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AND HiRE IS

THE REASON..
   the answer has been found in Bullers Low
Loss Ceramics to the problem of Dielectric Loss
in High Frequency circuits.

Years of laboratory research and development
have brought these materials to a high degree of
efficiency. To -day they are in constant use for
transmission and reception, and play a vital part
in maintaining communications under all
conditions.

Made in Three Principal Materials
FREQUELEX-An Insulating material of Low
Dielectric Loss, for Coil Formers, Aerial
Insulators, Valve Holders, etc.

PERMALEX-A High Permittivity Material. For
the construction of Condensers of the smallest
possible dimensions.

TEMPLE X-A Condenser material of medium permittivity.
For the construction of Condensers having a constant
capacity at all temperatures.

Pullers
LOW LOSS CERAMICS

BULLERS, LTD., THE HALL, OATLANDS DRIVE, WEYBRIDGE, SURREY
Telephone : Walton -on -Thames 2451. Manchester Office : 196, Deansgate, Manchester
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Varying Input Voltage :

185-270 Volts.
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AUTOMATIC VOLTAGE REGULATORS

General Characteristics
Constant A.C. Output

Example : 230 volts ± 1%-50-cycles/sec.-single phase.
Any output voltage may be ordered (see below).

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

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

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

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

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

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

Constant Output Voltage :

230 Volts + 1 %

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

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

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

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

Complete Data
Please request Bulletin VR 1243.

SEVEN STOCK MODELS ARE OFFERED
Type Watts A.C. Input Voltage Output Voltage Net Wt. Price

VR-I 0
VR-20
VR-60

VR-I50
VR-300
VR-500
VR-I000

10
20 .
60

150
300
500

1000
I

185-270

50,-,
1 -phase

230 v.+1 per
cent.

Or, as ordered
(see text above)

3 lbs.
8 lbs.

17 lbs.1

42 lbs.
60 lbs.
65 lbs.

120 lbs.

£5 - 15
a - 0

LIO - 10

El 3 - 10
£22 - 10

£29 - 10

£47 - 10

111111111 III MI 1131.'"7/

(la

ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.
180, Tottenham Court Aooao', London, WI and 76,010//All ST. I/VERPOOL 3, LANCS.

A
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WIDERANGE
TRANSFORMERS

TYPES D - 106 and D - 139
FOR MODERN COMMUNICATIONS EQUIPMENT

 FREQUENCY CHARACTFRIS1 ICS.
Practically linear from the lower audio
frequencies to over too Kc/s.

 IMPEDANCE RATIOS.
Many impedance ratios are available,
from I : I to 500 : I.

 POWER.
Types D-139 will handle up to one
watt AC power above 4o c.p.s.
Types D-io6 are designed as input
and interstage transformers where
the power is negligible.

FMUIRHEAD

 SCREENIN ;.
All types double screened against
electromagnetic and electrostatic
interference.

 DIMENSIONS.
21n X 3i" x 3" high overall.

 WEIGHT zi lb.

Full information is given in
Bulletin B -538-A which will
gladly be sent on request.

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

FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS

WHAT IS MEASUREMENT ?
93,000,000 miles to the
sun. You are not worried
-Maybe not. But things
like amperes and volts can
give you a headache if you
don't know their values.

FOR ACCURATE MEASUREMENT
USE ACCURATE INSTRUMENTS

The illustration shows 3' dia. Flush Type Ammeter
suitable for 'planes, launches, charging boards, etc.

Excellent design, work-
manship and manufac-
ture have made M.I.P.
Instruments standard
equipment wherever
Electrical Measuring In-
struments figure in

specifications.

MEASURING INSTRUMENTS
(PULLIN) LIMITED

ELECTRIN WORKS, WINCHESTER STREET, ACTON, W.3.

C. R. Casson 39.

NO IDENTIFICATION-

fi s,cs

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

 NO TOOLS REOUIRED  INDELIBLY PRINTED
 NO RUBBER USED  SELF FIXING BY SHRINKAGE
 IMPERISHABLE, IMPERVIOUS TO I DO NOT INCREASE DIAMETER

OILS AND PETROLEUM Of CABLE

CABLE MARKERS

VISCOSE DEVELOPMENT CO. LTD.
Woldham Road, Bromley, Kent. 'Phone: Ravensbourne 2641
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Over
recent&

years ofand reseaPch
are behind

the advadtechnique
of today nce 

DOMESTIC COMMERCIAL INDUSTRIAL SCIENTIFIC MEDICAL EXPERIMENTAL

THE MULLARD WIRELESS SERVICE CO, LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. (77 rev.)
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BELLING & LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX
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PRE -CI SI 0
HI II II
ENGINEERS

N

A highly skilled staff of craftsmen
combined with t e most up-to-date
machinery e a e 3\to handle light
engineering p o/ uctio with micro-
metric accurcy.

We also
delivery promises kept:

at you want

PRECISION ENGINEERS A.I.D. (Part I) APPROVED
EUGENE WORKS  EDGWARE ROAD  HENDON  N.W.9

DNB

Lister Electronic Products Co.
CLEVELAND, OHIO

SPECIALISTS IN UHF EQUIPMENT

MULTI -CHANNEL
FREQUENCY MODULATED KEYING LINKS

MULTIPLE CRYSTAL HOLDERS
FOR UP TO 100 CRYSTALS

TEST GEAR :-HF AND UHF OSCILLATORS,
CRYSTAL CONTROLLED MULTIVIBRATORS

AUTOMATIC ALARM SYSTEMS

INDUCTION HEATING FURNACES

PRIORITIES ONLY
For details writeto:-

Oledronic Gligineering Ofervices, cL?hI.
501.8 88,15H 0,88T083

24 STANLEY ROAD, HEATON MOOR, STOCKPORT
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Standard Sine Wave Sources

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

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

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

OUTPUT UP TO 5 WATTS. 10 CYCLES PER SECOND

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

BIRMINGHAM SOUND REPRODUCERS LTD.,

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

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

for the SERVICES -0
and all PUBLIC ADDRESS

ifichidill FACTORIES, WO:

CANTEENS,
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7niffe/5-Safe

k...
Concrete and steel present no barrier
to the forces of radio. The message
gets through. Wireless propaganda
from this country has been received
throughout the war across guarded
frontiers all over the world. This is
the bloodless victory of the spoken
word. And it is one of the achieve-
ments made possible by the persistence
of Marconi research and the perfection
of Marconi equipment.

\IMO
 ELECTRA HOUSE VICTORIA

MARCONI'S WIRELESS TELEGRAPH CO. LTD.

THE MARCONI INTERNATIONAL MARINE

COMMUNICATION COMPANY LIMITED

EMBANKMENT LONDON W.C.2.

Into Vatth FELT

Woollen & Hair Felts, loths. Furnishing, Mechanical,
Surgical. Washers, Strips and Gaskets. Gas Meter
Washers. Felt Cut and Turned. Waterproofing.

STERLING
TEXTILE
INDUSTRIES LTD

STERLING WORKS, ALEXANDRA ROAD, PONDERS END
MIDDLESEX

HOWARD 2214.5, 1755 STERTEX, ENFIELD

11J

LI I
Telephone: Harrow 0895

(-itveL9.taitsts' ix

MIDGET
VALVES
HIVAC LIMITED
Greenhill Crescent.
Harrow on the Hill. Middx.



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

Tel. New Cross 3225 (Private Branch Exchange)
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WAVEMETERS

OSCILLATORS

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

CONDENSERS

INDUCTANCES

RESISTANCES

BRIDGES Capacitance
Inductance
Resistance

ALL TYPES-ALL FREQUENCIES-ALL ACCURACIES

We have over 25 years' experience

Write for particulars of any special type
of apparatus that interests you: we will
forward details and literature when available.

in designing and manufacturing a very varied
range of Small Electric Motors, Alternators,
Generators and Electro-Mechanical apparatus.
Our products are known throughout the world
for reliability and stability under the most
exacting conditions. In addition to producing
special designs in quantity at competitive
prices, we are interested in your experimental
needs. As soon as they are released
from the claims of war production our re-
search and design laboratory together with
our manufacturing resources will be at
your disposal.

SMALL ELECTRIC MOTORS LTD.,
BECKENHAM, KENT.

A subsidiary of
IIROADCASY RELAY
SERVICE LIMITED
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'tithe SHOO.
Such are the conditions under
which Transformers must give
guaranteed performance. To -day
Allied lines of communication de-
pend on it. Woden Transformers
are standing up to these
gruelling conditions on all battle
fronts-they have to be good!

TRANSFORMER CO. LTD.,
Moxley Road, Bilston, Staffs.

MAKERS OP TRANSFORMERS, POWER PACRS,& SPECIAL RECEIVING& TRANSMITTING APPARATUS

&iv issakylion
rs the basic ,ptinc,,,ide of

CO Dar. LOW

gaveqmaffed4.1fAyedkx
Their h. C49 -4X fahithrereryftEPAhrore

TRANSRADID LTD. Inc TELEQUTMENT CO. 16 HIGHWAY.DEACONSFIEL

cELESTION

VALVEHOLDERS
Manufactured under "Amphenol " Licence.

The name " Celestion " is a

guarantee of quality and service.
List of British and American types

will be sent on request.
Supplied against Priority

Orders only.

CELESTION LTD.
EnA,Ilect,

GSTON-UPOW, THAMES. SURREY
,4y.,, tow xllusito, .>ost)

PATENTS & DESIGNS WANTED
Radio Electric Patents, etc. Well-known London
Radio Component manufacturers are open to
consider Patents or Designs for Post -War period.
Write : Progress, c/o Alfred Bates & Son, Ltd.,

13o Fleet Street, London, E.C.4.

'mluLARCIE DEPT. FOR WIRELESS BOOKS.VOYLES
FINEST STOCK IN THE WORLD OF NEW AND
SECONDHAND BOOKS ON EVERY SUBJECT.
Quick Postal Service. Books Bought.
119-125, CHARING CROSS ROAD, LONDON, W.C.2.
Tel.: GERrard 5660 (I6 lines). Open 9 a.m.-4p.m., including Saturday.

41.001 CONDENSERS

ARE MADE FOR

INSTRUMENTS. LTD.

Earls Court Exhibition Buildings, Earls Court, London. S.W. 5

FULHAM 6192
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SOUND RESEARCH
THE TANNOY RESEARCH LABORATORY
is equipped to give highly specialised service in
the investigation of problems connected with
vibration and sound. Government Departments
and war industries make use of this service,
both theoretical and practical. If you are
engaged on work of high priority, and need
specialised acoustical advice, we invite your
enquiry.

\TANSIOYi
RESEARCH LABORATORY

GUY R. FOUNTAIN LTD.
CANTERBURY GROVE, LONDON, S.E.27

'PHONE : GIPSY HILL 1131.AND BRANCHES.

The AvoMeter is one of a useful range of
"Avo " electrical testing instruments which
are maintaining on active service and in
industry the "Avo " reputation for an un-
excelled standard of accuracy and depend-
ability-in fact, a standard by which other

instruments are judged.

"TANNOY" is the registered
trade mark of equipment
manufactured by
GUY R. FOUNTAIN LTD.
the largest organisation in Great
Britain specialising solely
in sound equipment.

The Model 7 Universal AvoMeter is the
world's most widely used combination elec-
trical measuring instrument. It provides
50 ranges of readings and is guaranteed
accurate to B.S. first grade limits on D.C.
and A .C. from 25 to 100 cycles. It is self-
contained, compact and portable, simple
to operate and almost impossible to damage
electrically. It is protected by an automatic
cut-out against damage through severe
overload, and is provided with automatic
compensation for variations in ambient
temperature.

Orders can now only be accepted which bear a Government

Contract Number and Priority Rating.

Solo Proprialon and Manufacturers :-
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD., Winder House, Douglas Street, London, S.W.I. 'Phone : VICtoria 3404-8

B
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BOONTON

FKA
Model 15C

-171. SIGN
GENERATOI,

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

Full specification will be sent on request.

LELAND
INSTRUMENTS LTD

.j. Frequency Ranges: 41-50
mc and 1-10 mc. (Other
ranges to order.)
Output: .1 Microvolt to
/ Volt.

4,, Deviation : From zero to
" 2000 KC. Amplitude Modu-

lation also available separ-
ately or simultaneously.

2I.JOHN STREET, BEDFORD ROW. LONDON WEI
TELEPHONE: CHANCERY 8765

CLOUGH-BRENGLEBOONTONFERRISBALLANTINEHEWLETT-PACKARD

TESTO5
Radio Service Eng,.

seers. Makes 20 tests

Indispensable to

Interesting Booklet on request.

Send for leaflet G24.
Front all Wholesalers or direct.

RUNBAKEN MANCHESTER--,

Piezo QUARTZ CRYSTALS
for all applications.

Full details on request.

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

For the present we can deal only
with enquiries for permitted
essential Moulded Rubbers and
look ahead and prepare for the
future restoration of the com-
plete " DAINITE " Service.

THE MARBORO RUBBER CO. LTD. MARK ET HARBOROUGH

E XPANSI

May, 1944

0
OWING to the growth of our business, new

premises at 470, Uxbridge Road, W.12, were
already in the process of being fitted out when
damage to our former premises made it necessary
for us to move sooner than originally anticipated.

Unfortunately our stocks and records were lost,
which temporarily held up manufacture, but thanks
to the splendid co-operation of the Services Depart-
ments, our Suppliers and Main Contractors, we are
now back in full production.

N

Li. JI,. IILIEAIK 111_11)..

'e,keotiLditic
470 UXBRIDGE ROAD LONDON WI2

Telephone: SHEpherds Bush 5626

VENT-AXIA
FOR BETTER AIR CONDITIONS

VENT-AXIA LTD. 9 VICTORIA STREET. LONDON. SAVA AND AT GLASGOW & MANCHESTER

ESSLERS, aondoni13.
PRECISION TURNING AND MACHINING
OF PLASTIC MATERIAL TO DRAWING.
ALB ION HOUSE, 201 - 3, CHURCH STREET,
LONDON, N.16. Tel. : Clissold 6247.

LONDEX for RELAYS

L....._u.Mltiple Contact
Relay CF

.1.4*Agsv 207ANERLEY ROAD LONDONSt20 syoe=41,5,5,.

LONDEX LTD
MANUFACTURERS OF RELAYS

Ask for details and

AIR MINISTRY,
!

ADMIRALTY.

leaflet SPN, WE.

M.A.P.,

by

(foe D.C. only)
Relay ML

r
il!

The wide range of
Londex Relays in-
cludes a variety of .:t-
TYPES APPROVED
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STREET, WALTHAMSTOW,

Ir

TRANS FORMERS
Line Voltage Variations of

± I 5 reduced to ± 1%
TYPICAL SPECIFICATION

IN PUT VOLTAGE 190-260 v SO c.p.s.
OUTPUT VOLTAGE 230 v. ± I %
MAX. LOAD. 150 watts.

Input power factor over 90%
Prices on application Write fordetails.

LONDON, E. I 7. Phone : LARkswood 4366 & 4367

CERAMIC
't11 -1d

CONDENSERS

EA

TYPE APPROVED

A mighty important little fellow for maintaining
vital radio communications is this U.I.C. Pearl
Type Ceramic Condenser.
Diameter 7 mm. max. Length 9 mm. max.
Capacity range o.5pF-5pF. Capacity Tolerance
Plus/minus 20%. Test Voltage 15oov D.C.
Suitable for tropical and arctic conditions.

UNITED INSULATOR CO. LTD.
12-22, LAYSTALL STREET, LONDON, E.C.1
Tel.: TERminus 7383 (5 lines) Grams.: Colonel, Smith, London
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out ill a totstui
Ten years ago we introduced the first British -made low -loss ceramic. To -day
the range of Frequentite components covers more than a thousand pieces
of every shape and size.
With such a store of manufacturing experience we are able to offer advice
backed by practical knowledge on your insulation problem. Please consult us
before you finalize your design.

STEATITE & PORCELAIN PRODUCTS LTD.
Ilead Office: SiourporTon-Sexern. Telephone: Stourport III. Telegrams:' Steatain. Stourport.
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Editorial
Variable -mu or Variablelt ?

ATYPE of valve which is largely used in
connection with automatic gain control is
commonly referred to as a variable -mu

valve. One occasionally sees it referred to as a
variable -p, valve, and this has recently been given
a certain amount of official sanction by its appear-
ance in the Journal of the Institution of Electrical
Engineers where it is used by T. E. Goldup in his
address as Chairman of the Wireless Section. The
question arises whether these two terms are
justifiable alternatives or whether they occur as
the result of some misunderstanding. A valve has
three characteristic constants, viz., the amplifica-
tion factor bValbVg, usually represented by the
symbols m or p, the a.c. or differential resistance
bValbIa, usually represented by the symbols
rot, Ra or p, and the mutual conductance blal)Vg,
usually represented by the symbol gm. Now the
outstanding characteristic of the special type of
valve under consideration is that, if I, is plotted
against V9, instead of decreasing linearly as V, is
made progressively more and more negative, I,
tails off, giving a curved characteristic, so that the
slope bic,/b Vg decreases gradually. All descrip-
tions of the valve emphasise this variation in

wasvalue of the mutual conductance g and it
generally understood that the term " variable -mu "
was an abbreviation of " variable mutual con-
ductance." If this be so, any further abbreviation,
or symbolisation, should be " variable -g ",'and not
" variable-µ." It is doubtless true that the
amplification factor is also variable to some extent,
but that this is merely incidental is shown by such
textbooks as the Admiralty Handbook of Wireless
Telegraphy, which uses " m " for amplification
factor, and not p. Dealing with variable -mu

valves the Handbook says, " in this country the
name is taken to refer to the smooth change which
takes place in the mutual conductance as the bias
point is gradually altered," and in another place,
" the slowly decreasing value of the mutual con-
ductance (gm) makes them admirable for use in
A.G.C. circuits."

In the new British Standard Glossary of terms
used in Telecommunication, term, No. 1782 is
Variable -mu valve or variable mutual conductance
valve or remote cut-off tube (U.S.A.) and the defini-
tion is " a valve the mutual conductance of which
can be altered smoothly over -a wide range by
variation of grid bias."

In " Thermionic Valve Circuits," by E. Williams,
p is employed as the symbol for amplification
factor, but in discussing variable -mu valves, there
is no suggestion thatµ is involved ; he says " thus,
the mutual conductance (i.e. the slope of the
is-vg curves) will increase continuously with grid -
voltage, over a wide range of grid -voltage."

A clue to the origin of the muddle 'is obtained
in F. E. Henderson's book " Introduction to
Valves," in which the variable -mu valve is quite
clearly described ; the author discusses the con-
ditions for variation of mutual conductance with
grid -voltage." He uses m as the symbol for
amplification factor, but says on page 20 that p.
is sometimes employed. In the Appendix, how-
ever, he gives a list of symbols, and it is here that
the muddle occurs, for we read " m = amplifica-
tion factor of valve (sometimes mu) " and
g = mutual conductance of valve." The un-
initiated, looking down this list, might very well
conclude that mu " was a symbol for amplifica-
tion factor, and that a " variable -mu " valve was
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one with a variable m or s. To be correct the two
items should read as follows :

m = amplification factor of valve (sometimes s).
g = mutual conductance of valve (sometimes

abbreviated to mu).
In publication No. 560 British Standard

Engineering Symbols and Abbreviations " issued
in 1934 by the British Standards Institution the
symbol /A is given for the amplification factor of a
valve and the symbol m for that of an amplifier
but the Admiralty Handbook of Wireless Tele-
graphy published in 1938 ignores this and defines m
as the valve amplification factor.

Another cause of confusion is seen in Terman's
" Fundamentals of Radio," an American book in
which, after explaining the variation of mutual
conductance and giving curves showing the varia-
tion of /. with Vg, it is stated that the principle
is normally used only in small pentode and screen -
grid valves designed for voltage amplifier service.
" In such cases it is the amplification factor ss,
that has the variable -mu characteristic." s. is
used to designate the ratio of the variation of

May, 1944

screen grid voltage to that of control grid voltage
for constant current. Hence in this case it is
a " s " that has the variable -mu characteristics !

It is obviously very unfortunate that two
entirely different characteristics of the valve, one
a numerical ratio and the other a conductance,
should be represented by s (pronounced mu)
and mutual conductance (abbreviated to mu)
respectively. Confusion is almost bound to occur,
and the only way to avoid it would appear to be
to give up the use of p. and use m as the symbol
for amplification or magnification factor as is done
consistently throughout the Admiralty Handbook.
The fact that it is the first letter of the word
" mutual " is not likely to lead to any mis-
understanding unless " variable mutual " is still
further abbreviated and referred to as " vari-
able -m " which would make confusion worse
confounded.

It is interesting to note that in another field an
iron alloy has been christened " mumetal "
because of the high value of its permeability lb at
low values of H. G. W. 0. H.

Specific Resistance, Volume Resistivity, and Mass Resistivity
EVERYONE engaged in teaching electrical

technology to elementary students will have
come across cases in which the student,

when given a problem involving the calculation
of the resistance, simply multiplied the cross-
section by the length to obtain the volume of the
wire and then multiplied the volume by the
specific resistance.

In the current number of the Proceedings of the
Physical Society there is a paper by J. T. Kendall
of the Research Department of Metropolitan
Vickers Electrical Co. on the rectifying property
of carborundum. On page 124 we read " The
specific resistance while at bright yellow heat was
measured as 0.07 ohm/cm3 . . . In this experi-
ment it was impossible to tell how much of the
resistance was localised at the- contacts and how
much represented volume resistivity."

Now if one turns to publication No. 56o of 1934
entitled " British Standard Engineering Symbols
and Abbreviations " issued by the British
Standards Institution, one finds two alternative
abbreviations for cubic centimetre viz. cm.3 or c.c.
Hence 0.07 ohm/cm3 means per cubic centimetre
and not per centimetre cube, and should certainly
not be employed ; the correct expression is either
0.07 ohm/cm. cube or 0.07 ohm -cm, the dimen-
sions being those of a resistance multiplied by a
length-not divided by the cube of a length.

The term volume resistivity is an unfortunate
one and the decision of the British Standards
Institution to give it precedence over the term
" specific resistance " (Definition 1278 in the
Glossary) is to be regretted. It suggests that the
resistance is a function of the volume whereas it
is really independent of the volume unless the
shape is specified. A 10 -ohm manganin resistor
can have any volume you like. The definition
given in the Glossary is correct ; it is " the resist-
ance between opposite faces of a unit cube of a
given material at a given temperature." It is the
resistance of a specified piece of the material,
specified as to size and shape, and correctly
designated " specific resistance." It may be
argued that it is necessary to distinguish between
volume resistivity and mass resistivity, which
little used term is used to designate the product
of the specific resistance and the density of the
substance. It is open to the same objection as
volume resistivity, for the resistance of a gramme
of copper, like that of a cubic centimetre, can be
anything you like. Mass resistivity is, however,
a more objectionable term than volume resistivity ;
the latter is at least the resistance of a given
volume, say a cubic centimetre, in the form 'of a
cube, but the former is not the resistance of a
given mass. One might expect it to be the
resistance of a given mass, say one gramme, in the
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form of a cube, but, assuming for the sake of
simplicity a density of 8, a mass of i gramme would
be represented by a cube of 43.5 cm. side, which
would have twice the resistance of the cm. cube,
i.e. twice the specific resistance, whereas the
definition given for mass resistivity requires it to
be eight times the specific resistance. To obtain
this result the mass of the cube would have to be
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inversely proportional to the square of the density.
Surely it is preferable to employ either
" resistivity " or the old -established term " specific
resistance " to the exclusion of the misleading
terms " volume resistivity " and " mass resistivity.'
If one ever requires the product of specific resistance
and density one can refer to it as such or as the
" density -p " of the material. G. W. 0. H.

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

" Power Loss in Deflecting Condensers "
To the Editor, " Wireless Engineer "

SIR, -It is gratifying that Dr. Gabor, in his article of
the above title appearing in the March 1944, Wireless
Engineer, should establish on the basis of his new analysis
the correctness of Recknagel's result. It cannot be too
strongly emphasised that a result such as Benner's, which
gives a finite conductance at zero frequency, is com-
pletely inadmissible.

I cannot concur with the implications of Dr. Gabor's
footnote, as the error in my formula published in the
February 1941 issue was due to a mistake in calculation,
not in principle ; the same principle correctly worked out
leads to Recknagel's formula as stated in the April issue.
This result is obtained by equating the instantaneous
flow of displacement current (neglecting the purely
capacitive current) into an electrode to be

- gpdr . . . . (I)

where the integration is taken -over all space.
pdr is the space charge in a volume element dr situated

at a point P g is that fraction of this charge which is
induced, with opposite sign, on the electrode and it will
depend only on the co-ordinates of P.

For the upper plate of an idealised parallel plate con-
denser system, of length 1 and gap D, g has the value,

2
+

1-0
) for a charge within the condenser plates and has

the value for a charge anywhere outside the condenser
plates. The x axis is taken to be midway between the
plates.

It follows that no matter how charges move outside
the system they will not give rise to current fluctuations
in the condenser plates, provided that f pdr remains con-
stant outside the condenser. Equation (r) can therefore

be written i = - D dI f ypdr . . (2)

where the limits indicate that the integration need only
be taken within the volume of the condenser.

It should be noted that equation (2) is not mathe-

matically equivalent to - f (--) pdr . .D
by

(3)

which is sometimes employed.
In fact (3) leads to the absurd result that if an electron

beam were projected through a pair of plates maintained
at fixed potentials then a steady current should flow in
the deflector plates, even without direct electron capture !

It may not be without interest to enunciate the prin-
ciples by which g may be ascertained in the general case.

Suppose that we have N electrodes and wish to find g
for the Mth electrode. First imagine a charge

41r
to be placed at the given point P with all the electrodes
at zero potential, and denote by the symbol G the resulting
potential distribution in the system. G is thus the Green's
function for the point P. Secondly, suppose that the
charge at P is removed and that the space is free from

charges, it is known that V, = f f V (t-tG) as . . (4)

where r) is the gradient of G at the surface element
of an electrode, and V is the electrode potential. The
integration is taken over all the electrode surfaces. Thirdly,
let V = unity at the Mth electrode and zero at all other
electrodes ; then the integration vanishes over all elec-
trodes except the Nth, and equation (4) reduces to

Tip f f (t;). dS
From the way in which G has been defined the R.H.S.
of equation (5) is the flux of intensity entering the Mth
electrode, when a charge - is placed at P. It is there-

4ir
fore - 4n times the charge induced on the Mth electrode.
If the latter is denoted by q'

(5)

V- = V5 or q' = -
zr

The ratio of q' to the charge placed at P is therefore
- V,, so that g = V5. Thus the fraction of the charge
placed at P which is induced, with opposite sign on the
Mth electrode, is numerically equal to the potential at P,
with zero charge at P, when unit potential is applied to
the Mth electrode with all other electrodes at zero poten-
tial, and the space free of charges.

It is not difficult to show that equation (r) leads to the
same expression for transit power T in the deflecting
condenser as Dr. Gabor's equation (3), /oc cit, p. 115.
The energy dissipated in time t is obtained by multiplying
the instantaneous electrode voltage by the instantaneous
current, and integrating with respect to time.

Thus W = -f V[-d f gpdr]dr
dt

Integrate by parts,
t t

= EV f gPd71 I di- [J. gpd5]dt
0 0

(7)
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Over a complete number of cycles the first term vanishes.
d1;17 dV

Hence
dt

= T = d
Tit gP (8)

where the bar indicates that the average over a complete
number of cycles is to be taken. Since -dV depends only

dt
on t, it can be brought into the integrand,

so that T = f g-dV . p cl-r . . (9)dt

But (g dtV) is.the time rate of change of potential at the
volume element dr in the condenser, assuming all space
charges to be absent. This is not precisely the same as
Dr. Gabor's 3, which can be split into two components.

3, due to potential variations at the electrodes and
3p due to space charges.

Now the work done, over a complete number of cycles,
by the mutual interaction of space charges, is zero.

Hence T = 41)&7- = f(fie4,)p dT =J 4;,p clr
which is the same as equation (9).

New Barnet, Herts. S. RODDA.

To the Editor " Wireless Engineer "
Siu,-Dr. Gabor's procedure in his interesting article'

is open to criticism' if only on account of its brevity.
He starts off well by separating out a surface integral
which can be made to vanish by taking the surface to
extend sufficiently far from the deflectors. He then
applies the continuity equation

div i = o .. (a)

to reach the following expressions for the transit power,
with the difference that the bar should extend over dV,

T = f sb div. i dV = JPOdV .174c1V . . (b)

Neater than the sequel, to which it is equivalent, we then
have, since pdV is an invariable charge,

T= f pyi.dV = f piTdV (c)

It can be shown that to the degree of approximation
required we may now take both p and dV as separately
constant. Gabor's procedure then leads to (so) apart
from a minus sign. But, a serious inconsistency is
involved. In reaching the last of (b) we have, used the
property, where f is any function periodic in. time,

. (d)

In this case f was equal to p4, but we are, in (d), equally
entitled to take f as 0, when (c) is seen to yield zero
immediately. Provided we accept (d), therefore, we must
reject Gabor's equation (6), namely

= - wEy cos wt (e)

which leads to a non -zero result when substituted in (c).
The problem now presents itself : what is wrong with
(e) ? It has been obtained from the approximate expres-
sion 4. = 40 -Ey sin wt . . . . . . . . (f)

by partial differentiation with respect to time, y being
held constant. But, in taking this partial differential
coefficient, suppose we instead replace y by Gabor's (9),
which is correct, namely

eE x wxy = - - -2 sin cot - sin ai (t - -) -- cos (4.t - -x)1
mw no no vo

(g)

D. Gabor, Wireless Engineer, VOL 21, p. 115, March 1944.
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Our partial time differential coefficient must now be taken
at, x constant. We then readily find 3 averages to zero,
Gabor's error is very excusable. It has caused me a
great deal of trouble.

The fact is that y is a dependent variable, and, at a
given value of x, fluctuates in time. Thus y (which is
here not to be confused with dy/dt) is not zero. We may
check our results by replacing (e) by

= - wEy cos wt -Ey sin wt (h)

Apart from a constant, y is obtained from (g) as

cos wt - cos 0.(t - + lx- sin 0.,(t -
vo vo vo

so. that -y sin wt when averaged with respect to time
gives, writing aix/vp =

}(sin r T cos r) (i)

Integration over the path gives, to a constant

((sin - T' cos r') cl7' =[- COS (T sin T + COS ill
;

= 2(5 - cos r) r sin T . . . . (j)

This formula is identical to a constant, with Gabor's
(ro), but in the latter an error in sign has occurred. The
contributions thus actually cancel.

We thus arrive at the following conclusions. The power
loss is not given by Recknagel's formula, which, as con-
firmed by the writer 2, applies only in the hypothetical
case of an abruptly terminating exit field. It is, to the
degree of approximation contemplated, given by zero.
This result is known for low frequencies, the revised Gabor
analysis extends it to any frequency. We infer that
attempts to derive oscillatory power by connecting a tuned
circuit or Lecher wires to the deflector plates of a cathode-
ray device are foredoomed to failure. Even if we allow
that some inter -plate loss, positive or negative, might occur
at large angle deflection, since there is no loss at small
deflections oscillations could never start.

Fordcombe, Kent. W. E. BENHAM.

Transversely Deflected Electron Beams
To the Editor, " Wireless Engineer "

SIR,-In my note on " Power Loss in Deflecting Con-
densers " (Wireless Engineer, March 1944, P. 115), I
gave a short derivation of a formula previously obtained
by Recknagel and several other authors. As the problem
was well known, I did not think it necessary to waste
much space on stating it in detail, or on explaining the
limitations of the solution, but referred for further de-
tails to my paper on " Energy Conversion in Electron
Valves." I must now admit that my attempt to save
paper has miscarried, as a few more explanations might
have avoided the letter from. Mr. Harries (Wireless
Engineer, April 1944, p. 176.) I hope that the following
remarks will clear up the situation :-

(z) My analysis applies only in a frequency range in
which the transit time of the electrons through the field
region is an appreciable fraction of a cycle, but the field
can still be adequately represented by a scalar potential
0, and the contribution of the vector potential can be
neglected, as explicitly stated in a footnote. This " quasi -
static " description is no longer possible if the wavelength
becomes comparable with the dimensions of the field

W. E. Benham, Wireless Engineer, Vol. z8, p. 277, July, 1941.
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region. Resonators are therefore ipso facto excluded. For
further details I must again refer to my paper on " Energy
Conversion," which was discussed before the Wireless
Section of the Institution of Electrical Engineers on
5th April.

(2) Mr. Harries thinks to have found a contradiction
in my calculation. He states that I have assumed
v. = v.o, which would mean, of course, that the deflecting
power is necessarily positive. It appears that he has
failed to understand an essential advantage of the ex-
pression which I have called'" transit power." This is,
that it is sufficient to know the trajectories in zeroth
approximation (i.e. neglecting the change of velocity
in the X -direction), in order to calculate the deflecting
power in first approximation. I have estimated also
the correction due to the retardation in the exit fringe
of the field, but I considered this as too complicated, and
not sufficiently important to justify publication.

Rugby. D. GABOR.

To the Editor, " Wireless Engineer."

SIR,-In his letter replying to mine which appeared in
the April 5944 Wireless Engineer, Dr. Gabor refers once
more to his I.E.E. paper. I had arranged to join in the
discussion on this paper ; but unfortunately the advance
copy did not reach me in time, and my letter to Wireless
Engineer was written before the text of his paper was
available. Nevertheless, having now read it, I do not
see that there is anything therein to cause me to modify
the remarks in my letter. Dr. Gabor's I.E.E. paper
consists of an admirable and interesting attempt to
generalise valve energy relations. Without going into
the merits of these generalisations, it is nevertheless true
to say that their particular application by Dr. Gabor
in his article on " Power Loss in Deflecting Condensers "
(Wireless Engineer, March 1944, p. 115) is in need of
correction.

With regard to paragraph I of Dr. Gabor's letter, my
point is that the mathematical operations set out in his
Wireless Engineer article applied neither to resonator
fields having curl nor to lamellar fields having scalar
potential only. In fact they did not apply to any fields
at all.

With regard to Dr. Gabor's paragraph z, my point is
not that there is a contradiction in his calculations,
but that the derivation of his expression for transit power
(as developed in the specific application to deflection valves
in his Wireless Engineer article) is wrong. He states in
deriving his equation (so) that L= T. This is another
way of stating that v. = v,,,. He then arrives at an
expression for transit power which can become negative.
This is the same kind of incorrect result deduced in the
past by Recknagel, Hollmann and Thoma. I do not
agree that this result is a first approximation.

Another way of putting my point is that, whilst in my
letter I did not question Dr. Gabor's then unpublished
expressions for the microscopic power relations in a
differentially small volume of a deflection valve, I did
question, and still disagree on several grounds with,
those integrated results which were published in his
Wireless Engineer article. These grounds include the
limits over which he applies his integrations, and the
functions he employs when integrating. These functions
do not correspond with the known laws of electromagnetic
fields, and therefore result in solutions for the macroscopic
case which violate the principle of conservation of energy.

London, S.W.I S. OW.EN HARRIES.
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Book Review
Glossary of Terms used in Telecommunication

British Standards Institution, z8 Victoria Street,
London, S.W.r. Pp. 108. Price 3s. 6d. post free.

This is a revised and enlarged edition of B.S. 204,
prepared in collaboration with the Post Office and other
organisations connected with the Telegraph, Telephone
and Radio Industry. It deals with the subject of section 9
(Telegraphs and Telephones) and section so (Radio-
communication and Television) of the 1936 edition of
B.S. 205 (Glossary of Terms used in Electrical Engineer-
ing), which were also published separately as B.S. 204, and
of the supplement (CF 442o) to B.S. 205 (Radio Direction -
finding). There is also a short new section on Fire Alarms.

A considerable number of new definitions have been
introduced, and the existing definitions have been exten-
sively revised to keep pace with recent developments.
Some regrouping of the subject has also been thought
advisable. General terms used in all branches of tele-
communication have been brought together in an intro-
ductory section, which is then followed by more specialised
sections dealing respectively with Telegraphy, Telephony,
Radiocommunication, Television, Direction -finding, and
Fire Alarms. The volume concludes with a general index.

The framing of definitions and the choice of terms to
be defined are subjects on which endless discussion is
possible. One's own opinion is liable to undergo changes.
For example, the second definition in the book is of
" Frequency " and it is stated that it may be expressed
in cycles per second, or in terms of the angular velocity
(w = 27rf radians per second), but it is not said that in
the latter case it is sometimes referred to as the " angular
frequency " ; this term does not appear in the index.
The " instantaneous frequency " of an oscillation (not
necessarily sinusoidal) is defined as the rate of change of
phase divided by 27r. Should it not have been explained
that this is.based on the assumption of a rotating vector
of constant length which varies its angular velocity to suit
the vagaries of the non -sinusoidal oscillation ? The note
on p. 5 that C.C.I.F. stands for " Comite consultatif inter-
national telephonique " is somewhat mystifying, and the
mystery is only increased by the note on p. 12 that the
same four letters are an abbreviation for " Comite Con-
sultatif International des Communications Telephonique
a Grande Distance." The letter F seems to be a very
obliging abbreviation. On the same page the B.S.I.
twice set a bad example by referring to " a capacitance of
0.054 microfarads " in the plural. Also on this page there
are several references to the nominal impedance of a line
or circuit, but it does not appear to be defined. On p. 7
within a few lines there are references to condensers and
capacitors, but with no explanation of the difference, if
any, between them. In defining the Q -factor of a conduct-
ing system as " 21r times the ratio of the average value of
the oscillating energy of the electric or magnetic fields
of the system to the energy dissipated during half a cycle
of the oscillation," the Glossary is following the example
of the man who never used one word where two could be
made to do. It is not only shorter but more scientific
to define it as 27T times the ratio of the oscillating energy
to the energy dissipated per cycle. Why take half the
oscillating energy and the energy dissipated per half
cycle ? Phase velocity is defined and given the symbol v,
then follows group velocity but with no symbol. Would
not v, and v, be preferable ? They could hardly be con-
fused with plate and grid voltages. If v is preferred to v,
then v, and v, could be employed.

These comments are not intended to belittle in any
way the value of the Glossary, but merely to illustrate
what we said above as to the possibility of endless discus-
sion on terms and definitions. G. W. 0. H.
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Reactance and Effective Height of

SCREENED LOOP AERIALS*
By R. E. Burgess, B.Sc.

May, 1944

(Radio Department, National Physical Laboratory)

SUMMARY.-The paper constitutes an extension of the analysis of the screened loop aerial given in
an earlier paper, and is based on the application of the transmission line equations with uniformly
distributed constants. The conductors are assumed to be free from ohmic resistance, and the dielectric
media are assumed to be loss -free. A symmetrical aerial with a single -turn loop conductor is considered,
and the gap in the screen is taken to be narrow.

There are two modes of propagation corresponding to waves on the outside of the screen and to
waves in the space between the loop and screen. The current and potential distributions on the loop and
screen are determined when a given e.m.f. is applied to the loop terminals after reference to the boundary
conditions at these terminals and at the gap.

The inductance and capacitance coefficients can be expressed in terms of the geometrical dimensions of
the system and of the dielectric constants of the media inside and outside the screen.

The reactance, resonant and anti -resonant frequencies and self -capacitance are considered in detail
for the loop in the balanced and unbalanced conditions for the case of the air -spaced loop, and the effect
of a small capacitance across the gap is considered.

The effective height of a squKe screened loop is calculated for transmission in the equatorial plane and
its variation with frequency is found to follow closely that of the reactance for frequencies up to the first
anti -resonance. A comparison is made of the current and potential distributions in the transmitting and
receiving conditions.

The paper concludes with an account of measurements of the reactance of a square loop of 15o cm. side;
fair agreement between theory and experiment is obtained and the general reasons for any discrepancy are
mentioned.

1. Introduction

IN an earlier paper' a simple theory of the
screened loop was developed on the assumption
of negligible self and mutual capacitance

between the conductors, which implied uniformity
of current. It was pointed out that this theory
represented only a first approximation and that
it could be extended by taking into account the
distributed self and mutual capacitances along
the lines of the classical transmission line theory.

The present paper gives the formal analysis of
this extension, and is analogous to the analysis
by Colebrook' of the unscreened loop. It is
assumed that the inductance and capacitance are
uniformly distributed and their values are chosen
to give exact agreement with the simple theory
at low frequencies. Since two conductors are
involved there are six coefficients of inductance
and capacitance which are inter -related by (i)
the requirement that the wave velocities for the
two modes of propagation shall equal respectively
those in the media outside the screen and between
the screen and loop and (ii) the conditions of
magnetic and static screening.

The conductors and the media are assumed to
be free from loss and the single -turn loop only is
considered. It appears reasonable to assume that .

the current and potential distributions are little

 MS. accepted by the Editor, December, 1943

affected by the presence of resistance except -at
frequencies in the neighbourhood of a resonance.
The calculated values ,of reactance will be valid
within the same limitations, and the displace-
ment of the resonant and anti -resonant frequencies
from those calculated, due to resistance, will only
be a small effect.

On substituting the boundary conditions at the
gap and at the loop terminals the current and
potential distributions are found and thus the
reactance is determined. This enables the
resonant and anti -resonant conditions, the apparent
self -capacitance and the effective height to be
found for ' the balanced and unbalanced con-
ditions.

The omission of resistance and leakance from
the fundamental differential equations leads to
a considerable simplification of the analysis and
yet enables the essential features of the reactive
behaviour of the screened loop to be deduced.

2. The Fundamental Equations for Current and
Potential

The loop and screen are assumed to be planar
and geometrically symmetrical about the line
joining the gap in the screen to the point of entry
of the loop conductors. The loop and screen
conductors are assumed to be of uniform cross-
section which is small compared with the wave-
length, and the width of the screen gap and the
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separation of the loop conductors at their point
of entry are taken as being small. Such a screened
loop is illustrated in Fig. i, where the contour
is shown as being circular, which is a special case
of the geometrical conditions specified above.
The media surrounding the screen and between
the screen and loop are uniformly distributed,
and have zero
leakance but
are not neces-
sarily identi-
cal. The con-
ductors are
assumed to be
free from re-
sistance.

The linear
co-ordinate x
is measured
along the loop

Fig. 1. General form of
the single -turn screened

loop.

-s +5

conductor, the origin being chosen at the point
of entry of the loop into the screen. The sides
of the gap have co-ordinates ±s where s is half
the loop perimeter p.

Subscripts i and 2 refer to the screen and loop
respectively, and the behaviour for sinusoidal
currents of angular frequency w is considered,
so that bpt may be replaced by jw.

The symbols i and v refer to the rotating vectors
which represent the current and potential. The
zero of potential is conveniently chosen to be
that of the screen at x = o :

v1(o) = o (r)
Now let L11, L22, L12 be the self and mutual
inductances of the screen and loop per unit length,
these coefficients being assumed uniform. The
first pair of differential equations may be written

bv,
=

dv2
= - izeiL22i2bx

Since the screen encloses the loop but for a small
gap the following relation between the inductance
coefficients for magnetic screening will be valid
to a close approximation.

L12 = L11 (3)

and equations (2a, b) become

bx = i2)1-11 (4a)

.. (2a)

(2b)
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b7) 2 .

bx = jwL22i2 (4b)

The equation for the difference of potential
(v2 - v,) between the loop and screen has the

form Tx (v2 - v1) = - 22 - L11)i2 (4c)

Similarly if C11 C22 and C12 are the self and
mutual capacitance coefficients per unit length,
the second set of differential equations becomes

,i1
bx

= jo)(Cuvi+ C12v2)

bx = .7.01(C C22v2)

These capacitance coefficients must not be con-
fused with the popular conceptions of capacitance
per unit length, which are the reciprocals of the
electrostatic potential coefficients P11, P12 and
P22. The relations between these two sets of
coefficients may be readily deduced from the
fundamental electrostatic equations, with q1 and
q2 denoting the charge per unit length on the con-
ductors :

.. (5a)

(5b)

q, = C11v1 C12v2 v1 = Pug, P12q2

q2 = Ci2v1-± C22V2 02 = Pith + P22612
As the screen encloses the loop the relation for
electrostatic screening is valid, viz. P11 = P12 or

C12 = C22 . . (6)

For our case of one conductor enclosing the
other the relations between the capacitance and
potential coefficients are

P22 C11
C11 - P22 =

P11(1)22- P11)
r

22(`-' 11 - C22)

I P12 = P11
11 - C22

- C12 =C22 =
22 - P11

Equations (5a, b) become
coil

bx
-jco(Cllvi- C22v2) .. (7a)

big jwC22(-bxv1 + 02) (7b)

from which the sum of the screen and loop currents
(i1+ 12) is related to the screen potential by

-bx (li +12) = jw(C11 C22)v1 (7c)

From equations (4a) and (7c) the second order
differential equation for the mode of propagation
determined by the screen and here termed the
" outer mode " is

bx2
co2L11( CCI, - - 22) = 0 .. (8a)

which applies to vi and (i2 i2).
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The term (C11 - C22) is the reciprocal of the
electrostatic potential coefficient P11 for the screen
and is identical with what is usually regarded as
the capacitance per unit length of the screen
and is independent of the dielectric within the
screen and of the loop conductor. When the
medium surrounding the screen is of diele-ctric
constant K1 we have the following relation

K, L11
- p11 1,11.(C 11 - C22)

where c is the velocity of electric waves in free
space.

Thus the characteristic impedance Z01 and the
prbpagation constant /31 of the outer mode are
function,s of the screen alone, and are given by

Z = Ni L11 cL11 wL11 /3

C11 C22 A/K1 /31 corn C22)

(8b)

(.0 C22) = -cAK1

We can thus put v1 = A sin filx . . . .

bearing in mind equation (1), and hence
equation (4a) i, + i2 = jAo,- cos /31x ..

Z
Similarly for the " inner " mode of propagation

determined by the space between the loop and the
screen, we have from equatiOns (4c) and (7b)

s? w2C22(L22 = o (Ioa)

which applies to (v2 - v1) and i2.
It is recognised that the differential equation

for the inner mode is that for the concentric line
formed by the loop and screen, having capacitance
C22( - C12) and inductance (L22 - L11) per
unit length, and if K2 is the dielectric constant
of the medium between the loop and screen

K2 =L22 - L11
C22(L22 - L11)

p22 - p11
Thus the inner mode is independent of conditions
outside the screen, and the characteristic impedance
and propagation constant are given by

Z02 =
V L22 - L11 c(L22 - L11)

V.ITa .

P2= 2'Li)) = we

P2 = WA/C22(L2

(8c)

(9a)

from

(9b)

(rob)

L11) = VR-2 (roc)

We now have
v2 - v, = B sin /32x + C cos /32x . . (ua)

and hence from equation (4c)

22
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(B cos /32x -C sin /32x) . . (ub)
'z' 02

To sum up : the outer mode corresponds to a
current (i, + i2) flowing on the outer surface of
the, screen and associated with the screen potential
v1, while the inner mode corresponds to a circulating
current flowing in the loop and returning along
the inner surface of the screen and associated
with the p.d. (v2 - v1) between the screen and
loop. There is thus a -current i, which flows along
the inner and outer surfaces of the screen con-
ductor which is due to the eddy currents in the
cross-section of the screen induced by the loop
current i2. It is pointed out later that this
current, system results in a reduction of the in-
ductance of the loop to an extent given by
2 log rolri, e.m.u. per cm. where ro and r1 are the
radii of the outer and inner surfaces of the screen
conductor.

From equations (9a) and (Ira) the loop potential
is given by

Va = A sin Plx + B sin /32x +, C cos flex (12)
and the screen current from equations (9b) and
(rib).

ZO1 ZO2
.. (IS)

It is now convenient to introduce the coefficient
of coupling k between the screen and the loop
which is defined by

kg L122 L11 22 .K1

B cos flex -C sin /32x]ii . [A- cos pix

LIAL 2z L22 - C11 K2 (14)

In practice the outer mode will have a velocity
corresponding to the velocity c of light in free space,
that is K1 = 1, while the inner mode will have a
smaller velocity V since K2 > T.

Th"us if A is, the wavelength in vacuo correspond-
ing , to co

co 27r co

P1 = -- = -A = /3, P2 = 17 = POT2 (15)

C11 - C22 1 - k2
C22 k2K2

.. .. (16a)

Z02 1-k2 1

=
1 k2 pi

k2ZO1 = Jv
'nr-2

k2
f-'2

- pand . . (t6b)

3. The Solutions for the Currents and Potentials
The boundary conditions which must be in-

serted in order to evaluate the integration con-
stants A, B and C are those occurring at the gap
(x = ±s) and at the loop terminals (x = +o).
Since discontinuities occur at these points we
require two sets of integration constants : A, B
and C for the positive side (x = o to ± s) and

C22
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A', B' and C' for the negative side (x = -o to -s).
Since both it and i2 and their sum are con-

tinuous at the gap (x = ±s) we have at once from
equation (9b) that A = A' . . . . (iv)

(a) Open Circuited Gap.-It is first assumed that
there is no lumped impedance across the gap.
The screen current here must be zero. Hence
from equation (13)

A B cos 132s -C sin /32so = - cos /3,s
02 (i8)

A' B'cos f32s C'sirt/32s
cos /3s

01 02

Furthermore the loop potential is continuous at
the gap and thus from equation (12)

A sin Po B sin /32s C cos Sts
- A' sin f 3,s - B' sin Sts C' cos 132s

. . (19)
It is assumed that an external e.m.f. e is applied

to the loop terminals, and since from equation
(12) the potentials of these terminals are C and C'
we have e = C - C' . . (2o)

There are two conditions of loop termination
which are of practical interest and will now be
considered separately :-

Case i :-The Balanced Loop
For this case the potentials of the loop terminals

are symmetrical with respect to the screen and
thus C =-- - C' =

2
which gives from equations (17) and (i8) that

13 = B'
From equations (i8) and (r9) we finally obtain
for the balanced condition that

A A' - e 2'01
2 Zoi sin Sts cos Sts -1-Z02 Sin fl2S cos PIS

. . (21).

B = B' e Z01 sin Sts sin Sts - Z02 cos 132S cos flis
2 Z01 sin /31s cos /32s + Z02 sin /32s cos Sts

For the air spaced loop (K2
ek2

simply A =
sin Os
e(cos2 /3s - k2)B -

sin. 2[3s

(22)

= we have more

(21a)

(22a)

Case 2 :-The Unbalanced Loop
In this case the negative side of the loop is

joined to the screen and the potentials of the loop
terminals are given by C' = o C = e
and it is found that B' = B - e tan /32s

213

Again using equations (18) and (r9) we find that
A and A' have exactly the same values as for
the balanced loop, given by equation (21). How-
ever B and B' are given by

B=
2 COS P2S

Z01 sin Pks sin 2/32s - Z02 cos PO cos 2P2S
Z01 sin ,81s cos /38.s + Z02 cos 131s sin /32s

.. (23)

B' = e

2 COS N2s

Z02 cos 131s

Z01 sin Po cos 13,s Z02 cos f3is sin 132s

.

For the air -spaced loop these simplify to

B =--

(24)

e(cos 2/3s - k2) .. (23a)
sin Os

e(i - k2)B' = . . . . (24a)
sin 2f3s

It is seen from equation (rib) that B and B'
are simply related to the loop currents at its 
terminals and in fact

jB , jB'
i2(+

o)
=4T2 o) =

In the case of the balanced loop these currents are
equal, but for the unbalanced loop there is a
difference which equals the current in the con-
nection between the 'screen and the negative end
of the loop. From the above equations this
difference is

(25)

B - B'
-jei (+ o) - 2(- o) j = tan 132s

Zoe ZO2

(b) Loaded Gap.-In practice there will be a
finite impedance across the gap, generally in the
form of a capacitance which will partly arise from
the construction of the clamping and insulation
at the gap.

For simplicity, we will consider the air -spaced
loop (fl, = 132 =, /3) with an impedance Z, con-
nected across the gap.

The screen current will now no longer be zero
at the gap and the ratio of the gap p.d. 1/0, to the
gap current tiff must be put equal to Z2.

From equation (17), which is still valid, and (9a)
the gap p.d. is found to be given by

= 2A sin Ss
It is eventually found that in place of equation (21a)

lee
A =- A' =

sin 213s
29/97 tan 13s(aunt.,
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When the loop is balanced

B = B' =
2 sin /3s

/3 sin Os jwCZg(cos 2/3s - k2
43 sin. /SS - jaCilZg cos f3s

while in the unbalanced case

B- e

2 sin. Ps

2/3 tan fis cos 2fis - jaCZg(cos 2SS -
43 sin 13s - jcoCZ, cos fts
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22b)

B' - e

2 sin /3s

213 tan .)9s - jw CZ,(I - k2)

. . (23b)

2P sin gs - jco ciizg cos 1.S (24b)

As before C and C' are the potentials of the loop
terminals and are found directly from the applied
p.d. e and the condition of balance of the loop.

Thus the impedance of the loop is found to be
for the balanced loop

2j13 sin fisZ, =
coc22

43 sin fis - jcoGliZ, cos f3s
/3 sin 2/3s - jc0C11Zi(cos 2fls - k2)

(26)

and for the unbalanced loop :-

Z2
2/13 sin PS

WC22
2P sin )9s - jwC11Zg cos f3s

2)9 tan /3s cos 2PS - jtOCnZg (cos 2PS - k2)
. . (27)

In what follows, the gap will be assumed open -
circuited except where otherwise stated, when the
effect of a small capacitance across the gap is
considered.

4. Evaluation of the Inductance and Capacitance
Coefficients

It was pointed out in Section 2 that L11 and L12,
C12 and C22 are interrelated by virtue of the
screening conditions. There are further relations
which may be deduced from equations (8c) and
(Ioc). Usually the dielectric constant K1 of the
medium outside the loop is unity and thus

C11 C22
= C2L11

.. (28a)

L -L - . . (28b)22 11 - c2C22

It may be noted that if the capacitance coefficients
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are in e.s.u./cm. (1 e.s.u. = -lo pF) and the induct-ance9coefficients in e.m.u./cm. e.m.u. = io-3
the factor c2 is not required.

L11 and L22 and Z01 can be calculated from the
geometrical dimensions of the conductors, but a
knowledge of K2 is required in order that C11
and C22, and Z02 may be found. The only require-
ment regarding the distribution of insulation
between the loop and screen is that it should be
uniform around the system (K, independent of x)
and it is not necessary that it should be uniform
proceeding radially from the loop to screen.

If the conductors are concentric, the loop having
external cross-sectional radius r, and the screen
inner and outer cross-sectional radii r1 and r0, we
have

- C12 = C221 =
K2

e.s.u./cm. (29a)

2 log
Y2

, ri
and = 2 log - e.m.u./cm. .. (2913)L22 - L11 r,
The inductance coefficients are the ratio of the
total inductances L1 and L2 to the perimeter p
since these are the values, on the hypothesis of
uniformly 'distributed constants which will give
exact agreement with the simple theory at low
frequencies.

Since the conductors are assumed to be perfect,
the current will flow entirely in the surface and
thus the internal inductance will be zero. In
practice the depth of penetration of electric waves
into good conductors at radio frequencies 'is so
small that the departure from the condition of
superficial current flow is negligible. For example
in copper at a frequency of f Mc/s the thickness
of the equivalent sheet of uniform current is given

0.07
mm.

The inductance coefficient of the screen L11 is
found from the known formulae for the inductance
of cylindrical conductors at high frequencies.
These are given for the circle and square and are
expressed as functions of p/r0, the ratio of the
perimeter to the outer cross-sectional radius of the
screen conductor.
Circle of radius R

8RL11 = 2 (log - - 2) = 2(log 1.76)
ro ro

. . (30a)
Square of side a

L11 = 2(log - 0.77) = 2(log - 2.16)
ro ro

. . (30b)
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These formulae for L are plotted in Fig. 2 as
functions of -12 and (L22 - L11) is given as a

YO

function of r1/r2. Combining these results say for
the circle one finds for the inductance coefficient
of the loop

L22 = z(logL + log- - 1.76)
o 2

= 2(log - 1.76) -2 log -or
Ti
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siderable amount of solid insulation it may be as
large as 6. From the point of view of low losses
and a wide tuning range (i.e. low self -capacitance)
it is desirable to keep K2 as small as possible.

It is of interest to consider numerically two
screened loops (square in shape) which represent
roughly the upper and lower limits of k2 and the
characteristic impedances obtained in practice.
The first case is that of a large air -spaced loop
with a thin inner conductor, while the second is a
small loop with solid insulation and a thick inner

.
CIRCLE

4

2
SOLIAR E

o
L,,

8

6

L22-1-11
4

2 4'

0
2 5 10 20 50 100 200 500 1000 2000 5.000 10.1

pir2 Oro

which has the same form as equation (3oa) for the
r,screen apart from the term in -2 log - . This
Yi

reduction in self-inductance of the loop below the
value for the unscreened loop is due to the eddy
currents induced in the finite cross-section of the
screen whose effect is to neutralise the field lying
between the surfaces r = ri and r = r0.

In practical units Z0 and Z02 are given by
Zoi = 3o L11 ohm

3o
Zoo = /rz. (L22 - L11) ohm

v

with L11 and L22 in e.m.u./cm.
If the loop does not run centrally within the

screen C22 will be greater than the value given by
equation (29a) although the relation (28b) between
(L22 - L11) and C22 will still be valid.

If the loop is air -spaced with a minimum of
insulation at the corners K2 will lie in the range
of i.o - 1.2 approximately, but if there is a con -

Fig. 2. Relation between inductance
coefficient and linear dimensions
for concentric cylindrical con-
ductors (equations 29b and 3o).
L11 = coefficient of self inductance
of screen per unit length ; L22 =
coefficient of self inductance of loop

. per unit length ; p = perimeter of
loop ; ro = outer radius of screen
conductor ; r1 = inner radius of
screen conductor ; r, = outer ra-

dius of loop conductor.

conductor. The relevant data are given in Table 1,
in which L, is the total inductance pL22 of the loop.

It may be concluded that k2 and Z0,, both of
which are independent of K2, lie in fairly restricted
ranges, while Z02 can vary between rather wider
limits.

5. The Balanced Loop

The impedance and resonance phenomena of the
balanced loop will now be considered in detail.
From equations (22) and (25) the impedance
appearing at the loop terminals for the case of the
open circuited gap is seen to be given by

Zo, tan fl,s Zo2 tan /32sZ2 - - 4402
i2 (°) 4'02 ZO1 tan Pis tan. fits

(3i)
which is the impedance of a transmission line of
constants 2Z02 and P2 terminated by a short-
circuited line of constants 2Z0, and /3,, both being
of length s.

TABLE I.
Data relating to two typical screened loops.

K2 a (cm) ro (cm) r2 (cm) r, (cm) L2 (pH) h' Zoi Z

ohms ohms
1.0 200 2.5 2.0 0.05 11.6 0.50 220 220
2.0 25 1.25 1.0 0.25 0.7 0.625 135 55
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At frequencies sufficiently low for the current

in the loop to be sensibly uniform (As<
4
7r- ) Z2 has

Z02
o2PZfli 2the form Z20 = 2jZ02s Zoi = jcoL2 (32)

from equation (i6b) where
' L2 =pL22 =2s(Zolpi+ zo2132) .. (33)

is the loop inductance as measured at low
frequencies.

Equation (31) for the general case is unsuitable
for consideration of the resonance and anti -
resonance conditions ; only the case of the air -
spaced loop (K2 = 1, = /32) will therefore be
considered, and for this case the characteristic
impedances are from equation (i6b) related by

2.

ZO2 I -=_-
Z01 k2

Equation (31) becomes

Z, = j Z02 sin 2Ps
= '1'

sin 2fis - k2
cos2fis- k2 Os cos 2PS - k2

(35)
The resonant and anti -resonant frequencies are as
follows :-

(a) Resonant frequencies, Z2 = o.

The condition for this is that
Ps = n

2
where n is an integer.

resonance is given by

= f n
2p

(34)

sin 2135 = o or

Thus the nth

. . (36)

(b) Anti -resonant frequencies, Z2 = CO.

The condition is that cos 2ps = k2 or Ps = nir ± y

where y is the angle between o and
2
- satisfying

cos y = k (37a)
Thus the nth anti -resonant frequency is given by

f =--- (n- f, = - (n - +1') (37b)
7T

where f1 = ycl27rs is the lowest anti -resonant
frequency. The upper curve in Fig. 3 show y as
a function of k2 for the balanced loop; for the
practical range of k2 (o.5 - o.6) it is found that
the first antiresonant wavelength is given by

------ 4.op to 4.6p .. (38)

In Fig. 4 the variation of the reactance of the
balanced screened loop with frequency is shown
for the case of k2 = o.6. If the loop is to be tuned
directly with capacitance, the upper limit of

frequency occurs at a point somewhat below the
first anti -resonant frequency, while if shunt
inductance is added in order to be tunable through
this frequency, it will be possible to tune to a
frequency somewhat smaller than the first resonant
frequency.

It is of interest to note that in the special case
of k2 = 0.5 as the characteristic impedances Z01
and Z02 are equal, the loop impedance is given by

. T tan 2135
Z2 =y0.)/.2

2135

which is the reactive impedance of a short-
circuited loss -free line
of length 2S and char- 0 8

acteristic impedance
cL22 and is thus to a
close approximation
equal to that of an
unscreened loop of
twice the linear dimen- Y °

Fig. 3. Relation be-
tween the anti -reson-
ance factor y and
(equations 37a. and

37b).

= jcL 22 tan 2/3s .. (39)

07

6

05

0

eALANCED

UNBALANCED

5 055 06
k2

0.65

sions. The resonance and anti -resonance condi-
tions occur when the perimeter is an even or odd
multiple of a quarter wavelength.

A property of the screened loop which is of
importance is the " self -capacitance," C whose
value is such that in parallel with an inductance L2
the resulting impedance shall be a first approxi-
mation to Z2, i.e.

Z2 1

Z20 I + JwC8Z20
from which it is found after expanding Z2 given
by equation (35) up to terms in (Ss)2 that

2k2
C8 = P- 22 12

0.17 pc22 . . (41)

Thus the apparent self -capacitance is seen to lie
in the region of one -sixth of the total mutual
capacitance between the loop and screen.

The usual experimental method of determining
C, and L2 is to measure the capacitance C to tune
the loop to a frequency f and to plot I/f2 against C.
This should give a straight line whose intercepts
are I/f12 with the 1/f2 axis and Cs with the C axis.
It is always found that the curve tends to bend
upwards from the straight line as o, and this
is due to the approximation in representing Z2 as
L2 and C, in parallel. The degree of approxima-
tion can be estimated as follows : the natural

(40)
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flis = 1 + 2k2
which on comparison with the exact value
(fis = y = cos -1 k) over the practical range of k2 is
found to be some 7 per cent. to 10 per cent. high.

We will now briefly consider the effect of a small
capacitance C, across the gap, such as will arise
in its construction, and if we put

G = 2/3C,/C
we find from equation (26) that

Z2 = Z2, sin. 2/3s -G tan /3s) (I - k2)
2/3s cos2Ps - k2 -G sinfis cos PS

7TThe loop impedance is still zero when fis = 2n
2-

that is, the even resonant frequencies are unaltered
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frequency given by the straight line intercept
(deduced from L2 and C) is found to correspond to

3(1 - k2)

but the odd resonant frequencies are modi-
fied to

7T
PS = (2n I)

2-
- tan -1G

which for a small capacitance (tan -1G G)
corresponds to a fractional reduction in the

2Cg .
first resonant frequency of sC 0

Similarly the anti -resonant frequencies are 1'4

Fig. 4. The reactance of the balanced screened
loop (k, = 0.6). Z2 = impedance of loop ;
z = jail., where L2 = total inductance of
loop ; p = perimeter of loop ; s = p/2 ;

= wavelength ; 13 =

Z20 2PS cos 2PS - k2
The resonant and anti -resonant conditions are now

(a) Resonant frequencies : Z2 = o
2pFor these sin 2fis = o or f n-c , A= - (44)2pn

exactly as for the balanced loop.

= 27202
Z02(I tan2 132s) - 241 tan Pis tan 1? 2s

(42)
For the air -spaced loop this assumed the form

sin 2/3s
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for the case of the open -circuited gap is given by
eZ2 =

2( +o)
Z0, tan 19,s + Z02 tanfl2s

Z2 = iZ02 cos 2,Ss - k2
sin 2fis I - k2

(43)

0

6

4

2

0.22 I-0

PIX
0.5 0.76

D I

2

4

O 2 3

displaced and it may be deduced that the first anti -

resonance will be reduced by the fraction CgsT..

.

11

To illustrate these results numerically, consider
the first loop quoted in Table 1. With no capacit-
ance across the gap the first resonant frequency
is 18.7 Mc/s and the first anti -resonant frequency
is 9.3 Mc/s. If the gap capacitance is 5 pF, then
since C for the loop considered is 0.30 pF/cm.,
it is found that the first resonant frequency is
lowered by 8 per cent. to 17.3 Mc/s, while the first
anti -resonant frequency is lowered. by 4 per cent.
to 8.9 Mc/s.

6. The Unbalanced Loop
From equations (23)- and (25) it is found that

the impedance of the unbalanced screened loop

/s
(b) Anti -resonant frequencies : Z2 = co

For these cos 2/3s = k2 requiring Ps = nor ± y
where 2y is the angle between o and satisfying

cos 2y = k2 (45a)

Thus the anti -resonant frequencies again have the
general form

f = (n 1) -cfi (45b)

where f, is the first anti -resonant frequency given
by ycl2irs the lower curve in Fig. 3 giving y for
the unbalanced loop which is lower than the corre-
sponding value for the balanced loop by a factor
of approximately 0.7. In practice

A, = 6.o p to 6.8 p . . .  (46)
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Fig. 5 shows the variation of the impedance of 7. The Effective Height of the Screened Loop
the air -spaced unbalanced screened loop for
k2 = o.6 and the unequal separation of the
resonant and anti -resonant frequencies is very
marked.

The apparent self -capacitance of the loop can
be deduced by the method used in the last section,
and is found to be

2 k2
Cs = PC22 6

^'0.42 PC22 (47)

On comparison with equation (41) for the
balanced loop, the ratio of the self -capaci-
tance in the two conditions is seen to be

N

Fig. 5. The reactance of the unbalanced screened
loop (k2 = 0.6). Z3 = impedance of loop
Z20 = jwL2 where L2 = total inductance of
loop ; p = perimeter of loop ; s = p/2 ;

= wavelength ; p = 24A.

given by
C. unbal. 4 + 2k2

2.q
C3 bal. I + 2k2

The effective height of an aerial for transmission
is defined as the length of a linear aerial, perpen-
dicular to the direction of transmission which,
when carrying a uniform current equal to the
terminal current of the given aerial, produces the
same field at a distant point as the latter. In
general this effective height is a function of the

4

I I
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I
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I

I

I
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2 r ri
I
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1
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(48)

The first anti -resonant frequency for the
unbalanced loop as deduced from the intercept
method, i.e. determined by C. and L2 is given by

3 I - k2
1 2 2 + k2s =

which is about 5 per cent. higher than the exact
value.

It is of interest to note on comparing the general
equations (31) and (42) that since the numerators
have the same zeroes for the balanced and un-
balanced cases the resonant frequencies are
identical, and further that this is true even if the
media outside and inside the screen are different.

Again considering the effect of a small gap
capacitance C. on the natural frequencies of the
system, we have from equation (27) for the
impedance of the unbalanced loop

Z2
sin 213S (I - G tan f3s)(1 - k2)

2/3s cos 2/3s - k2- G tanlis cos 2/3s
(where G = 2/3C./C1i)

As pointed out above, the resonant frequencies
are the same as for the balanced loop, and they

2Cthus suffer the fractional reduction . The
sC11

first anti -resonant frequency, however, suffers a
C.

i
k2

k2
fractional reduction

sCi which is usually

about a third of that for the balanced loop.

8s ---
direction of transmission and of the polarisation
of the waves, though usually the orientation of the
linear aerial is chosen so as to give the same
polarisation as the given aerial.

The effective height of a single turn loop of
area S for the direction of transmission in the plane
of the loop at frequencies sufficiently low for the

current to be sensibly uniform (fls<-
2)

is given by

ho = PS (49)
At high frequencies the current distribution
becomes non -uniform and the spacing between the
sides becomes comparable with a wavelength, and
it is necessary to specify the direction of trans-
mission within the plane of the loop. The case
of a square screened loop with an open gap will
now be considered for transmission in the direction
parallel to the " horizontal " side containing the gap.

If the loop current at its terminals is 1, the
effective height h is given by the vector sum of the
integrals of the total current (ii + 12) in the two
vertical sides when given a relative phase differ-
ence 0 corresponding to the difference in space
phase of the radiation from these two sides.
Since the corners of the square have co-ordinates
+ is and ± Is the integration must be performed
from is and Is and the phase difference 0 is given
by fls/2.

is

Hence 10h = 2 sin
2
- .(i, i2) dx

rS
2 sin (I/3s)

I
(11 + 12) . dx (5o)
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Now the e.m.f. e which must be applied to the
loop terminals to produce current 10 at that point is

e = Z2 lo
From equations (9b) and (21a) the sum of the loop
and screen currents at any point x is for the air -
spaced loop given by

13A ei3 cos 13x
sco 13x =

juIL,n ./c0L22 sin Os
. Z2 OS

Z20 sin Os
cos fix . .= zo .. (51)

for the case of the open circuited gap. This shows
that the summation current is distributed sym-
metrically about x = o and is co-phasal at all
points. If the loop wire does not run centrally
within the screen it might appear that the
summation current (ii 12) would not give the
combined effect of the two currents unless the
phase difference corresponding to the separation
of the axes were taken into account. It may be
shown, however, that the loop current /2 sets up
eddy currents in the screen such that, at high
frequencies, the external effect is exactly that which
would be produced by a uniform current i2 in
the screen and the external effect of the loop and
screen currents is that of a current (ii + i2) in
the screen independently of the configuration of the
loop conductor.

Otherwise expressed it may be said that the
external effects of the screened loop can be
attributed to the circulating current (11 + 12) of
the outer mode for the circulating current 12 of
the inner mode produces no external effect.

We now have from equations (50) and (51)
Is

h = 2 sin ( Ps)
2 ,8S

20 sin
cos flx .dx

1 + 2

and thus from equation (49)
h Z2 sine (Os) 213s

11 2

sec

cos Ws)

Z20 Os
since ho =

(52)

Fig. 6 shows h
-,_ andZ for the balanced and

Z20
unbalanced screened loop with k2 = o.6. It is
noted that the curves for reactance and effective
height closely agree, and thus the increase of
effective height can to a first approximation be
simply attributed to the partial resonance of the
loop with its self -capacitance producing a step-up
in the terminal e.m.f.

It should be remembered that the effective
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height of an aerial does not alone indicate the
efficiency for transmission or the signal/noise ratio
it provides for reception, since both these quantities
depend on the ratio of the effective height to the
square root of the aerial resistance. As resonance
is approached the increased effective height (which
can never be infinite in a physical system) will be
partially offset by the increase of resistance, and
only when the radiation resistance predominates
over other loss resistances will the efficiency of the
aerial approach its upper limit. In all the preceding
analysis, it is assumed that the screened loop is
geometrically symmetrical about the line joining

0
NJ

10

a

6

o 4
.G
72

2

-`h/ho
-- Z2/Z20 UNBALANCED

I I

BALANCED

/1 /. '/

....

/

'V' 0;2PA ---0.
01 0 2 0 3 0.4

/35

Fig. 6. Behaviour of the effective height and impedance
of a square screened loop (k2 = 0.6) with frequency ;
h = effective height ; h. = 2ir ; Z 2 = imped-

ance of loop ; Z20 = jruL4.

the gap to the point of entry of the loop conductors.
Thus it is found that A = A' and hence that the
current distribution (ii i2) is symmetrical,
which implies that there is no radiation in a
perpendicular to the plane of the loop.

0.5 0

8. Comparison of Transmission and Reception
In the analysis of the previous sections, the

current and potential distributions, the impedances
and the effective height were deduced for the case
when an e.m.f. is applied to the loop terminals,
i.e. for the transmitting condition.

Now it is known from the Reciprocity Theorem
that whatever the distribution of inductance,
capacitance and resistance in an aerial the effective
height is the same for reception as for transmission.
Some writers have suggested that the radiation
resistance may not be identical in the two condi-
tions, the difference depending on the external
impedance connected to the aerial, but it may be
shown that this is incorrect, and that the aerial
impedance is invariable, as a consequence of its
behaviour as a. linear  network.3

Thus the equations found above for the
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impedances and .effective height will be valid for
reception, although the current and potential
distributions will be different. If the aerial is
situated in a wave of electric intensity E (x) at x
in the direction of the conductors, equations (4a, b)
must be re -written

= jwL (11+ 12) + E(x) (4d)

L22i2) E(x) (4e)
Zx

while equations (7a, b) are still valid.
On forming the second order differential equation,

it is found that i2 and (v1 - v2) still satisfy
.32

bx2 f22

and thus the inner mode will have a sine and
cosine distribution whatever the distribution of
the field.

The screen potential obeys the equation
( -62 2\ bE

fll vi
(12a)

while the summation current obeys the equation

bx2 + /32) (II. 22) = ico(Cri - C22)E
.. (12b)

Thus in addition to a sine and cosine complemen-
tary function 12) and v1 have particular
integrals which are determined by the field
distribution.

The open circuit loop e.m.f. e2 appearing at the
loop terminals due to a wave E(x) can be
calculated directly from the Reciprocity Theorem
instead of proceeding to the detailed evaluation

may, 2944

of the distribution of loop potential. Thus we

have e2 =
i

,si 2 E(x) . dx
f

g'

(53)

where the current (i, i2) at x and is at the loop
terminals are those which would be produced by
a lumped e.m.f. applied to the loop terminals.
For an air -spaced loop this assumes the form

e2
Z20 sin

r
Z2 2/3S f

2pS
, E(x) cos fix . dx

from equations (9b) and (era)

9. Experiments
Experiments were carried out on a screened

loop of square shape having the following dimen-
sions :-

a = r5o cm.
r, = 1.4 cm.

ro = 1.75 cm.
r2 = 0.045 cm.

(54)

The loop wire was uninsulated and ran centrally
within the screen. Measurements of the capacit-
ance C required to tune the loop to a frequency f
were made with the loop in the' balanced and
unbalanced condition, and the usual (r/f2, C)
curve drawn to enable the inductance L2 and the
self -capacitance C8 to be found (intercept method).
Corrections were made for the inductance and
capacitance of the leads to the apparatus and the
probable accuracy was about + 2%. The first
resonant and anti -resonant frequencies were
determined by coupling the loop loosely to an
oscillator with grid current indication and tuning
this oscillator for an absorption dip. With the
loop terminals open -circuited the anti -resonant
frequency is found and with them short-circuited
the resonant frequency is found.

The experimental values are given in Table II,

TABLE II.
Measured and calculated Data for a Screened Loop

Quantity
Loop

Condition
Theoretical
value for
K 2 = r

Measured value

Intercept
Method

Absorption
Method

L, Balanced 8.5 8.35 -
(µH) Unbalanced 8.5 8.5o -

Cs Balanced 16.6 20 -
(pF) Unbalanced 41 43 -

Interc. Absorp.

flat-res. Balanced 13.1 12.1 12.3 10.7
(Mc/s) Unbalanced 8.5 8.1 8.3 7.6

fr.. Balanced - 25 - 20
(Mc/s) Unbalanced - 25 - 20
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together with the theoretical values for the air -
spaced loop (K2 = 1) with no gap capacitance.

It is noticed that the inductance L2 shows good
agreement, but the self -capacitance is some
2 -3 pF high, and the frequencies low. These
discrepancies are very probably due to the presence
of insulation between the loop and screen which
produces an increase in loop capacitance over the
" free space " value and to the existence of a
finite gap capacitance. A measurement was made
of the loop to screen capacitance at a low frequency
(0.2 Mc/s) which gave a value of 107 pF which,
when compared with the theoretical pC = 97 pF,
gives K2 =

In practice C22 will always be greater than the
theoretical Value for the air -spaced case (K2 = 1)
on account of the necessity for insulation between
the loop and screen, and thus the general theory
(K2 = 1) must be used in place of the simpler
theory for the air -spaced loop. The general
theory is applicable if the insulation is uniformly
distributed around the loop, but is not valid when
the dielectric is lumped, e.g. in the form of insulat-
ing blocks at the corners of the loop as in the
present experiment.

The inevitable presence of a capacitance across
the gap will also need to be taken into account
when accurate values are required. For example,
in the present case, if this gap capacitance has a
value of 5 pF, the fractional reduction of the first
resonant frequency will be approximately 12% for
either condition. In the balanced condition, the
first anti -resonant frequency will be reduced by
about 6% and in the unbalanced by about 2%.

It thus appears that any exact treatment of a
practical loop is a complex matter on account of
the various departures from the simple ideal
conditions which can, only to a first approximation,
be taken into account by means of a number of
correcting terms.

In conclusion, it may be said that the principal
departures from the ideal are

(a) Non -uniformity of the inductance and
capacitance coefficients around the loop due,
for example, to its shape and the distribution
of insulation.

(b) The width of the gap may not be negligible.

(c) The ohmic and dielectric losses are not zero
and thus the modes of propagation are
damped.
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May Meetings
DR. E. B. MOULLIN will speak on the contribution

of Cambridge University to radio engineering at a
meeting of the Cambridge and District Wireless
Group of the I.E.E. on May 11th. The meeting will be
held at 8.15 at the University Engineering Dept.

" Relaxation Oscillators and Trigger Circuits " is the
title of the paper to be given by Dr. Emrys Williams at
the Brit. I.R.E. Midland Section meeting at 6.3o p.m.
on May 17th. The meeting will be held in the Latin
Theatre of the University of Birmingham.

Dr. L. Hartshorn will lecture on " Foundations of
Electrical Measurements " at a meeting of the Measure-
ments Section of the I.E.E. at 5.3o on May 19th, at
Savoy Place, London, W.C.2.

" Selenium Photocells " is the subject of the joint
paper to be given by G. M. Tomlin and C. Wontner at the
meeting of the North-West Branch of the Institution of
Electronics at 7.o on May 19th, at Reynolds Hall, College
of Technology, Manchester.

At the meeting of the North-Eastern Section of the
Brit. I.R.E. at 6.3o on May 24th, A. H. Hoult will deliver
a paper entitled " Theory of Rectification." The venue
is the Neville Hall, Newcastle -on -Tyne.

The first of two lectures on " The Electron Gun of the
Cathode -Ray Tube " will be given by Dr. Hilary Moss
at a meeting of the London Section of the Brit. I.R.E.
to be held at 6.3o on May 25th, at the Institution of
Structural Engineers, II Upper Belgrave Street, S.W.I.

R.M.A. Television Committees
IT was recently announced by the Radio Manufacturers'

Association that the Equipment Makers' Section had '
appointed two television committees - the Television
Policy Committee, which has also been constituted as the
Television Policy Committee of the Radio Indugtry
Council, and the Television Commercial Development
Committee.

Institute of Physics .

AT the request of physicists employed in industry in
Scotland the Board of the Institute of Physics

has authorised the formation of a Scottish Branch.
The inaugural meeting of the Branch, which is to be

centred in Glasgow, took place on April 22nd, when
E. R. Davies, a Vice -President of the Institute and Director
of Research, Kodak Ltd., delivered an illustrated lecture
on " High Speed Photography and its Applications in
Science and Industry ".

Further particulars of the Branch may be obtained
from the Acting Honorary Secretary, Dr. R. S. Silver,
c/o Messrs. G. & J. Weir Ltd., Cathcart, Glasgow, S.4.
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Characteristic Impedance of

TRANSMISSION LINES *
A Note on Certain Particular Cases

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

SUMMARY.-Empirical formulae are given for the
impedance of two shapes of uniform line where one
conductor is a thin strip.

Some justification is given for the approximate estima-
tion of the impedance, etc., of lines in terms of the
perimeters of the.conductors.

Introduction
THE use of transmission lines as convenient

resonators at high frequencies can lead to
cross-sectional shapes of line being of

interest that would have little application for the
transmission of power. It is, therefore, sometimes
necessary to know, at any rate approximately, the
characteristic impedance of lines of unusual shape ;
it is also desirable to know how to proportion the
dimensions so that the line has minimum attenua-
tion, corresponding to maximum selectivity as
a resonator.

Exact expressions for characteristic impedance
can be found for two con-
centric circles, or for any
conformal transformation of
two concentric circles. How-
ever, the inverse problem of
finding a transformation
that will . fit a given con-
figuration is extremely diffi-
cult and frequently imprac-
ticable.

The problem of optimum
proportioning of lines is
naturally even more intract-
able.

Some kind of rough guide
Fig, r. would therefore be very

useful for estimating differ-
ent lines ; the following rule is suggested :-

Replace all conductors by conductors of circular
section whose perimeter is equal to the perimeter
of the original conductor. The new circles should
be put in positions which seem to be reasonablet.
The problem is then frequently reduced to one
whose solution is known.

* MS. accepted by the Editor, December, 1943.
For example, the centre of the circle could be put at

the centre of gravity of the conductor section.

May, 1944

This rule must obviously be applied with
discretion, and there are cases where it would lead
to absurd results : as, for instance, for a conductor
at the bottom of a deep trough, but in a number
of cases it can be very useful.

to- a -1
-Th

W44:4/.644e7A%Vi

(a) (b)

(e)

but only

(c)

Fig. 2.

r
-fh

(d)

A shape of line that is of prac-
tical interest is where one con-
ductor is a thin strip ; the return
conductor may be of many shapes,

two are considered here, i.e. a hollow
square symmetrically surrounding the strip, and
an infinite plane parallel to the strip (Fig. 2(a)
and (b) ).

Measurements have been made of the impedance
of these two types, whence empirical formulae
are obtained. The " equal perimeter " rule was
a useful guide to the form of the formulae, and it
was noted that the rule gave reasonably accurate
results.

Measurements were also made of the selectivity

Fig. 3.

of the line of Fig. 2(a) ; here it was noted that the
rule led to proportions giving a selectivity very
little less than the maximum.
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Of course, the problem of estimating the optimum
proportions is simplified by the fact that these
are not usually very critical, so that even a rough
rule may be sufficiently accurate.

Measurements
 The measurement of characteristic impedance

was made as follows :
The resonant frequency of a line short-circuited

at each end was measured with and without a
loading condenser at ,the centre. From these
two frequencies the impedance is calculated from
the following formula, which is easily derived
from the usual equation for low loss lines :-

Z = I tan ('r .fo
. . (r)

° TIC \2 fa
where f0 is the frequency without the condenser

./c1 with
C capacitance of the condenser.

By expressing Z0 in terms of fo and f,, the effect
of small imperfections in the apparatus-e.g. at
the short-circuited ends -is practically eliminated.

Equation (r) gives the impedance in terms of two
frequencies and a capacitance. The frequencies
are easy to determine but the value of a small
capacitance is not so easy to decide, as it is
complicated by end effects, and the effective value
of a physical condenser depends on the surrounding
objects. To get round this difficulty, the capaci-
tance was in effect measured by using it with lines
for which a formula is known for the characteristic
impedance.

The same physical condenser was used in all
measurements, its form being shown in Fig. I.
It consisted of a commercial ceramic condenser of
nominal value 2 ihtLF, with brass tubes soldered
to the end caps. It thus plugged into a socket at

TABLE r.
Measured values of Z, for configuration of Fig. 2(a).

a fo Zo

(cm.) (MO) (Mc/s) (ohms)
1.00 250 205.5 171
2.07 249 213.9 129
3.02 248.5 218.8 ,o6
4.01 248.5 223.0 89
5.00 248.2 226.0 76.5
7.00 248.2 231.0 58
8.03 248.0 233.0 50
9.03 248.0 235.8 40

223

the bottom, and the strip conductor was bolted
to the top. The effective capacitance was thus
the lumped capacitance through the ceramic and,
in addition, the capacitance to earth of the top
brass tube. This latter capacitance depends on
the shape of the earth conductor, and also partly
on the size of the strip conductor, but the latter
effect is probably small.

0

200

150

100

50

02 03 0.4 0 5 0.6 08 10

alb
Fig. 4. Points from Table : dashed line

from equation (4) ; full line from equation
of (91.

The two types of line on which measurements
were made are shown in Fig. 2 (a) and (b).

TABLE 2.
Measured values of Zo for configuration of Fig. 2(b).

a fo f Z.

(cm.) (Mc/s) (Mc/s) (ohms)
1.00 249.5 199.0 210
2.07 249.0 207.0 167
3.02 248.0 210.2 148
4.01 247.5 213.0 133
5.00 247.0 215.8 124
7.00 247.0 219.5 102
8.03 247.0 220.8 96.5
9.03 247.0 222.0 91.5
12.0 246.5 224.5 80.0

b = 10 cm., length = 6o cm. Figures in last column h = 5.1 cm., length = 6o cm. Figures in last column
calculated from equation (1), using C = 2.6 p/AF ; this calculated from equation (1), using C = 2.5 /..µF ; this
value of capacitance being deduced from measurement on . value of capacitance being deduced from measurement on
a rod o.62 cm. diameter. a rod 0.62 cm. diameter.
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Formulae are known for the impedance of the
lines shown in Fig. 2(c) and (d). These are

Zo = 6o log,1.o78
b

for Fig. 2 (c) (2)

4 hZo = 6o logE-d- ,, ,, 2 (d) .. (3)

Equation (3) is so well known as to need no
comment ; equation (2) has been given by Frankel,
Proc. I.R.E., April, 1942. Both equations are
subject to the condition that the inner conductor
is small compared to the spacing, but there is an
exact form of equation (3)

Z6o cosh-1dZo = (3')

From what has been said above it is not surpris-
ing that the value of the capacitance as determined

250

200

50

100

N

%.I5 0.2 0 3 0.4 0-5 0.6 0.8 10

a/h
Fig. 5. Points from Table 2: dashed line from

equation (5) ; dotted line from equation (6) ;
full line from equation (7).

I 5 20 30

by measurements on the lines 2(c) and 2(d) was
slightly different, but the difference was small,
the values being 2.6 and 2.5 litLF respectively.

A rough estimate of the capacitance of the top
brass tube of the condenser to the earth conductor
for the two cases showed a difference that
corresponded approximately to the difference
observed.

The capacitance determined by the Fig. 2(c)
measurement was used -for the impedance of

Fig. 2(a) and Fig. 2(d) for Fig. 2(b).
ance measurements were thus based
equations (2) and (3).

Resonance was determined by
modulated signal generator to

The imped-
effectively on

connecting a
an aperiodic

TABLE 3.
Measured values -of bandwidth for configuration

Fig: 2(a).
of

a Bandwidth.
Selectivity

as percentage of
maximum.

(cm.) (Mc/s)
1.00 1.35 70.0
2.07 2.08 87.5
3.02 1.15 82.3

4.01 2.o8 87.5
5.00 0.95 200.0
7.00 1.22 77.8
8.03 1.56 60.9
9.03 2.30 41.1

b = to cm., length = 6o cm. ; resonant frequency approx-
imately 250 Mc/s ; material tin plate.

detector and low frequency amplifier through a low
impedance line broken to include a small coil
loosely coupled to the line whose impedance was
to be measured. The output from the amplifier
at different frequencies was thus substantially
uniform except for a sharp dip at the resonance
of the test line.

For the measurements on the. line of Fig. 2(a),
a metal box was constructed 6o x 10 x io cm.;
with a removable lid. Strips of different width
were dropped into the box, and were held down on
to ledges 5 mm. wide at the ends by springs. The
length of -these ledges was the full width of the
box. This is the imperfection at the ends already
referred to : the effect is to cause changes of
" fo" according to the strip width.

For the case of Fig. 2(b) the general arrangement
is shown in Fig. 3. The end effects are somewhat
worse than with the box. It was found that

TABLE 4.
Measured values of bandwidth for configuration of

Fig 2(b).

a Bandwidth. a Bandwidth.

(cm.) (Mc/s) (cm.) (Mc/s)
2.00 2.7 7.00 3.7
2.07 3.1 8.03 4.0
3.02 3.5 9.03 4.3
4.01 3.6 12.0 5.o
5.00 3.5

h = 5.1 cm., length = 60 cm. ; resonant frequency approx-
imately 25o Mcis ; material tin plate.
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increasing the width of the base plate made no
detectable difference to the measurement, i.e.
there was sufficient approximation to an infinite
plane.

The selectivity measurements were made in a
similar way, except that two coupling coils were
used, one to the generator and one to the amplifier.
There was thus no output except near resonance.
The bandwidth given is for the usual 3 db. below
the peak at either side of resonance.

Commercial tinplate was used in the construc-
tion of the lines. Its relatively high resistivity was
an advantage in measuring the bandwidths.

The selectivity measurements were made with
the condenser removed.

The result of measurements of Z, for the con-
figuration of Fig. 2(a) is shown in Table I, and for
Fig. 2(b) in Table 2. ,

The bandwidth measurements for Fig. 2(a) are
shown in Table 3, and for Fig. 2(b) in Table 4.

Empirical Formulae

If for the configuration of Fig. 2(a) is substituted
concentric circles whose perimeters -are equal to
the perimeters of the square and strip respectively,
then since for the latter case

outer perimeter
Zo = 6o loge

inner perimeter
the following formula is suggested for Fig. 2(a)

Z0 = 6o loge 2 -b

For a more accurate formula, it seems reasonable
to vary the numerical factors in equation (4).

Fig. 4 shoiirs the values of Z0 from Table I
plotted against a/b ; the dotted line represents
equation (4) and the full line the rather better
approximation :-

b
zo = 124 logic, 2.4

(4)

(4')

It is noticeable in Fig. 4 that the equal perimeter
rule is quite close to the measured results, even for
high values of alb; also that the points can be
represented by equation (4') for surprisingly
large values of a/b. (Clearly Z,-.= o for a/b = I).
Thus, while it would be possible to construct an
empirical formula that would fit the points and
make Z0 = o for a = b, it is hardly worth while.

The configuration of Fig. 2 (b) can be approached
differently according as " a" is small or large
compared to " h." For the first case the equal
perimeter rule turns it into Fig. 2 (d) whence by
equation (3) :-

Z, = 6o loge 21r -
a (5)

unit length of line can be written down as
e.s. units.

c
Thus Zo = al471ix io-9 ohms
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For the second case (a> h), .the capacitance per
a

4irh

= 6o X 27r -a
h

ohms (6)

where " c" is the velocity, equal to 3 X ro" cm/sec.
Clearly equations (5) and (6) can be combined :-

Zo = 6o loge (I + 27-1-1)
a

Fig. 6.
Points from
Table 3: curve
from equation 9.

(7)
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since equation (7) degenerates into
(5) and (6) for " a " small and large
to " h."

Fig. 5 shows the measured points of Table 2
plotted against alh; equations (5), (6) and (7) are
shown as curves. Again it is noticeable that the
equal perimeter rule agrees well with the measured
values, and the modified formula (equation (7)
evidently holds with sufficient accuracy for all
values of alh: which is somewhat surprising for
such a simple expression.

It may be remarked in passing that equation (7)
is equivalent to a formula for the capacitance per
unit length between two plates of width " a " and
separation " h" :-

C = 1

27h)
e.s. units .. (8)

2 loge (1

equations
compared

The selectivity measurements of Table 3 (for the
configuration of Fig. 2(a) ) are shown in Fig. 6.
The maximum selectivity is taken as corresponding
to the smallest bandwidth recorded.

The variation of selectivity with perimeter
ratio is easily calculable for the case of two con-
centric circles. The selectivity is found to vary

as A -(i S1IS2)
(9)loge SIIS 2
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where S, is the perimeter of the outer circle and
S2 the perimeter of the inner circle. S1 is assumed
constant.

" A " is maximum for S1/S2 = 3.6 approxi-
mately. Taking S1/S2 = -a the curve of A is
shown on Fig. 6.

It can be seen that the points follow this curve
fairly well up to the maximum selectivity, but
fall away more sharply as the maximum selectivity
is passed. It must be admitted, however, that the
consistency of the points is not very good ; the
measurements were not easy with the methods
used.

However, it is clear from the figure that little is
lost in this case by taking a perimeter ratio of
3.6 : 1.

The bandwidths for the configuration of Fig. 2(b)
(Table 4) are appreciably greater, and show no sign
of an optiinum. With this shape there is, of course,
considerable radiation.
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APPENDIX
It is interesting to compare the perimeter rule for

estimating Z, on a configuration for which an exact
formula can be found. Such a configuration is shown in
Fig. 2(e), consisting of an ellipse and a strip between its
foci.

This shape can be solved by the conformal transforma-
tion w = cosh -1 z, which leads to the formula

Zo = 6o cosh --1 (i/k) ohms .. (10)

where " k " is the eccentricity of the ellipse. .

The perimeter ratio is i/k E(k) where E(k) is the
complete elliptic integral of the second kind. The peri-
meter rule thus gives the formula

Zo = 60 log,
E (k)

. . (xi)

0
1,1

300

200

100

2 5 10 20 50 100

11k

Fig. 7. Full line from equation (,o) ;
dashed line from equation (ii).

Fig. 7 shows equation (io) and (ii) plotted against i/k.
Over most of the rage of k there is approximately a constant
difference between the two values of about 14.5 ohms.

Wireless Patents
A Summary of Recently Accepted Specifications

The following abstracts are prepared, with the permission of the Controller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W .C.z, price 1- each

ACOUSTICS AND AUDIO -FREQUENCY CIRCUITS AND
APPARATUS

558 439.-Construction of the magnetic system of a
microphone or telephone, designed to ensure a desirable
rigidity and to facilitate assembly.

G. A. Barden and Goodman's Industries. Application
date, 1st July, 1942.
558 614. Impedance -measuring device particularly suit-
able for supervising and regulating the load, say, on a
transmission line carrying audible frequencies.

Rediffusion and P. Adorjan. Application date,
1st May, 1942.
558 645.-Impedance-measuring arrangement, particu-
larly suitable for supervising the load on a communication
line carrying audible frequencies (divided from 558 614).

Rediffusion and P. Adorjan. Application date, 1st May,
1942.
558 646.-Impedance-measuring arrangement, including
a frequency -discriminating device, for supervising the
load, say, on a telephone circuit (divided from 558 624).

Rediffusion and P. Adorjan. Application date, 1st May,
1942.

558 680.-Phonograph pick-up or microphone device
suitable for generating or handling frequency -modulated
signals.

Philco Radio and Television Corporation (assignees of
R. B. Albright). Convention date (U.S.A.), 13th June, 1941.

558 7o4.-Phonograph pick-up device associated with the
local oscillator of a superhet receiver for handling
frequency -modulated signals (divided from 558 68o).

Philco Radio and Television Corporation (assignees of
R. A. Albright). Convention date (U.S.A.), x3th June, 1941.

558 7o9.-Permanent magnet containing an iron -cobalt
alloy crystallized in directional columns, say, for a loud-
speaker movement.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 24th October,
1941.

558 731.-Photo-electric amplifier circuit with a push-
pull output and means to eliminate " cross -talk " effects.

Western Electric Co. Inc. Convention date (U.S.A.),
8th October, 1941.
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558 749. -Telephone switching means for a two-way
radio communication system.

Rediffusion and G. B. Ringham. Application date,
16th June, 1942.
558 923. -Low -frequency multi -stage amplifier in which
thermally -sensitive resistance devices are utilized as the
intervalve couplings.

Standard Telephones and Cables ; P. K. Chatterjea ;
and C. T. Scully. Application date, 23rd July, 1942.

AERIALS AND AERIAL SYSTEMS
558 473. -Omni -directional short-wave frame aerial in
which eight component arms are capacitance coupled at
the four corners of the frame.

Standard Telephones and Cables (assignees of R. A.
Hampshire). Convention date (U.S.A.), 12th July, 1941.
558 8i8. -Construction of a " base -loaded " aerial suitable
for use in different positions on a portable or field radio set.

Rediffusion and G. B. Ringham. Application date,
17th July, 1942.

DIRECTIONAL WIRELESS
558 45o. -Electrode assembly of a cathode-ray tube,
.particularly for use as an indicator in a radio direction -
finding system.

Marconi's W.T. Co. ; C. S. Cockerell ; M. Esterton ;
and A. J. Young. Application date, 8th July, 1942.
558 486. -Aerial arrangement comprising two groups, one
having a cusp of minimum reception lying within the area
of omnidirectional response of the other in order to give
a clear-cut directional result.

A. C Cossor ; J. E. Godeck ; and L. Jofeh. Application
date, 21st February, 1941.
558 807. -Multi -phase circuit arrangement for indicating
the strength and direction of a magnetic field.

E. L. Holmes ; A. J. Hughes ; and H. Hughes 6- Son.
Application date, 14th August, 1942.
558 833. -Circuit in which the production of square -
shaped waves is utilized to indicate the phase angle
between two A.C. inputs.

Sperry Gyroscope Co. Inc. (assignees of E. L. Ginzton).
Convention date (U.S.A.), 13th February 1942.
558 852. -Short-wave directional aerial system comprising
a series of dipoles spaced apart in a' common plane and
associated with director and reflector elements.

Marconi's W. T. Co. and E. Green. Application date,
2 Is/ May 1942.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

558 467. -Utilizing a locally -generated oscillation to
facilitate the accurate tuning of a receiver for detecting
amplitude- or frequency -modulated signals.

The Mullard Radio Valve Co. ; C. E. G. Bailey ; and
G. I. A. Bywaters. Application date, 3oth June, 1942.
558 482. -Receiver for frequency -modulated signals corn -
prising .a hexode valve in which the phase relation of the
two grid voltage inputs varies with the signal modulation.

Sir L. Sterling. Convention date (U.S.A.), 15th August,
1941.
558 597. -Valve amplifier in which automatic compensa-
tion for fluctuations in the supply voltages is ensured by
means of Thermistors or thermally -sensitive resistance
devices.

Standard Telephones and Cables ; P. K. Chatterjea ; and
C. T. Scully. Application date, 9th July, 1942.
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558 598. -Receiver -which is automatically muted against
low-level signals by the action of a Thermistor or thermally -
sensitive resistance device.

Standard Telephones and Cables ; P. K. Chatterjea ; and
C. T. Scully. Application date, 9th July, 1942.
558 632. -Receiver with automatic signal -gain control
derived from a Thermistor or thermally -sensitive resistance
device.

Standard Telephones and Cables ; P. K. Chatterjea ; and
C. T. Scully. Application date, loth July, 1942.
558 633. --Auxiliary wedging devices for securing the
control knob to the tuning spindle, say, of a wireless set.

Standard Telephones and Cables ; M. M. Levy ; and
G. A. Heath. Application date, loth July, 1942.
558 757. -Thermally -sensitive resistance device applied as
a volume control in transmission or reception.

Standard Telephones and Cables ; P. K. Chatterjea ; and
L. W. Houghton. Application date, 17th July, 1942.
558 826. -Receiver with means for isolating or separating
signal voltages from interference or noise voltages and
ensuring a higher amplification of the former.

D. L. Hings. Application date, 28th August; 1942.
558 877. -Automatic noise -suppressing or muting circuit
for a receiver of phase- or frequency -modulated signals.

Marconi's W.T. Co. (assignees of B. Trevor). Convention
date (U.S.A.), 22nd October, 1941.
558 314. -Means for maintaining a desirable phase
relation between the signal waves and a local wave which
is introduced to minimise selective fading.

Rediffusion and M. Exwood. Application date, 29th
September, 1942.

TELEVISION CIRCUITS AND APPARATUS

FOR TRANSMISSION AND RECEPTION

558 465. -Construction and composition of the photo-
electric mosaic screen used in a cathode-ray television
transmitter.

Western Electric Co. Inc. Convention date (U.S.A.),
1st May, 1941.
558 884. -Circuit wherein an oscillation generator is
utilized to supply and regulate the high anode voltage
required for a C.R. television receiver.

Hazeltine Corporation (assignees of L. R. Mailing).
Convention date (U.S.A.), 4th April, 1941.
558 927. -Preventing the undesired oscillations which
tend to occur during the fly -back stroke in magnetic
scanning systems for television.

Standard Telephones and Cables ; P. K. Chatterjea ; . and
D. M. Ambrose. Application date, 24th July, 1942.

TRANSMITTING CIRCUITS AND APPARATUS
(See also under Television)

558 454. -Method of stabilizing or adjusting the frequency
of a short-wave oscillation generator by regulating the
dielectric constant of a Lecher wire or like feed -back
circuit.

Standard Telephones and Cables and C. N. Smyth.
Application date, loth February, 1940.
558 511. -Frequency modulating system in which a
single piezo-electric oscillator serves to define the two
limits of the signalling frequency (addition to 556 852).

Marconi's W.T. Co. (assignees of M. G. Crosby). Conven-
tion date (U.S.A.), 29th October, 1941.
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558 647. -Impedance measuring arrangement particularly
suitable for supervising the load, say, on a carrier -wave
transmission line (divided out of 558 614).

Rediffusion and P. Adorjan. Application date, 1st May,
1942.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE

558 343. -Signalling system in which intelligence is trans-
mitted by varying the time interval between successive
pairs of repeated pulses.

Standard Telephones and Cables (communicated by Inter-
national Standard Electric Corporation). Application date,
16th October, 1942.

558 758. -Automatic gain -control circuit operated by
pilot currents for a multi -channel carrier -wave trans-
mission system.

Standard Telephones and Cables ; A. M. Thornton ; and
W. F. Baly. Application date, 17th July, 1942.

CONSTRUCTION OF ELECTRONIC DISCHARGE
DEVICES

558 446. -Electrode assembly designed to minimise the
noise due to random electron velocities in the discharge
stream, say, of a cathode-ray tube.

Western Electric Co. Inc. Convention date (U.S.A.),
8th July, 1941.

558 323 Process for laying a smooth covering, say, of
fluorescent material, over the curved surface of a cathode-
ray tube.

The British Thomson -Houston Co., Convention date
(U.S.A.), 27th June, 1941.

558 429. -Spacing and assembly of the electrodes of an
electron discharge device to ensure constant operating
characteristics over a wide range of temperature.

Standard Telephones and Cables (assignees of C. A.
Bieling). Convention date (U.S.A.), 6th June, 1941.

558 962. -Electrode arrangement for stopping or inter-
cepting electrons with undesirably large transverse
velocities in a discharge tube of the cathode-ray type
(addition to 542 496).

H. G. Lubszynski and Electric and Musical Industries.
Application date, loth July, 1942.

558 964. -Electrode arrangement designed to facilitate
alignment and screening,, in a short-wave power valve.

Marconi's W.T. Co. (assignees of A. K. Wing). Conven-
tion date (U.S.A.), 2nd January, 1941.

558 975. -Pump and circulating system for cooling the
anode of a high-powered electron discharge tube.

Standard Telephones and Cables (assignees of J. B. Little
and V. L. Ronci). Convention date (U.S.A.), 28th August,
1941.

SUBSIDIARY APPARATUS AND MATERIALS

558 300. -Composition and assembly of a multiple unit
or battery of photo -electric cells of the blocking -layer type.

Evans Electroselenium ; G. A. Veszi ; and P. Markus.
Application date, loth July, 1942.

558 581. -Method of metallizing and mounting piezo-
electric crystals, particularly for oscillation on the " thick-
ness "mode.

Marconi's W.T. Co. (assignees of S. A. Bokovoy). Con-'
vention date (U.S.A.), 3oth June, 1941.
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558 686. -Process for preparing or conditioning metallized
paper in the manufacture of condensers of the Mansbridge
type.

A. H. Hunt ; R. A. Grouse ; and J. Rogers. Applica-
tion date, 13th July, 1942.

558 693. -Method of constructing a fixed condenser to
have a precise predetermined capacitance.

A. H. Hunt and E. Reinhardt. Application date, 17th
August, 1942.

558 728. -Variable tuning inductance with a laterally
sliding contact and a stop to limit its traverse.

The Plessey Co. Convention date (U.S.A.), 19th March,
1942.

558 738. -Composition and manufacture of iron -cobalt
alloys with directional columnar crystallisation to give
high permeability.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 24th October,
1941.

558 756. -Process for the manufacture of electrical
resistances by spraying metal on to a dielectric base.

Pilkington Bros. (communicated by Soc. Anon. de Saint-
Gobain Chauney et Cirey). Application date, 6th July,
1942.

558 759. -Device to counteract any falling -off in the
magnetic strength of an electric meter of the moving -coil
type.

Standard Telephones and Cables ; B. B. Grace ; J.
Handley ; and G. Gilliver. Application date, 17th July,
1942.

558 761. -Circuit arrangement for increasing the normal
response of Thermistors or thermally -sensitive resistances
to an A.C. input.

Standard Telephones and Cables ; P. K. Chatterjea ; and
C. T. Scully. Application date, 17th July, 1942.

558 762. -Thermostatic switch or relay operated by means
of a Thermistor device having a high temperature co-
efficient Of resistance.

Standard Telephones and Cables ; C. T. Scully; and
L. W. Houghton. Application date, 17th July, 1942.

558 767. -Means for stabilizing or conditioning the
magnetic movement of an electric meter of the moving -
coil type (divided from 558 759).

Standard Telephones and Cables ; B. B. Grace ; J.
Handley ; and G. Gilliver. Application date, 17th July,
1942.

558 861. -Arrangement in which an electromagnetic
switch is controlled by a Thermistor or thermally -sensitive
resistance device so as to generate saw-toothed or like
wave -forms.
' Standard Telephones and Cables ; P. K. Chatterjea ; and

L. W. Houghton. Application date, 21st July, 1942.

GOODS FOR EXPORT
The fact that goods made of raw materials in short
supply owing to war conditions are advertised in
this Journal should not be taken as an indication

that they are necessarily available for export.
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PROPAGATION OF WAVES
1490. THE MEASUREMENT OF THE DIELECTRIC CONSTANTS

OF MATERIALS IN PLATE FORM BY MEANS OF
WAVE -GUIDES IN THE CENTIMETRIC-WAVE REGION.
-Ledinegg. (See 1636.)

1491. UNIVERSAL WAVE -GUIDE CHART [4 -Curve Graph
gives Phase Constant, Phase & Group Velocities,
Attenuation Constant, & Wavelength for Rect-
angular & Circular Guides, Hollow or with Less-

 Free Dielectric Filling, excited in TE or TM Mode].-
A. Brohwell. (Electronics, Dec. 1943, Vol. 16,
No. 12, pp. 147-148.)

1492. THE DIELECTRIC CONSTANT OF IONISED AIR IN A
DISCHARGE TUBE IN THE RANGE OF WAVELENGTHS
8o cm to 1500 cm.- N. Alam & S. R. Khastgir.
(Indian Journ. of Phys.., Aug. 1943, Vol. 17,
Part 4, pp. 204-2,5.)

Extension of the work dealt with in 2444 of 1937,
where a much narrower wave -range was used. In the
dielectric -constant measurements now made accurately
(by a special Lecher -wire technique) over the wider range,
three distinct minima in the e values appeared in three
different wavelength -regions, 175, 31o, and 37o cm.
Using the same discharge tube, with the same amount
of current passing, feeble but distinct oscillations were
obtained, of three different wavelengths which were
found to correspond fairly closely to the wavelengths
of the e minima.

This multiple electron -resonance is attributed to the
presence of different layers, having different electron
densities, in the ionised medium. From Lorentz's
equation giving the familiar curve of anomalous dispersion,
' if there are groups of electrons each having a distinct
characteristic frequency, then considering one after
another all the dispersion curves corresponding to the
various natural frequencies, it can be seen that the final
curve would be a superposed effect and the resultant
dielectric -constant curve could be of the type actually
observed in our experiments. This is illustrated in Fig. 4."

The experimental values of NA2 show a considerable
departure from those given by the Tonks & Langmuir
formula, while those for NI A2 indicated a nearer approach
to Gutton's equation.

1493. THERMAL DIFFUSION IN MIXTURES OF MOLECULES
OF SMALL MASS DIFFERENCE [Experimental
Investigation prompted by Chapman's Theoretical
Results (7o, of 1941, 289 of 1942)].-K. E. Grew :
Chapman. (Phil. Mag., Jan. 1944, Vol. 35,
No. 24o, pp. 3o-36.)

1494. PHASE AND GROUP VELOCITY IN THE IONOSPHERE
[Editorial: Treatment of Phase Velocity by
Consideration of Infinite, Constant -Amplitude
Wave superposed on Similar Wave of Slightly
Different Frequency : Numerical Example of
Penetration of Resulting Beats into Ionosphere,
for Vertical Incidence : Calculation of Phase
Velocities & Group Velocity for Various Values of
N : Reflection : Case of Oblique Incidence : the
More Complex Problem of the Pulse or Short
Train : the Sommerfeld-Brillouin Treatment : the
Velocity of the Modified Signal emerging from the
Ionosphere].-G. W. 0. H. (Wireless Engineer, Dec.
1943, Vol. 20, No. 234, pp. 577-580.)

1495. THE ZENNECK ROTATING FIELD IN THE NEIGHBOUR-
HOOD OF RE -RADIATORS [Coasts, Hills, Reflector
Aerials, & Counterpoises].-Grosskopf & Vogt.
(See 1605.)

1496. METEORS AND THE EARTH'S UPPER ATMOSPHERE
[Evidence concerning Construction & Temperature
of Upper Atinosphere between 4o & I io km :
Observational Material, published & unpublished,
for Photographic & Visual Meteors (including the
Work of Opik, and his " Energy Trap " Theory,
& of Hoppe) : the Theory used in determining
Atmospheric Densities from Meteor Data,: Results].
-F. L. Whipple. (Reviews of Modern Phys.,
Oct. 1943, Vol. 15, No. 4, pp. 246-264.)

For an earlier note see 996 of 1943. " The best solution
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appears to be one in which the height/log p curve
corresponds to a flat temperature maximum of about 375° K
near the 6o -km level, a rapid drop to 250° K near 8o km,
and a constant or slowly rising temperature at greater
heights to about IIo km. The corresponding seasonal
effect indicates that the upper atmosphere is raised
5.3 ± i.o km under average midsumnier temperatures
as compared to its height under average midwinter
temperatures. It must be noted, however, that a constant
atmospheric temperature of about 256° K from 6o km
to IIo km is not entirely outside the range of solution.
The corresponding seasonal effect is considerably greater
than that given above.

" On the other hand, observations by Miss Hoffieit and
Foster of the relative position of the point of maximum
light in singly photographed meteor trails cannot be
explained by the present theory in terms of a constant
temperature in the upper atmosphere. The discussion
in Section 5 shows that a high temperature zone near
the 6o -km level is required to account for these observa-
tions and that a conspicuous temperature minimum
near 82 km is not indicated."

1497. ON THE MOTION OF A CHARGED PARTICLE IN A
MAGNETIC FIELD, and ON THE EFFECT OF A
VERTICAL MAGNETIC FIELD IN A CONDUCTING
ATMOSPHERE.-H. Aliven. (Ark. Mat., Astron.
och. Fys., Series A, No. 22, Vol. 27, 1941, Part 3,
20 pp : No. II, Vol. 29, 1943, p. onwards.)

(i) The deflection of a charged particle in the magnetic
field of the earth is dealt with very simply by the perturba-
tion method developed here, provided that the particle
moves so slowly, i.e. its radius of curvature is so great,
that over the whole path p . Grad H H. The method
of approximation then resolves itself into the calculation
of the disturbance of a path in a homogeneous magnetic
field. For all problems, except those of the high -velocity
cosmic -ray particles, the condition is well fulfilled.
Results are compared with Stormer's exact numerical
solutions. Subsidiary disturbances through electric and
gravitational fields are easy to take into account by this
method. (ii) A six -page paper.

1498. A NEW THEORY OF THE ZODIACAL LIGHT.-V. G.
Fessenkoff. (Nature, 22nd Jan. 1944, Vol. 153,
No. 3873, p. 114: summary only.)

" Fessenkoff finds that a dust cloud produced in this
way [by collisions between sporadic meteors and the
asteroids : see also 2300 of 1943] will form an oblate
spheroid, with the sun at its centre surrounded by a dense
ring of particles in the asteroid zone. The former is
responsible for the conical zodiacal light ; the latter for the
uniform zodiacal band visible along the entire ecliptic
throughout the night."

1499. ICE -CRYSTAL HALOES [and the Bravais and Galle
Explanations : Conclusions].-S. Melmore. (Nature,
5th Feb. '944, Vol. 153, No. 3875, p. 166.)

ATMOSPHERICS AND ATMOSPHERIC ELECTRICITY

1500. THE LIGHTNING -MEASUREMENT STATION ON MOUNT
SAN SALVATORE [near Lugano : Observations under
More " Natural " Conditions than on Empire
State Building : 7o m Tower (at 915 m above the
Sea) : Special Loop Oscillograph, with Its Light
Source (Special Tungsten -Electrode Arc Lamp) set
in action by the Lightning itself : New 'Type of
Shunt : etc.].-K. Berger. (Bull. Assoc. Suisse
des Elec., 29th Dec. 1943, Vol. 34, No. 26, pp. 803-
805 : in German.)
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1501. THE ELECTRIC DISCHARGE IN DIFFERENT GASES
[Survey].-Allibone & Meek. (See 1676.)

1502. CLOUD READING FOR PILOTS " [Book Review].-
A. C. Douglas. (Nature, 2211d Jan. 1944, Vol. 153,
No. 3873, p. 96.) " . . . and meteorologists
can study the photographs with advantage."

PROPERTIES OF CIRCUITS
1503. THE INFLUENCE OF CARRIER WAVES ON THE

NOISE ON THE FAR SIDE OF AMPLITUDE -LIMITERS
AND LINEAR RECTIFIERS.-Franz & Vellat. (See
1564.)

1504. SHOT NOISE AND VALVE EQUIVALENT CIRCUITS.-
D. A. Bell. (See 1591.)

1505. THE LIMITS OF AMPLIFICATION THROUGH THE
NOISE OF VALVES AND CIRCUITS.-W. Graffunder. .
(Ber. deutsche physik. Ges., Vol. 23, 1942, p. 63
onwards.) A three -page paper.

1506. THE " EFFECTIVE " DIELECTRIC PROPERTIES OF
CONCENTRIC LINES WITH DISCONTINUOUS DIELEC-
TRIC.-Miillet. (See 1576.)

1507. THE GENERATION AND AMPLIFICATION OF DECI-
METRIC AND CENTIMETRIC WAVES [Survey]. -
Hollmann . (See 1553.)

1508. PRODUCTION ENGINEERING AT ULTRA -HIGH FRE-
QUENCIES [Some Problems & Rissible Future
Developments].-Meyerson. (See 1745.)

1509. ARRANGEMENT FOR THE LOOSE COUPLING OF A
VALVE TO A POT -TYPE CAVITY RESONATOR.-
Licentia Patent Company. (Hochf:tech. u. Elek:
akus., July 1943, Vol. 62, No. 1, p. 29.)

Swiss Patent 222 66,, with priority 28/8/40. The
anode and grid of the valve R are connected to two
" capacity " plates " P1, P, (of unequal thickness)
situated in the capacitance -gap between the "bolt "
surfaces (see Fig. ro) of the pot : the mutual capacitance
of these plates " is large compared with the working
capacitance of the pot circuit."

1510. A TRANSFORMATION [Matching] SECTION FOR
DECIMETRIC AND CENTIMETRIC WAVES, WITH
SLIGHT DEVENDENCE ON FREQUENCY.-A. Weiss-
floch. (E.N.T., Aug. 1943, Vol. 20, No. 8,
pp. 189-191.)

The commonest practice in these wavelength regions
is to use a quarter -wave section ; if an ohmic resistance R,
is to be matched with an ohmic resistance R,, a a°/4 -long
section of characteristic impedance Z = V R,R, is
inserted, A° being the middle working wavelength (Fig. I).
But if R1 and R, are very different, an inadmissibly large
dependence on frequency will result. This defect is
greatly reduced by the use of two quarter -wave sections,
§c chosen that the first transforms R1 into A/RIR, and the
second transforms the A/RIR, into R,, as first suggested
by Meinke [no reference is given, but cf. 3048 of 1942 and
2084 of 1943]. Even here a certain frequency -dependence
persists. It is obvious that it could be reduced still further
by using more than two suitable quarter -wave sections :
the only difficulty lies in finding the correct characteristic -
impedance values of these sections. The object of the
present paper is to give a simple geometrical construction
by which to obtain, without complicated calculation, the
characteristic impedances of three such sections (Fig. 4)
by which the frequency -dependence is considerably
reduced.
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The transformation of a quarter -wave section and its
variation with frequency are easily made clear on the
circle diagram (Fig. 2) for uniform lines (Schmidt, 1933
Abstracts, p. 222). To reduce the frequency -dependence
as much as possible by using two sections, these must
have characteristic impedances VR,VR,R2 and
Za = VR,VR,R, (circle diagram Fig. 3). For the working
wavelength, R, is transformed by Z, to VR1R2 and the
latter, by Z,, to R2. For a xo% lower wavelength R,
is transformed by Z, to -91, and this by Z2 to : simi-
larly for a Io% higher wavelength R1 is transformed to 912ff.
It is seen that the locus curve from NI" by way of R2 to
9k', which is the curve passed over by the value of R,
(transformed by the two quarter -wave sections) for a o%
change of frequency, is much shorter than the correspond-
ing locus curve shown in Fig. 2 for the single -section
transformation.

The best procedure for dealing with the three -section
arrangement is different : it is advantageous to convert
the right complex half -plane conformally into the unit -
circle diagram of Fig. 5 by means of the function
w = (z RIR 2)I(z R ,R 2), eqn. 1. Discussion of this
diagram, in the course of which references are made to a
paper by Smith (1372 of 1939) on a transmission -line
calculator, and to the present writer's paper dealt with in
3286 of 1943, leads to the following conclusion : an ohmic
resistance R1 in a uniform line may be transformed, to a
high degree without frequency dependence, into another
ohmic resistance R, by the series connectibn of three
quarter -wave sections (Fig. 4). For the middle section the
characteristic impedance must be made Z, = 1/R,R2.
For the section adjacent to R1 a characteristic impedance
Z1 must be taken which is calculated from the relation
(1/R1 - 1/R' 2)/(V VIT2) (aft)? - 4W1)/(w,2 - 3),
where Tv, = (Z1 - 1/R,R2)/(Z, 1/R,R2). Finally, the
last section must have Z, as given by the equation
16, = (VR,R2 - Za)/ (VR,R2 Z,). In the case of cen-
timetric waves care must be taken to correct the lengths of
the individual sections for the corner effects (Weissfloch,
711 of 1943)

1511. TRANSFORMATION ELEMENTS WITH TRANSFORMA-
TION RATIO INDEPENDENT OF WAVELENGTH.-
W. Dallenbach. (Hochf:tech. u. Elek:akus., Aug.
1943, Vol. 62, No. 2, pp. 33-38.)

" In a previous work (1844 [and 2663] of 1943) the
characteristic impedances of n transformation elements,
each a quarter -wavelength long and all connected in
series, are so proportioned that for a prescribed resultant
transformation ratio the quotient of the oscillating field
energy stored up in the arrangement, by the energy flux
in each period through a cross-section of the line, is a
minimum. It might be thought that a series -connection
of quarter -wave transformation sections thus proportioned
must have a resultant tranformation ratio which would dis-
play the maximum possible independence of relative wave-
length -variations ZIA/A. In the present note it will be
shown that this presumption is correct in the simple
case of n = 2, but that for n = 3, n = 4, and in general,
it cannot apply."

The writer deals first with general considerations on a
series -connection of n quarter -wave sections of char-
acteristic impedances W1, W2 . . . Wn, used to match
the characteristic impedance W. (a = beginning) of a
feeder line to the characteristic impedance W, (e = end)
of a reflection -free loaded line. By the use of eqns.
17, 18, and the table on p. 37 he finds that when n =
(one quarter -wave transformation section) the condition
for maximum independence of 4.1/A is that W,2 =- W.We ;

when n = 2 it is
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Wi = VWGW.(WeiWe)I, W2 = 1/WaW.(We/Wa)i
for n = 3 it is W1 = iy . W.W, W2 ---- VW.W,,
and Wa = y . W.W.,

so that the three characteristic impedances form a geo-
metrical progression with the common ratio y (for y see
eqn. 33 and Fig. 1) : the writer mentions that Weissfloch
(151o, above) has given another method of calculation
for the case of three quarter -wave sections ; while the
more complicated conditions for n = 4 are given in eqn. 5o
(for y, and y2, here involved, see eqns. 48, 51 and Fig. 2).

He then compares these results with the " conditions
for smallest ballast" referred to at the beginning of this
abstract. For n = 2 the equations are identical ; for
n = 3 the three characteristic impedances form a geo-
metrical progression also in the " smallest ballast " case,
but with "a different common ratio y. (eqn. 55 and lower
curve of Fig. 1) ; for n = 4 it is the " smallest ballast "
condition that gives the geometrical progression (eqn.
54, with common ratio y, = (We/ W.)1), whereas the
condition for the maximum independence of frequency
variation yields a geometrical progression only in the
isolated case where y, = ya = 1.
1512. CATHODE -FOLLOWER CIRCUITS [as Highly Efficient

Transformers coupling High -Impedance Sources
to Low -Impedance Loads : with Special Con-
sideration of Circuit with Cathode Resistor common
to Two Valves in Parallel, Signal applied to One
Grid : Analysis & Design Procedure, etc : Biblio-
graphy].-W. Richter. (Electronics, Nov. 1943,
Vol. 16, No. II, pp. 112-117 and 312.)

1513. HIGH -QUALITY COILS WITH DYNAMO SHEET IRON
TYPE IV [as Substitutes for the Compressed -
Powder -Core Toroidal Coils generally used for
Oscillatory Circuits, Filters, Resonant Trans-
formers, etc.].-H. Wilde. (T.F.T., May 1943,
Vol. 32, No. 5, pp. 97-101.)

Apart from the facts that the toroidal coils have to
be wound by special machines, that the inductance values
attainable are comparatively small, and that their exact
adjustment is difficult, their supply at the present moment
is well below demand. It therefore becomes important
to know whether the ring cores of compressed powder
cannot be replaced by ordinary laminated cores (with
very large air -gaps) of " dynamo sheet iron iv ", so that
the powder cores could be reserved for applications where
they are indispensable.

The writer, accordingly, has measured the losses in
coils on various sizes of " E " type cores with various
air -gaps, has divided these losses into their several com-
ponents (iron -loss and copper -loss factors and the factor
of dielectric loss in the winding), and has represented his
results by curves. The usual practice with " E " cores,
when it is desired to increase the air -gap, is to move the
yoke away from the three limbs of the " E " : in the
present case, however, even a total removal of the yoke
does not lead to a sufficient decrease in the loss factor,
only to a field leakage which is liable to cause unwanted
couplings, etc. It was found better to shorten the middle
limb and to leave the yoke sitting in the ends of the two
outer limbs (Fig. 2).

, For many purposes it is not necessary to consider the
exact loss factors, the important thing being to know
the over-all behaviour of the coil over a range of fre-
quencies. Figs. 11-14 therefore give curves for the
variation of tan 8 (the reciprocal of the figure of merit, p)
for four sizes of " E " core, each with three different
air -gap percentages, over the frequency range o.f to
o kc/s. With increasing air -gap the curve minima move
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towards the higher frequencies, the loss angle tan 8
itself becoming at the same time smaller when the field.
strength is kept at 50 mA/cm (full curves) : at lower
field strengths (tending to zero : dotted curves) the
values of the minima are practically independent of the
air -gap. For a fixed air -gap of ro%, Fig. 15 shows the
loss angles for the four sizes of " E " coils, as a function
of frequency, compared with the dotted curves for a
toroidal coil and a Sirufer iv pot -type coil ; the relative
sizes are shown at the top of the figure. Figures of
merit p = 35 and over are given by the " E6o " core
(winding cross-section 210 mm2), while the small " E38 "
core gives a value around 20 at 6 kc/s. Although at
the higher frequencies the much lower iron losses of the
powder core lead to a better figure of merit, up to 5 kc/s
the difference is " not too great," while the pot -type
core " is even inferior, owing to its low permeability "
[actual figures from Fig. 15, at 5 kc/s, are between 3o
and 4o for the four " E " cores, over .200 for the powder
core, and 5o for the pot core]. But a point which in
many cases is of outstanding importance is the difference
in the maximum inductance attainable with the various
cores : an " E6o " core wound with 0.1 mm wire will
give 12 henries, a pot -type coil with the same wire only
0.9 henry, while the toroidal coil (with the thinnest
practicable wire, 0.2 mm) gives less than one henry.

1514. THE INFLUENCE OF CAPACITANCES BETWEEN THE
WINDINGS OF A TRANSFORMER ON ITS PROPERTIES.
-H. Knapp. (E.N.T., Aug. 1943, Vol. 2o, No. 8,
pp. 192-203.)

So far as iron -cored, fixed -coupling transformers are
concerned, the many papers on the subject assume as a
general rule that input and output are linked merely by
a magnetic coupling, any capacitive coupling being
neglected. In this way either a star or a delta circuit is
obtained (Figs. 5, 6) : for greater clarity it is usual to
connect all values by a suitable " transformation ratio "
on the part of the transformer, and to introdu0e, for
voltage transformation, an ideal transformer in front of or
beyond the equivalent circuit (Fig. 7). In this equivalent
circuit it is usual to take into account all capacitive effects
by supposing one single capacitance to be connected in
parallel with the shunt inductance : its magnitude is
determined from the position of the parallel -resonance
point.

It is however known that the stray resonance frequency,
calculated from the stray inductance and this capacitance,
frequently fails to agree with that actually measured, and
an obvious conclusion is that this discrepancy is due to a
too rough estimate of the action of the capacitances.
" Such capacitances occur not only inside the windings:
there is a component between the windings, and the
driving voltages on these capacitances are potential
differences between different turns. In general, one
particular pair of terminals of a four -terminal network is
considered to be the input, the other pair the output.
On the assumption that no connection exists between
the input and output pairs of terminals other than that
over the network itself, it is permissible to presume a
resistance -free connection between one input terminal
and one output terminal : in this way the star or delta
connection is reached. The effect of capacitances between
the transformer windings cannot be represented directly
in this equivalent diagram. These capacitances, however,
produce a series of effects generally unwelcome : it is only
necessary to mention the words symmetry to earth,'
in which they play a principal part." The representation
of symmetry to earth by means of the normal equivalent
diagram is, on the same grounds as before, impossible.
Ways of improving the symmetry are known, the most
effective being an electrostatic screen. But a penetration -
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free screening is not simple in construction and also may
alter the transformer properties (by increasing leakage,
for example) : frequently, therefore, one " makes do "
with screening foils between the windings. This, however,
leaves a residual " penetration capacitance," and it is
important to be able to estimate the effect of this. Hitherto
no convenient method of calculation has been available,
and the obtaining of a more complete equivalent circuit
is obviously likely to involve considerable complications.

In the present paper it is shown that the symmetry
relations of a transformer can only be considered with the
help of an equivalent -circuit diagram of unusual form,
namely that of a " complete " square with diagonals
(six independent impedances : Figs. r, 3) : the application
of such diagrams is dealt with in sections 2-5. If, however,
it is only required that the transmission properties (e.g.
stray resonance) should be represented correctly, it is
seen (section 6 onwards) that it is possible to extend the
previous star or delta circuit in such a way that the
effect of the capacitances between the windings are taken
into account.

1515. THE CALCULATION OF THE MAGNETIC FIELD
STRENGTH [of the Leakage Field] NEAR TRANS-
FORMER 'WINDINGS [treated by the Technique of
Undistorted Superposition of Elementafy Fields :
Strict Equations & Simplified Approximations
useful for Rapid Estimates : Effect of the Yoke].-
W. Knaack. (Arch. f. Elektrot., 31st ;July 1943,
Vol. 37, No. 7, pp. 317-346). An extension of
Kramer's work, 1932 Abstracts, p. 162.

1516. POTENTIAL DISTRIBUTION IN TRANSFORMER WIND-
INGS ON THE ARRIVAL OF A SURGE, WITH SPECIAL
ATTENTION TO THE SECOND [Passive] WINDING.-
W. Knaack. (Arch. f. Elektrot., 31st Aug. 1943,
Vol. 37, No. 8, pp. 391-412.)

1517. ON THE CALCULATION, OF THE CURRENT HARMONICS
IN COILS WITH SATURATED IRON CORES [Com-
parison of Theoretical Results (especially by
Writer's Method, 2687 of 1943) with Measurements].
-W. Hartel. (Arch. f. Elektrot., 31st May 1943,
Vol. 37, No. 5, pp. 253-262.)

1518. CALCULATION OF THE CAPACITANCES REQUIRED
FOR THE BALANCING OF THE REACTIVE LOAD IN
SINGLE AND THREE-PHASE NETWORKS.-Heusser.
(See 1712.)

1519. DIRECT READING OF THE FREQUENCY OF RESONANT
CIRCUITS [Design of Condenser with Required
Linear Law of Frequency & Required Range of
Capacitance : Complications due to Edge
Capacitance, etc.].-Griffiths. (See 1647.)

1520. UNWANTED NEGATIVE FEEDBACK DUE TO
DEFECTIVE CONDENSERS.-K. Sternke. (Funktech.
Monatshefte, No. 2/3, 1943, p. 28 onwards.)

152 I . VERSTARKER UND EMPFANGER [Amplifiers &
Receivers (for Wavelengths down to about ro m) :
Book Review].-M. J. 0. Strutt. (E.N.T., Aug.
1943, Vol. 20, No. 8, p. 204.) Volume 4 of the
Korschenewsky-Runge series " Lehrbuch der
drahtlosen Nachrichtentechnik."

1522. A TREATMENT OF NON-LINEAR DEVICES BASED UPON
THE THEORY OF RELATED LINEAR FUNCTIONS [With
Application to Triode & Pentode Amplifiers,
Large -Signal Detectors, Superheterodyne Con-
verters, etc.] .-H. Stockman. (Journ. Applied
Phys., Dec. 1943, Vol. 14, No. 12, pp. 645-658.)

" This treatment makes it unnecessary to use the
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vacuum -tube theory (With its predetermined meanings of
the tube coefficients) as a foundation for rectification- and
conversion -diagram methods-a rather artificial founda-
tion in the case of crystal detectors and crystal converters.
. . . The extension of the rectification -diagram method to
frequency converters seems not to have been covered
-previously in the literature. This extension provides a
short cut around extensive and difficult calculations
and changes the nature of experimental investigation to
a standardised procedure. Some of the difficulties in
obtaining conversion diagrams are pointed out, and some
hints are given for the practical measurement work.

" The contribution of this method is very similar to
the contribution of the method of using Evm,.
diagrams and contours in the power -tube field. Diagrams
are obtained for the tubes operating at a lower frequency,
and it is possible to predict from these diagrams how the
tubes will behave at a higher frequency and with a
specified load. . . . The general theory is used for the
development of a substituting ' model,' from which
important information on the behaviour of a super-
heterodyne converter can be secured . . ."

1523. ATTENUATOR DESIGN FOR AMPLIFIER GAIN CON-
TROLS [" to satisfy the Requirements of the Most
Exacting Laboratory Equipment, as well as All
Others needing Less Accuracy "].-P. B. Wright.
(Communications, Oct. 1943, Vol. 23, No. z o,
pp. 38..44 and 112..115.)

1524. PHASE -SHIFT OSCILLATOR DESIGN CHARTS
[Advantages of the Single -Valve Phase -Shift
Oscillator (Fixed or Variable Frequency, e.g.
13o -32o0 c/s : Ginzton & Hollingsworth, 2161 of
1941) : Nomograms for Design].-W. W. Kunde.
(Electronics, Nov. 1943, Vol. 16, No. I1, pp. 132-
'33.)

1525. THE CONSISTENT RELATION BETWEEN SINUSOIDAL
OSCILLATIONS, RELAXATION [" Kipp "] OSCILLA-
TIONS, AND " KIPP " JUMPS.-W. Reichardt.
(E.N.T., Sept. 1943, Vol. 20, No. 9, pp. 213-225.)

Further development of the work dealt with in 59 of
January. In an earlier paper (1931 Abstracts, p. 61o,
r -h column) it was shown that relaxation oscillations and
sinusoidal oscillations are not essentially different, since
a continuous transition from the latter to the former,
and vice versa, is possible ; and that it depends mainly on
the values of the circuit components whether this or that
type of oscillation is excited. In the present paper the
treatment is extended to singly -occurring " kipp " jumps
and the transient currents resulting from them : for it
depends simply on the elements of the external circuit
associated with the negative resistance, and particularly
on the value of the ohmic loading resistance, whether
oscillations occur or only " kipp " jumps between different
possible regimes of equilibrium. In special cases these
regimes are not merely composed of two different stable
points ; in one and the same circuit sinusoidal or relaxation
oscillations are possible in addition to the stable points.
The transient processes occurring at the transition from
one state of equilibrium to the other are also of the same
nature and merge continuously one into the other.

The writer takes the case of a " capacitive " negative
resistance (for the distinction between the two types
see 59 of January), whose characteristic is so chosen that
the circuit (Fig. ) represents to a high degree all organs
of this group. Completely analogous relations can be
obtained for " inductive " negative resistances. His
treatment of this consistent relation between sinusoidal
and relaxation oscillations and " kipp " jumps throws
light on the problem of how far it is possible to deduce
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what processes will occur, from consideration of the
instability conditions towards direct current on the one
hand and towards alternating current on the other. In
the case of stability towards d.c. and instability towards
a.c., self-excited oscillations will always occur. With
instability towards d.c. and stability towards a.c., of the
three points of intersection between the characteristic
and the " straight line of resistance " [u = - iR : the
geometrical locus of all values for which no change of
current occurs, so that di/dt = the middle one is
always unstable and the two outer ones always stable.
A " kipp " transition from one repose position to the other
may occur.

A whole multiplicity of relations, on the other hand, are
to be found in the case when instability exists towards both
d.c. and a.c. Here, relaxation oscillations, one or two sets
of sinusoidal oscillations, and one or two stable final
states alone or with persistent oscillations, may all occur
simultaneously in the same circuit. Which of the possible
final states will emerge in such circumstances depends
only on the initial state ; an impulse from, outside may
produce a sudden transition, from one stationary final
state to the other. What final states are possible cannot
be found from simple mathematical relations, only by
graphical methods or by experiment. The much employed
instability condition for d.c. instability, -N < R, and
for a.c. instability, -N < L/CR, are strictly valid only
in the immediate neighbourhood of the point of inter-
section in question. What happens over a wider region,
when instability towards d.c. and a.c. exists, cannot be
derived from these relations.

1526. RELAXATION OSCILLATIONS IN POWER PLANTS.-
W. Koch. (E.T.Z., Vol. 64, 1943, p. 427 onwards.)

1527. NEGATIVE RESISTANCE AS A MACHINE PARAMETER
[Series Generator possesses both D.C. Negative
Resistance & Incremental Negative Resistance,
the Latter leading to Possibility of obtaining
Oscillations of order of 0.2-1.5 c/s : the Series
Generator analysed as an Amplifier : etc.].-
G. H. Fett. (Journ. Applied Phys., Dec. 1943,
Vol. 14, No. 12, pp. 674-677.) " As an interesting
side -light, the oscillations provide an easy way for
setting the brushes of the motor on the magnetic
neutral . . ."

1528. METHOD OF MEASURING THE PHASE DISPLACEMENT
OF HIGH FREQUENCIES VARIABLE IN FREQUENCY
[by the Use of a Phase -Meter calibrated at a Low
(e.g. 6o c/s) Frequency.].-F. Bottcher. (Hochf:tech.
u. Elek:akus., July 1943, Vol. 62, No. I, p. 3o.) A
Telefunken patent, D.R.P. 728 814. For Hatcher's
work on sideband asymmetry see 2127 of 1943.

1529. THE PHASE -CONTROL CIRCUIT [for Thyratrons &
Other Gas -Filled Tubes : Analysis of Basic Circuit].
-S. R. Goldwasser. (Communications, Nov. 1943,
Vol. 23, No. I1, pp. 78-79.)

153o. PHASE -CONTROLLED RECTIFIERS : AN ANALYSIS
OF THEIR BEHAVIOUR [primarily in connection
with the Use of the Phase -Controlled Thyratron].
-Murcek. (See 1788.)

1531.

1532. STABILITY AND APERIODICITY IN FOURTH -ORDER
PROCESSES OF MOTION.-Schmidt. (See 1813.)

1533. ON THE DAMPING FACTOR [D = 0, Undamped
Oscillation : D = 1, Aperiodic Oscillation] OF

INVESTIGATION OF THE STABILITY CONDITIONS IN
DELAYED CONTROL.-Stein. (See 1570.)
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THE THIRD -ORDER DIFFERENTIAL EQUATION OF
REGULATING CIRCUITS [Complete Solution for
Certain Initial Conditions : Superposition on the
Wischnegradski Stability Diagram].-W. Oppelt.
(Arch. f. Elektrot., 31st July 1943, Vol. 37, No. 7,
pp. 357-36o.) See also a note in the issue for
31st October, p. 508.

1534. A GENERAL EQUATION FOR BRIDGE CIRCUITS WITH
LINEAR RESISTANCES.-V. A. Bogomolov. (Auto-
matics & Telenzechanics [in Russian], No. 3, 1941,
PP. 35-42.)

The following two types of bridge circuits with linear
resistances, used in regulating systems, are considered :
the potentiometer type utilising the Wheatstone prin-
ciple, in which the winding of a three -position relay
controlling a servo -motor is connected in the diagonal
of the bridge (Fig. r), and the balanced type in which
two windings of a three -position balanced relay are con-
nected between the arms of two variable rheostats (Fig.
2). For each type formulae are derived showing the
relationship between the total power input P to the
bridge, the power P. necessary for operating the relay,
the sensitivity a of the bridge (minimum percentage
change in the resistance of the arm to operate the relay),
and the number n of the variable arms. A general equa-.
tion (44) is then derived covering both types (m is the
number of the relay windings). It is shown that for the
same power input to the relay a much smaller total input
is required in the case of the balanced -relay type.
1535. THE COMPLEX VARIABLE AND THE COMMUNICA-

TIONS ENGINEER [Application to the Solution of
Two -Dimensional Field Problems].-S. Frankel.
(Communications, Sept. 1943, Vol. 23, No. 7, pp.
62..7o and 98, 106..1°9: Oct. 1943, No. 8,
pp. 50..6o and ii6.)

" In making use of a theorem the engineer must be
fully aware of the restrictions imposed in deriving it,
and must confine himself
tions to avoid inevitable errors. . . ."

1536. NETWORK AND FOUR -TERMINAL -CIRCUIT CALCU-
LATIONS WITH " WILBERFORCE'S EQUATIONS."-
M. Skalicky. (Arch. f. Elektrot., 31st May 1943,
Vol. 37, No. 5, pp. 263-266.)

Wilberforce published his network equations in Phil.
Mag., Vol. 5, 1903 : unfortunately, " they are too little
known. Wallot [in his book, 979 of 1941] has been the
first to employ them again. For completeness' sake
these equations are reproduced here in a simplified form,
and it is shown in particular how with their help the four -
terminal -network equations and their determinant con-
ditions can easily be derived." No assumptions need
be made as to the construction of the four -terminal
network, except that it should consist only of linear
resistances and be governed by Kirchhoff's laws. Ex-
pressed in words, the fundamental equation (6) states
that if the impressed terminal voltage in one current path
of the one network is multiplied by the current in the
corresponding path of the other network, and the sum
is taken of these current-voltage products over all the
current paths of the one network, this sum will be equal
to the similarly obtained products -sum for the other
network. For previous work by the same writer see
2385 of 1941.
1537. NETWORKS WITH PREDETERMINED NETWORK

MATRICES [and the Predetermination whether,
how, & in how many ways a Given Matrix can be
developed into a Coupling -Free Network].-W.
Bader. (T.F.T., June 1943, Vol. 32, No. 6, pp.
119-125: to be concluded.)

Supplementary to 728 of 1943: some misprints in that
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paper are corrected on p. 119. In'a later work the writer
hopes to deal with the direct practical use of the whole
calculation process, leading from the given operative
attenuation, through the network matrix, to the actual
values of the circuit component.

1538. CRYSTAL BRIDGE FILTERS WITH VARIABLE BAND-'
WIDTH [including the Differential -Bridge &
Bridged -T Types : Simultaneous Displacement
of Series -Resonance Frequencies and Parallel
Capacitances & Terminating Resistance].-W.
Herzog. (Hochf:tech. u. Elek:akus., July 1943,
Vol. 62, No. r, pp. 29-30, Fig. 12.) A Telefunken
patent, DRP.73o 124, with priority 4/1/41.

1539. QUARTZ BAND -FILTERS UP TO I0 MC/S [Derivation
of Formulae : Some Actual Filters & Their Char-
acteristics].-W. Herzog. (T.F.T., Feb. 1943.
Vol. 32, No. 2 [wrongly printed as No. 3 on the
first page], pp. 23-29.)

From the Telefunken laboratories. The first bridge -
type filter to be described in the final section on actually
constructed filters is a carrier -frequency filter with a
middle frequency of 125 kc/s and a band width of ±19 cis
(this band width is taken at the attenuation b = 0.35
neper, corresponding to the voltage drop r : A/2 : it is
not identical with the spacing between the cut-off fre-
quencies). It consists of a series connection of two
differential filters each with two quartzes. The steep-
ness , of the two flanks is raised by the introduction of
two infinite -attenuation points (see also 154o, below),
derived from the condition of eqn. 3 (X, = X2, and see
also eqn. 61 : a footnote on p. 24 points out that from
eqn. 2, X1X2/R2 = - r, it is also possible to produce
null -points to help to make the pass -band part of the
curve as rectangular as possible : the curve shape with
the infinite -attenuation points is, however, of wider
application and is therefore preferred :
7). The design calculations were carried out by the
formulae derived in section 2. The measured attenua-
tion curve is seen in Fig. 13, and shows excellent agree-
ment with the theoretical curve (dotted lines).

The third example is a wide -band filter with a mid-
point frequency of 3 Mc/s and a band width of ±6.8 kc/s :
it takes the form of a complete bridge with four quartzes
between push-pull arrangements, and here again two
infinite -attenuation points are introduced to increase the
steepness. Fig. 15 shows the excellent agreement be-
tween calculated and measured characteristics. The
same filter was also constructed as a differential
bridge type, and had a characteristic approximately as
good.

The writer's method of adjusting his filters and taking
their attenuation characteristics " differs from those
hitherto published," and since it has given the best results
it is described briefly in section 9. The filter, with the
calculated adjustments of the condensers already marked,
is connected between a warble -frequency generator and
a cathode-ray oscillograph. By adjusting the con-
densers and varying the terminating resistance, a filter
curve resembling in its outline the desired curve is ob-
tained. Using the same generator with the warble
device cut out, but with its frequency slowly varied by a
motor -driven condenser, the attenuation characteristic
is registered by a current -recording instrument : during
this process a suitable number of nepers (according to
the maximum attenuation which is to be reached) are
introduced by means of a calibrated line connected
between the filter and the amplifier feeding the recorder
(Fig. 12) : this is to furnish a picture of the outlying
selectivity. The calibrated line also serves to calibrate
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the recorded attenuation curve in nepers, while the
rotating condenser is calibrated by a precision wave -
meter. After the adjustment of the filter has been tested
by means of the recorded characteristic, the oscillo-
graphic image is used again to eliminate any faults, and
the results confirmed by the use of the recording arrange-
ment. The time taken by the whole process is short.

A point emerging from the various formulae to which
special importance is attached, is that a comparison
between the attenuation equations 34, 36, and 43 shows
how the shape of the characteristic is more favourable
with several quartzes in the bridge arms than with a
series connection (giving the same number of quartzes
in all) of several filters each having only a few crystals.
This advantage can only be utilised within certain limits,
since the difficulties in adjustment increase with the
number of quartzes in a bridge -arm.

1540. ON THE PRODUCTION OF ARBITRARY BAND WIDTHS
IN QUARTZ FILTERS [and the Problem of the Gap
between Filters with Crystals only and Those with
Crystals & Inductances].-W. Herzog. (T.F.T.,
May 1943, VOL 32, No. 5, pp. 105-113.)

A paper complementary to 1539, above. The severe
limitation of band width in filters consisting only of
oscillating quartz crystals was pointed out by Mason in
1934 : with one quartz in each bridge arm the maximum
relative band width is equal to the ratio Gk./Cy, where Ck
is the series capacitance and C the parallel capacitance
of the quartz. For longitudinally vibrating bars Mason
found that this ratio could reach the value 1/125, which
in the bridge -type filter considered would give a band width
of o.8%. This is a limiting value : taking into account
the valve and lead capacitances, a relative band width
around 0.5% may be regarded as attainable.

With transverse -mode crystals, which cover a much
wider frequency band, the capacitance -ratio has upper
limits (Bechmann, 3332 of 1942) varying, according to the
particular cut, from 0.5% at frequencies up to about
5 Mc/s to 0.2% above 5 Mc/s. These values apply to
crystals with their electrodes touching their surfaces :
they become smaller with increasing spacing between
crystal and electrode. For example, in the to Mc/s
-filter described in section 6 (Fig. 21) the ratio is only
0.05%. In filters where the quartzes of two equal bridge
arms are replaced by condensers, the band widths are
halved.

Now it is true that the band width can easily be increased
by connecting inductances in series "or in parallel with the
quartzes. But a difficulty still exists, and now, contrari-
wise, it lies in obtaining a sufficiently small band width
with such an arrangement. For it is a general law that the
attainable relative band width must be larger than the
loss -angle (or the reciprocal of the figure of merit) of the
circuit elementg : Pohlmann showed this for a. quartz
filter with series coils, in his formula 61, /3G > i (see 354o of
1942). Inductances can be constructed with figures of -
merit ranging, according to frequency, from about ioo to
woo ; according to this, the smallest possible band widths
would range from 0.0/0 to 0/0. But figures of merit of
500 to i000 are optimum results, only attainable in the
most favourable conditions and not often reached in
filters, particularly when-as is so frequently the case-
telephonic band widths are required. Even when the
figure -of -merit condition is satisfied, the difficulty remains
of too high attenuation in the pass -band.

As an example of the above difficulties, the design
calculations for a short-wave filter with a coil (or coils)
in parallel with the quartz (or quartzes) are carried out
(Fig. 2) : it is to have a band width of ± 7 kc/s at 20 Mc/s.
The coil inductance required works out at 0.0042 pm,
.and its figure of merit must be at least p = 1330: " the
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construction of such an inductance is impossible ". On
the other hand, calculation shows that a filter with
quartzes alone would have a band width of only
± 2.8 kc/s, so that with neither plan can a short-wave
filter with telephonic band width be constructed. " The
above difficulty, which shows the existence of a gap in
band width between filters with quartzes only and those
with quartzes and inductances, is overcome by a type of
filter described in the following pages ; it is to be noted
that the resulting filters correspond in their properties
with the type having quartzes only, above, all in their low
attenuation in the pass -band ".

The description of this type of filter begins by a dis-
cussion of a filter with one quartz and high characteristic
impedance, showing how a single quartz in the differential -
bridge connection (where two bridge arms are replaced
by a differential transformer : Fig. 3) gives in many cases
a suitable attenuation curve. For the straightforward
filter of this type the curves of the reactances of the two
bridge -branches i and II, as a function of frequency, are
as shown in Fig. 4, where the " stop " zones are shaded -in.
The band width f2 -A is given by the separation f, -fs
between the parallel and series resonances of the quartz,
the relation for which is (f, f.)/f. = Ck/2Cp. Now
comes the special point : if, in each branch of the bridge,
inductances (Fig. 5) are introduced in parallel with the
quartz and with the condenser respectively, and are so
chosen in value that the new resonance points in the two
branches coincide, forming a point of infinitely high
attenuation, the result will be to give the reactance curves
of Fig. 6 or, alternatively, Fig. 7. The new resonance
points are f, and fi, while f2, is no longer identical with
the parallel -resonance point f, of Fig. 4. The auxiliary
infinity -point in Fig. 6 is formed at f and f, in Fig. 7
at f21, and f. Thus the auxiliary infinity -points A. in
Fig. 6 and f2, in Fig. 7 can be set at that side of the filter,
at will, where it is desired or where it is least disturbing.

A calculation (pp. 106-107) of the filter characteristics
of the arrangement (Fig. 5) having the reactance character-
istic of Fig. 6, and a comparison with the original
arrangement (Fig. 3) having the, reactance characteristic
of Fig. 4, shows that for the same band width and other
conditions the capacitances C11 and C01, and also Cu,
and Coe, of the new filter possess the enlarging factor
1/1, where 1 = i - f1,,,2If1f1t. whereas the data for the
quartz, and also the terminating resistance, are unaltered
except in the ratio //m (m = 1 - f1.2/f12) which is
practically unity and therefore negligible. If, therefore,
the filter of Fig. 3 is unrealisable for a given band width
because the calculated values of the capacitances C10,
Coo, C10', Ca are too small compared with the self -
capacitance of the quartz plus the capacitances of the
wiring, in the new filter they can be increased by the
factor // (as in eqn. 15) and, by a suitable choice of 1,
made practicable. It is also shown (eqn. 20 and adjacent
text) that the effect of coil losses is much smaller in the new
filter, and in most cases is negligible. The attenuation
and phase characteristics of the new filters have already
been dealt with in the preceding paper. Fig. 8 gives such
an attenuation curve. The reactance characteristic of

 Fig. 7, on the other hand, would give an attenuation curve
which would be the mirror -image (with respect to the
mid -point of the filter) of this, so that a series connection
of a Fig. 6 -type filter with a Fig. 7 -type would give a
symmetrical attenuation curve. The phase characteristic
of such a combination would be so shaped that it would
be unaltered by a rotation of ,8o° about the filter -centre.
Equations for the Fig. 7 -type filter are given in eqn. 33.

The general principle of filter -construction described
above has the additional great advantage of allowing
band filters to be built up hal;ing low characteristic
impedances which may, within limits, be chosen as

es
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required : this is of great importance for the direct con-
nection of filters in lines. For such filters the inductances
are connected in series, not in parallel, with the quartz
and with the condenser (Fig. 9). On the other hand, for
filters with a quartz in each branch of the bridge (differen-
tial bridge circuit, Fig. 12) the parallel -inductance scheme
is returned to (Fig. 13) for a high -characteristic -impedance
filter, the series -inductance connection being used again
(Fig. 17) when such a two -quartz filter is required to have
a low, selectable characteristic impedance.

Three examples of filters are worked out : a single -quartz
type for too kc/s, band width 25o c/s, and two douhle-
quartz types, one for to Mc/s and a ± I0 kc/s band width,
the other for 20 Mc/s and the same band width.

1541. IMPEDANCE TRANSFORMATIONS IN BAND-PASS
FILTERS.-A. S. Gladwin. (Wireless Engineer,
Nov. 1943, Vol. 2o, No..242, pp. 540-547.)

From the G.E.C. laboratories. ' By modifying the
values of the elements of a filter, and/or by introducing
new elements, band-pass filters may be made to behave
like the original filter plus a perfect transformer [giving
two main advantages]. The conditions necessary to
permit this transformation, and the limitations on the
types of impedance arms, ratio of transformation, and
frequency range, are examined. A new equivalent circuit
aids the analysis."
1542. THE CIRCLE DIAGRAM OF WAVE FILTERS : I-SIMPLE

GRAPHICAL METHODS PROVIDE LUCID ANALYSIS
OF WAVE -FILTER BEHAVIOUR : II-APPLICATION
TO THE DESIGN OF A NARROW -CHANNEL BAND-
PASS FILTER AT 500 KC/S.-P. J. Selgin. (Com-
munications, Oct. 1943, Vol. 23, No. io, pp. 20-25
and 78..82, io9 : Nov. 1943, No. t,, pp. 58 -62
and 116.)

1543. THE CALCULATION OF THE CHARACTERISTIC IM-
PEDANCE OF A RIBBON CONDUCTOR IN AN OUTER
CONDUCTOE OF CIRCULAR OR RECTANGULAR
CROSS-SECTION [by the Method of Conformal
Representation : with Table & Curves].-
W. Magnus & F. Oberhettinger. (Arch. f. Elektrot.,
31st Aug. 1943, Vol. 37, No. 8, pp. 380-390.)

1544. THE MAGNETIC FIELD STRENGTH AND SELF-
INDUCTION IN PLANE -PARALLEL CIRCULAR PLATES
TRAVERSED RADIALLY BY ALTERNATING CURRENT
[of Interest in connection with (e.g.) the Earthing
of Circuits through a Common Chassis].-H. H.
Wolff. (Arch. f. Elektrot., 3oth June 1943, Vol. 37,
No. 6, pp. 302-316.) Following on 359 of 1943.

1545. MULTIPLE BRIDGING NETWORKS [Multiple Or
Splitting Pads] FOR SUPPLYING ANY NUMBER OF
LINES OR UNITS OF EQUIPMENT FROM A COMMON
SOURCE.-P. B. Wright. (Communications, Sept.
1943, Vol. 23, No. 9, pp. 34-40 and 96..98.) With
graphs and tables. For supplementary diagrams
see November issue, No. II, p. io8.

1546. RSS AND PARALLEL I & X SLIDE RULES [for
finding the Impedance of Series Reactance &
Resistance, Effective Value of Superposed Currents
or Voltages of Differing Frequency, etc : for
Parallel Resistors & Condensers or Inductances].-
W. G. Brown. (Communications, Oct. 1943,
Vol. 23, No. io, pp. 7o, 72 and 12o.) Prompted by
Paine'S paper, 108 of April.

1547. AN ALIGNMENT CHART FOR FINDING THE TRUE
INDUCTANCE OF A COIL WITH DISTRIBUTED
CAPACITY.-R. C. Paine. (Communications, Sept.
1943, Vol. 23, No. 9, pp. 6o -6i and 104.)

1548. PLEXIGLAS RULES FOR ALIGNMENT CHARTS [with
Single Transparent Pivot & Cross Hairs for Nomo-
grams with Two Known Variables : with Fixed
& Sliding Pivots for Multiple Nomograms : also
the Use of " Plasticele " instead of Graph Paper,
and Its Advantages].-G. M. Mast. (Electronics,
Nov. 1943, Vol. 16, No. 11, pp. 200 ..204.)

TRANSMISSION

1549. ARRANGEMENT FOR THE AMPLITUDE MODULATION
OF CENTIMETRIC- AND DECIMETRIC-WAVE TRANS-
MITTERS.-Ch. Bachem. (Hochf:tech. u. Elek:akus.,
July 1943, Vol. 62, No. z, p. 28.)

D.R.P. 729 194. " To modulate, with the least possible
distortion of the field, the h.f. energy given out by the
dipole D (Fig. z) and led to the radiating point A by the
wave -guide R, using as modulator the glow -discharge
tube G, the electrodes are so shaped that they cut
predominantly at right angles the electric lines of force of
the unmodulated wave -guide oscillations. They may,
for instance, consist of parallel strips like those of a
polarising grating."

1550. ARRANGEMENT FOR THE MODULATION OR DEMODULA-
TION OF ELECTRIC OSCILLATIONS.-G. Krawinkel
& H. Salow. (Hochf:tech. u. Elek:akus., July 1943,
Vol. 62, No. 1, p. 28, Fig. 4.)

D.R.P. 729 436. " The secondary -emissive electrode
E, insulated by a condenser C or by a semiconductor, is
struck by at least two electron -beams iI, i2 and gives up
secondary electrons to the [curved] anode A. The one
beam, whose intensity or velocity is controlled by the
carrier wave, has such a velocity that for it the secondary -
emission factor is greater than unity, so that the potential
of the electrode E becomes positive from the giving -up of
the secondary electrons. The second beam, on the other
hand, controlled by the modulation voltage, produces a
secondary -emission factor less than unity and therefore
produces a shift of the potential of the electrode E in the
negative direction. The resultant charging potential and
the displacement current i3 flowing through the condenser
C are (if the working point is suitably chosen) dependent
on the ratio of the two controlling quantities ".

1551. ULTRA -SHORT-WAVE OSCILLATOR OR FREQUENCY -
MULTIPLIER WITH CIRCULARLY DEFLECTED
CATHODE RAY AND SUBDIVIDED OUTPUT-
ELECTRODE.-K. Fritz. (Hochf:tech. u. Elek:akus.,
July 1943, Vol. 62, No. p. 28.) A Telefunken
patent, D.R.P. 729 911.: Fig. 6.

1552. OSCILLATION GENERATOR, DETECTOR, OR FRE-
QUENCY -CHANGER [with Velocity Modulation].-
Philips Company. (Hochf:tech. Elek:akus.,
July 1943. Vol. 62, No. t, p. 29, Fig. 9.)

French Patent 874 653, with priority 3/8/4o. " To
improve the efficiency of velocity modulation and to
increase the extraction of output, the electron beam
coming from the electron gun 2 is so deflected by the
electrode system 4 that it enters obliquely the modulating
system 3 (constructed like a magnetron or retarding -field
system) and makes, in this, several spirallings or to -&-fro
swings before it is led out into the drift chamber 8.
Similarly, on leaving this it enters obliquely a similarly
constructed `catching' system io, before reaching the
anode 14 ".

1553. THE GENERATION AND AMPLIFICATION OF DECI-
METRIC AND CENTIMETRIC WAVES [Survey].-
H. E. Hollmann. (T.F.T., Jan. & Feb. 1943, Vol. 32,
Nos. I & 2, pp. 12-21 & 37-44.)

The first paper of this long series was dealt with in
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2353 of 1943, and the final part in 3333 of 1943. In these
intermediate instalments the writer considers the split -
anode magnetron (Habann oscillations & other types ;
back -heating ; practical transmitters), electron multipliers,
velocity -modulated tubes (and the mathematics of
" phase focusing " ; the klystron ; Liidi's modification
with Lecher wires ; the Hahn -Metcalf tube ; the " retard-
ing -field klystron " ; the " reflection " generator.
References concerning this last are to Hahn & Metcalf
and to Gvosdover & others, 1554, below.)
1554. INVESTIGATIONS ON ELECTRON BEAMS IN AN

ELECTRICAL RETARDING FIELD [and the " Reflec-
tion Generator "].-S. L. Gvosdover, L. Loschakow,
& J. Terlezki. (Comptes Rendus (Doklady) de l' Acad.
des Sci. de l'URSS, Vol. 3o, 1941, p. 613 onwards.)
Referred to in 1553, above.

1555. WIDE -RANGE ELECTRONIC GENERATOR [RC Oscil-
lator & Amplifier for Electro-Medical & Other
Researches : Frequencies 1.8 to 18o 000 cis].-
Mittelman, Grodins, & Ivy. (See 1792.)

1556. " THEORETISCHE GRUNDLAGEN UND ANWENDUNGEN
DER MODULATION IN DER ELEKTRISCHEN NACH-
RICHTENTECHNIK [BOOk Review].-E. Prokott.
(E.N.T., Aug. 1943, Vol. 20, No. 8, p. 204.)

1557. ARRANGEMENT FOR MEASURING THE AERIAL
CURRENT AND THE PERCENTAGE MODULATION
WITH A SINGLE METER.-H. Tull. (Hock f:tech. u.
Elek:akus., July 1943, Vol. 62, No. 1, pp. 27-28.)
A Lorenz patent, D.R.P. 729 193.

1558. QUARTZ CRYSTALS : TYPES, MODES OF VIBRATION,
METHODS OF MANUFACTURE.-M. A. A. DrueSne.
(Communications, Sept. 1943, Vol. 23, No. 9,
pp. 46..5o and log, i.) From the James Knights
Company.

1559. AUTOMATIC TRANSMITTER TUNING WITH PUSH-
BUTTONS [at a C.B.S. Short -Wave Station].-
Federal Tel. & Radio Corporation. (Electronics,
Nov. 1943, Vol. 16, No. it, pp. 154..158.) From
a recent issue of Elec. Communication.

1560. A FILAMENT " STEPPER -DOWNER " [Special Relay
removing Filament Voltages in Three Steps, for
50 kW Valves & Rectifiers, to reduce Thermal
Shock at Each Sign -Off Period].-H. B. Glatstein.
(Communications, Sept. 1943, Vol. 23, No. 9,
pp. 28 and 108.)

1561. AUTOMATIC CONTROL CIRCUITS FOR BROADCAST
TRANSMITTERS [" Four Man -Power -Saving Elec-
tronic Circuits "].-Sloat. (See 1709.)

RECEPTION

1562. " VERSTARKER UND EMPFANGER " [Amplifiers &
Receivers (for Wavelengths down to about io m) :
Book Review].-M. J. 0. Strutt. (E.N.T., Aug.
1943, Vol. 20, No. 8, p. 204.) Volume 4 of the
Korschenewsky-Runge series " Lehrbuch der
drahtlosen Nachrichtentechnik."

1563. ARRANGEMENT FOR THE MODULATION OR DEMODU-
LATION OF ELECTRIC WAVES [with the Help of
Secondary - Electron Emission].-Krawinkel &
Salow. (See 155o.)

1564. THE INFLUENCE OF CARRIER WAVES ON THE NOISE
ON THE FAR SIDE OF AMPLITUDE -LIMITERS AND
LINEAR RECTIFIERS.-K. Franz & T. Vellat.
(E.N.T., Aug. 1943, Vol. 20, No. 8, pp. 183-189.)

" Amplitude -limiters have attained a great practical
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importance through their use in frequency -modulation
receivers. It has been known for a long time from tests
that by the addition of a strong carrier to the natural
noises of the receiver the noise at the output of the
amplitude -limiter is reduced : measurements of this
effect are given, for instance, by Plump (n5 [and 4911
of 1939). In the theory of the reception of frequency -
modulated oscillations this behaviour of the limiter is
explained by the following consideration : both the useful
voltage and the natural noise of the receiver beyond
the ideal amplitude -limiter are derived exclusively from
the passages through zero of the input voltage of the
limiter. Since, with increasing carrier -voltage, these
passages through zero coincide to an arbitrary degree of
exactness with those of the carrier, the addition of a
strong carrier will suppress the noise, while conversely a
preponderating noise at the input of the limiter will
suppress the carrier in its output voltage : these remarks
relate only to the effective values of carriers or noise
at the output, while nothing is stated thereby as regards
the ratio of signal voltage to noise voltage (Crosby,
2504 of 1937 : Vellat, 79 of 1942).

" We give here a calculation of this suppression effect
for arbitrary ratios of carrier -voltage to noise -voltage in
front of the limiter, which appears hitherto to have been
neglected, whereas for strongly predominating carriers
it has been carried out in many papers on frequency
modulation. It is readily accomplished by the use of
methods developed for the calculation of the transmission
of noise -voltages over bent characteristic curves, in a
discussion of the behaviour of linear rectifiers to noise -
voltages (Franz, 3027 of 1941).

" Whereas the noise beyond a limiter is cut down by
the addition of a carrier, such an addition makes it
increase beyond a linear rectifier ; in contrast to the
square -law rectifier, beyond which the noise -voltage is
(at any rate for strong carriers) proportional to the
carrier -voltage, the noise increases only to a finite limiting
value. This effect has been measured by Williams
(1364 of 1937) : the limiting value can also be calculated
simply. In the present paper we propose to calculate
the output voltage of the rectifier for arbitrary values of
the' carrier-voltage/noise-voltage ratio at its input, using
for the purpose the methods, based on the theory or
functions, already mentioned. The carrying through
of the calculations proceeds quite similarly in the two.
distinct problems under consideration [having first dealt
with the amplitude -limiter problem, the writer continues
on p. 188: " The course of the calculation for the linear
rectifier is analogous to such an extent-only the factor
(z.o.2)-1 has to be introduced-that we shall dispense
with carrying it out. Corresponding to eqn. 19 (for
Nfcsfa* in the case of the limiter) we now have eqn. 23
for the spectral distribution of the low frequency at the
output of the rectifier. The individual terms of eqn. 23
have been represented in Fig. 3, to give a clear indication
of the practicability of this formula for numerical
calculation. It is seen, also, that the series 23 converges
more rapidly than the corresponding series 19 for the
amplitude -limiter "]. We shall consider our task to be
accomplished when we have given the amplitudes and
spectrum of the output voltage as functions of the carrier -
voltage ".

In addition to the two spectral -distribution equations,
eqn. 20 for 7/.2 gives the total fundamental -wave noise -
voltage beyond the limiter (Fig. 4 shows the decrease as
the carrier -addition is increased) and eqn. 24 gives the
same for the linear rectifier (Fig. 2 showing the 1.f. noise
increasing to a limiting value as the carrier is increased).
Other previous works by the first author, some results
of which are embodied in the present calculations, were
dealt with in 3026 of 1941 and 2124 of 1943.
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1565. SUPPRESSING RADIO NOISE IN THE JEEP.-F. E.
Butler. (Electronics, Dec. 1943, Vol. 16, No. 12,
PP- 96-99.)

1566. A TREATMENT OF NON-LINEAR DEVICES [Large -
Signal Detectors, Superheterodyne Converters,
etc.] BASED UPON THE THEORY OF RELATED
LINEAR FUNCTIONS.-Stockman. (See 1522.)

1567. SUPERHETERODYNE CONVERTER TERMINOLOGY
[Critical Analysis and Summary of Existing
Accepted Terms, and Suggested Additions, plus
a Systematic Treatment of Converter Theory
which includes Some of the Latest Developments :
Paper based on Teaching Experience at Cruft
Laboratory].-H. Stockman. (Electronics, Nov.
1943, Vol. 16, No. iI, pp. 144-146 and 324 ..331.)

Suggested abolitions include " first and second
detectors " (first detector does not detect) and " beat -
frequency oscillator " for the c.w. oscillator used for
code reception (" from the following description of a
beat -frequency oscillator it is obvious that the c.w.o. is
not a b.f.o."). Two main classifications suggested are
 " sliding Q -point or fixed path of operation (FPO) con-
verters " and " shifting Q -point or changing path of
operation (CPO) converters".

1568. SUPERHETERODYNE TRACKING CHARTS : III-THE
PADDED SIGNAL CIRCUIT .-A . L. Green. (Wireless
Engineer, Dec. 1943, Vol. 20, No. 243, pp. 581-594.)
Reprinted from A .W.A.lech. Review (1877 of
1943)

[569. SIMPLIFIED CALCULATION OF THE OSCILLATOR
CIRCUIT IN THE HETERODYNE RECEIVER .-
0. Meisinger. (Funktech. Monatshefte, No. 2/3,
1943, p. 23 onwards.)

1570. INVESTIGATION OF THE STABILITY CONDITIONS IN
DELAYED CONTROL [Delayed Automatic Gain
Control].-D. Stein. (E.N.T., Sept. 1943, Vol. 20,
No. 9, pp. 205-213.)

The theoretical conditions of stability for undelayed
control have been dealt with by Kiipfmiiller (1929
Abstracts, p. 104), Artus (3256 of 1941 [and 401 of 1942]),
and Nyquist (1932 Abstracts, p. 279). Kiipfmilller's
treatment is summarised in section 2. The question of
stability, however, has gained increasing importance in
connection .with the delayed control used now in so many
applications, in which the control process only comes into
action when the ,controlling amplitude (e.g. that of a
carrier wave) passAs a certain value : such a result being
obtained, for example, by the application of a negative
bias to the rectifier valve used to provide the rectified
control voltage. For it has been found by experience that
the stability obtained with delayed -control devices falls
below that obtained with undelayed control : the physical
reason for this is seen from Fig. 4.

In the present paper, therefore, the writer takes the
integral equation (7) for the stability in undelayed control
and examines how it must be modified so as to apply to
delayed control. It is found that compared with undelayed
control, where control factor and control time alone
determine the stability, in delayed control there is a further
possibility of influencing the stability, namely by varying
the delaying (biasing) voltage (see Fig. 11, giving the
curve of U,, the biasing voltage, as a function of 8 for
four different control factors Ro = 0.1..0.5). " This
fact, which constitutes an important result for practical
purposes, has never been dealt with before. . . . All
previous writers have given, as the method for stabilising
control systems (whether delayed or undelayed), the
raising of the control time . . . by the introduction of
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more oscillatory circuits or damping sections in the
transmission or control circuit. This process has the
disadvantage of being rather complicated and more or
less empirical, since it is generally impossible to determine
directly the exact change in the transition period : as a
rule, therefore, such a method does not lead to working
with the most favourable parameters . . ."

In the new method the stability is adjusted simply,
and without changing the circuit components, by varying
the delaying voltage according to Fig. II by means of a
potentiometer. In the great majority of control systems
such a variation (within certain limits) of the delaying
voltage is permissible. The theoretical results are
confirmed in section 4 by experiments with the Tele-
funken EFir variable -mu pentode.

1571. SQUELCH [Muting, Codan] SYSTEMS, THEIR DESIGN
AND OPERATION [Manual Methods : Automatic
Squelching : Electronic Methods : Relay -Type
Squelch : Electronic QAVC : QAVC for Frequency
Modulation : QAVC in Emergency (Police & Fire
Departments, etc.) Systems : Suggested Method,
using the " Attention " " Signal, of Avoiding
Reduction of Sensitivity].-L. Pressman. (Com-
munications, Sept. 1943, Vol. 23, No. 7, pp. 72,
74 and 102, II0.)

1572. A NEW METHOD OF " CRACK KILLING ".-O. Kohler.
(Funk, No. 5/6, 1943, p. 65 onwards.)

HARVEY UNIT CELL COMMUNICATION RECEIVER . -
Machine Company. (Communications,

Sept. 1943, Vol. 23, No. 9, pp. 91 and 92:
Electronics, Dec. 1943, Vol. No. 12, pp. 30o and
302.) For this " unitized " series see 2714 & 3371

1573.

1574.

AERIALS AND AERIAL SYSTEMS

ON THE ACTION OF PARABOLIC REFLECTORS ON
. VERY SHORT ELECTRIC WAVES.-A. Esau &

H. Scheffers. (Luftfahrtforschung, No. 3, 1942,
p. 169 onwards.) This seventeen -page paper is the
one referred to by Born in the work dealt with
in "93 of April.

GROUND PLANE ANTENNAS [Criticism of Hasen-
beck's Formulae & Curves (1o4 of January) : the
Fundamental Difference between Impedances of
Aerial operating with Four Ground Rods & Aerial
Operating over Semi -Infinite Sheet : Experimental
Checks on 6o Mc/s].-G. H. Brown : Hasenbeck.
(Electronics, Dec. 1943, Vol. 16, No. 12, pp. 338-339
and 344.)

1576. THE " EFFECTIVE " DIELECTRIC PROPERTIES OF
CONCENTRIC LINES WITH DISCONTINUOUS DI-
ELECTRIC.-E. Muller. (T.F.T., Jan. 1943, Vol.
32, No. 1, pp. 1-12.)

From the A.E.G. laboratories. Author's summary :-
" In concentric lines for h.f. transmission there are two
basically different types of insulation, representing the
construction of the dielectric : the discontinuous and the
continuous type of insulation, and various combinations
of the two [in particular the cup -shaped bead series,
section II, 3]. As the protagonist of discontinuous
insulation may be taken the disc insulation well known
in wide -band cable technique, and composed of alternate
large air spaces and small dielectric portions. It is shown
here how the effective dielectric properties of this type
of construction can be calculated on the basis of simple
relations [eqn. I for the effective dielectric constant,
eqns. 6 a, b for the effective loss angle]. The results are
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applied to actual types of cable met with in practice, and
give definite values for the effective dielectric constant
and effective loss angle varying with the materials used
and with the working frequency. These values are
compared with the results of actual measurement [for
e', the effective dielectric constant, see Table 3 for calcu-
lated and measured values : for tan 8', the effective loss
angle, calculated by eqn. 6 at I..10 Mc/s for frequenta
and at 1..500 Mc/s for trolitul, see Table 6. For measure-
ments on a cable with 8% by volume of frequenta, up to
8 Mc/s, see the curve of Fig. I]. . . . It is found as a
result that even at the larger diameters, in the regions
of medium to ultra -high frequencies the difference be-
tween the two types of insulation [continuous and dis-
continuous] is not very great, if in the discontinuous type
the ratio of insulating component to air -space component
is made as small as possible by suitable design and choice
of material. The solid insulation naturally gives larger

 energy -losses than the air -space insulation, but has com-
pensating advantages in electrical strength, flexibility,
and mechanical stability [special attention is given
(section n, 2) to the use of the polyisobutylene, oppanol :
see Rohde, 814 of March].

" In_ the region of. ultra -short and decimetric waves
the ceramic insulation shows rather larger dielectric
losses. They remain, however, within such limits that
the use of this construction is quite practicable where
high temperatures have to be considered (tropical equip-
ment). For normal temperatures it seems desirable,
in these frequency regions, to turn to the use of trolitul
discs for discontinuous insulation. Thanks to the small
proportion of insulator, the energy losses for equal dimen-
sions are rather lower even for decimetric waves than those
given by the continuous type of insulation. This fact
presents the possibility of decreasing the spacing between
the discs, in this way raising the cut-off frequency, so
that the cable would be useful right down to the centi-
metric wave region [cf. Riedel, 2716 of 1943]. Here,
however, it would generally be better to discard the
concentric construction and make use of the so-called
wave -guides." For a longish summary, including tables,
see E.T.Z., 18th Nov. 1943, Vol. 64, No. 45/46, pp. 600-
601 .

1577. COAXIAL CABLE EXPANSION [with Temperature :
Total & Differential Expansions (the Latter
especially important in Buried Hard -Copper Types,
where Friction prevents Movement of Outer
Conductor) : Ways of preventing Dimage].-
V. J. Andrew. (Communications, Nov. 1943,

-Vol. 23, No. II, pp. 28 and 120, 121.)

1578. A LINEAR AERIAL OF VARIABLE LENGTH.-L
Walter. (Hochf:tech. u. Elek:akus., July 9943,
Vol. 62, No. I, p. 31, Fig. 2o.)

A Telefunken patent, D.R.P.73o 130. The earthed
lower end of the rigid; vertically movable conductor 1,
whose projection beyond the counterpoise plate 4 acts
as the radiator, is connected to a, float 8 (immersed in a
buried container) the upward force on which balances
the weight of the aerial.

1579. RECEIVING AERIAL COMPOSED OF A STRETCHED
HORIZONTAL WIRE CARRYING A NUMBER OF
SHORT VERTICAL WIRES CONNECTED AT THEIR
LOWER ENDS TO A COMMON HORIZONTAL WIRE
AND THENCE TO THE DOWN-LEAD.-J. Heinrich
& K. Skotnicki. (Hochf:tecll. u. Elek:akus., July
1943, Vol. 62, No. 1, p. 31, Fig. 19.) D.R.P.
73o io8.

1580. LOW -FREQUENCY RADIATION FROM SHORT MOBILE
ANTENNAE : DISCUSSION OF TYPES OF ANTENNAE
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POSSIBLE FOR MOBILE INSTALLATIONS OPERATING
BETWEEN 1500 AND 5000 KC/S [Methods of Coupling
for 7 ft Whip Aerials, based largely on Police
Car Experience : the Base -Loaded, Marconi,
Collins (Pi), " Curved Plate," & Other Systems].-
K. A. Kopetzky. (Communications, Nov. 1943,
Vol. 23, No. II,pp. 66..73 and 118.)

1581 SHORT-WAVE BEAM ARRAYS FOR TRANSOCEANIC
SERVICES.-E. Schfittloffel. (Hochf:tech. u. Elek:
akus., July 1943. Vol. 62, No. 1, p. 31.)

A Telefunken patent, D.R.P.729 912, applied for
17/10/4o. " The geometrical vertical spacing of the
cophasally fed horizontal dipoles of a ' fir -tree ' array and
the equally great height of the lowest dipole above the
ground 'are selected so much smaller than a half -wave-
length (for four dipoles one above the other the value
is A/5) that the angle of elevation of the radiation -maxi-
mum is about 20° or larger, since this has been shown by
experience to correspond to the arrival angle of the
radiation of transoceanic stations."

I.582. COMPARATIVE MERITS OF DIFFERENT TYPES OF
DIRECTIVE AERIALS FOR COMMUNICATIONS [Opening
Paper & I.E.E. Wireless Section Discussion].-
J. A. Smale & others. (Nature, 19th Feb. 1944,
Vol. 153, No. 3877, pp. 228-229.) See also 1203
of April.

1583. ADJUSTING UNEQUAL -TOWER BROADCAST ARRAYS
[for a Non -Symmetrical Radiation Pattern : the
Complications due to. Fact that Magnitudes &
Phases of Base Currents may differ from Those
of the Radiated Fields : Necessary Relations
obtained froth Field Measurements and verified
by Use of Model (Ultra -Short -Wave) Aerials].-
G. H. Brown & J. M. Baldwin. (Electronics, Dec.
1943, Vol. 16, No. 12, pp. 118-123 and 288..296.) .

1584. TALLEST U.S. BROADCAST TOWER [New Radiator
at WNAX, rising 927 Feet above Ground].-C.
Todd. (Electronics, Dec. 1943, Vol 16, No. 12,
pp. 104-105.)

VALVES AND THERMIONICS

1585. THE DIELECTRIC CONSTANT OF IONISED AIR IN
A DISCHARGE TUBE IN THE RANGE OF WAVE-
LENGTHS 80 CM TO 1500 CM.-Alam & Khastgir.
(See 1492.)

1586. EFFECT OF SPACE CHARGE ON ELECTRON BEAMS.
-J. Aharoni. (Phil. Mag., Jan. 1944, Vol. 35,
No. 240, pp. 36-50.)

" The effect of the space charge on an electron beam
as it emerges from an electron -optical system has been
treated in a number of papers (Watson, 1927 Abstracts,
p. 5o9: Thompson & Headrick, 136 of 1941). In the.
following, a new method of dealing with the subject is
described and a few applications are carried out [plane
diode and a very long slit (arriving at exactly the same
result Las that found by Thompson & Headrick by a
totally different method), circular beam (again identical
with T. & H.), rectangular slit of finite length]. The
method may be regarded as a hydt'odynamical method.
As we are dealing with stationary beams the time can be
eliminated' in a convenient way from the calculation".

1587. IMPULSE GENERATOR FOR TESTING HIGH -POWER
TUBES [primarily for Rapid Determination of
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Optimum Anode Voltages for Modern Valves,
including Transit -Time Oscillators : Characteristic
Curves obtained by applying Single High -Voltage
Pulse's at Widely Spaced Intervals, with help
of Two -Beam C.R. Oscillograph : Use of Probe
Electrode to investigate Transit Times : Marx -Type
Generator for Pulses up to 75 Kilovolts].-J. H.
Owen Harries. -(Electronics, Dec. 1943, Vol. 16,
No. 12, pp. 136-139 and 326..330.)

1588. MODIFICATIONS OF APPLETON'S METHOD OF
MEASURING THE MUTUAL CONDUCTANCE OF A
VALVE.-L. F. Bates & W. F. Lovering : Appleton.
(Phil. Mag., Jan. 1944, Vol. 35, No. 240, pp. 64-72.)

" Several new modifications of Appleton's method
[which " in spite of its great simplicity appears to be
very much less well known than it should be "] are
described. Most of them require the provision of a c.r.
oscillograph and are suitable for lecture demonstrations.
The best so far devised gives a two-line trace on the
c.r.o. screen and enables accurate measurements of
p, p, and g,,, to be made."
1589. REPORT ON THE NOISE OF SOME RADIO TUBES

WITH FLOATING GRID.-K. J. Keller & H. J. A.
Vesseur. (Physica, Vol. 1o, 1943, p. 273 onwards.)
A six -page paper, in English.

1590. NOISE MEASUREMENTS IN VACUUM TUBES.-
J. J. DeBuske. (Nature, 22nd Jan. 1944, Vol. 153,
No. 3873, p. 114.) Summary of paper dealt with
in IIo of January.

1591. SHOT NOISE AND VALVE EQUIVALENT CIRCUITS
[and the Two Physical Pictures of Shot Noise (in
terms of Voltage or Current Fluctuations) parallel
to the Two Modes of representing the Voltage
Amplification of a Valve].-D. A. Bell. (Wireless
Engineer, Nov. 1943, Vol. 20, No. 242, pp. 538-539.)

According to the second concept, both shot and thermal
noise are expressed as fluctuations of current originating
at a constant -current generator associated with the
conductivity of the resistor concerned, as already explained
for thermal fluctuations in metallic resistors (Bell, 278o
of 1938 : Bakker & Heller, 1842 [and cf. 3081] of 1939) :
" although the calculation of the magnitude of the mean
square fluctuation current is more difficult in a valve,
there are grounds for believing that this is also a possible
representation of the shot noise in a space -charge -limited
valve . . . I suggest that the understanding of shot
noise has progressed since Moullin wrote his book (for
instance, it is now firmly established that the ' smoothing
factor ' in a space -charge -limited valve is a function of
cathode temperature) so that we can determine the position,
in the equivalent circuit, of the generator of shot voltage
or current ; but that this does not necessarily have any
bearing on the equivalent circuits used to express the
amplifying properties of valves."

1592. A TREATMENT OF NON-LINEAR DEVICES [Large -
Signal Detectors, Superheterodyne Converters, etc.]
BASED UPON THE THEORY OF RELATED LINEAR
FUNCTIONS.-Stockman. (See 1522.)

1593. INVESTIGATIONS ON AMPLIFIER PENTODES WITH
REGARD TO THE ESTIMATION OF NON-LINEAR
DISTORTION.-H. Holzwarth. (Wiss. Veroff. a. d.
Siemens-Werken, Vol. 21, 1943, p. 58 onwards.)
A sixteen -page paper.

1594. ON THE USE OF RECEIVING VALVES IN ELECTRONIC
AUTOMATIC CIRCUITS.-A. A. Sokolov. (Auto-
matics &- Telemechanics [in Russian], No. 3, 1941,
pp. 159-161.)

The great demand for multi -electrode valves in
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automatics and telemechanics is pointed out and it is
shown that the existing types are generally not suitable
for this purpose. The main requirement imposed on the
valves is that the electrodes should not be interconnected
inside the bulb. This refers in particular to the cathodes.

1595. GRID CONTROL OF THE THYRATRON [taken as
representing Any Gas- or Vapour -Filled Grid -
Controlled Discharge Tube : Theoretical & Experi-
mental Investigation : the Influence of Grid Design
& the Utilisation of Special Instability Conditions].
J. Bednafik. (Elektrot. u. Masch:bau, 1st Oct. 1943,
Vol. 61, No. 39/40, pp. 487-489: long summary
only.)

The summary ends with an outline of a circuit by
which, for f = I Mc/s and E. = goo v, a control input
of icio w enabled a power of 1.5 kw to be reached with
an efficiency of 75% : " the life of thyratrdns is in general
shorter than that of electronic valves ".

1596. EARLY RADIO INVENTIONS [Editorial on Hazeltine's
Presentation Address to Edison Medallist, E. H.
Armstrong (see, also 1404 of April)].-G. W. 0. H.
(Wireless Engineer, Nov. 1943, Vol. 20, No. 242,
pp. 521-523.)

1597. " DIE OXYDKATHODE : TEIL I-PHYSIKALISCHE
GRUNDLAGEN [Book Review].-G. Hermann
& S. Wagener. (Hochf:tech. u. Elek:akus., July
1943, Vol. 62, No. I, p. 32.) A favourable review
by Zenneck.

1598. ON THE INFLUENCE OF ADSORBED OXYGEN ON THE
SECONDARY EMISSION OF SUBLIMATED METALLIC
FILMS AT 293° AND 83° ABSOLUTE.-R. Suhrmann
& W. Kundt. (Zeitschr. f. Phys., Vol. 121, 1943,
p. '18 onwards.) A fifteen -page paper.

1599. CONTROLLED CRYSTAL -GROWTH " IN TANTALUM
RIBBONS [used for Studies of Work Function &
Secondary Emission : the Effect of Heat Treatment
(A.C. & D.C. Supply) on Surface Structure:
Effect of Temperature & of Cold Working on Grain
Growth : etc.].-B. A. Mrowca. (Journ. Applied
Phys., Dec. 1943, Vol. 14, No. 12, pp. 684-689.)

1600. NOTE ON THE SOLUBILITY OF HYDROGEN IN
PALLADIUM [and Lacher's " Hysteresis " Effect].-
E. A. Owen. (Phil. Mag., Jan. 1944, Vol. 35,
No. 240, pp. 50-57.)

1601. HYDROGEN GAS PURIFIER.-Eisler Engineering.
(Electronics, Nov. 1943, Vol. 16, No. II, p. 294-)

1602. UNCOOKED SPAGHETTI HELPS MAKE VACUUM
TUBES. -W. A. Hayes. (Electronics, Oct. 1943,
Vol. 16, No. xo, pp. 238 -242.) See also 828 of
March.

DIRECTIONAL WIRELESS

1603. THE FREQUENCY -DEPENDENCE OF THE GROUP PATH
TIME IN RESONANCE AMPLIFIERS [for Image
Transmission, Pulse Measurements, etc.]. -
Schaffstein. (See 1253 of April.)

1604. BEARING AND RANGE DETERMINATION BY RE-
FLECTED RAYS.-" Gema " Company. (Hochf:
tech. U. .0e/callus., July 1943, Vol. 62, No. 1, p. 31.)

D.R.P. 729 831, applied for 15/12/33. The direct and
reflected rays are led to the receiver with such a relative
displacement in time that their recordings coincide when
a " standard " distance is reached : a departure from this
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range produces a corresponding departure from the
" standard " line.

1605. THE ZENNECK ROTATING FIELD IN THE NEIGH-
BOURHOOD OF RE -RADIATORS [Hills, Sea -Coasts,
Reflector Aerials, & Counterpoises].-J. Grosskopf
& K. Vogt. (T.F.T., May 1943, Vol. 32, No. 5,
pp. 102-104.)

" In previous papers (1833 of 1941, 376 [and 3001]
of 1942, & 2958 [and 1361] of 1943) we have already
reported in various ways on the behaviour of the Zenneck
rotating -field ellipse at ground irregularities. Among
other things, the investigations covered the behaviour
of the rotating field in front of and behind hill obstruc-
tions, at the edges of woods, at sea -shores and river banks,
and over stratified ground. These points of discontinuity
in the ground properties, for the most part narrowly
limited in space, are in our opinion responsible for a
whole series of ray deflections, for example the well-
known effect of coastal refraction. These, so far, have
always been explained in the literature (Eckersley, 192o ;
Baumler & Zenneck, 1926 ; and various text -books,
ref. " 6 ") in a way which cannot be reconciled with the
latest results in propagation research.

" On the basis of Zenneck's theory (Ann. der Physik,
1907), coastal refraction is attributed to the differing
phase -velocities over sea and land, the fact being over-
looked (see Grosskopf, 964 of 1942) that the Zenneck
theory gives a deviation opposite to the deviation actually
observed. According to the theory, the ray passing
from sea to land is bent away from the normal at
incidence, whereas 'most observations (Eckersley ;
Baumler & Zenneck) lead to the opposite result. But
according to the latest propagation research (Grosskopf,
964 of 1942: Al'pert, Migulin, & Ryazin, 1885 of 1942)
the phase -velocity at sufficiently great distances from
the transmitter (greater than about 5A) is practically
equal to the velocity of light, whatever the ground pro-
perties may be, so that a true refraction of electromagnetic
waves at the transition from one medium to the other
cannot take place. It must rather be assumed that the
points of discontinuity are to be regarded as diffraction
zbnes which lead to ray deflections only in their imme-
diate neighbourhood. If both transmitter and receiver
are far enough away from the diffraction zone, no d.f. errors
will be produced even when the d.f. ray cuts the diffrac-
tion zone. If the receiver moves into the zone, it comes
under the influence of diffracting secondary radiators,
and d.f. 'errors will occur. If the transmitter is in the
zone, the distant observation point will receive not only
the rays coming directly from the transmitter but also
the rays from the secondary radiators. In all cases the
various ray paths (apart from those in closest proximity
to the transmitter, d < A) are rectilinear on account of
the constancy of the phase -velocity, and undergo no
bending or refraction.

" For the first explanation of the processes taking
place at points of discontinuity, the following experiments
have been carried out, having for their object the deter-
mination of the spatial dimensions of 'the diffraction
zones occurring at these points, on the basis of the observed
distortions of the Zenneck rptating field. It has already
been found (2958 of 1943) that the observation of the
rotating field [by the " rotating dipole " method] repre-
sents a far more sensitive means of investigating inhomo-
geneities than any field -strength or d.f. measurements ".

Ellipse measurements at a hill, reported in 1833 of
1941, yield the curves of Fig. r b, c for a/b and y. Using
the same frequency (841 kc/s), measurements were made
on a " model " hill represented by a tuned vertical re-
flector aerial, and Fig. re shows the y curves obtained.
Fig. id shows the results in the neighbourhood of a tuned
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vertical short-wave aerial (14 Mc/s). "These model
tests show that qualitatively, and to a certain degree
quantitatively also, the diffracting effect of the hill may
be simulated by the action of a reflector ". Figs. 2 and
3 give the results of a full investigation of the rotating
field near the short-wave and medium -wave reflector
aerials respectively, along the line of propagation. In
the first case the interference effect is particularly well
marked (results with the medium -wave reflector are
somewhat interfered with by capacitive effects on the
measuring dipole, due to the greater height of the aerial,
and by other incidental conditions) : in front of the
short-wave reflector, periodic fluctuations of field strength,
of ellipse inclination y, and of a (r /sin a = a/b, the ratio
of the ellipse axes) all occur,. while beyond the reflector
there appears a monotonic asymptotic descent to the
values holding in the absence of a reflector. These
curves of Fig. 2 are to be compared with those for y and
a in Fig. 4, calculated by the theory given on p. 103 for
the behaviour of the rotating field in the interference
field of a reflector aerial. The slight differences are
attributable to the theory being developed for a loss -free
aerial of very small effective height.

The final section describes an experimental investiga-
tion of the behaviour of the rotating field at points of
discontinuity in flat ground, by artificially representing
a transition from one set of ground properties to another
by means of a set of 3o m -long parallel wires laid r m
apart on flat homogeneous ground. The ellipse measure-
ments (using signals from a 5o km distant broadcasting
station) were carried out first with the 3o (29 ?) wires
lying in the direction of propagation, and the test line
was along the middle wire. Fig. 5 shows the y and cc
values plotted against the distance from the mid -point
of the wire system : in spite of the smallness of the'
" diffraction zone " compared with the wavelength, the
effect on the rotating field is very marked. Fig. 5 also
shows that instead of the expected monotonic increase
of the " effective " conductivity towards the middle of the
wire system, minima occur at the borders of the network.
A simultaneous measurement of the vertical component
of the rotating field, that is of the normal field strength,
showed that this was practically constant, so that the
diffraction was affecting only the horizontal component :
here, as in many other cases, the normal field -strength
method is unsuited to the investigation of diffraction
processes. Finally, it can be deduced from Fig. 5 that
the " effective " conductivity at the middle of the net-
work is 7.5 times that of the uncovered ground.

In the next tests the conductivity meter was kept at
the centre of the network and (with the wires still parallel
to the direction of propagation) the number of wires was
reduced symmetrically, in steps, from 29 to o. The
full -line curves of Fig. 6 show that the rotating -field
parameters y and a have practically reached their limiting
values with 29 wires : on the other hand the dotted
curves show that when the spacing between the wires
is reduced to 0.5 m the limiting values are not reached
with the full number of 29 wires, but that when they are
reached the " effective " conductivity will be much
greater than for the wider spacing. Fig. 7 deals with
tests in which the direction of the wires with respect to
the incoming signals, and also their number, were varied :
curve (with the wires of 90°) shows that y remains
perfectly constant as the number of wires is reduced
from 29 to o : for this transverse position there is no
trace of any effect on the rotating field. For the two 45°
orientations (curve 2) the curves were identical, and for
the o° orientation, as would be expected, the effect was
greatest. Of special interest was the influence of small
inhomogeneities of diffraction on the ray direction. In
the 90 position no bearing errors occurred : in the o°



242 WIRELESS
ENGINEER

position errors were absent provided that great care was
taken in laying the wires, but small displacements of
individual wires produced quite serious errors. In the
45° position there was a considerable bearing error varying
with the width of the wire system, as is seen in Fig. 8.
If the error is plotted as a function of the position of the
wires relative to the direction of arrival, the well-known
quadrantal error curve is obtained.

The writer concludes : " To sum up it may be said
that the measurements reported above show that the
dipole measuring method is particularly well suited to
the tracing of diffraction zones, even in such cases where
the diffraction effect is too small to be noticeable in the
behaviour of the vertical component of the field strength
or in any d.f errors. Latex papers will investigate the
influence of natural discontinuities in the ground proper-
ties (geological dislocations, land and water boundaries) on
direction finding and on the rotating -field parameters,
especially in the case of coastal refraction ".
1606. VISUAL DIRECTION FINDERS : PART L-PRINCIPLES

[Two -Signal Balanced Modulators : Single -Fre-
quency Balanced Modulators : Carrier & Sideband
Relations: Motor Control Circuits : System Limita-
tions] : PART II-THE RCA-SPERRY MARK I
AUTOMATIC DIRECTION FINDER FOR AIRCRAFT.-
D. S. Bond. (Electronics, Nov. 1943, Vol. 16,
No. I1, pp. 140-143: Dec. 1943, No. 12, pp. 140-146
and 324, 325.) Condensed from a chapter of the
forthcoming book " Radio Direction Finders ".

1607. GYRO FLUX GATE COMPASS.-Bendix Aviation.
(Electronics, Dec. 1943, Vol. 16, No. 12, pp. 166
and 168.) See also 833 of March.

'1608. THE ARMY AIRWAYS COMMUNICATIONS SYSTEM :
AN ANALYSIS OF ITS PURPOSE, OPERATION, AND
EQUIPMENT EMPLOYED.-W. W. Fawcett, Jr.
(Communications, Nov. 1943, Vol. 23, No.
pp. 38-42). See also October issue, No. so,
pp. 36, 37 (photographs).

ACOUSTICS AND AUDIO -FREQUENCIES

1609. HIGH -QUALITY COILS WITH CORES OF DYNAMO
SHEET IRON TYPE IV.-Wilde. (See 1513.)

1610. FACTORS AFFECTING PRE -AND -POST -EQUALISATION
[in Sbund Transmission & Recording Systems, for
Reduction of Noise].-J. K. Hilliard. (Com-
munications, Sept. 1943, Vol. 23, No. 9, pp. 3o-31
and tro.) " A more general application . . . will
result in a substantial increase in signal-to-noise
and quality improvement ".

1611. MULTIPLE BRIDGING NETWORKS FOR SUPPLYING
ANY NUMBER OF LINES OR UNITS OF EQUIPMENT
FROM A COMMON SOURCE.-Wright. (See 1545.)

1612. A CRYSTAL PICK-UP WITH CRYSTAL PLATE
PROTECTED AGAINST BREAKAGE, AND A SAPPHIRE
STYLUS.-E. Gerlach. (A kust. Zeitschr., Vol. 8,
1943, p. 81 onwards.) An eleven -page paper from
the Telefunken laboratories.

1613. HEARING AID CIRCUITS [84o of March : Letter on
the Use of the Word " Bimorph '].-Brush
Development. (Electronics, Dec. 1943, Vol. 16,
No. 12, p. 338.)

1614. WIRE RECORDERS FOR ARMY [including a Portable
Model].-General Electric. (Electronics, Oct. 1943,
Vol. 16, No. to, pp. 234 and 236.) See also Camras,
1228 of April.
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1615. AN ALL -ELECTRONIC SOUND REPRODUCER [to
replace " Clumsy & Antiquated Mechanical
Methods " : Letter prompted by 478 of February :
a Spiral -Scanning Scheme].-B. Seamon : Parry.
(Electronics, Nov. 1943, Vol. 16, No. II, p. 348.)

1616. ELECTRONIC MEGAPHONES [" Loud -Hailers " for the
Navy : General Specifications : the Megaphone &
Amplifier Units : Post -. War Possibilities].-
(Electronics, Nov. 1943, Vol. 16, No. II, pp. 125-127.)
For an earlier type see de Boer, 1052 of 1940.

161i'. LIP MICROPHONE FOR GUNFIRE -NOISE CANCELLA-
nox.-Electro-Voice Mfg. (Electronics, Dec. 1943,
Vol. 16, No. 12, pp. 152 and 154.) See also 1222
of April.

1618. AUTOMATIC FREQUENCY CONTROL FOR MECHANICAL
VIBRATORS [Sound Generators].-E. V. Potter.
(Electronics, Nov. 1943, Vol. No. II , pp. 194..198).
See 345o of 1943.

1619. HUMAN SUSCEPTIBILITY TO VIBRATION.-F. Postle-
thwaite. (Engineering, 28th Jan. 1944, Vol. 157,
No. 4072, pp. 61-63.)

1620. THE SUBJECTIVE MEASUREMENT OF THE QUALITY
OF TELEPHONE CIRCUITS : III.-H. Panzerbieter
& A. Rechten. (Bull. Assoc. Suisse des Elec.,
29th Dec. 1943, Vol. 34, No. 26, pp. 805-808: in
French.) For previous parts see 1706 (and 1442)
of 1943. The present instalment is from Arch. f.
Tech. Messen, Dec. 1942.

162I. AUTOMATIC FREQUENCY -RESPONSE RECORDER [for
Use with General Radio's Audio Beat -Frequency
Oscillator, by Unskilled Personnel]. - Sound
Apparatus. (Electronics, Dec. 1943, Vol. 16,
No. 12, p. 312.)

1622. DIRECT -READING FREQUENCY METER [as " Wow "
Meter, Speed Counter, etc.].-North American
Philips. (See 1648.)

1623. PHASE -SHIFT OSCILLATOR DESIGN CHARTS [and the
Advantages of the Single -Valve Phase -Shift
Oscillator].-Kunde. (See 1524.)

1624. MIXER AND FADER CONTROL CIRCUIT DESIGN:
A THOROUGH ANALYSIS, WITH TABLES TO FACILITATE
APPLICATION AND DESIGN.-P. B. Wright, (Com-
munications, Nov. 1943, Vol. 23, No. I I, pp. 44..56
and 76 : to be concluded.)

1625. WARTIME MASTER CONTROL CONSOLE [for a Six -
Studio Plant, feeding Standard Broadcasting
Station, a F.M. Station, Recording Room, & Other
Stations].-A. J. Ebel & K. Guge. (Communications,
Sept. 1943, Vol. 23, No. 9, PP. 42-44.)

PHOTOTELEGRAPHY AND TELEVISION

1626 POST-WAR TELEVISION [Paper at S.M.P.E. Con-
ference, Hollywood].-K. Landsberg. (Communi-
cations, Oct. 1943, Vol. 23, No. to, pp. 48 and 104.)
By the Director of Television, W6XYZ, Television
Products, Inc. (subsidiary of Paramount Pictures,
Inc.). Also in Electronics, Dec. 1943, Vol. 16,
No. 12, pp. 258..262.

1627. POST-WAR FREQUENCY MODULATION AND TELE-
VISION [including the Replacement Market as a
means of providing Stop -Gap Production].-
B. Dudley. (Electronics, Nov. 1943, Vol. 16,
No. II, pp. 94-97 and 190, 191.)
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1628. OBJECTIVES FOR POST-WAR TELEVISION.-W. Miner.
(Electronics, Dec. 1943, Vol. 16, No. 12, pp. 100-103.)

From the manager of the Television Department, C.B.S.
" Television, under present standards, is not good enough.
It can be good enough (and very quickly) if we do not
wantonly dissipate, but use intelligently, the advantages
the present hiatus affords us . . ."

1629. THE SILVER -SULPHIDE PHOTOCELL WITH A BARRIER
LAYER.-D. S. Geykhman & M. E. Soroka.
(Automatics & Telemechanics [in Russian], No. 3,
1941, PP. '49-56.)

Photocells of high integral sensitivity and with sensitivity
to infra -red rays are of considerable importance in many
branches of industry. Silver sulphide deserves attention
in this respect, and accordingly in 1937, in one of the
Laboratories of the Academy of Sciences of the Ukranian
Soviet Socialist Republic, methods were evolved for
producing silver -sulphide photocells with a barrier layer.
A report on this was published by Geykhman in the
Physics Records of the Academy (Vol. vu, No. I, 1938,
and Vol. vu, No. 3, 1939). In the present paper the
properties of the cell are discussed, with a number of
experimental curves, under the following headings :
sensitivity ; volt/ampere characteristic ; the effect of
light intensity on the photocurrent and photo-e.m.f. ;
spectral sensitivity ; the effect of temperature ; stability ;
efficiency. Various possible applications of the cell are
also indicated.

1630. FLUCTUATIONS DUE TO THERMOELECTRIC EMISSION
FROM THE PHOTOELECTRIC LAYER IN A MODULATED -
LIGHT AMPLIFIER.-A. Blanc-Lapierre. (Comptes
Rendus [Paris],. Vol. 216, 1943, p. 42 onwards.)

MEASUREMENTS AND STANDARDS

1631. NATURAL LIMIT OF MEASURING RADIATION WITH
A BOLOMETER.-J. W. M. Milatz & H. A. van
der Velden. (Physica, Vol. ro, 1943, P. 369 on-
wards.) A twelve -page paper, in English.

1632. ARRANGEMENT FOR THE MEASUREMENT OF VOLTAGE,
FREQUENCY, AND POWER ON SHORT WAVES [by the
Heat generated in a Dielectric and measured by
a Thermocouple].-F. W. Gundlach. (Hochf:tech.
u. Elek:akus., July. 1943, Vol. 62, No. 1, p. 3o,
Fig. 14.)

1633. A METHOD OF MEASURING VERY SMALL AND VERY
LARGE IMPEDANCES.IN THE DECIMETRIC- AND CENTI-
METRIC-WAVE REGION.-A. Weissfioch.
Vol. 64, 1943, p. 377 onwards.) This is the paper
referred to in 3465 of 1943.

1634. METHOD OF MEASURING SMALL VOLTAGES IN THE
DECIMETRIC- AND CENTIMETRIC-WAVE REGION
[using a Lecher -Wire System & an Auxiliary
Signal -Generator, combined with an Uncalibrated
Voltmeter].-R. Seiler. (Hochf:tech. u. Elekahus.,
July 1943, Vol. 62, No. I, p. 3o, Fig. 15.) D.R.P.
73o 298.

1635. RESISTANCE MEASUREMENT ON DECIMETRIC WAVES.
-L. Briick. (Telefunken-Rohre, No. 27/28, 1943,
p. 6o onwards.) A paper of 26 pages.

1636. THE MEASUREMENT OF THE DIELECTRIC CONSTANTS
OF MATERIALS IN PLATE FORM BY MEANS OF
CAVITY RESONATORS [Wave -Guides] IN THE CENTI-
METRIC-WAVE REGION.-E. Ledinegg. (Naturwiss.,
19th NOV. 1943, Vol. 31, No. 47/48, pp. 569-570.)

When Borgnis (3435 of 1941 & 3644 of 1942) used a
cavity -resonator method for measuring dielectric con -
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stants and loss angles, his test specimens took the form
of cylinders introduced axially into a cylindrical reson-
ator : the theory of the axial double layer, given in his
later paper (2306 of 1942), provided the necessary for-
mulae for obtaining the required values from the change
in resonance frequency. " Now it is of practical as
well as theoretical interest to calculate the natural
frequency and the field distribution of a horizontal
dielectric stratification of a circular -sectioned cylindrical
cavity resonator " [assumed to be arranged with its
axis vertical], so as to furnish a precise method of
measuring dielectric constant and loss angle of disc -
shaped specimens. In this way the dielectric constant
could be determined not only by measuring the difference
in tuning between the empty resonator and the resonator
with the specimen introduced, but also (as with a Lecher -
wire system) by keeping the frequency unaltered and
observing the change in length of the cylinder. In
calculating the loss angle it would be necessary to allow
for the inhomogeneity of the field.

The writer obtains eqn. 5 for the case of a cylindrical
resonator filled to a height /z with a homogeneous dielectric
e : he refers to Lamont's papers (3281 & 4373 of 194o) for
the treatment of a similar problem by the superposition of
" right- and left -running- waves ". When e = e,, or
h = o or / (the length of the cylindrical resonator), eqn. 5
becomes the known equation for the axially symmetrical
natural oscillations of the homogeneous cylinder. A full
discussion of eqn. 5, and the development of simple
approximate formulae for small thicknesses of plate, will be
given elsewhere.

1637. THE DIELECOMETER : A VERSATILE INSTRUMENT
FOR DIELECTRIC CONSTANT DETERMINATION, AND
SOME OF ITS APPLICATIONS. - Jupe : Simons.
.(See 1807.)

1638. THE RUPTURING STRENGTH OF INSULATED WIRE AS
A STATISTICAL PROBLEM [Frequent Inconsistencies
in Results with the DIN VDE 6450 Standard
Test & with the " Twisting -Together " Test :
Satisfactory Comparative Results (for Different
Enamels, Influence of Moisture, etc.) require
Increase of Number of Tests to at least 50-60 & 20
respectively].-E. Greulich. (Arch. f. Elektrot.,
31st May 1943, Vol. 37, No. 5, pp. 221-24o.)

1639. METHOD OF MEASURING THE PHASE DISPLACEMENT
OF HIGH FREQUENCIES VARIABLE IN FREQUENCY.
-BOttcher. (See 1528.)

1640. PROCEDURE FOR THE MEASUREMENT OF SMALL
COUPLING FACTORS [down to less than r%,,].-
H. Heckmann. (Hochf:tech. u. Elek:akus., July
1943* Vol. 62, No. 1, p. 3o.)

A Lowe Radio patent (cf. 1765, below), D.R.P.73o 133,
applied for 16/1/40. Each inductance is first separately
made into an oscillatory circuit by the addition of a
condenser, and tuned to the test frequency, which is so
chosen that the inductive reactance is of the order of
102-104 ohms. Then the natural damping d1 of the first
circuit, with the second circuit open, is measured, and
also that of the second circuit, d,: finally the damping
d1' of the first circuit, with the second circuit closed, is
measured, the e.m.f. taken from the signal generator
being kept unchanged throughout. The required coupling
factor is given by k = da(d,' - cl).

1641. IMPULSE GENERATOR MR TESTING HIGH -POWER
TUBES [primarily for Rapid Determination of
Optimum Anode Voltages for Modern Valves].
-Harries. (See 1587.)
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1642. MODIFICATIONS OF APPLETON'S METHOD OF MEASUR-
ING THE MUTUAL CONDUCTANCE OF A VALVE.-
Bates & Lovering. (See 1588.)

1643. AN IMPEDANCE METER ON THE DIFFERENTIAL
SUBSTITUTION PRINCIPLE.-A. Klemt. (Funktech.
Montashefte, No. 2/3, 1943, p. 36 onwards.) For
another paper by the same writer see 3086 of 1943.

1644. COIL AND CONDENSER MEASUREMENTS AT AUDIO
FREQUENCIES WITHOUT COMMERCIAL INSTRUMENTS
SPECIFICALLY DESIGNED FOR THE MEASUREMENT.-
I. G. Easton. (Communications, Sept. 1943,
Vol. 23, No. 9, pp. 21-27 and 99.. 'or.) From
the General Radio Company. With descriptions
of various bridge circuits--Schering, Series -Resist-
ance, Hay, Owen, Sinclair, and their various
advantages.

1645. AN ALIGNMENT CHART FOR FINDING THE TRUE
INDUCTANCE OF A COIL WITH DISTRIBUTED
CAPACITY.-R. C. Paine. (Communications, Sept.
1943, Vol. 23, No. 9, pp. 6o-6, and 104.)

1646. TYPE MW -6o RESONANCE METER [for Frequencies
130-600 Mc/s : for Installation & Maintenance of
Absolute Altimeters, etc : with Provision for
Optimum Impedance Matching, etc.].-Erco Radio.
(Electronics; Nov. 1943, Vol. 16, No. II, p. 296.)

1647. DIRECT READING OF THE FREQUENCY OF RESONANT
CIRCUITS [with Special Reference to the Writer's
0.01% Wavemeter-Oscillator & Its Scale (zoo kc/s
to 15 Mc/s) : the Design of a Condenser with the
Required Linear Law of Frequency & Required
Range of Capacitance : the Complications due to
Edge Capacitance, to the Association with a
Plurality of Range Coils, to Plate Wobble, to
Condenser Self -Inductance, etc : the True " Series -
Gap " Condenser and the Difference between It &
the Erroneously Termed " Series -Gap " Condenser
with Two Variable -Condenser Units in Series :
etc.].-W. H. F. Griffiths. (Wireless Engineer,
Nov. & Dec. 1943, Vol. 20, Nos. 242 & 243, pp.
524-538 & 595-603.)

1648. DIRECT -READING FREQUENCY METER [Accurate
within 2% from o to 5o 000 c/s, driving a Recorder
without Auxiliary Amplifiers : as Laboratory
Instrument, " Wow " Meter, F.M. Indicator, Speed
Counter for Centrifuge, etc.].-North American
Philips. (Electronics, Oct. 1943, Vol. 16, No. ro,
pp. 28o and 282.)

1649. TEMPERATURE COEFFICIENTS OF QUARTZ CRYSTALS
[Charts for determining the T.C. of Frequency
when Nominal Operating Frequency & Frequency -
Change for a Given Temperature are known].-
N. L. Chalfin. (Electronics, Nov. 1943, Vol. 16,
No. II, pp. 147 and 148.) From Crystal Research
Laboratories, Inc.

1650. QUARTZ WAFERS AND OPTICAL GLASS ETCHING
FLUID [" Quartz Etch " : effective for Finishing
Quartz Crystals to Required Frequency : No
Appreciable Fumes].-G. W. Gates & Company.
(Electronics, Oct. 1943, Vol. 16, No. ro, p. 292.)

i65i. TOPOGRAPHY OF A QUARTZ CRYSTAL FACE [by
Multiple -Beam Interference Method].-Tolansky.
(See 1827.)

1652. INSPECTION, GRADING, AND CLASSIFICATION OF
QUARTZ: A STUDY OF SOME PROCEDURES IN
CURRENT USE IN CRYSTAL MANUFACTURE : ORIEN-
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TATION OF BT -CUT CRYSTALS.-S. X. Shore.
(Communications, Oct. 1943, Vol. 23, No. to,
pp. 28-32 and no, : Nov. 1943, No. ix,
pp. 30..37 and 115, 117.) From the North
American Philips Company.

1653. QUARTZ CRYSTALS : TYPES, MODES OF VIBRATION,
METHODS OF MANUFACTURE.-M. A. A. Druesne.
(Communications, Sept. 1943, Vol. 23, No. 9,
pp. 46..50 and 109, III.) From the James
Knights Company.

1654. MASS PRODUCTION OF QUARTZ CRYSTALS.-(Elec-
tronics, Dec. 1943, Vol. 16, No. 12, pp. 254 and 256.)

1655. LINE VOLTAGE IN MIDDLE WEST AND SOUTH
[Important Factor of Line -Voltage Stability too
often Overlooked in Design of Electrically Operated
Devices : Extreme Importance for Electronic
Apparatus required to perform " Miracles of
Precision " : Startling Results of ReCent Survey :
Danger of Relying on Short -Time or Periodic
Readings : etc.]. --C. H. Humes. (Electronics,
Nov. 2943, Vol. 16, No. II, pp. 204..210.)

1656. CARE AND MAINTENANCE OF TEST EQUIPMENT
[Cleaning, Lubrication, etc.]. ----H. H. Dawes.
(Communications, Nov. 1943, Vol. 23, No. II,
pp. 97..100.) By the Service Manager, General
Radio Company.

1657. SHOCK TESTER FOR METERS [Bouncing Apparatus
for Meters destined for Aircraft, Tanks, etc.].-
Radio Frequency Laboratories. (Electronics, Nov.
1943, Vol. 16, No. Ir, pp. 184..188.)

1658. VIBRATING MACHINES [for Vibration Testing of
Radio Apparatus, etc.].-(Electronics, Dec. 1943,
Vol. 16, No. 12, pp. 302-3034

1659. SYMBOLS FOR METER DIALS [and the Desirability
of a Similar System for American Manufacturers].-
(Electronics, Nov. 1943, Vol. 16, No. II, p. 292.)
See Edgcumbe, 542 of February.

1660. " ELEKTRISCHE MESSGERATE : GENAUIGKEIT UND
EINFLUSSGRoSSEN " [Book Review].-R. Langbein
& G. Werkmeister. (Hochf:tech. u. Elek:aku.s., July
2943, Vol. 62, No. r, p. 32.) An enthusiastic
review was referred to in 2788 of 1943. Here
Zenneck is equally full of praise for this, the second
volume in Sewig's series " Technisch-physikalische
Alonographieen."

1661. TEMPERATURE COMPENSATOR 30 ALLOY [Applica-
tions in Stabilising Magnetic Fields, etc.].-
Carpenter Steel. (See 1699.)

1662. B IH CURVE TRACER FOR LAMINATION SAMPLES [for
Rapid Checking of Small Samples (for A.F. Trans-
formers or Chokes) : Special 4 -Valve Amplifier,
Test Jig, & C. R. Oscilloscope].-R. Adler.
(Electronics, Nov. 1943, Vol. 16, No. II, pp. 128-131
and 314..327.)

1663. MAGNETIC METERS [Three Types of Magnetometer,
for Aircraft Tests, etc.].-Waugh Laboratories.
(Electronics, Dec. 1943, Vol. 16, No. 12, pp. 298
and 300.)

1664. A HIGH -SENSITIVITY MAGNETIC NULL -CURRENT
AMPLIFIER FOR MEASURING & CONTROL TECHNIQUE.
-W. Geyger. (Wiss. Veroff. a. d. Siemens-Werken,
Vol. 2i, 1943, p. 47 onwards.) An eleven -page
paper : for previous work see 123 & 1472 of 1943.
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1665. TECHNIQUE FOR MEASUREMENT WITH THE RESIS-
TANCE THERMOMETER IN A WHEATSTONE BRIDGE
[for Very Exact Measurements of Small Tempera-
ture Changes (Freezing- or Boiling -Point Changes,
etc.) : Improved Results with the Three Bridge
Resistances permanently in Thermostat, and
Balance obtained by a Shunt Resistance across
One of Them].-H. Diesselhorst & J. Lange.
(Zeitschr. f. tech. Phys., No. 7, Vol. 24, 1943,
pp. 162-166.)

x666. TELETYPEWRITER TEST SETS.-W. Y. Lang. (Nature,
5th Feb. 1944, Vol. 153, No. 3875, p. 161:
summary of a paper in Bell Lab. Record, Aug.
1943.) For a pulse -distortion measuring set see
Rea, 1274 of April.

SUBSIDIARY APPARATUS AND MATERIALS
1667. EFFECT OF SPACE CHARGE ON ELECTRON BEAMS

[treated by a Hydrodynamical Methodl.-Aharoni.
(See 1586.)

1668. THE STRICT CALCULATION OF THE ELECTRON -
OPTICAL ABERRATION CURVES OF A TYPICAL
MAGNETIC FIELD [closely representing That used
in the Objective of the Ruska-von Borries Super -
microscope: Rigorous Calculation, for the First
Time, of Third -Order Aberrations for the Field
H = Ho/{I (zIa)2}].-Glaser & Lammel. (Arch.
f. Elektrot., 31st July 1943, Vol. 37, No. 7, pp. 347-
356.) Cf. Marton & Hutter, 1296 of April.

1669. A COMPACT HIGH -RESOLVING -POWER ELECTRON
MICROSCOPE [Selection of the Most Useful Magni-
fication, from Experience with the Conventional
Type B Microscope : the Desirability of Two Values :
Choice of Between 500 & 60o and 6000 (Bright
Image at ioo 000 with 20 x Eye Lens) : Small
Rigid Unit tilted at 2o° to Horizontal].-Zworykin
& Hillier. (Journ. Applied Phys., Dec. 1943,
Vol.' 14, No. 12, pp. 658-673.) See also 2473/4 of
1943, and for Mahl & Pendzich's small " reflecting "
microscope see 3116 of 1943.

1670. MAGNIFICATION -CALIBRATION OF THE ELECTRON
MICROSCOPE [to Compensate for Calibration Errors
caused by Mechanical & Electrical Variations of the
Instrument : Method using Microscopic Glass
Spheres of Predetermined Size : also, useful for
checking Image Distortion at Different Points of
the Field, and for making Approximate Calibration
Curve for All Instrument -Settings & Specimen -
Planes, etc.].-Fullam. (Journ. Applied. Phys.,
Dec. 1943, Vol. 14, No. 12, pp. 677-683.)

1671. FIRST OFFICIAL MEETING OF THE ELECTRON
MICROSCOPE SOCIETY OF AMERICA.-(Sci. News
Letter, 2211d Jan. 1944, Vol. 45, No. 4, p. 62
paragraph only.)

1672. VARIABLE B -VOLTAGE SUPPLY FOR LABORATORY OR
CLASSROOM [Variable High -Voltage Circuit using
Low -Plate -Resistance Valve as Variable Resistor,
controlled by Grid Bias : used in Naval Training
School].-Brolly & Lahey. (Electronics, Oct. 1943,
Vol. 16, No. ro, pp. 156..164.)

1673. THE PHASE -CONTROL CIRCUIT [for Thyratrons &
Other Gas -Filled Tubes : Analysis of Basic Circuit].
-Goldwasser. (Communications, Nov. 1943,
Vol. 23, No. II, Pp. 78-79.)
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1674. GRID CONTROL OF THE THYRATRON.-Bednatik.
(See 1595.)

1675. CHARACTERISTICS OF THE POSIXIVE COLUMN OF
GASEOUS DISCHARGE [and a Comparison between
Theoretical & Experimental Results].-Klarfeld.
(Journ. of Phys. [of USSR), No. 2/3, Vol. 5, 1941,
pp. 155-175 : in English.)

1676. THE ELECTRIC SPARK DISCHARGE IN DIFFERENT
GASES [Survey].-Allibone & Meek. (Journ. of
Scion. Instr., Feb. 1944, Vol. 21, No. 2, pp. 21-27.)
(I) Breakdown of the nearly uniform field (constant
and 1.f. voltage breakdown, impulse voltage break-
down) : (2) breakdown of the diverging field
(including surface flash -over).

1677. THE SYSTEMATIC TREATMENT OF ARC TYPES [SiX
Equations for Every Gaseous -Discharge Plasma :
Discussion of Boundary Condition leads to Three
Types of Arc (Wall -Stabilised, Electrode -Stabilised
& Convection -Governed Arcs) : Transitional Forms :
Example of Transition (at Critical Electrode Gap) of
Second to Third (Flaming Arc) Type].-Weizel.
(Zeitschr. f. tech. Phys., No. 4, Vol. 24, 1943,
PP. 90-92.)

1678. THE HIGH -FREQUENCY BREAKDOWN OF COM-
PRESSED GASES [Air, Nitrogen, & " Frigen "
(" Freon ") at Pressures up to 4o Atmospheres :
Comparison of Results for 105-125 & 345 kc/s with
Those for D.C. & 56 c/s, for Various Electrode
Forms].-Ganger. (Arch. f. Elektrot., 3oth June
1943, Vol. 37, No. 6, pp. 267-286.) Further develop-
ment of the work dealt with in 1196 &.1783 of 1941.

1679. THE RUPTURING STRENGTH OF INSULATED WIRE
AS A STATISTICAL PROBLEM.-Greulich. (See 1638.)

1680. COAXIAL CABLE EXPANSION [with Temperature].-
Andrew. (See 1577.)

1681. THERMOPLASTIC CABLES [with Particular Reference
to P.V.C. (Polyvinyl Chloride) Cables : Summary
of Paper & Discussion].-Barron & others.
(Electrician, ,8th Feb. 1944, Vol. 132, No. 3429,
PP. 145-147.)

1682. HIGH-ALTITUDE'OIL CAPACITORS [with One Terminal
in form of Tall Insulator Post with Corona Shield].-
Aerovox. (Communications, Nov. 1943, Vol. 23,
No. iI, p. 84.)

1683. AUTOMATIC FORMING OF ELECTROLYTIC CAPACITORS
[Circuit automatically Increasing the Applied
Voltage as Current Decreases : Aging Process
carried out in Shortest Possible Time].-Fishberg.
(Electronics, Dec. 1943, Vol. /6, No. 12, pp. 186
and 188.)

1684. MODERN INSULATING MATERIALS FOR HIGH -
FREQUENCY TECHNIQUE [Address to " H.F."
Meeting of the S:E.V : Long Survey, with Tables,
Curves, & Diagrams : Inorganic (Crystalline ;
Amorphous ; Mixed) & Organic (Liquid ; Solid,
including Polymerisates & Polycondensates) : the
Problem as a Whole].-Stager. (Bull. Assoc.
Suisse des Elec., 29th Dec. 1943, Vol. 34, No. 26,
pp. 783-802 : in German.) See also 1685 & 1686,
below, and for an earlier paper see 3374 of 1942.

1685. PAPER ON INVESTIGATIONS INTO THE DIELECTRIC
PROPERTIES OF VARIOUS TYPES OF GLASS.-Strutt
& van der Ziel. (Physica, Vol. I0, 1943, P. 445
onwards.) Referred to by Stager, 1684, above.
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1686. PAPER ON THE STEREOCHEMICAL STRUCTURE OF
MICA, CHRYSTOBALITE, QUARTZ, ETC.-Niggli.
(Viertel jahresschrift der Naturforschenden Ges.
Zurich, Vol. 88, 1943, P. 5 onwards.) Diagrams
are reproduced and discussed in Stager's paper,
1684, above.

1687. MACHINING STANDARDS FOR GLASS -BONDED MICA.-
(Electronics, Oct. 1943, Vol. 16, No. ro, pp. 252
and 254.)

1688. WAR PRODUCTION BOARD ACTS ON MICA CONSERVA-
TION.-W. P. B. (Electronics, Dec. 1943,' Vol. 16,
No. 12, pp. 25o and 252.) See also p. 254, and
Elec. Engineering, Dec. 1943, P: 559.

1689: " STRIATUBE " PLASTIC TUBING FOR ELECTRICAL
INSULATION [with Colour Stripes, for Easy Identifi-
cation, extruded into Body of Tubing].-Carter
Products. (Electronics, Nov. 1843, Vol. 16, No. II,
p. 292.)

169o. " EMELOID AN ALLOY PLASTIC [and Its
Properties].-(Electronics, Nov. 1943, Vol. 16,
No. I I, p. 294.) " With characteristics similar to
those brought about in steels which have been
treated with different alloys ".

169 r . SYNTHETIC SHELLAC AVAILABLE FOR CIVILIAN
USE AFTER THE WAR.-(Sci. News Letter, 22nd Jan.
1944, Vol. 45, No. 4, p. 64: paragraph only.)
" One of its important constituents is the corn
by-product known as zein".

1692. PLATING ON PLASTICS [Method now Ready for
Wide Use].-Metaplast Corporation. (Electronics,
Dec. 1943, Vol. 16, No. 12, p. 298.) Cf. 1268.of 1943-

1693. STELLITE ALLOY FOR SMALL MECHANISMS [Tungsten -
Chromium -Cobalt Alloy, for Pivots, Gramophone
Needles, etc : Stainless, Low Friction -Coefficient].
-(Communications, Nov. 1943, Vol. 23, No. II,
pp. 84 and 104.)

ON THE CALCULATION OF THE CURRENT HARMONICS
IN COILS WITH SATURATED IRON CORES.-HaTtel.
(See 1517.)

1695. B CURVE TRACER FOR LAMINATION SAMPLES [for
Rapid Checking of Small Sa'mples].-Adler. (See
1662.)

1696. HIGH -QUALITY COILS WITH CORES OF DYNAMO
SHEET IRON TYPE IV.-Wilde. (See 1513.)

1697. THE CALCULATION OF THE MAGNETIC FIELD
STRENGTH NEAR TRANSFORMER WINDINGS. -
Knaack. (See 1515.)

2698. POTENTIAL DISTRIBUTION IN TRANSFORMER WIND-
INGS ON THE ARRIVAL OF A SURGE, WITH SPECIAL
ATTENTION TO THE SECOND [Passive] WINDING.-
Knaack. (Arch. f. Elektrot., 31 st Aug. 1943, Vol. 37,
No. 8, pp. 391-412.)

1699. TEMPERATURE COMPENSATOR 30 ALLOY [Iron -
Nickel Alloy with Curie Point near Room Tempera-
ture : Applications in Stabilising Magnetic Fields,
etc.].-Carpenter Steel. (Electronics, Dec. 1943,
Vol. 16, No. 12, pp. 232 and 234.) Cf. Ackermann,
3556 of 1943.

1700. PERMANENT -MAGNET DESIGN [Required Character-
istics often obtainable in First Trial Design by
Use of Empirical Data based on Practical Experience
& Fundamental Equations : Graphs, Nomograms,

1694.

etc.].-Underhill. (Electronics, Dec. 1943, Vol. 16,
No. 12, pp. 126-131 and 316..321.) From the
Chief Engineer, Cinaudagraph Corporation.

1701. WAR SOLDER TECHNIQUE [Hints issued by Metallurgy
Committee].-General Electric. (Electronics, Nov.
1943, Vol. 16, No. II, pp. 152 and 154.)

STATIONS, DESIGN AND OPERATION

1702. POST-WAR FREQUENCY MODULATION AND TELE-
VISION [including the Replacement Market as a
means of providing Stop -Gap Production].-
Dudley. (Electronics, Nov. 1943, Vol. 16, No.
pp. 94-97 and 190, 191.)

1703. NEW DATA ON CAPTURED GERMAN RADIO SETS
[including Transceiver with Luminous Quartz
Calibrating Device] .-(Electronics, Dec. 1943,
Vol. 16, No. 12, pp. 242..250.) Cf. 1301, 1771,
& 2861 of 1943 and 6r1 of February.

1704. AIRCRAFT RADIO DESIGN [Insulation, Vibration,
Sense -of -Touch Controls, etc.].-Trumbull. (Elec-
tronics, Nov. 1943, Vol. 16, No. II, pp. 98-101 and
220, 222.)

1705. TWO-WAY LIFEBOAT RADIO : RECEIVER -TRANS-
MITTER POWERED BY HAND -DRIVEN GENERATOR
AFFORDS TELEPHONY OR MODULATED -TELEGRAPHY
TRANSMISSION.-Byrnes. (Communications, Sept.
1943, Vol. 23, No. 9, pp. 17-20 and 94, 95.) From
the Radiomarine Corporation of America.

1706. WOMEN AS WERS OPERATORS : HOW ERIE, PA.,
SOLVED ITS WERS MAN -POWER PROBLEM.-
Jordon. (QST, Dec. 1943, Vol. 27, No. 12, pp.
40-40

1707. " FERNSCHREIBTECHNIK " [Teletype Technique (by
Wire & Wireless) : Book Review].-Schiweck.
(Hochf:tech. u. Elek:akus., July 1943, Vol.. 62, No. r,
p. 32.) Zenneck's review concludes : " The inven-
tions embodied in the apparatus and circuits of
teletype technique contain a large number of
original ideas which are of value also in other
fields ".

1708. SHORT-WAVE MARINE UNIT : " PLUG-IN " EQUIP-
MENT FOR SHIPS [the " H.F. Marine Unit," 3178 of
r943]( Wireless World, Jan. 1944, Vol. 5o, No. r,
P. 19.)

1709. AUTOMATIC CONTROL CIRCUITS FOR BROADCAST
TRANSMITTERS [" Four Man -Power -Saving Elec-
tronic Circuits," providing Protection against Arcs
during Storms, Automatic Restoration of Carrier
after an Overload, Automatic Starting after
Breakdown, & Automatic Timing of Interruptions].
-Sloat. (Electronics, Nov. 1943, Vol. 16, No. II,
pp. 102-105 and 274..278.)

1710. WARTIME MASTER CONTROL CONSOLE [for a Six -
Studio Plant, feeding Standard Broadcasting
Station, a F.M. Station, Recording Room, & Other
Stations].-Ebel 4 Guge. (Communications, Sept.
1943, Vol. 23, No. 9, pp. 42-44.)

1711. VOLUME COMPRESSOR FOR RADIO STATIONS ['Unique
Audio Compressor Circuit that permits boosting
the Average Percentage Modulation of. a Short -
Wave Transmitter up to 9o% : Response is Flat
to 14 000 cis " : primarily for O.W.I. Foreign-
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Language Programmes, with Their " Sudden
Volume Peaks "].-Herrick. (Electronics, Dec.

. 1943, Vol. i6, No. 12, pp. 135 and 323.)

1712. CALCULATION OF THE CAPACITANCES REQUIRED FOR
THE BALANCING OF THE REACTIVE LOAD IN SINGLE -
AND THREE-PHASE NETWORKS [often required
at Wireless Transmitting Stations, where the
Numerous Motors tend to spoil the Ppwer Factor :
with Formulae & Curves].-Heusser. (T.F.T.,
May 1943, Vol. 32, No. 5, pp. 116-117.)

GENERAL PHYSICAL ARTICLES

1713. THERMAL DIFFUSION IN MIXTURES OF MOLECULES
OF SMALL MASS DIFFERENCE.-Grew. (See 1493.)

1714. A NOTE ON THE 'OSCILLATING ROTATOR [Problem
solved by Use of Sonine's 'Polynomials].-Basu.
(Indian Journ. of Phys., Aug. 1943, Vol. 17, Part 4,
pp. 193-196.) This is the problem dealt with by
Chakravarti for his calculation of the dissociation
energy for diatomic molecules (N2, etc.).

1715. STATISTICAL MECHANICS OF FIELDS, AND THE
" APEIRON."-Born & Peng. (Nature, 5th Feb.
1944, Vol. 153, No. 3875, pp. 164-165.)

" In view of the difficulties encountered in the quantum
theory of fields, we have developed a new approach to
this subject which bears a much closer resemblance to
ordinary quantum mechanics of particles than the existing
theories (Heisenberg and Pauli). . . . The case of the
electronic field can be treated in such a way that the
contribution to the energy of each electron and positron
is positive. . . . Investigations on the application of this
theory to the elementary particles, their masses and their
mutual collision cross -sections are in progress." The word
" a.peiron " was introduced by Anaximander for the
boundless and structureless primordial matter.

1716. AN UNAMBIGUOUS METHOD OF AVOIDING DIVER-
GENCE DIFFICULTIES IN QUANTUM THEORY.-
Stueckelberg. (Nature, 29th Jan. 1944, Vol. 153,
No. 3874, PP. 143-144.)

1717. THE SO-CALLED PLUCKER'S PLANE [Falsity Of
Usual Explanation as Effect of Magnetic Field
on Suppokdly Paramagnetic " Ions ' : Wholly
Explained by Ordinary Magnetic Deflection of
Slow Cathode Rays].-Parson. (Nature, 22nd Jan.
1944, Vol. 153, No. 3873, p. 112.)

1718. " MAGNETIC " CURRENT [Repetition of Ehrenhaft's
Experiments, as reported in Daily Press (937 of
March), to lobk for More Probable Interpretations
of His Results : Demonstration of Motional Effects
due to Action of Strong, Non -Uniform Magnetic
Field on Non -Uniform Concentration of Para-

. magnetic Ferrous Ions : etc.].-Kendall : Ehren-
haft. (Nature, 5th Feb. 1944, Vol. 153, No. 3875,
pp. 157-158.) Incidentally, this result " may
possibly form the basis of a method for separating
the rare earth elements. . ." by " magnetic diffu-
sion," parallel to the separation of gaseous isotopes
by thermal diffusion. For a letter from Trubridge,
suggesting a " magnetic -current " motor, see
Electrician, 18th Feb. 1944, p. 150.

1719. UNITS 'AND DIMENSIONS [Critical Survey of the
Recent Discussion in Phil. Mag. and Proc. Phys.
Soc.].-Jeffreys. (Phil. Mag., Dec. 1943, Vol. 34,
No. 239, pp. 837-842.) Cf. 1308 of 1943.
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1720. THEORY OF UNITS [Appendix 2 to 1307 of 1943, to
correct Error and to give Better Account of the
Giorgi System].-Bedford. (Journ. British I.R E.,
Sept./Oct. 1943, Vol. 3, No. 6, pp. 250-251.)

MISCELLANEOUS

1721. NOTE ON TABLES OF AN INTEGRAL [quoting Books
by Spence and Newman, and confirming Accuracy
of Powell's Table (621 of February) : a Forth-
coming " Index of Mathematical Tables "].-
Fletcher : Powell. (Phil. Mag., Jan. 1944, Vol. 35,
No. 240, pp. 16-17.) A letter prompted by Powell's

paper on the integral [log 6 41(6 -

1722. THE NEW ALGEBRAS AND THEIR SIGNIFICANCE FOR
PHYSICS AND PHILOSOPHY [Presidential Address,
Royal Society of Edinburgh : Hamilton's Quater-
nions, Boole's " Investigation of the Laws of
Thought," Peirce's Work : Heaviside and Willard
Gibbs : the New Importance of Quaternions].-
Whittaker. (Phil. Mag., Jan. 1944, Vol, 35, No.
240, pp. 1-15.) See also Piaggio, " Significance and
Development of Hamilton's Quaternions," Nature,
13th Nov. 1943, pp. 553-555.

1723. INVARIANT THEORY, TENSORS AND GROUP CHARAC-
TERS [and a New Method involving " New Multipli-
cation of S -Functions" ].-Littlewood. (Phil.
Trans. of Roy. Soc., Series A, 4th Feb. 1944, Vol.
239, No. 807, pp. 305-365.)

1724. ERRATUM : THE APPROXIMATE MATHEMATICAL
METHODS OF APPLIED PHYSICS AS EXEMPLIFIED BY
APPLICATION TO SAINT-VENANT'S TORSION PROBLEM
[954 of March]. --Higgins. (Journ. Applied Phys.,

Vol. 14, No. 12, p. 705.) A wrong
periodical was referred to.

1725. THE COMPLEX VARIABLE AND THE COMMUNICA-
TIONS ENGINEER [Application to the Solution
of Two -Dimensional Field Problems] -Frankel.
(Communications, Sept. 1943, Vol. 23, No. 7,
pp. 62..7o and 98, io6..109 : Oct. 1943, No. 8,
pp. 50. .6o and 16.)

1726. QUANTIZED PROBABILITY [Suggested Theory of
Finite Unit of Probability (" Chance -Quantum")].
-Goldsmith. (Phys. Review, ist/i5th Dec. 1943,
Vol. 64, No. 11/12, pp. 376-377.)

" Thus if the probability of an event is equal to or
greater than one cq., it may ultimately occur. If its
probability is less than one cq., it will never occur. The
latter statement constitutes a break with classic pro-
bability theory. . . ."

1727. RATE OF n -FOLD ACCIDENTAL COINCIDENCES [With
Application to Geiger -Muller Counters : Deriva-
tion of Correct Formula].-Janossy. (Nature,
5th Feb. 1944, Vol. 153, No. 3875, p. 165.)

1728. EFFICIENT COMPUTATION OF THE LATENT VECTORS
OF A MATRIX [in Statistics, Quantum Mechanics,
& Study of Dynamical Oscillations, for Cases
where Iteration & Perturbation -Variation Methods
are Tedious : Direct Algebraic Process giving
Latent Vectors & Roots after Multiplications
increasing with only Third Power of n].-Samuel-
son. (Proc. Nat. Acad. Sci., Dec. 1943, Vol. 29,
No. 11, pp. 393-397.)
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1729. A SIMPLE METHOD OF INTERPOLATION [in Statistics :
Simplification by Methods analogous to Those
used in solving Differential Equations : Resulting
Procedure admirably suited to Numerical Com-
putation : Comparison with Aitken's Method].-
Samuelson. (Proc.' Nat. Acad. Sci., Dec. 1943,
Vol. 29, No. II, pp 397-401.)

1730. DISCUSSION OF PAPER ON A METHOD OF INTER-
POLATION [2875 of 1943].-Fry. (ASTM Bulletin,
Dec. 1943, No. 125, pp. 23:-24.)

1731. A NEW FORM OF REPRESENTATION OF HARMONIC
ANALYSIS AND A NEW MECHANICAL CURVE-
ANALYSER.-Griitzmacher. (Akust. Zeitschr., Vol.
8, 1943, p 49 onwards.) For remarks on this
paper, by W. Kallenbach, see pp. 63-65 of the
same volume.

1732. " TREATMENT OF EXPERIMENTAL DATA " [BOOk
Review].-Worthing & Geffner. (ASTM Bulletin,
Dec. 1943, No. 125, p. 43.) " This book is in part
a consequence of a long series of irritations . . .

tables of unsmoothed values . . . blind faith in
a least -squares computation regardless of the
assumptions and limitations. . . . '

1733. " A FIRST GUIDE TO QUALITY CONTROL FOR ENGI-
NEERS " [Book Review].-Ministry of Supply.
(BEAMA 'Journal, Jan. 1944, Vol. 51, No. 79,
P. 17.)

1734. " MATHEMATICS ESSENTIAL TO ELECTRICITY AND
RADIO " [Book Review].-Cooke & Orleans.
(Electronics, Dec. 1943, Vol. 16, No. 12, p. 336.)

1735. " MATHEMATICIAN'S DELIGHT " [BOOk Notice].-
Sawyer. (Jourts. of Scient. Instr., Feb..1944, Vol.
21, No. 2, p. 35.) " . to dispel the fear of
mathematics." Cf. Courant & Robbins, 964 of
March.

1736. SCIENCE BOOK IN BRAILLE FOR THE BLIND.-
Westinghouse. (Electronics, Oct. 1943, Vol. 16,
No. Io, pp. 236 and 238.)

1737. " ELECTRICITY AND RADIO TRANSMISSION " [BOOk
Review].-Townsend. (BEAMA Journal, Jan.
1944, Vol. 51, No. 79, p. 17.) " Written with a
refreshing simplicity."

1738. " RADIO -TECHNOLOGY " [BOOk Review3.-Weller.
(Nature, 12th Feb. 1944, Vol. 153, No. 3876,
p. 180.)

1739. " FOUNDATIONS OF WIRELESS " [Completely Re-
vised 4th Edition : Book Notice].-Scroggie.
(Wireless World, Feb. 1944, Vol. 5o, No. 2, p. 61.)

1740. " WORKED RADIO CALCULATIONS " [Book Review].
-Witts. (Electronic Eng.g, Nov. 1943, Vol. 16,
No. 189, p. 262.) See also Wireless World, Jan.
1944, Vol. 5o, No. I, p. 20.

1741. " REFERENCE DATA FOR RADIO ENGINEERS
[Notice & " Contents " Pages of Handbook].-
Federal Telephone & Radio. (Elec. Communica-
tion, No. 3, Vol. 21, 1943, pp. 205-206.) Edited
by H. T. Kohlhaas, Editor of that journal. See
also Electronics, Dec. 1943, Vol. 16, No. 12,
p. 333, for a very favourable review.

1742. " EXPERIMENTS IN ELECTRONICS AND COMMUNICA-
TION ENGINEERING " [suitable for Accelerated
War -Training Programmes : Book Review].-
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Schulz & Anderson. (Electronics, Dec. 1943, Vol.
16, No. 12, pp. 334-335.)

1743. " AIRCRAFT ELECTRICAL ENGINEERING " [BOOk
Review].-Spreadbury. (Engineering, 17th Dec.
1943, Vol. 156, No. 4066, p. 483.)

" TRAIL BLAZERS TO RADIONICS AND REFERENCE
GUIDE TO ULTRA -HIGH FREQUENCIES " [BOOk
Notice].-Kelsey. (Electronics, Nov. 1943, Vol.
16, No. II, pp. 236 and 238.) Issued by Zenith
Radio Corporation.

PRODUCTION ENGINEERING AT ULTRA -HIGH FRE-
QUENCIES [100-200 Mc/s : Some Problems &
Possible Future Developments].-Meyerson. (Com-
munications, Oct. 1943, Vol. 23, No. io, pp. 17-19
and 1o8, 109.)

From the New'York Fire Department's Radio Labora-
tory : see also 433 of February. " The logical termina-
tion of these efforts should be straight-line frequency
calibration in terms of kilocycles. But we must not neces-
sarily be tied down to frequency variation by the present
accepted methods of capacity or inductance variation.
For example, while not efficient, variation of the dielectric
constant in condensers might offer possibilities as a
tuning method . . . Some simplified form of band
change . . . working in conjunction with a calibrated
dial movement, the band change to indicate the frequency
in megacycles and the dial in kilocycles. . . Remove that
bugaboo of band -switching -contact resistance-the band -
switch point could become . . . a capacitive coupler
between circuit elements and the tube . . . A capacitor
of ioo µµF has a reactance at u.h.f. of only a few ohms,
and by constructing it as an elongated cylindrical form
may be used to couple circuits which, by lay -out, would
require several inches of wiring. . . . Some thought may
produce new ideas on aperiodic antenna construction
Ito avoid the difficulties due to the sharp aerial tolerances]
. . . A method of fundamental u.h.f. frequency control
without doubling or tripling is a necessity if broadcast
selectivity is to be attained at u.h.f."

1746. SCIENCE REVIEW FOR 1943 [Short Paragraphs on
Discoveries & Inventions : including a New Zinc-
Oxide-Vanadiiim-Pentoxide Pluisphor (p. 391)
and a Radiolocator using a Single Detector only
(p. 393)].-Science Service Staff. (Sci. News
Letter, 18th Dec. 1943; Vol. 44, No. 25, pp. 389-395.)

1744.

1745.

1747. THE ROCHESTER FALL MEETING, and A REPORT
ON THE ROCHESTER FALL MEETING [I.R.E.-R.M.A :
with Summaries].-(Communications, Oct. & Nov.
1943, Vol. 23, Nos. 10 & II, pp. 26-27 and 84, 105,
106: pp. 20-27 and 114.) See also Electronics,
Dec. 1943, VoL 16, No. 12, pp. 196..212.

1748. " WISSENSCHAFTLICHE VER6FFENTLICHUNGEN AUS
DEN SIEMENS-WERKEN [Vol. 19, NOS. I tO 3, and
Vol. 20, Nos. I & 2 : Survey of Contents].-o-
Siemens Company. (Naturwiss., 21st May 1943,
Vol. 31, No. 21/22, pp. 252-254.) All the relevant
papers have been dealt with in these Abstracts.

1749. ELECTRICAL RESEARCH : WORK OF THE E.R.A,
DURING 1943.-E.R.A. (Electrician, 4th Feb. 1944,
Vol. 132, No. 3427, pp. 104-106: Elec. Review,
4th Feb. 1944, Vol. 134, No. 3454, pp. 161-162.)

1750. BRITISH INDUSTRIAL INVENTION [and the Need for
an Enquiry by Experienced Industrial Leaders to
find how Fifty Years of Leeway " may be made
up].-Eccles. (Sunday Times, 5th March 1944,
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P. 4.) Such an enquiry " would help industrial
invention to its proper place as potentially one of
our most valuable invisible exports."

1751. REGIONAL PLANNING AND RESEARCH  IN THE
UNITED STATES [and a Recent Report 011 New
England].-(Nature, 12th Feb. 1944, Vol. 153,
No. 3876, p. zoo.) See also L. W. Bass, Elec.
Engineering, Nov. 1943, Vol. 62, pp. 496-497.

1752. R.T.P.B. HOLDS FIRST MEETING:  DR. BAKER
APPOINTED CHAIRMAN [Radio Technical Planning
Board (326 of January)].-I.R.E. & R.M.A.
(Communications, Oct. 1943, Vol. 23, No. ICI,

pp. 102, 103.)

1753. INCENTIVE TO INVENT [Criticism of Mittelman's
View that Successful Modern Inventions have
Not been prompted by Desire to Make Money].-
de Forest : Safford. (Electronics, Nov. 1943,
Vol. 16, No. II, pp. 342, 343, 348.)

1754. EARLY RADIO INVENTIONS [Editorial 011 Hazeltine's
Presentation Address to Edison Medallist, E. H.
Armstrong (sle also 1404 of April)].-G. W. O. H.
(Wireless Engineer, Nov. 1943, Vol. 20, No. 242,
pp. 521-523.)

1755. THE AUER VON WELSBACH. PRIZE COMPETITION
FOR 1943 [Subject : New Applications for Rare
Earths, Thorium, Zirconium & Similar Elements].-
Auer Research Foundation. (Zeitschr. f. tech. Phys.,
No. 7, Vol. 24, 1943, pp. 166-167.) Open to all
Reichs-citizens in the sense of the Nuremberg
racial laws ".

1756. " WERKSTOFFSPAREN BEI TRAGKONSTRUKTIONEN,
GRUNDPLATTEN UND RAHMEN IM MASCHINENBAU
UND FEINGERATEBAU " [Economy in Material,
including in Precision -Apparatus Design : Book
Review].-Mayr & Wogerbauer. (E.N.T., Sept.
1943, Vol. 20, No. 9, p. 226.) No. 7 in the material -
economy series edited by F. Wunderlich.

1757. SOLVING WAR -TIME SHORTAGES [at WGN]..1--Batt,
(Communications, Oct. 1943, Vol. 23, No. ro, pp. 46
and 122.)

1758. PRODUCTION AIDS [War Production Drive Awards :
Condenser Testing Jig, Valve Sealing, Filament
Redesign, Salyaging Cracked Valves, Hydrogen for
Cathode -Ray Tube Sealing, etc.].-(Communica-
tions, Oct. & Nov. 1943, Vol. 23, Nos. so PP- 74,
75, 106, & 74, 119.)

WPB REORGANISATION OF RADIO AND RADAR
DIVISION [so that Spheres of Activity of Produc-
tion & Organisational Units are More Clearly
Defined].-(Electronics, Nov. 1943, Vol. x6, No. x1,
pp. 224 .. 23o.)

1760. OFFICE OF WAR INFORMATION REVIEWS WAIL
COMMUNICATIONS [Portions' of Report dealing with
Radio & Electronics]. -0. W. I. (Electronics, Nov.
1943, Vol. 16, No. II, pp. 242..260.)

1761. THE ARMY AIRWAYS COMMUNICATIONS SYSTEM :
AN ANALYSIS OF ITS PURPOSE, OPERATION, AND
EQUIPMENT EMPLOYED.-Fawcett. (Communica-
tions, NOV. 1943, Vol. 23, No. II, pp. 38-42.) See
also October issue, No. zo, pp. 36, 37 (photographs).

1762. ANTI -NAZI COMMUNICATIONS [Messages from YTG
(Mihailovich Forces, Jugoslavia) received at
Hicksville].-Press Wireless, Inc. (Electronics,
1943, Vol. 16, No. 12, p. 278.)

1759.
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1763. MEMORANDUM VDE 0297/X42 ON THE LAYING
OF COMMUNICATION LINES FOR TEMPORARY
PURPOSES IN THE VICINITY OF OVERHEAD POWER
LINES AND ELECTRIC RAILWAYS [prepared by
Collaboration between Post Office, War Department,
etc.].-Machens. (T.F.T., May 1943, Vol. 32,
No. 5, p. x18: summary only.)

1764. NEW DATA ON CAPTURED GERMAN RADIO SETS.-
(See 1703.)

1765. OPTA RADIO A.G. FOR RADIO APPARATUS, TELE-
VISION, VALVES, ETC. [formerly LOwe Radio A.G.].-
Lowe Radio. (Advertisement in E.N.T., Aug.
1943, Vol. 2o, No. 8, Advt. p. I.)

1766. SELF -CHECKING CARRIER TONE ALARM [correcting
for Different Receiving Conditions and giving
Alarm at Failure of Any Part].-Berg. (Elec-
tronics, Nov. 1943, Vol. 16, No. IT, pp. 174..178.)

1767. ELECTRONIC PLANE PILOT [on American Heavy
Bombers].-(Electronics, Nov. 1943, Vol. 16, No.,I x,
p. 154.) See also p. 232.

1768. MACHINE-GUN TRAINER WITH SOUND EFFECTS.-
(Electronics, Oct. 1943, Vol. 16, No. 1o, p. 234.)

1769. MICROPHOTOGRAPHY AND PHOTOMICROGRAPHY, AND
OTHER TERMINOLOGICAL INEXACTITUDES [Need for
Standardisation, not only for Tidiness! Sake but
to avoid Real Confusion : including the " -scope,
-graph, -gram " Convention].-Chilton. (Journ.
of Scient. Instr., Feb. 1944, Vol. 21, No. 2, p. 33.)
See also 1770, below.

1770. SCIENTIFIC TERMINOLOGY [Lack of Precision,
Hybrid Etymology, Ugliness & Unwieldiness of
Many New Words : Need for Action by (preferably)
Royal Society].-(Nature, 19th Feb. 1944, Vol. 153,
No. 3877, p. 218.) Reflections prompted by Chilton's
letter, 1769, above.

1771. Now IS THE TIME TO STANDARDISE SYMBOLS [Of
Component Parts in Power, Communications, &
Electronic Control Fields : Editorial, with Invita-
tion for Suggestions].-(Electronics, Dec. 1943,
Vol. 16, No. 12, pp. 94-95.) See also 1035 of March.

1772. SIMPLIFYING SYMBOLS : PROPOSALS FOR A SIMPLI-
FIED UNIVERSAL METHOD OF DRAWING RADIO
CIRCUITS AND SYMBOLS [" Previous Attempts at
Standardisation still involved the Draughtsman in
Unnecessary Work "].-Shannon. (Electronic Eng.g,
Dec. 1943, Vol. x6, No. 190, pp. 290-292 and 294.)

1773. SPECIFY THE UNITS [in which Formulae are
expressed : a. Difficulty besetting the Student of
Radio Literature].-Simmonds. (Wireless World,
Feb. 1944, Vol. 5o, No. 2, p. 6o.)

1774. " BASIC ENGLISH AND ITS USES," and " BASIC FOR
SCIENCE " [Book Reviews].-Richards : Ogden.
(Nature, 19th Feb. 1944, Vol. 153, No. 3877,
pp. 205-206.) " It is to be hoped that it may soon
become the general practice for research abstracts
to be written in Basic so that they may be more
widely read all over the world . . ." (comment by
reviewer, Maxwell Garnett).

1775. A FEW WORDS ON RUSSIAN NAMES [and a Plea for
Adherence to the Library of Congress Rules (even
if Imperfect) for the sake of Uniformity].-
Asmous. (Science, 19th Nov. 1943, Vol. 98,
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No. 2551, p. 450.) Continuation of the correspon-
dence referred to, in 1031 of March. In one library
the writer found the works of Zheleznov distributed
under " G," " J," and " Z."

1776. AN IDEALIST VIEW OF SPECIAL PUBLICATIONS
[Review of a Paper entitled ." Streamlining Pro-
duction & Distribution of Current Periodical
Articles," which points out the Drawbacks of
Inter -Library Loans, Film & Photostat Copies,
etc., and suggests a Scheme for " Minimising the
Mechanics of Publication & Distribution "].-
Troy. (Nature, 29th Jan. 1944, Vol. 153, No. 3874,
13.134.)

A NEW FORM OF MICROFILM READER [at National
Institute for Medical Research]. - Schuster.
(Nature, 5th Feb. 1944, Vol. 153, No. 3875, pp.
155-157.)

Points spetially attended to include ease in reading
(image thrown downwards on to opaque screen, rather
than viewed as transparency) and automatic indexing,
for immediate winding to near the correct point in a long
film.

1777.

1778. LIBRARY RESOURCES OF GREAT BRITAIN [Leading
Article].-(Nature, 19th Feb. 1944, Vol. 153,
No. 3877, pp. 203-205.)

" ENGINEERING AND SCIENTIFIC GRAPHS FOR
PUBLICATIONS " [Book Review]. - A.S.A. Sub-
committee. (Electronics, Dec. 1943, Vol. 16, No. 12,
13.336.)

1780. SENSITOMETRY OF DRAWING -OFFICE PHOTO -PRINT-
ING PROCESSES.-Heywood. (Engineering, ,4th
Jan. 1944, Vol. 157, No. 4070, pp. 21-24.) " It is
hoped that the above notes will help operators to
set the printing machine correctly without pre-
liminary trials, and thereby eliminate waste of
paper and time."

1781. TRAINING DRAUGHTSMEN WITH SLIDE-FILMS.-
Metcalfe. (Communications, Oct. 1943, Vol. 23,
No. :to, pp. 35 and 122.) For prEvious papers on
slide -films see 1410 of April.

1782. INK versus PENCIL TRACINGS [Further Correspond-
ence (1022 of March)].-(Engineering, 31st Dec.
1943, Vol. 156, No. 4068, p. 534.)

1783. PLEXIGLAS RULES FOR ALIGNMENT CHARTS [also
Use of " Plasticele " instead of Graph Paper].-
Mast. (See 1548.)

1784. ELECTRONIC CIRCUIT FOR HIGH -FREQUENCY WELD-
ING [using Two Two -Element Mercury -Pool Dis-
charge Tubes, One as Rectifier, the Other as Spark
Discharger : only One -Fifth to One -Tenth Usual
Power required : Successful Welding of Silver/
Steel, Magnesium/Cast-Iron, etc.].-Vang. (Elec-
tronics, Dec. 1943, Vol. 16, No. 12, pp. 168 and 170.)

1785. ELECTRONIC CONTROL DEVELOPED FOR HELIUM -
SHIELDED ARC WELDING, and ELECTRONIC WELD-
ING -FUME REMOVER [Precipitron Unit : 712 of
February]. - General Electric : Westinghouse.
(Electronics, Oct. 1943, Vol. i6, No. io, pp. 146
and 148 : p. 148.)

1786. ARC -WELDING [of Thin Aluminium & Alloy Steels,
where Low Currents are necessary] SPEEDED BY
USE OF HIGH -VOLTAGE " TRAIL BLAZER ".-
Westinghouse. (Scient. American, Dec. 1943, Vol.
169, No. 6, p. 274.)

1779-
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1787. FOUND : THE " LOST -WAX " PROCESS [Application
of Lost -Wax Centrifugal Process to Precision
Casting of Small Metal Parts].--(Scient. American,
Dec. 1943, Vol. 169, No. 6, pp. 259-261.)

1788. PHASE -CONTROLLED RECTIFIERS : AN ANALYSIS OF
THEIR BEHAVIOUR [primarily in connection with
the Use of the Phase -Controlled Thyratron as the
Only Completely Satisfactory Organ for the Lag -
Free Automatic Control of Certain R.F. Heating
Processes (e.g. Production of Tinned Steel Strip)].-
Murcek. (Communications, Oct. 1943, Vol. 23,
No. ro, pp. 62..68 and 120 .. 122.) Also applicable,
for instance, to voltage -regulated plate -supply
rectifiers in transmitters.

1789. INDUSTRIAL APPLICATIONS OF RADIO -FREQUENCY
METHODS OF HEATING [Opening Paper at Informal
Meeting of I.E.E.].-Bligh. (Elec. Review, 4th
Feb. 1944, Vol. 134, No. 3454, p. 163 Electrician,
4th Feb. 1944, Vol. 132, No. 3427, p. 96 : summaries
only.)

1790. A RADIO -FREQUENCY GUN  FOR SPOT -GLUING
WOOD. -Taylor. (Electronics, Nov. 1943, Vol. 16,
No. II, pp. io6-111 and 310.) See also 1070 (and
1072/3) of March. From RCA Victor Division,
RCA. The frequency used is zoo Mc/s. -

1791. THERMAL INSULATION FOR ELECTROSTATIC HEAT-
ING [Technique in Manufacture of Pregwood Pro-
peller Blocks].-Formica Insulation. (Electronics,
Nov. 1943, Vol. 16, No. LI, pp. ,8o and 182.)

1792. WIDE -RANGE ELECTRONIC GENERATOR [RC Oscil-
lator & Amplifier for Electro-Medical & Other
Researches : Frequencies 1.8 to 180000c/s : Provi-
sion for Varying the Wave -Form and for obtaining
Exponentially Rising Currents & " Surging "
Direct Currents : Oscillator Frequency Adjustment
by Variation of Resistance Branches of Frequency -
Determining RC Bridge, giving Wide (roo : i)
Range on Each of Four Scales].-Mittelman,
Grodins, & Ivy. (Electronics, Dec. 1943, Vol. 16,
No. 12, pp. 132-134 and 322.)
MEDICAL SHOCK MACHINE [for Electric -Shock
Therapy for Mental Disorders': Defects of Older
Timing Systems : an Electronic Timer].-Traugott.
(Electronics, Nov. 1943, Vol. 16, No. II, pp. 166
and 170 ..174.)

1794. HUMAN SUSCEPTIBILITY TO VIBRATION.- Postle-
thwaite. (Engineering, 28th Jan. 1944; Vol. 157,
No. 4072, pp. 61-63.)

1795. VIBRATION DISPLACEMENT INDICATOR [Small Mirror-
& -Light -Spot Instrument] -Dimond. (Gen. Elec.
Review, Dec. 1943, Vol. 46, No. 12, pp. 687-688.)

1796. PIPE LEAK LOCATOR [Vibrations caused by Liquid
escaping un6r Pressure used as Guide].-Fisher
Laboratories. (Electronics, Dec. 1943, Vol. 16,
No. 12, p. 194.)

1797. MARINE PROPULSION GEARS (OF 50 -TON WEIGHT)
CONTROLLED DURING BALANCING BY ELECTRONIC
MEANS.-(Scient. American, NOV. 1943, Vol. 169,
No. 5, p. 216.) Cf. 2033 of 1943.

1798. GOVERNOR TESTER [for Delicately Balanced
Governors for Propeller -Blade Pitch Adjustment]
IS ACCURATE TO WITHIN TWO -TENTHS OF ONE
PERCENT [Electronically Controlled Testing Set].-,
Nash-Kelvinator Corporation. (Scient. American,
Dec. 1943, Vol. 169, No. 6, pp. 275-276.)

1793.
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1799. THE " TALYSURF " [Stylus -Type Instrument for
measuring the Roughness of Surfaces].-(Engineer,
26th Nov. 1943, Vol. 176, No. 4585, p. 434.) Cf.
2040 of 1941 and 3819 of 1942.

2800. REACTANCE -TYPE GAUGES [for Thicknesses as small
as One -Millionth of an Inch : Various Types, for
Plating Thickness, Eccentricity, etc.].-General
Electric. (Electronics, Nov. 1943, Vol. 16, No. II,
pp. 158..164.)

i8oz. STRAIN GAUGES [Wire Resistance Gauges for
Stresses in Structures & Machines : with Suitable
Electronic Circuits for Indicating & Recording].-
Nielsen. (Electronics, Dec. 1943, Vol. 16, No. 12,
pp. 1o6 -III and 192, 194.)

1802. ELECTRONIC METAL TESTER [Du Mont " Cyclo-
graph," for Non -Destructive Testing of Variations
in Properties of Metal Parts or Stock : a Two-
C.R.O. Instrument].-Du Mont Laboratories. (Elec-
tronics, Dec. 1943, Vol. 16, No. 12, pp. 156 and 161.)
See also 1480 of April.

1803. EXPLODING GUNPOWDER MAKES RECORD OF UNI-
FORMITY ON CATHODE-RAY TUBE.-(Scient. Ameri-
can, Nov. 1943, Vol. 169, No. 5, p. 216.) Cf. 332 of
January.

1804. THE CATHODE-RAY TUBE IN MECHANICAL TESTING
[and the Various Pick -Up Devices, including
Developments in the Application of Pressure -
Sensitive Metal Alloys].-Cattanes. (Electronic
Eng.g, Dec. 1943, Vol. 16, No. 19o, pp. 277-28o
and 295.)

1805. LINE VOLTAGE IN MIDDLE WEST AND SOUTH
[Startling Results of Recent Survey : Importance
for Industrial Electronic Devices].-Humes. (See
1655.)

1806. ON THE USE OF RECEIVING VALVES IN ELECTRONIC
AUTOMATIC CIRCUITS.-Sokolov. (See 1594.)

1807. THE DIELECOMETER : A VERSATILE INSTRUMENT
FOR DIELECTRIC CONSTANT DETERMINATION, AND
SOME OF ITS APPLICATIONS [including to Industrial
Purposes-Moisture Determination, Gas Analysis,
etc.].-Jupe : Simons. (Elec. Review, 27th Aug.
1943, Vol. 133, No. 3431, pp. 271-273.) The
article includes a discussion of L. Ebert's work in
" enlarging the scope of permittivity as an impor-
tant factor in science and engineering." See also
Electronics, Dec.1943, Vol. 16, No. 12, pp. 220.. 230.

1808. MASS SPECTROMETER AIDS RESEARCH [in tracing
Stable Isotopes, Gas Analysis, Monitoring of Heat -
Treating Furnaces, etc.].---Hipple. (Electronics,
Nov. 1943, Vol. 16, No. pp. 120-124.) For
previous work see 2280 of 1943, 718 of February,
and so6o of March.

2809. ELECTRONIC TEMPERATURE INDICATOR [with
Switching Arrangements for 5 Thermocouples,
which may have as much as zoo Ft of Connecting
Wire].-North American Philips.. (Communica-
tions, Sept. 1943, Vol. 23, No. 9, p. 88.)

281o. TECHNIQUE FOR MEASUREMENT WITH THE RESIST-
ANCE THERMOMETER IN A WHEATSTONE BRIDGE
[Freezing- or Boiling -Point Changes, etc.].-Diessel-
horst & Lange. (See 1665.)

1811. ON THE DAMPING FACTOR OF THE THIRD -ORDER
DIFFERENTIAL EQUATION OF REGULATING CIRCUITS.
-Oppelt. (See 1533.)
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1812. A GENERAL EQUATION FOR BRIDGE CIRCUITS WITH
LINEAR RESISTANCES [in Regulating & Control
Systems].-Bogomolov. (See 1534.)

1813. STABILITY AND APERIODICITY IN FOURTH -ORDER
PROCESSES OF MOTION [as in Regulating & Control
Systems].-Schmidt. (Arch. f. Elektrot., 30th
April 1943, Vol. 37, No. 4, pp. 217-220.)

For a motion ¢ following a differential equation of the
third order chick"' a296" a14/ = o, the regions of
unstable and aperiodic motions are already known. " In
the treatment of multipartite control systems, however,
equations mostly of the fourth order at least are con-
cerned, which no longer allow the neglect of the fourth
differential quotients. The question therefore arises how
the curves of the third -order characteristic regions pass
into those of fourth order. In the present paper both
boundary curves are derived together [Fig. r, top left,
for third order (a4 = o) : other diagrams show the effect
of a gradually increasing influence of the fourth differential
coefficient]. From these diagrams [which may be regarded
as an extension of the well-known Wischnegradski
diagram for a third -order differential equation] the forms
of motion of all possible cases may be obtained." It is
seen that the stable-aperiodic region completely vanishes
as soon as a4= 0.1579 : the derivation of this critical
value is shown in a footnote on p. 219.

1814. NEGATIVE RESISTANCE AS A MACHINE PARAMETER
[Properties of Series Generator].--Fett. (See 1527.)

1815. THE FLASHTRON, AN ELECTRONIC AUTOMATIC
CONTROL UNIT [e.g. for Control of Steam Pressure
by Bourdon Tube with Contacts].-Thordarson
Company. (Communications, Oct. 1943, Vol. 23,
No. Io, p. 88.) See also Electronics, Oct. 1943,
Vol. 16, No. to, p. 280.

1816. THE AMPLIDYNE.-Felix. (Communications, July
1943, Vol. 23, No. 7, pp. 72..75.) See also 679 of
February.

1817. A HIGH -SENSITIVITY MAGNETIC NULL -CURRENT
AMPLIFIER FOR MEASURING & CONTROL TECH-
NIQUE.-Geyger. (Wise. Ver5ff. a. d. Siemens-Wer-
ken, Vol. 21, 1943, p. 47 onwards.) An eleven -page
paper: for previous work see 123 & 1472 of 1943.

1818. METAL LOCATORS : BRIEF SURVEY OF ELECTRONIC
METHODS FOR LOCATING ORE BODIES, TRACING
BURIED PIPES AND CABLES, AND FINDING OTHER
BURIED METAL OBJECTS [including the Writer's
Radio Beat -Frequency Locator Circuit without
Any Detector or Mixer : Buffer Stage to prevent
Interlocking].-Blankmeyer. (Electronics, Dec.
1943, Vol. 16, No. 12, pp. 112-115 and 236..240.)

1819. LOCATING BURIED CABLES ELECTRICALLY.-
Greenidge. (Nature, 5th Feb. 1944, Vol. 153, No
3875, pp. 173-174.) Summary of the paper re-
ferred to in 1078 of March.

1820. HIGH -FREQUENCY ELECTRONIC FLAW -DETECTOR
FOR NON-MAGNETIC METAL TUBING.-General
Electric. (Electronics, Dec. 1943, Vol. 16, No. 12,
pp. 188 and 190.)

1821. ELECTRONIC STOP FOR TEXTILE MACHINES [Usual
" Stop Motion " Direct Electrical Contacts are
Unreliable in Humid, Dust -Laden Atmosphere :
Electronic Stop replaces Magnetic Relay and gives
Perfect Operation even when Contact -Circuit
Resistance is as much as 500 000 Ohms].-General
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Electric. (Electronics, Dec. 1943, Vol. 16, No. 12,
pp. 161-162.)

1822. NATURAL LIMIT OF MEASURING RADIATION WITH
A BOLOMETER.-Milatz & van der Velden. (Physica,
Vol. ro, 1943, p. 369 onwards.) A twelve -page
paper, in English.

1823. STANDARDISATION OF NON -IONISING RADIATIONS
[Infra - Red, Visible, & Short - Wave Wireless
(possibly also Ultra -Violet & Supersonic) : Com-
mittee appointed].-Medical Research Council.
(Nature, 19th Feb. 1944, Vol. 153, No. 3877, p. 219.)

1824. FOUR - MICROSECOND FLASH UNIT. - Bellinger ;
General Electric. (Electronics, Oct. 1943, Vol. 16,
No. ro, pp. 144 and 146.) See also 381 of January.

1825. MODERN SPECTROCHEM I CAL ANALYSIS.-JayCOX.
(Journ. Applied Phys., Dec. 1943, Vol. 14, No. 12,
pp. 619-631.) From the Murray Hill laboratories.

1826. MICRO -THERMAL ANALYSIS OF ORGANIC TWO -
BODY SYSTEMS [with the " Hot Microscope."]-
Kofler. (Naturwiss., 19th NOV. 1943, Vol. 31,
No. 47/48, PP. 553-557.)

1827. TOPOGRAPHY OF A QUARTZ CRYSTAL FACE [by
Multiple -Beam Interference Method, functioning
" in a Region intermediate between That available
to Study by X -Rays and by the Microscope
respectively '].-Tolansky. (Nature, r2th Feb.
1944, Vol. 153, No. 3876, pp. 195-196.) See 145o
of April.

1828. A PHOTOELECTRIC PHASE -IMPULSE SYSTEM [for
Precision Measurements].-Telishevski. (Auto-
matics 6, Telemechanics [in Russian], No. 3, 1941,
PP. 57-65.)

It is well known that owing to their instability photo-
cells cannot be used for precision measurements. To
overcome this difficulty a method is proposed based on
the following principle :-The output from the cell is
amplified and the peak output voltage used to .control
a thyratron. A narrow beam of light directed towards
the cell is intercepted by a spirally slotted disc rotating
in synchronism with the alternating anode voltage of the
thyratron, the disc being mounted in such a manner
that the beginning of illumination coincides with the
beginning of the voltage half -wave applied to the thyra-
tron. A screen capable of lateral movement is interposed
between the source of light and the disc, and its movement
is presumably controlled by the factor to be measured.
The instant at which the cell becomes illuminated, and
therefore the phase of the working impulse applied to
the thyratron, can thus be varied. In this method the
measurement of light intensity is replaced by the variation
of the instant (phase) of illumination. The operation
of systems with one thyratron, two thyratrons of the
same polarity, and two thyratrons of opposite polarities
is discus'sed and some experimental oscillograms are
shown.

1829. FLUCTUATIONS DUE TO THERMOELECTRIC EMIS-
SION FROM THE PHOTOELECTRIC LAYER IN A

MODULATED -LIGHT AMPLIFIER. - Blanc-Lapierre.
(Comptes Rendus [Paris], Vol. 216, 1943, p. 42
onwards.)

1830. THE SILVER -SULPHIDE PHOTOCELL WITH A BARRIER
LAYER.-Geykhman & Soroka. (See 1629.)
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1831. DENSITOMETER FOR MEASURING TRANSPARENT
MATERIALS [Films, Filters, Plastics, Gases, etc.].
-Photoswitch, Inc. (Electronics, Oct. 1943, Vol.
16, No. ro,*pp. 286 and 288.)

1832.. ELECTRIC EYE " SEES " GAS [Ultra -Violet Photo-
meter used for Detection of Injurious Gases,
particularly Carbon Disulphide].-du Pont de
Nemours. (Sci. News Letter, 22nd Jan. 1944,
Vol. 45, No. 4, p. 58.)

1833. ELECTRONIC CONTROL OF GAS -CUTTING MACHINES
[Photoelectric ,Equipment guiding Machine around
Simple Template composed of Pencil Drawing on
Paper].-McComb. (Electronics, Dec. 1943, Vol.
16, No. 12, pp. 172..186.)

1834. PHOTOELECTRIC SYSTEM FOR FLAME FAILURES
[" Fireye Type F28C " for Oil, Gas, or Pulveiised-
Coal Burners].-(Electronics, Dec. 1943, Vol. 16,
No. 12, p. 308.)

1835. PHOTOTUBES CONTROL PERFORATING OF U.S.
STAMPS [Rolls accurately Perforated & Cut into
400 -Stamp Sheets at rate of 200 Sheets per Minute].
-Hall. (Electronics, Dec. 1943, Vol. 16, No. 12,
pp. 124-125 and 315.) From the Director, Bureau
of Engraving & Printing, Treasury Department.

1836. A THERMOSTATIC CONTROL SYSTEM [Phototube/
Galvanometer Arrangement (Weinland, 4126 of
1935) modified].-Roof. (Electronics, Oct. 1943,
Vol. 16, No. ro, pp. 166..172.)

1837. X-RAY CHECKS HAND -GRENADE FUSES [Auto-
matic (Moving Belt) Equipment with X -Ray
Screen watched by Phototube].-General Electric.
(Electronics, Nov. 1943, Vol. 16, No. II, p. 152.)

1838. RADIOGRAPHY AND X-RAY TUBE DESIGN [for
Inspection Purposes on Factory Production Lines].
-Lampert. (Electronics, NOV. 1943, Vol. 16,
No. II, pp. 135-139 and 318 . . 323.) From the
Westinghouse Company.

1839. A NEW DIRECT METHOD OF INDEXING SINGLE -
CRYSTAL X-RAY PHOTOGRAPHS: THE " TILTED -
CRYSTAL " METHOD.-Bunn & others. (Journ.
of Scient. Instr., Jan. 1944, Vol. 21, No. I, pp.
ro-15.) From the I.C.I. laboratories.

1840. X-RAY STUDY OF THE HYSTERESIS EFFECT OB-
SERVED IN THE PALLADIUM -HYDROGEN SYSTEM,
and NOTE ON THE SOLUBILITY OF HYDROGEN IN
PALLADIUM [and Lacher's " Hysteresis " Effect].
-Owen & Williams : Owen. (Proc. Phys. Soc.,
1st Jan. 1944, Vol. 56, Part r, No. 313, pp. 52-63 :
Phil. Mag., Jan. 1944, Vol. 35, No. 240, pp. 50-57.),

1841. THE EFFECT OF ADSORBED GAS ON THE CONTACT
ELECTRIFICATION OF QUARTZ ON NICKEL.-Debeau.
(Phys. Review, 1st' 15th Sept. 1943, Vol. 64, No. 5/6,
p. 187: summary only.)

1842. WATER PURITY TESTER. - Barnstead Company_
(Electronics, Dec. 1943, Vol. 16, No. 12, pp. 162 and
164.) Already referred to in 1064 of March.

1843. CARRIER SYSTEM FOR THE SPIRAL -4 CABLE [361 of
January].-Jacobs. (Bell Lab. Record, Dec. 1943,
Vol. 22, No. 4, pp. 168-172.)
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(RIGHT before our eyes a
new world is being born

-the world of Electronics.
From the simple wireless valve
has come a host of new appli-
cations - each more breath-
taking and wonderful than
the last.

Valves that are already
revolutionising scores of in-
dustrial processes-that plumb
new depths with mighty
X-Rays-that magnify matter
tens of thousands of times-
that can probe the densest
fog-bank-that, one day, will
permit us to see' half across
the globe. To -day - due to
the exigencies of War-we can
only glimpse the future. But
never in the history of Science
has the future appeared so
bright.

As makers of Capacitors we
are fully aware of the signifi-
cance of these developments
and our own responsibilities.
To meet each new application
of Electronics our Research
engineers gladly offer their
wide experience in Capacitor
technique.
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METALASTIK BUSHES
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Metalastik Bushes have an annulus of natural or synthetic rubber
which-due to the Metalastik rubber -to -metal weld-is to all intents
and purposes integral with the metal, yet permits a valuable extent
of angular movement in one plane, without slip, and a limited degree
in another.

In addition to the obvious load capacity of the rubber in compress-
ion, the rubber -to -metal weld also transmits tension and shear
stresses, so that the permissible loading is considerably higher than
OM of the rubber -in -compression type. Furthermore, we have
the choice of synthetic or natural rubber over a wide range of
moduli, and the characteristics of the bush can be controlled to give
any reasonable result.

Used for pivotal and oscillatory movements: as buffers to resist
axial shocks: for radial cushioning, etc.: made of steel, light alloys.
etc. Need no lubrication, adjustment or attention.

Metalastik Ltd., Leicester.
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