHODE -RAY -TUBE TRACES : PART I-,
LISSAJOUS' FIGURES : ERRATA.-MOSS. (Elec-
tronic Eng:g, Oct. 1944, Vol. 17, No. 200,
p. 21,4.). The last correction refers to the
August, not the September, issue. The
series was referred to in 3946 of 1944: for
Part II (Straight -Line Time Bases) see
issues for Dec. 1944 & Jan. 1945, Nos. 202
& 203, pp. 285-288 & 329-332.

1897. BEAM BLANKING CIRCUIT FOR OSCILLO-
SCOPES [having Control Grids].-Richter.
(Electronics, Sept. 1944, Vol. 17, No. 9, pp.
128-13o.)

" A three -tube electronic unit permits photo-
graphing a complete transient ,trace on a cathode-
ray oscilloscope screen with high detail [e.g., five
sweeps to each transient] and no fogging [by
scattered electrons, as with the usual " single -
sweep " arrangement with beam biased off the
screen]. Arrival of transient trips a trigger circuit,
releasing the blanked beam, and provides a dotted

Z ' timing wave."

1898. SLOW -TIME SWEEPS FOR A HIGH-SPEED
CATHODE-RAY OSCILLOGRAPH.-Oakeshott.
(Journ. of Scient. Instr., March 1945, Vol. 22,
No. 3, pp. 50-52.)

Certain advantages of the spark -gap type of
time base over the valve type are mentioned :
the longest time sweep that can be produced with
the ordinary circuit, however, is limited (mainly
by spark -heating considerations) to the order of

ms or even less. " Occasions arise when it is
desirable to use a longer sweep than this without
changing over to an electromagnetic type of oscil-
lograph, and the circuit described below, similar
to that developed by Berger (2678 of 1944), has been
designed for this purpose and successfully operated.

" It may be possible to apply the method to
lower -voltage oscillographs by the use of low -
voltage spark -gaps, but this has not been experi-
mentally investigated." With the arrangement
described, sweep times of o.3 s, 3o ms, and 6 ms
were obtained.

1899. CATHODE - RAY OSCILLOGRAPHS [Letter
prompted by Use of Amplitude Response to
assess the Value of an Instrument for L.F.
Work (1133 of April) : " Not a Satisfactory
or Safe Criterion " for Most Mechanical -
Engineering Purposes : the Importance of
Phase Distortion].-Aughtie. (Engineer,
16th Feb. 1945, Vol. 179, No. 4649, p. 134.)

1900. CATHODE - RAY TUBE DEVELOPMENT:
EARLY HISTORY, MATHEMATICAL CONCEPTS,
PRESENT-DAY PROBLEMS.-Beers. (Com-
munications, July 1944, Vol. 24, No. 7,
pp. 43..46 and 89 : to be contd.) From
the North American Philips Company.
See also 1901, below.

1901. CATHODE - RAY TUBE MANUFACTURING
PROBLEMS.-Beers. (Communications, Sept.
1944, Vol. 24, No. 9, pp. 46..52 and 82.)

1902. PHOTOGRAPHY WITH THE ELECTRON MICRO-
SCOPE [Summary, with Interpolations, of a
Paper read at a Meeting at the Royal
Photographic Society's Rooms].-Chilton,
Crook, & Sheffield. (Nature, zoth Jan.
1945, Vol. 155, No. 3925, pp. 68-69.)

,
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1903. CRYSTAL INTERFERENCE PHENOMENA IN
ELECTRON -MICROSCOPE IMAGES [Survey, Fur-
ther Data, & Dynamical Theory].-Heiden-
reich & Sturkey. (Journ. Applied Phys.,
Feb. 1945, Vol. 16, No. z, pp. 97-105.)

1904. TECHNIQUES IN APPLIED ELECTRON MICRO-
SCOPY [with Special Attention to Certain
Phases " of Interest to Those working in
Light Optics or Associated Problems " :
the Silica Replica : Stereoscopy : etc.].-
Heidenreich. (Journ. Opt. Soc. Am., Feb.
1945, Vol. 35, No. 2, pp 139-148.)

1905. PHASE - DIFFERENCE MICROSCOPY [Letter
prompted by 0. W. Richard's Recent Work
(1140 of April) on Zemike's Phase -Contrast
Method : the Techniques used by C. R.
Burch & others at the H. H. Wills Physical
Laboratory].-Linfoot : Burch. (Nature,
loth Jan. 1945, Vol. 155, No. 3925, p. 76.)

1906. PRELIMINARY EXPERIMENTS IN PHASE -DIF-
FERENCE MICROSCOPY, and PHASE -DIFFER-
ENCE MICROSCOPY AS A PROBLEM IN DIFFRAC-
noN.-Jupnik : Osterberg. (Journ. Opt
Soc. Am., Dec. 1944, Vol. 34, No. 12, p. 773
pp. 773-774 : summaries only.)

1907. " SPEKTRALPHOTOMETRISCHE UNTERSUCHUN-
GEN DER LICHTTECHNISCHEN EIGENSCHAFTEN
HELLEUCHTENDER SULFIDPHOSPHORE " [Book
Review].-Schilling. (Zeitschr. f. Instr:kunde,
Jan. 1943, Vol. 63, No. 1, pp. 37-38)

1908. AUTOMATIC TOPLER PUMP [eaily Impro-
vised].-Mitra & Sivaramakrishnan. (Current
Science [Bangalore], Dec. 1944, Vol. 13,
No. 12, p. 32o.)

1909. HIGH -VACUUM GAUGES [Comprehensive Sur-
vey].-Pirani & Neumann. (Electronic
Eng:g, Dec. 1944 & Jan./March 1945, Vol. 17,
Nos. 202/205, pp. 277-280,322-326,367-371,
& 422-426.) With 94 literature references
and many illustrations.

1910. A NEW ELECTRONIC STABILISER AND REGU-
LATOR FOR D.C. VOLTAGES, and ELECTRONIC
VOLTAGE REGULATOR FOR A.G. VOLTAGES.-
Glynne : Dietert Company. (See 2080 &
2081.)

1911. SEMI -STABILISED H.T. SOURCE : USE OF A
SMALL AUXILIARY VALVE FOR RIPPLE
SUPPRESSION [and Removal of All but the
Slowest of Variations due to Mains -Voltage
Fluctuations].-Hanney. (See 1763.)

1912. A CYCLOTRON WHICH ALLOWS THE ACCELERA-
TED PARTICLES TO EMERGE IN A DIRECTION
PARALLEL TO THE DEE INTERFACE [for
Work in which Direct Use is made of the
High -Energy Ions, and in which the Ions
are required to be Mono -Energetic to 1% or
Less].-Kruger & others. (Review Scient.
Instr., Dec. 1944, Vol. 15, No. 12, pp. 333-
339)

1913. A NEW METHOD FOR THE ACCELERATION OF
RELATIVISTIC PARTICLES [Simple Generalisa-
tion of Resonance Method (used for Heavy
Particles in the Cyclotron) makes It suitable
for Acceleration of Relativistic Particles
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(Electrons) & Production of Arbitrarily
High Energies]. - Veksler [Wechsler].
(Comptes Rendus (Doklady) de l'Ac. des Sci.
de l'URSS, loth June 1944, Vol. 43, No. 8,
pp. 329-331: in English.)

It had been thought that the resonance method
could not be used for electrons because the mass
of the particles is relativistically variable with the
velocity. The difficulty was circumvented by the
accelerator with vortex field suggested by Wideroe
(1929 Abstracts, p. '169) and developed by Kerst
(3130 of 1941), and it appears that particles with an
energy approaching roo mev will shortly be avail-
able in this way. " However, further increase of
the electron energy by Kerst's method is fraught
with great technical difficulties " : hence this Note.
Cf. Dodd, 1914, below.

1914. FREQUENCY ELIMINATION IN SPIROTRON
SYSTEMS FOR ACCELERATING IONS AND
ELECTRONS.-Dodd. (Phys. Review, ist/15th
Jan. 1945, Vol. 67, No. 1/2, p. 65 : summary
only.) For the spirotron see 42o of Febru-
ary. " Constant potential avoids frequency
difficulties from relativistic change of mass
at higher velocities."

1915. THE USE OF THE ELECTRON -DIFFRACTION
CAMERA TO DETECT INSULATING FILMS .-
Alessandrini. (Journ. Applied Phys., Feb.
1945, Vol. 16, No. 2, pp. 94-96.) Simple
method (without necessity of identifying
the pattern obtained) of distinguishing
between insulating and conducting surface
films on conducting objects.

1916. TRACKING CURRENTS IN INSULATING
MATERIALS.-Rushton. (Electronic Eng:g,
Dec. 1944, Vol. 17, No. 202, p. 304: sum-
mary, from Chem. & Industry, 1944.) See
also 2972 of 1944.

1917. POWER TRANSMISSION SYSTEMS : A REVIEW
OF PROGRESS DURING THE WAR, WITH
SPECIAL REFERENCE TO POST-WAR DE-
VELOPMENTS [including the Possibilities of
Vacuum Insulation and. Synthetics.].-
Scott. (Journ. I.E.E., Part I, Jan. 1944,
Vol. 91, No. 37, pp. 33-38 : Elec. Communica-
tion, No. 2, Vol 22, 1944, PP. 138-146.)
Chairman's address to the Transmission
Section, I.E.E.

1918. GAS -FILLED AND VACUUM CAPACITORS [Pro-
perties & Applications : Some Types pro-
duced by Various Makers : Variable Gas -
Filled Capacitors & Their Construction :
etc.].-Michaelson. (Electronics, Sept. 1944,

. Vol. 17, No. 9, pp. 124-127 and 320..332.)

1919. SILICONES [the Various Products & Their
Properties].-Dow Corning Corporation. (Re-
view Scient. Instr., Dec. 1944, Vol. 15,
No. 12, pp. 354-355.) Cf., for ,example,
3980/I of 1944 and 1583 of May.

1920. POLYTHENE AND ITS USE AS A DIELECTRIC
[Mechanical, Chemical, & Electrical Proper-
ties of " Alkathene 20 " : Increased Flexi-
bility given by Mixture with Polyisobutylene :
Use in Submarine & H. F. Cables, for H.F.
Moulding, etc.].-Williams. (P. 0. Elec.
Eng. Journ., July 1944, Vol. 37, Part 2,
PP 40-44)

4
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1921. SOFTENING TEMPERATURE OF POLYMERS
[Theory & Experimental Confirmation].-
Alexandrov & Lazurkin. (Comptes Rendus
(Doklady) de l'Ac. des Sci. de l'URSS,
3oth June 1944, Vol. 43, No. 9, pp. 376-379
in English.)

1922. SOME APPLICATIONS OF ULTRASONICS IN
HIGH -POLYMER RESEARCH.-Mark. (See
1857.)

1923. POLYMER -PLASTICIZER INTERACTION [Pre-
liminary Account covering Some of the
Points raised at Soc. of Chem. Ind. Discus-
sion].-Frith & Tuckett. (Nature, ioth Feb.
1945, Vol. 155, No. 3928, pp. 164-166.)
" Previous ideas would seem to need re-
vision as a result of recent advances in
polymer thermodynamics . . . "

1924. FLAME RESISTANCE OF THERMOSETTING
PLASTICS [and the Superiority of Melamine
Materials over Phenolic].-Gale & others.
(A ST M Bulletin, Dec. 1944, No. 131, pp, 23-
27.)

1925. CORRECTIONS TO " PLASTICS : A BRIEF
REVIEW OF THEIR PHYSICAL AND ELEC-
TRICAL PROPERTIES " [I183 of April]:-
Warner. (Elec. Communication, No. 2,
Vol. 22, 1944, P. 123.)

1926. THERMOPLASTIC CABLES.-Barron, Dean, &
Scott. (Journ. I.E.E., Part II, Aug. 1944,
Vol. 9i, No. 22, pp. 297-309: Discussion pp.
309-316.) A summary was dealt with in
1681 of 1944-

1927. SYMPOSIUM ON PLASTICS RESEARCH [in-
cluding Low -Pressure Extrusion made pos-
sible by R. F. Heating, and Its Possibilities :
New Resorcinol Resins with Special Advan-
tages: etc.].-Society of the Plastics In-
dustry. (Sci. News Letter, 6th Jan. 1945,
Vol: 47, No. 1, pp. 6-7.)

1928. CELLULOSE ESTER PLASTICS TREATED
AGAINST WARPING [and Brittleness, on
Long Exposure to Outdoor Conditions :
Salol as Inhibitor, absorbing U.V. Rays and
emitting Resultant Energy in Innocuous
Form].-Kline. (Sci. News Letter, 13th
Jan. 1945, Vol. 47, No. 2, p. 24.) From
a paper by Meyer &

,No.

1929. DIELECTRIC PERMEABILITY OF RUTILE MIX-
TURES [and the Obtaining of a Mixture with
Zero Temperature Coefficient of Dielectric
Permeability] .- Wul. (Comptes Rendus
(Doklady) de l'Ac. des Sci. de l'URSS, loth
June 1944, Vol. 43, No. 7, pp. 292-294
in English.)

" It is only natural that Lichtenecker's relation
[log e = 8 log e1 + (r - 8) log e2 : ref. " 4 "], stated
for ordinary mixtures, breaks down in cases where
rutile reacts chemically with the other components
of the mixture." Thus when the concentration
of TiO2 in the compound Ti02-Mg0 increases up to
45%, the dielectric permeability of the compound
changes but little and remains comparatively
small, not higher than 13. On the other hand,
G. I. Skanavi has found that by using rutile dolo-
mite compounds,. substances with as high a di-
electric permeability as about 7o can be obtained.

' '
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" Another difference between the TiO2 com-
pounds with dolomite and the magnesium titanates
is that the former show a negative temperature
coefficient of dielectric permeability, while the
t.c. of the latter is positive. If we suppose that the
reacting ability of TiO2 is exhausted in compositions
with MgO and dolomite, then we may hope that for
the combination of these compounds Lichtenecker's
relation holds again . . . 'The t.c. of dielectric
permeability of a mixture is equal to the weighted
arithmetical mean of the components . . ." Ex-
perimental curves support both these statements.
The final equations give the condition for zero
t.c. and the corresponding value of dielectric
permeability.

1930. SYNTHESIS AND STUDY OF PHLOGOPITE [Mica].
-Grigoriev. (Comptes Rendus (Doklady)
de l'Ac. des Sci. de l'URSS, loth April 1944,
Vol. 43, No. 2, pp. 63-65: in English.)

" The phlogopites, synthetically prepared and
described .by this author in 1934/5, were produced
in the presence of calcium fluoride, owing to which
their chemical composition is distinguished by the
presence of the calcium component. In this paper
a method for producing purely magnesia] fluor-
phlogopite, without any admixture of the calcium
compound, is described . . . The melts pro-
duced, in external appearance, consist completely
of mica scales, with an area up to ro mm2 . . .

Following the cleavage planes thin mica scales are
split off, possessing 'flexibility and elasticity, but
to a somewhat lesser degree than natural phlogo-P
pite ; they can be cut with scissors . . .

1931. ABILITY OF CRYSTALLINE QUARTZ AND OF
GLASS MELTED FROM IT TO TAKE COLOUR
ON IRRADIATION [Ability or Inability of
Quartz to take on a Smoky Colour (cf.
1529 of May) seems Definitely Related to
Its Different Properties : may serve as
Useful Criterion in Selection of Suitable
Quartz]. - Laemmlein. (Comptes Rendus
(Doklady) de l'Ac. des Sci. de l'URSS, 3oth
May 1944, Vol. 43, No. 6, pp. 234-235: in
English.) Especially as quartz crystals that
take colour are easily distinguished by their
ability to emit cathode luminescence (un-
published result).

1932. GLASS CEMENT CERAMICS [and the Two
Principles which should form the Basis of
a Genuinely Scientific Theory of Ceramic
Production].-Kitaigorodsky. (Comptes Ren-
dus (Doklady) de l'Ac. des Sci. de l'URSS,
3oth March..I944, Vol. 42, No. 9, pp. 393-
394 : in English.)

(i) It is necessary to secure a qualitative and
quantitative constancy of the vitreous as well as
of the crystalline phase in the product : (ii) the
proportion of the vitreous phase should be reduced
to a minimum and assigned the role of a cement.
" The crystals of a ceramic specimen should be
bound together by a micro -film of vitreous sub-
stance in which, just as in glass fibre, all the brittle-
ness peculiar to the glass has vanished . . ."

1933. PREPARING REFRACTORY OXIDES, SILICATES,
AND CERAMIC MATERIALS FOR ANALYSIS
[by Treatment with Acid Mixtures at 2000-
300° C].-Wichers & others. (Journ. Frank-
lin Inst., Jan. 1945, Vol. 239, No. I, p. 52 :
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summary, from Journ. of Res. of Nat. Bur.
of Stds., Dec. 1944.) See also pp. 52-53.

1934. NEW GLASS ABLE TO RESIST HYDROFLUORIC
ACID [and Its Many Uses, including in the
Manufacture of Fluorides and Ceramics] -
American Optical Company. (Sci. News
Letter, 6th Jan. 1945, Vol. 47, No. 1, p. 7.)
Phosphorus pentoxide replaces the usual
sand.

1935. MIRACLES IN GLASS [Some Recent Develop-
ments].-Stouffer. (Sci. News 'Letter, 13th
Jan. 1945, Vol. 47, No. 2, pp. 26 and 27.)
See also 1934, above.

1936. " DIE ROHSTOFFE ZUR GLASERZEUGUNG
[Book Review].-Schmidt. (Zeitschr. f. tech.
Phys., No. 9, Vol. 24,1943, p. 22o.)

1937. THE FORMATION OF METAL -SPRAYED DE-
POSITS [Some Theoretical Bases for Observed
Facts, and the Fundamentals involved].-
Ballard. (Proc. Phys. Soc., ist March 1945,
Vol. 57, Part 2, No. 32o, pp. 67-83.)

1938. VACUUM COATING UNIT [for the Metallizing
of Piezo-Crystals, Plastics, etc : with
Special Features]'.-Distillation Products.
(Review Scient. Instr., Jan. 1945, Vol. 16,
No. I, pp. 18-19.)

1939. TRENDS IN COMPONENT DESIGN : REVIEW OF
A WARTIME EXHIBITION.-Radio Compo-
nents -Manufacturers' Federation. (Wireless
World, April 1945, Vol. 51, No. 4. pp. 98-105.)
This is the exhibition mentioned in 1494 of
May.

1940. SUSTAINED SUBHARMONIC RESPONSE IN NON-
LINEAR SERIES CIRCUITS.-Spitler. (See
1762.)

1941. AN IMPROVED PERMANENT -MAGNET MATERIAL
[Alcomax II].-Permanent Magnet Associa-
tion. (Journ. of Scient. Instr., March 1945,
Vol. 22, No. 3, p. 56.)

" We are informed that the alloy is more easily
magnetised than Alnico, although its magnetic
energy is nearly three times as great." Other data
are given.

1942. TRANSVERSE MAGNETIC PERMEABILITY.-
Gorelik. (Comptes Rendus (Doklady) de l'Ac.
des Sci. de PURRS, loth May 1944, Vol. 43,
No. 5, pp. 196-198 : in French.)

The work of Harrison & others and of Webb, on
the impedance of longitudinally magnetised wires
traversed by alternating currents, has given a
special interest to the transverse magnetic permea-
bility first studied by _Gans. The variation of this
permeability as a function of the longitudinal field
has been used by Harrison & Rowe in their " im-
pedance magnetometer " (2103 of 1938), and its
variation as a function of the longitudinal and
transverse fields is capable of various applications
in radio -electricity, as mentioned by Webb (2727 of
1938 : remote tuning, etc.). The present writer
adds to these the realisation of systems with
periodically varying parameters, frequency modula-
tion, and frequency changing.

The note contains some theoretical considerations
on the variation of transverse permeability as a
function of. the longitudinal and transverse fields,
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and a comparison with experimental results obtained
with 40 cm wires (0.4 mm diameter) of high -
permeability nickel alloy. They showed the
following properties in the transverse direction :
(i) permeability of the order of Io0o gauss/oersted,
(ii) a high degree of linearity, and (iii) the possibility
of varying the permeability within wide, limits by
varying the longitudinal field. " This combination
of properties presents an obvious interest for the
applications, mentioned above."

1943. AN INDUCTION PHENOMENON DUE TO THE
INTERACTION OF PERPENDICULAR MAGNETIC
FIELDS [and the Development of a New Type
of Magnetometer (" Oersted -Meter ") based
on It].-Berstein. (Comptes Rendus (Dok-
lady) de l'Ac. des Sci. de l'URSS, 3oth June
1944, Vol. 43, No. 9, pp. 380-382: in
French.)

A straight ferromagnetic wire, surrounded by a
coil whose turns were perpendicular to it, was
placed in a constant magnetic field parallel to the
wire : an alternating current passing through the
wire induced an alternating e.m.f. in the coil. This
would not have occurred if the relation between the
induction and the field in the coil had been linear,
for then the flux traversing the coil would not have
varied. "-The phenomenon results from a non-
linear interaction between two perpendicular
magnetic fields : the variations of the transverse
component (with respect to the axis of the wire)
of the field, excited by the current, produces a
variation of the longitudinal component of the
induction, excited by the constant longitudinal
field " ; a phenomenon which is, in a certain sense,
reciprocal to that dealt with by Gorelik, 1942, above.

The phenomenon is analysed. The " oersted -
meter " constructed has two ranges, o--0.6 and 0-2
oersteds. It measures, of course, the projection of
the external magnetic field upon the axis of the
wire, and permits its sense to be determined.

1944. CATHODIC PROTECTION AND APPLICATIONS
OF SELENIUM RECTIFIERS [Protection of
Buried Structures, Pipe Lines, Cable Sheaths,
etc : and for Checking the Formation of
Scale].-Bonner. (Elec. Communication, No.
2, Vol. 22, 1944, PP. 130-137-)

STATIONS, DESIGN AND OPERATION

1945. CAPE - CHARLES / NORFOLK ULTRA - SHORT -
WAVE MULTIPLEX SYSTEM [General : Radio
Equipment : Carrier Terminal Equipment :
Regulation : Control & Alarm Features :
Other Alarms : Systems Tests].-Schlaack
& Dickieson. (Proc. I.R.E., Feb. 1945,
Vol. 33, No. 2, pp. 78-83.) All channels are
now in service, five between Norfolk and
Cape Charles, four between Norfolk and
Onancock, and three for " private -line "
telephone circuits. See also 1622 of May,
and 1946, below.

1946. ULTRA -SHORT-WAVE MULTIPLEX [aS used in
the Cape-Charles/Norfolk Service (1945,
above) : Comparison with Other Systems :
Distortion Requirements : Transmitter De-
sign : Receiver : Distortion Measurements :
Appendix (Cross Modulation resulting from
Deviations of Gain-Phase/Frequency Charac-

'at
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1951. RAILWAY COMMUNICATIONS : A FREQUENCY -
MODULATED CARRIER -CURRENT SYSTEM
[" Union Inductive Train Communication
System "].-Union Switch & Signal. (Wire-
less World, March 1945, Vol. 51, No. 3,
pp. 79-80.)

POST-WAR AMATEUR TRANSMISSION [Points
from R.S.G.B. Statement].-Radio Society
of Great Britain. (Wireless World, April
1945, Vol. 51, NO. 4, p. 109.)

1953. THE FREQUENCY REQUIREMENTS OF THE
AMATEUR RADIO SERVICE [Reproduction of
Part of Testimony offered by League in F.C.C.
Hearings]. - A.R.R.L. (QST, Nov. 1944,
Vol. 28, No. r r, pp. 18-21.) For the I.R.A.C.
proposal see pp. 17-18 and also the Dec.
issue, pp. 15-16, and for President Bailey's
testimony on " amateur radio and its con-
tributions to the security & welfare of the
Nation," see pp. 16-17 and 74..86 of that
issue.

COMMUNICATIONS AND THE FIRE FIGHTER
[Analysis of Requirements of the Fire
Service for More Adequate Communications
Facilities].-Friede. (Communications, Sept.
1944, Vol. 24, No. 9, pp. 41..44, and 78, 79.)

1955. CIVIL AVIATION DISCUSSION [including Some
Requirements of Radio Operation].-Royal
Aeronautical Society. (Journ. Roy. Aeron.
Soc., Feb. 1945, Vol. 49, No. 410, pp. 55-98.)
For the section on radio see pp. 92-93.
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teristic from the Ideal)].-Burrows & Decino.
(Proc. I.R.E.' Feb. 1945, Vol. 33, No. 2,
pp. 84-94.) See also 1772 & 1779, above.
Summaries were referred to in 1622 of May.

1947. PULSE TIME MODULATION [Outline of Its
Development : General Theory : " Import-
ant Advantages include Improvement of
Signal/Noise Ratio as Band -Width Increases,
and Possibility of adding Repeaters without
increasing Distortion " : Specially Promising
for Multi -Channel Radio & Coaxial -Cable
Systems, U.H.F. Broadcasting & Television
Sound Channels].-Deloraine & Labin. (Elec.
Communication, No. 2, Vol. 22, 1944, pp 91-
98.)

" Pulse modulation has been proposed mainly for
multi -channel operation. For such operation pulse
modulation allows time selection as opposed to
frequency selection, and it is expected that time
selection may have merits when compared with
frequency. selection . . . "

1948. FREQUENCY MODULATION [Pros & Cons].-
Bell. (Wireless World, Feb. 1945, Vol. 51,
No. 2, p. 58.) See 1218 of April.

1949. FREQUENCY MODULATION [Performance of
Receivers to Impulsive Interference].-
Gladwin & Thompson : Bell. (See 1780.)

1950. FREQUENCY MODULATION FOR CARRIER -
CURRENT COMMUNICATION : NOISE RE-
DUCTION WITH A NARROW -BAND SYSTEM
[Account of Tests at 69 kc/s).-Guill. (QST,
Dec. 1944, Vol. 28, No. 12, pp. 29-31.)

1952.

1954.
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1956. So YOU'RE. ON A LIBERTY SHIP : SOME
HINTS ON IMPROVING STANDARD CARGO -
SHIP RADIO INSTALLATIONS.-Whittaker.
(QST, Nov. 1944, Vol. 28, No. II, pp. 22-25.)

1957. A PROPOSAL FOR A GLOBAL SHORT-WAVE
BROADCASTING SYSTEM [with Twelve 200 kW
Transmitters grouped at (e.g.) Washington
& San Francisco, covering World Population
Centres in Twelve Zones].-Federal Tele- '
pNhoo

Vol,& 2
R2n1d9io4 p(Elec. Communication,

154-166.)

1958. BRITISH COLUMBIA BROADCAST RELAY SYS.
TEM.-Olding. (Electronics, Sept. 1944, Vol.
17, No. 9, pp. 92-97 and 304.)

" Remote valleys in rugged western Canada are
difficult to serve by conventional broadcast methods.
The problem is solved by installing 25 -watt trans-
mitters [operating on standard broadcast channels]
in local telegraph and telephone offices through
which network audio flows, and feeding part of the
r.f. output of these transmitters back into the wire
lines, which serve as carrier conductors."

1959. BRAZILIAN INTERIOR RADIOTELEPHONE SER-
VICE [New Development :  Decree of
31st May, 1944] .-J acob. (Elec. Communi-
cation, No. 2, Vol. 22, 1944, pp. 99-100.)

1960. COMPETITIVE BROADCASTING [Monthly
Commentary], and REORGANISING BROAD-
CASTING.-(See 1995 & 1996.)

1961. CORRECTIONS TO THE USE OF FIELD -
INTENSITY MEASUREMENTS FOR COMMERCIAL -
COVERAGE EVALUATION " [3642 of 1944].
-Felix. (Proc. I.R.E., Feb. 1945, Vol. 33,
No. 2, p. 83.) On certain charts, " micro-
volts " should be changed to " millivolts."

1962. REMOTE MONITOR FOR DIRECTIONAL BROAD-
- CASTING [Continuously Operating Receiver

at ri Miles in Null -Point Direction].-
O'Bradovick. (See 1804.)

GENERAL PHYSICAL ARTICLES
1963. STRUCTURE OF THE PHOTON [Behaviour of a

Doublet consisting of an Electron & an
" A-tron " (Particle of Mass & Charge both
Equal to Those of Electron but Opposite in
Sign) would be Very Similar to That of a
Photon : Electromagnetic -Wave Properties
of Photon paralleled by Those of Probability
Waves of Doublet : etc.].-Charlesby.
(Nature, loth March 1945, Vol. 155, No. 3932,
PP. 304-305.)

" Further consideration of a duality of positive
and negative masses appears capable of furnishing
information on the nature of the electric field."

1964. THE AGING OF LIGHT [and the Two Interpre-
tations of Red -Shifts in Spectra of Galaxies
(Doppler Effect consequent on Recession ;
Aging of Light, by which the Wavelength
of Photon steadily Increases)].-Milne.
(Nature, 24th Feb. 1945, Vol. 155, No. 3930,
P. 234.)

" That the two interpretations are substantially
equivalent can be seen from the following strikingly
simple calculation . . ."
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1965. RED SHIFT IN THE ANAGALACTIC NEBULAE.-
Shneiderov. (Nature, 17th March 1945,
Vol. 155, No. 3933, PP. 332-333.)

The writer's eqn. 6 shows that under an accelera-
tion by the field of gravitation a photon keeps its
velocity constant by adjusting its frequency so as
to compensate for the variation due to the accelera-
tion. The red shift of the " expanding universe "
is an immediate corollary of eqn. 6.

1966. ON MILNE'S THEORY OF GRAVITATION [Not
-Invariant under a Lorentz Transformation,
and therefore Inconsistent].-Schild : Milne.
(Phys. Review, ist/15th Dec. 1944, Vol. 66,
No. 11/12, pp. 340-342.)

1967. A QUANTUM THEORY OF THE ORIGIN OF THE
SOLAR SYSTEM.-Haldane. (Nature, 3rd
Feb. 1945, Vol. 155, No. 3927, pp. 133-135.)
Followed by' a preliminary discussion, by
Milne, on pp. 135-136.

1968. THE AUTONOMOUS FIELD [Force Field Not
Caused by Particles, but an " Autonomous
Entity bui4 up of Indivisible, Coherent Units
defining Probabilities in Space & Time].-
Stromberg. (Journ. Franklin Inst., Jan.
1945, Vol. 239, No. I, pp. 27-40.)

" With every new application, the field concept
has grown iri importance, it has become an autono-
mous regulator of events, and as a consequence we
now begin to see not only the world of matter but
also the world of life in a new perspective . . ."
The paper ends with the following summing-up :
" the theory of the autonomy of force fields leads
to the result that such fields can be analysed into
integral, coherent units, and that this theory then
makes it possible to understand many phenomena
which the classical field theory is unable to explain.
Principal among these phenomena are the wave
nature and particle nature of matter and radiation
and the small-scale and the large-scale organisation
in the living world. The theory has been shown to
be a natural consequence of modern wave me-
chanics. It is also in harmony with recent dis-
coveries in biology and gives us a new concept of
life. It is directly opposed to the mechanical
concepts which have until recently characterised
natural science. It points directly to a world inti-
mately connected with our own consciousness."

1969. EVIDENCE FOR THE ARTIFICIAL PRODUCTION
OF A NEW NEUTRAL RADIATION [by a Cyclo-
tron : Evidence points to Radiation con-
sisting of. Neutral Particles of Low Mass
(Low -Mass Mesotrons)]. - Groetzinger &
others. (Phys. Review, 1st/15th Jan. 1945,
Vol. 67, No. 1/2, p. 52.)

1970. PHYSICS IN 1944 [X -Rays : Cosmic Rays
(Penetrating Component : Nuclear Dis-
integrations : Showers : Theory of Counters):
Artificial Disintegration : Magnetic Lens
Spectrometer : Newton's Rings (Tolansky's
Multiple -Beam Interference, 2449/5o of
1944)].-Osgood. (Journ. Applied Phys.,
Feb. 1945, Vol. 16, No. 2, pp. 61-76.)

1971. ON CUMULATIVE EXCITATION OF HYDROGEN
AND HELIUM BY ELECTRONIC IMPACT [Further
Step in the Investigations carried out by
Massey & Mohr, who took the Unexcited
State of the Atom as Its Initial State (ref.
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" 2 ")].-Yavorsky. (Comptes Rendus (Dok-
lady) de l'Ac. des Sci. de l'URSS, loth May
1944, Vol. 43, No. 4, pp. 151-156: in
English.)

1972. " THE ADSORPTION OF GASES AND VAPOURS :
VOL. I-PHYSICAL ADSORPTION " [Book Re-
view].-Brunauer. (Nature, zoth Feb. 1945,
Vol. 155, No. 3928, pp. 154-155.) " A very
fine account of a complex subject."

MISCELLANEOUS

1973. AMERICAN MATHEMATICS IN THE PRESENT
WAR.-Stone. (Science, 15th Dec. 1944,
Vol. too, No. 2607, pp. 529-535.) By the
President of the American Mathematical
Society : " in many respects a story of
frustration . . . important lessons can be
drawn . . . and this is the time to draw them."

1974.

1975.

CORRESPONDENCE ON " PITY TIE POOR
STUDENT " [1253 of April : including a Plea
for the Reprinting of de Morgan's Books].-
Hardie : Calisch. (Wireless World, Feb. &
March 1945, Vol. 51, Nos. 2 & 3, pp. 59 & 92.)
" There is no short cut to mathematical
knowledge . . ."

TEACHING MATHEMATICS : PLEA FOR IM-
PROVED METHODS. - Durack. (Wireless
World, March 1945, Vol. 5i, No. 3, p. 83.)
See also 136 of January.

1976. ON THE TEACHING OF MATHEMATICS.-
Murnaghan. (Science, ist Dec. 1944, Vol.
ioo, No. 2605, pp. 479-486.)

1977. " iloHERE MATHEMATIK F1/12 DEN PRAK
TIKER " [Third, Improved Edition : Book
Review].-Joos-Kaluza. (Zeitschr. f. tech.
Phys., No. 9, Vol. 24, 1943, p. 22o.)

1978. " A GUIDE TO TABLES OF BESSEL FUNC-
TIONS " [Review of Special Number of Nat.
Research Council's Quarterly Mathematical
Tables & Other Aids to Computation].-
Bateman & Archibald. (Science, 12th Jan.
1945, Vol. Ica, No. 2611, pp. 39-41.)

1979. " FIVE -FIGURE LOGARITHM TABLES " [BOOk
Review].-Ministry of Supply. (Proc. Phys.
Soc., ist March 1945, Vol. 57, Part 2, No.
320, pp. 145-146.)

1980. TENSORIAL ANALYSIS AND EQUIVALENT CIR-
CUITS OF ELASTIC STRUCTURES.-KX011.
(Journ. Franklin Inst., Dec. 1944, Vol.
238, No. 6, pp. 399-442.)

" Equivalent circuits are developed for one-,
two-, and three-dimensional elastic structures that
enable their solution, by means of a Network
Analyser, under steady small deformations and
under forced or natural vibration . . ." The
individual members of mechanical structures have
in general not one degree of freedom but six : " one
of the purposes of this paper is to extend the elec-
trical analogy to mechanical structures in which
each member has six, instead of one, degrees of
freedom, retaining at the same time as much of the
simplicity of the one-dimensional analogue as
possible." See also 1981, below.

.1 ,
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1981. NETWORK ANALYSER SOLUTION OF THE
EQUIVALENT CIRCUITS FOR ELASTIC STRUC-
TURES [I980, above : Comparison of Measured
& Calculated Values shows that Existing
Analysers are Satisfactory for the Purpose].
-Carter & Kron. (Journ. Franklin Inst.,
Dec. 1944, Vol. 238, No. 6, pp. 443-452.)

1982. ELECTRIC -CIRCUIT MODEL SOF THE SCHR -
DINGER AMPLITUDE EQUATION [for One,
Two, & Three Independent Variables, in
Orthogonal Curvilinear Coordinate Systems :
for Solution by A. C. Network Analyser or
by Numerical 8c.Analytical Circuit Methods].
-Kron. (Phys. Review, istl15th Jan. 1945,
Vol. 67, No. 1/2, pp. 39-43.) Followed by
" A.G. Network Analyser Study of the
Schrodinger Equation," by Carter & Kron,
PP. 44-49.

1983. SOLUTION OF HOMOGENEOUS LINEAR EQUA-
TIONS [particularly Those involved in the
Problem of Small Oscillations of Mechanical
Systems] BY AN ITERATION METHOD .-
Hopstein. (Comptes Rendus (Doklady) de
l'Ac. des Sci. de l'URSS, 3oth June 1944,
Vol. 43, No. 9, pp. 372-375, : in English.)

1984. NUMERICAL SOLUTION OF INITIAL - VALUE
PROBLEMS [for Partial Differential Equations
of the Hyperbolic Type (see also Kormes,
3589 of 1943)] BY MEANS OF PUNCHED -
CARD MACHINES . -Kormes & Kormes. (Re-
view Scient. Instr., Jan. 1945, Vol. 16, No. r,
PP- 7-9.)

" For the sake of simplicity we describe the pro-
cedure for a second -order linear equation in two
variables, but the process as such may be extended
to more complex problems and to several variables.
In fact, we believe that it can be used successfully
for the solution of non-linear problems."

1985. SCIENTIFIC COMPUTING MACHINES [Letter
prompted by Comrie's Article " Recent
Progress in Scientific Computing " (275
of January [and see 1245 of April]) : the
New Fundamental Conception embodied
in the Mallock Calculator, and the Wide
Possibilities of Its Application : Comrie's
Reply].-Soper : Corctrie. (Journ. of Scient.
Instr., March 1945, Vol. 22, No. 3, p 54.)

1986. PUNCHED -CARD TABLES OF THE EXPONEN-
TIAL FUNCTION, and PREPARATION OF
PUNCHED -CARD TABLES OF LOGARITHMS.
King : Thomas & King. (Review Solent.
Instr., Dec. 1944, Vol. 15, No. 12, pp. 349-
350: P. 350.)

1987. MISES' PROBLEM IN THE THEORY OF 'DIRECT
CONTROL AND THE THEORY OF THE POINT -
BY -POINT TRANSFORMATIONS OF SURFACES,
and THE MOTION OF AN AIRCRAFT (WITH-
OUT RESTORING COUPLE) PILOTED AUTO-
MATICALLY, AND THE THEORY OF THE POINT -
BY -POINT TRANSFORMATIONS OF SURFACES.
-Andronow & Mayer : Andronow & Bautin.
(Comptes Rendus (Doklady) de l'Ac. des Sci.
de l'URSS4 loth April & 2oth May 1944,
Vol. 43, Nos. 2 & 5, pp. 54-58 & 189-193
in English.)

1988. THE DIFFUSION PROBLEM AND THE THEORY
OF CONNECTED EVENTS [Extension of One -
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Dimensional " Random Walk " (cf. 627 of
February)].-Darling. (Phys. Review, 1st'
15th Jan. 1945, Vol. 67, No. 1/2, p. 65:
summary only.) Some of the equations
used in Brownian -movement problems are
special cases of the integro-differential
equation found here.

1989. THE DISTRIBUTION OF THE MEAN OF SAMPLES
FROM A RECTANGULAR POPULAT ION . -Iyer.
(Current Science [Bangalore], Jan. 1945,
Vol. 14, No. 1, pp. 18-19.)

199o. " ELEMENTARY STATISTICS " [Book Review].
-Blair. (Science, 29th Dec. 1944, Vol. roo,
No. 2699, pp. 592-593.) " Can be said to
bring the subject of statistical methodology
to the reader as it was perfected up to the
impact of Shewhart researches."

1991. " STATISTIOAL METHODS FOR RESEARCH
WORKERS " [Ninth Edition, Revised &
Enlarged : Book Review].-Fisher. (Nature,
3rd Feb. 1945, Vol. 155, No. 3927, p. 132.)

1992. ASTRONOMICAL AND GEOPHYSICAL PERIODICI-
TIES [Discussion]. - Royal Astronomical
Society. (Nature, 24th Feb. 1945, Vol. 155,
No. 3930, pp. 224-227.)

1993. RECORDING LISSAJ OLTS' FIGURES [by a Re-
fined Method].-Hales. (See 1826.)

1994.

1995.

"THE ROYAL SOCIETY, 1660-1940 " [Leading
Article on Book].-Lyons. (Engineering,
9th Feb. 1945, Vol. 159; No. 4126, pp.
III -112.) See also Nature, 17th March 1945,
Vol. 155, No. 3933, pp. 313-314.

MONTHLY COMMENTARY : COMPETITIVE
BROADCASTING [Urgency of Decisions :
the Welcome Rejection of Commercial
Broadcasting : Need for Competition :
Inadequacy of B.B.C. " Regional Rivalry "
Plan : Economist Proposals of Triple Scheme :
the Wireless World Less Ambitious Proposal
(3757 of 1942)].-(Wireless World, April
1945, Vol. 51, No. 4, p. 97.) " It seems
inescapable that the stimulus of competition
must be paid for, but, in an art like broad-
casting, it seems to be worth something."

1996. REORGANISING BROADCASTING [Note On
Booklet ". The B.B.C.", published by Arts
Advisory Committee of Communist Party].
-(Wireless World, March 1945, Vol. 51,
No. 3, p. 74.)

1997. SCIENCE IN THE FOREIGN SERVICE [Leading
Article on Prof. Ashby's Appointment as
Scientific Attaché to Australian Legation,
Moscow].-(Nature, ,7th Feb. 1945, Vol. 155,
No. 3929, pp. 187-188.)

1998. SCIENCE IN THE MODERN STATE [Review of
" Science and Administration in Modern
Government "]. - Morrison. (Nature, loth
Jan. 1945, Vol. 155, No. 3925, pp. 86-87.)
The L. T. Hobhouse Memorial Trust Lecture.

1999. SELECTION FOR HIGHER APPOINTMENTS
[Leading Articles on Report of Committee
appointed by Minister of Labour & National
Service : the Reorganisation of the Appoint-
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meats Department].-Hankey Committee.
(Engineering, 12th Jan. 1945, Vol. 159,
No. 4122, pp. 31-32: Nature, 24th Feb.
1945, Vol. 155, No. 393o, pp. 215-218.) See
also 1660 of May.

2000. POST-WAR PLANNING [Leading Article On
" Post -War Planning and Anglo-American
Economic Relations"].-Whitehead, Ltd.
(Electronic Eng:g, Dec. 1944, Vol. 17,
No. 202, p. 271.)

2001. THE THREAT TO PURE SCIENCE [Continua-
tion of Correspondence (1657 of May) on
Stern's Note] .-Alexander : Stern. (Science,
12th Jan. 1945, Vol. ioi, No. 2611, PP. 37-38.)

2002. PRESIDENT ROOSEVELT'S LETTER ON THE
OFFICE OF SCIENTIFIC RESEARCH AND
DEVELOPMENT [asking for .Vannevar Bush's
Recommendations on Four Major Points
relating to the Future].-Roosevelt. (Science,
15th Dec. 1944, Vol. ioo, No. 2607, p. 542.)
For a leading article on the third and
fourth questions see Review Scient. Instr.,
Jan. 1945, Vol. 16, No. I, pp. 1-5.

2003. LETTER PROMPTED BY HARNWELL'S EDI-
TORIAL " MILITARY RESEARCH FELLOWSHIPS
IN THE PHYSICAL SCIENCES " [1270 of April] :
FIVE POINTS. FOR A POST-WAR MILITARY
RESEARCH PROGRAMME.-Bowie : Harnwell.
(Review Scient. Instr., Jan. 1945, Vol. 16,
No. 1, p. 15.)

2004. ORGANISATION OF RESEARCH IN THE U.S.S.R.
INSTITUTE OF PHYSICAL PROBLEMS.-
Kapitza. (Nature, loth March 1945, Vol.
155, No. 3932, pp. 294-295.) Extracted by
W. H, George from translated parts of
Kapitza's very long report.

2005. ENGINEERING RESEARCH IN SWEDEN [and
Its Organisation].-Velander. (Engineering,
23rd Feb. 1945, Vol. 159, No. 4128, pp.141-
143.)

2006. A BONUS SYSTEM IN A RESEARCH ORGANISA-
TION-McDonald. (Journ. Franklin Inst.,
Dec. 1944, Vol. 238, No. 6, pp. 462-465.)
Experience in the Biochemical Research
Foundation since 1936.

2007. BRITISH ELECTRICAL AND ALLIED INDUSTRIES
RESEARCH ASSOCIATION [Notes on 24th
Annual Report] .-E.R.A. (Nature, 17th
March 1945, Vol. 155, No. 3933, pp. 342-343.)

2008. SUGGESTIONS FOR THE REORGANISATION OF
THE INSTRUMENT INDUSTRY AFTER THE
WAR.-Clay. (Journ. of Scient. Instr.,
March 1945, Vol. 22, No. 3, pp. 41-43.)

2009. PATENT LAW [and Its Imperfections, especi-
ally the " Prior Publication " Difficulty : a
Suggested Remedy].-Turnbull. (Engineer,
9th Feb. 1945, Vol. 179, No. 4648, pp. 113-
114.) The sentence in the last paragraph,
" Where a manufacturer, (or patentee)
could not agree . . ." should read " could
only agree . . ." : issue for i6th February,
p. 135.
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2010. WAR SURPLUS DISPOSAL [Disagreement with
Clinch's Suggested Extension (1292 of
April) of Writer's Proposal].-Cazaly. (Wire-
less World, Feb. 1945, Vol. 51, No. 2, p. 59.)
For a letter supporting the Government
plan to sell through normal Trade channels
see March issue, No. 3, p. 92.

2011. DISPOSAL OF SURPLUS CONSUMER GOODS
[American Policies & Procedures].-01rich.
(Review Scient. Instr., Dec. 1944, Vol. 15,
No. 12, pp. 356-359.)

2012. " SCIENCE AND SALVAGE " [from the German
" Verwertung des Wertlosen " : Book Re-
view].-Ungewitter (Edited by). (Nature,
24th Feb. 1945, Vol. 155, No. 3930, PP.
219-220.)

" It is to directors to large laboratories and
research institutions, and not least to economists
and business executives ', that the book will make
a special appeal. . ."

2013. PHYSICIST AND THE PUBLIC [Letter on W.
E. Wickenden's Address],-Yarros : Wicken-
den. (Review Scient. Instr., Dec. 1944,
Vol. 15, No. 12, p. 351.)

" The scientist is also a citizen and a soldier.
He must work and fight for freedom, for civilisation,
for decency, and for human dignity.. ." One
duty overlooked by Wickenden is that of " im-
pressing upon our business leaders and politicians
the necessity and feasibility. of using the method
of science in the fields of economics and politics."

2014. " ART AND SCIENTIFIC THOUGHT " [Differ-
ences & Likenesses between Scientific &
Artistic Attitudes to Life : Possibility of,
and Need for, a Shedding of the Traditions
of Mutual Antagonism : Book Notice].-
Johnson. (Journ. of Scient. Instr., March
1945, Vol. 22, No. 3, p 59.)

2015. SCIENTISTS AND INDUSTRY [Letter on Re-
marks by Bragg, Hartley, and the Writer
at B.A. Conference].-Devereux. (Engineer,
16th Feb. 1945, Vol. 179, No. 4649, PP. 133-
134)

" For some reason, the modern young scientist,
and perhaps the young physicist in particular, seems
to possess extreme individuality and an immoderate
amount of the artistic temperament to which Sir
Lawrence referred. They do not seem to fit easily into
the industrial team. . . Time is short and we in
industry are very anxious to know if anything is
really being done to solve the problem . . .

2016. INDUSTRY AND UNIVERSITY EDUCATION
[Conference on].-Imperial College. (Engi-
neering, i6th Feb. 1945, Vol. 159, No. 4127,
p. 132.)

2017. SCIENCE AND POST-WAR INDUSTRY [Leading
Article criticising Parliamentary & Scientific
Committee's Memorandum].-Parliamentary
& Scientific Committee. (Engineer, 29th
Dec. 1944, Vol. 178, No. 4642, p. 510.)

2018. PART-TIME EDUCATION : I.E.E. REPORT ON
" EXTENSION " COURSES [Short Summary].-
I.E.E. (Wireless World, Feb. 1945, Vol. 51,
No. 2, p. 55.)

gi;
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2019. " EDUCATION AND TRAINING FOR ENGINEERS :
SECOND REPORT " [Book Notice].-I.E.E.
(Journ. of Scient. Instr., March 1945, Vol.
22, No. 3, p. 58.)

2020. RADIO ENGINEERING EDUCATION : A PLEA
FOR MORE TRAINING " ON THE JOB".-
Roddam. (Wireless World, Feb. 1945, Vol.
51, No. 2, pp. 53-55.)

" A large proportion of today's recruits are
coming from the polytechnics and from Hankey
courses in the universities. The training in these
places leaves much to be desired ; it is a purely
trade training, an unbalanced forcing of a restricted
technical talent . . ." " There is an awful danger
that we are about to do the wrong thing for the
wrong reason. Technical education does not
breed technicians ; a change of outlook will." For
a " Monthly Commentary " see p. 33, and for
correspondence, indignant and otherwise, see
March issue, No. 3, pp. 91-92. For the views of
" Diallist " see February issue, pp. 6o-61, and,
March, p. 94, and for the writer's reply to the
correspondence, and letters from Sturley and Bell,
see April issue, No. 4, pp. 0-I I1.
2021. MORE TRAINING [Editorial on Freeth's

Opening Address to Institute of Physics'
Discussion on Selection & Training of
Personnel for Industry].-Freeth. (Elec-
tronic Engrg, Jan. 1945, Vol. 17, No. 203,
11. 315.)

2022. FREE RADIO TRAINING AVAILABLE TO EX -
SERVICEMEN [Extracts from Servicemen's
Readjustment Act of 1944](QST, Dec.
1944, Vol. 28, No. 12, pp. 38 and 42.)

2023. THE " DEVELOPMENT PHYSICIST " AND HIS
NEED FOR A BRANCH SOCIETY AND A
MAGAZINE OF PROFESSIONAL CHARACTER.-
Jacobs. (Review Scient. Instr., Jan. 1945,
Vol. 16, No. 1, p. 15.)

2024. " WHAT IS THIS MANAGEMENT ? " [BOOk
Review].-Puckey. (Engineering, 2nd Feb.
1945, Vol. 159, No. 4125, p. 83.) " Dis-
tinctive in style and often in outlook " :
the writer is a director and general works
manager of Messrs. Hoover, Ltd.

2025. LABORATORY TECHNIQUES DEVELOPED FOR
E.S.M.W.T. Communication Courses [at
Haverford College].-Benham. (Communi-
cations, June 1944, Vol. 24, No. 6, pp. 62.. 68.)
Initials stand for " Engineering Science
Management War Training ".

2026. THE ROYAL SIGNALS : AN ACCOUNT OF THE
WORK AND TRAINING OF ONE OF THE MOST
IMPORTANT BRANCHES OF THE ARMY IN THE
FIELD.- (Electronic Engrg, Nov. 1944, Vol.
17, No. 201, pp. 239-245.)

2027. " IT CAN NOW BE REVEALED . . ." : SOME
ACHIEVEMENTS OF THE BRITISH RADIO
INDUSTRY [with Special Reference to Various
Types of Radiolocation].-Duncan. (See
1819.)

2028. ECHOLOCATION BY BLIND MEN, BATS, AND
RADAR.-Griffin. (Science, 29th Dec. 1944,
Vol. ioo, No. 2609, pp. 589-590.)

For echolocation by bats see 1107 of April. Other
known examples of the principle covered by the
suggested term are the sonic fathometer (also used
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to locate schools of fish) and submarine detection.
" Unsuspected forms of echolocation may be found
in nature or developed by human technology,
and the use of a single unifying term can help
clarify our ideas and stimulate such future de-
velopments."
2029. THE ODOGRAPH [Device for Instantaneous

Map -Making on the Field, Position -Plotting,
etc : including Electronic Unit for Correcting
the Magnetic Compass against Effects of Iron
& Steel in Vehicle]. - Monroe Calculating
Machine. (Journ. Franklin Inst., Jan. 1945,
Vol. 239, No. 1, pp. 76-77.)

2030. A CATHODE-RAY UNIVERSAL " FLIGHT ATTI-
TUDE " INSTRUMENT : A PROPOSAL FOR A
NOVEL FORM OF ELECTRONIC AIRCRAFT
INSTRUMENT WHICH WOULD SIMPLIFY
CIVILIAN FLYING.-POstlethwaite. (See 1822.)

2031. PEACETIME USES FOR V2 [for Ionospheric
Research, etc.].-Clarke. (Wireless World,
Feb. 1945, Vol. 51, No. 2, p. 58.) For
" Free Grid's " revelations on this subject
see March issue, No. 3, p. 86 ; for a serious
treatment see review of W. Ley's book, in
Scient. Monthly, Dec. 1944, Pp 477-478.

2032. TRENDS IN COMPONENT DESIGN: REVIEW
OF A WARTIME EXHIBITION.-Radio Com-
ponents IIVIanufacturers' Federation. (Wire-
less World, April 1945, Vol. 51, No. 4, pp. 98-
105.) This is the exhibition mentioned in
1494 of May.

2033. MAQUIS RADIO: A PERSONAL STORY FROM
FRANCE.-Aisberg. (Wireless World, April
1945, Vol. 51, No. 4, pp. 122-123.) An
editorial note mentions that Aisberg's own
journal Toute la Radio, and also L'Onde
Electrique, are due to resume publication as
soon as paper is available.

2034. THE LEGHORN GANG: AN ACCOUNT OF
HAM RADIO IN ITALY UNDER THE FASCIST
REGIME [after the Crash of the Airship

(QST, Nov. 1944, Vol. 28,
No. II, pp. 30-32.)

2035. PHYSICS IN 1944.-Osgood. (See 1970.)

2036. SURVEY OF THE YEAR'S PROGRESS IN SCIENCE
AND TECHNOLOGY.-Science Service. (Sci.
News Letter, 23rd Dec. 1944, Vol. 46, No. 26,
pp. 405-41i.)

2037. " PRODIGAL GENIUS : THE LIFE OF NIKOLA
TESLA " [Book Review].-O'Neill. (Journ.
Franklin Inst., Jan. 1945, Vol. 239, No. I,
p. 68.)

The author states that in 1898 Tesla " demon-
strated in Madison Square Garden a boat operated
by radio control, and the first practical system of
wireless transmission . . . described fully in 1893."

2038. " RADIO AMATEURS' HANDBOOK [BOOk
Notice].-A.R.R.L. (Wireless World, April
1945, Vol. 51, No. 4, p. 119.)

2039. THE TENTH ANNIVERSARY OF THE CREATION
OF THE CENTRAL INFORMATION SECTION
(Z.W.B.) OF THE GERMAN AIR MINISTRY.-
Simon. (Journ. Roy. Aeron. Soc., Jan. 1945,
Vol. 49, No. 409, p 36 : an RTP3 abstract.)

Originally part of the D.V.L. but independent
since 1940, working in close conjunction with the
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Lilienthal Society. Among its many activities
(it is " responsible for passing on to the industry
the results of all research work carried on in the
Reich ")' the Z.W.B. issues the journal Luftfahrt-
forschung.

2040. DOCUMENTATION [with Particular Attention
to the Work of the German " Society for
Documentation " (formed in 1941 under the
auspices of Ministry of Science & Education :
see also 911 of 1942) : the Impracticability
of a Single Central Organisation : etc.].-
Rahts & Joachim. (Journ. Roy. Aeron.
'Soc., Jan. 1945, Vol. 49, No. 409, pp. 35-36
an RTP3 abstract.)

2041. PAN-AMERICAN BIBLIOGRAPHY [Notice of
Directory of Journals dealing with Natural,
Physical, & Mathematical Sciences pub-
lished in Latin America].-Pan-American
Union. (Review Scient. Instr., Dec. 1944,
Vol. 15, No. 12, p. 359.) For another step
towards " intellectual cooperation " see
165o of May.

2042. )" THE SCHOLAR AND THE FUTURE OF THE
RESEARCH LIBRARY " [Micro -Card Republi-
cation Proposal: Book Review].-Rider.
(Science, 22nd Dec. 1944, Vol. Too, No. 2608,
pp. 572-573.) A long critical review by
Seidel' : see also 1299 of ApOil.

2043. INTERNATIONAL LANGUAGE [and Bodmer's
Views (in " The Loom of Language " :
Previously Constructed Languages were
" One -Man Affairs " : International Com-
mittee of Experts should' construct a Lan-
guage acceptable to All Nations)].-Gowdey :
Bodmer. (QST , Nov. 1944, Vol. 28, No. II,
P 55.)

2044. TRANSLITERATION OF RUSSIAN NAMES [Con-
tinuation of Correspondence (292 of Jan-
uary) : Criticism of Kosolapoff's Advocacy
of Chemical Abstracts System : etc.].-Hoare.
(Science, 15th Dec. 1944, Vol. ioo, No. 2607,
P. 547.)

2045. WHAT'S IN A NAME ? THOUGHTS FOR THE
RISING RADIO GENERATION [Defence Of
" New-Fangled " Terms when More Logical
(Capacitance & Capacitor, Inductor, etc.)
but Adhesion to Frequency -Changer (against
Mixer) and Earthed -Grid (,Except for Ameri-
cans) : Denunciation of Common Use of
Electrostatic, Non -Linear Distortion : the
Difference between Coaxial & Concentric :
etc.].-" Cathode Ray." (Wireless World,
April 1945, Vol. 5r, No. 4, pp. 113-115.)

2046. CODING COMPONENTS [Letter & Editorial
Note on Hurran's Proposals, 4053 of 1944]'.-
Telcs : Hurran. (Electronic Eng:g, Oct.
1944, Vol. 17, No. 200, p. 214.)

2047. ELECTROMAGNETIC AND MECHANICAL EFFECTS
IN SOLID IRON DUE TO AN ALTERNATING
OR ROTATING MAGNETIC FIELD.-Pohl.
(Journ. I .E.E., Part II, June 1944, Vol. 91,
No. 21, pp. 239-248.) Of interest in con-
nection with (among other things) recent
methods of surface hardening.
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2048. THE DEGASSING OF LIGHT METAL ALLOYS
BY SONIC VIBRATIONS [generated Directly
(without a " Dipper ") inside the Melt :
in H.F. Furnace, with Superposed Steady
Magnetic Field].-Esmarch & others. (Journ.
Roy. Aeron. Soc., Jan. 1945, Vol. 49, No.
409, pp. 43-44 : an RTP3 abstract of the
German paper referred to in 2924 of 1941.)

2049. THE PRINCIPLES OF HIGH -FREQUENCY HEAT-
ING [and Its Development, Capabilities,
& Limitations]. - Hartshorn. (Electronic
Eng:g, Dec. 1944, Vol. 17, No. 202, p. 304:
summary, from Chem. &' Industry, 1944)
For other papers by the same writer see
1332 of April.

2050. FREQUENCY CONTROL IN RADIO HEATING
[Circuit for Automatic Compensation of
Capacitance -Variation due to Changes in
Dielectric Constant of Material during
Heating].-Gilbert. (Wireless World, March
1945, Vol. 51, No. 3, p. 82 : summary, from
Electronics, Dec. 1944.)

2051. ON A MODE OF AREAL SEISMIC PROSPECTING
BY THE " CORRELATION REFRACTION "
METHOD [which has largely relieved the
Defects of the " Isotime " Method].-
Gamburzev. (Comptes Rendus (Doklady) de
l'Ac. des Sci. de l'URSS, 3oth May 1944,
Vol. 43, No. 6, pp. 239-241 : in English.)
For a paper by Lustikh " On the Use of
Gravitational Survey Data of Reconnoitring
Nature " see pp. 242-243 : also in English.

2052. ELECTRONICS IN PETROLEUM PLANTS [Analy-
tical Methods using Mass Spectrometry,
Infra -Red Absorption & Raman Spectro-
graphy, Emission Spectrography, Electron
Micrography, etc.].-Hochgesang & Schles-
man. (Electronics, Sept. 1944, Vol. 17,
No. 9, pp. 116-121 and 308..318.)

From the Socony-Vacuum Oil Company. Re-
garding electron microscopes the writers remark :
" A ' reflecting ' electron microscope seems to be
the next step in this field " : but cf. Mahl & Pend-
zich, 3116 of 1943.

2053. THE MASS SPECTROMETER : A NEW ELEC-
TRONIC AID TO ANALYSIS [with Special
Attention to Hipple's Instrument, 18o8 of
1944 & Back References].-Hart : Hippie.
(Electronic Eng:g, Oct. 1944, Vol. 17, No. 200,
pp. 185-188.)

2054. THIXOTROPY AND DIELECTRIC CONSTANT OF
PRINTING INKS [Preliminary Results].-
Parts. (Nature, 24th Feb. 1945, Vol. 155,
No. 393o, pp. 236-237.)

2055. EFFECT. OF ADSORBED AMMONIA ON TRIBO-
ELECTRIC POTENTIAL OF COMPRESSED
GASES [Experiments to prevent Static
Charges liable to cause Explosion when
Gases are released through Nozzle].-Furman
& others. (Comptes Rendus (Dohlady)
de l'Ac. des Sci. cle loth May
19.44, Vol. 43, N9. 5, p. 202: in English.)

2056. A GENERATOR OF DAMPED MICRO -WAVES
[" Spark Discharges between 46o Series-
Paralleled Metallic Spheres develop Watt
of Power at 7000 Mc/s for the Irradiation &

giferelA;
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Stimulation of Cells in Biological Studies "].
-Montani. (Electronics, Sept. 1944, Vol. 17,
No. 9, pp. 114-115 and 306.)

These radiations, falling between the centimetric
waves and heat rays, were used to irradiate mice
having transplantable sarcomas. 18 out of 28
mice recovered, the dessication of the tumour
occuring without any apparent thermal effect
outside or inside the body. 13 out of 15 control
mice; not irradiated, died.

2057. A NON -MECHANICAL INTERRUPTER FOR CON-
TROLLED SPARK CIRCUITS [primarily for
Spectrographic Analysis : Auxiliary (Series)
Spark -Gap through which a Stream of Air
is passed at High Velocity : Direct Control
of Number of Sparks per Cycle, and Other
Advantages]. - Fowler & Wolfe. (Journ.
Opt. Soc. Am., Feb. 1945, Vol- 35, No. 2,
PP. 170-174.)

2058. LOW -FREQUENCY PHOTO -MECHANICAL OSCIL-
LATORS [and a Variable -Frequency Wave
Synthesiser with Adjustment of Amplitude
& Phase of the Harmonic Components :
primarily for the Phase Analysis of Wave -
Forms of Biological Oscillations].-Baldock
& Grey Walter. (Electronic Eng:g, Jan.
1945, Vol. 17, No. 203, pp. 327-328.)

2059. A LUMINOMETER FOR MEASURING BACTERIAL
LUMINESCENCE [A.C.-Operated Photocell
Instrument for Quantitative Studies of
Effect of Antibiotics & Other Inhibitors,
and of Nutritional Factors affecting Lumin-
escence].-Griner & others. (Review Scient.
Instr., Jan. 1945, Vol. 16, No. I, pp. 10-14)

2060. A NOTE ON AMPLIFIERS FOR ELECTRO-
CARDIOGRAPHY.-Dawson. (See 1757.)

2061. BRITISH GEAR FOR STALINGRAD [Electro-
cardiograph Equipment]. - Cossor, Ltd.
(Wireless World, Feb. 1945, Vol. 51, No. 2,
p. 42.) For corrections to two points see
April issue, No. 4, p. 112 (letter from K.
Richards, of A. C. Cossor, Ltd.).

2062. ON THE MEASUREMENT OF SMALL AND SLOW
POTENTIAL VARIATIONS BY MEANS OF
FREQUENCY MODULATION [Latest Form Of
the " Encephalophone," and Its Various
Applications, including the Measurement of
Very Small & Slow Mechanical Oscillations,
etc.].-Beevers & Furth. (See 1880.)

2063. " WHAT IS LIFE ? [Book Review].-
Schrodinger. (Proc. Phys. Soc., 1st March
1945, Vol. 57, Part 2, No. 32o, p. 146.)

From his discussion of the Delbrfick model of
the gene, the writer draws the general conclusion
that living matter, while not eluding the " laws
of physics ' as established up to date, is likely to
involve " other laws of physics " hitherto unknown,
which, however, once they have been revealed, will
form just as integral a part of this science as the
former. " The final chapters are concerned with
clarifying this conclusion, which, we are told, pro-
vided the only motive for writing the book."

2064. " TELEPATHY AN OUTLINE OF ITS FACTS,
THEORY AND IMPLICATIONS " [Book Notice].
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-Carington. (Journ. Scient. Instr., March
1945, Vol. 22, No. 3, p. 59.) The author
claims that his Association Theory explains
the basic phenomena and is supported by
experimental and other observations. For
another recent book on the same subject
see 1349 of April.

2065. MEASUREMENTS ON SELF -QUENCHING GEI-
GER-MULLER COUNTERS. - van Gernert
& others. (Physica, June & July 1942,
Vol. 9, pp. 556 & 658 onwards.) Mentioned
in Review Scient. Instr., Nov. 1944. See
also 2066, below.

2066. SOME FLUCTUATION PROBLEMS CONNECTED
WITH THE COUNTING OF IMPULSES PRODUCED
BY A GEIGER-MULLER COUNTER OR IONISA-
TION CHAMBER.-van der Velden & Endt.
(Physica, July 1942, Vol. 9, p. 641 onwards.)
A 17 -page paper mentioned in Review Scient.
Instr., Nov. 1944. Other Physica papers are
mentioned on the same page (Supp. p. 48).

2067. A LOW -IMPEDANCE -COUNTER CIRCUIT. -
Laiagberg. (See 1770.)

2068. SUMMER SCHOOL IN X-RAY CRYSTALLO-
GRAPHY : REPORT OF CAMBRIDGE MEETING.
-Voce. (Electronic Eng:g, Nov. '944,
Vol. 17, No. 201, p. 262.)

X-RAY EQUIPMENT FOR CRYSTALLOGRAPHY
[Meeting of X -Ray Analysis Group].-
Institute of Physics. (Nature, 24th Feb.
1945, Vol. 155, No. 3930,131 244-245.)

2070. A ROTATING -ANODE X-RAY GENERATOR [the
Astbury Generator of the Textile Physics
Research Laboratory, University of Leeds].-
MacArthur. (Electronic Eng:g, Dec. 1944 &
Jan. 1945. Vol. 17, Nos. 202 & 203, pp.
272-276 & 317-321.) With 48 literature
references.

2069.

2071. DOUBLE BRAGG REFLECTIONS OF X-RAYS IN
A SINGLE CRYSTAL [Phenomenon observed
by Writers in Quartz is Identical with
Renninger's " Indirect Excitation " in Dia-
mond]. - Davisson & Haworth. (Phys.
Review, 1st/15th Feb. 1945, Vol. 67, No. 3/4,
p. 120.)

2072. " HANDBOOK OF INDUSTRIAL RADIOLOGY "
[Book Review].-CrOwther (Edited by).
(Nature, 24th March 1945, Vol. 155, No. 3934,
P. 350.)

2073. ON THE THEORY OF THE DIRECTIONAL
PATTERNS OF CONTINUOUS SOURCE DISTRI-
BUTIONS ON A PLANE SURFACE.-Clark
Jones. (See 1829.)

2074. PAPERS ON PHASE -DIFFERENCE MICROSCOyY.
-Linfoot, Jupnik, & others. (See 1905/6,
above, and 1140 of April.)

2075. MOLECULAR DICHROISM [Survey Of the Work
of the Writer & Others, with 35 Literature
References].-Nikitine. (Schweizer Arch.
f. angew. Wiss. u. Tech., June 1943, Vol. 9,
No. 6, pp. 176-184: in French.) See also
2254 of 1944.
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2076. RADIATING CHARACTERISTICS OF TUNGSTEN
AND TUNGSTEN LAMPS.-Forsythe & Adams.
(Journ. Opt. Soc. Am., Feb. 1945, Vol. 35,
No. z, pp. 108-113.)

2077. A NOTE ON PHOTOCELL NOMENCLATURE.-
Sommer. (See 1869.)

2078. A DEVICE ATTACHED TO AN OPTICAL PYRO-
METER OF DISAPPEARING -FILAMENT TYPE TO
EXTEND ITS SCALE OVER LOW TEMPERATURE
[Image of Filament in Infra -Red Rays is
projected upon Surface of Photocathode of
Holst's Electron -Optical Converter (1934
Abstracts, p. 33I)].-Freivert. (Comptes
Rendus (Doklady) de l'Ac. des Sci. de l'URSS,
3oth May 1944, Vol. 43, No. 6, pp. 237-238 :
in English.) Applications mentioned are to
the control of temperature in the thermal
treatment of metals and in the glass industry.

2079. AN ELECTRONIC POTENTIOMETER PYROMETER
[Honeywell-Brown Pyrometer on the " Con-
tinuous Balance " System : with Oscillating
Metal -Reed Converter and Balancing Motor].
-Fraser. (Electronic Eng:g, Jan. 1945,
Vol. 17, No. 203, pp. 340-344.)

2080. A NEW ELECTRONIC STABILISER AND REGU-
LATOR FOR D.C. VOLTAGES, and THE USE OF
A SIMPLE A.C. POTENTIOMETER FOR THE
PRECISION TESTING OF INSTRUMENT TRANS-
FORMERS.-Glynne. (Journ. I.E.E., Part
June 1944, Vol. 91, No. 21, pp. 174-177
pp. 177-181 : Discussion pp. 182-184.) See
also 1264 of 1944.

2081. ELECTRONIC VOLTAGE REGULATOR [for Photo-
electric Densitometers, etc., requiring Highly
Stabilised A.C. Voltages from Commercial
Mains : Output 16o W at no V, Voltage
adjustable from zoo to 120 V : using Variable
Impedance of Two Power -Amplifier Valves
controlled by Phototube exposed to Illumina-
tion of Two Lamps].-Dietert Company.
(Review Scient. Instr., Dec. 1944, Vol. 15,
No. 12, p. 352.)

2082. A NEW TRANSMISSION PHOTOMETER [for
Accurate Measurement of Amount of Light
transmitted through Very Small Areas of
Spectrographic Plates].-General Electric.
(Review Scient. Instr., Jan. 1945, Vol. 16,
No. 1, pp. 17-18.)

2083. A NEW FORM OF PHOTOELECTRIC ULTRA-
VIOLET SPECTROPHOTOMETER [with Special
Attention to the Very Stable Amplifier].-
Drabkin. (Journ. opt. Soc. Am., Feb. 1945,
Vol. 35, No. 2, pp. 163-169.) " The
good performance [over several years]
may be ascribed not only to a properly
balanced circuit, but also to a number of
unique methods of mounting the photocell,
electrometer tube, electrical circuit, and
controls . . ."

2084. SMALL -PRISM INFRA -RED SPECTROMETRY.-
Barnes & others. (Journ. Applied Phys.,
Feb. 1945, Vol. 16, No. 2, pp. 77-86.)

2085. " INFRA -RED SPECTROSCOPY [in the Labora-
tory and the Production Line : Book
Review].-Barnes & others. (Journ. Frank-
lin Inst.,. Dec. 1944, Vol. 238, No. 6, p. 469.)
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2086. DIRECT -READING INSTRUMENT FOR SPECTRO-.
CHEMICAL ANALYSIS.-Hasler & Dietert.
(Journ. Opt. Soc. Am., Dec. 1944, Vol. 34,
No. 12, pp. 751-758.) A summary was dealt
with in 2429 of 1944.

2087. MEASURING FLASH -BULB INTENSITY WITH A
[Photocell and] CATHODE-RAY OSCILLO-
GRAPH.-Ankersmit. (Electronic Eng:g, Oct.
1944, Vol. 17, No. 200, p. 204.)

2088. A PHOTOELECTRICALLY CONTROLLED KYM0.
GRAPH [with No Damping due to Stylus
Friction],-Feitelberg. (Electronic Eng:g,
Oct. 1944, Vol. 17, No. 200, p. 195.)

2089. THE ANISEIKON [Balanced -Photocells Device
with Gratings].-Sommer. (Electronic Eng.g,
Oct. 1944, Vol. 17, No. 200, pp. 189-191.)

" Aniseikonia is a pathological condition in
which the images which reach the consciousness
through the two eyes are not of identical shape
and size. This effect, although highly undesirable
in the human visual system, is an efficient means
of detecting moving objects in open or enclosed
spaces .....0f. Fitzgerald, 435 of 1937.

2090. COMPARISON OF WATT-HOUR METERS [by
Phototube & " Magic Eye " Equipment].-
Bull. (Electronic Eng.g, Dec. 1944, Vol. 17,
No. 202, p. 304: summary, from Elec.
World, 1943.)

2091. PHOTOTUBE CONTROL OF FLUID FLOW.-
McNickle. (Electronics, Sept. 1944, Vol. 17,
No. 9, pp. 110-113.)

" Flow rates as constant as ± 1% are achieved
by a system which combines a rotameter for light -
source interruption with phototubes, amplifiers,
and thyratrons to control a motor -driven regulating
valve."

2092. AN ELECTRONIC RECORDING FLOW -METER
[for Small Steady Liquid Flows or Mean
Value of Small Pulsating Liquid Flows :
primarily for Physiological Work].-Critten-
den & Shipley. (Review Scient. Instr., Dee.
1944, Vol. 15, No. r2, pp. 343-346.) For
the new Fischer & Porter flow -ratio con-
troller for liquids or gases see p. 352.

2093. SCHLIEREN AND SHADOWGRAPH EQUIPMENT
FOR AIR -FLOW ANALYSIS.-Barnes & Bel-
linger. (Journ. Opt. Soc. Am., Dec. 1944,
Vol. 34, No. 12, p. 775: summary only.)
See also 1710 of May.

2094. ELECTRONIC TACHOMETER [Photocell Pick -
Up & Electronic Frequency -Meter : Ten
Frequency Ranges, up to 3 000 000 r.p.m.].
- Hewlett - Packard Company. (Review
Scient. Instr., Jan. 1945, Vol. 16, No. I,
p. 16.) Cf. 1716 of May.

2095. PHOTOELECTRIC CRACK DETECTOR FOR
GLASS FOOD-CONTAINERS.-General Elec-
tric. (Gen. Elec. Review, Jan. 1945, Vol.
48, No. I, p. 32 : paragraph only.)

2096. A PHOTOELECTRIC METHOD FOR THE DETER-
MINATION OF THE AVERAGE DIAMETER OF
FINE WIRES, FILAMENTS, FIBRES, ETC.-
Ahmad & Iyengar. (See 1547 of May.)

4.
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2097. A NEW INDICATOR [for Titration : Aqueous
Extract of Hollyhock Flower superior to
Methyl Orange and Phenolphthalein].-
Datar & Kulkarni. (Current Science
[Bangalore], Oct. 1944, Vol. 13, No. io,
P. 257.)

2098. THE RIBBON -FRAME CAMERA [High -Speed
Camera primarily for Rocket Research :
Special Method of preventing Blurring
due to Continuous Motion of Film].-Reck.
(Bell Lab. Record, Feb. 1945, Vol. 23, No. 2,
PP 40-45.)

2099. QUANTUM THEORY OF EXPOSURE TESTED
EXTENSIVELY ON PHOTOGRAPHIC EMUL-
sioNs.-Silberstein & Trivelli. (Journ. Opt.
Soc. Am., Feb. 1945, Vol. 35, No. 2, pp.
93-107.)

2100. THE RESOLVING POWER IN PHOTOGRAPHIC
RECORDING.-Roeder : Hansen. (Zeitschr.
f. Instr:kunde, Nov. 1942, Vol. 62, No. Ix,
pp. 365-367: Aug. 1943, Vol. 63, No. 8,
p. 295.)

2101. AMERICAN STANDARDS FOR PHOTOGRAPHY
[Dimensions of Plates & Films].-American
Standards Association. (Journ. Opt. Soc.
Am., Oct. 1944, Vol. 34, No. io, pp. 626-
632.)

2102. PHOTO -LAYOUT MATERIALS [for Simplified
Method of printing Working Drawings
directly on Metal].-Kodak Company. (Re-
view Scient. Instr., Dec. 1944, Vol. 15, No.
12, p. 355.)

2103. SURFACE REPLICAS [for Surface Inspection
' & Comparison by Optical Projection : " Fax -

film " Plastic Film].-McDill. (Review
Scient. Instr., Nov. 1944, Vol. 15, No. I1,
p. 331.) See also 1330 of April.

2104. A PHOTO -RECEPTOR MECHANISM FOR THE
MODULATION THEORY OF COLOUR VISION.-
Fry. (Journ. Opt. Soc. Am., Feb. 1945,
Vol. 35, No. 2, pp. 114-135.)

Based on Troland's concept of modulation of
the optic nerve current : it is proposed that five
different types of exciting substances exist in each
photo -receptor, one determining the basic frequency
of impulses and the other four modulating the fre-
quency.

2105. A MODIFIED PHOTOCHEMICAL THEORY OF
Visiox.-Moon & Spencer. (Journ. Opt.
Soc. Am., Jan. 1943, Vol. 35, No.  1, pp.
43-65.)

2106. PERSISTENCE OF VISION [Facts explained
by Hypothesis that the Photochemical
Stimulus in Vision is in Liquid Form,
Cones being stimulated Indirectly by These
Products, and Not by Direct Action of
Light].-Edridge-Green. (Nature, loth Feb.
1945, Vol. 155, No. 3928, p. 178.)

2107. CONTRAST SENSITIVITY OF CENTRAL VISION
AS AFFECTED BY PRELIMINARY LIGHT
STIMULATION [" Additional Lighting "] OF
DIFFERENT AREAS OF RETINA.-Kravkov
& Semenovskaja. (Comptes Rendus (Dok .

31r

lady) de l'Ac. des Sci. de l'URSS, xoth
June 1944, Vol. 43, No. 7, pp. 318-320:
in English.)

2108. ABSOLUTE PHOTOPIC SENSITIVITY OF THE
EYE IN THE ULTRA -VIOLET AND IN THE
VISIBLE SPECTRUM. - Pinegin. (Nature ,
,6th Dec. 1944, Vol. 154, No. 392o, p. 77o.

2109. THE ABSOLUTE SCOTOPIC SENSITIVITY OF
THE EYE IN THE ULTRA -VIOLET AND IN THE
VISIBLE SPECTRUM. - Plnegin. (Comptes
Rendus (Doklady) de l'Ac. des Sci. de
l'URSS, loth Dec. 1943, Vol. 41, No. 7,
pp. 285-287: in English.) See also letter
to Nature, 6th Jan. 1945, Vol. 155, No.
3923, pp. 20-21.

2110. CORRIGENDUM : " A MEAN SCOTOPIC VISI-
BILITY CURVE " [3339 of 1944]Stiles
Smith. (Proc. Phys. Soc., ist Jan. 1945,
Vol. 57, Part t, No. 319, p. 66.)

2II I. CONTRIBUTION TO THE THEORY OF IMAGE
FORMATION ON THE RETINA [Note on " the
Principal Agent impairing the Resolving
Power of the Eye," namely the Optical
Heterogeneity of the Lens (" given No
Due Attention by Writers on the Subject,
except Helmholtz ") : Measurement of Effec-
tive Aperture].-Maksutov. (Comptes Ren-
dus (Doklady) de l'Ac. des Sci. de l'URSS,
loth June 1944, Vol. 43, No. 7, pp. 295-297
in English.)

For further development see the writer's paper
" Resolving Power of Unaided and Armed, Eye "
in issue for loth June 1944, Vol. 43, No. 8, pp. 338-
341. The importance of the subject for the adequate
designing and computing of visual optical instru-
ments is stressed at the end of this.

2112. ELECTRO-OPTICAL EFFECT IN COLLOIDS.-
Sakmann.. (Journ. Opt. Soc. Am., Dec.
1944, Vol. 34, No. 12, pp. 774-775: summary
only.) For previous work see 3202 of 1944.

2113. EXPLANATION OF THE JOSHI EFFECT [the
New Light Effect, 1709 of May and Back
References : Explanation based on Kramers'
Quantum -Mechanical Dispersion Formula] .-
Parshad : Joshi. (Nature, 24th March 1945,
Vol. 155, No. 3934, IT. 362-363.)

2114. THE PHOTO -CONDUCTANCE OF EVAPORATED
BISMUTH FILMS [Investigation indicating
that True Photo -Conductance is Not Present,
the Observed Photo -Conductance being
attributed to Photoelectric Emission between
Film Patches].-Weber & Friedrich. (Phys.
Review, 1st/ 15th Nov. 1944, Vol. 66, No. 9/10.
pp. 248-252.)

2115. PRACTICAL APPLICATIONS OF METALLIC AND
NON-METALLIC FILMS ON OPTICAL ELEMENTS
[Properties of Silver, Aluminium, & Rhodium:
Usefulness of Zinc Sulphide as a Beam
Splitter : Magnesium Fluoride specially
suitable for Anti -Reflection Coatings].-
Lyon. (Journ. Opt. Soc. Am., Feb. 1945,
Vol. 35, No. 2, pp. 157-161.)

2I16.  THE DEPOSITION OF [Satisfactorily Per.
manent] LEAD -SULPHIDE MIRRORS ON GLASS.
-Smethurst. (Journ. of Scient. Instr.,
March 1945, Vol. 22, No. 3, pp. 52-54.)
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21 I 7. COMA -FREE HIGH -APERTURE TWIN -ELLIP-
SOID MIRROR.-Woodson. (Journ. Opt. Soc.
Am., Dec. 1944, Vol. 34, No. 12, p. 774
summary only.) " Thus a hollow -cathode
discharge tube can be imaged in a photo-
electric tube with very high efficiency . . . "

2118. THE PROJECTION OF LIGHT [Theory of Beam
Formation].-Benford. (See 1741.)

2119. A STUDY OF THE COMPARATIVE METHOD OF
DETERMINING GASEOUS REFRACTIVITIES.-
Craven. (Proc. Phys. Soc., 1st March 1945,
Vol. 57, Part 2, No. 320, pp. 97-107.)

Among other results, it is shown that the com-
parative method yields the ratio of the group (not
phase) refractivities. In discussing this point
the writer remarks : " It may be asked why the
group index appears so little in ordinary optical
measurements. .It is suggested tentatively that this
is because in general such measurements are con-
cerned with angular deviation. As a dimensionless
quantity, an angle has no relation to the mode
of propagation of light in the medium, neither does
it give any direct information as to the velocity
of propagation. The group mechanism relates only
to effects in the line of sight, and these are seldom
examined."

2120. FRESNEL REFLECTION OF DIFFUSELY INCI-
DENT LIGHT.-Gershun. (See 1739.)

2121. COMBINATIONS OF SPHERICAL LENSES TO
REPLACE NON -SPHERICAL REFRACTING SUR-
FACES IN OPTICAL SYSTEMS.-Houghton.
(Proc. Phys. Soc., 1st March 1945, Vol. 57,
Part 2, No. 320, pp. 84-90.)

2122. A PROPOSED METHOD OF SPECIFYING APPEAR-
ANCE DEFECTS OF OPTICAL PARTS.-McLeod
& Sherwood. (Journ. opt. Soc. Am., Feb.
1945, Vol. 2, pp. 136-138.)

2123. ELECTRONICS IN INDUSTRY.-White. (Proc.
I.R.E., Feb. 1945, Vol. 33, No. 2, pp. 75-77.)
A summary was dealt with in 1309 of April.

2I24. INDUSTRIAL APPLICATIONS OF ELECTRONIC
DEVICES .-Annett. (Electronic Engrg, Dec.
1944, Vol. 17, No.. 202, p. 304: summary,
from Power, 1944)

2125. REMOTE SWITCHING BY SUPERIMPOSED CUR-
RENTS.-Carr. (Journ. I.E.E., Part II,
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Dec. 1944, Vol. 91, No. 24, pp. 535-542
Discussion pp. 542-547.)

2126. AUTOMATIC CONTROL OF STILLS [for Water
of Highest Purity : see also Zeluff, 1697 of
May].-Shrader & Wood. (Electronics, Sept.
1944, Vol. 17, No. 9, pp. 98-99 and 242-250.)

" In addition to its use in the still system, the
electronic relay described has been found ideal for
use with sensitive thermo-regulators whose precision
depends upon the maintenance of clean contactors.
The exceedingly small currents drawn by the unit
permit operation for long periods of time with
mercury thermo-regulators."

2127. ELECTRONIC DEVICE MEASURES MUZZLE VE-
LOCITY OF PROJECTILES [R.C.A. Electronic
Time -Interval Counter] .-Engstrom. (Journ.
Franklin Inst., Jan. 1945, Vol. 239, No. 1,
pp. 75-76.) See also 1342 of April. For
new mobile ordnance -calibration equipment
for use on the battle -fronts see Sci. News
Letter, 16th Dec. 1944, p. 388.

2 I 28. AN ELECTRONIC WATER -IN -PETROL DE-
TECTOR [for Aerodrome Installations].-
Leland Instruments Ltd. and Wayne Tank
& Pump Company. (Electronic Eng:g, Oct.
1944, Vol. 17, No. 200, p. 184.)

2129. VARIABLE -SPEED MOTOR AND ELECTRIC
TACHOMETER [Shaded -Pole Reversible In-
duction Motor controlled by Autotrans-
former, giving Continuously Variable Speed
from Plus to Minus the Rated Speed].-
Miller. (Review Scient. Instr., Dec. 1944,
Vol. 15, No. 12, p. 348.)

As regards the tachometer, the problem was to
construct one which would measuIe armature
speeds down to only a few revolutions per second,
and present a negligible load.

2 / 30. THE USE OF WIRE -WOUND ELECTRICAL -
RESISTANCE STRAIN GAUGES.-Dorey. (Elec-
tronic Eng:g, Jan. 1945, Vol. 17, No. 203,
p' 348 : summary, from Shipbuilder, 1944.)
See also 3079 of 1944.

2131. CATHODE-RAY ARMATURE FAULT FINDING
APPARATUS [Reduces Time for Locating &
Analysing a Faulty Coil- from Io Minutes
to I or Less] .-Wilson. (Electronic Eng:g,
Oct. 1944, Vol. 17, No. 200, p. 188.)

.11 if'
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Regd. Trade Mark

PRECISION
TESTING INSTRUMENTS

WIRELESS
ENGINEER

HIGH accuracy, simplicity, excep-

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

Orders can now only be accepted which bear a Govern-
ment Contract Number and Priority Rating.

The MODEL 7 50 -Range Universal

AVOMETER
Electrical Measuring Instrument

A self-contained, precision moving -coil instrument, conforming to
B.S. 1st Grade accuracy requirements. Has so ranges, providing
for measuring A.C. & D.C. volts, A.C. & D.C. amperes, resistance,
capacity, audio -frequency power output and decibels. Direct
readings. No external shunts or series resistances. Provided with
automatic compensation for errors arising from variations in
temperature, and is protected by an automatic cut-out against
damage through overload.

Sole Proprietors and Manufacturers
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD., Winder House, Douglas Street, London, S.W.1. 'Phone: VICtoria 3404-8

GOODMANS

GOODMANS INDUSTRIES LTD LANCELOT R D WEMBLEY MIDDX
G.D.I.



I

iv WIRELESS
ENGINEER

June, 1945

From 100° in the shade to 40° below. Dubilier Type 4800 series metal -
cased Tubular Papej Capacitors are made to stand up to the
most stringent operative conditions of extremes in temperature.
The elements are enclosed in seamless close grained metal
tubes. These Dubilier Capacitors are what is meant by the

D!!YMHZ catch -phrase "tough". Unaffected by extremes of temperature,
excessive humidity or high altitudes - they are essential
wherever such arduous conditions are anticipated.

The name is . . . Dubilier
Printed in England for the Publishers, ILIFFE & SONS LTD., Dorset House, Stamford Street, London, S.E.1,

by The Cornwall Press Ltd., Paris Garden, Stamford Street, London, S.E.1.
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