
WIRELESS
ENGINEERENGINEER
The Journal of Radio Research & Progress

vol. xix OCTOBER 1942

CONTENTS
EDITORIAL. The Equivalence of

Parallel Wire and Square Mesh
Grids . . 443

TRIODES WITH SQUARE MESH
GRIDS.
By C. C. Eaglesfield 447

HARMONIC DISTORTION IN
AUDIO -FREQUENCY TRANS-
FORMERS -2.
By Norman Partridge, Ph.D.,
B.Sc. (Eng.), A.M.I.E.E. 451

RADIATION ENERGY AND
EARTH ABSORPTION FOR
DIPOLE ANTENNAE (Concluded).
By A. Sommerfeld and F. Renner 457

TRANSFORMED NETWORKS.
By H. J. Griese 463

WIRELESS PATENTS .. 465
ABSTRACTS AND REFERENCES 467-494

Published on the first of each month
SUBSCRIPTIONS (Home and Abroad)
One Year 32/- 6 Months 16/ -

Telephone: Telegrams :
Waterloo 3333 (35 lines) Experiwyr Sedist London

No. 229

12t

LIBRA/eti,

OCT 1 9 1942

' PATENT on

)LIFFE & SONS LTD. DORSET HOUSE STAMFORD ST. LONDON S.E.I



GECALLOY NF ALLOY POWDER
is now used for practically all radio cores being manufactured
in this country. It is an all -British Product, the result of
extensive research and development work carried out during
the last 15 years.

The use of a finely divided alloy of high magnetic quality represents
a further advance in the science of Magnetic Powder metallurgy
in comparison with all the various grades of iron powder,
most of which previously have been imported.

MAIN ADVANTAGES of
GECALLOY NF ALLOY POWDER

and RADIO CORES.

I. Higher permeability,
2, Higher particle specific resistance.
3. Lower Eddy Current Loss.
4. Non -rusting.

Please send your enquiries to:-

SALFORD ELECTRICAL INSTRUMENTS LTD.
PEEL VVORKS, SALFORD, 3. Telephones BLAckfriars 6688 (6 lines). Telegrams and Cables : "Sparkless, Manchester"
PROPRIETORS: THE GENERAL ELECTRIC Co. Ltd., OF ENGLAND.
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200-0.114
580 VA.

200 CMH
580 VA.

With the VARIAC . . . the right voltage every time
Thousands of enthusiastic users testify to the general usefulness of the VARIAC* con-tinuously adjustable auto -transformer for use in hundreds of different applications wherethe voltage on any a.c. operated device must be set exactly right.
The VARIAC is the original continuously -adjustable, manually -operated voltage controlwith the following exclusive features, which are found in no resistive control.
 EXCELLENT REGULATION-Output voltages are independent of load. up to the full load ratingof the VARIAC.
 HIGH OUTPUT VOLTAGES-VARIACS supply output voltages 15% higher than the line voltage.
 SMOOTH CONTROL -11, VARIAC may be set to supply any predetermined out put voltage, withabsolutely smooth and stepless variation.
 HIGH EFFICIENCY-Exceptionally low losses at both no load and at full power.
 SMALL SIZE-VARIACS are much smaller than any other voltage control of equal power rating.
 LINEAR OUTPUT VOLTAGE-Output voltages are continuously adjustable front zero by meansof a 320 degree rotation of the control knob.
 CALIBRATED DIALS-VARIACS are supplied with reversible dials which read directly in outputvoltage from zero to line voltage or from zero to 15% above line.
 SMALL TEMPERATURE RISE-Less than 50 degrees C. for continuous ditty.
 ADVANCED MECHANICAL DESIGN-Rugged construction-no delicate parts or wires.
VARIACS are stocked in fifteen models with power ratingsfrom 170 watts to 7 kw ; prices range between 70/- and
£32 : 10 : 0. Instant deliveries can be arranged on 1APriority.

* Trade name V ARI AC is registered No.
580,4.54 al The Patent Office. V ARIACS
are patented under British Patent 410,567
issued to General Radio Company.

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

I 411111lb ..4%,1
ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.
180, Tottenham Court had, london,if/ and 76,010/1All ST. LIVERPOOL, 3, LANCS.
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components

SPRINGS DIAPHRAGMS
FUSE CLIPS  PLUGBOARD

CONTACTSVALVE PARTS
SWITCH PARTS

BUSHINGS  CAMS  ETC.

ffiELCON Beryllium -Copper Alloy combines
properties of paramount importance to

the radio and electrical industries unobtainable
in any other single metal. It is non-magnetic,
has a hardness up to 400 Brinell, exceptionally
high tensile strength, elastic limit, and con-
ductivity, and offers amazing resistance to
fatigue. Pliable and ductile in the softened
condition, it can be fashioned into the
most intricate shapes and worked to the
finest limits. Available as wire, strip and rod.

Full details on application

Manufactured by

THE TELEGRAPH CONSTRUCTION
& MAINTENANCE CO. LTD.

Head Office : 22 Old Broad Street, London, E.C. 2
Telephone : LONdon Wall 3141

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

CAMBRIDGE ARTERIAL ROAD. ENFIELD. MIDDX

GP 5924
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9ax a, p% a c_Weai.
. . . . a ship ploughs its way to port. Often contact with the world seems
all but lost through fog or gale. But thanks to radio, contact is never lost.

Each ship, great or small, can receive whatever warnings, whatever orders,whatever news or encouragement its guardians afloat and ashore may send forth.
Dubilier are proud to know that they are helping this great work, helping in
the equipment which is bringing the ships home.

DUBI HER
CONDENSER CO. (1925) LTD.

C.R.C. I 60
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Buchanan Buildings, 24, Holborn, London, E.C.I
Phone: Holborn 7394 :Grams. Tumpol Smith, London

Good

Team Work
by the various components of corn

munication equipment depends on

sound engineering design.

REDIFFUSION...
A subsidiary of BROADCAST RELAY SERVICE LIMITEC

DESIGNERS AND MANUFACTURER/r
OF COMMUNICATION EQUIPMEN7

VICTORIA STATION HOUSE, VICTORIA STREET
LONDON, S.W.! (PHONE VICTORIA 8831)

HIGH FREQUENCY

IRON CORES

WE REGRET THAT OUR HEAVY

COMMITMENTS DO NOT ALLOW

US TO ACCEPT NEW ORDERS

AT PRESENT. WE WOULD BE

GLAD TO RECEIVE YOUR ENQUIRIES

AT A LATER DATE.

ACES DEVELOPMENT Co. LTD.
37, CITY ROAD, MANCHESTER, 15

Telephone : Central 1515
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Near technical perfection is. achieved through use of scientific
instruments but the trained eyes of skill4 workmen inspect
completed units before they are passed along to the pumps

An important reason why Eimac valves
set the modern pace in communications
In the fabrication ofplates, sealing of stems and leads, winding of grids...every tiny part must pass therigid inspection of trained individuals, precision testing devices. At the end ofeach production line sitsa group of hard boiled inspectors. All this checking
and testing cakes place before Eimac valves reach
the vacuum pumps. That's one of many reasons why
Eimac valves possess such uniformity of character.
istics ... why their performance records have made
them first choice among world's leading engineers. VALVES

Manufactured by EITEL-McCULLOUGH, INC., SAN BRUNO, CALIFORNIA, U. S. A.
Export Agents: Frozar 8 Co., 301 Clay St., Son Francisco, California, U. S. A.

Follow the leaders to

Bead tester utilizes polarized light in search Polariscope is here used to inspect glassfor stress points in glass beads which seal bulbs for flaws or strain which may occur
leads to bulbs during the shaping operations

I
x111 111:1

ilillSii R111.1 1 LH

General inspection bench where completed
filament stems and assemblies are thoroughly

checked for faulty construction
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31,600,000 JOI
made per week with

THE SOLDER WIRE WITH 3 CORES
OF NON-CORROSIVE ERSIN FLUX

More than 31,000,000 perfectly soldered joints
every week !

If Ersin Multicore-the A.I.D. Approved Solder
Wire with three cores of non -corrosive flux-
saves only one second per joint, production is
speeded up by at least 9,000 man hours every
week. Joints made with Multicore Solder are
reliable. Army Works engaged upon Govern-
ment Contracts not yet enjoying the advantages
of Multicore, should write for free samples and
details as to how their soldering costs can be
reduced.

MULTICORE SOLDERS LIMITED, BUSH HOUSE, W.C.2. 'Phone Temp.Bar5583/4

BOONTO

A Signal Generator developed specifically
for use in the design of F.M. equipment.

Full specification will be sent on request.

LE LAND
INSTRUMENTS LTD

Frequency Ranges: 41-50
mc and 1-10 mc. (Other
ranges to order.)
Output : .1 Microvolt to
I Volt.
Deviation : From zero to
2000 KC. Amplitude Modu-
lation also available separ-
ately or simultaneously.

21.JORN STREET, BEDFORD ROW. LONDON WEI
TELEPHONE: CHANCERY 8765

CLOUGH-BRENEE. BOONTON.FERRIS.BALLANTINEHEWLETT-PACKARD

" DAINITE " SERVICE
offers small intricate
rubber mouldings (fre-
quently to customers'
own specifications) to
meet difficult service
conditions. We may
help you to solve your
War problems, and later
meet the requirements
of happier days to come.

THE HARBORO' RUBBER (0., LTD., MARKET HARBOROUGH

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

BRIDGES Capacitance
Inductance
Resistance

RESISTANCES

INDUCTANCES

CONDENSERS

OSCILLATORS

W A V E M E T E R S

ALL TYPES-ALL FREQUENCIES-ALL ACCURACIES

CONSTANT VOLTAGE
TRANSFORMERS

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

Tel. New Cross 3225 (Private Branch Exchange)

krnthal llt.5zifameitt3

111  kal k 16.

BACK ROAD, SHERNHALL STREET, WALTHAMSTOW. LONDON. E.17. Tel: LARkswood 4366.7
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DIAL TYPE D-111

For some purposes, a dial larger than our
standard 4-1--" type is desirable, and we have
therefore introduced a 6" diameter dial, engraved
0-300, over 180°.

It is silvered and lacquered, and is provided with
a sprung vernier for accurate reading.

Our standard 50:1 slow motion drive is fitted,
and the unit is particularly suitable for use on
Wavemeters, Signal Generators, etc.

The Dial can be supplied with or without
Dial Lens Type D -112-A and Dial Lock

Type D -128-A.

MUIRHEAD'
MUIRHEAD & CO. LTD. ELMERS END

BECKENHAM  KENT TELEPHONE : BECKENHAM 0041 - 0042

FOR OVER 60 YEARS DESIGNERS
& MAKERS OF PRECISION INSTRUMENTS

CRC 32

Transformers to

Aigt
specification

from 10 VA- 10 kVA

Every precaution, includ-
ing vacuum impregnation,
special materials and
exceptional care in manu-
facture, is taken to ensure
that Woden Transformers
made to tropical specifica-
tion will give reliable
service under the most

arduous conditions.

WON HORNLEY STREETWOLVERHAMPTON
TEL: WOLVERHAMPTON 22829

MASKERS OF TRANSFORMERS, POWER PACKS, S: SPECIAL RECEIVING& TRANS,IITFING APPARATUS

THE SCIENTIFIC
VALVE

BRITISH MADE

'is
MIDGET
VALVES
H IVAC LIMITED

Pt iII Greenhill Crescent.
Telephone Hamm 0895 Harrow on the Hill. Middx.
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HETERODYNE
OSCILLATOR
with exclusive B.S.R. features

Never has a commercial Oscillator been produced with such a
performance irrespective of price. Built to retain its superlative
performance indefinitely.

8 Watts with under I % total
Harmonic distortion.

2-5i" dia. Nickel Dials with
slow motion.

4 Output Impedances selected
by switch.

Multi -range Rectifier Output
meter.

All stages checked by mllli-
ammeter.

Hum Content less than 0.16%.

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

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

110/200/250 volts, 50 cycles.

L67- I 0-0.
Model L0800.

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

AVO 9

PRECISION
Regd. Trade Mark

Models
vailable for

Battery opera -
:ion and for
4.C. Mains
troperation.

he All -Wave AVO-OSCILLATOR
ers continuous fundamental frequency band from 95 Kc. to
Mc. by means of six separate coils. Calibrated harmonic

le extends range to 80 Mc. Each band calibrated in Kc.;
urate to within I per cent. Max. output I -v., delivered into
0 -ohms non -inductive output load. Internally modulated,

ernally modulated or pure R.F. signal at will. Separate valve
' lator provides L.F. modulation of good wave form at
rox. 400 C.P.S. to a depth of 30 per cent. Fully screened
put lead ; dummy aerials for long, medium and short waves.
fully screened case.

',e Proprietors and Manufacturers :
4E AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD., Winder House, Douglas Street, London, S.W.I.

TESTING INSTRUMENTS

The MODEL 7 46 -Range Universal

AVOMETER
Electrical Measuring Instrument

A self-contained, precision moving -coil instru-
ment, conforming to B.S. 1st Grade accuracy
requirements. Has 46 ranges, providing for
measuring A.C. & D.C. volts A.G. & D.C.
amperes, resistance, capacity, audio -frequency
power output and decibels. Direct readings.
No external shunts or series resistances. Pro-
vided with automatic compensation for errors
arising from variations in temperature, and is
protected by an automatic cut-out against
damage through overload.

Some Delay in delivery of Trade
Orders is inevitable, but we shall
continue to do our best to fulfil your
requirements as promptly as possible.

 Write for fully descriptive literature
and current prices.

Phone : Victoria 3404-7
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MINISTRY
OF SUPPLY

Defence (General)
Regulations 1939.
No. 55. S.R.& O.
1942. No. 1770

AN ORDER

RUBBER MUST NOT
BE DESTROYED

THROWN AWAY OR

MIXED WITH REFUSE
The Minister of Supply in exercise of the powers con-
ferred on him by Regulation 55 of the Defence (General)
Regulations 1939, has made an Order which provides as
follows:

I No person shall, except under
with a licence granted or a special
Minister of Supply,
(a) destroy any waste rubber
(b) throw away or abandon any
waste rubber
(c) put any waste rubber in a
refuse bin or other receptacle
used for domestic or trade

the authority of and in accordance
or general direction issued by the

refuse, or
(d) cause or permit any waste
rubber awaiting or in the course
of collection or sale to be or
become mixed with any material
or article other than waste
rubber.

Provided that nothing in this Order shall prohibit or restrict the
destruction of any waste rubber if and so far as necessary in the
course of any process of manufacture, or for the purpose of saving
property from immediate danger of destruction or damage by fire.

2 (x) The holder of any licence
granted under this Order shall
comply with any conditions con-
tained or incorporated in the
licence.

(z) If any licence so granted is
revoked by the Minister of Sup-
ply, the holder of the licence
shall forthwith deliver up the
licence to the Minister or as
directed by him.

3 IN THIS ORDER : " rubber " includes reclaimed rubber, liquid
latex, gutta percha and balata, and " waste rubber " means any worn-
out, disused, discarded or waste material or article of the classes or
descriptions specified in the Schedule to this Order, but does not
include any material or article which is injurious to health or otherwise
offensive.

4 This Order shall come into force on the 7th day of September,
1942, and may be cited as the Salvage of Waste Materials (No. 4)
Order 1942.

THE SCHEDULE
(a) Articles or materials of any of the following descriptions mode wholly or partly of rubber :

Balloons - Balls - sports and toy - Bathing -caps - Beds - inflated and sponge -

Bulbs - horn, surgical, etc.'- Carpet underlay - Catapult strip - Corks and Closures
- Corsets - all rubber - Crepe -soled Footwear Cushions - inflated and sponge -

Door -stops - Draught -excluders - Ear Pings - Elastic Cord and Thread - EJectric
Cable and Wiring - Football Bladders - Footwear (including Wellingtons and Gum
Boots) - Flooring and Tiling - Gloves - Goloshes Grips - handlebars, etc.
Horse -shoes and pads Hose and Tubing - Hot-water bottle, - Jar -rings - Mats
and Matting - Mattresses - inflated and sponge - Milking Rubbers Pedal -rubbers

Radiator Hose Roller, - Soles and Heels - Sponge -backed Flooring - Sponges
- Squeegees - Stair -treads and nosings - Stopper -rings - Teapot Spouts - Teats
and Soothers Tobacco Pouches - Tubing - Tyres - Pneumatic (Covers. Tubes
and Flaps), Solid and Cushion of all types - Upholstery.
(b) Articles or materials of any other description made wholl,- or mainly of rubber.

THIS ORDER CAME INTO FORCE SEPT. 7

LORAIN COUNTY RADIO CORP".
OHIO

MAKERS OF
HIGH QUALITY AUTOMATIC 2 -WAY

RADIO TELEPHONE EQUIPMENT

STANDARD MODEL COMPRISES 75
WATT CRYSTAL CONTROLLED SIX -
CHANNEL TRANSMITTER WITH
SIX RECEIVERS. AUTOMATIC
CALLING BY DIAL TELEPHONE.
ANY SELECTED FREQUENCIES

WITHIN 2 /10 MCS.

QUICK DELIVERIES EX U.S.A.
IF GOOD PRIORITIES AVAILABLE

SOLE BRITISH AGENTS :-

ELECTRONIC
ENGINEERING
SERVICES LTD.

24 STANLEY ROAD
HEATON MOOR
STOCKPORT, CHES.
TEL.: HEA. 3107

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

ESKERS aoncioniT3
Machining and Turning of Plastic Material, Bakelised

Fabric, etc. Signal Lamp Caps in Plastics.
ALBION HOUSE, 201-3, CHURCH ST., LONDON, N.16.

Tel. Cli.csafd 047 IMPOINIPMMOil

Your

enquiries

are

invited.

Piezo QUARTZ CRYSTALS
for all applications.

Full details on request.

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

\TASI N
Specialists in Sound Amplifying Equipment, Microphones,

Power Amplifiers, Loudspeakers, etc.
Also makers of Scientific Instruments.

TANNOY PRODUCTS (Guy R. Fountain Ltd.) W. NORWOOD, S.E.27

!1
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UNITED INSULATOR Co LTD Ike 9i°1/040
12-20 LAYSTALL STREET, LONDON, E.C.1. 6P &oat"°'Phone: TERminus 7383 (jioms: Colonel, Smith, London.

The time will come when Goodmans' Loud-
speakers will bring you news of a ' brave
new world ' in which we can accept your
orders again and devote our energies and
the accumulated experience of war years to
giving you apparatus that will open up new
horizons in the search for perfect sound
reproduction.

GOODMAI1S
INDUSTRIES LIMITED
Lancelot Road, Wembley, Middx.
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MARCONI INSTRUMENTS LTD.

MARCONI I A Namaend a Tradition

IN the field of communication, Marconi is more than the greatest
name-it is a tradition. In the special application of instrument
design and manufacture, we are proud to maintain that tradition-

to lead in development and excel in construction.
During the most eventful years in history, the demand for our

products has necessitated remarkable expansion and, as a member of
the Radio Industry of this country, Marconi Instruments is uphold-
ing its reputation.

Engineers and scientists know that our produdts are committed
to them for many a day ahead; and that on their accuracy and dur-
ability they can confidently rely.

Many of our instruments are well known and of proven worth.
Our policy is still to give the best possible attention to your require-
ments.

COMMUNICATION
TESTING APPARATUS

ST. ALBANS, HERTS.

TELEQUIPMENT CO.

INDUSTRIAL, MEDICAL
& LABORATORY EQUIPMENT

Telephone: 4323

2 4 8 16 32 64

FREQUENCY /N MEGACYCLES

kk

=11111=181.11011

16, The Highway, Beaconsfield, Bucks
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WHAT CHANCE ACCURACY
towards the end of the shift ?

peratives can only work as well as they
in see. Poor lighting produces rapid fatigue

the eyes with consequent reduction in
ecuracy and output. But, with the abundant
ylight of the Crompton Fluorescent Tube, you

in have peak output day
.J.d night. The Crompton
uorescent Tube allows

ET THE CROMPTON
LIGHTING SERVICE

tAN YOUR LIGHTING

I I

excellent colour discrimination and abolishes
glare, hard shadows and reflected dazzle. It
also reduces current costs, for an 80w. tube
produces almost as much light as a 200w.
filament lamp, whilst its life is twice as long.

It saves the nation's fuel
and increases the quality
and quantity of output.

80 WATTS. LENGTH 5 FT,

OMPTON PARKINSON LTD., ELECTRA HOUSE, VICTORIA EMBANKMENT, LONDON, W.C.2.phone: Temple Bar 5911.
Telegrams: Crompark, Estrand, London.
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'AN INGENIOUS METALASTIK DESIGN
INCORPORATING ECONOMY WITH EFFICIENCY

METALASTIK CROSS TYPE MOUNTING

ETALASTIK pioneered Rubber -to -Metal Weld-this is only part of the story.
At the same time, Metalastik is pioneering the scientific development and application of
the complete device along the lines of maximum efficiency with economy.
The above unique design is a typical Metalastik effort.

O Shows a rectangular piece of blanked -out metal with a cross piece punched out of
the centre.

O The tangs of the square part are raised and the lugs of the cross folded down.
The two parts are then rubber welded together by the Metalastik process, producing

a most efficient and economical Anti -vibration Mounting.
The important feature of this mounting is that, although the inner and outer metal
members are so dissimilar in size, the bonding areas are both equal. Thus the mounting
is relieved of stress concentrations in the rubber when in action, and is capable of
carrying the greatest possible load in shear.
Cross Type Mountings are designed for a comprehensive range of frequencies, and to
carry loads from 1 -lb. to 2,500-lbs., for the most delicate instrument to the heaviest
machine or plant.

NS
METALASTIK LTD,

METALps-0k,
ANA -vinR TI kS

T US ON ALL YOUR VIBRATION PROBLEMS
LEICESTER `:

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.



WIRELESS
ENGINEER

Editor HUGH S. POCOCK, M.I.E.E. Technical Editor Prof. G. W. 0. HOWE, D.Sc., M.I.E.E.

Vol,. XIX OCTOBER 1942 No. 229

Editorial
The Equivalence of Parallel Wire and

Square Mesh Grids
WE publish in this issue an interesting

article entitled " Triodes with Square
Mesh Grids " by C. C. Eaglesfield,

in which the author describes the deter-
mination by experiments of the spacing of
parallel wires in order to obtain effects
equivalent to those obtained by a grid of
square meshes of given size. The author
adopted the experimental method because
of the " very grave analytical difficulties "
presented by the problem " even though all
simplifying assumptions are made."

We wish, however, to draw attention to
a mode of attack, applicable to this and
many similar problems, in which the mathe-
matical difficulties are largely overcome
and the results obtained more than accurate
enough for all practical purposes.

As the author states, it is usual when
b V,calculating the amplification factor - to
b V,

reduce the problem to an electrostatic one
by assuming, not a constant current, but a
constant electrostatic surface density on the
cathode.

Consider two similar structures, except
that one has a grid of parallel wires and the
other a square mesh grid, and let the values
of Va and of Vg be the same in each case.
We now wish to know what must be the
relation between the pitch of the parallel
wires and the side of the square mesh in
Order that ac, ug and aa may be the same

in both cases, where a, and a, are the surface
densities of the charges on the cathode and
anode respectively, and Cfg the effective
charge per sq. cm. of the grid regarded as a
plane surface. If q is the charge per cm.
length of grid wire and / the length of wire
per sq. cm. of grid surface cr, = ql. We
assume the charges to be uniformly distri-
buted over the isolated electrodes, and ask
ourselves the converse question, viz., with
the given charges what must be the dimen-
sional relations between the two grids in
order that the potentials of the electrodes
may be exactly the same in the two cases.
Now the potential of the cathode will be the
resultant of its potential due to its own
charge, that due to the charge on the anode,
and that due to the charge on the grid. The
only one of these that can depend at all on
grid structure is the last and the effect will
be very small in any practical case ; for
a given a, the average potential produced
over the cathode surface will vary very
little with variations in grid structure. The
same is true of the anode potential. The
average potential of the grid itself, in so far
as it is due to a, and aa, will also be but
slightly modified by variations in its structure,
but the component of grid potential due to
its own charge ag will vary considerably
with variations in the grid structure. This
then is the decisive factor. The anode and
cathode can be left out of consideration and
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the grid alone considered as an isolated
conducting network with an effective charge
cr, per sq. cm. The charge can be assumed
as an approximation to be uniformly distri-
buted over the wires and the resulting
average potential calculated, first for the
case of parallel wires and then for the case
of a network of square meshes. As a matter

r--0
Vg -1-

1

1 _L

0 0 0 0 i V a

L

120

120 a

Fig. 1. Fig. 2.

of fact, of course, it is the potential that is
the same everywhere and the distribution
of charge that is non -uniform, but the
calculated average potential for an assumed
uniform distribution of charge is a very
close approximation to the actual potential
with the same total charge. This method
was developed for the calculation of the
capacitance 1 and has proved
of great utility.

As an example we take a square of 120 cm.
side divided into 36 square meshes of 20 cm.
side as shown in Fig. 2. We assume a charge
of i unit per cm. of wire, i.e. a total charge of
1,680 units. The wire we assume to have a
diameter of 2 cm. The scale of the model is
of no importance ; the result will be the same
if all dimensions are divided by ioo.

In the paper referred to, it is shown that
the potential at the midpoint of a wire of
length 1 and radius 7' due to the charge on
the wire is approximately equal to 2 loge l/r,
assuming unit charge per cm of wire. Hence
the potential at the midpoint a due to the
charge on the middle vertical wire is 2 loge 120.
At a distance d from the middle of the wire

the potential is 2loge (-/, 4d2 + I), so
za

that the potential at a due to the two
vertical wires 20 cm. away is

(12o v10).
40

1 See The Electrician, LXXIII, 1914, pp. 829, 859,
906 ; LXXV, 1915, p. 870 ; LXXVI, 1915, p. 353 ;
LXXVII, 1916, pp. 761, 880.

October, 1942

Similarly that due to the two vertical wires

40 cm. away is 4 loge (
120
80

Th,3.25) and that

due to the two vertical wires 6o cm. away
120 v.

4 loge (I20 + (Adding these four poten-

tials we have
(4.6 x 2.079) + 9.2 (0.79 + 0.519 0.383)=2515
Now there will be a slightly smaller

potential at a on the vertical wire due to the
seven horizontal wires. Slightly smaller
because, whether we assume the wire -
crossings to be as shown in Fig. 3 or one set
to be lying across the other as in the experi-
ments, the nearest approach is 2 cm. Allow-
ing for this we get a potential of 23.8, giving
a total of 25.15 + 23.8 = 48.95. Turning
now to the point c 10 cm. from a, the potential
due to the seven vertical wires will be prac-
tically unchanged (loc. cit. Fig. 2), but that
due to the horizontal wires will be reduced
because the nearest ones are now 10 cm.
away, the next pair 3o cm., the next pair
5o cm. and the bottom wire 7o cm. away.
Applying the above formula we find that
the potential at c due to the horizontal
wires is
9.2 (1.082 + 0.627 + 0.441) + (4.6 X 0.336)

-= 21.3.
The total potential at c is thus

25.15 + 21.3 = 46.45.
At the point b midway between a and c,

2CM

Fig. 3.

49

48

47

46
a

MEAN

b

Fig. 4.

the potential due to the seven horizontal
wires is

4.6 (1.381 + 0.91 + 0,699 + 0.568
+ 0.477 + 0.41 + 0.358) = 22.1.

The total potential b is thus
25.15 + 22.1 = 47.65.

The potential distribution over the wires
near the centre of the grid is therefore as
shown in Fig. 4 with an average of about
47.7.
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If we now replace the square mesh grid
by one of vertical parallel wires with a
spacing of ro cm., the charge still being one
unit per cm. of wire, the charge per sq. cm.

over the main area
will still be the same.
There will be 13 wires
and for the same total
length of wire and the

47 0 77 same total charge the
length of each wire46 54,
will be 120 X 14/13

to it 12
46.0

3 14 8 =129 cm. This small
extension of the ver-
tical wires compen-
sates at the edges for

the removal of the top and bottom horizontal
wire.

The potential at the centre of the middle
wire will now be

48.5

48.0

47.5 r -

SPAC NC IN CM.

Fig. 5.

, I29 12922 loge 129 + 4 iog(20 -h
202

1)+ etc.

= (4.6 X 2.111) -I- 9.2 (1.113 + 0.82
+ 0.655 + 0.546 + 0.465 + 0.406)
= 46.5.

This will vary but little over the middle
20 cm. of the middle wire. It is less than
the average potential over this piece of wire
with the square mesh grid.

It may be objected that we are not
justified in fixing our attention solely on
this 20 cm. of wire at the centre of the grid.
It.is, however, fairly obvious that the relation
between this potential and the average
potential over the whole grid will be but
little affected by details of grid structure.
Let us now alter the spacing of the parallel
wires from ro to 15 cm. ; to maintain the
charge per sq. cm. constant, the charge per
cm. of wire must be increased from 1.0 to
1.5, and for the same total charge the length
of wire must be reduced from 1,680 to 1,120
cm. There will thus be 9 wires each 124.4
cm. long.

The potential at the centre will be made
up as before of the components

2 loge 124.4 +4 loge(124.4 v 4 I5--1-0+etc.
3o

(4.6 x 2.095) 9.2(0.925 + 0.645
-I- 0.49 + 0.394) = 32.2.

But this is for unit charge per cm ; for a
charge of 1.5 units per cm the potential will
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be increased to
32.2 X 1.5, which is equal to 48.3.

Hence with I() cm. spacing the potential
is 46.5 ; with 15 cm. spacing 48.3. If one
assumes a linear variation between these two
values one finds that the potential of the
square mesh, viz. 47.7, corresponds to a
spacing of 13.3 cm., which is 0.67 of the side
of the square mesh. Mr. Eaglesfield's
experiments give a value of o.6. A more
detailed calculation shows, however, that
the calculated potential does not vary
linearly with the spacing but follows the
curve shown in Fig. 5 from which the equiva-
lent spacing would appear to be 14, i.e. 0.7
of the side of the square mesh. The ratio of
the pitch to the diameter in our calculations
varies between 5 and ro which is practically
the same range as in Mr. Eaglesfield's
experiments.

Although the calculated values agree
roughly with the experimental results, they
certainly indicate slightly higher values of
the ratio and the difference is too large to
be ignored. Mr. Eaglesfield's experiments
give a ratio of o.6 to a high degree of con-
sistency and our calculations should, if
based on correct data, give results to a
much closer approximation than that ob-
tained above. In the first place, we have
neglected the necessity of providing con-
ducting connections between the parallel
wires and in the second place Mr. Eaglesfield's
Fig. 4 indicates a network in which the
individual wires project beyond the square
framework. We shall therefore now con-
sider the two grids shown in Fig. 6.

83

Fig. 6.

2

x

L__ 84

The square mesh grid consists of ten wires
roo cm. long with 20 cm. spacing, i.e. a total
of 1,000 cm. of wire charged with 1 unit per
cm. The parallel wire grid has a spacing
of o.6 x 20, i.e. of 12 cm. For the same
charge per sq. cm. over the main area the
wire must be charged with 1.2 units per cm.,
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and therefore for the same total charge the
length of wire must be 1,000/1.2, i.e. 833 cm.
With eight vertical wires each 83 cm. long and
two horizontal wires 84 cm. long, the total
length is 832. We thus have the two grids
with the same total charge and the same
charge per sq. cm. over the main area. One
cannot compare the total areas because that
of the square is so indefinite and edge effects
make the actual physical area of doubtful
value.

The potential at the midpoint a of the
square is found as before. Due to the wire
itself it is

2 loge ioo + 4 logeCOO

± 4 loge(87) /41- 1N76;ioo

9.2 (I + 0.715 + 0.455)
9.2 X 2.17 20.

That due to the cross wire is the same except
that the first term is 2 loge 50 giving a
potential of 18.6. The total potential at the
centre is thus 38.6.

The potential at c due to the vertical wire
is practically unchanged at 20, while that

39
due to the horizontal
wires is 9.2 (1.004 ±

MEAN

0.557) ± (4.6 o.383)--
37 16.1, giving a total of

36.1. The potential at
6
a b c the intermediate point b

is similarly found to be
36.9.

The distribution of potential over this
10 cm. of wire is therefore somewhat as
shown .in Fig. 7 from which the mean value
is found to lie between 37.1 and 37.2.

Turning now to the parallel wire grid we

4

Fig. 7.
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calculate the potential at x. That due to
the eight vertical wires (assuming unit charge
per cm.), would be given by the formula

2 loge 83 + 4 loge (83
\/- - I)24

+ 4 loge (8,733 NM2 + I)

± 4 loge (pi+ /(87.4)2 +1)

± 2 lOge(8-4 N0-8 )2 + I)
\90 \ 96/

and that due to the two horizontal wires
by the formula

4 loge (88-4-3 + \(48 )2 -± 1)

giving a total of
(4.6 x 1.919) + 9.2 (0.849 + 0.572

+ 0.428) + (4.6 x 0.339)
+ (9.2 x 0.386) = 30.95.

We have seen, however, that the charge
on this parallel wire grid must be 1.2 units
per cm. ; this will increase the potential
at the point x to 30.95 x 1.2 ; i.e. to 37.14,
which agrees exactly with that calculated
for the square mesh. Hence we see that if
the two grids are raised to the same potential,
the total charges will be equal and also the
charges per sq. cm. over the main areas
regarded as plane surfaces. One can there-
fore replace the other in the electrode
arrangement of a valve without affecting
the relations berween the charges and
potential differences. The calculations thus
lead to exactly the same result as found
experimentally by Mr. Eaglesfield.

G. W. O. H.
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Triodes with Square Mesh Grids*
Calculating the Amplification Factor

By C. C. Eaglesfield
(The Mallard Radio Valve Company)

SUMMARY.-The only grid structure for which satisfactory analyticalavailable is a grating of parallel circular wires.
The mathematical treatment of any form of mesh is very difficult.
An empirical result is given for a square mesh of circular wires. This is inthe square mesh is equivalent to a grating of the same wire diameter, but of ao.6 times the pitch of the mesh.

1. Introduction

THE amplification factor of a triode is
defined as

bV
i It is usual when attempts are made to

calculate the amplification factor of an
electrode structure to assume that the

bcr

g

/ ba
a

quantity is equivalent, where abV b V
is the electrostatic charge density at the
cathode.

1 This procedure ignores space charge in the
system, and reduces the problem to anI

i electrostatic one.
i Two types of structure have received much

attention ; the first in which anode grid and
cathode are unbounded parallel planes, and
the grid is composed of parallel, equally
spaced circular wires ; and the second in
which anode grid and cathode are infinitely

i long concentric cylinders, and the grid is
I composed of circular wires parallel to the

axis, and evenly disposed about it.
i Clearly the first type is a limiting case of
; the second type.

These structures have received so much
attention because they represent reasonably
accurately many types of valve as con-
structed in practice, and it happens that

ianalytical solutions are possible.
The solution is not however exact.
The method usually followed is to make

a conformal transformation in a plane
perpendicular to the grid wires. This

* MS. accepted by the Editor, July 1942.

formulae are

the form that
pitch equal to

transformation is chosen so that the cross -
sections of all the wires transform into the
same figure. The result is that either of the
two types of structure mentioned are trans-
formed into a structure in which anode and
cathode are concentric cylinders and the
many circular grid wires become a single
cylinder situated between cathode and anode.

The following approximations are then
introduced : the cathode cylinder is sup-
posed to be of negligible diameter, and the
figure into which the grid wires transform
is supposed circular. This simplified electro-
static problem can be solved, and then by
transforming back to the original structure,
the solution for that is obtained.

From what has been said it is clear that
the analytical solution of the simplest
structure is only reached with some difficulty
and even then only approximately. Any
extension of the problem by a complication
of the geometry of the structure may easily
make it practically insoluble.

Now the two structures mentioned, the
parallel plane case and the concentric
cylinder case, are really problems in two
dimensions only, since both structures are
uniform in one direction, that is the direction
of the axes of the grid wires. For these
structures it is only necessary to consider
the plane perpendicular to the grid wires.

When the grid consists not of parallel
wires, but of a mesh of wires, the problem
is one of three dimensions, which increases
its difficulty enormously.

The conformal transformation previously
found so useful is no longer of value, since
it only applies to a plane. There appears
to be no transformation applicable to three
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dimensions with the exception of inversion,
and inversion leads to a more complicated
structure and not to a simpler structure.

There seems to be no doubt at all that the
problem of the mesh grid presents very
grave analytical difficulties, even though all
simplifying assumptions are made.

Now the mesh grid is a case of some prac-
tical importance, and it is very desirable
that design formulae should be available.

Since analysis appears to be impractical,
the only method of obtaining such formulae
is to make measurements with such grids
and attempt to base empirical expressions
upon the experimental results. The purist
might regard this course as a confession of
defeat, but it has the very important prac-
tical advantage of being as readily applicable
to one form of mesh as another, whereas
a mathematical treat-
ment (if it could be
obtained) of one form
of mesh would almost
certainly not be easily
varied to suit another
form of mesh. The
point is rather import-
ant, as there are clearly
many practical forms
of mesh.

Broadly, three ex-
perimental methods
are available : a range of actual valves with
such grids, conduction measurements in an
electrolytic tank, and measurements of
the electrostatic screening effect.

The third method has been used by the
writer as happening to be most convenient
at the time. The experiment consists of two
plates facing each other through a grid ; a
source of high frequency is applied to one
plate, and an amplifier and indicator is
connected to the other plate. The attenua-
tion produced by the grid is measured, from
which the amplification factor can be
deduced.

This procedure was followed using gratings
of parallel circular wires, and also wlth a
square mesh of circular wires. The mesh
grids were constructed with one set of wires
lying on top of the other set of wires, that
is the two sets were not interleaved to form
a net. The method of forming the meshes
must have an effect, although probably a
small effect, on the amplification factor.

CATHODE

O

Fig. 1.

ANODE

p
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Within the limits of accuracy caused by
the above and other imperfections of con-
struction, the experimental results are
consistent with assuming that the square
mesh is equivalent to a grating made of the
same wire diameter and a pitch equal to a
constant fraction of the pitch of the square
mesh. The fraction arrived at experimentally
is o.6o.

By expressing the square mesh in terms of

an equivalent grating, either plane or

cylindrical structures using square mesh
grids can be calculated. The probable
accuracy is better than io per cent., which
is quite sufficient for the purpose of valve
design.

2. Infinite Plane Structure (Parallel Wire
Grids)

The most complete formula available for'
this structure is given by Salzberg (Proc.
I.R.E., March 1942) :-

2Trx/p - in cosh Tr dip
in coth Trd/p /n{1- exp( -477x1p).

cosh27TdIp}

For dimensions see Fig. 1.
The second term in the denominator is,

only appreciable when x < p, and is negli-
gible for instance when x = p for any likely
value of p/d. Thus, if the reservation is made
that x < p, the second term in the denomi-
nator can be omitted.

The second term in the numerator is only14

of secondary importance.
It is sometimes desirable to put equation

into a simpler form ; for instance, when the
dependence of p, on small changes of p and
is required. The following equations are

F,

F2

0

3

A

2

IF1

F2

3 111

9
2 5 in on c.. 1..

10

6

2

p/d

Fig. 2.

equivalent to equation 1 (neglecting th
second term in the denominator) :-

xd- 52-21, .1- A
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xd
itt = 34 co2 F2 - A (2b)

where F1, F2, and A are functions of pld
and are given in Fig. 2.

The usefulness of these equations lies in
the fact that F1 and F2 are nearly unity for
certain ranges of value of p/d. Thus
equatiOn 2a is suitable for values of p/d
ranging from 5 to ii, and equation (2b) for
values from 2 to 6. This covers the range
of values of pld normally used in actual
valves.

3. Measurements

The arrangement of the experiment is
shown in Fig. 3. Two circular plates, of
diameter 5o mms and 3o mms respectively
(all dimensions are given in mms) are
mounted inside a metal box, and connected
by 8o ohm concentric lines to an oscillator
and amplifier. The larger plate represents
the anode, and the smaller plate represents
the cathode.

The grid is formed on a plate, shown
separately in Fig. 4, and the whole plate
slides into sprung grooves so that it is
readily removed.

80 OHMS
LINE TO
OSCILLATOR

1
50

III

III

30
i

X

BB

80 OHMS
LINE TO

AMPLIFIER

Fig. 3.

A number of grid plates were made with
!different sizes of pitch and wire diameter ;
ithere was also a plate with no wires on it,
but merely the window. This plate was used
for the " grid removed " condition.

The frequency of operation was 200 Mc/s.
This frequency was chosen because apparatus

ihappened to be available, and because it led
o convenient sizes of grid, etc. The source

was a Marconi Ekco 150-300 Mc/s signal
generator, which has a conveniently high
maximum output (0.3 volt) and a reliable
piston attenuator.

The procedure was to insert the grid plate
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and adjust the indicator to a standard level.
Having read the attenuator setting the grid
plate was removed and the open window
plate put in its place. The attenuator was
adjusted to bring
the indicator back
to the standard
level.

The ratio of the
second voltage to
the first voltage
may be called R.

The next step is
to find the relation
between R and /L.
A little considera-
tion shows that with x and y constant, p, will
be approximately proportional to R. The
following equation has been derived

= (R 1)x y

Fig. 4.

y
The derivation of equation 3 is not however
very satisfactory and, therefore a different
method of procedure will be followed.

Under the conditions of the experiment
x and y were constant-in fact equal.

From equation 1, neglecting the second
terms in numerator and denominator, p,
is inversely proportional to p log coth 7r dip
for a grating.

R must be a function of p and d only,
since x and y are constant.

It is therefore to be expected that R
should be a function of p log coth Trd/p.

Table I gives the values of R and
login cothlTd/p for the experimental grat-

ings measured, and these values are plotted
in Fig. 5. Since the points lie reasonably
on a smooth curve, this relationship appears
to hold.

50 100

TABLE I
Experimental Results on Gratings

(3)

P d p log coth 7rdlp R

JO I 5.I7- -. 10.5 db
5 I 1.26 20.5
5 0.6 2.22 16.5
5 0.3 3.65 12.6
3 I 0.324 37.0
3 0.6 0.76 26.2
3 0.3 1.55 19.2
2 0.3 .0.715 26.2
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In Table II are given the values of R and
log10 coth vdip' for the square mesh grids,

where p' = o.6 p, and p is the pitch in
either direction of the square mesh. These
points are also plotted in Fig. 5.

TABLE II
Experimental Results on Square Mesh Grids

P d p' log,, coth ir dip' R

I0 I 1.91 17.2 db
10 0.6 3.10 14.0
10 0.3 4.85 11.0

5 I 0.321 32.3

5 0.6 0.76 25.0
5 0.3 1.55 19.0

3 0.3 0.572 27.9

N.B. p' = 0.6p.

The fraction = o.6 has of course
been chosen to bring the points for the
square meshes on to the same curve as those
for the gratings.

Inspection of Fig. 5 shows that there is
little to choose between the two sets of
points except for large values of R. The
points on this portion of the curve also have
appreciable values of d/p.

Now equation i, and in particular the
term log coth ad/p, is known to be in-
accurate for large values of dlp ; so that
discrepancies in this region are to be ex-
pected.

R db

...,

35
0 0 GRATINGS

1

MESHES

1 I

X
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n
0.1 02 05 1.0 2

p LOGO COTH

Fig. 5.

10

Fig. 5 appears to establish that the square
mesh is equivalent to a grating of o.6 times
the pitch, when dip is small. The value of
dip at which discrepancies appear is not
very well established by the experiment,
but seems to be of the order of o.I to 0.2.

Put in an explicit form, the equation for the
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amplification factor with a square mesh is :-
x

= 4.55 p loglo coth 5.24 dlp (4)

The author is grateful to the Mullard
Radio Valve Company for permission to
publish this article, and to several members
of the Research and Development Depart-
ment of the Company for help and advice.

Correspondence
Signal/Noise Ratio of the Cathode Follower

To the Editor, " Wireless Engineer "
SIR,-I should like to comment on Mr. D. A.

Bell's letter on the signal/noise ratio of the cathode I
follower on p. 360 of the August issue.

The impedance Z, should not be shown in Fig. 2
as an impedance connected in parallel with the I
primary of the transformer, but as the apparent
impedance lookinab into the primary, for otherwise
the equations in the earlier part of the text are
incorrect. It is clear that there is no need for such,
a shunt impedance as shown in Fig. 2, since the
impedance reflected into the primary from Z forms
the required cathode load.

Using Z, to denote the grid -cathode impedance
R,/(I jwCR0) the input current i, is the ratio
of (E - ,) to this impedance Z and not to the
(Z, + Z,) of equation (2), which is erroneously
given as the total impedance of the grid -cathode
circuit.

Equation (I) has the form appropriate to an
infinite grid -cathode impedance ; retaining Bell's,
assumption that the valve impedance R,, Z, the'
correct equation for a finite Z, is

E ZE - V, =
(I GZ,)Z,+ Z,

from which the value of the input admittance is

Y E (i + GZ,)Z + Z,
in place of 1/(1 GZ,)(Z+ Z,) given by equation
(3). Similarly equations (4), (5) and (6) are in error.

Although the ratio of shot currents of a pentod
and triode of the same slope may be of the orde
of 2 to 1, the overall improvement due to the use
of a triode in an amplifier instead of a pentode will

be less than this owing to the thermal noise in thE

input circuit and in the output impedance Z
Suppose the dynamic resistance of the signal sourc
connected to the input of the amplifier be Ro
Then if R, is large compared with the equivalen
noise resistance of a high -slope pentode (i.e. abou
1500 .c2) there is little advantage in using a triod
instead of a pentode. On the other hand, if R, i
small compared with the equivalent noise resistanc,
of a high -slope triode (say 300 ,Q) either type o
amplifier will give a serious loss of signallnois
ratio due to the valve noise. For R0 below a certai
value, a transformer stepping -up directly fro'
R, to Z would give a better signal/noise ratio tha
any valve circuit. R. E. BURGESS.

Slough, Bucks.
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Harmonic Distortion in Audio-Frequency
Transformers -2

By Norman Partridge, Ph.D., B.Sc. (Eng.), A.M.I.E.E.
(Part 1 of this article was published in the September 1942 issue)

SINCE IfZf.=-Vf, equation (5) may be
rewritten in the following form :-

V LIR( R)
V f Vf \I - 4Zf

Let ./H and V, have values applicable at
a frequency of flcycles per second to a
transformer having N1 turns, a core area
of A1 sq. cms. and a magnetic circuit /1
cms. in length. If the parameters be
altered to 12, N2, A 2 and /2, the new values
of /H and Vf can be deduced providing Bn,
remains unchanged. Let these new values
be I; and V. Then, for constant peak
flux density :-

N I
. 72

N2 2 pi

N2 A 2and V;= V 12

N1 141. fl

(6)

By substitution in equation (6) we can
find °the distortion produced under the new
conditions (B,, unchanged) :-

V: I; R R-17;'= 44f
Ill N 2A f R1 2 I-I f

)
Z111 N 22A 2 ../.2 4ZR;'

The second factor (N12A ifl/Zf/i) is of
particular interest. At first sight it suggests
the admittance at a frequency of I c/s of an
imaginary transformer having N = I, A = I
and 1= 1. But this is not strictly correct.
Hysteresis and eddy losses do not vary in
the same way with frequency and therefore
a true impedance conversion could not be
so simply performed. The factor is, in fact,
a purely fictitious quantity so related to
/H//f that the product of the two factors
is a constant for any one core material at
any one value of Bm.

IH.N1;fi A1f1 IHN12Alfl
= a constant

(Bm fixed)
The value of this constant is dependent only

upon the shape of the hysteresis loop and is
independent of the form of the test sample,
of the test frequency, and of the lamination
thickness (skin effect excluded). In view -of
the relationship existing between the factors

AIH
and N2f

the latter may conveniently------ I

be referred to as the reciprocal of the " rela-
tive specific choke impedance " (I/Z).

It may be noted that if the true impe-
dance at I c/s of the specific choke were
substituted in place of Z, then /H//f would
require a correction. This results from the
fact that at a constant peak flux density If
varies with frequency while IH does not,
since there is an eddy loss component in
I,. but not in IR (R = o, therefore no flux
distortion). The product of the true specific
choke impedance and the corrected value
of /H//f would be exactly the same as that
of the measured value of /H//f and its relative
specific choke impedance. Thus the artifice
employed in the equation avoids any modifi-
cation to the measured value of /H//f and
renders the conversion of Zf to Z very
simple to perform.

Since IH 1\712A if' is a constant, it isIf' Zfli
clearly unnecessary to specify the para-
meters N1, A1 and /1. The above equation
may therefore be expressed :-

VA IH I 1 R (1 R
Z N2A 4Zf ) (7)

Equation (7) provides a simple and
eminently practical method of calculating
transformer distortion. When a trans-
former of known design is employed in a
given circuit the factors appearing to the
right of the equation are at once fixed.
Al, A and f are known. R can be calculated
from a knowledge of the series and shunt
resistances. /H//f and Zs, can be taken
from suitable curves (see Fig. 8), the value
of B, being deduced from the known
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fundamental voltage across the transformer

winding. The product Z N2/A
f , which

appears in equation (7), approximates to the
admittance of the transformer and provides
the value to be assigned to //Z., in the final
factor of the equation.
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Fig. 8. Variation of I3/If and Zs with B
for Silcor I, 0.014" thick at 50 c/s.

Typical relative values of /3//f and Z
obtained from a sample of Silcor I operating
in the normal cyclic condition are given in
Fig. 8. Values obtained from typical (not
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necessarily average) samples of Vicor, Silcor 2,
Silcor 3 and Silcor 4 are given in Table IV.

In the experience of the author, equation
(7) provides the simplest method of dealing
with distortion problems in practice. It
also possesses the great advantage that a
knowledge of the ZS - B. curve enables
a rapid approximation to be made to the
impedance of a transformer at any low
frequency. But there is another approach
which is perhaps more orthodox and pos-
sesses certain advantages from the purely
theoretical aspect.

Since we are concerned only with very
small distortions of the flux wave -form, Vf
can be expressed by the well-known for-
mula :-

4.44 Bm IV A ff = 108

where 4.44 = 7r1/2

Substituting in equation (6) :-
Vh I1RIO8 (1 R

iV f 4.44 Bm N A f\ 4z.f

Multiplying numerator and denominator
by 10 . N . 1 and rearranging :-

V h IRN 106 1 R R

V, 0.56 B.1' 87T2 N2 A f
' (8)

I0
where 0.56 -

47TV 2

The significance of the first factor appearing

TABLE IV

B,
lines per
sq. cm.

S3 1 Zs, /3/4 S3 Zs,
1 i311 S3 Zspl I3/If S3 Zsp ./,,j/f

Vicor Silcor 2 Silcor 3 Silcor 4

x 10-6 X ro-6 x 10-6 x ro-6 x 106 X 106 x ro-6 x to -6
45 45.5 81 0.0465 39.5 6o 0.030 28 56 0.020 69 33 0.029
90 31 103 0.0405 40 72 0.0365 32 7o 0.0285 82 36.5 0.038

280 25.5 126 0.041 39.5 89 0.0445 36 92 0.042 85 54 0.058
36o 20.5 163 0.0425 40 112 0.057 35 112 0.050 75 69 0.066

675 19.2 205 0.050 37 155 0.073 35.5 144 0.065 62 96 0.075
1125 20 260 0.066 36.5 200 0.093 37 182 0.085 58 123 0.091

1575 22.5 285 0.081 36.5 240 0.111 37.5 220 0.105 56 146 0.104

2250 24 330 0.101 37 275 0.130 37.5 255 0.122 53 172 0.116
3600 3o 35o 0.133 42 32o 0.170 40 315 0.161 52 215 0.143
5400 39 350 0.173 53 33o 0.220 47.5 33o 0.20 56 245 0.173
7200 52 310 0.205 69 305 0.265 59 320 0.24 69 240 0.21
9000 76 255 0.245 I 96 26o 0.315 78 285 0.28 86 215 0.235

Jo 800 III 195 0.275 142 200 0.36 113 230 0.33 118 18o 0.27

Test frequency 5o c/s. For lamination thickness see Table I.
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on the right of the equation will be made
clear by the following considerations :-

Magnetomotive force = 47r N /mg
I0

hence B = N
IoImg /

Applying this to the case of a sinusoidal
magnetising current we find :-

477-1/2 N Img µ
Bm

10 I

where Bm = peak flux density
/m, = r.m.s. magnetising current

and ii. = effective permeability

therefore /nig = 0.56 Bm l
Mk

But the factor in which we
can be written :-

/EN Is .TH

0.56 Bml 0.56 Bml Img, , = 1
N

It is at once apparent that this factor is
,

the ratio of the harmonic current contained
in the actual magnetising current drawn by a
transformer to the imaginary magnetisng
current (at the fundamental frequency) that
would be drawn if the core material had a
constant permeabiluty of I. It can be
shown that this ratio is constant for any
given material operating at any one value

g
. ---

1of Bm. Like the product I
- , it is de-l., .z.,,,,

pendent only upon the shape of the hys-
teresis loop and is independent of test
frequency, lamination thickness, winding
data, physical shape or size of the trans-
former tested, etc., always providing the flux
density is substantially constant throughout
the magnetic circuit and the frequency is
below that at which skin effect becomes
important, say below zoo c/s for laminations
of the normal thickness.

) This specific quantity (14/".g ,,- i), whichis a function of Bm, can be defined both
logically and conveniently as the distortion
coefficient of a magnetic material (SB).

Every material will have a number of
distortion coefficients associated with it.
Apart from SR being a function of Bm, it
will be different for each harmonic frequency
taken separately. The particular coefficient

are interested

to which reference is made can be indicated
by an appropriate suffix such as S3 for the
third harmonic, Sr..... for the r.m.s. sum of
all harmonics, etc. The presence of a
polarising field changes the magnitude and
the nature of the distortion, as will be seen
later. Thus a fresh series of distortion
coefficients arises with every change in the
value of the polarising field.

Applying the above definition of the
distortion coefficient to equation (8) we
obtain :-

V Io9 l R
. (1 ) (9)Vf 872 N2A -

4Z f

IHNwhere SB =
0.56 Bml

= distortion coefficient.
Equation (9) is exact at any one harmonic

frequency in the limiting case when R = o.
When R is small by comparison with Z1
the equation provides a close approximation
to the truth at any one harmonic frequency.
But when R is appreciable by comparison
with .Z.f, the equation is subject to the same
limitations as those applying to equation (4).

It is interesting to note in passing that
the constant 109/872 is the reciprocal of the
reactance at I c/s of a choke in which N = 1,
A = 1, 1 = I and kt = I. Thus the product
of the three factors -1022 N2A and , which

occurs in equation (9), is the ratio of the
equivalent series resistance (R) to the
reactance of the transformer at the funda-
mental frequency when using an imaginary
core material having the hypothetical per-
meability of I. These considerations suggest
that the constant ro9/8H-2 should properly
be associated with the factors l/N2A and R/f,
and that it was correctly excluded from the
definition of the distortion coefficient.

The S3 - Bm curve for Silcor I in the
non -polarised state is given in Fig. 9.
Corresponding curves for Vicor, Silcor 2,
Silcor 3 and Silcor 4 can be obtained by
plotting the figures to be found in Table IV.

One minor difficulty arises when employing
equation (9). Appropriate values are readily
assigned to all the factors with the single
exception of Z1, which appears in the final
correction factor. If the relevant Z, - Bm
curve (see Fig. 8) is available the difficulty
vanishes. Alternatively, no serious error
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will arise by substituting coL in place of Z.
L can be estimated by means of the well-
known formula :-

L = 47N 2Aµ72A
1091

X1 ob
I40

120

(.0

100

5

BO
0
U
z
0 60
ce
0

0 40

20

0 2,000 4,000 6,000 8,000 10,000 12,000

PEAK FLUX DENSITY (LINES PER SO. CM)

Fig. 9. Variation of S3 with B,,, for Silcor 1.

Equations (7) and (9) provide two expres-
sions for the voltage distortion produced by
a transformer. Equating these we find :-

ro 9 I B I
. . -

877.2 f Z
Expressed in words :-The product of the

distortion coefficient and the reciprocal of
a specific reactance (N, A, 1, f and 11 = 1) is
equal to the product of the fractional current
distortion and the reciprocal of the relative
specific choke impedance (N, A, 1 and f = 1).
It follows that the distortion coefficient is
given by the product of the fractional cur-
rent distortion and the ratio of ° the magni-
tudes of a specific reactance to the relative
specific choke impedance. The latter ratio
clearly approximates to r/11, when the power
factor is low.

Space will not permit a comprehensive
review of the many applications of the above
data to problems arising in the design, and
in the use, of audio -frequency transformers.
A single example in the form of problem
and solution will have to suffice.

Problem :-An amplifier having a balanced
push-pull output stage is required to feed

October, 2942

7 watts at 3o c/s into a resistive load of
6000 ohms. The output valves have an A.C.
resistance of moo ohms each and the
optimum load for the power stage is 6000
ohms (A to A). The output transformer has
a ratio of r : i and a closed magnetic circuit
of Silcor 1. Nothing more is known of the
transformer design data, but the following
r.m.s. no-load currents were observed by
connecting the full primary to the 5o c/s

power supply via a multi -tapped auto -
transformer :-

V
volts

I
mA

V
volts

I
mA

250 2.2 350 2.6
200 2.5 400 3.o
250 1.85 450 3.4
300 2.2 500 4.0

Estimate the harmonic distortion produced
by the transformer when used for the purpose
suggested above.

Solution :-The impedance of the trans-
former at 5o c/s with various applied voltages
can be calculated from the figures given in
the question.* These are found to be :-

V
Zf

ohms V
Zf

ohms

150
200
250
300

225 000
133 000

000
136 000

35o
400
450
500

235 000
233 000
232 000
125 000

Plotting the above values of Z1 against
V shows that the maximum impedance is
attained when 29oV. is applied to the
primary. Since Z f is proportional to Z,
the flux density at which the maximum value
occurs can be taken from Fig. 8 and is seen
to be 4roo lines per sq. cm. Hence the
application of 29oV. at 5o c/s corresponds to
a peak flux density of 4100 lines per sq. cm.

The voltage required to dissipate 7 watts
in a 6000 ohm resistance is V6000 X 7
= 205 volts r.m.s. The peak flux density in
the core of the transformer resulting from
the application of this voltage at 3o c/s

2o5 5o
will be 4roo x -x -= 4800 lines per

290 3o

* The values quoted in this example are taken
from a practical design employing a 2 }in. stack of
No. 4 stampings wound with a primary of 4000
turns.

';1
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sq, cm., since B, is directly proportional to
voltage and inversely proportional to fre-
quency.

It is now possible to assign values to the
various quantities appearing in equation
(7). /3//f = 0.18 (from Fig. 8). Z could
also be taken from Fig. 8 but it would not
be useful since 1, N and A are unknown.
Instead, Zs, can be calculated from the
known impedance of the transformer at
5o c/s. It has been shown that 2goV. at
5o c/s corresponds to a peak flux density
of 4100 lines per sq. cm., therefore the
applied voltage at 5o c/s corresponding to
B, = 4800 lines per sq. cm. will be

ego x 4800
= 340 volts r.m.s. The primary4Ioo

impedance at this voltage is seen from the
above table to be approximately 135 000
ohms. Therefore :-

1 IZ. = 135 000 .

5o

The unknown factor, //N2A , will be found
to cancel out when substituted in equation
(7).

R is the combined resistance of the load
(6000 ohms) and of the valve A.C. resistance
(moo x 2 ohms) in parallel, i.e. 150o ohms.

X166
160

140

120

A4
a -
Z 100

0
U
z
0
cc
cc

a

80

60

40

20

0

H=1.0

H.o 5

H=0.2S

H=o

2,000 4,000 6,000 8,000 10,000 12,000
PEAK FLUX DENSITY (LINES PER SO. CM)

Fig. to. Effect of a Polarising Field upon the
Distortion Coefficient of Silcor 2.
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An approximation to Z at 3o c/s can be
obtained from 4, above :-

NAf
Zf . =135 000 x -30

50
= 8r 000 ohms approx.

x186
400

3
300

2

0

U
;..

U
laJ
a.

100

1.0.1

200

0

H.o

H.o
i.

H.025

H. 0 S

H.1 0

2,000 4,000 6,000 8,000 10,000 12,000
PEAK FLUX DENSITY (LINES PER SO CM)

Fig. II. Effect of a Polarising Field upon the
Relative Specific Choke Impedance for Silcor 2.

Substituting in equation (7)

= o.18o.18 .

:-
Vh N2 . A . 50 1 1500

135 000 .  N2A 30

1500x (1
4 x 81000 = 0.0033 approx.

The required harmonic distortion therefore
approximates to per cent.

The example cited is one that may be of
great use in practice. No knowledge of the
transformer design is required except that
the core material must be known. The
experimental data needed is such that can
be obtained by means of the most rudi-
mentary equipment. Two possible sources
of error must be watched. (1) The trans-
former must not only have a nominally
closed magnetic circuit, but the laminations
must be properly butted together. Other-
wise false values of the relative specific choke
impedance will be obtained. (2) The pres-
ence of a polarising current may materially
increase the distortion.
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The preceding subject matter relates
specifically to the normal cyclic condition
and is applicable to all types of chokes and
transformers in which no polarising field
exists. In theory push-pull transformers
fall within this category, but an exact
balance between the anode currents in the
two halves of the primary winding is rarely
attained in practice. A brief account of

0-4

o--. 0 3
N

z
0

02
cr
0

cr
cr

0' I

0

H=10

H=o5

H=o 25

H=o

H=0

2,000 4,000 6,000 8,000 10,000 12,000

PEAK FLUX DENSITY (.1_ NES PER SO. CM)

Fig. 12. Effect of a Polarising Field upon the
Current Distortion produced by Si!cor 2.

the effects of polarisation vyill therefore be
given.

. October, 1942

The existence of a constant component
in the magnetising force results in an un-
symmetrical hysteresis loop. Hence even,
as well as odd, harmonics make their appear-
ance. At any flux density below say
10 000 lines per sq. cm. the r.m.s. sum of
the 2nd and 3rd harmonic currents approxi-
mates to the r.m.s. sum of all the harmonic
currents. Whereas in the normal cyclic
condition it was necessary only to consider
/3, in the polarised condition is it necessary
to work in terms of \/I22 + /32.

Neither the second nor the third harmonic
current, taken separately, follows the em-
pirical law stated by equation (4) ; but the
composite current 1V/22 /32 does so with
sufficient accuracy for practical purposes at
low values of the polarising field. Hence
all that has been said in connection with the
normal cyclic condition can be applied to
the polarised condition by substituting
-V/22 /32 in place of /3. The appropriate
distortion coefficient therefore becomes :-

v I2 + /32 N
S2 h 3 0.56 B

The values of S2+3, and -V/ 22+/32//f
obtained from a sample of Silcor 2 with
polarising fields of o, o.1, 0.25, 0.5 and 1.o
oersteds are given in Figs. io, II and 12
respectively. The separate values of /2//f
and /3//f are indicated in Table V. The
method of applying this data to components
having an air gap in the magnetic circuit
will be touched upon in Part 3.

TABLE V

B,,,
lines per
sq. cm.

HD0 = 0.I HDC = 0.25 HDC = 0.5 H00 = "0

/2iii
.

1-3/1-f /2/4 /3/If 12111 I3/If 1 211 f 131If

360 0.012 0.051 0.0135 0.049 0.013 0.044 0.014 0.040
675 0.031 0.063 0.031 0.057 0.033 0.056 0.033 0.046

1125 0.058 0.077 0.063 0.065 0.064 0.063 0.064 0.051
1575 0.081 0.097 0.098 0.074 0.095 0.065 0.093 0.056,
2250 0.097 0.123 0.143 0.093 0.147 0.074 0.143 0.064
3600 0.099 0.176 0.175 0.150 0.225 0.114 0.23 0.085
5400 0.073 0.225 0.173 0.200 0.25 0.175 0.325 0.153
7200 0.048 0.255 0.129 0.245 0.23 0.24 0.35 0.21
9000 0.037 0.295 0.096 0.290 0.175 o.28 0.30 0.265
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Radiation Energy and Earth Absorption for
Dipole Antennae

By A. Sommerfeld and F. Renner
(Concluded from page 414 of the September. 1942, issue)

7. Comparison of the Ideal Dipole with a
real Antenna. The Radiation Resistance

IF we neglect the ohmic loss in the antenna
wire and possible spark losses, the energy L
fed to the antenna is transformed com-

pletely into radiation, which in turn consists
of the utilisable radiation transmitted to the
air space and the radiation energy absorbed
within the earth. Accordingly, we write in
equations (23) and (29) :-

S =L
and obtain s, and sll, having the meaning
indicated in Figs. 4 and 5 * :-

L ___ ick14A2s,, L = ick14B2sH
, (53)

These equations show how the " dipole
strengths " A and B introduced in (6) and
(II) must be chosen to suit a vertical or
horizontal antenna of given energy L. In
particular A1 and B1 may be those dipole
strengths which correspond to the energy
of 1 kW = Ion Erg./sec. If we chose also
k= A

'

obtain :

Al=
VSov(8740

measured in centimetres, we

A2 IO 5

With an arbitrary
kilowatts we obtain

A2 io5B1=
V sH (87401.

(53a)
energy expressed in

A =AiNIL, B =BiVL (53b)
With the numerical values of A and B thus
obtained, the equations (9) and (1o) furnish
the field components in ordinary Gaussian
units, that is to say H in Oersteds and E in
electrostatic units, or, after multiplication
by 300, in Volt/cm.

In practice, it is customary to pass from
the radiation S to the radiation resistance
R by means of the relation

Rj2 iR jo2
(54)

* Published in the previous instalment.

Jo being the current amplitude. In this
equation, if R is to be computed in ordinary
electromagnetic CGS units, Jo has to be
expressed in the same units. Since we have
neglected the ohmic resistance in the antenna
we write :

L = iRJ02 (54a)
Although A and B, according to (53a, b),
depend only on A and L and, because o
sr, so, also on C and R is dependent,

2

through Jo, on the antenna length 1 and the
current distribution. As current distribu-
tion, we need only consider the uniform
distribution along the entire length of the
linear antenna, that is to say the case of

since any other
distribution can be reduced thereto in
known manner by a " form factor."

In order to find the relation between the
pole strengths A , B and the current amplitude
Jo of (54, 54a), we remember that Hertz
in his classical paper" of 1888, has called
the units corresponding to our A, B " electric
moment of the dipole." If we write for this
ea, then e is the oscillating charge which
Hertz assumed to be a point and a the
amplitude of vibration. e is measured
electrostatically by Hertz. If we consider
an arbitrary section perpendicular to the
dipole axis we can define c as that charge
which crosses this section in the time

2
of half the duration of one vibration.

In our case, a equals half the length of the
antenna, that is to say equals 1/2. If we
indicate the antenna current by :-

J Jo sin cut = Jo sin 2ir - ,

11 ( The forces of electrical vibrations treated
according to Maxwell's theory), Ges. Werke, Vol.
II, p. 151.
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the charge that passes a section in the time
T.-1s :-
2

2

JJdt = J 01 sin 27r -t tit = .. (55)
7r

However, this current, or its amplitude Jo,
should be measured electromagnetically. In
order to transfer it into the electrostatic
system we have to multiply it by c. Like-
wise, the c in Hertz's nomenclature is :

T A
e .

7r " Tr

Thus, Hertz's " electric moment " en is :

Al
ea = Jo-

27r

Thus, it is also :
A l Al

Bi 027r

If we equate the expressions
(53) and (54a) and use for .4,
(55a), I/02 disappears and,

27rk1 = , we obtain :-
/2 s

R 472c
I v

A2 !sit

(55a)

for L from
B the value
in view of

(56)

as the value of the radiation resistance in
electromagnetic CGS units. Finally, we
convert to ohms by multiplication by fo-e
and introduce the form factor x referred to
above, which has the value i for our uniform
current distribution (for a sinusoidal distri-

bution x = - ). Thus we obtain :-
IT

A1)2

(svR = 120 7r2(- S2
lsa,

.. (56a)

For an antenna at a great distance from the
earth it follows therefore, that with s-----sli-
(equation (48a)) :-

2

R = 8o 7r2 S2 (56b)

The same value was obtained from Hertz's
paper by Zenneck" for an antenna in free
space.

18 J. Zenneck,Lehrbuch der drahtlasen Telegraphie,
(Textbook of Wireless Telegraphy), Stuttgart
1910, 13. 49.

It is, however, of importance to note
that equation (56a) covers more than this
particular case, and, by means of the factors

sli, includes the influence of the direction
of the antenna and its distance from the
earth as well as the influence of the character-
istics of the earth. Particularly, the rapid
increase of s, and sli at small antenna
heights h. (see Figs. 4 and 5) influences,
as can be seen from (56a), the radiation
resistance R. Figures 4 and 5 can be con-
sidered as direct illustration of the radiation
resistance R if one inserts in ordinate scale

the factor 120 7r2(? --1-- from equation (56a),

which is dependent on the position of the
antenna and the characteristics of the earth.

In this connection, it becomes clear that
the efficiency of an antenna near the earth
is favourably influenced if immediately
below the antenna, where the field, and thus
the absorption by the earth, would be
the strongest, a network of metallic wires is
provided, which network decreases the effec-

tive value of thus also of
1k21

In the very numerous textbooks which
substantially agree with the Hertz-Zenneck
formula (56), no mention is made of this
influence of the earth on the radiation
resistance and of the position of the antenna
relative to the earth. Therefore, we consider
the main value of our paper to lie in the
clarification of these conditions.

APPENDIX 1

Formulae for the Medium II
In section 1 we have given the potentials and

the field intensities derived therefrom only for the
medium I (air). We shall now give the corre-
sponding formulae for the medium 11 :

First, the generalisation of equation
medium of the wave constant A, is

k2211- o
k,' (4')

rot II

For the vertical dipole as we know the vector II
is reduced to the component 112. This component
in medium 11 is :--

E k ,211 grad div , H

1, ), /WA- 2.1e ,21 J (Ar)e

(4) (or a

(8')

This expression is simpler than the corresponding
one for the medium 1. The reason for this is that
in medium II no primary excitation is present,
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-and that one need not distinguish between z < h
and z > h.

According to (4')
.32Hz ik 22 all

Er =-- , H,, =-- -by-bz k, (5')

Now it is easy to verify that the components Er and
Ho obtained from (8) or (8'), according to (5) or
(5') respectively merge into each other continuously
for z

In the case of the horizontal dipole one needs,
as before, two components Hx and H2 of the Hert-
zian vector. These are :-

2 2

kit,
PAr)e

tqg - AdA

+ P2

T3 /722 (k12 k22) cos 96/ J1(Ar)eg2z -

A1dA

(I/1 + /42)N
According to (4')

-() 1I2x k 2 cos OH.E,. = cos 0 + 2

sin 0 bll, b2/7zEd,= - k22 011 x y by r .60bz

Thz ki2

k22(1bliz bfix)Hr = + sin 96

k,.2 -617
=

akl (cos -

.. (13')

(io')

(Ioa')

Also in this case, one can easily ascerta-n that the
four boundary conditions are complied with forz = o. (In Er and Ho all members comprise the
common factor cos 0, in E4 and Ho the commonfactor is sin 4).

APPENDIX 2

A closer approximation for the Vertical Dipole
at very great heights

In equation (35a) the lower limit - t(i u0)was replaced by - it, and furthermore exp. ( - tut))by I in view of u, being small. The first approxi-
mation is always admissible, the second obviously
onl y if Ituol < 1. In our numerical examplek,
121

= -, this is no longer the case for h > 5A.loo
iKWe, therefore, shall give here the result for Re {- 3}'

which is obtained if the approximation !Cud <<, I isnot made.

Instead of (37), one obtains :-
Re {iK)- = Re { - 2 k1 Re fie --0.16) GI,

121

wherein, as before, G is given by (36a).
In the same manner, we will also supplement the

computation of Re fiK,7,1 which we used in equa-tion (44) for determining the absorption by theearth. We have

Re liek7} Re { _2J"L'i?:3 - 2 ---k
k13

Re f ie (Culp l's)(G7 (e

uo

459

In this equation Lk1 and Go have the same meaning
as the expressions (32c) and (44b) respectively.The remaining integral can be dealt with by a
series development of e -3, or, if tu, is great, by
reducing it to the logarithm.

Now, one sees immediately that for the vertical
dipole Sab,. only appears to become logarithmically
infinite fort -->- co, equation (46), as we mentionedpreviously. Since the real part of u, is positive,exp.( - tu) decreases for c- co to such a degree
that log t, which occurs in G: becomes harmless.
Moreover, it may be noticed that this logarithm
is compensated by the additional integral in the
( ) of the last equation. -

APPENDIX 3
Comparison with Niessen, " Ann. d. Phys.," Series 5,

Vol. 22, p. 162, and Vol. 24, p. 31, 1935.
For purely imaginary k22 and 10to I < I , thecorrecting member of the first order for the vertical

dipole is given by Niessen, if our symbols are used
as follows (loc. cit. p. 18o)

- :-
Re -r-1- - [- (r - t) cosk - lk 21

+ (I + 0 sin t] - 172 11iti(C2(t)

(t -) IT

2

(a)

This agrees with our result given in (37) and (33)
if we put 8 = - -7r (which corresponds to a purely4
imaginary 29, except for the member - 1 in the
square brackets which is missing in our equations.We shall show in the following that this differenceis caused by an approximation made by Niessen
which is certainly inadmissible for h < -A .

27r
In Niessen's paper p. 174, the following integral

appears :-

x3e - 2a, Ile-I
U = y7 dx,j x2- I _ vVx2 1 +8

I
(b)

V-2-1? kl2
v = Ik21 02,2

if we replace his p by our k1, and his P by our Ik21.
With the substitution "V X2 - I = Oyu we obtain :-

8 ii2)ent

= I .2 _ 2. zudu'
0

K = hyk1 (c)
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U 2
Now, in this equation Niessen neglects - com-

2

pared with 1. That this is not always admissible
can be shown by using the numerical example
8 = io-4 illustrated in our Figs. 3 and 4. If we
assume u = loo, then the term neglected by

uses that part which
(26) one obtains :-

8 Saba. VI VII

was already

+ VIII +

calculated in

4SIX+
k,B2

+
ck,B2

(a)

Niessen equals approximately 1. However, in the wherein VI -IX mean the following abbreviations :-
proximity of u = loo, an essential addition to the co

2

integral is obtained for h < -A , because here exp. VI = -4 Re{i f e 2h + te)112 - 122
IL1A5dA}N

(- Ku) is not at all small. Moreover, we can show
0

directly that this leads to the difference mentioned
between Niessen's and our results.

We revert to the formula (b), make the sub-
stitution y = Vic2 - 1 and split U into two parts :

U = y fe-4Yydy y fe- CY I
-g+yY

O 0 Y2 -rY + 8 j -j
(d)

In the second integral, we effect Niessen's sub-
stitution y =

2
u already mentioned, and obtain :-

00 e-"uuduU= yi e 31)/dy + y (1 8 + u8)

(e)

If we neglect in the last bracket - S and u8 com-
pared with i (according to our assumption, 8 is
approximately 10-4 and therefore u8 approximately
to -2 for u = 100), the approximate value obtained
from (e) differs by the first integral in (e) from
Niessen's approximate value obtained from (e)

by neglecting -8 u2. This amounts to :-
2

O 0

y 1/2 k1
Ik21

If one now corrects Niessen's result (a) by this
amount, the term in question, viz. -1 in the square
brackets of (a), is compensated, and the difference
from our result given in (32) and (33) disappears.

The same remarks also hold good for the second
paper by Niessen referred to in the heading of this
appendix. In that paper the limitation to imagin-
ary k22 was dispensed with.

We have dealt with this point in detail because
it is decisive for the shape of the curves given in
our Figs. 4 and 5. According to Niessen, the

member -2- in our equation (49b) would disappear,

and only the logarithmic member would remain.
This would mean that the increase of the radiation
resistance when approaching the surface of the
earth would have no practical influence, and thus
the main result of our paper would be lost.

Mr. Niessen himself mentions the difficulties
existing when approaching the limit h- .o (divergent
integrals), see loc. cit. Ann. d. Phys., Vol. 22, p. 176.

APPENDIX 4
Intermediate calculation relating to the Absorption

by the Earth for the Horizontal Dipole.
We will show how one obtains equations (41)

and (41a) from equation (39). If one introduces
in (39) the expressions (i6), (17) for f, . . . f4 and

VII =

-41 121 - 122
N

A/k12 - A2 A5dA,

ki

4Bµ1 12212 Re {
(111 +µ2)N*

Vh12 - A2 A3dA,

VIII = Re{i je 2h(1.41+ -12 2

O
121 + 112

2k12 - A2 AdA}
121

= f 121 - p,2 2 2k12 - A2
AdA,

1/k12 - A2

IX = 2 Refife-21411* 121

*/12*/),,A2c/A}
0

oo 2k 2 A2 .1Re fife- 2hpe 121.* -1.42*

121*+ /12* 121 AdAf
0

If one first combines VI and VII and uses the ex-
pression 01 from (41), one obtains almost directly :-

VI + VII = c/A (b)41. 01(A)A3
0

Making use of the first expression for 562 (A) in
equation (41a), VIII can he written as follows :-

VIII = -f + 4 4'2(A) AdA

k,

= ki3 - 4/ Ch2(A)dA
3

Furthermore, it is advisable to subdivide IX into
two parts :-

(c)

IX = U V.

U and V are those integral sums which one obtains
if in the equation defining IX the upper and lower
limits respectively are replaced by k,. The same
integral sums appear in the expression for S,
equations (26) and (26a), which by similar sub-
division and the use of equation (40) can be written

4S =4k 3 u v.
ck,B2 3 1

Consequently, the last two members of (a) can be
combined as follows :-

IX + 4S 4 k 3 17

thiB2 3 1

(d)



October, 1942 WIRELESS
ENGINEER

By adding together (b), (c) and (d), we obtain
according to (a) :-

k1k1

ck ,B2 2V - (A)dA - 4/ 4.2 (A)dA (f)
0 0

This is identical with (41), because we can ascertain
that V can be written, according to equation (27a),
as follows :-

8 Sab8.

V Re f - e 21411F (A) . . . . (e)
kl

To complete the calculation following (4.1) we
have to show how the approximate expression for
cb, appearing in the second equation in (41a) hasbeen derived. For this purpose it is sufficient to
approximate - /L2 by

µ1rµ2
- + -11.12 --,- I 22

Ak12 A2

µz F42
and consequently:

/21 - 1/212 by 2i Vk 12 - A2( 1- - )
1.41 ± 142 i-t2 12,2

4Vki2- A2= { 41.2}.
114212

APPENDIX 5
The utilisable Radiation in the Limiting Case

We will prove here that, as stated in section 6, S+
is always strictly finite and remains finite in thelimiting case We start from the expression
for the vertical dipole, equations (2o), (2oa)

4S+ = Re {-if A3dAf,*(A)f2(A )1.
ck 1A2

For f1 and f2 we introduce the values from (9a)
(taken with the upper sign), multiply out, and take
care of the reality condition. We obtain :-

4S+ -ck A 2
A3dA M 2 A3dA

A/k 2 - A2

I

TV k12 - A20 0

- 2 Re JJ e- 2ho1 M A3dA

0 N k 12 ___ A2 )

The first two integrals are independent of h. Inthe last integral, one can pass to the limit h->obecause the integration limits are o and k1. Thus,also this integral retains a finite value for C -2-o.
(The same integral appeared for S_, but the integra-tion limits were in that case k , and oo, so that in
that case one could not pass to the limit t -2-o).We shall not give here the corresponding, but
somewhat more cumbersome calculation for thehorizontal dipole.

(a)
APPENDIX 6

The second approximation for the Horizontal
Dipole

When calculating the total radiated energy insection 3 we represented the correcting member
by Re r L

).
'
wherein L was defined by (30) and thek 1'
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expression F (A) appearing therein by (27b). Bymultiplying the numerator and denominator in(27b) by M, and dispensing with the members of
k 3 k 4'the order A, and we obtain :-
x2- "2-

k12 /212 2k12 - A2F (A) = - 2 - p.2
k 22 h 22 ILI

In section 4 we considered only the first member.
Now we shall compute the amount of the second
approximation. The integral in question appearedalready in section 3, equation (28), but there with
the limits o and k1, while here the reality conditions

2are altered by the factor -
2 2

1 and the limits have tok
be replaced by o and co . One can easily confirmthat :-

CO

J 2k12 - A2 _ 2.4 AdA ki (c2 /).
P,20

Thereupon, a second approximation of the correctingmember is :-
. k 12  c.3-- Re Itk

22
g2 iC - 1)

=
2

-202121[(0 - i) sin g- 28) + cos g - 28)}.

Furthermore, we will give the second approximationfor the three members I, II, III, which appearedin equation (0) for the absorption by the earthfor the horizontal dipole.
With regard to I. Taking for F(A) the expression

of this appendix we obtain for the term of secondapproximation :-

-Ikk:212,3(-22- 1) sin 28.

With regard to II. One ascertains easily that
equations (41c) have to be replaced by the following
values, which are more correct by a power of
k

-N
Re \/k12 - A2 Ik21 sin 8 - A2,µ1+µ2

- P2
N

2 2k12 - A2
)- x

I(
I -I- sin 8.ik 2.2(k 22 - A2)

k2I 1/k12 - A2
Thus, one obtains for the term of second orderin II :-

sin 28 kl 2k 12 A2 8 k
k

22 A3dA = - -1--L - 3 sin 28.Ik212 i V k 2 - A2 ik212 ,
..

0 1

With regard to III. For 02, one obtains by com-
pleting the calculation given at the end of appendix
4 as additional term of second approximation :-

2k2 -A2
A22 1/1? 12 - A2 sin 28.

1k 212

When integrated, this furnishes the correspondingcorrection for III :-
x6 k

k13 sin 28.
51 2,2
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By comparison with the terms of the first order
one sees that those of the second order appearing
in II and III can be neglected throughout. The
newly added term in I becomes only essential for
very small antenna heights, namely, if

k,-
In our numerical example one can, therefore, be
completely satisfied with the first approximation

if h -A-
100

(b) Second approximation for the Vertical Dipole

In section 4, for the correcting term Re-, - - only
A L')

the term of the order was computed in the expres-
ik xi

sion for the total radiation energy S. We shall now

give the term involving
2

. This results from
ikk 21

the expression
kl

which
- k 22

(34c), and which is :--

2

Refk 2 oia

i
k

fe-{"du} =

was neglected in

2 ki2
Ik 212 sin (

From the expression designated by V in section 5
no second order term arises.

By comparison with the corresponding terms of
the first approximation one sees that for the
vertical dipole the second order terms are of no
importance whatever.

Errata
In the first instalment of the article " Radiation

Energy and Earth Absorption for Dipole Antennae "
in the August issue, the following corrections
should be made.
p. 351. Foot of second column, for 1 - a read I o.

p. 352. First line, for n, read n', and, for a read o.
Second column, line 4, should read

0, I1,).

P- 353. Second line, for a read o.
Equation (944.1, jor last N read N.
Two lines before equation rio), should

read 11 II7r, 11,1.
In equation (kcal, for 1I, read H..

P- 354. Ninth line, far a read o.
Equations (14) and 415), should read

Er uc

li /"(AY).firAIA3d MA prAy)./,(AIA
cos

B ;Jr(ArvoikA,v,\ Ar)1-241AdA

0 0

(14'

Ltitvlk'1,

Ar j, A A=sr A

- sA4 A AsiA

HO ,

i IA? ` t.k,k2,1A
klli cos 94,,

p (A,y, (A,AdA

15)

IL 354. Second column, line io, too 11 revs w

p. 355. Second column, line 5, rs,4 a lea' 4.
Equation (_2d) 1(4 Ikeµ real ik LH,
In final paragraph 01 footnote, lot a ',Ai/ o,

and, 4sa 11 real it.

p. 356. Line 10, jor 111 read rt.
Equation 424), for
Fifth line after equationJrk)

11* (A(1,t1) road
p. 357. Second column, line 8, Jro o rr,hi

Equation )3 1,), A, read .

Equation (34),Isar11 *cad 7,

p. 358. Equation 13041, /),# 11 i4,/ TT

p. 359. Equation r37, to 11 r)-,4)1 rftuti fox

key crud I k

The Industry's Target
Li,: many other trades and professions the

wireless industry has, in co-operation with the
Waste Paper Recovery ASSAA.1.511t)11. organised a
waste -paper salvage dm e. The target Is 5.1)01)

tons by I Ir ltitM1.1.5) The 4.11S1)))),),-11 of the paper
collected can be made through the usual channels
or through the urganising Committee. iiho m any
ase ask to be advised 01 the details tit the t &Met lions.

so that figures can be publishes) I hr address is
the Radio Industry Waste Paper Sal\ ag.. ppeal,
c o 1i 'Al A 59, Russell Square, A,ntion \\ s I

Book Received
Reference Data for Radio Engineers. 1 I s UM -

pact relerense book was originally contpilrsl (10 the
use of radio engineers on the start of standard
Telephones and Cables. but in response to numerous
requests it is no \\ made so adattle to those outside
that organisation he \ armus ,lata ha, been
collected together to inert the requirements of the
Company's engineers engaged in the de\ elopment

1.111110 communication. A \ Cry wide tutu
covered anti there are such useful items as, Lurves
for propagation s di illations water-cooling data,
etc., for transmitting eligini-tis 1 irniular for
attenuator design with curt es go. mug hyperbolic
functions in terms of power ratio in db : and tables
of Bessel functions, the need for which has grown so
rapidly with tlic ilnplinicid of phase- and
frequency -modulation s \ stems . as well as the
more usual cull rrsion tables and general 1 irntaile
Pp is). Published by Standard 'Telephones and
Cables Ltd , Connaught House, Aida vs h, London,
W frier 2 -
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Transformed Networks*
By H. J. Griese

I-lEN employing filtering circuits it
has been found that it is often
advantageous to construct them as

networks of the recurrent circuit type. Such
networks have the advantage of a simple
construction and easy computation. More-
over, the requirements with regard to the
loss angle and constancy of coils and con-
densers are easily complied with. This has
already been indicated by H. Epheser and
H. Glubrecht.l. Difficulties may, however,
be encountered when one endeavours to
construct the filters with as little material
and within as little space as possible. For
example, for band-pass filters of com-
paratively small band width and low im-
pedance one needs comparatively large
condensers in the shunt circuits, or, if the
impedance is high, very large coils in the
series circuits. Such large condensers or
coils make the filters unnecessarily expensive
or decrease the quality of the filters. In

Cl Y2C1 2 Li Ll CL

F-

Cq

Fig. I.-Normal band-pass filter.

such cases, the so-called transformed net-
works, in which the tuned circuits are trans-
formed, and which will now be described,

0 provide a remedy.
The problem will be best explained with

reference to a practical example. To con-
struct a band-pass filter according to Fig.
having a medium frequency of 2,000 c/s,

2 0 OR

* Translated by Dr. Walther Wolff from theoriginal article which appeared in T.F.T., Vol.;3o, No. 9, p. 263, September 1941.1 Die Grundlagen der Siebschaltungstheorien!and ihre Anwendungen. (The Principles of FilteringiCircuit Theories and their Applications). ENT,27, p. 167, 2940.
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a band width of zoo c/s, and an impedance
of zoo ohms, the computation leads to the
following values for the inductances and
capacitances :

Cz = 0.0318 pY Ci = 0.0159 ,uF
C,, =- 6.37 ILF
Li = 199 mH 2L1 = 398 mH
Lq = I.0 mH.

Now the value of 6.37 iLF, for the capacit-
ance of the condenser Cq in the shunt circuit
is extremely large. For a frequency of
2,000 c/s it is possible to employ paper con-
denserS, since the loss angle of such con-
densers is still small compared with those
of the coils, but the necessary constancy is
obtained only with condensers subjected
to a relatively high test voltage (500-1,500
volts). Such high voltages seldom occur
in the filter and, in particular, they do not
occur in the shunt circuits. Thus, the large
condenser Cq in the shunt circuit is badly
utilised, makes the filter expensive and
increases its dimensions considerably. If
one computes the filter for a higher im-
pedance, this capacitance and all the others
are decreased, but all the inductances are
correspondingly increased. For example,
if the filter is adapted to an impedance of
2,000 ohms, the shunt circuit, for which
now CQ, = 0.637 auF and LQ. = 10 mH, is
easily realised. The series circuit, for which
now 2L1 = 3.98 H and iCi = 1,590 /AIX is,
however, no longer realisable with simple
means. These series circuits can operate
properly only if the self -capacitance of the
coils is small compared with the capacitance
of the condensers. Thus, if the series circuit
inductances are increased and the series
circuit capacitances are decreased, the filter
deteriorates. Therefore, as far as possible
the values in the series circuits should not be
altered and only the resonant resistance of
the shunt circuit should be increased, and
should be properly fitted into the filter by
transformation. To this end, it is only
necessary to provide the coils with a tapping
point. The circuit of such a transformed
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filter is shown in Fig. 2. The inductance
La in Fig. 2 is identical with that in Fig. 1.

200 a

Ct LI 1/2 Cl. 21.4, - L C

F -

Fig. 2.-Transformed band-pass filter.

The capacitance Ca' can be given any
suitable value. When a particular value Ca'
has been chosen the value for Lq' becomes :

, Ca
La' -

1-"a  C'.
In practice, the filter is built up in such a

way that the number of turns in La' is made
slightly too small, the number of turns in a
small winding on top of the coil being
adjusted to obtain the inductance Lg.
Subsequently, the total inductance La' of
the first winding is ascertained, and the
capacitance Cq', which has to be increased
slightly in view of the value of La' being
slightly too small, is increased by adding a
small condenser. For example, Ca' and L,'
can be given the following values :-

Ca' = 0.1 /IF, approx.
La' = 6o mH. approx.

These are values which are easily manu-
factured, and which occupy little space.

By this transformation neither the loss
angle of the coil nor that of the condenser
in the shunt circuit is altered. Thus, it
may be expected that the attenuation char-
acteristic of the transformed filter corre-
sponds to that of the original filter, since the
qualities of the circuit remain unaltered.

For testing purposes, filters having the
values of the above example were made.
In order to determine the influence of the
coil material on the attenuation character-
istic of the filter, each filter was built up
with coils of different qualities. Siemens
" Dynamo Iron IV " (silicon iron) and
" M 89 " (nickel iron) were used in the
size " Roh tr 1". A coil with pressed
" Amenal " core has approximately the same
total weight. The attenuation character-
istics of the filters are reproduced in Fig. 3.

October, 1942

The filters were made in the transformed
manner (Curves i) and in the normal manner

(Curves 2), and, further-
more, in the transformed
filter, the condensers Ca'
were removed and replaced
by the condensers Ca con-
nected to the coils La.
Thereby, non -transformed
filters were formed in order
to show the influence of
the space factor of the shunt
circuit coil on the qualities

of the filters (Curves 3). In this manner, it
was proved that the small differences between
the attenuation in the transmission range of

t

zoon

1,600 1,700 1,800 1,900 2,000 2,100 2,200 2,300 2,400

CYCLES PER SECOND

Fig. 3. ---Attenuation characteristic of correspond-
ing transformed and non -transformed filters,
Curves 1, Transformed filters (circuit Fig. 2) ;
Curves 2, Normal, non -transformed, filters
(circuit Fig. i) ; Curves 3, Normal filters
with decreased utilisation of the winding space,

Full line curves.. Filter with iron cores of " M
89 green." Thickness of the laminations 0.05 mm.

air gap 0.5 mm.
Dash -dash curves. Filter with cores of 0.35 mm

" Dynamo iron " ; air gap 0.5 mm.
Dash -dot curves. Filter with iron cores of

" Amenal " (Gorier).
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the transformed and that of the non -trans-
formed filters are due entirely to the small
differences in the utilisation of the winding
space.

Summary

If the computation of band pass filter
networks leads to too large inductance in
the shunt circuits, the series circuits and the
shunt circuits can be transformed relatively
to each other.

As has been explained with reference to
the example, it is possible in this manner to
transform the inductances and capacitances
to values which are easily realised.

Attenuation measurements made on
corresponding transformed and non -trans-
formed filters show that the qualities of the
filters are not changed by the transformation.

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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Institution of Electrical Engineers
A S announced last month, the first meeting of the

Institution, at which Prof. C. L. Fortescue,O.B.E., M.A., will give his presidential address.will be held on October ist at 5.3o.
The inaugural address of Dr. R. L. Smith -Rose,

D.Sc., Ph.D., M.I.E.E., I),I.C., A.R.C.S., as chair-man of the Wireless Section. will be given onOctober 7th at 5.30. On November 4th Dr. Smith -Rose and Miss A. C. Stickland, M.Sc.. will deliver
a paper entitled " A Study of Propagation over theUltra -Short -Wave Radio Link between Guernseyand England on wavelengths of 5 and 8 metres(37.5 and 6o Mc/s.)."

Cored Solder
of the recent steps taken to effect economyinvithe preparation of tin used in solders a war

emergency revision slip. P.D.21, has been issuedto the British Standard Specification 441, which
specifies that the grade of solders used in cored
solders should conform to one of the five grades
covered by the War Emergency British StandardNo. 219. The scope of the specification has been
extended to include multicore solders and to modify
the requirements as to the composition of the resin
used for filling the core.

Copies of the amendment slip may be obtained
from the British Standards Institution, 28, Victoria
Street, London. S.\\'. r, on receipt of a stamped
addressed envelope.

Wireless Patents
A Summary of Recently Accepted Specifications

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

ACOUSTICS AND AUDIO-FREQUENCY CIRCUITS
AND APPARATUS

545 712.-Moving-coil loudspeaker with an outercone and a central tubular portion associated withthe moving coil.
A. C. Woods. Application date 2nd January, 1941.

1545 879.-Variable-reactance network, particularly'for use in frequency-modulating systems.
Marconi's W.T. Co. (assignees of L. C. Smith).

convention date (U.S.A.) 27th January, 1940.
k45 790.-Directional type of microphone corn-rising groups of pick-up tubes of graded lengthlo give a constant frequency characteristic.

Marconi's W.T. Co. (assignees of F. Massa).
onvention date (U.S.A.) 3111 January, 1940.

1,45 826.-Negative feed -back circuit for stabilising03.e gain of an amplifier subject to temporary?verload and similar operating variations.Standard Telephones and Cables (assignees ofF. B. Llewellyn). Convention date (U.S.A.) 22ndIfarch, 1940.

345 827.-Wide-band amplifier in which phase-shift and amplitude variations are minimised
whilst maintaining a constant frequency char-
acteristic.

The British Thomson -Houston Co. Convention
date (U.S.A.) 5th April, 1940.

DIRECTIONAL WIRELESS
545 880.-Radio-navigational sy,4em for aircraftin which a straight-line guiding path is char-
acterised by the absence of signals in the aircraft
receiver.

Standard Telephones and Cables (assignees ofA. G. Kandoian). Convention date (U.S..'!.) 31stJanuary, 2940.
545 778.-Indicating the direction and distance of
reflecting bodies by frequency -modulated waves.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabriehen). Application date 20th June,
1940.

545 876.-Minimising the undesirable effects of
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backward radiation in an aerial system for pro-
ducing an approach path of the overlapping -beam
type.

Standard Telephones and Cables (assignees of
A. G. Kandoian). Convention date (U.S.A.) 3rd
January, 1940.
546 021 .-Aerial arrangement for changing the
shape or contour of a guiding path used for blind
landing.

Standard Telephones and Cables and H. P.
Williams. Application date loth November, 1940.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

545 577. -Detecting frequency- or amplitude -
modulated signals by utilising the phase -relation
between the primary and secondary voltages of a
coupling transformer.

Marconi's W.T. Co. (assignees of W. R. Koch).
Convention date (U.S.A.) 3oth November, 1939.

545 599. -Carrier -wave telegraph receiver with a
biased relay to reduce the effect of variations in
signal " duration " caused by the line characteristics.

Standard Telephones and Cables (assignees of
J. R. Davey). Convention date (U.S.A.) 1st May,
1940.
545 714. -Single -valve arrangement adapted to
serve either as a telephonic or telegraphic amplifier
as required.

Rediffusion and P. M. Brand. Application date
,5th January, 1941. '

546 011. -Frequency -modulated receiver in which
the pass -band width of one or more stages is auto-
matically varied with the carrier frequency.

Marconi's W.T. Co. (assignees of H. Tunick).
Convention date (U.S.A.) 22nd December, 1939.

546 062. -Means for adjusting the band-pass
characteristic of an intervalve coupling without
affecting the response of a rejector circuit included
therein.

Hazeltine Corpn. (assignees of L. R. Mailing).
Convention date (U.S.A.) 18th April, 1940.

TELEVISION CIRCUITS AND APPARATUS
FOR TRANSMISSION AND RECEPTION

545 591. -Relay or repeater which responds only
to predetermined impulses, but not to casual or
fortuitous impulses, particularly for synchronising
systems in television.

Hazeltine Corporation (assignees of J. C. Wilson).
Convention date (U.S.A.) zoth January, 1940.
545 603. -Producing colour effects in television by
the use of a rotary drum, which carries different
light filters, and surrounds a cathode-ray trans-
mitting or receiving tube.

J. L. Baird. Application date 23rd October, 1940.

545 690. -Transmission line with spaced " feeder "
values for use as a frequency converter or as a
frequency modulator in television.

Marconi's W.T. Co. (assignees of F. H. Kroger)
Convention date (U.S.A.) 6th December,1939.

October, 1942

545 756. -Television receiver in which a back-
stroke eliminating voltage for the cathode-ray
tube is derived from the signal -separating stage.

Hazeltine Corporation (assignees of J. C. Wilson).
Convention date (U.S.A.) 23rd July, 1940,

545 803. -Circuit for separating the sound and
picture signals in a television receiver.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date 12th June,
1940.

TRANSMITTING CIRCUITS AND APPARATUS
(See also under Television)

545 586. -Circuit arrangements for improving the
characteristics of frequency- or phase -modulated
signals both for transmission and reception.

Hazeltine Corporation (assignees of R. L. Freeman).
Convention date (U.S.A.) 1st March, 1940.

545 866. -Gain -control circuit for a transmission
line which normally depends upon a pilot frequency
current to indicate the operating conditions.

Standard Telephones and Cables (assignees of
B. J. Kinsburg). Convention date (U.S.A.) 14th
September, 1940.

545 881. -Frequency -multiplying arrangement in
which straight-line amplifiers are fed in phase-
quadrature.

Farnsworth Television and Radio Corporationl
Convention date (U.S.A.) 18th January, 1940.

CONSTRUCTION OF ELECTRONIC -DISCHARGE
DEVICES

545 689. -Electrode system for collimating, focus-
ing, and modulating the electron stream in a
cathode-ray tube, particularly for television.

Electrical. Research Products Inc. Conventiont
date (U.S.A.) 2nd December, 1939.

11

545 835. -Arrangement of the " gun " electrodes'
in a cathode-ray tube for producing and con-
trolling a concentrated stream of electrons.

Electrical Research Products Inc. Convention*
dates (U.S.A:) 2nd December, 1939 ; and 17th
February and 4th April, 1940.

545 926. -Indirectly -heated cathode made in tw
layers of specified metals in order to minimise the
loss of heat which normally occurs at both ends.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date 9th Sep-
tember, 1941.

545 931. -Blocking -layer rectifying cell of the
kind in which one or more control grids are incur
porated.

Philips Lamps (communicated by N. V. Philips"
Gloeilampenfabrieken). Application date 31st October
1941.
546 029. -Valve which can be used to handle eithe
high or low frequencies, as an economy measure
particularly in an aircraft installation.

Standard Telephones and Cables ; J. D. Holland
and D. D. Robinson. Application date 20th December
1940-
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Abstracts and References
Compiled by the Radio Research Board and reproduced by arrangement with the Department

cf Scientific and Industrial Research

For the information of new readers it is pointed out that the length of an abstract is generallysip indication of the importance of the work concerned. ;In important paper in English, in. ajournal likely to be readily accessible, may be dealt with by a square -bracketed addition to thetitle, while a paper of similar importance in German or Russian may he given a long abstract.In addition to these factors of difficulty of language and accessibility, the nature of the work has,of course, a great influence on the useful length of its abstract.
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PROPAGATION OF WAVES
2932. THE PROPAGATION OF ELECTRIC WAVES

THROUGH A METALLIC TUBE AND BETWEEN
Two PARALLEL METALLIC PLATES.-K. F.Lindman. (Zeitschr. (. tech. Phys., No. 4,
Vol. 23, 1942, pp. 95-100.)4

1 Experiments between 1895 and 1902 agreed in
4 showing that the wavelength in the tube-inde-i pendent of the natural wavelength of the exciter-bore a constant ratio to the tube diameter : butwhereas Drude found that it was almost twice the

diameter, other workers maintained that the ratio
was considerably less than two to one : further.while Becker found that the wavelength of theradiation emerging from the tube was three-quarters of that inside the tube, Drude (without
quoting any data) concluded that the two wave-
lengths were the same. Weber showed theoreticallyfrom Maxwell's equations that the repeated re-flections from the tube walls caused diagonalelectrical oscillations which formed a wave motioni progressing along the tube : on the assumption1, that these waves were propagated in an air -filledtube with the same velocity as in free air, he foundthat the wavelength A of this " natural oscillation "of the tube must bear to the diameter d the relation) A = dir/1.84 = 1.71d. The question of the wave-llength of the oscillations emerging into the openair he left untouched, nor does it appear to have(been treated theoretically elsewhere. The A = 2drelation for tubes, given by Drude, above, wasfound theoretically by Weber for the case of wavesbetween two metal plates parallel to each otherand to the electric vector. The writer is unawareof any experimental Nvork on this point, exceptBergmann & Doerfel's experiments (1932 Abstracts,453) on the radiation field of a vertical aerialbetween two completely conducting horizontal

planes. Weber confirmed his theoretical relationA = 1.7rd by experiments with interference tubes.like the Quincke tubes of acoustics, and Beckerwith a similar method found approximate agree-ment also. Recently many papers on the propa-
gation of waves in hollow metallic cylinders haveappeared : Riedinger, in the Vilbig-Zenneck book
(see 577 of February), has given a survey of these
-and has also published work of his own-see o2(of April: : but these researches have for the mastpart dealt with " other questions. more directly
connected with h.f. technique, than those discussedabove. -

In view of this, and of the fact that the older
results were obtained with exciters of doUbtfully
known wavelength, with more or less unreliable
coherer methods of measurement, and withbranched tubes in view also of the fact that it is
still not certain whether, contrary to i)rude's ideas.the wavelength of the emerging oscillations is
different from that inside the tube, the writer has
undertaken the experimental work anew, with a
new technique, u.ing his often employed rod -shaped
vertical }lertzian osillator of variable natural
wavelength (about 14-3o cm), the straight metal
tube arrangement. of Fig. r, and an exploring
thermojunction and galvanometer combination
as detector and measuring instrument. By careful
adjustment of the exciter and Tesla-transformer
spark -gaps, etc., the exciter was ren'lcred extremely
constant throughout each series of measurements,
so that the first swing of the galvanometer served
as a measure of the intensity of the oscillations.
With a tube length of 58 cm and diameter of 1 3 em-
it was found that the principal component of the
radiation emerging into the open air had a wave-
length of 17.2 cm. " Objective " measurements
inside the tube (with the specially damped exploring
circuit which the writer classifies as an ' indifferent "
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measuring instrument, as opposed to his " selective "
circuit : see p. 97, r -h column) gave a wavelength
there of 22.4 cm : this is the wavelength of the
" natural oscillation " of the tube, and by Weber's
theoretical result, mentioned earlier, it should be
1.71 times the tube diameter ; that is, 22.23 cm,
very close to the measured value. Becker's state-
ment that the wavelength in open air is three-
quarters of that inside the tube would lead to an
open-air wavelength of 4 x 22.4, or 16.8 cm,
which is also quite near the measured 17.2 cm.
This open-air wavelength was independent of the
length of the tube and also of the natural wave-
length A° of the exciting dipole, provided Ao/2 was
greater than about 2d/3 : but if, on the other hand,
Ao/2 was less than 2d/3, the emerging radiation
was predominantly of wavelength A°. Even in the
first case (Ao/2 > 2d/3) a small amount of A° radia-
tion was present among the open-air oscillations,
but it practically disappeared when the tube was
lengthened to 93 cm.

Similarly, the principal component of the radia-
tion emerging from between two parallel plates
To cm apart, instead of the tube, was found to
have a wavelength three-quarters of that " objec-
tively " measured between the plates, which was
19.2 cm-almost twice the distance between the
plates, whereas by Weber's theory it should be
exactly twice. This principal component (14.4 cm)
had mixed with it a small amount of radiation of
the natural wavelength of the exciter, 26 cm.

Both in the case of the tube and of the parallel
plates, measurements (with the " selective " reso-
nator) on the intervals between maxima showed
that the velocity of propagation was the same as
in open air. A full report of the work, including
further researches on plates more or less inclined
to each other, instead of parallel, will appear in
Acta Acad. Aboensis, Math. & Phys.

2933. MEASUREMENTS OF ULTRA -SHORT-WAVE AB-
SORPTION IN LIQUID DIELECTRICS BY THE
MALSCH METHOD:-Khodakov. (See 3047.)

2934. A SPECIAL TYPE OF CONCENTRIC LINE AS
ULTRA -SHORT-WAVE RESONATOR.-Steyskal.
(See 2969.)

2935. THE APPLICATIONS OF CENTIMETRIC ELEC-
TROMAGNETIC WAVES [Survey, particularly
of the Lympne/St. Inglevert Link and the
Wave -Guide Researches of Altovsky &
Clavier (see, for example, 872, 3024, &
4277 of 1939) : Waves below i cm generated
at L.M.T. Laboratories by Magnetrons with
Wave -Guides : Their Measurement : etc.].
--M. Adam. (Genie Civil, 31st Jan./7th
Feb. 1942, Vol. 119, No. 5/6, pp. 56-59.)

2936. CONTINUOUS DETERMINATION OF AIR -MASS
BOUNDARIES BY. RADIO.-A. W. Friend.
(Hochf:tech. u. Elekakus., Feb. 1942, Vol. 59,
No. 2, p. 6o.).

A summary, by Zenneck, of the 1939 Bull. Am.
Meteorol. Soc. paper on simultaneous tropospheric
soundings by radio and by sounding -balloons,
whose later development was dealt with in 322o
of 1941 : see also 941 of April.

October, 1942

2937. ARRANGEMENT FOR THE TRANSMISSION OF
SHORT -TIME HIGH -FREQUENCY PULSES [to
avoid Distortion of Pulse Form].-Kotowski.
(See 3012.)

2938. HEIGHT OF MAXIMUM ELECTRON -DENSITY
IN THE IONOSPHERE [Reply to Rawer's
Criticism (359 of February) of the Booker -
Seaton " Five -Sixths of Penetration Fre-
quency " (Parabolic Distribution) Technique :
Its Usefulness : Complete Failure of " Ger-
man " Technique when applied to World -
Wide Comparisons : the Question of Cor-
rection for Presence of Lower Layers].-
H. G. Booker : Rawer. (Tern.
A tmos. Elec., June 1942, Vol. 47, No. 2,
p. 173.)

2939. RADIO FADE-OUTS IN FEBRUARY AND
MARCH, 1942 [in India : during Fade -Out
of 28th February, Medium -Wave Signals
also decreased very considerably (supporting
Similar American Observations) : Pulse
Reflections, Normal up to Start of Fade -
Out, disappear completely throughout Whole
4-13 Mc/s Range : No Special Change in
F, Critical Frequency or Minimum Virtual
Height before & after Fade -Out : Observa-
tions from 1939 indicate All Fade -Outs
(except 29th April 1939) occurred during
Equinoctial Period].-K. Venkataraman.
(Current Science [Bangalore], May 1942, Vol.
II, No. 5, pp. 185-186.)

2940. ON THE INTERPRETATION OF THE SUN -LIT
AURORA.-J. Fuchs : Jordan. (Zeitschr. f.
Phys., 31st March 1942, Vol. 119, No. 1/2,
p. 136.)

Fuchs writes that Jordan, in his paper under this
title (1892 of July), has pointed out that the sun-
lit portion of the high atmosphere should present
a physical condition different from that of equally
high regions in the earth's shadow : and that this
difference may take the form of an enrichment in
excited molecules, produced by the ultra -violet
radiation from the sun. " I was able to show in
1936, in Naturwissenschaften (2511 of 1936), that the
daytime building -up of the ionospheric F, region
is to be attributed to a considerable increase in the
temperature of these atmospheric layers. This rise
in temperature I traced to the presence of ` particles
which are transformed to the excited state by
absorption of solar u.v. energy. The consequent
increase in the thermal motion of the particles then
causes a daily thermal expansion, so that that part
of the F region in which the excited particles pre-
dominate will expand upwards and there lead an
electro-physically separate existence as the F2
region, while the unexcited gas particles remain
at the original height and form the F, region.'
The necessity for the assumption of excited particles
for the representation of electro-physical pheno-
mena in the upper atmosphere was established for

ionospheric problems, therefore, some six year
ago."

2941. ELECTRIC AND MAGNETIC EFFECTS OF COSMIC

RAYS [taken to be Predominantly of One
Sign : Production of Shell Currents, con -
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2947.

i1 2948.

2942.

tributing to Earth's Magnetic Field : Varia-
tions in Cosmic -Ray Intensity or of Con-
ductivity (Positive -Ion Density) of Inter-
stellar Space near Earth would cause
Variation of This Field, contributing to
World -Wide Terrestrial -Magnetic Varia-
tions : etc.].-Foster Evans. (Phys. Review,
1st/15th June 1942, Vol. 61, No. ri /12,
pp. 680-683.) A summary was dealt with
in 2606 of September.

NOTE ON THE EFFECT ON COSMIC -RAY
INTENSITY OF THE MAGNETIC STORM OF
MARCH I, 1942 [Cheltenham & Huancayo
Curves much resemble Those for Average
Storm -Time Variations in Magnetic Hori-
zontal Intensity-Strong Indication that
Changes are due to Magnetic Field of
Storm]., --Isabelle Lange & S. E. Forbush.
(Terr. Mag. & Atmos. Elec., June 1942, Vol.
47, No. 2, pp. 185-186.) Effects " are of the
same order and nature " as those reported
by Duperier (2279 of August).

2943. GIANT MICROPULSATIONS [during Medium
Magnetic Storm of rst March, 1942 : First
Experience at Hermands Observatory of
Pulsations on All Three Traces].-A. Ogg.
(Tern. Mag. & Atmos. Elec., June 1942,
Vol. 47, No. 2, p. 176.) From South Africa.

2944. THE 27 -DAY RECURRENCE -TENDENCY OF
MAGNETIC STORMS [Comparison of Recent
Russian Catalogue (Sloutzk Observatory,
1878/1939) with Results of Previous Workers].
-N. P. Benkova.
Elec., June 1942, Vol. 47, No. 2, pp. 147-153.)

2945. CHROMOSPHERIC ERUPTIONS : II.- M. Wald-
meier. (Sci. Abstracts, Sec. A, May 1942, Vol.
45, No. 533, p. 130.) For later work see 2277
of August and 2604 of September.

2946. CHARACTERISTIC RADIAL MOTIONS OF HE
ABSORPTION MARKINGS SEEN WITH BRIGHT
ERUPTIONS ON THE SUN'S DISC : also SOME
STUDIES ON THE MOTIONS OF HYDROGEN
FLOCCULI BY DOPPLER DISPLACEMENTS
OF THE HE LINE : and SHORT-LIVED Ha
PROMINENCES OBSERVED ON THE SUN'SDISC.-H. W. Newton : M. A. Ellison :
A. Hunter & A. D. Thackeray. (Sci. Ab-
stracts, Sec. A, July 1942, Vol. 45, No. 535
all on p. 178.)

THE EXCITATION TEMPERATURE OF THE
SUN [Measurements give 4300' for Centre
of Disc and 4100° for Limb].-E. J. Prouse.
(Sci. Abstracts, Sec. A, June 1942, Vol. 45,
No. 534, p. 154.)

COMPARATIVE OBSERVATIONS OF THE CORONA
IN THE LIGHT OF THE LINES 5303, 5694, AND
6374 A.0 : and VARIATIONS IN FORM OF
THE CORONA.-M. Waldmeier. (Sci. Ab-
stracts, Sec. A, May 1942, Vol. 45, No. 533,p. 130: pp. 130-131.) For other work see
1597 of 1941.

2949. ON THE ATMOSPHERIC TRANSMISSION OF
SOLAR RADIATION AT 2144 A.U. [Re -
Examination of Possibility of Detection of
Radiation between 03 and 03 Absorptions].
-E. Meyer. (Sci. Abstracts, Sec. A, June
1942, Vol. 45, No. 534, p. 176.)

2950. SELECTIVE EXCITATION OF SPECTRA BY
TILE HIGH -FREQUENCY DISCHARGE. -12. K.
Asundi & N. L. Singh. (Nature, 25th July
1942, Vol. 150, p. 123.)

2951. SOLAR RADIATION AND THE STATE OF THE
ATMOSPHERE [Survey].-H. T. Stetson.
(Scientific Monthly, June 1942, Vol. 54,No. 321, pp. 513-528.)

2952. OZONE AND ULTRA -VIOLET [Effects of Tem-
perature & Humidity].-A. W. Ewell.
(Phys. Review, ist/r5th June 1942, Vol. 61,
No. 11/12, p. 724: summary only.)

2953. THE MEASUREMENT OF THE ELECTRIC
ROTATING FIELD IN THE NEAR FIELD OF A
TRANSMITTER [and Its Dependence on the
Distance : in connection with Method of
Measuring the Electrical Constants of the
Ground : the Transition into the Zenneck
Field].-Grosskopf & Vogt. (See 3001.)

ON THE ZENNECK ROTATING FIELD IN THE
GROUND -WAVE FIELD OF A TRANSMITTER.
J. Grosskopf. (Hochf:tech u Ele k :a k u s ,

March 1942, Vol. 59, No. 3. pp. 72-78.)
It was pointed out in a previous paper (964 ofApril) that the surface wave given by Norton's

distribution is not fully identical with the Zenneck
surface wave. In the present paper the writer
sets himself to derive the Zenneck rotating field
from the reflection formula, which is known to
give the radiation field of a transmitter at great
distances to a first approximation (Schriever, 375of February). In this reflection formula, as various
writers have shown, the resultant distant field isdue to the interference of a wave coming down to
earth with one reflected from the earth's surface,the reflection coefficient corresponding to the
Fresnel coefficient for plane waves. Weyl has
shown that the reflection formula is merely the
first term of an asymptotic development of the
field in powers of 1/R. But in the immediate
proximity of the earth the second term of this
development, the " correcting term " of the re-
flection formula, is of the same order of magnitude
as the first, so that it cannot be neglected in calcu-
lating the surface wave. It is only by taking this
term into account that the characteristic properties
of a surface wave are obtained, and a form arrived
at which comes much nearer to the Zenneck typeof wave than does the interference wave derived
from the " uncorrected " reflection equation : the
latter wave, in fact, cannot really be described as
a surface wave.

The writer therefore calculates in turn (I) the
Zenneck field according to the " uncorrected "
reflection formula (which is once again seen to be
invalid for very small angles of elevation : " it is
therefore incorrect to deduce from this inter-
ference field, as Schriever [loc. cit.] has done, the

2954.
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measuring instrument, as opposed to his " selective "
circuit : see p. 97, r -h column) gave a wavelength
there of 22.4 cm : this is the wavelength of the
" natural oscillation " of the tube, and by Weber's
theoretical result, mentioned earlier, it should be
1.71 times the tube diameter ; that is, 22.23 cm,
very close to the measured value. Becker's state-
ment that the wavelength in open air is three-
quarters of that inside the tube would lead to an
open-air wavelength of x 22.4, or 16.8 cm,
which is also quite near the measured 17.2 cm.
This open-air wavelength was independent of the
length of the tube and also of the natural wave-
length A0 of the exciting dipole, provided A0/2 was
greater than about 2d/3 : but if, on the other hand,
A0/2 was less than 2d/3, the emerging radiation
was predominantly of wavelength A,. Even in the
first case (A0/2 > 2d/3) a small amount of A radia-
tion was present among the open-air oscillations,
but it practically disappeared when the tube was
lengthened to 93 cm.

Similarly, the principal component of the radia-
tion emerging from between two parallel plates
10 cm apart, instead of the tube, was found to
have a wavelength three-quarters of that " objec-
tively " measured between the plates, which was
19.2 cm-almost twice the distance between the
plates, whereas by Weber's theory it should be
exactly twice. This principal component (14.4 cm)
had mixed with it a small amount of radiation of
the natural wavelength of the exciter, 26 cm.

Both in the case of the tube and of the parallel
plates, measurements (with the " selective " reso-
nator) on the intervals between maxima showed
that the velocity of propagation was the same as
in open air. A full report of the work, including
further researches on plates more or less inclined
to each other, instead of parallel, will appear in
Acta Acad. Aboensis, Math. &' Phys.

2933. MEASUREMENTS OF ULTRA -SHORT-WAVE AB-
SORPTION IN LIQUID DIELECTRICS BY THE
MALSCH METHOD :-Khodakoy. (See 3047.)

2934. A SPECIAL TYPE OF CONCENTRIC LINE AS
ULTRA -SHORT-WAVE RESONATOR.-Steyskal.
(See 2969.)

2935. THE APPLICATIONS OF CENTIMETRIC ELEC-
TROMAGNETIC WAVES [Survey, particularly
of the Lympne/St. Inglevert Link and the
Wave -Guide Researches of Altovsky &
Clavier (see, for example, 872, 3024, &
4277 of 1939) : Waves below r cm generated
at L.M.T. Laboratories by Magnetrons with
Wave -Guides : Their Measurement : etc.].
--M. Adam. (Genie Civil, 31st Jan./7th
Feb. 1942, Vol. 119, No. 5/6, pp. 56-59.)

2936. CONTINUOUS DETERMINATION OF AIR -MASS
BOUNDARIES BY. RADIO.-A. W. Friend.
(Hochf:tech. u. Elek:akus., Feb. 1942, Vol. 59,
No. 2, p. 6o.).

A summary, by Zenneck, of the 1939 Bull. Am.
Meteorol. Soc. paper on simultaneous tropospheric
soundings by radio and by sounding -balloons,
whose later development was dealt with in 322o
of 1941 : see also 941 of April.

October, 1942

2937. ARRANGEMENT FOR THE TRANSMISSION OF
SHORT -TIME HIGH -FREQUENCY PULSES [to
avoid Distortion of Pulse Form].-Kotowski.
(See 3012.)

2938. HEIGHT OF MAXIMUM ELECTRON -DENSITY
IN THE IONOSPHERE [Reply to Rawer's
Criticism (359 of February) of the Booker -
Seaton " Five -Sixths of Penetration Fre-
quency " (Parabolic Distribution) Technique :
Its Usefulness : Complete Failure of " Ger-
man " Technique when applied to World -
Wide Comparisons : the Question of Cor-
rection for Presence of Lower Layers].-
H. G. Booker : Rawer. (Tern. Mag. &
A tmos. Elec., June 1942, Vol. 47, No. 2,
P. 173.)

2939. RADIO FADE-OUTS IN FEBRUARY AND

MARCH, 1942 [in India : during Fade -Out
of 28th February, Medium -Wave Signals
also decreased very considerably (supporting
Similar American Observations) : Pulse
Reflections, Normal up to Start of Fade -
Out, disappear completely throughout Whole
4-13 Mc/s Range : No Special Change in
F, Critical Frequency or Minimum Virtual
Height before & after Fade -Out : Observa-
tions from 1939 indicate All Fade -Outs
(except 29th April 1939) occurred during
Equinoctial Period].-K. Venkatarainan.
(Current Science [Bangalore], May 1942, Vol.
II, No. 5, pp. 185-186.)

A

2940. ON THE INTERPRETATION OF THE SUN -LIT
AURORA.-J. Fuchs : Jordan. (Zeitschr. f.
Phys., 31st March 1942, Vol. 119, No. 1/2,
p. 136.)

Fuchs writes that Jordan, in his paper under this i;

title (1892 of July), has pointed out that the sun-
lit portion of the high atmosphere should present
a physical condition different from that of equally
high regions in the earth's shadow : and that this
difference may take the form of an enrichment in
excited molecules, produced by the ultra -violet
radiation from the sun. " I was able to show in
1936, in Naturwissenschaften (2511 of 1936), that the ;

daytime building -up of the ionospheric F, region
is to be attributed to a considerable increase in the );
temperature of these atmospheric layers. This rise )$

in temperature I traced to the presence of ' particles
which are transformed to the excited state by
absorption of solar u.v. energy. The consequent $1
increase in the thermal motion of the particles then
causes a daily thermal expansion, so that that part
of the F region in which the excited particles pre-
dominate will expand upwards and there lead an
electro-physically separate existence as the F2
region, while the unexcited gas particles remain
at the original height and form the F, region.'
The necessity for the assumption of excited particles
for the representation of electro-physical pheno-
mena in the upper atmosphere was established for

ionospheric problems, therefore, some six year
ago."

2941. ELECTRIC AND MAGNETIC EFFECTS OF COSMIC

RAYS [taken to be Predominantly of One
Sign : Production of Shell Currents, con-
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2942.

tributing to Earth's Magnetic Field : Varia-
tions in Cosmic -Ray Intensity or of Con-
ductivity (Positive -Ion Density) of Inter-
stellar Space near Earth would cause
Variation of This Field, contributing to
World -Wide Terrestrial -Magnetic Varia-
tions : etc.].-Foster Evans. (Phys. Review,
istl15th June 1942, VOL 61, NO. 11/12,
pp. 68o-683.) A summary was dealt with
in 2606 of September.

NOTE ON THE EFFECT ON COSMIC -RAY
INTENSITY OF THE MAGNETIC STORM OF
MARCH I, 1942 [Cheltenham & Huancayo
Curves much resemble Those for Average
Storm -Time Variations in Magnetic Hori-
zontal Intensity-Strong Indication that
Changes are due to Magnetic Field of
Storm]. -Isabelle I,ange & S. E. Forbush.
(Terr. Mag. & Atmos. Elec., June 1942, Vol.
47, No. 2, pp. 185-186.) Effects " are of the
same order and nature " as those reported
by Duperier (2279 of August).

2943. GIANT MICROPULSATIONS [during Medium
Magnetic Storm of 1st March, 1942 : First
Experience at Hermands Observatory of
Pulsations on All Three Traces].-A. Ogg.
(Terr. Mag. & Atnsos. Elec., June 1942,
Vol. 47, No. 2, p. 176.) From South Africa.

2944. THE 27 -DAY RECURRENCE -TENDENCY OF
MAGNETIC STORMS [Comparison of Recent
Russian Catalogue (Sloutzk Observatory,
1878/1939) with Results of Previous Workers].
-N. P. Benkova. (Tess. Mag. & Atmos.
Elec., June 1942, Vol. 47, No. 2, pp. 147-153.)

2945. CHROMOSPHERIC ERUPTIONS : II.- M. Wald-
meier. (Sci. Abstracts, Sec. A, May 1942, Vol.
45, No. 533, p. 130.) For later work see 2277
of August and 2604 of September.

2946. CHARACTERISTIC RADIAL MOTIONS OF HOC
ABSORPTION MARKINGS SEEN WITH BRIGHT
ERUPTIONS ON THE SUN'S DISC : also SOME
STUDIES ON THE MOTIONS OF HYDROGEN
FLOCCULI BY DOPPLER DISPLACEMENTS
OF THE HCC LINE: and SHORT-LIVED HOC
PROMINENCES OBSERVED ON THE SUN'S
Disc.-H. W. Newton : M. A. Ellison :
A. Hunter & A. D. Thackeray. (Sci. Ab-
stracts, Sec. A, July 1942, Vol. 45, No. 535
all on p. 178.)

2947. THE EXCITATION TEMPERATURE OF THE
SUN [Measurements give 4300° for Centre
of Disc and 4100° for Limb].-E. J. Prouse.

I (Sci. Abstracts, Sec. A, June 1942, Vol. 45,
kl No. 534, p. 154.)

i 2948. COMPARATIVE OBSERVATIONS OF THE CORONA
IN THE LIGHT OF THE LINES 5303, 5694, AND
6374 A.0 : and VARIATIONS IN FORM OF
THE CORONA.-M. Waldmeier. (Sci. Ab-
stracts, Sec. A, May 1942, Vol. 45, No. 533,p. 13o : pp. 13o-131.) For other work see
1597 of 1941.

2949. ON THE ATMOSPHERIC TRANSMISSION OF
SOI.AR RADIATION AT 2144 A.U. [Re -
Examination of Possibility of Detection of
Radiation between 03 and 02 Absorptions].
-E. Meyer. (Sci. Abstracts, Sec. A, June
1942, Vol. 45, No. 534, p. 176.)

2950. SELECTIVE EXCITATION OF SPECTRA BY
THE HIGH -FREQUENCY DISCHARGE.-R. K.
Asundi & N. L. Singh. (Nature, 25th July
1942, Vol. 150, p. 123.)

2951. SOLAR RADIATION AND THE STATE OF THE
ATMOSPHERE [Survey] .-H. T. Stetson.
(Scientific Monthly, June 1942, Vol. 54,
No. 321, pp. 513-528.)

2952. OZONE AND ULTRA -VIOLET [Effects of Tem-
perature & Humidity].-A. W. Ewell.
(Phys. Review, 1st/15th June 1942, Vol. 61,
No. II / 12, p. 724: summary only.)

2953. THE MEASUREMENT OF THE ELECTRIC
ROTATING FIELD IN THE NEAR FIELD OF A
TRANSMITTER [and Its Dependence on the
Distance : in connection with Method of
Measuring the Electrical Constants of the
Ground : the Transition into the Zenneck
Field].-Grosskopf & Vogt. (See 3001.)

2954. ON THE ZENNECK ROTATING FIELD IN THE
GROUND -WAVE FIELD OF A TRANSMITTER.-
J. Grosskopf. (Hochf:tech. u. Elek:akus.,
March 1942, Vol. 59, No. 3, pp. 72-78.)

It was pointed out in a previous paper (964 ofApril) that the surface wave given by Norton's
distribution is not fully identical with the Zenneck
surface wave. In the present paper the writer
sets himself to derive the Zenneck rotating field
from the reflection formula, which is known to
give the radiation field of a transmitter at great
distances to a first approximation (Schriever, 375
of February). In this reflection formula, as various
writers have shown, the resultant distant field is
due to the interference of a wave coming down to
earth with one reflected from the earth's surface,the reflection coefficient corresponding to the
Fresnel coefficient for plane waves. Weyl has
shown that the reflection formula is merely the
first term of an asymptotic development of the
field in powers of r/R. But in the immediate
proximity of the earth the second term of this
development, the " correcting term " of the re-
flection formula, is of the same order of magnitude
as the first, so that it cannot be neglected in calcu-
lating the surface wave. It is only by taking this
term into account that the characteristic properties
of a surface wave are obtained, and a form arrived
at which comes much nearer to the Zenneck type
of wave than does the interference wave derived
from the " uncorrected " reflection equation : the
latter wave, in fact, cannot really be described as
a surface wave.

The writer therefore calculates in turn (I) the
Zenneck field according to the " uncorrected "
reflection formula (which is once again seen to be
invalid for very small angles of elevation : " it is
therefore incorrect to deduce from this inter-
ference field, as Schriever [loc. cit.] has done, the
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properties of the ground wave ") : (II) the Zenneck
field for inhomogeneous waves, where all the
constants a, f3, y of eqn. 12 are complex, giving
" a new type of wave, the inhomogeneous or surface
wave," which under certain conditions is identical
with the original Zenneck surface wave : the
apparent contradiction found by Schriever [loc. cit.]
for an inclination of 45° is explained : and (III)
the Zenneck field according to the exact solution
of the wave equation, spoken of above (" corrected "
reflection formula) : the treatment is for a dipole
at ground level, but with the help of the trans-
formation formulae given by Niessen (1934 Ab-
stracts, pp. 259-26o) it can easily be shown that
the results apply also to suspended dipoles.

The comparison between the three cases is
summed up as follows :-the rotating field of the
electric vector in all three cases has practically
the .same parameters at the earth's surface. The
height -dependence of the rotating field is the same
for the interference field as for the ground wave
according to the exact solution (gradual transition
from one field to the other), while for the
" Zenneck " wave it is altogether absent [" the
chief difference between the interference wave
given by the reflection formula and the Brewster
or Zenneck wave is that for grazing incidence and
closeness to the ground-the conditions of particular
interest for these investigations-the interference
wave disappears, whereas the Zenneck wave
reaches its greatest value just in those conditions " :

see end of II]. Further, while the phase velocity
of the " exact -solution " ground wave along the
earth's surface is equal to that of light (eqn. 39),
that of the Zenneck wave is greater than the
velocity of light (eqn. 19). Thus the Zenneck
wave, which has in common with the " exact -
solution " ground wave the character of a surface
wave, differs from the " exact -solution " wave to
a not unimportant extent. In the previous paper
(964 of April) it has been shown how the Zenneck
wave must be " modified " to obtain the necessary
agreement, so that the advantages and simplifica-
tions which the plane Zenneck wave brings to the
mathematical treatment of many propagation
problems may be fully utilised. It was there shown
that the rotating -field parameters, and their
dependence on the ground properties, are not
affected by this modification of the Zenneck wave.

In section IV the writer points out that for the
practical use of the rotating field for measuring
the properties of the ground, it is necessary to
investigate the limits of validity, as regards height
and distance, of the original Zenneck formula 1.
The limitation regarding distance has been dealt
with theoretically and experimentally in the paper
dealt with in 2953, above : at a distance of about
3A the transition from the rotating field near the
transmitter to the Zenneck field is practically
complete. The height -dependence of the Zenneck
field is now investigated, starting from the Norton
formulae but confining the treatment to distances
of not less than 3A, so that the very complicated
formulae become greatly simplified. On the
assumption that the height y is much less than

eqn. 47 is obtained : W= e (e'/F) .

(y/r), where r is the distance and F the Sommerfeld
attenuation factor : and it is found that to use the
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Zenneck formula for the measurement of ground
properties the limiting condition is that Roy =
27ry/A < Ve', which is more favourable, by
more than one order of magnitude, than that given
by Schriever (477y/A < I). For small dielectric
constants and high frequencies, however, the
assumptions leading to eqn. 47 are no longer valid,
and this equation is replaced by the more accurate
eqn. 54. In Fig. 3 the variation with height of
EidEx and of ek, calculated according to eqn. 47,
are shown in curves for various frequencies (106,
io7, and 108 c/s) and two values of a; E throughout
being taken as 9. " An interesting point here is
the phase reversal [see broken -line curves] at
certain heights, indicating a change in the sense of
rotation of the rotating -field ellipse."

Finally, Fig. 4 gives curves of the Sommerfeld
attenuation factor F, with the logarithms (base
o) of the absolute value of the complex numerical

distance as abscissae and its argument b as para-
meter (curves are given for b = o°, 3o°, 6o°, and
90°) : the ordinates are the logarithms (base io)
of F. With the help of these curves, and of eqn.
58 (F = Ioo Ve' y/ar) it is easy to calculate, for
arbitrary ground constants and arbitrary heights y,
the critical distance which must not be under -
stepped if the rotating field is to correspond to the
(simple -formula) Zenneck field to an accuracy
within a%. For this purpose the numerical
distance w is introduced into eqn. 58 in place of the
actual distance r, and the equation is represented
in the Fig. 4 family of curves as a straight line
whose point of intersection with the appropriate
F curve gives the required numerical distance,
and hence the required critical distance. In the
numerical example given (e = 5, a = 107), on a
300 m wave with a receiving-dipoie height of

3 m a value within o% can be expected at a dis-
tance not less than 70o m, that is, between 2 and
3 wavelengths. For a 3o m wave and e = 9,
a = io7, with a dipole height of I m, the same

o8,, accuracy would be given at or beyond a
critical distance of 90 m, 3 wavelengths. For a
2 m height, however, this 0°o accuracy cannot
be reached at any distance : the straight line of
eqn. 58 no longer cuts the F curves.

2955. ON THE MEASUREMENT OF GROUND CON-

nucTivi rY [Simplified Technique for the
" Dipole " Measuring Method].-J. Gross-
kopf & K. Vogt. (T.F.T., Jan. 1942, Vol.
31, No. I, pp. 22-23.)

In the method used in the researches described
in two previous papers (1833 of 1941 and 964 of

April : see also T.F.T., Dec. 194r, Vol. 3o, No.
12, pp. 352-353, where an outline of the method
is given : the advantages claimed over Smith -
Rose & Barfield's original method are mentioned)
the measurements on the rotating -field ellipse were
carried out with a receiving dipole which could be
swung in all directions: the voltages induced in
the dipole in the a and b directions were taken to a
receiver, as indicating instrument, and measured
with an auxiliary local transmitter and calibration
line. This procedure, which really forms the basis
of all field -strength -measuring apparatus, is correct
in itself, but requires a fair amount of apparatus
in addition to the receiver. It also has two other

a.
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disadvantages : that due to the limited accuracy
of the calibrated h.f. line (particularly at short
waves) and its liability to be influenced by matching
errors, and that due to the need for coincidence
between the signal -generator frequency and that
of the distant station. As regards time, too, the
previous technique involves two field -strength
measurements in succession.

It might be suggested that the signal generator
should -be dispensed with and the receiver, by the
addition of a calibration line, used as a -calibrated,
tunable thermionic voltmeter. But the insertion
of this calibration line between dipole and receiver
introduces difficult matching conditions calculated
to cause, as a general rule, considerable values of
net transmission loss. This disadvantage could no
doubt be avoided, for instance by introducing a
voltage divider in the i.f. stages of a superheterodyne
receiver : but in any case a calibrated receiver
involves considerable outlay.

To overcome these difficulties and keep the
apparatus as simple as possible, the writers use the
dipole itself as a calibrated voltage -divider, and
the receiver merely as a sensitive indicating instru-ment. The receiving characteristic of a dipole
rotated, about its horizontal axis, in a plane at
right angles to the direction of incidence of a wave,
is known to be an exact figure-of -eight diagram.
In the first of the papers cited above this diagram
has been measured (Figs. 1 and 2). In particular,
Fig. 2 shows the complete agreement of the
measured values with the expected sinusoidal
course at small angles of inclination of the dipole.Thus from the measurement of the amplitude for
a given dipole -inclination to the horizontal, the
amplitudes at any arbitrary inclination (for instancethe amplitude in the vertical position) can bededuced.

The procedure for determining the axes -ratioof the ellipse is then as follows : the dipole is set
horizontally and swung to take a bearing of the
distant broadcasting station, as described fully inthe first paper. It is then turned about its vertical
axis through 9o° so that it now lies in the plane of
incidence : in this plane it is adjusted about its
horizontal axis till it lies in the direction of mini-
mum reception (minor axis of ellipse), and the
signal indication taken. Then it is returned to its
d.f. position (at right angles to direction of incidence)and its inclination to the horizontal is increaseduntil the indicating instrument shows the same
deflection as it did in the minimum (minor -axis)direction. If the inclination thus read is a°, andthe field -strength of the incoming wave is thenat its inclination a° the dipole has an inducedvoltage proportional to f . sin a, while at 9o°(vertical position) the induced voltage would beThe ratio of these voltages (and thus the axes -ratio a/b) is thus i /sin a. Here it is assumed thatthe inclination y of the field vector to the vertical
(inclination of the minor axis to the horizontal) isnot greater than ro°. If it is greater, the ratiomust he multiplied by r/cos y (this correctionamounts to 1.5% for a = 0° and 6% for a = 200),so that the general formula is a/b = (I /sin a) .(I/cos y).

Measurements on the Berlin 841,kcis wave andthe 191 kc/s wave of the Deutschlandsender,

carried out by the old and the new techniques,
gave consistent results within the limits of accuracy.
The new method requires only the dipole and an
indicating amplifier of some type. The anglereading to which the process of measurement
reduces can easily be carried out to within 1/2oth
degree by the use of a vernier, so that the over-all
accuracy is similar to that of the older method.
It is an obvious thought to apply the new method
in the design of field -strength -measuring equipment,whose difficulties generally lie in the voltage -dividing part. " A simple portable equipment for
combined d.f., field -strength measurement, and
ground -constants determination will be reported
on soon " : see 2956, below.

2956. A NEW CONDUCTIVITY METER.-J. Grosskopf,
W. Piltzer, & K. Vogt. (T.F.T., April 1942,
Vol. 31, No. 4, pp. 112-114.)

This is the equipment spoken of at the end of
2955, above. The " indicating amplifier " men-
tioned in that abstract takes the form of a minia-
ture receiver with an indicating instrument giving
a full-scale deflection (25 ILA current) for a voltage
at the receiver input of about 20 tty on broadcast
and long waves : the sensitivity on short waves
is about 20 times lower. The four -valve receiver
is mounted on the horizontal axis of the rotatable
dipole, so that no connecting cables are necessary.
It consists of a tuned r.f. stage, an audion with
retroaction, a transformer -coupled a.f. stage, and
a resistance -coupled output stage. There is no
band -switching for the r.f. portion, the r.f. trans-
former taking the form of plug-in coils for the
hands 20-40 m and 200-2000 m. The grid leads
of the tuning condensers are not connected directly
to their respective grids : it is possible to add, if
desired, parallel and series condensers to the
tuning condensers so as to obtain band -spreading,
particularly for the short waves. The sensitivity
of the receiver is adjustable from zero to its full
value by regulating the space -charge -grid bias ofthe r.f. valve : the leaky -grid detector is hack -
coupled by way of the space -charge grid (negadyne
connection : .it was found that for_ short waves
this was the only connection to give a reliable
hack -coupling). With headphones in parallel to
the indicating instrument, a full-scale deflection
requires an output from the amplifier of about

o µw : at this small power no negative grid bias
is necessary.

To obtain low weight, small size, and low current
consumption, all the valves are of the battery -
driven type DAH5o, of which the heptode systems
are used while the additional diode systems are
left idle. Thanks to the space -charge grid between
cathode and control -grid, the anode voltage can
fall to about 12 v without too much loss of power.
The whole receiver with its dry cells weighs 2i kg
and measures 6 x 13 x 33 cm3. While for the
sake of simplicity tuning and retroaction adjust-
ments are included in the receiver itself, the volume
control, battery -voltage testing arrangements, and
the indicating instrument are mounted (together
with the output transformer) at the bottom of the
vertical shaft. As could be expected from the
amplifier data given above, practical tests show
that, for ground of medium conductivity, measure-
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properties of the ground wave ") : (II) the Zenneck
field for inhomogeneous waves, where all the
constants a, /3, y of eqn. 12 are complex, giving
" a new type of wave, the inhomogeneous or surface
wave," which under certain conditions is identical
with the original Zenneck surface wave : the
apparent contradiction found by Schriever [loc. cit.]
for an inclination of 45° is explained : and (III)
the Zenneck field according to the exact solution
of the wave equation, spoken of above (" corrected "
reflection formula) : the treatment is for a dipole
at ground level, but with the help of the trans-
formation formulae given by Niessen (1934 Ab-
stracts, pp. 259-260) it can easily be shown that
the results apply also to suspended dipoles.

The comparison between the three cases is
summed up as follows :-the rotating field of the
electric vector in all three cases has practically
the same parameters at the earth's surface. The
height -dependence of the rotating field is the same
for the interference field as for the ground wave
according to the exact solution (gradual transition
from one field to the other), while for the
" Zenneck " wave it is altogether absent [" the
chief difference between the interference wave
given by the reflection formula and the Brewster
or Zenneck wave is that for grazing incidence and
closeness to the ground-the conditions of particular
interest for these investigations-the interference
wave disappears, whereas the Zenneck wave
reaches its greatest value just in those conditions " :
see end of II]. Further, while the phase velocity
of the " exact -solution " ground wave along the
earth's surface is equal to that of light (eqn. 39),
that of the Zenneck wave is greater than the
velocity of light (eqn. 19). Thus the Zenneck
wave, which has in common with the " exact -
solution " ground wave the character of a surface
wave, differs from the " exact -solution " wave to
a not unimportant extent. In the previous paper
(964 of April) it has been shown how the Zenneck
wave must be " modified " to obtain the necessary
agreement, so that the advantages and simplifica-
tions which the plane Zenneck wave brings to the
mathematical treatment of many propagation
problems may be fully utilised. It was there shown
that the rotating -field parameters, and their
dependence on the ground' properties, are not
affected by this modification of the Zenneck wave.

In section IV the writer points out that for the
practical use of the rotating field for measuring
the properties of the ground, it is necessary to
investigate the limits of validity, as regards height
and distance, of the original Zenneck formula I1.
The limitation regarding distance has been dealt
with theoretically and experimentally in the paper
dealt with in 2953, above : at a distance of about
3A the transition from the rotating field near the
transmitter to the Zenneck field is practically
complete. The height -dependence of the Zenneck
field is now investigated, starting from the Norton
formulae but confining the treatment to distances
of not less than 3A, so that the very complicated
formulae become greatly simplified. On the
assumption that the height y is much less than

eqn. 47 is obtained : E' (e'/F) .

(y17), where r is the distance and F the Sommerfeld
attenuation factor : and it is found that to use the
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Zenneck formula for the measurement of ground
properties the limiting condition is that koy =
2ity/A < E', which is more favourable, by
more than one order of magnitude, than that given
by Schriever (471y/A < r). For small dielectric
constants and high frequencies, however, the
assumptions leading to eqn. 47 are no longer valid,
and this equation is replaced by the more accurate
eqn. 54. In Fig. 3 the variation with height of
E/.Ex and of 0, calculated according to eqn. 47,
are shown in curves for various frequencies (106,
ro7, and ios c/s) and two values of a ; E throughout
being taken as 9. " An interesting point here is
the phase reversal [see broken -line curves] at
certain heights, indicating a change in the sense of
rotation of the rotating -field ellipse."

Finally, Fig. 4 gives curves of the Sommerfeld
attenuation factor F, with the logarithms (base
ro) of the absolute value of the complex numerical
distance as abscissae and its argument b as para-
meter (curves are given for b = o°, 3o°, 6o°, and
90°) : the ordinates are the logarithms (base io)
of F. With the help of these curves, and of eqn.
58 (F = Ioo Ve' y/ar) it is easy to calculate, for
arbitrary ground constants and arbitrary heights y,
the critical distance which must not be under -
stepped if the rotating field is to correspond to the
(simple -formula) Zenneck field to an accuracy
within a%. For this purpose the numerical
distance w is introduced into eqn. 58 in place of the
actual distance r, and the equation is represented
in the Fig. 4 family of curves as a straight line
whose point of intersection with the appropriate
F curve gives the required numerical distance,
and hence the required critical distance. In the
numerical example given (E = 5, a = 167), on a
300 m wave with a receiving-dipoie height of

3 m a value within io% can be expected at a dis-
tance not less than 70o m, that is, between 2 and
3 wavelengths. For a 30 m wave and E = 9,
a = io7, with a dipole height of 1 m, the same
ro°,, accuracy would be given at or beyond a
critical distance of 90 m, 3 wavelengths. For a
2 m height, however, this Jo% accuracy cannot
be reached at any distance : the straight line of
eqn. 58 no longer cuts the F curves.

2955. ON THE MEASUREMENT OF GROUND CON-
DUCTIVITY [Simplified Technique for the
" Dipole " Measuring Method].-J. Gross-
kopf & K. Vogt. (T.F.T., Jan. 1942, Vol.
31, No. I, pp. 22-23.)

In the method used in the researches described
in two previous papers (1833 of 1941 and 964 of

April : see also T.F.T., Dec. 194r, Vol. 3o, No.
12, pp. 352-353, where an outline of the method
is given : the advantages claimed over Smith -
Rose & Barfield's original method are mentioned)
the measurements on the rotating -field ellipse were
carried out with a receiving dipole which could be

swung in all directions : the voltages induced in
the dipole in the a and b directions were taken to a
receiver, as indicating instrument, and measured
with an auxiliary local transmitter and calibration
line. This procedure, which really forms the basis
of all field -strength -measuring apparatus, is correct
in itself, but requires a fair amount of apparatus
in addition to the receiver. It also has two other

Ir
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disadvantages : that due to the limited accuracyof the calibrated h.f. line (particularly at short
waves) and its liability to be influenced by matching
errors, and that due to the need for coincidence
between the signal -generator frequency and that
of the distant station. As regards time, too, the
previous technique involves two field -strength
measurements in succession.

It might be suggested that the signal generator
should-be dispensed with and the receiver, by the
addition of a calibration line, used as a -calibrated,
tunable thermionic voltmeter. But the insertion
of this calibration line between dipole and receiver
introduces difficult matching conditions calculatedto cause, as a general rule, considerable values of
net transmission loss. This disadvantage could no
doubt be avoided, for instance by introducing a
voltage divider in the i.f. stages of a superheterodyne
receiver : but in any case a calibrated receiver
involves considerable outlay.

To overcome these difficulties and keep the
apparatus as simple as possible, the writers use the
dipole itself as a calibrated voltage-divider, and'the receiver merely as a sensitive indicating instru-
ment. The receiving characteristic of a dipole
rotated, about its horizontal axis, in a plane at
right angles to the direction of incidence of a wave,is known to he an exact figure -of -eight diagram.
In the first of the papers cited above this diagram
has been measured (Figs. 1 and 2). In particular,
Fig. 2 shows the complete agreement of themeasured values with the expected sinusoidal
course at small angles of inclination of the dipole.Thus from the measurement of the amplitude for
a given dipole -inclination to the horizontal, the
amplitudes at any arbitrary inclination (for instance
the amplitude in the vertical position) can bededuced.

The procedure for determining the axes -ratioof the ellipse is then as follows : the dipole is sethorizontally and swung to take a bearing of the
distant broadcasting station, as described fully inthe first paper. It is then turned about its vertical
axis through 9o° so that it now lies in the plane of
incidence : in this plane it is adjusted about itshorizontal axis till it lies in the direction of mini-
mum reception (minor axis of ellipse), and thesignal indication taken. Then it is returned to its
d.f. position (at right angles to direction of incidence)and its inclination to the horizontal is increaseduntil the indicating instrument shows the same
deflection as it did in the minimum (minor -axis)direction. If the inclination thus read is cc°, andthe field -strength of the incoming wave is thenat its inclination oc° the dipole has an inducedvoltage proportional to . sin cc, while at 9o°(vertical position) the induced voltage would beThe ratio of these voltages (and thus the axes -ratio a/b) is thus r /sin cc. Here it is assumed thatthe inclination y of the field vector to the vertical
(inclination of the minor axis to the horizontal) isnot greater than 0°. If it is greater, the ratiomust be multiplied by 1 /cos y (this correctionamounts to 1.5% for cc = o° and 6% for cc = 200),so that the general formula is a/b = (i /sin ot) .(1 /cos y).

Measurements on the Berlin 84i ltc/s wave andthe 191 kc/s wave of the Deutschlandsender,

carried out by the old and the new techniques,
gave consistent results within the limits of accuracy.
The new method requires only the dipole and an
indicating amplifier of some type. The anglereading to which the process of measurement
reduces can easily be carried out to within i /2oth
degree by the use of a vernier, so that the over-all
accuracy is similar to that of the older method.
It is an obvious thought to apply the new method
in the design of field -strength-measuring equipment,
whose difficulties generally lie in the voltage -dividing part. " A simple portable equipment for
combined d.f., field -strength measurement, and
ground -constants determination will be reportedon soon " : see 2956, below.

2956. A NEW CONDUCTIVITY METER.-J. Grosskopf,
W. Piitzer, & K. Vogt. (T.F.T., April 1942,
Vol. 31, No. 4, pp. 112-114.)

This is the equipment spoken of at the end of
2955, above. The " indicating amplifier " men-
tioned in that abstract takes the form of a minia-
ture receiver with an indicating instrument giving
a full-scale deflection (25 ILA current) for a voltage
at the receiver input of about 20 iLv on broadcast
and ldng waves : the sensitivity on short wavesis about 20 times lower. The four -valve receiver
is mounted on the horizontal axis of the rotatable
dipole, so that no connecting cables are necessary.
It consists of a tuned r.f. stage, an audion with
retroaction, a transformer -coupled a.f. stage, and
a resistance -coupled output stage. There is no
band -switching for the r.f. portion, the r.f. 'trans-
former taking the form of plug-in coils for the
hands -20-40 m and 200-2000 m. The grid leads
of the tuning condensers are not connected directly
to their respective grids : it is possible to add, if
desired, parallel and series condensers to the
tuning condensers so as to obtain band-spreading,particularly for the short waves. The sensitivity
of the receiver is adjustable from zero to its full
value by regulating the space -charge -grid bias ofthe r.f. valve : the leaky -grid detector is back-
coupled by way of the space -charge grid (negadyne
connection : 'it was found that for_ short wavesthis was the only connection to give a reliable
hack -coupling). With headphones in parallel to
the indicating instrument, a full-scale deflection
requires an output from the amplifier of about
io tow : at this small power no negative grid bias
is necessary.

To obtain low weight, small size, and low current
consumption, all the valves are of the battery -
driven type DAH5o, of which the heptode systems
are used while the additional diode systems are
left idle. Thanks to the space -charge grid between
cathode and control -grid, the anode voltage can
fall to about 12 v without too much loss of power.
The whole receiver with its dry cells weighs 21 kg
and measures 6 x 13 x 33 cm3. While for the
sake of simplicity tuning and retroaction adjust-
ments are included in the receiver itself, the volume
control, battery -voltage testing arrangements, and
the indicating instrument are mounted (together
with the output transformer) at the bottom of the
vertical shaft. As could be expected from the
amplifier data given above, practical tests show
that, for ground of medium conductivity, measure-
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ments can be made at field strengths of the order
of i mv/m in the medium -wave band and of
20 mv/m for short waves.
2957. ON THE DISTRIBUTION OF ELECTRICITY ON

THIN OPEN CONDUCTING SURFACES. --G. A.
Grinberg [Griinberg]. (Journ. of Exp. Fr
Theoret. Phys. [in Russian], No. 5, Vol. I i,
1941, PP. 536-543.)

For previous work see 378 of February. A theoret-
ical method is proposed for determining the distri-
bution of electric charges on the surface of a thin
open conductor (Fig. i) when this is placed in an
electric field. The method is also applied to the
cases of (a) thin plates of any configuration (Fig. 3)
and (b) portions of thin spherical layers also of
any configuration, (Fig. 8).

2958. THE LIGHT SCATTERING AND KERR CONSTANTS
OF SPHERICALLY SYMMETRICAL MOLECULES
[by Quantum Mechanics].-Th. Neugebauer.
(Zeitschr. f. Phys., 31st March 1942, Vol.
119, No. 1/2, pp. 114-135.)

For asymmetrical molecules the difference be-
tween the classical and the quantum -mechanical
results are too small to be worth considering.
In the case of spherical symmetry, however, where
classical theory gives a disappearance of depolarisa-
tion and Kerr constant, the additional terms in
the quantum -mechanical equations are solely
responsible for the observed, though small,
effects : hence the importance of the present work.
2959. LIGHT DIFFRACTION AT BLACK SCREENS

[Kirchhoff's Integral Law replaced by " a
More Illuminating and Productive, Law,
which also allows the Polarisation State of the
Diffracted Light to be determined "].-
K. F. Novobatzky. (Zeitschr. f. Phys.,
3iSt Match 1942, Vol. I19, No. 1/2, pp.
102-113.)

2960. ULTRA -FAST OSCILLOGRAPH FOR LIGHTING -
ARRESTER RESEARCH, and APPARATUS FOR
THE DEMONSTRATION OF SURGES ALONG
LINES. - Wade : Goubau. (See 2964 &

3073.)
2961. DAMPING OF WAVES BY SURFACE-ACTIVE

SUBSTANCES : I.evich. (Journ. of
Exp. & Theoret. Phys. [in Russian], No. 2/3,
Vol. Ir, 1941, pp. 340-345.) For I see
2362 of 1941.

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

2962. THE LIGHTNING PROTECTION OF BUILDINGS
[with Particular Reference to Those con-
taining Explosive or Inflammable Material].
-E. H. W. Banner. (Engineer, 17th &
24th July 1942, Vol. 174, pp. 48 -51 & 66-67.)

2963. LINE PROTECTOR FOR TELEPHpNE INSTAL-
LATIONS [New Design of Inert -Gas Lightning
& Surge Protector, with Advantages of Small
Size, Cheapness, All -Metal Construction
(stands up to Larger Powers than Glass
Types), Freedom from Polarity, Efficiency].
-G. Maerkisch. (E.T.Z., 4th June 1942,
Vol. 63, No. 21/22, pp. 257-259.)
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2964. ULTRA -FAST CATHODE-RAY OSCILLOGRAPH
FOR LIGHTNING -ARRESTER RESEARCH [Re-
cording Speed of 18 000 Miles/Second].---
E. J. Wade & others. (Sci. News Letter,
4th July 1942, Vol. 42, No. I, p. 3.) From
the General Electric Company.

2965. LIGHTNING CONDUCTOR EARTHS ON GAS
AND WATER PIPES [Desirable for Effective

RRR

Protection of Building : Precautions Neces-
sary : Measurements : etc.].-V. Fritsch.
(Gas- and Wasserfach [Munich], 4th July
1942, Vol. 85, No. 27/28, pp. 303-309.)
The necessity for the h.f. testing of lightning
earths (41, 158, & 2367 of 1941) is again
stressed.

2966. MEASUREMENTS ON LIGHTNING -CONDUCTOR
EARTHS : I. --V. Fritsch. (Arch. f. Tech.

 Messen, April 1942, Part 130, V 35192-5,
Sheets T34-35.) For previous work see,
for example, 41 & 42 of 1941.

2967. THE ENERGY EQUATION FOR A VISCOUS
COMPRESSIBLE FLUID [involved in Calcula-
tion of Atmospheric Motions : Recent
Treatments are Incorrect through Neglect
of Terms involving Viscous Stresses].-
H. J. Stewart. (Proc. Nat. Acad. Sci., May
1942, Vol. 28, No. 5, pp. 161-164.)

PROPERTIES OF CIRCUITS
2968. CONCENTRIC -TUBE TIE -LINE COMBINA-

TIONS AS IMPEDANCE -TRANSFORMING SEC-
TIONS FOR MATCHING PURPOSES AT ULTRA-
HIGH FREQUENCIES.--Meinke. (In paper
dealt with in 3048, below.)

2969. A SPECIAL TYPE OF CONCENTRIC LINE AS
ULTRA -SHORT-WAVE RESONATOR [Two Short
Concentric Cylindrical Rings, Open at Both
Ends, & connected at One Point either
Galvanically or Capacitively (e.g. by a
Radial Fin from Inner Cylinder, along Its
Whole Length, to Outer Cylinder)].-H.
Steyskal. (Zeitschr. f. tech. Phys., No. 4,
Vol. 23, 1942, pp. 103-107.)

Calculation of the behaviour of a type of resonator
suggested by K. Meyer and successfully used as an
oscillatory circuit for transmission and reception.
The analysis given forms an extension of Borgnis's
treatment of the oscillation modes of concentric
lines (3874 of 1939 and 5o of 1941.) In the course
of the investigation the writer found that a similar
design of resonant circuit had been worked out by
Kalahne (Ann. der Physih, Vol. 18, 1905, p. 92)
but the present results are extended at some points
and are presented in a more convenient form.
The mathematical expression for the field com-
ponents and the exact equation for the calculation
of the natural frequencies are derived. Comparison
with Borgnis's results shows that the introduction
of the reflecting plane provided by the short-
circuiting radial fin has the effect of doubling the
limiting wavelength, which without the reflecting
plane was about equal to Trd and is now about
2ird : this result is easy to understand when it is
remembered that in all H -type oscillations not only
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radial waves but also waves along the perimeter
play a role in building up the oscillation mode.
It is concluded that as regards the fundamental
(Hm, n = z type) oscillation the system with radial
reflecting plane acts as a Lecher system, short-
circuited at both ends, of length 1 = (ri r2)
so that a satisfactory approximate formula for
such waves is given by A = (r1 r2) /rim, where
tn == 4, I, 3/2, etc. The possible use of more than
one radial fin is mentioned but not discussed.
2970. A NEW TYPE OF ELECTRICAL ANALOGY :

PART I.-A. M. Efros. (Journ. of Tech.
Phys. [in Russian], No. 14, Vol. ro, 194o,
pp. 1189-1196.)

In this part of the paper general considerations
are presented regarding the derivation of a two -
terminal electrical circuit equivalent to a given
mechanical or electro-mechanical system. An
electrical circuit is called equivalent if the current
through the terminals varies in the same manner
as the velocity of the point of application of the
disturbing force (driving point) to the system
under consideration. In other words, the impedance
of the equivalent circuit must be equal to the
driving -point impedance of the system, multipliedby a constant conversion factor. Formula (3)
is derived for determining the driving-point im-
pedance, neglecting the initial conditions of the
system, and a corresponding formula (4) in which
these conditions are taken into account. The
determination of the conversion factor is discussed,
and methods are indicated for deriving the simplest
circuits consisting of R, L, and C elements and
corresponding to the given impedance conditions.
2971. THEORY OF THE VOLTAGE TRANSFORMER

:

THE MoLLINGER-GEWECKE DIAGRAM.-H.
Woelken. (Arch. f. Tech. Messen, June
1942, Part 132, Z 31-I, Sheet T61.)

2972. REMARK ON THE MUTUAL INDUCTANCE OF
COAXIAL CIRCULAR RINGS.-W. Rogowski.
(.4rch. f. Elektrot., 31st Dec. 1941, Vol. 35,
No. 12, pp. 752-755.)

This calculation is generally carried out with
the help of elliptic integrals (eqns. 4-8). For many
practical purposes this method is undesirable, and
it gives no clear picture of the dependence of the
mutual inductance on diameters and spacings. A
new approximate formula (eqn. 18) was therefore
developed, primarily for use in some special work
to be reported later.

2973. THE VIBRATING QUARTZ IN COMMUNICA-
TIONS TECHNIQUE : PART I-THE MECH-
ANICAL AND ELECTRICAL PROPERTIES OF
THE VIBRATING QUARTZ [Survey].-H. von
Beckerath. (E.N.T., March/April 1942,
Vol. 19, No. 3/4, pp. 45-62.)

'In spite of the thorough treatment of the subject
in text -books and specialised journals, it is not easyfor the communications engineer to obtain a definite
and clear picture of the points which are importantto him. The present work is intended to give, inthe clearest possible form, a comprehensive surveyof the most important developments and their
technical significance. The physical bases are only
considered to the extent necessary _for the under-
standing of the technical results. Practical points

are thus given greater prominence, and calcula-
tions are carried through to numerical results. The
later sections deal with the quartz oscillator as a
transducer, the question of permissible loading and
amplitude of vibration, temperature coefficients,
practical design of holders, etc., and finally the
frequency -constancy attainable. Literature refer-
ences go up to 1942.

CONNECTION FOR THE NEUTRALISATION OF THE
PARALLEL CAPACITANCE OF AN OSCILLATING
CRYSTAL CONNECTED IN SERIES BETWEEN
TWO OSCILLATORY CIRCUITS. --W. Herzog.
(Hochf:tech. u. Elek:akus., Feb. 1942, Vol.
59, No. 2, p. 63.) Telefunken. Patent, No.
708 073. A differential condenser is used.

2975. APPLICATIONS OF JUNCTION LINE FILTERS,
and THE JUNCTION LINE FILTER [for Carrier
Systems].-F. A. Hinshaw: J. 0. Israel. (Bell
Lab. Record, May 1942, Vol. 20, No. 9, pp.
214-217 : pp. 218-221.)

2976. NEGATIVE RESISTANCES : II-THEORY OF
THE NEGATIVE RESISTANCE [Resistance with
Spatially Constant Temperature : with Spa-
tially Varying Temperature (Frontal &
Radial Cooling) : Stability Considerations
(including Application of Formula to Ura-
nium - Dioxide Cylinder)] -W. Amrein.
(Schweizer Arch. f. angew. Wiss. u. Tech.,
April 1942, Vol. 8, No. 4, pp. 109-122.) For
first and final parts see March & May issues,
Nos. 3 & 5.

2977. COMMENTS ON T. E. W. SCHUMANN'S PAPER,
" AN INVESTIGATION CONCERNING G. I.
TAYLOR'S CORRELATION COEFFICIENT OF
TURBULENCE " [Rejection of S.'s Implica-
tion that after Periodic Terms have been
Eliminated, Natural Phenomena are Markof-
fian : Thermal Agitation as Example : Value
of T.'s Work].-C. L. Pekeris. (Phil. Mag.,
July 1942, Vol. 33, No. 222, pp. 541-543.)

2978. THE REDUCTION OF THE SPONTANEOUS
FLUCTUATIONS IN THE AMPLIFICATION OF
VERY SMALL PHOTOCURRENTS.-Strutt &
van der Ziel. (See 3041.)

2979. RADIO -FREQUENCY INSTABILITY : DATA ON
THE EFFECT OF STRAY WIRING CAPACITIES
[with Formula & Curves for Capacitance
between Two Parallel Rods, & Application
to Formula for Max. Amplification without
Instability].-S. W. Amos. (Wireless World,
July 1942, Vol. 48, No. 7, p. 157.)

2980. CATHODE FOLLOWER AGAIN : SIMPLE CALCU-
LATIONS' OF OUTPUT IMPEDANCE AND VOLT-
AGE GAIN.-E. A. Hanney. (Wireless World,
July 1942, Vol. 48, No. 7, p. 164.) Following
on Williams's paper (2379 of 1941) : see
also 2442 of August and back references.

2981. DIMINUTION OF VARIATIONS OF AMPLIFICA-
TION BY NEGATIVE FEEDBACK, REFERRED
TO THE SAME AMPLIFICATION FACTOR.-J.
Peters. (Hochf:tech. u. Elek:akus., Feb.
1942, Vol. 59, No. 2, pp. 46-50.)

By the use of negative feedback all kinds of
electrical faults of amplifiers can be improved by a

2974-
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factor which depends on the strength of the feedback
coupling. But since, simultaneously, the amplifica-
tion factor decreases by the same factor, it has
hitherto been impossible to judge the improvement
of the properties, as referred to the same amplifica-
tion factor. And since part of the deficiency to be
corrected depends, among other things, on the
amplification factor itself, no clear idea could be
formed as to the success attained by the negative
feedback : it might even be doubted whether any
improvement at all had occurred. For such a
comparison it is really necessary either to base one's
deductions in each individual case on the same
amplification factor, or else in a more general way
to calculate the error or deficiency as a function
of the amplification factor, for amplifiers without
negative feedback as well as for those with it, and
to take the ratio of these two values as a measure
of the achieved improvement.

In the present paper " the solution of this pro-
blem is obtained with respect to one of the various
electrical faults, the variations of the amplification
factor caused by departures of the valve data from
their nominal values. There is no need to define
these discrepancies ; it is sufficient, for a com-
parison, to assume a constant original error whose
absolute value is of no importance, since ultimately
it will be eliminated. A distinction must be made
between those discrepancies which are of an in-
dividual type and in different valves appear inde-
pendently of each other, and those which depend on
a common external cause, such as alteration of
amplification factor by changes in the common
supply voltage. In the latter case the amplification
factors of the individual stages naturally change
simultaneously by the same amount if they were
originally equal.'1

The over-all amplification factor T7 of n stages
in series, with amplification factors v1, v2 . . . vn,
is given by V = v, . v2 . . . vn. By logarithmic
differentiation the equation for variation is
obtained as dV/V = dv1/v1 dv2/v2 . . . dvnlvn;
that is to say, the departures of the amplification
factors of the individaul stages, referred to their
own amplification, add together to give the re-
sultant over-all variation referred to its original
amplification. It is only this " relative " variation
that is a serviceable measure for the error of the
amplifier : for even if attenuating or amplifying
quadripoles are interposed between the defective
amplifier and the test point, the error so expressed
will remain. No assumptions are made as to the
internal construction of the stages : it must be
postulated only that no attenuating quadripoles
are contained in or between the separate stages :
these would leave the " relative " variation at the
end point untouched, but would alter the amplifica-
tion over the whole path.

Applied to an amplifier without negative feed-
back, of n similar stages, the above equation gives
dV/V = n . duly and log V = n log v. The numeri-
cal factor in both expressions is equal to the number
of stages. The same units can be applied to the
variations and amplification of a negative -feedback
amplifier : if the numerical factor for the variations
referred to the amplification is represented by
a = clVIV :dvIv, and that for the amplification by
b = log V : log v, then the ratio of the two numerical

October, 1942

factors, b/a, is defined as the " factor of merit "
G. Since with an amplifier without negative
feedback the amplification is always accompanied
by a corresponding amplification -variation, so that
a = b = n, with such an amplifier G is always
unity. Thus when, in a negative -feedback ampli-
fier, a higher value than 1 is found for G, it repre-
sents the factor by which the variations of this
amplifier are reduced, in otherwise similar conditions,
with respect to those of an equivalent amplifier
with its amplification at its fullest (i.e., with zero
negative feedback). Thus G represents the minimum
attainable " improvement." The higher the amplifi-
cation before the introduction of negative feedback,
the greater the attainable improvement. The
latter depends also on the amplification which
remains when the negative feedback has been
applied. With the decrease of this amplification
the attainable improvement increases until an
amplification factor is reached equal to the basis
of natural logarithms ( = I neper) : see eqn.
24 and subsequent text. Consequently, in the
variation of the amplification V' of a negative -
feedback amplifier group (eqn. 1i), that is, in the
corresponding variation of the negative feedback,
there exists a maximum value for G when V' = e,
independent of the value of the original amplifica-
tion p,. This fixes the value of the attainable
maximum. " Theoretically, the original amplifica-
tion could be increased at will by a corresponding
increase in the number of stages, but in practice
a limit is set by the increasing difficulties in avoiding
oscillation. Owing to the existence of this maxi-
mum number of stages for the circuit within the
negative -feedback path, it is impossible to construct
amplifiers with strong negative feedback to give
amplifications still higher. It follows strictly that
subdivision into several negative -feedback ampli-
fiers would bring a further increase in the improve-
ment. For all those faults which add throughout
the whole connection, as the variations in question
do (for example, small variations of transmission
equivalent as a function of frequency) an optimum
is reached at one neper's amplification for each com-
ponent amplifier. This forms the ultimate limit."

Finally, the above considerations lead in section
v to the derivation of a basis for comparison be-
tween various valves and valve -circuits. Thus for
an amplifier without negative feedback those
valves or circuits are of equal merit in which a
given external action produces the same change
d log v/log v, where v is the amplification factor
of the valve in the given circuit. Eqns. 29 & 3o
give the relations for comparison when negative
feedback is used.

2982. A PUSH-PULL CIRCUIT FOR D.C. VOLTAGE
AMPLIFICATION [and for Frequencies up to
20 0].-F. Kerkhof. (Zeitschy. f. Phyf.,
31st March 1942, Vol. I I 9, No. 1/2, pp.
43-48.)

To avoid the disadvantages of the usual resist-
ance -coupled amplifier (high supply voltage, etc.)
it was decided to convert the d.c. or 1.f. a.c. voltage
into an easily amplifiable a.c. voltage (actually
310 c/s) by a push-pull mixing stage consisting of
two hexode systems in push-pull with a sym-
metrically connected oscillator. Two multiple
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valves, type CCH r, were employed : the hexode
systems of these formed the push-pull arrangement,
while their triode systems were combined to form
the 310 c/s oscillator. A type T 113 electrometer
valve acted as input stage : its anode was connected
to the control grid A of one hexode system, its
space -charge grid to the control grid B of the other.
The push-pull transformer was tuned to resonance
with the 310 c/s frequency by a variable condenser,
which -thus served as an amplification adjustment.
The output stage was a pentode leading to a reson-
ance transformer with its output tuned to resonance
by an auxiliary capacitance : this transformer was
of a special design (not specified), since with an
ordinary 1.f. design, in spite of the tuning, large
uncompensatable harmonics of the oscillator fre-
quency would emerge, caused by the inequality of
the two CCH I characteristics (in spite of special
selection) and the high amplification in the push-pull
and following stages (over 2 X ro4). As it was, the
filtering action of the special transformer reduced
the 1st harmonic to 1 % of the fundamental.

2983. A DESIGN FORM FOR NEW TECHNICAL
AMPLIFIERS [for Panel Mounting].-Schlecht-
weg. (See 3022.)

2984. A FREQUENCY -DIVIDING PROCESS USING A
CATHODE - RAY TUBE. - BriickerSteinkuhl.
(See 3037.)

TRANSMISSION
298.5. A NEW METHOD FOR THE EXCITATION OF

RAREFIED GASES BY ULTRA -SHORT ELECTRO-
MAGNETIC WAVES [Electrodeless Discharge
at 154 Mc/s excited by ro µs Pulses, 400 per
Second (from Mesny Oscillator), yielding
Peak Voltages of 12 kV, Peak Powers of
order of io kW].-G. Goudet, P. Herreng,G. Nief. (Genie Civil, 31st Jan./7th Feb.
1942, Vol. 119, No. 5/6, p. 65: summary
of Comptes Rendus note.)

2986. TRANSVERSELY -CONTROLLED VALVES WITH
LONGITUDINAL WORK FIELDS.-H. E. Holl-
mann. (Hoclzf:tech. u. Elek:akus., Feb. 1942,
Vol. 59, No. 2, pp. 33-38.)

" Following on the exhaustive treatment of
induction -current excitation' by the passage of a
transversely -controlled electron beam through a
' work ' condenser, and of the transit -time com-
pression occurring in such a transversely-modulated
beam [see long abstract, 1859 of 1941], the present
paper investigates the induction -current excitationin one or several longitudinal fields or double-
layers traversed by a transversely-modulated beam.It is true that the problem is closely related to the
'transverse energy take-up ' there discussed, inso far that in that case the energy exchange didnot occur in the actual cross field itself but in the
leakage fields which shut this off on both sidesfrom the outer space, and which acted longitud-
inally. Nevertheless it is possible, by a particular
construction of the ' work ' system, to make a newtype of transverse-modulation valve, whose working
surpasses that of the ' transverse take-up ' valve."The writer then goes on to consider the simplesttype of " energy take-up " from a transversely

modulated beam : this, on the klystron analogy,
consists in sending the beam through a double -
layer field generated by the alternating voltageof the load circuit S (Fig. 1) between the two
ideally transparent grids G and G', perpendicularto the beam -system axis. Under the best con-
ditions (fully modulated beam, the compression
factor being then P = 1.84 : load -circuit modula-
tion at its maximum of unity : and phase con-
ditions correct) the max. efficiency according to
eqn. 3 is - 58%. " Thus this valve gives a fre-
quency -doubling at a better efficiency than, the
klystron, for which it is known that 49% at most of
the ray power can be converted into h.f. oscillationsof the doubled frequency." The optimum dimen-
sions of such a " transverse -modulation klystron
with frequency -doubling " are found at the end
of section I.

Section II discusses such a valve modified toact as an amplifier or generator. If the work field
is made concave (as in Fig. 2a) with the centre of
curvature at the electrical centre of gravity of the
modulating condenser, all electrons with equal
velocities will have traversed equally long paths
by the time they reach the double layer, and there
will be no path -time compression. If, on the other
hand, the grids are made convex (Fig. 2b) it is
obviously possible to _influence the path -time
compression so as to emphasise, for example, the
higher harmonics. " Since the general theoretical
treatment of an arbitrarily curved work layer is
rather complicated, we will confine ourselves to
the particularly instructive example of a plane
system which is inclined, as in Fig. 3, at an angle itto the valve axis." Here the path -lengths to the
double -layer are no longer the same for all the
electrons, but vary with the deflection : an addi-
tional compression factor Q is thus introduced.
For the grid angle of 65° shown in the figure, and
the new optimum conditions (the phase relations
are different now), the efficiency according to the
new eqn. 5 comes out at 58% again : " since, how-
ever, in the present case a take-up occurs of energy
at the fundamental frequency [the additional com-
pression factor 'Q, unlike P, involves the amplitude
of the fundamental wave in the beam, so that if Q
is made sufficiently large the load circuit can betuned to the modulation frequency], this form of
transverse -modulation klystron can be used as
amplifier and regenerative generator." Further
consideration of the various diagrams leads to the
general conclusion that work fields symmetricalto the valve axis emphasise the even harmonics,while those lying asymmetrically to the axis
bring up the odd harmonics.

The push-pull transversely -modulated valveis next considered : " an improvement of energytransfer is obtained by dividing the work-field
system into two fields, one on either side of thevalve axis, in phase opposition as in Fig. 5 : in
other words, by push-pull induction-current excita-tion." Unlike the previously described transverse -modulation valves, whose action is based ex-
clusively on path -time compression, the push-pull
type can work without any path -time compression
in the beam -lever : if it occurs at all, it is merely
as a factor helping in the transfer of energy. The
efficiency in the optimum conditions is found to be
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- 64%. If however the valve is so dimensioned
that the beam, at its arrival at the push-pull
system, is fully modulated through path -time
compression, a max. efficiency of -89% is calcu-
lated, the path -time compression thus adding 25%.
In spite of the high efficiency of the push-pull
double -layer, its excitation -threshold conditions
are less favourable than those of the continuous
double -layer, because only half of the full oscillatory
voltage of the load circuit comes into action.
This results in a rather high internal dynamic
resistance between the two grids. The arrange-
ment shown in Fig. 6 avoids this disadvantage :
it has two push-pull layers in series, and the calcu-
lated max. efficiency is 71%, while the internal
resistance is only slightly more than half that of
the single push-pull arrangement. With the
addition of path -time compression the max. effi-
ciency becomes - 86%. The use of more than two
push-pull systems in series (curves of Fig. 7)
promises little increase in efficiency, though it
does reduce the internal resistance still further.

Finally, the theoretical conclusions regarding a
valve with the two push-pull layers of Fig. 6 were
tested by the electron - spectroscopic method
described in the earlier paper (loc. cit.). The ex-
perimental valve took the form shown in Fig. 8 :
it had - gas -concentration for the beam, and the
two push-pull double layers were represented by a
slotted screen at a short distance from the edges
of two metal strips, each bent into a U and com-
bined to form a flattened open cylinder (of section
similar to, but larger than, the slit in the screen)
split at its centre and followed by another slotted
screen. The spectrograms of Fig. Io confirmed
the theoretical results (calculated spectrogram
Fig.. 9) except for the result of anode retroaction,
due to the stray fields between the U-shaped plates,
which was neglected in the theory.

2987. THE APPLICATIONS OF CENTIMETRIC ELECTRO-
MAGNETIC WAVES [Survey, including Waves
below i cm generated at L.M.T. Laboratories
by Magnetrons with Wave -Guides : Their
Measurement : etc.].-Adam. (See 2935.)

2988. MODULATION CIRCUIT FOR MAGNETRONS
[for Frequency Modulation].-K. Fritz.
(Hochf:tech. u. Elek:akus., Feb. 1942, Vol.
59, No. 2, p. 61.)

Telefunken Patent, No. 708 945. The current
distribution between the anodes and the positively
biased auxiliary electrodes (end plates) is modulated
through a transformer connected to the latter, and
this current -distribution modulation is converted
to an anode -voltage modulation by a resistance or
choke in the anode -current circuit.

2989. EXPERIMENTS WITH AMPLITUDE- AND FRE-
QUENCY -MODULATION [on a 3000 m Wave].
-G. Cudell. (Hochf:tech. u. Elek:akus.,
March 1942, Vol. 59, No. 3, pp. 66-70.)

The loo kc/s wave was frequency -modulated
with the help of the single -valve modulatable
inductance circuit (L, in Fig. i : this circuit was
taken from Weitzenmiller's, paper, 2227 of 1940,
and was very satisfactory) : the f.m. calibration
curve, Fig. 2, shows an excursion of nearly 5 kc/s
on either side of the ioo kc/s. By applying the
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modulating voltages to the terminals B instead
of to terminals A, the transmitter was amplitude -
modulated. The required frequency analysis was
carried out by a Rohde & Schwartz filter with a
fixed frequency of too kets and a sharpness of
resonance p = 8500 : a cathode-ray oscillograph
acted as indicator. By slowly adjusting the trans-
mitter tuning condenser Co the modulated h.f.
was swept across the quartz -filter frequency
whenever carrier frequency (fn) or sideband fre-
quency coincided with that of the filter, the spot
was deflected by an amount representing the
strength at that particular frequency. The fre-
quency sweep could also have been produced
by varying a voltage on the type Afli valve in
the L, circuit. Among results thus obtained,
f.m. with sinusoidal modulation gave measured
spectra whose sideband heights exactly corresponded
to the theoretical heights obtained from Fig. 4,
curves of Bessel functions of fixed order and
variable argument dsbi, (where dcbh = dfhlf,).
An a.m. of 2o% modulation and a f.m. of 119Sh

about 0.2 gave two identical spectra (carrier, with
2 sidebands 'each about 1o% of the unmodulated
carrier) except that one f.rn. sideband was in
opposite phase to the carrier. This could be shown
by simultaneous a.m. and f.m. (terminals A and B
used at once), when one sideband disappeared and
the other was doubled in height. With a modified
circuit (no quartz filter, time -base for oscillograph)
the conversion of f.m. into a.m. by a resonant
circuit was shown (Fig. 6) and experiments carried
out on measuring the f.m. frequency excursion.

Finally, Lissajous' figures were obtained for f.m.
voltages of different wave -forms. Owing to the
fact that a sinusoidal f.m. gives a cosine phase -
angle characteristic, while a triangular f.m. gives
a curve built up of parabolic parts and resembling
a sine wave, the eye cannot distinguish between
the Lissajous' figures given by f.m. of the two
different types. This is of some importance, in
view of the possibility that Lissajous' figures might
be thought useful for testing for distortion in f.m.
transmitters. The last experiment deals with a
f.m. by a short pulse, producing a rectangular phase
modulation.
2990. MODULATION CIRCUIT. - W. Rademacher.

(Hochf:tech. u. Elek:akus., Feb. 1942, Vol.
59, No. 2, p. 6i.)

Patent No. 708 944. Two h.f. power -amplifier
valves are fully grid -modulated. Their power -
output to the aerial is varied by two complex h.f.
resistances (e.g. h.f. transformers) one in each anode
circuit : these are controlled, through auxiliary
valves, by the positive and negative half -waves of
the modulating voltage.
2991. CIRCUIT FOR THE MODULATION OF A H.F.

OSCILLATION WITH SEPARATE GENERATION
OF CARRIER AND SIDEBAND POWER, and A
MODULATED H.F. TRANSMITTER [with Dis-
tortion -Correcting Negative -Feedback Vol-
tage derived from Rectifier fed by the Un-
modulated Carrier as well as by Modulated
Component, so as to function Linearly even
for Large Modulations].-W. Buschbeck.
(Hochf:tech. u. Elek:akus., Feb. 1942, Vol.
59, No. 2, p. 61.) Telefunken Patents, Nos.
708 468/9.
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2992. SCREENING ARRANGEMENT FOR LINES CARRY-
ING HIGH -FREQUENCY CURRENTS.-Huber.
(See 3002.)

RECEPTION

2993. SUPER - REGENERATIVE RECEIVER [with
Sharp -Pointed Quenching Impulses obtained
by Opposing the Quench -Frequency Voltage4rectified in Full -Wave Rectifier) to the
Anode D.C. Voltage].-E. Gerhard. (Hochf:
tech. u. Elek:akus., Feb. 1942, Vol. 59, No. 2,p. 62.) Telefunken Patent, No. 707 651.

2994 METHOD OF COUPLING FOR Two AMPLIFIER
VALVES, PARTICULARLY FOR ULTRA-SHORT
WAVES, GIVING A VOLTAGE -DIVISION RATIO
WHICH IS INDEPENDENT OF FREQUENCY.-
E. Heinicke. (Hochf:tech. u. Elek:akus.,
Feb. 1942, Vol. 59, No. 2, p. 62.) Lorenz
Patent, No. 7o7 652.

2995. CRYSTAL DETECTOR FOR ULTRA - SHORT
WAVES [Detector Combination coated withMaterial which is Plastic at Room Tem-
perature & has a High Coefficient of InternalFriction (Phenolic Resin)].-H. Klumb.
(Hochf:tech. u. Elek:akus., Feb. 1942, Vol.
59, No. 2, p. 62.) DVL Patent, No. 707 542

2996. CIRCUIT FOR THE DIFFERENTIAL AUTO-
MATIC -AMPLIFICATION -CONTROL OF TWO OR
MORE DIFFERENT FREQUENCY BANDS.-H. Boucke. (Hochf:tech. u. Elek:akus.,Feb. 1942, Vol. 59, No. 2, p. 63.) PatentNo. 707 76o.

2997 THE VARIATION OF FLASH -OVER VOLTAGE
OF HIGH-TENSION INSULATORS IN THE
NORMAL RANGE OF ATMOSPHERIC HUMIDITY.-G. Pfestorf & K. H. Strauss. (Arch. f.
Elektrot., 31st Dec. 1941, Vol. 35, No. 12,
PP. 740-751.)

2998. REGISTRATION WITH F.C.C. OF ALL DIA-
THERMY MACHINES. - F.C.C. (Sci. News
Letter, 3oth May 1942, Vol. 41, No. 22, p. 344)

2999. IMPROVEMENT OF THE REPRODUCTION OF
LOUDSPEAKERS FOLLOWING MULTI- GRID
VALVES, BY THE USE OF THE BOUCHEROT
CONNECTION.-A. von Liipke. (Zeitschr. f.
tech. Phys., No. 4, Vol. 23, 1942, pp. 119-123)

The well-known habit of the broadcast listener,of cutting down the higher frequencies with histone control in spite of the fact that the makers ofhis receiver have spent much care in providing it
with a wide frequency -band, is usually attributedto the listener's debased preference for a velvety,boomy tone. The writer, however, maintains thatthe listener is perfectly justified in finding apleasanter reproduction when the tone control isused to cut off the higher frequencies, for the simple
reason that with the usual pentode or tetrode outputstages it is just these high frequencies that sufferfrom non-linear distortion. For the impedance ofa loudspeaker (with its transformer) rises, moststeeply towards the higher frequencies. (curve" a," Fig. 2), while the curve of non-linear dis-tortion of multi -grid valves, as a function of ter-minating resistance, shows a marked minimum

with a rise especially steep on the side of increased
resistance [Fig. 1 : the specially steep rise on the
side of increased resistance is not obvious in the
" klirr "-factor curve here, but is very marked in
the modulation -factor curve " m," and the writer
explains that this curve .is of more importance thanthe " klirr."-factor characteristic, since the har-
monics with which the latter is concerned, if they
come through at all, affect only the tone colourand are not seriously objectionable].

Although the three- to ten -fold rise in loudspeaker
impedance (compared with its values in the flattish
part 'of the curve) which is found at so kc/s, andwhich would so seriously affect the modulationfactor, is not often encountered even in local -station reception, it must be remembered thateven at 5 kc/s the rise may be as much as four-
fold, and also that in the latest forms of wire broad-
casting or magnetophone technique the full so kc/slimit can now be reached : and, further, that the
distortion curves of Fig. r were plotted for a realload, and that for complex loads the distortionswould be still higher. Negative feedback in itssimple form is not a solution for them, as it leavesuntouched the real cause-faulty matching : " thevalue 'of the optimum external resistance is givenin general by the ratio of the d.c. voltage to thed.c. current, and is thus not influenced by the
internal resistance which is changed by the negative
feedback." A frequency -dependent feedback hasoften been employed : it merely suppresses the
frequencies whose reproduction is distorted by the
imperfect matching. The practice which has unfor-tunately become prevalent in the industry, ofputting a condenser in parallel with the loudspeaker,
has chiefly the same effect of suppression : theimpedance still remains strongly dependent onfrequency (curve " b," Fig. 2) and rises sharply
at the important region around 2000 c/s.

The Boucherot circuit, on the other hand, pro-vides a simple way of making the loudspeaker
impedance practically independent of frequency,and real : " it is based on the law that for everydipole with the impedance R jP there exists a
corresponding dipole R i/jQ, so that the parallel
combination will be independent of frequency :its impedance is real and has the value R. Thenecessary condition is that R2 = P/Q, where R
represents the ohmic resistance contained in eachof the two branches. Since in the present caseP = (AL, the admittance Q = coLIR2, which can berealised by a condenser with =the capacitanceC = L/R2." A footnote " 5 " mentions that the
parallel connection of an RC elerhent to the loud-
speaker is of course already known, " but nowhere
are quantitative data given which correspond tothe Boucherot  connection " : the writer quotes
various references illustrating this point.

" Thus the output transformer must be designed
so that the ohmic resistance of the moving coil, trans-ferred to the primary side, is equal to the optimum
matching resistance of the valve : then a dissipative
resistance of the same value, in series with a con-denser of value C = L/R2, must be connected in
parallel to the primary winding. The actual im-
pedance characteristic of such a circuit realisedin practice is seen in curve " c " of Fig. 2 [where
the values are so 000 pF and 7 kilohms in series]'

:
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the impedance between roo c/s and Io kc/s remains
between 6 and 7.5 kilohms, whereas without the
Boucherot circuit it rose to 34 kilohms. That the
distortions have been correspondingly diminished
is confirmed by measurements given later [modula-
tion -factor curves of Fig. 4]. Subjectively, the
difference in quality is readily heard : with the
Boucherot circuit, reproduction resembles that
given by a triode, though the proportion of in-
dividual harmonics is different. Particularly
noticeable is the absence of distorted reproduction
of the higher frequencies."

Fig. 6 compares the frequency curves of the
power to loudspeaker : above i000 c/s the
Boucherot curve " c " falls below that of the
parallel -condenser curve " b " but cuts it at about
6000 c/s and thereafter falls more slowly. Since the
rise of non-linear distortion at high frequencies
has been removed, it is now possible to fulfil higher
requirements regarding freedom from linear dis-
tortion, by a correcting element in front of the
output stage to emphasise the high frequencies.
The straight gentle slope of the curve " c ", com-
pared with the initial rise and subsequent steep
fall of curve " b," makes it much easier to correct.
Suitable circuits for the purpose are shown in Fig.
7 (combination of frequency -dependent and -inde-
pendent negative feedbacks) and Fig. 8 (parallel -
resonance circuit in anode circuit of the preceding
valve). Correcting circuits of the latter type can
simultaneously behave as tone -control, correctors
for the frequency curves of output transformer
and loudspeaker, etc.

AERIALS AND AERIAL SYSTEMS
3000. THE USE OF THE PHILIPS CAPACITANCE -

CHANGE PRESSURE METER FOR MEASURING
THE EQUIVALENT CAPACITANCES OF A SMALL
AERIAL OVER VARIOUS GROUNDS.-Fritsch
& Forejt. (See paper dealt with in 3167,
below.)

3001. THE MEASUREMENT OF THE ELECTRIC
ROTATING FIELD IN THE NEAR FIELD OF A
TRANSMITTER.-J. Grosskopf & K. Vogt.
(Hochf:tech. u. Elek:akus., March 1942,
Vol. 59, No. 3, pp. 7o-72.)

" In two previous papers (1833 of 1941 and 376
of February) we have shown that the parameters
of the Zenneck rotating -field ellipse can be applied
to the determination of the electrical constants of
the ground. In the first paper these investigations
were carried out  on some fixed frequencies, those
of neighbouring broadcast stations : from them a
value was deduced which we named ' effective
conductivity,' since the measured values could
almost always be interpreted only on the assumption
of a stratified ground.

" For the more accurate investigation of the
electrical constants of stratified ground the measure-
ment of the frequency -dependence of the rotating -
field ellipse is necessary. Such an investigation
was reported on in the second paper and showed
substantial agreement with the theory. For this
investigation a 1 kw transmitter was available,
and this was erected at a distance of 5 km from the
receiving point. A comparison of the measurements
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carried out with this transmitter and those with
the broadcast stations on the same frequencies
but at great distances showed agreement within
the limits of error of the measurements. Now
for such ground investigations it is naturally
desirable to use as small a transmitter as possible :
the question therefore arises, what is the shortest
distance from the transmitter at which the receiving
dipole can be situated in order to obtain measure-
ments of a prescribed accuracy. Apart from this
requirement for measuring purposes, the investiga-
tion has, of course, an importance for the further
confirmation of the theory."

Starting from eqns. 55 and 7o (for the vertical and
horizontal components of the electrical field) in
Norton's theoretical paper (33 of 1938), simplified
by the assumption that both transmitter and
receiver are on the ground : and making, for a
preliminary qualitative estimation, other simplifica-
tions (ko2Ik2taken as negligible compared with unity ;
Sommerfeld attenuation factor F put equal to
unity, as is allowable for the short distances in-
volved), the writers obtain simple expressions for
the vertical and horizontal components : Ey =1
- (Ilkyr)2 j. /k or and Es = ho/k. Thus for
large values of r the ratio p = Ex/E becomes the
Zenneck value kolk. " As might be expected, the
above expression for Ey is identical with the
Hertzian formula for propagation over a perfectly
conducting plane. It is of interest to see that the
horizontal component, unlike the vertical, has no
near field."

Remembering that in the actual measurements
what are measured are the ratio a/b of the major
to the minor axis and the inclination y of the minor
axis the writers give the relations
a/b = itpj . sin ctS and y = jp1 . cos 0. For e = 13
and a = 1.4 X o' the calculated values of a/b
and y are given in Fig. 1 as functions of distance r
over the range r/A = 0.05 - 2 (Fig. 1). Both curves
tend asymptotically towards the Zenneck limiting
value for plane waves as r/A becomes large : for
r/A = 5 (beyond the diagram) alb is 9.86 and y is
8.5°. For small values of r/A the value of y de-
creases : the ellipse straightens itself up, becomes
vertical when r/A is about 0.2, and for still smaller
values slopes in the opposite direction, i.e. towards
the transmitter. The axes ratio a/b goes through
a minimum at r/A = 0.2 and increases without
limit as r/A diminishes further : in the immediate
neighbourhood of the transmitter the field is, as it
must be, linearly and vertically polarised.

The experimental confirmation was carried out
over the same ground as that previously involved
in the establishment of the existence of stratification
by the frequency -dependence of the ellipse (second
paper cited above), where a Io metre -thick over -
layer was found with a conductivity one -ninth of
that of the lower layer. The constants of the upper
layer are employed in the above calculations of
a/b and y. The receiving dipole was kept fixed
and the transmitter (on 1 Mc/s) was moved away
in a straight line (to avoid any directional effect),
its vertical aerial being lengthened in stages as the
distance passed the values A/3 and A/2. The
measuring technique for a/b was a simplified version
of that described in the first paper ; it is described
in the T.F.T. paper dealt with in 2955, above. The

1'
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measured values of a/b and y are shown in Fig. 2
for r/A up to 1.5. Qualitative agreement with
Fig. 1 is seen : the sharp minimum of a/b occurs
for r/A at about 0.17 instead of 0.2, while the y
curve passes through zero at 0.25 instead of at
o.2o, and reaches very large negative values at
shorter distances. The quantitative discrepancies
are attributed partly to the stratification, neglected
in the calculated curves, and partly to the finite
height ofthe receiving dipole : a theoretical allow-
ance for stratification presents serious difficulties
and no solution of this problem has yet been given.
The experimental results shown in Fig. 2 are set
out in another form in Fig. 3, where the ellipses
are drawn, true to shape and inclination, at different
points along the line of test.

As regards the original question as to the mini-
mum distance between transmitter and receiver for
accurate results, it is deduced from the calculated
curves of Fig. 1 that " at a distance of about 5A
an accuracy within 4% could be expected. The
measured curves of Fig. 2 still show a slight rise
at r/A = 1.5, but here again it may be assumed that
the limiting value is reached at about r/A = 5 " [in
the Grosskopf paper dealt with in 2954, above,
these results are referred to as showing that the
transition to the Zenneck field is practically com-plete at r = 3A].

Finally, " it is interesting to note that the
measurement of the distance -dependence of phase -
velocity in the near -field of a transmitter in the
same wave -band (Al'pert & others, 1885 of July)has led to a curve shape similar to those of Figs. Iand 2."

3002. SCREENING ARRANGEMENT FOR LINES CARRY-
ING HIGH -FREQUENCY CURRENTS [Metallic
Screening made Non -Reflecting by coatingSurface next to H.F. Conductor with a
Semiconducting Layer (Se, AgI, Cu2O,
Graphite, or Asbestos Cement mixed with
Metallic Powder)]. -E. Huber. (Hochf:tech. u. Elek:akus., Feb. 1942, Vol. 59, No. 2,
p. 61.) Patent No. 707 159.

3003. ON THE BURYING -DEPTH OF WOOD TELE-
PHONE POLES [for Various Soils : German& Foreign Practice : Theoretical & Ex-
perimental Investigations]. - K. Machens.
(T.F.T., Jan. 1942, Vol. 31, No. 1, pp. I.)

3004'

lit 3005.

VALVES AND THERMIONICS

TRANSVERSELY -CONTROLLED VALVES WITH
LONGITUDINAL WORK FIELDS [the " Trans-verse - Modulation Klystron ", includingPush -Pull Designs].-Hollmann. (See 2986.)

TOTAL SECONDARY EMISSION FROM THIN
FILMS OF SODIUM ON TUNGSTEN [Systematic
Increase in Yield as Work Function of
Surface was Decreased by Addition ofSodium (in accordance with Wooldridge's
Theory, 147 of 1940) : Decrease as Clean -Tungsten Work Function was Increased byFormation of Air Film : Yield from CleanTungsten is Independent of Target-Tem-
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perature up to moo° K].-K. G. McKay.
(Phys. Review, 1st/15th June 1942, Vol. 61,
No. 11/12, pp. 708-713.)

3006. THE EFFECT OF TEMPERATURE ON SECOND-
ARY -ELECTRON EMISSION.-P. M. Morozov.
(Journ. of Exp. 6- Theoret. Phys. [in Russian],No. 4, Vol. II, 1941, pp. 402-409.)

In view of the considerable divergence of theresults obtained by various investigators regardingthe effect of temperature on secondary -electronemission from pure metals, experiments were con-ducted by the author in which this effect wasinvestigated in the cases of nickel and molybdenum.It was found that with nickel a slight decrease inthe coefficient of secondary -electron emission atakes place when the temperature is raised ; forhigh primary -electron velocities the absolute valueof this decrease is of the order of o.oio-o.o18 for atemperature rise from 20° to 84o°C. In the caseof molybdenum, a remains constant within o.3%
when the temperature is varied from 2o° to 1100°C.
Curves are plotted showing the energy distribution
of secondary electrons for various energies of the
primary electrons and various temperatures of thetarget.

3007. SECONDARY - ELECTRON EMISSION FROM
SOLID AND LIQUID LEAD,.- TIN, AND BIS-
MUTH.-P. M. Morozov. (Journ. of Exp. C.
Theoret. Phys. [in Russian], No. 4, Vol. I1,1941, pp. 410-420.)

An experimental investigation was carried out
in which the effect of the crystal lattice on secondary
electron emission was studied. The most advan-
tageous conditions for observing this effect areobtained during the transition of the metal from asolid into a liquid state, and accordingly metals
having low melting point, lead, tin, and bismuth,
were selected for these experiments. It was found
that the coefficient of secondary-electron emission n-either increases or decreases at the melting point,
depending on the energy of the primary electrons.Thus in the case of lead, for example, a decreases
for energies between 3 and 3o ev and increases for
energies between 3o and 1500 ev. The absolutevalue of the change in a of these metals at the
melting point, for various energies of primaryelectrons, is of the order of o.i. The energy dis-
tribution of secondary electrons is also affected by
the transition from a solid into a liquid state.
3008. SECONDARY -ELECTRON EMISSION FROM ThW

WHEN BOMBARDED BY IONS AND ATOMS IN
A MERCURY -VAPOUR DISCHARGE.-M. E.Gurtovoy. (Journ. of Exp. & Theoret.
Phys. [in Russian], No. 5, Vol. II, 1941,pp. 489-502.)

Continuing previous work (407 of 1941), the" potential " ejection of secondary electrons is nowconsidered, i.e. the ejection which can take place
even with extremely small velocities of positiveions, if Vi > 2#, and also under the action ofmetastable atoms if the excitation potentialV.> IS. A method is proposed for an experimental
investigation of secondary emission under the above
conditions, and a detailed report is given of experi-
ments in which ThW was used as a target. One of
the conclusions reached is that the " potential "
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the impedance between ioo c s and to kc/s remains
between 6 and 7.5 kilohms, whereas without the
Boucherot circuit it rose to 34 kilohms. That the
distortions have been correspondingly diminished
is confirmed by measurements given later [modula-
tion -factor curves of Fig. 4]. Subjectively, the
difference in quality is readily heard : with the
Boucherot circuit, reproduction resembles that
given by a triode, though the proportion of in-
dividual harmonics is different. Particularly
noticeable is the absence of distorted reproduction
of the higher frequencies."

Fig. 6 compares the frequency curves of the
power to loudspeaker : above bow cis the
Boucherot curve " c " falls below that of the
parallel -condenser curve " b " but cuts it at about
6000 c/s and thereafter falls more slowly. Since the
rise of non-linear distortion at high frequencies
has been removed, it is now possible to fulfil higher
requirements regarding freedom from linear dis-
tortion, by a correcting element in front of the
output stage to emphasise the high frequencies.
The straight gentle slope of the curve " c", com-
pared with the initial rise and subsequent steep
fall of curve " b," makes it much easier to correct.
Suitable circuits for the purpose are shown in Fig.
7 (combination of frequency -dependent and -inde-
pendent negative feedbacks) and Fig. 8 (parallel -
resonance circuit in anode circuit of the preceding
valve). Correcting circuits of the latter type can
simultaneously behave as tone -control, correctors
for the frequency curves of output transformer
and loudspeaker, etc.

AERIALS AND AERIAL SYSTEMS
3000. THE USE OF THE PHILIPS CAPACITANCE -

CHANGE PRESSURE METER FOR MEASURING
THE EQUIVALENT CAPACITANCES OF A SMALL
AERIAL OVER VARIOUS GROUNDS.-Fritsch
& Forejt. (See paper dealt with in 3167,
below.)

3001. THE MEASUREMENT OF THE ELECTRIC
ROTATING FIELD IN THE NEAR FIELD OF A
TRANSMITTER.- J . Grosskopf & K. Vogt.
(Hochf:tech. u. Elek:akus., March 1942,
Vol. 59, No. 3, pp. 7o-72.)

" In two previous papers (1833 of 1941 and 376
of February) we have shown that the parameters
of the Zenneck rotating -field ellipse can be applied
to the determination of the electrical constants of
the ground. In the first paper these investigations
were carried out on some fixed frequencies, those
of neighbouring broadcast stations : from them a
value was deduced which we named ' effective
conductivity,' since the measured values could
almost always be interpreted only on the assumption
of a stratified ground.

" For the more accurate investigation of the
electrical constants of stratified ground the measure-
ment of the frequency -dependence of the rotating -
field ellipse is necessary. Such an investigation
was reported on in the second paper and showed
substantial agreement with the theory. For this
investigation a r kw transmitter was available,
and this was erected at a distance of 5 km from the
receiving point. A comparison of the measurements

October, 1942

carried out with this transmitter and those with
the broadcast stations on the same frequencies
but at great distances showed agreement within
the limits of error of the measurements. Now
for such ground investigations it is naturally
desirable to use as small a transmitter as possible :
the question therefore arises, what is the shortest
distance from the transmitter at which the receiving
dipole can be situated in order to obtain measure-
ments of a prescribed accuracy. Apart from this
requirement for measuring purposes, the investiga-
tion has, of course, an importance for the further
confirmation of the theory."

Starting from eqns. 5$ and 70 (for the vertical and
horizontal components of the electrical field) in
Norton's theoretical paper (33 of 1938), simplified
by the assumption that both transmitter and
receiver are on the ground : and making, for a
preliminary qualitative estimation, other simplifica-
tions (k02'Otaken as negligible compared with unity :
Sommerfeld attenuation factor F put equal to
unity, as is allowable for the short distances in-
volved), the writers obtain simple expressions for
the vertical and horizontal components : E  =1
- (I /k or)2 rt j . ijkor and E., = k o'k. Thus for
large values of r the ratio p = Exill., becomes the
Zenneck value kolk. " As might be expected, the
above expression for Ei, is identical with the
Hertzian formula for propagation over a perfectly
conducting plane. It is of interest to see that the
horizontal component, unlike the vertical, has no
near field."

Remembering that in the actual measurements
what are measured are the ratio a/b of the major
to the minor axis and the inclination y of the minor
axis to the horizontal, give the relations
a/b = I jipI . sin and 7 = 1131 . COS cb. For e = 13
and a = 1.4 x to' the calculated values of a:b
and y are given in Fig. I as functions of distance r
over the range r/A = 0.05 - 2 (Fig. 1). Both curves
tend asymptotically towards the Zenneck limiting
value for plane waves as r/A becomes large : for
r/A = 5 (beyond the diagram) ail) is 9.8o and y is
8.5°. For small values of r/A the value of y de-
creases : the ellipse straightens itself up, becomes
vertical when riA is about 0.2, and for still smaller
values slopes in the opposite direction, i.e. towards
the transmitter. The axes ratio alb goes through
a minimum at r/A = 0.2 and increases without
limit as r/A diminishes further : in the immediate
neighbourhood of the transmitter the field is, as it
must be, linearly and vertically polarised.

The experimental confirmation was carried out
over the same ground as that previously involved
in the establishment of the existence of stratification
by the frequency -dependence of the ellipse (second
paper cited above), where a io metre -thick over -
layer was found with a conductivity one -ninth of
that of the lower layer. The constants of the upper
layer are employed in the above calculations of_.
a/b and y. The receiving dipole was kept fixed
and the transmitter (on I Mc/s) was moved away
in a straight line (to avoid any directional effect),
its vertical aerial being lengthened in stages as the
distance passed the values A/3 and A. The
measuring technique for alb was a simplified version
of that described in the first paper ; it is described
in the T.F.T. paper dealt with in 2955, above. The
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measured values of a/b and y are shown in Fig. 2
for r/A up to 1.5. Qualitative agreement with
Fig. i is seen : the sharp minimum of a/b occursfor r/A at about 0.17 instead of 0.2, while the y
curve passes through zero at 0.25 instead of at
o.zo, and reaches very large negative values at
shorter distances. The quantitative discrepancies
are attributed partly to the stratification, neglected
in the calculated curves, and partly to the finite
height ifthe receiving dipole : a theoretical allow-
ance for stratification presents serious difficulties
and no solution of this problem has yet been given.
The experimental results shown in Fig. 2 are set
out in another form in Fig: 3, where the ellipses
are drawn, true to shape and inclination, at different
points along the line of test.

As regards the original question as to the mini-
mum distance between transmitter and receiver for
accurate results, it is deduced from the calculated
curves of Fig. i that " at a distance of about 5A
an accuracy within 4% could be expected. The
measured curves of Fig. 2 still show a slight rise
at r/A = 1.5, but here again it may be assumed that
the limiting value is reached at about r/A = 5 " [in
the Grosskopf paper dealt with in 2954, above,
these results are referred to as showing that the
transition to the Zenneck field is practically com-

I plete at r = 3A].
Finally, " it is interesting to note that the

measurement of the distance -dependence of phase -
velocity in the near -field of a transmitter in the
same wave -band (Al'pert & others, 1885 of July)has led to a curve shape similar to those of Figs.
and 2."

3002. SCREENING ARRANGEMENT FOR LINES CARRY-
ING HIGH -FREQUENCY CURRENTS [Metallic
Screening made Non -Reflecting by coatingSurface next to H.F. Conductor with a
Semiconducting Layer (Se, AgI, Cu20,
Graphite, or Asbestos Cement mixed with
Metallic Powder)]. -E. Huber. (Hochf:
tech. u. Elek:akus., Feb. 1942, Vol. 59, No. 2,
p. 61.) Patent No. 707 159.

3003. ON THE BURYING -DEPTH OF WOOD TELE-
PHONE POLES [for Various Soils : German& Foreign Practice : Theoretical & Ex-
perimental Investigations]. - K. Machens.
(T.F.T., Jan. 1942, Vol. 31, No. i, pp. r -u.)

VALVES AND THERMIONICS

3004. TRANSVERSELY -CONTROLLED VALVES WITH
LONGITUDINAL WORK FIELDS [the " Trans-
verse - Modulation Klystron ", includingPush -Pull Designs].-Hollmann. (See 2986.)

TOTAL SECONDARY EMISSION FROM THIN
FILMS OF SODIUM ON TUNGSTEN [Systematic
Increase in Yield as Work Function ofSurface was Decreased by Addition ofSodium (in accordance with Wooldridge's
Theory, 147 of 1940) : Decrease as Clean -Tungsten Work Function was Increased byFormation of Air Film : Yield from CleanTungsten is Independent of Target -Tern-
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perature up to r0000 K].-K. G. McKay.
(Phys. Review, 1st/15th June 1942, Vol. 61,
No. 11/12, pp. 708-713.)

3006. THE EFFECT OF TEMPERATURE ON SECOND-
ARY -ELECTRON EMISSION. -P. M. MOTOZOV.
(Journ. of Exp. & Theoret. Phys. [in Russian],No. 4, Vol. II, 1941, pp. 402-409.)

In view of the considerable divergence of the
results obtained by various investigators regardingthe effect of temperature on secondary -electronemission from pure metals, experiments were con-ducted by the author in which this effect was
investigated in the cases of nickel and molybdenum.It was found that with nickel a slight decrease inthe coefficient of secondary -electron emission atakes place when the temperature is raised ; forhigh primary -electron velocities the absolute valueof this decrease is of the order of o.oro-0.018 for a
temperature rise from 200 to 840°C. In the caseof molybdenum, a remains constant within o.3%
when the temperature is varied from 20° to froo°C.
Curves are plotted showing the energy distribution
of secondary electrons for various energies of the
primary electrons and various temperatures of thetarget.

3007. SECONDARY - ELECTRON EMISSION FROM
SOLID AND LIQUID LEAD,, -.TIN, AND BIS-
MUTH. -P. M. Morozov. (Journ. of Exp. &
Theoret. Phys. [in Russian], No. 4, Vol. I1,
1941, pp. 410-420.)

An experimental investigation was carried out
in which the effect of the crystal lattice on secondary
electron emission was studied. The most advan-
tageous conditions for observing this effect areobtained during the transition of the metal from a.solid into a liquid state, and accordingly metals.having low melting point, lead, tin, and bismuth,.
were selected for these experiments. It was found
that the coefficient of secondary-electron emission ()-either increases or decreases at the melting point,
depending on the energy of the primary electrons.Thus in the case of lead, for example, a decreasesfor energies between 3 and 3o ev and increases for
energies between 3o and 1500 ev. The absolutevalue of the change in a of these metals at themelting point, for various energies of primary
electrons, is of the order of o.i. The energy dis-
tribution of secondary electrons is also affected by
the transition from a solid into a liquid state.
3008. SECONDARY -ELECTRON EMISSION FROM ThW

WHEN BOMBARDED BY IONS AND ATOMS IN
A MERCURY -VAPOUR DISCHARGE.-M. E.Gurtovoy. (Journ. of Exp. & Theoret.
Phys. [in Russian], No. 5, Vol. II, 1941,
pp- 489-502.)

Continuing previous work (407 of 1941), the
potential " ejection of secondary electrons is nowconsidered, i.e. the ejection which can take place

even with extremely small velocities of positiveions, if Vi > 2 0, and also under the action ofmetastable atoms if the excitation potentialV°> -. A method is proposed for an experimental
investigation of secondary emission under the above
conditions, and a detailed report is given of experi-
ments in which ThW was used as a target. One of
the conclusions reached is that the " potential "
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the impedance between loo s and i o kc s remains
between 6 and 7.5 kilohms, whereas without the
Boucherot circuit it rose to 34 kilohms. That the
distortions have been correspondingly diminished
is confirmed by measurements given later [modula-
tion -factor curves of Fig. 4]. Subjectively, the
difference in quality is readily heard : with the
Boucherot circuit, reproduction resembles that
given by a triode, though the proportion of in-
dividual harmonics is different. Particularly
noticeable is the absence of distorted reproduction
of the higher frequencies."

Fig. 6 compares the frequency curves of the
power to loudspeaker : above i000 c,'s the
Boucherot curve " c " falls below that of the
parallel -condenser curve " b " but cuts it at about
6000 cis and thereafter falls more slowly. Since the
rise of non-linear distortion at high frequencies
has been removed, it is now possible to fulfil higher
requirements regarding freedom from linear dis-
tortion, by a correcting element in front of the
output stage to emphasise the high frequencies.
The straight gentle slope of the curve " c ", com-
pared with the initial rise and subsequent steep
fall of curve " b," makes it much easier to correct.
Suitable circuits for the purpose are shown in Fig.
7 (combination of frequency -dependent and -inde-
pendent negative feedbacks) and Fig. 8 (parallel -
resonance circuit in anode circuit of the preceding
valve). Correcting circuits of the latter type can
simultaneously behave as tone -control, correctors
for the frequency curves of output transformer
and loudspeaker, etc.

AERIALS AND AERIAL SYSTEMS
3000. THE USE OF THE PHILIPS CAPACITANCE -

CHANGE PRESSURE METER FOR MEASURING
THE EQUIVALENT CAPACITANCES OF A SMALL
AERIAL OVER VARIOUS GROUNDS.-Fritsch
& Forejt. (See paper dealt with in 3167,
below.)

3001. THE MEASUREMENT OF THE ELECTRIC
ROTATING FIELD IN THE NEAR FIELD OF A
TRANSMITTER.- J . Grosskopf & K. Vogt.
(Hochf:tech. u. Elek:akus., March 1942,
Vol. 59, No. 3, pp. 70-72.)

" In two previous papers (1833 of 1941 and 376
of February) we have shown that the parameters
of the Zenneck rotating -field ellipse can be applied
to the determination of the electrical constants of
the ground. In the first paper these investigations
were carried out on some fixed frequencies, those
of neighbouring broadcast stations : from them a
value was deduced which we named ' effective
conductivity,' since the measured values could
almost always be interpreted only on the assumption
of a stratified ground.

" For the more accurate investigation of the
electrical constants of stratified ground the measure-
ment of the frequency -dependence of the rotating -
field ellipse is necessary. Such an investigation
was reported on in the second paper and showed
substantial agreement with the theory. For this
investigation a i kw transmitter was available,
and this was erected at a distance of 5 km from the
receiving point. A comparison of the measurements
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carried out with this transmitter and those u ith
the broadcast stations on the same frequencies
but at great distances showed agreement within
the limits of error of the measurements. Now
for such ground investigations it is naturally
desirable to use as small a transmitter as possible :
the question therefore arises, what is the shortest
distance from the transmitter at which the receiving
dipole can be situated in order to obtain measure-
ments of a prescribed accuracy. Apart from this
requirement for measuring purposes, the investiga-
tion has, of course, an importance for the further
confirmation of the theory."

Starting from eqns. 55 and 70. (for the vertical and
horizontal components of the electrical field) in
Norton's theoretical paper (33 of 1938), simplified
by the assumption that both transmitter and
receiver are on the ground : and making, for a
preliminary qualitative estimation, other simplifica-
tions (k 02 / k2 taken as negligible compared with unity
Sommerfeld attenuation factor F put equal to
unity, as is allowable for the short distances in-
volved), the writers obtain simple expressions for
the vertical and horizontal components : =1
- (1 lk or)2 j .1,k0r and Ex= k0'k. Thus for
large values of v the ratio p = Ex/E,, becomes the
Zenneck value kok. " As might be expected, the
above expression for Et, is identical with the
Hertzian formula for propagation over a perfectly
conducting plane. It is of interest to see that the
horizontal component, unlike the vertical, has no
near field."

Remembering that in the actual measurements
what are measured are the ratio alb of the major
to the minor axis and the inclination y of the minor
axis to the horizontal, give the relations
a/b . sin 0 and y = !pi . cos 0. For f = 13
and a = 1.4 X io7 the calculated values of aft)
and y are given in Fig. i as functions of distance r
over the range r/A = 0.05 - 2 (Fig. I). Both curves
tend asymptotically towards the Zenneck limiting
value for plane waves as r/A becomes large : for
r/A = 5 (beyond the diagram) a/b is 9.86 and y is
8.5°. For small values of r/A the value of y de-
creases : the ellipse straightens itself up, becomes
vertical when r1,\ is about 0.2, and for still smaller
values slopes in the opposite direction, i.e. towards
the transmitter. The axes ratio ail) goes through
a minimum at r/A = 0.2 and increases without
limit as r/A diminishes further : in the immediate
neighbourhood of the transmitter the field is, as it
must be, linearly and vertically polarised.

The experimental confirmation was carried out
over the same ground as that previously involved
in the establishment of the existence of stratification
by the frequency -dependence of the ellipse (second
paper cited above), where a Io metre -thick over -
layer was found with a conductivity one -ninth of
that of the lower layer. The constants of the upper
layer are employed in the above calculations of
alb and y. The receiving dipole was kept fixed
and the transmitter (on I Mc/s) was moved away
in a straight line (to avoid any directional effect),
its vertical aerial being lengthened in stages as the
distance passed the values A/3 and Aj2. The
measuring technique for ab was a simplified version
of that described in the first paper ; it is described
in the T.F.T. paper dealt with in 2955, above. The
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measured values of a/b and y are shown in Fig. 2
for r/A up to 1.5. Qualitative agreement with
Fig. I is seen : the sharp minimum of a/b occurs
for ?A at about 0.17 instead of 0.2, while the y
curve passes through zero at 0.25 instead of at
o.2o, and reaches very large negative values at
shorter distances. The quantitative discrepancies
are attributed partly to the stratification, neglected
in the calculated curves, and partly to the finite
height oTthe receiving dipole : a theoretical allow-
ance for stratification presents serious difficulties
and no solution of this problem has yet been given.
The experimental results shown in Fig. 2 are set
out in another form in Fig: 3, where the ellipses
are drawn, true to shape and inclination, at different
points along the line of test.

As regards the original question as to the mini-
mum distance between transmitter and receiver for
accurate results, it is deduced from the calculatedcurves of Fig. 1 that " at a distance of about 5A
an accuracy within 4% could be expected. The
measured curves of Fig. 2 still show a slight rise
at r/A = 1.5, but here again it may be assumed that
the limiting value is reached at about r/A = 5 " [in
the Grosskopf paper dealt with in 2954, above,these results are referred to as showing that the
transition to the Zenneck field is practically com-plete at r = 3A].

Finally, " it is interesting to note that the
measurement of the distance -dependence of phase -
velocity in the near -field of a transmitter in the
same wave -band (A1'pert & others, 1885 of July)has led to a curve shape similar to those of Figs.and 2."

3002. SCREENING ARRANGEMENT FOR LINES CARRY-
ING HIGH -FREQUENCY CURRENTS [Metallic
Screening made Non -Reflecting by coatingSurface next to H.F. Conductor with a
Semiconducting Layer (Se, AgI, Cu2O,
Graphite, or Asbestos Cement mixed withMetallic Powder)]. -E. Huber. (Hochf:
tech. u. Elek:akus., Feb. 1942, Vol. 59, No. 2,
p. 61.) Patent No. 707 159.

3003. ON THE BURYING -DEPTH OF WOOD TELE-
PHONE POLES [for Various Soils : German& Foreign Practice : Theoretical & Ex-perimental Investigations]. - K. Machens.
(T.F.T., Jan. 1942, Vol. 31, No. 1, pp. I -II.)

VALVES AND THERMIONICS

3001.. TRANSVERSELY -CONTROLLED VALVES WITH
LONGITUDINAL WORK FIELDS [the " Trans-verse - Modulation Klystron ", includingPush -Pull Designs].-Hollmann. (See 2986.)

3005. TOTAL SECONDARY EMISSION FROM THIN
FILMS OF SODIUM ON TUNGSTEN [SystematicIncrease in Yield as Work Function ofSurface was Decreased by Addition ofSodium (in accordance with Wooldridge's
Theory, 147 of 1940) : Decrease as Clean -Tungsten Work Function was Increased by
Formation of Air Film : Yield,- from CleanTungsten is Independent of Target-Tem-
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perature up to I000° K].-K. G. McKay.
(Phys. Review, 1st/15th June 1942, Vol. 61,
No. 11/12, pp. 708-713.)

3006. THE EFFECT OF TEMPERATURE ON SECOND -
ARY-ELECTRON EMISSION.-P. M. MOTOZOV
(Journ. of Exp. & Theoret. Phys. [in Russian],No. 4, Vol. II, 1941, pp. 402-409.)

In view of the considerable divergence of theresults obtained by various investigators regardingthe effect of temperature on secondary-electronemission from pure metals, experiments were con-ducted by the author in which this effect wasinvestigated in the cases of nickel and molybdenum.It was found that with nickel a slight decrease inthe coefficient of secondary -electron emission atakes place when the temperature is raised ; forhigh primary -electron velocities the absolute value
of this decrease is of the order of 0.010-0.018 for atemperature rise from 20° to 840°C. In the caseof molybdenum, a remains constant within 0.3%
when the temperature is varied from 20° to too°C.Curves are plotted showing the energy distribution
of secondary electrons for various energies of the
primary electrons and various temperatures of thetarget.

3007. SECONDARY - ELECTRON EMISSION FROM
SOLID AND LIQUID LEAD, , -TIN, AND BIS-
MUTH.-P. M. Morozov. (Journ. of Exp. fr
Theoret. Phys. [in Russian], No. 4, Vol. I1,1941, pp. 410-420.)

An experimental investigation was carried out
in which the effect of the crystal lattice on secondary
electron emission was studied. The most advan-
tageous conditions for observing this effect areobtained during the transition of the metal from asolid into a liquid state, and accordingly metals.having low melting point, lead, tin, and bismuth,.
were selected for these experiments. It was found
that the coefficient of secondary-electron emission ("-either increases or decreases at the melting point,
depending on the energy of the primary electrons.Thus in the case of lead, for example, a decreases -for energies between 3 and 3o ev and increases for
energies between 3o and 1500 ev. The absolutevalue of the change in a of these metals at the
melting point, for various energies of primaryelectrons, is of the order of 0.1. The energy dis-tribution of secondary electrons is also affected by
the transition from a solid into a liquid state.
3008. SECONDARY -ELECTRON EMISSION FROM ThW

WHEN BOMBARDED BY IONS AND ATOMS IN
A MERCURY -VAPOUR DISCHARGE.-M. E.Gurtovoy. (Journ. of Exp. 6- Theoret.Phys. [in Russian], No. 5, Vol. II, 1941,
PP. 489-502.)

Continuing previous work (407 of 1941), the" potential " ejection of secondary electrons is nowconsidered, i.e. the ejection which can take place
even with extremely small velocities of positiveions, if Vi > 20, and also under the action ofmetastable atoms if the excitation potentialVa> 0. A method is proposed for an experimental
investigation of secondary emission under the aboveconditions, and a detailed report is given of experi-
ments in which ThW was used as a target. One of
the conclusions reached is that the ' potential "
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ejection from ThW increases rapidly with a decrease
in the work function. A method is also proposed
for investigating the effect of the velocity of the ion
or of the excited atom on the " potential " ejection.

3009. THE MEASUREMENT OF THE EVAPORATION
HEAT OF ELECTRONS FROM THORIATED
TUNGSTEN IN AN ELECTRIC FIELD [by
Observations of the Cooling of the Filament].
-L. N. Dobretsov. (Journ. of Exp. &
Theoret. Phys. [in Russian], No. 5, Vol. iI,
1941, pp. 503-514.)

The theory of the method and the apparatus
required are discussed in detail, and experiments
are described in which this method was used for
investigating the effect of an electric field on the
evaporation heat of electrons, within the region of
-the Schottky_ effect, from thoriated tungsten. The
results of these experiments seem to confirm, within
the accuracy of the method, the formula log

(elkT) . (02-01), based on the assumption that
the Schottky effect is determined by the change in
the evaporation heat due to the electric field.
Cf. 409, 2139, & 2715 of 1941.

DIRECTIONAL WIRELESS

3010. THE LIMITS OF USEFULNESS OF THE ADCOCK
DIRECTION -FINDER WITH n MASTS.-H. W.
Breuninger. (Hochf:tech. u. Elek:akus.,
Feb. 1942, Vol. 59, No. 2, pp. 50-57.)

" It is shown that an Adcock -aerial system con-
sisting of n aerials possesses a limiting frequency
010n above which no d.f. working is possible, which

is independent of n, and which is governed only by
the diameter of the whole system. How far below
unim bearings can be taken depends on n. The
theoretical bearing error e and the theoretical blur-
ring of minimum T are expressed in approximate
formulae, and are discusssed."

On the simplifying assumptions that the incident
wave, of unit field strength, comes in horizontally
(a= o), and that the phase constant is so chosen
that the wave oscillates as sin wt at the mid -point
of the system, eqn. 7 is obtained for 0, the vector
quantity which is shown to represent the hori-
zontal magnetic field inside a completely sym-
metrical goniometer even when (as was assumed
at first not to be the case) a direct coupling exists
between the field coils. By the_ purely mathe-
matical transformation of Appendix 1, eqn. 7 is
brought into the form 0=h . (91 cos wt + 911 cos
(0(4-0 sin wt), where 91= R.01 and R = n . J ,(s),

being the unit vector representing the azimuth
of the incoming wave, and s being 21r/A times the
radius of the system. For small values of s, and
n not less than 3 (so as to define a plane), this
reduces to 0=h./2 cos cot.i. This shows that 0
is in the same direction as ; that is, the direction
of the magnetic field corresponds to the azimuth of
the wave, so that a bearing determination is possible.
Combining this with the above relation R= n . J,(s),
it follows that R is a measure of the sensitivity
so far as this depends on s. It is thus seen that at
the null points of the Bessel function J1(s) a bearing
is impossible. It is known that for very long wave-
lengths the sensitivity decreases with increasing
wavelength, i.e. with decreasing s. As s is increased
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from a small value, the sensitivity R first increases,
till J1(s) reaches its first maximum : it then
decreases again and vanishes for s = sum -3.8317:
or if a is not (as assumed) zero, for s . cos a = s, =
3.8317. Thus for every value of s greater than slim
there must be some angle a for which this vanishing
condition is fulfilled. But for d.f. purposes waves of
various unknown values of a must be dealt with, so
that an absolute limit of usefulness is reached when

1

A = 27rr/sum = 1.6398 Y.
But in general the vectors 9i and 19 cannot be

neglected as they were above, so that the limiting
wavelength, down to which d.f. is possible, is
longer than that just given : for these vectors,
whose effect on 0 in comparison with 91 increases
as s increases, produce bearing errors e and blurring
T, and if these exceed certain limits a bearing is no
longer obtainable. The investigation of 91 and 23
(pp. 51-55) shows that for Adcock systems with an
odd number of aerials the limit of usefulness in the
.direction of short waves is set chiefly by the blurring:
for systems with an even number of aerials it is
set entirely by the bearing error. In both cases )

these limits move towards shorter wavelengths as
the number of aerials is increased, and approach the
absolute limit given above (A =1.6398 r). This
limit is reached practically with 10 to 12 separate
aerials. Since, however, as this limit is approached,
the sensitivity for waves coming in at small values
of a (i.e. nearly horizontally) decreases, the practical
usefulness of Adcock systems with many aerials is '

limited by this loss of sensitivity and not by blur-
ring or bearing error. Since, also, this sensitivity
(so far as it depends on s and thus on the diameter of
the system) already reaches, at s = 3.4, a value only
about one-third of its greatest value (at s= 1.84-
maximum of J1(s)), it is of little advantage in
practice to increase the number of aerials above
7 or 8. These results apply to the ideal Adcock
system : the limits are generally rather less favour-
able for an actual system, owing to unavoidable
imperfections in this.
3011. METHOD OF IMPROVING THE SHARPNESS OF

INDICATION OF A EQUI-SIGNAL GUIDING
BEAM.-L. T. Wen. (Hochf:tech. u. Elek:akus.,
Feb. 1942, Vol. 59, No. 2, pp. 63-64.)

Patent No. 708 473. The beam is made to swing,
slowly by comparison with the complementary
keying frequency, through an angle less than the
sector angle within which, if the beam were station-
ary, the long -dash composite signal would be
receivable. In this way the long -dash zone may be
made as narrow as desired, since in the remainder
of the sector the long -dash signal is broken up,
in rhythm with the swing, by the complementary
signals.
3012. ARRANGEMENT FOR THE TRANSMISSION OF

SHORT -TIME HIGH -FREQUENCY PULSES [10
avoid Distortion of Pulse Form].-P.
Kotowski. (Hochf:tech. u. Elek:akus., Feb.
1942, Vol. 59, No. 2, p. 61.)

Telefunken Patent, No. 708 475. To avoid
distortion, the whole h.f. path from transmitter
to receiver must be so designed that the over-all
phase -rotation time 4/4) is less than one-third
the pulse period, where j is the phase angle between
the voltages at the keying -point and the demodulat-



V 4 4` tt t
I



482 WIRELESS
ENGINEER

merge into a lengthening of reverberation and
the term flutter echo no longer applies : the writer
calls the special frequencies at which the phenomena
occur " singular natural frequencies." These
singular frequencies are shown up in reverbera-
tion measurements (Fig. 12) : they can also be
detected, even when corrective measures have
rendered them subjectively unnoticeable, by the
fact that they change the Gaussian distribution
mentioned above (see Zurich studio 1, Fig. 13).
Such a treatment of reverberation -time values for
different points therefore provides a new criterion
for the acoustics of a studio, taking into account the
form of the room and the spatial distribution of the
sound absorption. " This is the more important
because simple reverberation theory cannot con-
sider these factors."

3027. THE ACOUSTICS OF LARGE BUILDINGS
[Description of W. Oelsner's (1935) Observa-
tions & Conclusions, " Not Sufficiently
attended to by Acousticians " : Successful
Application to a New Church in Copen-
hagen].-K: W. Wagner : Oelsner. (Genie
Civil, 31st Jan./7th Feb. 1942, Vol. 119,
No. 5/6, p. 66: summary only.) For an
Oelsner patent see 189 of 1940.

3028. THE " O.M. CORBINO " NATIONAL ELECTRO-
ACOUSTICAL INSTITUTE [including Illustrated
Description of the Large " Absorbing
Chamber " & Its Construction].-A. Giaco-
mini. (La Ricerca Scient., June/July 1942,
Vol. 13, No. 6/7, pp. 249-266.) See also
2729 of September.

3029. EXPERIMENTS WITH HELMHOLTZ RESONATORS
[Cylindrical Type, with Neck of Constant
Length but Varying Diameter : Empirical
Formula Frequency cc I/17' (V = Volume
of Body), where n varies between 0.5 and
o.8, approaching 0.5 (Helmholtz's Value)
for High Frequencies & Small Neck -Dia-
meters : etc.].-H. Mary Browning. (Phil.
Mag., July 1942, Vol. 33, No. 222, pp.
551-556.)

3030. THE FINE STRUCTURE OF THE RESONANCE
CURVES OF ACOUSTIC RESONATORS [Of
Various Forms : by Use of Sensitive Flames].
-H. Zickendraht. (Sci. Abstracts, Sec. A,
June 1942, Vol. 45, No. 534, p. 158.) For
his paper on the use of such flames see
1721 of June.

3031. A NEW TYPE OF ELECTRICAL ANALOGY :
PART I.-Efros. (See 2970.)

3032. THE PROPAGATION OF SOUND IN A CRYSTAL
POSSESSING PIEZOELECTRIC PROPERTIES.-
I. G. Shaposhnikov. (Journ. of Exp. 6,
Theoret. Phys. [in Russian], No. 2/3, Vol.
11, 1941, pp. 332-339.)

The absorption and dispension of sound in a
piezoelectric crystal are considered. Formulae
13 and 14 are derived for the case of a longitudinal
plane wave, giving the sound velocity V and co-
efficient of absorption a per unit length.
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3033. ON THE ABSORPTION OF SOUND IN DIELEC-
TRICS.-I. Pomeranchuk. (Journ. of Exp.
fr Theoret. Phys. [in Russian], No. 4, Vol.
II, 1941, pp. 455-462.)

It is pointed out that the absorption of sound
in dielectrics is greatly affected by the dispersion
and velocity anisotropy of thermal oscillations.
From a previous paper (in No. I of same journal:
see also 1802 of June) on the thermal conductivity
of dielectrics at temperatures higher than the
Debye temperatures, condition I is quoted and
sound absorption in crystals satisfying as well as
not satisfying this condition is discussed theoreti-
cally.
3034. THE USE OF SUPERSONIC WAVES FOR THE

OUTGASSING OF THE LIGHT METALS [Good
Results : Difficulties with Magnesium -
Aluminium Alloys, and Methods of Over-
coming Them] .-(Genie Civil, 31st Jan./7th
Feb. 1942, Vol. 119, No. 5/6, p. 67 : short
summary, from Schiffbau.) Cf. 1975 of
1939, 2307 of 1942), & 3079 of 1941.

3035. Tint USE OF SOUND WAVES TO IMPROVE
SULFA DRUG TREATMENT OF WOUNDS,
ETC.-L. A. Chambers & others. (Science,
5th June 1942, Vol. 95, Supp. p. 1.)

PHOTOTELEGRAPHY AND TELEVISION

3036. THE TRANSMISSION OF MESSAGES AND

PHOTOGRAPHS BY RADIOELECTRIC PATHS
[including the Preference (since 1939) for
Frequency Modulation rather than Time
Modulation].-G. Masson. (Genie Civil,
3rd/loth Jan. 1942, Vol. 119, No. 1/2, p. 19:
summary of Soc. franc. des Elec. paper.)
From the Belin laboratories.

3037. A FREQUENCY -DIVIDING PROCESS USING A
CATHODE-RAY TUBE [Ray, describing a
Spiral Path under Influence of Rotating
Field (produced by the Frequency to be
Divided) and also of a Radial Field, makes
Contact with Electrodes after More than
One Complete Revolution].-K. Brucker-
steinkuhl. (Hochf:tech. u. Elek:akus., Feb.
1942, Vol. 59, No. 2, p. 61.) Fernseh Company
Patent, No. 707 65o.

3038. ARRANGEMENT FOR THE TRANSMISSION OF 1

SHORT -TIME HIGH -FREQUENCY PULSES [to
avoid Distortion of Pulse Form].-Kotowski.
(See 3012.)

3039. ON THE ENERGY DISTRIBUTION OF PHOTO-
ELECTRONS : PART II-ANTIMONY-CAESIUM
AND OXYGEN -SENSITISED ANTIMONY-CAE-
SIUM CATHODES.-VU. M. Kushnir, E. A.
Vaynrib, & V. P. Goncharov. (Journ. of
Tech. Phys. [in Russian], No. 14, Vol. 1o,
194o, pp. 1197-1200.)

For Part I see 3103 of 1940. The preparation of
the cathodes is described and the results obtained
by the same electro-optical method (Fig. 1) as used
in the previous investigation are shown in a number
of curves. The main conclusions reached are :-
(I) As regards the energy distribution of photo-
electrons there is no great difference between the
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two types of cathodes, and (2) unlike the oxygen-
., sensitised silver-caesium cathodes, the saturation
potential of the plain and oxygen -sensitised anti-
mony-caesium types is independent of the wave-
length.

3040. ON THE ALTERATION OF THE THERMIONIC
AND PH'OTOELECTRIC EMISSION CONSTANTS
OF SILVER-OXIDE-CAESIUM CATHODES DUR-
ING THEIR ACTIVATION.-R. Suhrmann &
F. W. Dehmelt. (Zeitschr. f. Phys., 25th
Feb. 1942, Vol. 118, No. 11/12, pp. 677-694.)" Among the ' composite ' photocathodes the

silver-oxide-caesium cathodes are of special tech-
nical and scientific interest, since on irradiation
with long -wave light they display a high electron -
emitting power and give out ' thermo-electrons '
even at temperatures little above room temperature.
Such cathodes are prepared by covering a silver
surface with a thin oxide skin by means of a glow
discharge in oxygen, and then activating this with
caesium vapour in a vacuum, at a temperature
between ioo° and zoo' C. By this means the
silver oxide is reduced, so that the silver cathode
is now covered with a thin film of caesium oxide, in
and on which reduced silver and caesium are
atomically distributed. The object of the present
investigation is to determine in what manner the
thermionic and photoelectric emission constants of
such cathodes change during heating, in order to
obtain evidence as to the physico-chemical processes
occurring during the activation of the cathode.
The question will also be examined whether the
large differences found by Campbell (1931 Abstracts,
p. 508) for such cathodes, between the work func-tions of the thermo-electrons and the photo -elec-
trons, appear in all activation conditions, and how
these differences may be interpreted."

The thermionic constants 0 and A (eqn. I) and
the photoelectric constants 0 and M (eqn. 2) were
measured in two series of experiments, the first
three days after the vaporisation of the caesium
over the silver -oxide -coated silver cathode, the
second after the caesium had been in contact with
the cathode surface for about 14 days. The com-
parison between the results of these two series is
a complicated business which would require a very
long abstract to cover adequately, but it may be
mentioned that in both cases 0 was found to be a
few tenths of a volt smaller than 0, in agreement
with Campbell's result (GOrlich's finding, with
Cs-Cs20-[Ag] cathodes, that 0 and 0 coincided-
see 1703 of 1941-is attributed to his faulty method
of measuring 0, which would lead to too small
values and thus bring 0 nearer to the really smaller
, values : see footnote on p. 685) : and that while,

llin the first series of experiments, 0 and 0 decreased
I similarly with increasing activation (Fig. 5a), in'the second series 0 showed a very deep and pro-
nounced minimum (Fig. 6a) whereas 0 displayed a1 less pronounced maximum (Fig. 6c). Similarly
the curves for log A are completely different in thetwo series, following in both cases the behaviour;of the corresponding 0 curve. Among the tentative
conclusions reached from these and other resultsis the possibility (particularly supported by the
second series of experiments) that " the change
t.n. the thermionic emission constants during activa-ion can be traced to the behaviour of the photo-
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electric constants, so that the variation of both
types of emission during activation can be explained
by the same change of the physico-chemical natureof the cathode surface." This explanation requires
the assumption (supported by experiment) of a
positive temperature coefficient for the extraction
potential.

3041. THE REDUCTION OF THE SPONTANEOUS
FLUCTUATIONS IN THE AMPLIFICATION OF
VERY SMALL PHOTOCURRENTS.-M. J. 0.
Strutt & A. van der Ziel. (E.T.Z., 4th June
1942, Vol. 63, No. 21/22, pp. 263-264:
summary only.)

Summary of the paper referred to in 484 ofFebruary. The lower limit of amplifiable current -
changes in the photocell circuit is set by the spon-
taneous electron motions in the amplifier. " Hither-
to, the secondary -electron multiplier has offered the
only means of amplifying the smallest photocurrentsat the higher frequencies." In the expression for
the ratio of the useful -current-amplitude to fluctua-
tion -amplitude, given for such a multiplier near
the top of p. 263, the second and third terms of the
denominator are seen to be negligible compared
with the first for values of the input resistance R1
which are the smaller, the higher the multiplying
factor of the multiplier. The value of R1 need not,
therefore, be made so high as in an ordinary ampli-
fier, in order to keep the fluctuation noise low com-
pared with the useful modulation. Since, however,
the first term of the denominator increases with the
inhomogeneity of the secondary effect, the use of
the secondary -electron multiplier, although a very
practical method of reducing the spontaneous
fluctuations, is by no means the ideal solution.

Fig. 6 shows the circuit suggested by the present
writers : its chief difference from the usual circuits
is that the anode circuit is joined to the control
grid through a resistance R.,: this, and the grid -
leak resistance 14, are regarded as sources of spon-
taneous fluctuations. The ratio of the squares of
the signal voltage U. and fluctuation voltage u,
is given in the long equation at the top of p. 264 :
when R., is made to tend towards infinity this
reduces to the short expression given on the next
line. To compare the two expressions, circuits must
be chosen which are similar as regards capacitances
and input resistances. " For Re= 1'2, we must so
select R., and R. [the load] that the second and
third terms in the denominator of the equation of
the new circuit are considerably smaller than in the
case where R. approaches infinity. This condition
is fulfilled if gif? is made much greater than unity
and R. much less than R0,. The complete arrange-
ments necessary for the carrying out of this plan
may be summarised as follows :-the grid -leak
resistance R, of the amplifier is given a much larger
value than that corresponding to the necessary
width of frequency band, and then the input im-
pedance desired, in consideration of the necessary
band width, is obtained by coupling the output
circuit to the input circuit through the resistance
R.0."

3042. CONTRIBUTION TO KNOWLEDGE OF THE
SELENIUM PHOTOELEMENT : V-EFFECT OF
ALPHA RAYS.-A. Becker. (Zeitschr. f.
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Phys., 25th Feb. 1942, Vol. 118, No. 11/12,
PP 695-705)

To obtain a satisfactory idea of the elementary
processes in photoelements and rectifier cells it is
particularly importantto extend our present know-
ledge to yield a clear picture of that boundary zone
between covering electrode and semiconductor
which physical and chemical considerations have
shown to be a determining factor in the cell mechan-
ism. The writer's earlier experiments with cathode-
ray irradiation (631 of 1938) have shown directly
that electron excitation in this zone plays a part in
this mechanism. The present investigation brings
out the fact that other special processes and layer
properties are also involved : it makes use of a form
of radiation whose direct action, owing to its slight
depth of penetration, is practically limited to the
zone under consideration and leads to an important
modification of the electron concentration there,
with the new effect of a marked reduction in the
photoelectric efficiency of the cell. This effect
'is found whenever the alpha radiation is allowed
to penetrate the covering layer : that is, when un-
varnished cells are used and the gold covering -layer
is thin enough to present practically no obstacle
to the radiation. It does not seem to depend on the
wavelength of the light, so that the changes are
apparently not in the optical properties of the active
layer : nor, it is deduced from the curves, can they
be explained merely by changes in the electron
distribution.

The detailed results differ if the cells are of mark-
edly different types. Thus with cells of compara-
tively low resistance and little rectifying action the
effect of the radiation is to decrease the " dark "
resistance and practically to eliminate all those
special properties of the conductor/semiconductor
system which point to the presence of a definite
boundary layer. With other cells, having marked
rectifying properties and high resistance, the " dark "
resistance increases with the action of the alpha
rays, though in both cases the photoelectric effici-
ency is reduced. Subsidiary tests with gamma
radiation showed no such effect. The search for the
cause of the alpha -ray effect included tests which
proved that it was not due to any change in the
optical properties of the gold covering -layer, and
further tests on the action of alpha rays on the
spectral transparency of a layer of red selenium,
which did give a certain positive result but not one
which could explain the observed phenomena.
Further investigations on this point will be reported
later : meanwhile no definite conclusions can be
drawn from the present experiments. For previous
parts of the writer's investigations see 1115 of 1940.

3043 THE REPAIRING OF SELENIUM BARRIER -
LAYER PHOTOCELLS BY AN ELECTRIC CUR-
RENT.-T. I. Moldaver. (Journ. of Tech.
Phys. [in Russian], No. 15, Vol. to, 1940,
pp 1306-1307.)

The photocurrent output into the external circuit
depends to a great extent on the resistance offered
to photoelectrons leaking from the semi -transparent
electrode to the selenium covered by the barrier
layer. The value of this resistance may become
greatly reduced owing to the existence of short-
circuits (" bridges ") between the semi -transparent
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electrode and the selenium. It was suggested that
by passing an electric current of sufficient strength
through the cell these bridges could be burned out.
Experiments were carried out to test this suggestion,
and great improvement was observed in 20% of
the cells experimented with, when an alternating
current at 12 v was passed through the cell for two
periods of 30-40 seconds each.
3044. ELECTRO-OPTICAL PROPERTIES OF COLLOIDS

[Experimental Investigation of Anomalous
E -O Effects in Bentonite Solutions, Fre-
quencies 5o c/s to io Mc/s : Previous Workers
have Erroneously assumed that an A.C.
Field always creates a Steady Optical Shift :
Development of Photoelectric Method alter-
nating with Compensator Method].-H.
Mueller & B. W. Sakmann. (Journ. Opt.
Soc. Am., June 1942, Vol. 32, No. 6, pp. 309-
317.) Measurements and their interpretation
will be reported later.

3045 THE LIGHT SCATTERING AND KERR CON-
STANTS OF SPHERICALLY SYMMETRICAL MOLE-
CULES [by Quantum Mechanics].-Neuge-
bauer. (See 2958.)

3046. A WATER-COOLED MERCURY -VAPOUR LAMP
OF HIGH LUMINOUS DENSITY [Type HBF-
r000, taking 1 kW and giving a Density of
3o 000 Stilb].-J. Kern. (Zeitschr. f. tech,-
Phys., No. 4, Vol. 23,1942, pp 108-113.) A
" stilb " is Blondel's unit for television work :
it is the density of i cma of surface radiating

Hefner candle in the direction normal to
the surface.

MEASUREMENTS AND STANDARDS

3047. MEASUREMENTS OF [Ultra -Short] ELECTRO-
MAGNETIC -WAVE ABSORPTION IN LIQUID
DIELECTRICS BY THE MALSCH THERMO-
METRIC METHOD.-A. L. Khodakov. (Journ.
of Exp. & Theoret. Phys. [in Russian], No. 4,
Vol. II, 1941, pp 467-474)

The theory of the Malsch method (1932 Abstracts, p.

p 474) is briefly discussed, and a report is given of by

an experimental investigation in which a similar
method was used on waves from io to 3 m. Within
this range the dipole conductivity of water, amyl
alcohol, and nitrobenzol was measured. For each
of these liquids the " jump wavelength " A,

(eqn. 6) and the thermal coefficient of As were
calculated. The apparatus developed for these
experiments is described and a number of experi-
mental curves and tables are shown.
3048. THE BOLOMETER AS A POWER METER AT

ULTRA -SHORT WAVES [down tO 20 C111 :

Powers down to 2 X 10-8 Watt detectable].
-H. Meinke. (E.N.T., March/April 1942,
Vol. 19, No. 3/4, pp. 27-40.)

From the Telefunken laboratories. " The exact
measurement of the absolute values of current
and voltage at very short wavelengths presents
considerable difficulty, particularly when the
amounts to be measured are very small. On the
other hand it is shown below that a measurement
of the absolute values of small powers can be carried
out with really good accuracy. Further, by ex-
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ploring the standing waves along a line the terminal
impedance of this line is obtained (Schmidt, 1933
Abstracts, p. 222), so that an exact measuring
method for resistances is also available. It is
applicable to test objects which carry only small
voltages, provided a highly sensitive heterodyne
receiver is used for exploring the line. By way of
the power and the resistance, the voltages and
currents can then be obtained. The power
measurement takes place with a bolometer, by the
substitution method, which always gives the most
accurate results. To measure the power delivered
by a given voltage source to a given resistance, this
load resistance is replaced by a bolometer arrange-
ment whose input resistance is brought, with thehelp of loss -free transformation circuits (quad-
ripoles), to the complex value of the resistancewhich it replaces. Section xi therefore deals with
the computation of the input resistance of a bolo -meter at ultra -short wavelengths, while section
III discusses the fundamental possibilities as to
what loss -free quadripoles can be used to transform
this bolometer resistance to the desired resistance
value.

" Apparatus and devices which have already
been developed into satisfactory practical shape
work quite generally with cable connections, sothat the input resistance of such apparatus haveto be matched with the characteristic impedanceof the cable. These cables, even at ultra -high
frequencies, display no marked departures from
the form well-known in wide-band -cable technique
(Kaden, 596 of 1937), so that their characteristic
impedance may be taken as in the neighbourhood
of 7o ohms. Thus the transformation of the bolo -meter resistance pure ohmic resistance of theorder of 70 ohms is dealt with as a specially im-
portant case of the resistance transformation." Among the various applications of the power
measurement one of the most prominent (in thepresent investigations) was the calibration of thevoltage -divider at the output of a sensitivity-measuring signal generator for receiver testing
(Franz, Hochf:tech. u. Elek:akus., April 1942, Vol.59, No. 4, p. io5 onwards). Consequently thebolometers described as examples are designedspecially for the measurement of as small powersas possible : nevertheless all the considerationshold good for bolometers of greater power. Forthe quantitative design of the quadripoles, graphical
methods are used which allow in particular those
quadripoles to be calculated which take advantageof the transforming properties of lines. A line ofvariable length, short-circuited at one end and
connected as a paralleled adjustable impedance(Mason & Sykes, 3671 of 1937) is the best of alldesigns of transforming section for ultra -shortwaves. The transforming properties of an arrange-ment comprising two such lines of variable lengthare investigated thoroughly [" double tie -line ",Fig. i i : the example described (table I), with its!o cm of linking line, transforms the bolometerinput resistance to an ohmic resistance of 7o ohmsover the wavelength range 22 to 330 cm. Forlonger waves the io cm link is too short and its

transforming action disappears : for shorter waves(2o cm) its length becomes equal to a half wave-length and at this point, and in its neighbourhood,

losses become heavy : such a double tie -line must
never be used at a wavelength about double thelength of the linking line].

" Special attention must be given to the losses
in the matching quadripole [section vi : these
are due, in the tie -lines, to skin effect and imperfect
short-circuiting at the end, and in the linking lineto skin effect : they are all current losses, dielectric
losses being avoided in a good design], since the
power thus lost does not reach the bolometer, and
the measurement is therefore falsified [the following
guiding rules are given (bottom of p. 37) : none
of the lines involved should approach nearer to thelength o or A/2 than A/5o, lengths over Al2 are to
be avoided, no current antinode should be formed
on the linking line even when the matching is
imperfect, line lengths of A/4 (particularly loss -free)should be striven for]. Some specially low -loss
quadripoles are described. Finally, the practical
working of the method is discussed. The treatment
of the transforming quadripoles is kept so general
that it can be applied in many other fields ".

Among the special quadripoles mentioned is the" triple tie -line ", consisting of the double type
with the addition of a second linking line and a
third adjustable tie -line. As regards this, reference
is again made to Franz's paper (toe. cit.). For
specially accurate measurements the double tie -
line is abandoned in favour of the single tie -line
combined with an adjustable, practically lbss-free
series air -condenser, as seen in Fig. 14. Objectionsto this are the small transformation range and the
rather difficult construction. The stray capacitances
of the condenser plates to the screening tube must
also be taken into account (equivalent circuit Fig. r 5).
Section vii deals with (char-
acteristic impedance 7o ohms) connecting the bolo -
meter : the high -sensitivity receiver and its screen-
ing from stray fields : the choice of the length and
resistance of the bolometer filament (a final con-
clusion is in favour of a length of about 3o mm,
rather shorter for A = 20 cm, rather longer for
A = i m) : the d.c. bridge circuit for the bolometer
and the variation of sensitivity with the permanent
biasing load. The bolometer itself (Fig. i) is fully
screened : this avoids " electrical energy loss
through radiation " and stabilises the temperature
conditions of the filament. Calibration and all
questions regarding the bridge circuit are dealt
with in Wallauschek's paper, 1745 of June.

3049. IMPEDANCE MEASUREMENTS OVER A WIDE
FREQUENCY RANGE [from " Infra -Low " to
" Ultra -High ", with Particular Reference
to Measurements on Dielectrics : Descrip-
tion of Equipment & Components (Twin -T
Network, Series - Substitution Schering
Bridge, etc.)].-L. E. Packard. (Proc. Radio
Club of Am., April 1942, Vol. 19, No. i,
pp. 1-13.) A summary was dealt with 1115
of April. The literature references include
two or three (from General Radio Experi-
menter) not dealt with in these " Abstracts
& References ".

3050. THE APPLICATION OF DRUDE'S SECOND
METHOD OF DETERMINING DIELECTRIC CON-
STANTS TO THE MEASUREMENT OF SMALL
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INDUCTANCES AND RESISTANCES.-Maibaum.
(In paper dealt with in 3051, below.)

3051. ON CERTAIN PHENOMENA IN A NON -UNIFORM
LECHER SYSTEM.-B. K. Maybaum [Mai--
baum]. (Journ. of Exp. & Theoret. Phys.
[in Russian], No. 5, Vol. II, 1941, pp.
544-553)

For previous work see 471 of 1941. It has been
pointed out in several recent publications that
Morton's formula (Phil. Mag., 1897), which is
used in Drude's second method for calculating the
dielectric constant of a liquid, does not take into
account the fact that the value of the constant
depends on the position of the condenser on the
line ; it decreases when the condenser approaches
one of the bridges. In some cases with condensers
containing non -conducting dielectrics, even small
negative displacements were observed. Romanov
(2744 of 1936) and Slatis (4525 of 1938) offered two
different explanations of this phenomenon, but
in each of these it is assumed that the phase -
velocity of the propagation of electromagnetic
waves along the line exceeds the velocity of light.
In this paper a theoretical discussion is presented
which shows that negative displacements can be
explained without the above assumption. Experi-
ments were conducted which confirmed the theoreti-
cal conclusions reached, and in particular showed
that if the element disturbing the uniformity of
the line is moved along the line, a kind of " pulsa-
tion " of the dimensions of the system takes place.
The effect of the inductance of the condenser leads
was also examined, both theoretically and experi-
mentally, and it was found that, contrary to Slatis,
this inductance shortens, not lengthens, the system.

On the basis of this investigation, certain modifi-
cations of Morton's formula are suggested, in par-
ticular for the case when the condenser is enclosed
in a thermostatically controlled oven. The applica-
tion of Drude's second method to measurements of
small inductances and resistances at high fre-
quencies is also briefly discussed. For a correction
to the formula on p. 552 see inset slip at end of
journal.

3052. CORRESPONDENCE ON THE PAPER BY- V. I.
KALININ & Z. M. POSADSKOVA ENTITLED
"ON THE SLATIS EFFECT [see 472 of 1941].
-E. M. Fradkina & I. A. El'tsin. (Journ.
of Exp. & Theoret. Phys. [in Russian], No.
2/3, VOL II, 1941, pp. 373-375.)

In a letter to the editor the writers point out a
number of mistakes and inaccuracies in the paper
by K. & P., and state that their investigation
cannot therefore be considered as a verification of
the Slatis theory. In a reply by K. & P. additional
explanations are given, and it is also stated that
their original paper should only be regarded as a
preliminary communication on the work, which has
not yet been completed. In a concluding letter,
however, F. & E. point out that K. & P. are still
using an incorrect equation (4) (p. 373) in which
constant and variable values are equated.

3053. THERMIONIC WATTMETERS [Short Survey
based on Work of Lange (1932 Abstracts,
p. 65o), Rosenzweig (Electrical Review, 1939,
p. 192), Mohr (3829 of 1937), & Pierce (2756
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of 1936)].-O. Schafer. (Arch. f. Tech.
Messen, June 1942, Part 132, J 8336-1,
Sheet T62.) The literature reference for the
two-hexode circuit of Fig. 3 should be
"4" not " 1."

3054. OUTPUT POWER METER [Type 783-A : up
to loo Watts].-General Radio. (Review
Scient. Instr., June 1942, Vol. 13, No. 6,
PP. 271-272.)

3055. ON THE MEASUREMENT OF GROUND CON-
DUCTIVITY [Simplified " Rotating Dipole "
Technique, applicable also to Field -Strength
Measuring Apparatus in general], and A
NEW CONDUCTIVITY METER.-GrOsskOpf,
Vogt, Patzer. (See 2955 & 2956.)

3056. REMARK ON THE MUTUAL INDUCTANCE OF
COAXIAL CIRCULAR RINGS.-Rogowski. (See
2972.)

3057. THE VIBRATING QUARTZ IN COMMUNICATIONS
TECHNIQUE : PART I.-von Beckerath. (See

2973)
3058. THE USE OF X-RAYS IN THE PRODUCTION

OF PIEZO-QUARTZ CRYSTALS.-V. I. Arkharov.
(Journ. of Tech. Phys. [in Russian], No. 15,
Vol. Io, 1940, pp. 1268-1275.)

The various stages of the manufacture of a
crystal, and errors occurring in the process, are
briefly discussed. Methods making use of X-rays
are then proposed to facilitate the following opera-
tions :-(i) the orientation of the crystal for cutting
into layers perpendicular to the optical axis ;
(2) marking off the electrical axes on the surface
of the layer (prior to cutting into blocks), and (3)
checking the quality of the plates and detecting
the distortion which may have occurred in the plate
in cutting it off from the block. Further possible
uses of the X-ray technique in the production
of crystals are also indicated.

3059. THE X-RAY GONIOMETRIC APPARATUS FOR
CORRECTING THE CUTTING OF QUARTZ CRYS-
TALS INTO LAYERS.-V. I. Arkharov & V. S.
Averkiev. (Journ. of Tech. Phys. [in Russian],
No. 15, Vol. I0, 1940, pp. 1276-1280.)

Continuing the above work, a description is given
of the apparatus developed by the authors for
increasing the accuracy of crystal orientation when
the crystal is cut into layers perpendicular to the
optical axis. The crystal is oriented to a first
approximation by one of the usual methods, and
clamped in the special goniometric clamp (Fig. 1)
of the sawing table. The clamp is then transferred
to an X-ray installation (Figs. 2 & 3) and further
orientation is effected by finding the reflection of
monochromatic X-rays from the base plane of the
crystal. To obtain this reflection, the clamp
frame can be rotated about two perpendicular
axes. The frame is then fixed in the desired
position and the clamp transferred back to the
sawing table. It is claimed that when this method
is used the maximum deviation in the orientation
of the crystal from an average value does not
exceed 10-12 min. The quadratic error of several
orientations does not exceed 5 min.
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3060. HIGH-SPEED LIMIT BRIDGE [for Production
Testing of Condensers & Resistances : High/
Low Dials set for Desired Plus/Minus Limits,
Instantaneous " Magic Eye " Indication]:
Industrial Instruments. (Review Scient.
Instr., May 1942, VOL 13, No. 5, p. 237.)

3061. KELVIN - WHEATSTONE BRIDGE [Range
0.00001 Ohm to xx Megohms].- Shallcross
Company. (Gen. Elec. Review, May 1942,

-Vol. 45, No. 5, p. 304.)
3062. DIRECT PEN RECORDING OF GALVANOMETER

DEFLECTIONS [Pen -on -Paper Records by
Moving -Photocell Device].-Pompeo & Pen-
ther. (See 3179.)

3063. MODERN TESTING EQUIPMENT FOR INDI-
VIDUAL COILS [Rapid Methods of detecting
Short -Circuited Turns, counting Number of
Turns, testing Correct Sequence of Winding
& Insulating Layers].-H. Poleck. (Arch.
f. Tech. Messen, July 1942, Part 133, V 3526-2,
Sheets T65-66.)

3064. TRANSIENT PEAK VOLTMETER [a " Unique "
Instrument indicating (for about 3o Seconds
after Its Occurrence) the Peak Value of a
Transient or Recurrent Voltage, with the
Ease of a Recurrent -Voltage Indicator and
without Necessity of recording & developing
Film Traces : Use of Condenser holding
Charge for Necessary Time by Isolation
through Valve Blocking Circuits].-J. E.Hancock & B. R. Shepard. (Gen. Elec.
Review, June 1942, Vol. 45, No. 6, pp. 33'-
333.)

3065. VACUUM -TUBE VOLTMETER [Type 400A :
Wide Frequency Range].-Hewlett-Packard.
(Review Scient. Instr., June 1942, Vol. 13,
No. 6, p. 270.)

3066. A SUBSTANDARD D.C. VOLTMETER TO READ
300 KILOVOLTS [to replace Sphere -Gap :
M.C. Milliammeter with Special 160 Megohm
Resistance].-F. W. Waterton. ( Journ.
of Scient. Instr., July 1942, VOL 19, No. 7,
pp. 105-107.)

3067. HIGH -VOLTAGE MEASUREMENT WITH THE
ROTATING VOLTMETER : II [Developments
from Schwenkhagen's Original (1926) Usefor Atmospheric -Discharge Field -Strength
Measurement to Present Time].-H. Prinz.
(Arch. f. Tech. Messen, July 1942, Part 133,
J 763-4, Sheets T72-73.) An improved
design will be reported in a later paper
(J 763-5)

3068. MEASUREMENT OF PHASE DIFFERENCE WITH
A SINGLE AMMETER.-H. Weber. (E.T.Z.,
21st May 1942, Vol. 63, No. 19/20, p. 243.)
For a correction to a formula see issue for
2nd July, No. 25/26, p. 316.

3069. THE BALLISTIC GALVANOMETER : CALIBRA-
TION [by Determination of Its Characteristic
Values : with the Help of a Standard of
Mutual Inductance : of a Standard Con-
denser]. - J. Bubert. (Arch. f. Tech.
Messen, June 1942, Part- 132, J 727-4,
Sheets T57-58.)

3070. UNITS AND DIMENSIONS [Controversial Matter
can be almost eliminated by Carefully
Chosen Terminology & Notation].-E. A.
Guggenheim. (Phil. Mag., July 1942,
Vol. 33, No. 222, pp. 479-496.) Cf., for
example, 1474 of May and 2541/2 of August.

SUBSIDIARY APPARATUS AND MATERIALS
3071. A RECORDING PAPER FOR FIELD AND

GENERAL USE [Speeds of 300 Inches per
Second & probably over : Unspoilt by Rain :
Other Advantages].-Tarrant. (Engineer-
ing, 17th July 1942, Vol. 154, p. 54 : Nature,
1st Aug. 1942, Vol. 150, pp. 153-154.)

3072. ULTRA -FAST CATHODE-RAY OSCILLOGRAPH
FOR LIGHTNING -ARRESTER RESEARCH [Re-
cording Speed of 18 000 Miles/Second].-
Wade & others. (Sci. News Letter, 4th July
1942, Vol. 42, No. 1, p. 3.) From the
General Electric Company.

3073. APPARATUS FOR THE DEMONSTRATION OF
SURGES ALONG LINES [Multivibrator gener-
ates 5 x 10-7 s Pulses which are Amplified
and passed to Twisted Double Line, the
Course of the Potential at Beginning or End
of This being shown on Cathode -Ray
Screen : Periodic Time Base given by Valve
Oscillator which also controls the Pulse
Series from Multivibrator]. - Goubau.
(Hochf:tech. u. Elek:akus., Feb. 1942, Vol. 59,
No. 2, pp. 39-40.)

METHODS OF GENERATING LINEAR TIME-
BASE POTENTIALS FOR CATHODE-RAY OS-
CILLOGRAPHS : I-FUNDAMENTALS OF PO-
TENTIAL GENERATION [Exponential & Sinu-
soidal Bases] : II-SUBSEQUENT DISTOR-
TION -CORRECTION BY CIRCUIT ELEMENTS
[and the Linearisation Functions for Ex-
ponential & Sinusoidal Charging].-Pieplow.
(Arch. f. Tech. Messen, June & July 1942,
Parts 132 & 133, J 834-7 & -8, Sheets
T59 -6o & T74.)

3075. THE EFFECT OF CRYSTAL -LATTICE INTERFER-
ENCE ON THE IMAGE FORMATION IN THE
ELECTRON MICROSCOPE [Lines of Blackening
in Images of Crystalline Lamellae (e.g. von
Ardenne, 1738 of 1941) are Not an " Un-
known Effect " but the Result of Primary-
Ray Weakening through Lattice Interfer-
ence, pointed out by Writer (4194 of 1936) :
Proof by Shadow -Microscopic Photographs :

Connection between the Lines and Distor-
tion of the Crystal].-Boersch. (Zeitschr.
f. Phys., 25th Feb. 1942, Vol. 118, No. 11/12,
pp. 706-713.) Cf. 3076, below.

3076. THE OBSERVATION OF CRYSTALLINE REFLEC-
TIONS IN ELECTRON -MICROSCOPE IMAGES
[explaining von Ardenne's " Dark Bands "
as due to Bragg Reflections from Properly
Oriented Crystalline Planes : Final Check by
Special Experiment].-Hillier & Baker.
(Phys. Review, 1st/15th June 1942, Vol. 61,
No. 11/12, pp. 722-723.) Cf. Boersch, 3075,
above.

3074
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3077. AN EXPERIMENT IN EMISSION MICROSCOPY
WITH ELECTROSTATIC LENSES.-Mahl. (Zeit-
schr. f. tech. Phys., No. 4, Vol. 23, 1942,
pp. 117-119.)

From the AEG Laboratories. The emission
microscope has been neglected recently in favour
of the transmission type : the writer has therefore
made some exploratory tests to see the effect of the
application of the high voltages, internal photo-
graphy, magnetic screening, and vertical design
employed for the latter instruments (and all tending
to give higher resolving power) to the emission type
which in the hands of Briiche & Knecht reached a
resolving power of 2-3 Using his electrostatic
supermicroscope (3717 of 1939 [and 1570 of 194o] :
see also reference " 6 ") with simple changes to
convert it to emission instead of transmission, he
obtained resolving powers around 0.2 about equal
to thdise of an optical microscope with visible light :
he has no doubt that this result could be improved
on considerably by better adjustment and design.
At the same time Mecklenburg, with a specially
constructed emission -type instrument, has obtained
a resolving powff of Too mt., (as described in Ram-
sauer's newly published book, reference " 7 "). A
footnote acknowledges the recently published letter
from Boersch (1773 of June) announcing a resolving
power of 70 mit with the use of an immersion
objective as employed by the present writer : and
mentions that with a magnetic -type emission
microscope Kinder has obtained 140 miu (letter to
appear in Naturwissenschaften).
3078. ULTIMATE RESOLVING POWER OF THE ELEC-

TRON MICROSCOPE [prompted by Recent
Attainment of Powers approaching 3o A.0 :
Theoretical Limit due to Diffraction Only
found to be about to 2 A.U. for Most
Atoms : More Serious Restriction is Necessity
for Contrast sufficient to register on Photo-
graphic Plate (Minimum Atomic Number for
6o keV found to be about 7: cf. Hillier, 797
of March) : Contrast Limitation disappears
if Dark -Field Illumination is used]. Schiff.
 (Phys. Review, ist/15th June 1942, Vol. 61,
No. 11 /12, pp. 721-722.) Cf. 2064 of July.

3079. ON THE INTENSITY RELATIONS IN THE
ELECTRON MICROSCOPE : PART I-THE
BLACKENING OF PHOTOGRAPHIC PLATES BY
ELECTRON RAYS.-von Borries. (Physik.
Zeitschr., 2oth June 1942, Vol. 43, No. 11/12,
pp. 190-204 and Plate.)

Author's summary :-" For I I different emul-
sions and for volt -velocities from 12.8 to 220 kv,
the blackening as a function of the incident electron
density is measured and expressed in tables of
curves. Similar investigations were made later on
5 other emulsions at 18 kv and 7o kv. The elec-
tronic blackening curves thus obtained are com-
pared with those given by the same emulsions on
exposure to light. From the measurements, the
working density of the incident electrons necessary
for the production of a given blackening is derived :
these densities are given in further curve -families, as
a function of ray voltage, for the particular degree
of blackening S=o.2 and S= 1 [it is pointed out
on p. 199 that the range between 0.2 and I is of
special importance for electron microscopy at high
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resolving powers, as was found by measurements
on the blackening in a number of good photographs].
A pronounced minimum is shown in these curves
(Figs. 12-17) at voltages between 3o and 8o kv.
These optimum voltages are found in a first approxi-
mation to be dependent on the weight per cm2 of
the sensitive layer [obtained by weighing the plate
with and without the layer], and lie in the region
where the practical penetration depth, g/cm2, of
the electrons is equal to the layer weight [Pig. 18,
where both quantities are shown as a function of
the ray voltage : " thus to a first approximation
the op amum voltage for an emulsion is that at
which the practical electron penetration depth is
equal to the layer thickness of the emulsion "].
It is also found that the X-rays set up in the layer
itself do not contribute noticeably to the blackening,
and that at high ray voltages the blackening action
of the electrons can be increased by the introduction,
in front of the layer, of a thin foil." The use of such
foils may attain practical importance : to avoid
loss of resolving power the foil must be carefully
placed in full contact with the layer, and the
material must be of high specific gravity so that
the transverse paths of the electrons may be short.
They can serve simultaneously to make the plates
insensitive to light. Cf. 3080, below.

3080. THE PHOTOGRAPHIC ACTION OF ELECTRONS
IN THE RANGE BETWEEN 40 AND 212 KILO-
VOLTS [Measurements on Eastman Medium
Lantern -Slide Plates (and Comparison with
German Results) : Sensitivity Peak near
ioo kV followed by Rapid Drop, so that
Effective Sensitivity at Higher Voltages can
be Increased by (e.g.) Gold or Silver " In-
tensifying Screen "].-Baker, Ramberg, &
Hillier. (Journ. Applied Phys., July 1942,
Vol. 13, No. 7, pp. 450-456.) Cf. von Borries,
3079, above.

3081. THE MARKING OF PREPARATION -CARRIERS
FOR THE ELECTRON MICROSCOPE [Defect
of the Circular -Aperture Carrier (otherwise
the Best) is Absence of Sign for Orienting :
Provision of a Chip at Edge of Aperture,
projecting into Image Field].-Frey. (Zeit-
schr. f. tech. Phys., No. 3, Vol. 23, 1942,
p. 82.)

3082. ON THE SPATIAL MEASUREMENT OF OBJECTS
WITH THE ELECTRON MICROSCOPE [Deriva-
tion of Formulae for Determination of Space
Coordinates of Object Points from Stereo -
photographic Images : Estimate of Relia-
bility by Application to Siemens Chromium -
Smoke Photographs].- Gotthardt. (Zeit-
schr. f. Phys., 25th Feb. 1942, Vol. 118,
No. 11/12, pp. 714-717.)

An earlier letter (Eitel & Gotthardt, Naturwiss.,
Vol. 28, 1940, p. 367 onwards) is referred to : also
a paper by H. 0. Muller, " Measurement of the
Depth of Supermicroscopic Objects," to appear in
Kolloid-Zeitschrift.

3083. AUXILIARY APPARATUS FOR COUNTING PAR-
TICLES IN THE SLIT-ULTRAMICROSCOPE.-
Spengler & Hirschmiiller. (Sci. Abstracts ,
Sec. A, April 1942, Vol. 45, No. 532, p. 126. )
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3084. NEw ELECTRON SPECTROMETER MAY IDEN-
TIFY MOLECULES Cornposition & Properties
of Electron-Microscopio Objects examined].
-Prebus. (Sci. News Letter, 27th June
1942, Vol. 41, No. 26, p. 403: Science,
26th June 1942, Vol. 95, Supp. p. 8.)

3085. THE FATIGUE EFFECT IN LUMINESCENT
MATERIALS under Ultra -Violet Irradiation :

Distinction between Fatigue & Phosphor-
escence Decay : Comparison with Fatigue in
Selenium Photoelements (Lange, Bergman) :

Experimental Investigation of Fatigue &
Recovery in Solids (including Zinc Silicate)
& Liquids : Sulphides alone show No
Fatigue : Tests on Zinc Silicate with Cathode
Rays : etc.].-Beese & Marden. (Journ.
Opt. Soc. Ain., June 1942, Vol. 32, No. 6,
PP. 317-323.)

3086. ON THE_ LAW OF LUMINESCENCE DECAY OF
COMPLEX MOLECULES.-Tumerman. (Journ.
of Exp. fy Theoret. Phys. [in Russian], No. 5,
Vol. II, 1941, pp. 515-529.)

An experimental investigation was carried out
to determine the law of the decay of luminescencefor solutions of complex organic substances at
temperatures from 20° to - io7°C. The theory
of fluorometric methods (see, for example, 4097 of
1938) is discussed, and a detailed description of the
apparatus used is given. Experiments have shown
that at comparatively high (room) temperatures
the law of decay can be represented with sufficient
accuracy by an exponential function (23). With a
fall of temperature a considerable prolongation of
the excitation state of the molecules was observed.
It was also found that the exponential decay was
preceded by a " dark pause " during which the
reconstruction of molecules after the absorptionof light was presumably taking place. The addition
of extinguishers such as KI or aniline, in very weak
concentrations, sharply decreases the duration of
the (lark pause and makes the law of decay, as well
as the duration of the excitation state of the mole -
tides, almost independent of temperature.

3087. THE DECAY OF ULTRA -VIOLET PHOSPHOR-
ESCENCE OF NaCI CRYSTALS WITH COLOURED
SI  BSTRUCTUR E.-D'yachenko & Selegenev.
( °urn. of Exp. c`;- Theoret. Phys. [in Russian],
No. 5, Vol. I I, 1941, pp. 53o-535.)

It is known that the decay of ultra -violet phos-
phorescence of NaCI crystals, which have been
subjected to the action of X-rays or ultra -violet
rays, has two components, one of which decays
quickly and the other slowly. An account is given
of experiments in which processes relating to the
first component were investigated.

3088. THE USE OF ELEONITE [Mallory Long -Life
Electrode Material, Tungsten -Copper] FOR
CYCLOTRON ION SOURCES.-Curtis & Bender.
(Repieu, Scient. lusty.. June 1042, Vol. 13,
No. o, p. 266.) When the arc capillary was
made of copper, the latter soon melted or
sputtered under the intense ion bombard-
ment.

3089. EMISSION - REGULATING CIRCUIT FOR AN
IONISATION GAUGE [using Principle of
Control employed by Ridenour & Lampson
(3132 of 1937) but utilising " Valuable
Control Characteristics " of Small Gas -
Filled Tetrode, RCA -205o (4279 of 1940)].-
Nelson & Wing. (Review Scient. Instr.,
May 1942, Vol. 13, No. 5, pp. 215-217.)

3090. A [Commercial] FLUORESCENT LAMP AS A
VOLTAGE STABILISER [successfully used for
Supply to Filaments of Ionisation Gauge
& of Magnetron Valve].-Parratt & Stephen-
son. (Review Scient. Instr., May 1942, Vol.
13, No. 5, pp. 233-234.)

3091. METHOD FOR THE STABILISATION OF HIGH
VOLTAGES [particularly for Atmospheric -
Pressure Geiger Counters requiring Voltages
above 7000 Volts, where it is preferable to
Stabilise on the L.T. Side : Battery -Driven
Alternator as the Ideal Solution : Successful
Prolonged Use of Lightly Loaded Asyn-
chronous Induction Motor instead of Bat-
teries or Synchronous Motor : Calculation of

' Voltage Fluctuations]. - Occhialini. (La
Ricerca Scient., June/ uly 1942, Vol. 13,
No. 6/7, pp. 319-321.)

3092. A VOLTAGE REGULATOR [D.C. Regulating
Circuit using Stabilovolt Tube in Special
Circuit including Small Rectifier, enabling
Much Greater Loads to be handled than
with Normal Arrangement].-Berg. (Journ.
of Scient. Instr., July 1942, Vol. 19, No. 7,
pp. 108-109.)

3093. SEALING MICA TO GLASS OR METAL TO FORM
A VACUUM -TIGHT JOINT.-Donal. (Review
Scient. Instr., June 1942, Vol. 13, No. 6,
pp. 266-267.)

3094. SEALING QUARTZ WINDOWS ON PYREX
TUBES.-Benson. (Review Scient. Instr.,
June 1942, Vol. 13, No. 6, pp. 267-269.)

3995. DUO -SEAL VACUUM PUMPS [using Little
Oil].-Welch Scientific. (Review Scient.
Instr., May 1942, Vol. 13, No. 5, pp. 235-236.)

3096. ON THE SERVICEABILITY OF BUNA RUBBER
[and Perbunan] FOR HIGH -VACUUM WASHERS.
-Jaeckel & Kammerer. (Zeitschr. f. tech.
Phys., No. 4, Vol. 23, 1942, pp. 85-88.)

It is thought in many quarters that buna rubbers
are unsuitable for such use, chiefly because they
sometimes smell strongly and are thus considered
likely to give out gases into the vacuum. The
present tests, however, show that it is possible to
prepare qualities of buna which are just as good in
this respect as natural rubber. And since per-
bunan, in particular, stands up to time, tempera-
ture, and oil better than natural rubber, it should
be considered not merely as equal, but as superior,
to the latter material.

3097. STATISTICAL THEORY OF RUBBER.-Wall.
 (Journ. Applied Phi's., May 1942, Vol. 13,
No. 5, p. 304: summary only.)



490 WIRELESS
ENGINEER

3098. THE STUDY OF POLYMERS : PART V [Survey
on the Crystallisation of Rubber].-Lysenko.
(Journ. of Tech. Phys. [in Russian], No. 14,
Vol. Do, 1940, pp. 1151-1166.) With 57
literature references : to be continued.

3099. NEW HIGH -TEMPERATURE " S-II0 INSU-
LATING VARNISH [standing Operating Tem-
peratures of 250° C and Higher].-Sterling
Varnish. (Gen. Elec. Review, June 1942,
Vol. 45, No. 6, pp. 363-364.)

3100. INFRA -RED HEATING : CANADIAN DEVELOP-
MENTS AND NEW APPLICATIONS REVIEWED,
and INFRA - RED BAKING. - Ackland :
Seymour. (Electrician, 31st July 1942,
Vol. 129, pp. 108-109: summary only :
21st Aug-. 1942, pp. 200-204.) Cf. 1200 of
1941 and 1789 of June.

3101. PROPERTIES AND CHARACTERISTICS OF FOR-
MEX WIRE [for Magnets : insulated with
Film of Synthetic Resin of Polyvinyl Acetal
Type].-Curtin. (Gen. Elec. Review, May
1942, Vol. 45, No. 5, pp. 285-292.) See also
Electrician, 7th Aug. 1942, Vol. 129, pp.
147-151-

3102. THERMAL BREAKDOWN IN SUPER -TENSION
CABLES [including the Importance of the
Dielectric -Loss Temperature Coefficient].-
Beavis. (Nature, 27th June 1942, Vol. 149,
p. 737 : summary only.)

3103. FRICTIONAL PHENOMENA : IX-APPLICA-
TIONS OF LIQUID VISCOSITY TO ELECTRICAL
INSULATING LIQUIDS, PARTICULARLY IN
HIGH -VOLTAGE CABLES.-Gemant. (fount.
Applied Phys., May 1942, VOL 13, No. 5,
pp. 290-299.) For previous reference to
these researches see 3510 of 1941 and 1503
of May.

3104. SYMPOSIUM ON INSULATING OILS.-I.E.E.
(Nature, loth June 1942, Vol. 149, pp.
703-704 : summaries of five papers.)

3105. HIGH -VOLTAGE OIL CAPACITORS [Heavy
Duty, Type '20].-Aerovox. (Review Scient.
Instr., June 1942, Vol. 13, No. 6, p. 270.)

3106. DECADE CAPACITOR [Any Value from o.or
to Ir.1 /.L.F in o.or tiF Steps (or Other
Ranges) by twisting Three Knobs].-Indus-
trial Instruments. (Gen. Elec. Review, Jan.
1942, Vol. 45, No. r, p. 65.)

3107. THE THEORY OF ABSOLUTE REACTION RATES
AND THE CONDUCTIVITY OF HYDROCARBONS
AT HIGH FIELD STRENGTHS [in connection
with Plumley's Suggestion (3508 of 1941)
that Conductivity of Heptane is due to
Field - Facilitated Ionisation]. - Davidson.
(Phys. Review, ist/15th June 1942, Vol. 61,
No. 11/12, p. 721.)

3108. THE ORDERED STATE OF THE IONS IN LIQUID
ELECTROLYTIC SOLUTIONS [Survey bringing
Recent Results in Electrolyte Research into
Relation with Interionic Theory : including
H.F. Conductivity, Frequency -Dependence
of Dielectric Constant, etc.].-Falkenhagen.
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(Physik. Zeitschr., 20th June 1942, V01. 43,
No. 11/12, pp. 170-190.) With a very large
number of literature references.

3109. ON THE MEASUREMENT OF GALVANO-MAG-
NETIC EFFECTS IN DIELECTRICS.-Davidenko
& Shmushkevich. (Journ. of Exp. & Theoret.
Phys. [in Russian], No. 5, Vol. II, 1941,
pp. 486-488.)

With reference to a paper by Pruzhinina-
Granovskaya on the variation in the resistance of a
dielectric (mica) in a magnetic field (1770 [and
1209] of 1941), it is pointed out that in investigating
the Hall effect it is necessary to use mica samples
whose over-all dimensions satisfy certain con-
ditions. A number of other critical remarks are
also made.

31 ro . ON THE NATURE OF ADDITIONAL CONDUC-
TIVITY OF DIELECTRICS IN STRONG FIELDS.
-Venderovich, Kolomoytsev, & Sinyakov.
(Journ. of Exp. & Theoret. Phys. [in Russian],

-No. 4, Vol. II, 1941, pp. 448-454.)
Various theories have been proposed in connection

with the phenomenon first observed by Poole in
1916 [see for example 1209 of 1941], that the con-
ductivity of dielectrics increases with the increase
in the field strength. Some of these theories have
been tested experimentally by the authors and -the
following main conclusions were reached : (a)
Neglect of the polarisation e.m.f. in calculations of
the conductivity may lead to serious mistakes, but
does not account completely for the Poole effect.
(b) The condition that the total conductivity of a
dielectric should be equal to the sum of ion and
electron conductivities is satisfied -by Frenkel's
formula (1711 of 1939) for the electron -current
component more adequately than by the one pro-
posed by Poole. (c) Measurements of transverse
conductivity in a NaC1 crystal have shown that
its value is not affected when a strong longitudinal
field is applied to the crystal. This means that
Poole's effect cannot be explained by the con-
centration of electrons in the conductivity zone.

311 I. THE ELECTRICAL BREAKDOWN OF INSULATING
CRYSTALS.-Vorobj ev. 024111. of Tech.
Phys. [in Russian], No. 14, Vol. 10, 1940,
pp. 1183-1188.) A German version was dealt
with in 852 of March.

3112. THERMAL CONDUCTIVITY OF PARAMAGNETIC
DIELECTRICS AT LOW TEMPERATURES:' and
THERMAL CONDUCTIVITY OF DIELECTRICS
AT TEMPERATURES ABOVE THE DEBYE TEM-
PERATURE.-POmeranchuk. (Journ. of Exp.

Theoret. Phys. [in Russian], No. 2/3,Vol.
1941, pp. 226-245 : pp. 246-254.) Cf. 1802
of June.

3113. THE ELECTRICAL CONDUCTIVITY OF ALUMINA
AT HIGH TEMPERATURES.-Shul'man. (Journ.
of Tech. Phys. [in Russian], No. 14, Vol. To,
1940, pp. 1173-1182.)

Experiments were conducted with A1203 at
temperatures from 700°K to 2200°K. A number
of experimental curves and Debye spectrograms
are shown, and a theoretical interpretation of the
results obtained is given : a comparison is made
with conclusions reached by other investigators.
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3114. RESEARCHES ON , NATIVE SILICIFEROUS
MATERIALS CAPABLE OF APPLICATION IN
THE MANUFACTURE OF REFRACTORIES.-
Giannone & others. (La Ricerca Scient.,
June/July 1942, Vol. 23, No. 6/7, pp. 294-
307.)

3115. KYANITE FROM HOME AND ABROAD [for
Refractories & Electrical Porcelain Indus-

-tries].-(Review Scient. Instr., June 1942,
Vol. 13, No. 6, p. 274.)

3116. LIMITS OF PERFORMANCE OF HOT -CATHODE
CONVERTER TUBES [Survey]. -- Kluge.
(E.T.Z., 7th May 1942, Vol. 63, No. 17/18,
pp. 202-207.)

Author's summary :-" The introduction con-
tains a compressed survey of modern ideas on the
surface structure and emission mechanism of three
typical types of hot cathode, the solid (tungsten)
cathode and the thoriated and barium -oxide
cathodes. The highest working -current densities
for prolonged service are attainable with the
thoriated type, if a sufficiently high pressure of
inert -gas filling is provided. The explanation of
the mode of action of the barium -oxide cathode is
based on the semiconducting nature of the formed
oxide layer : the neutral barium atoms anchored
in the ionic lattice of the barium -oxide layer are
just as important for the emission mechanism as
the atoms adsorbed at the surface. The practical
limit of current output lies today, for single -anode
tubes, at about 200 A peak current [though tubes
have been constructed to carry i000 A: reference
" 6 "] for conditions where resistance to arc -back
plays a subordinate part.

" When voltage rectification is the predominant
interest, alternating voltages up to 30 kv peak
values can be rectified by mercury-vapour tubes
over a limited range of external temperature.
Extremely high values of blocking voltage are
attained with cascade tubes. With the new designs
of these (Fig. 5), voltages of 150-200 kv can be
reached if the current loading can be kept down
(o.oi-o.r A). With the so-called ' high -current '
tubes in the new iron containers particularly low
internal losses have been achieved : low -voltage
arcs burning at 5-6 v are obtained here [§5]. In
the field of tubes with control grids, a new design
of high -power thyratron is described, having a peak
blocking voltage of 15 kv and a peak current of
250 A. In considering the power necessary for
control (§9) the growing importance of the screen -
grid thyratron and of the magnetically controlled
tubes is pointed out. Finally it is estimated that
the life of the tubes described can be increased, if
the design is sufficiently spacious, by the adoption
of multiple cathodes : an example of such a dual -
cathode tube [in which the spare cathode is shielded
from ion bombardment by a rotatable cover :
Fig. 8] is illustrated and described." Hull's
" dispenser " cathode (3961 of 1939) is mentioned
as another method of obtaining long life.

3117. ANISOTROPY OF A FREE PATH OF ELECTRONS
IN PLASMA, DISTURBED BY A Low MAG-
NETIC FIELD.-Fataliev. (Journ. of Exp. 6
Theoret. Phys. [in Russian], No. 2/3, Vol. I1,
2942, pp. 290-299.)
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3118. A NEW METHOD FOR THE EXCITATION OF
RAREFIED GASES BY ULTRA -SHORT ELEC-
TROMAGNETIC WAVES.-Goudet & others.
(See 2985.)

3119. CURRENT DENSITY AT THE CATHODE OF A
GLOW DISCHARGE THROUGH GASES [Results
by New Methods : Aston's Relation holds
good also at Low Pressures : etc.].-Chaud-
huri & Baaqui. (Current Science [Bangalore],
May 1942, Vol. II, No. 5, pp. 188-189.)

3120. THE FLASH -OVER VOLTAGE OF INSULATORS
IN AIR AT INCREASED PRESSURES [up tO
4 Atmospheres].-Weber. (Arch. f. Elek-
trot., 31st Dec. 1941, Vol. 35, No. 22, pp.
756-758.)

312 I , THE VARIATION OF FLASH -OVER VOLTAGE
OF HIGH-TENSION INSULATORS IN THE
NORMAL RANGE OF ATMOSPHERIC HUMIDITY.
-Pfestorf & Strauss. (Arch. f. Elektrot.,
31st Dec. 1941, Vol. 35, No. 12, pp. 740-75I.)

3122. THE CHANGE OF SIGN OF THE RECTIFICATION
COEFFICIENT OF COPPER -OXIDE RECTIFIERS
AT HIGH TEMPERATURES.-DUnaeV. (JOtirti .
of Tech. Phys. [in Russian], No. 15, Vol. io,
2940, p. 1305.)

It has been observed by the author that at
temperatures from 32o`C to 36o'C the reverse
current, increasing with temperature, actually
exceeds the forward current, as can be seen from the
curves of Fig. I. It is suggested that this effect is
due to the change of sign of the conductivity of
Cu10.

3123. THE INWARD MIGRATION OF ELECTRONS IN
ALKALI -HALIDE CRYSTALS [with Applica-
tion to Hilsch & Pohl's Model of a Barrier -
Layer Rectifier].-Karabascheff. (Zeitschr.
f. Phys., 25th Feb. 1942, Vol. 118, No. 11/I2,
pp. 718-726.)

See Hilsch & Pohl's paper on the control of elec-
tron currents with a " three -electrode " crystal,
1683 of 1939. Author's summary :-" In the first
part, two facts are found experimentally : (I) the
subsidiary current linked with the inward migra-
tion of the electrons increases in proportion to
time, and (2) the rate of current increase, diidt,
increases with the square of the potential. In the
second part both these facts are interpreted on the
basis of the mechanism of electron diffusion in
electric fields, and represented quantitatively by
equations 6' and_7."

3124. SELENIUM RECTIFIERS FOR REPEATER STA-
TIONS [in Swiss Telephone System].-Jacot.
(E.T.Z., 7th May 1942, Vol. 63, No. 17/18,
pp. 214-215: summary only, including
comparison with the rectifiers used by the
German P.O.)

3125. ON THE ELECTRICAL PROPERTIES OF LEAD
SULPHIDE [and its Position in the Classifica-
tion of Semiconductors]. - Hintenberger.
(Zeitschr. f. Phys., 31st March 1942, Vol. 119,
No. 2/2, pp. Full report on the work
dealt with in 1761 of 1941.
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3126. ON THE TEMPERATURE -DEPENDENCE OF THE
RESISTANCE OF SOME ELECTRICAL CON-
DUCTORS AND SEMICONDUCTORS [Derivation
of Equations for Tungsten Filaments &
Carbon Filaments, from Experimental
Curves].-Voelkner. (Zeitschr. f. tech. Phys.,
No. 4, Vol. 23, 1942, pp. loo -103.) Pre-
sumably to be continued, since the introduc-
tion mentions similar treatment of chemically
pure iron, " Silundum," and a sulphide of
copper.

3127. NEGATIVE RESISTANCES : II-THEORY [in-
cluding Application of Formula to Uranium
Dioxide Cylinder].-Amrein. (See 2976.)

3128. A PULSE GENERATOR FOR CIRCUIT TESTING
[for Circuits used with Geiger Counters,
Ionisation Chambers, etc : Independent
Variation of Duration (4o ps to 3 ms), Volt-
age (o to 150 V), & Pulses per Second (o.8
to .3o 000)1.-Manning & Young. (Review
Scient. Instr., May 1942, Vol. 13, No. 5,
p 234.)

3129. THYRATRON CONTROL OF ALTERNATING -
CURRENT SWITCHING [at Any Desired Point
in the Voltage Wave].-Knight. (j °UM .
Inst. Eng. Australia, April 1942, Vol. 14,
No. 4, pp. 94-100.)

3130. SPECIAL CIRCUIT FOR VIBRATING D.C./A.C.
CONVERTERS. - Schmidt & Widakovitch.
(Genie Civil, 1st July 1942, Vol. 119, No. 16,
p. 204.) French Patent 842 433.

3131. ELECTRICAL CONTACTS FOR INSTRUMENTS
[the Question of Silver Contacts near Vul-
canised Rubber].-Bayley: Chaston. (Journ.
of Scient. Instr., July 1942, Vol. 19, No. 7,
p. III.) Letter prompted- by 2133 of July.
For another letter, on the question of sulphur
in some neoprene mixings, see issue for
August, No. 8, p. 124 (Dawson).

3132. THE TESTING OF CONTACT PRESSURES.-
Werner. (E.T.Z., 7th May 1942, Vol. 63,
No. 17/18, p. 217.) Summary of the paper
dealt with in 861 of March.

3133. THE MANUFACTURE OF PERMANENT MAG-
NETS MADE OF HEAT -AGGLOMERATED POW-
DER OF IRON -NICKEL -ALUMINIUM ALLOYS
[and Their Advantages over Solid Mishima-
Honda Magnets]. - Holop. (Genie Civil,
3rd/loth Jan. 1942, Vol. 119, No. 1/2, p. 18 :
summary from Stahl u. Eisen.)

PROPERTIES OF HIGH PURITY IRON [Total
Impurities o.oi % or Less : Max. Permea-
bilities up to 88 400].-Cleaves & Hiegel.
(Journ. of Res. of Nat. Buy. of Stds., May
1942, Vol. 28, No. 5, pp. 643-667.) The
results confirm the belief that such magnetic
properties as permeability and coercivity
are influenced by factors other than purity,
and hence are not satisfactory criteria of
purity in iron.

3134.
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3135. PERMANENT MAGNETS OF GREAT PULLING
POWER.-Snoek. (E.T.Z., 7th May 1942,
Vol. 63, No. 17/18, p. 215 : summary, from
Philips tech. Rundschau,  Vol. 5, 1940,
p. 196 onwards.)

For a given induction 93 the pull K of a magnet
is proportional to the pulling -surface area 0:
K= Z20/87r /87r0, when 0 is the flux through the
armature. Since the induction remains constant
with a true -to -scale enlargement or reduction of the
magnet, the pull will alter in proportion to the square
of the dimensions while the weight varies with the
cube : the pull/weight ratio will therefore improve
as the 'dimensions decrease, subject to the limita-
tions of precision of workmanship. In practice the
ratio reaches a max. value at certain dimensions,
and this maximum is approximately determined
by the material, and forms a measure of the latter's
quality. By the use of modern permanent -magnet
alloys with high coercive force and remanence (of
the order of 550 oersteds and 12 000 gauss respec-
tively) and of a 50/50 iron -copper alloy with high
saturation for the pole -pieces, together with a
skilful design of the magnet system (particularly
to give a concentration of the lines of force at the
surface of contact), very high values for this ratio
have been attained. With a magnet -steel cube of
4 mm edge and 0.47 gm weight a pull of 1.65 kg
was found, giving a ratio of 3500. By a change in
design and size this was increased to 5000, the pull
being 65 kg and the weight of the magnet steel
13 gm. The construction of such magnet systems,
including the determination of the optimium air -
gap by gradual grinding -away, is described in the
original paper. For another Philips paper, on new
steels, see 2138 of July.

STATIONS, DESIGN AND OPERATION

3136. ARRANGEMENT FOR COMMUNICATION BE-
TWEEN A TRAILING AIRCRAFT AND A TRAILED
AIRCRAFT [Transmitting & Receiving Sets
in Each are connected to Metal Fuselage &
to the (Insulated) Towing Cable].-Bergtold.
(Hochf:tech. u. Elek:akus., Feb. 1942, Vol. 59,
No. 2, p. 61.) Telefunken Patent, No. 708946.

3137. THE LAW [Of 1St October 1941] REORGANIS-
ING FRENCH NATIONAL BROADCASTING.-
(Genie Civil, 3rd/loth Jan. 1942, Vol. 119,
No. 1/2, pp. 13-14.)

GENERAL PHYSICAL ARTICLES

3138. ON THE DISTRIBUTION OF ELECTRICAL
CHARGES ON THE SURFACE OF A THIN OPEN
CONDUCTOR. Grunberg. (See 2957.)

3139. A RELATIVITY QUERY [Einstein's Light
Paths given Very Simply by Fermat's &
Least -Action Principles, respectively, by
assuming Medium to be Very Slightly Aelo-
tropic : Previous Publication ?].-Houstoun.
(Nature, 4th July 1942, Vol. 150, p. 25.)

ON THE CENTRIFUGING OF ELECTRONS
[Remarks on Work of Wolf (2896 of 1941 and,
back reference) & others : the Dry -Plate
Rectifier as Another Possible Object for

3140.
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Test : Experiments with Accelerations up
to 45og give Negative Results].-Klarmann.
(Naturwiss., 3rd July 1942, Vol. 3o, No. 27,
p. 424.) " Anyhow, in practice there is no
need to fear an effect of centrifugal force on
the characteristic curves of dry -plate recti-
fiers."

3141. EIGENFUNCTIONS IN HEISENBERG APPROXI-
MATION OF THE TWO -ELECTRONS PROBLEM
[and Application to the Helium States].-
Pincherle. (Phil. Mag., June 1942, Vol. 33,
No. 221, pp. 462-466.)

3142. THE FARADAY EFFECT IN ELECTRON GAS
[Quantum -Mechanical Calculation of Rota-
tion of Polarisation Plane in Metals].-
Kovadlo. (Journ. of Exp. & Theoret.
Phys. [in Russian], No. 2/3, Vol. II, 1941,
pp. 312-317.)

3143. ON THE CALCULATION OF THE DISTRIBUTION
FUNCTION [for Particles confined to a Large
Circle, for Repulsive Potential of Long Range :

Calculation from Boltzmann -Gibbs Equation,
& Comparison with Debye-Hiickel (Electro-
lyte) Equation].-Ufford & Wigner. (Phys.
Review, 1st/15th April 1942, Vol. 61, No. 7/8,
PP. 524-527.)

3144. STRUCTURE AND CAPACITY OF ELECTRICAL
DOUBLE LAYER [Theory of Structure of
Diffuse Double Layer, based on Dipole
Properties or Dielectric Constants of Ions
& Solvent : Application to Capacity of
Mercury - Solution Interfaces]. - Bikerman.
(Phil. Mag., May 1942, Vol. 33, No. 220,
PP 384-397.)

3145. ELECTROMAGNETIC DIMENSIONS AND UNITS
[and the Influence of the Medium on the
Magnetic Moment].-Palacios y Martinez :

Sommerfeld. (Physik. Zeitschr., Jan. 1942,
Vol. 43, No. 1/2, pp. 22-24.)

3146. ON THE DEFINITION OF PERMEABILITY VALUES
AND THE MAGNETIC UNITS : REMARKS ON
EQUATION TECHNIQUE.- Fischer. (Physik.
Zeitschr., Jan. 1942, Vol. 43, No. 1/2, pp.
24-28.)

3147. UNITS AND DIMENSIONS [Controversial Mat-
ter can be almost eliminated].-Guggenheim.
(See 3070.)

MISCELLANEOUS
3148. " THE LAPLACE TRANSFORM " [Book Re-

view].-Widder. (Science, 22nd May 1942,
Vol. 95, pp. 531-532.) " Contains no appli-
cations outside pure mathematics," but
" could serve as a useful source in which
applied mathematicians might look for the
properties which they need to use."

3149.' DIFFERENTIALLY CYCLICAL SETS OF FUNC-
TIONS : AN EXTENSION OF THE CONCEPT OF
HYPERBOLIC FUNCTIONS.-Silberstein. (Phil.
Mag., June 5942, Vol. 33, No. 221, pp.
457-461.)
ON THE DIRICHLET PROBLEM FOR THE HYPER-
BOLIC CA SE.-Hadamard. (Proc. Nat. Acad.
Sci., June 1942, Vol. 28, No. 6, pp. 258-263.)

493

3151. THE GEOMETRY OF MATRICES.-Turnbull.
(Phil. Trans. of Roy. Soc., Ser. A, 30th
June 1942, Vol. 239, No. 805, pp. 233-267.)

3152. HARMONIC ANALYSERS [Survey], and ANALY-
SIS OF PERIODIC FUNCTIONS BY MEANS OF
EQUALLY SPACED ORDINATES [Survey, in-
cluding Liibcke, Michelson - Stratton, &
Vercelli Analysers].-Willers. (Arch. f.
Tech. Messen, June & July 1942, Parts 132
& 133, V 362o-6 & 7, Sheets T53-54 & T67.)

3153. ON THE CALCULATION OF ORDINARY CORRE-
LATION EQUATIONS.-Mitropol'ski. (Journ.
of Tech. Phys. [in Russian], No. 15, Vol. so,
1940, pp. 1227-1241.)

Methods are indicated for deriving and solving
a correlation equation of the hth order (I) deter-
mining the relationship between statistical valuesX2 and X,. The discussion is illustrated by a
concrete example (the relationship between the
resistance to fracture by tension, and the malle-ability, of steel for axles).
3154. COMMENTS ON SCHUMANN'S PAPER " AN

INVESTIGATION CONCERNING G.I. TAYLOR'S
CORRELATION COEFFICIENT OF TURBULENCE.'
-Pekeris. (See 2977.)

3155. MODEL QUALITY CONTROL CHARTS.-Rissik.
(Engineer, 24th & 31st July and 7th Aug.
1942, Vol. 174, pp. 65-65,86-89, & 1o6-108.)

3156. SCIENCE AND THE WAR [" Committee "
Decisions and the Need for Statistical
Technique].-Nicol. (Sunday Times, 9th
Aug. 1942, p. 4.) See also 2166 of July.

SCIENTIFIC MEN IN WAR -TIME [Strategy &
Tactics in the Application of Scientific
Developments : Leading Article].-(Nature,
18th July 1942, Vol. 150, pp. 65-67.) See
also issue of 25th July, pp. 116-117.

3158. FIRST REPORT OF WAR POLICY COMMITTEE,
AMERICAN INSTITUTE OF PHYSICS : MAY
1St, 1942.-(Review Scient. Instr., June
1942, Vol. 13, No. 6, pp. 245-247.)

3159. LEADING ARTICLE ON WAR -TIME NEED FOR
COUNCIL OF MECHANICAL ENGINEERS, and
AN ENGINEERS' WAR.-Anon : Hallett.
(Engineer, 57th July 5942, Vol. 174, pp.
52-53 : pp. 53-54.) For further correspond-
ence prompted by Hallett's letter see issues
for 24th & 31st July, pp. 74 & 96.

.3160. MEMORANDUM ON ENGINEERING EDUCATION
[Extracts from].-Institution of Civil Engi-
neers. (Engineer, 17th July 1942, Vol. 574,
PP 57-59.)

3161. WARTIME ELECTRICAL RESEARCH [and the
Differences between World Wars I and II
in This Respect : etc.].-Hawkins. (Gen.
Elec. Review, June 1942, Vol. 45, No. 6,
PP 323-325)

3162. POST-WAR PLANNING IN RADIO TELECOM-
MUNICATION (Summary of I.E.E. Discussion].
-(Nature, 30th May 1942, VOL 149, pp.
614-615.)

3157.
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3163. ANNUAL REVIEW ELECTRICAL DEVELOP-
MENTS OF 1941 (including Radio & Tele-
vision].-Bartlett. (.Gen. Elec. Review, Jan.
1942, Vol. 45, No. 1, pp. 7-58.)

3164. A BRIEF REVIEW OF THE TECHNICAL WORK
OF THE BOARD OF SCIENTIFIC AND INDUS-
TRIAL RESEAR CH .-Bhatnagar & Partha-
sarathy. (Current Science [Bangalore], April
1942, Vol. II, No. 4, Supp. pp. 172-176.)

3 t 65. RADIOACTIVE EXPLORATION [Analysis of
Detection Methods as applied to Geophysics].
-Rose. (Sci. Abstracts, Sec. A, May 1942,
Vol. 45, No. 533, p. 152.)

" ionisation -counting instruments form the
commonest means of detection. One is described
which is sensitive to ro-12 g Ra at a distance of
several feet."

3166. PAPERS ON THE ELECTRIC ROTATING FIELD
IN THE NEAR FIELD OF A TRANSMITTER [in
connection with Method of Measuring the
Electrical Constants of the Ground].-
Grosskopf, Vogt, Ptitzer. (See 2954/6 &
3001.)

3167. DETECTION OF STEEPLY INCIDENT ELEC-
TRICAL DISCONTINUITY SURFACES IN THE
SUBSOIL, BY RADIO PROSPECTING [by the
Equivalent Capacitance Process].-Fritsch
& Forejt. (Hochf:tech. u. Elek:akus., Feb.
1942, Vol. 59, No. 2, pp. 41-45.)

The writer begins with a short outline of the
equivalent -capacitance method, already described
at length (see 3017 of 1939 and reference " 2 ").
The determination of the equivalent capacitance is
generally carried out by the " break -off " procedure
described by Schmidt (1933 Abstracts, p. 337) or
by a bridge method. Recently the latter method
has been used successfully, the circuit of Fig. 7
being employed. The actual apparatus takes the
form of the Philips pressure -indicator Type GM
3154 (Fig. 9) with cathode -ray -tube indicator. The
test aerial is an aluminium cylinder 2 m long
which is mounted horizontally on a vertical
wooden lath so as to be adjustable to different
heights above the ground, ranging from 36 to
140 cm. A lead about ro m long is connected
to the aerial through a slide -wire stretched along
the lath and clamped into contact with the aerial
rod in its different positions : altering the height
of the aerial, therefore, does not alter that of the
lead. The other end of the latter goes to the con-
denser -variation pick-up of the Philips apparatus,
clamped to a table, from which runs the special
cable to the instrument, about 15 m away. The
other pole of the condenser pick-up is earthed
beneath the table, so that the condenser lies in
parallel with the test aerial.

If the equivalent capacitance of the aerial is
CO, that of the connecting lines Ci, and that of a
fixed known condenser Cfi, the measurements
made are CI = Ca + C1, C2 = Cfi C1, and
C3 = C1. Each value is measured several times,
and Ca thus determined By this procedure, the
unavoidable zero -point wandering is allowed for.
On the average, results are reproducible within
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r% : in the most unfavourable conditions the
accuracy is within 5%. Precautions as to changes
in the surface layer through sunshine are mentioned.
The successful tracing of the contact between
Permian and Carboniferous sandstone is described.

3168. A SCIENTIFIC INVESTIGATION OF THE CLAIMS
OF THE WATER -DIVINER OR " DOWSER "
[Experiments with Ionisation Indicators].-
(Sci. Abstracts, Sec. A, June 1942, Vol. 45,
No. 534 p. 166.)

3169. THE USE OF X-RAYS IN THE PRODUCTION
OF PIEZO-QUARTZ CRYSTALS. - Arkharov,
Averkiev. (See 3058 & 3059.)

3170. A PUSH-PULL CIRCUIT FOR D.C. VOLTAGE
AM PLIFICATION .-Kerkhof . '(See 2982.)

3171. APPLICATIONS OF THE CATHODE-RAY OSCILLO-
GRAPH IN INDUSTRY : PART V-TESTS IN-
VOLVING INDEPENDENT BASES OTHER THAN
TIME.-Wilson. (BEA M A Journal, July
1942, Vol. 49, No. 61, pp. 182-188.) The
first of this series was referred to in 1248
of April.

3172. SOME OPERATING CHARACTERISTICS OF THE
WILSON CLOUD CHAMBER.-Hazen. (Review
Scient. Instr., June 1942, Vol. 13, No. 6,
PP. 247-257.)

3173. A NEW TYPE OF ELECTRICAL ANALOGY :
PART I .-Efros. (See 2970.)

3174. THE MEASUREMENT OF SMALL MOVEMENTS
[Survey].-Staiger. (Arch. f. Tech. Messen,
June 1942, Part 132, V 1121-I, Sheets
T51-52.)

3175. KNOCK -MEASURING METHODS BASED ON

PRESSURE -ACCELERATION [Recent DVL
Technique].-Lichtenberger & Seeber. (Arch.
f. Tech. Messen, July 1942, Part 133, V 8234-4,
Sheet T68.)

3176. A WATER-COOLED MERCURY -VAPOUR LAMP
OF HIGH LUMINOUS DENSITY.-Kern. (See
3046.)

ELECTRO-OPTICAL PROPERTIES OF COLLOIDS
[Experimental Investigation of Anomalous
Effects].-Mueller & Sakmann. (See 3044.)

3178. APPARATUS FOR TECHNICAL STROBOSCOPY
[including Use of Cathode -Ray Tubes as
Light Sources for Frequencies above 500o c/s,
where Other Methods fail].-Drewell. (Arch.
f. Tech. Messen, July 1942, Part 133, V 145-2,
Sheets T63-64.)

3179. DIRECT PEN RECORDING OF GALVANOMETER
DEFLECTIONS [Pen -on -Paper Records (7 cm/s)
by Moving -Photocell Device : Use of Gas -
Filled Tetrode, RCA -2o51 (4279 of 194o)].-
Pompeo & Penther. (Review Scient.
May 1942, Vol. 13, No. 5, pp. 2,8-222.)
Already dealt with in 3188 of 1941.

3180. THE REPAIRING OF SELENIUM BARRIER -
LAYER PHOTOCELLS BY AN ELECTRIC CUR-
RENT.-Moldaver. (See 3043.)

3177.
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