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

 EXCELLENT REGULATION-Oofthutpe
VA.ut

voltagRIAC.arees independent of load, up to the full load rating

 HIGH OUTPUT VOLTAGES-VARIACS supply output voltages 15% higher than the line voltage.

 SMOOTH CONTROL-The VARIAC may be set to supply any predetermined output voltage, with
absolutely smooth and stepless variation.

 HIGH EFFICIENCY-Exceptionally low losses at both no load and at full power.

 SMALL SIZE-VARIACS are much smaller than any other voltage control of equal power rating.

 LINEAR OUTPUT VOLTAGE-output voltages are continuously adjustable from zero by means
of a 320 degree rotation of the control knob.

 CALIBRATED DIALS-Giving accurate indication of output voltage.

 SMALL TEMPERATURE RISE-Less than 50 degrees C. for continuous duty.

 ADVANCED MECHANICAL DESIGN-Rugged construction-no delicate parts or wires.

VARIACS are stocked in fifteen models with power ratings * Trade name VARIAC is registered No.
from 170 watts to 7 kw ; prices range between 70/ - and 5so,454 at

patented
uhender

;3nrtit Patent VA4R319 5AC61are
£32 : 10 : 0. Excellent deliveries can be arranged on 1A issued to General Radio Company.
Priorities.

Write for Bulletin 424-B & 743 for Complete Data.

till II MI Ay 11 11414A111111
ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.
180, Tottenham Court goad, London, PP / and 76,010/IALI IT. LIVERPOOL ,3, LANCS.

I
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Now each must plan his future; let past achievement stimulate to

greater effort in times to come.

For us, this means many things: bringing the boon of Rediffusion

service to thousands of homes; contributing Radio Heating to

industrial progress; building Radio Transmitters for world-wide links-

and always, the freshness of vision which commands leadership.

REDIFFUSION LTD
A SUBSIDIARY OF BROADCAST RELAY SERVICE LIMITED

REDIPON

Designers and manufacturers of Radio Communication and Industrial Electronic Equipment
VICTORIA STATION HOUSE VICTORIA STREET  LONDON SWI (PHONE VICTORIA 8831)

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

& SCREWS

STUDDING & ALL THREAD STUDS

LARGE STOCKS - PROMPT DELIVERIES

TELCO LTD
Makers of
TELCOMATIC
Machine Tools

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

93-15

Manufacturers of
Switchboard and Portable Pattern Micro -
ammeters, Milliammeters, Ammeters,
Voltmeters, Wattmeters and Testing Sets.

MEASURING INSTRUMENTS PULLIN) LTD.
ELECTRIN WORKS, WINCHESTER STREET, ACTON, W.3
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To solve a difficult welding problem, Eimac labora-
tory technicians compounded a welding alloy that
could be applied with a paint brush. The alloy flows
easily under an arc to complete the weld, yet subse-
quent heating to temperatures as high as 2900 de-
grees Centigrade will not destroy the weld.

Such is but an example of the application of the
Science of metallurgy in the "science behind the.
science of electronics." The extent to which Eimac
Engineers went to solve this relatively small prob-
lem reveals two important facts:-(1.) The thorough.
ness of Eimac Engineering, and (2.) The complete-
ness of their engineering facilities. The leadership
which Eimac valves enjoy throughout the world in
all phases of electronics is attributable to the sound-
ness of this engineering.

Performance of any electronic equipment is a
direct reflection of the performance of its vacuum
valves. Hence it is advisable for users and prospec-
tive users of electronics to look first to the vacuum
valve requirements. Because Eimac make electron
vacuum valves exclusively their advice to you is un-
biased and can be of great value. A note outlining
your problem will bring such assistance without
cost or obligation.

6IEWARULL011011, INC., 070 km Md. Am., Soo 0mm, Coat
Plant, l000tod on Son Bruno. Conform° and Solt Lek. City. Won

Export Aston: FRAZAR & HANSEN.
301 Clay St.. San Francisco It. California. U.S. A.

write for ywr ropy of Eke- Follow the leaders so
trowk Teletis-a 6e page boo, -
let fully illastrated-roverins
fontlastrentah of Elortroni
and maw, of its important
appinanons. Written in lay.
.an',
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Alloy flows easily and weld is quickly completed under arc.

The Science Behind the Science of Electronics
is the focusing of all branches of science upon the derelopment

and improvement of electron Iau,um rake,

SPECTROGRAPH . .. Analysis determines
exact characteristics of metals to be joined.

i1lETA LLURG Y... Compounding speeial
alloys of metal.

OPTICS... For studying the effects of processing. ELECTRONICS... It elements In electron
vacuum valves withstand tremendous heat.
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ROTARY STUD SWITCHES FOR INDUSTRIAL USE

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

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

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

STANDARD TYPES.
Type
No.

No. of
Poles

Max. No. of
Studs per pole Mounting Weight

D- I09 -A I 25 Panel 3f lbs.
D- I 09-B 2 11 Panel 31 lbs.
D -1 45-A I 25 Wall 4f lbs.
D- I 45-B 2 I I Wall 4f lbs.

FOR

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

* Finished black cellulose
enamel with bronzed face-
plate.

* Overall Dimensions :-
Type D-109: 3f in. dia.

x 4f in deep.
Flange 4f in. dia.

Type D-145: 8 in. x
4 -in. x 3f in. deep.

MUIRHEAD
Other Types can be supplied to special order.

MUIRHEAD & CO., LTD., ELMERS END, BECKENHAM, KENT. BECIaNHAM 0041-0042.
OVER 6 0 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS.

TilE

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

TANNOY is the registered trade
mark of products manufactured by Guy
R. Fountain, Ltd., the largest organisa-
tion in Great Britain specialising solely
in sound equipment. Canterbury
Grove, London, S.E.27 ; and branches.
Phone : Gipsy Hill 1131.

1

TRANSFORMERS

We make Transformers
of many types up to
10kVA for industrial pur-
poses. Supplied to all
branches of the Services
and built and tested
under conditions as

gruelling as those pre-
vailing in operational
areas, they represent the
ast word in reliability.

Send us your enquiries; we
may be able to help YOU.
You can rely on Woden
Equipment.

OBEN
TRANSFORMER CO

L mOXLEY ROADBILSTONSTAFFS. Teity*Re:8/

C.R.C.42
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f/ Have Inherent Advantages

COMPLETELY ENCLOSED

0 GREATER

MECHANICAL STRENGTH

0 MORE DIRECT AND UNIFORM

ELECTRICAL PATH

CAN BE LOCATED

ANYWHERE IN CHASSIS

BETTER PROTECTION

AGAINST HUMIDITY

WHAT do the five advantages of Insulated
Ceramicons listed here mean to you? From
the standpoint of design, they mean a more

compact, efficient lay -out. Insulated Ceramicons
can be located anywhere , in the chassis without
regard to the proximity of other components. They
make possible shorter leads which are musts in
higher frequency circuits. They mean greater pro-
tection against humidity... so important in modern
war equipment. They provide extra insurance
against breakage in handling on the assembly lines
or damage from shock and vibration in actual
service. The method of attaching wire leads to
the silver electrodes provides a more uniform and
direct electrical path.

Erie Insulated Ceramicons, for temperature
compensating applications, are made in three
sizes and in capacities up to 360mmf. Erie Hi -K "
Insulated Ceramicons, for by-pass and blocking
condensers, are available up to 4,700 mmf.

Where your specifications call for capacities
within the above ranges, specify Erie Insulated
Ceramicons

raise the fitmiard rf 14Uar fatilly-9,S-Imlesi Ti -may

ERIE RESISTOR LTD.,LONDON,ENG. ERIE, PA. TORONTO, CANADA.
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SILENTBLOC
LUBRICATION

OR WEAR

Manufactured by

BRITISH N.S.F.
CO. LTD.,

KEIGHLEY, YORKS.
Phone : Keighley 4221 4.
Grams : Enesef. Keighley.

Available in a wide range of circuit combinations for
radio, television and other applications.

GA
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IN THE TRAIL OF SPEED follows vibration; yet
however disturbing it may appear there is a Silentbloc
Anti -vibration Mounting to isolate it from airframe,
instruments, radio, radiators, tanks and generators. At
over 40 different points aircraft engineers fit Silentbloc
Anti -vibration Mountings. Their effectiveness in combating
vibration has been established over many years. Con-
venience in fitting even in most difficult locations has been
considered by our Technical Staff. Catalogues available.

SILENTBLOC VICTORIA GARDENS LONDON, W. 11
LIMITED LADBROKE ROAD TELEPHONE

NOTTING HI GATE
PARK 902114 LIM

TECHNICAL BOOKS
supplied from stock or obtained to order.
A twelve -page list, together with an eight -page

supplement, giving details of reproductions of German
technical publications, issued under the authority of
the Alien Property Custodian in Washington, has
just been prepared. A copy will be sent on

application.

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

Telephone : EUSton 4282 (S lines).

RADIO

STAMPINGS

et -
Walter

RADIO

CHASSIS

RADIO

PRESSINGS

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

C.R.Casson 4
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TRANS FORMERS
Line Voltage Variations of

± 15 reduced to:
TYPICAL SPECIFICATION

INPUT VOLTAGE 190-260 v 50 c.p s.
OUTPUT VOLTAGE 330 v. ± I %
MAX. LOAD. 150 watts.

Input power factor over 901
Prices on application Write fordetails.

BACK ROAD, SHERNHALL STREET, WALTHAMSTOW, LONDON, E.17. Phone : LARkswood 4366 & 4367

COSSOR
Double Beam

CATHODE RAY
OSCILLOGRAPH

Produced by the pioneers of Cathode
Ray Tube development and applica-
tion, Cossor Model 339 Oscillograph
is the most comprehensive instru-
ment of its type. In addition to
remarkable performance, it is unique
in enabling the simultaneous exami-
nation of two variables such as

voltage and current.

Illustration shows the Cossor Standard Model 339
DOUBLE BEAM Oscillograph. Price £4o net. A
96pp. Technical Instruction Manual is supplied with each
instrument or may be obtained at 3,16 (Postage 3d.)

A. C. Cossor Ltd.
Instrument Dept., Cossor House,
Highbury Grove, London, N.5.



The Importance of
Choosing the RINT
Supplier of Non -Ferrous
Castings

ii
N planning products in-
corporating castings in
non-ferrous metals the

41'4, most momentous ques-
tion with which you're
faced is your choice of
supplier. Fortunately,

you'll find more than one who can
meet every requirement. But remem-
ber...your casting supplier bears the
entire responsibility for the produc-
tion of a vital part of your product...
for solving engineering problems...
making patterns and dies...casting the
job...finishing each piece...and feeding
it into your production lines as your
schedule demands.

Here at Universal, with one of
the finest equipped plants in the
Midlands, we offer a complete ser-
vice...designing, engineering, pattern
and die -making, casting, finishing.
All are handled own or-
ganisation and co-ordinated under a
single engineering and operating
group.

And behind all is the experience
of many years and a wide reputation
for quality production...for handling
even the most intricate jobs well...
and for deliveries on time.

If your post-war products call
for castings you can start now. Our
Technical Staff will gladly work with
your design and engineering depart-
ments to get those ideas of yours on
to paper...to ensure a combination of
utility and eye -appeal with practical,
economical " castability." With that
done, you are ready the moment
restrictions are lifted. And for im-
mediate essential work the whole of
our service is at your disposal NOW.

UNIVERSAL
ENGINEERING COMPANY

GRAVITY DIE CASTINGS, PRESSURE DIE CASTINGS.
AND SAND CASTINGS IN NON-FERROUS METALS

CASTLE BOULEVARD NOTTINGHAM
and at CALLARD HOUSE, REGENT STREET, LONDON,W.1

WIRELESS
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UENCY OSCILLATORS

-for priority requirements only
at present. Write for particulars
stating frequency range required.

INSTRUMENTS LTD 21.10INSTRERBEDFORD ROW. LONDON WU
TELEPHONE: CHANCERY 8765

ti -e can supply
SWITCHES
against usual priorities. Millions of our
" B.A.T."-" Q.M.B." Mains Toggle Switches
make sure and certain " contact "for us, every
day, with thousands of absolutely satisfied
customers. Specify "Claude Lyons Ltd." as
your preferred supplier when routing your
next official " Requisition " and avoid delays
in delivery and time-consuming rejections.

CLAUDE LYONS LTD., 180, Tottenham Ct. Rd.,
W.I. Museum 3025/6, and 76, Oldhall Si., Liverpool, 3.

- The firm of -
N. PARTRIDGE
wish to inform
the Trade that in
future they will
be known as

PARTRIDGE
TRANSFORMERS

LTD.

THIS change will in no way affect
the high quality of products,

speed of delivery (14 days for experi-
mental Items), or technical service
which has been synonymous with the
name of PARTRIDGE since the in-
ception of the firm 15 years ago.

Telephone: Abbey 2244

PARTRIDGE
TRANSFORA17ERS LTD
76-8, PETTY FRANCE, LONDON, S.W.I



Pecember, 1944

British
Made.

Models
available for
Battery opera-
tion and for
A.C. Mains

operation.
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`AV O'
Regd. Trade Mark

The All -Wave AVO-OSCILLATOR
Covers continuous fundamental frequency band from 95 Kc. to
40 Mc. by means of six separate coils. Calibrated harmonic
scale extends range to 80 Mc. Each band calibrated in Kc. ;
accurate to within I per cent. Max. output 1-v., delivered into
a 90 -ohms non -inductive output load. Internally modulated,
externally modulated or pure R.F. signal at will. Separate valve
oscillator provides L.F. modulation of good wave form at
approx. 400 C.P.S. to a depth of 30 per cent. Fully screened
output lead ; dummy aerials for long, medium and short waves.
In fully screened case.

9

PRECISION
TESTING INSTRUMENTS

THE AVO '
TEST BRIDGE

A self-contained 50 -cycles measuring bridge
of exceptional accuracy and utility. Pro-
vides for the direct measurement of all normal
sizes of condensers and resistances. Accuracy,
except at the extreme ends of the range, is
better than 5%. Facilities are also provided
for condenser power factor measurements and
leakage tests. Inductances from o.I Henry
upwards can be checked against external
standards. It may also be employed as a
highly efficient valve voltmeter indicator for
the measurement of both audio and radio
frequency voltages.

CAPACITY:
Range C.I-.000005 µE to '005 µF
Range C.2-'0005 µF to 5 µF.
Range C.3-o5 µF to 5o. µF.

RESISTANCES
Range RI- 5 ohms to 5,000 ohms.
Range R.2- 500 ohms to 5oo,000 ohms.
Range R.3-5o,00o ohms to so megohms.

Orders can be accepted for
quick delivery of these two
instruments, but we can only
execute orders which bear a
Government Contract Number

and Priority Rating.

Sole Proprietors and Manufacturers
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD., Winder House. Douglas Street, London, S.W.I. Phone : Victoria 3404-8

HIS Waterproof Loudspeaker is speci-
ally suitable for Ships at sea, Railway
Stations, Plating Shops, Foundries, etc.,

where high humidity and corrosive atmo-
spheres preclude the use of ordinary P.A.
Units.

TYPE No.: INDUSTRIAL No. 5.

Impedance : 7,000 ohms, Depth : 4". Diameter 81".
tapped 5,000 and 3,000. j Rating : 21 watts peak A.C.

Retail Price L3 : 10 : 0

Delivery against contract No. only.

GOODMAN
INDUSTRIES LIMITED

LANCELOT ROAD. WEMBLEY MDX.
LOUDSPEAKER & TELEPHONE 1N6/NEERS.
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VARIABLE CAPACITORS
Present circumstances demand
increased production by standardiza-

tion. We are, nevertheless, looking

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

development and new designs.

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

Indispensable to
Radio Service Engi-

neers. Makes 20 tests.
Interesting Booklet on request.

From all Wholesalers or direct.
Send for leaflet 624.

RUNBAKEN MANCHESTER-- I

Piezo QUARTZ CRYSTALS
for all applications.

Full details on request.

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

.6,+.11

MOULDED RUBBER PARTS

For the present we can deal
only with enquiries for per-
mitted essential Moulded
Rubbers and look ahead and
prepare tor the future
restoration of the complete

DAINITE" Service.

THE HARBORO' RUBBER CO. LTG., MARKET HARBOROUGH

Ens
CA
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It isn't isn't what?
Isn't a watt!

It's the c.g.s. unit of energy.

WHAT'S " ERG "?
ERG is the trade mark identifying a line
of products that will be available when

we've finished the biggest job of all.

ERG RESISTORS LTD
1021a, FINCH LEY ROAD,

LONDON, N.W.II
PHONE: SPEEDWELL 6967

[LARGE DEPT. FOR WIRELESS BOOKS.

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 (16 lines). Open 9 a.m.-4 p.m., including Saturday.

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

ELECTRIC

CHAIN
PULLEY
BLOCK

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

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

MANCHBrilnit i..EN 'HAL .su47 NEWCASTLE 24196

Fl ITCHIN NO

GLASGOW
DOUGLABW/989
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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 L0.800A OSCILLATOR, a scale of which is illustrated together
with an actual oscillogram of output voltage, gives good waveform even
below 10 c.p.s. This necessitates a minimum " pull -in " between the
two H.F. oscillators. Superlative design results in an almost perfect
waveform from lowest to highest frequencies. Output voltage is
constant to within a few per cent. over the frequency range.

BIRMINGHAM SOUND REPRODUCERS LTD.,
CLAREMONT WORKS, OLD HILL, STAFFS.

'Phone : Cradley Heath 621213. '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.

The answers to simple problems are not always as
simple as we once supposed. In communications, for
example, current developments and constant refinements
make additional demands on the designers of test equip-
ment-the problems of measurement acquire a new
complexity. To meet these demands, however, the
specialist engineers of Marconi Instruments unfailingly

MARCONI

provide an extended range, a still greater accuracy or an
even finer delicacy of response, according to necessity.
But, as pioneers in the production of measuring devices
for communications, Marconi Instruments have anticipated
most of the requirements of the radio engineer. Probably
they have already foreseen your particular problem. Our
advisory service will be plea3ed to keep you informed.

INSTRUMENTS LTD
ELECTRA HOUSE VICTORIA EMBANKMENT LONDON WC2
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FAMOUS THROUGHOUT
THE WORLD

There is a type for every radio
purpose, and it is the right
type. Satisfaction assured if

it bears our name.

RADIO INSTRUMENTS LTD.
Purley Way, Croydon.

Telephone : Thornton Heath 3211.

WIRELESS
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MINIATUR MIDGET

We specialise

in their

a nufacture

THE SCIENTIFIC
VALVE

BRITISH MADE

HIVAC LIMITED. Greenhill Crescent, Harrow on the Hill. Middx. Phone: o8q;'

COQ
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NEW 1..ONN
1-0

El..5 in capacity

of CO -0. Cables

and attenuation

mean
new possibilities

in electronic

equipment
design post - war

oth for the

war effort
and for

electronic
age.

BASICALLY BETTER
A/A?-SPACED

101/101f 131113
TRANSRAGIO LTD. I6THE HIGHWAY BEACONSFIELD.] BUCKS.

OVERSEAS EMPLOYMENT-

RADIO TELEGRAPH INSPECTORS
required for the Nigerian Government Posts and Telegraphs
Department for one tour of 12 to 24 months in first
instance. Salary £600 a year. Separation allowance for married
men between £36 and £156 a year according to number
of children. Free quarters and passages. The duties of the
post are those of a construction foreman engaged on the
installation of radio diffusion or relay systems including fitting
central receiving stations with diversity reception receivers, aerial
arrays, etc., and subscribers' lines and apparatus. Candidates
should preferably have had experience with a company operating
radio relay services in England or elsewhere. A sound practical
knowledge of radio reception apparatus is of more importance
than experience in underground and overhead distribution. Written
applications (no interviews), giving the following essential details :

(1) Full name; (2) date of birth; (3) industrial training and
experience ; (4) name and address of present employers ; (5) details
of present work, should be sent to the Secretary, Overseas Manpower
Committee (Ref. 1436), Ministry of Labour and National Service,
York House, Kingsway, London, W.C.2. Applications will not be
acknowledged.

VENT-AXIA
FOR BETTER AIR CONDITIONS

VENT-AXIA LTD. 9 VICTORIA STREET, LONDON. S.W.I AND AT GLASGOW & MANCHESTER
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W A V E M E T E R S

OSCILLATORS

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

CONDENSERS

INDUCTANCES

RESISTANCES

BRIDGES
H. W. SULLIVAN

- LIMITED -
London, S.E.15

Tel. New Cross 3225 (Private Branch Exchange)

Capacitance
Inductance
Resistance

ALL TYPES-ALL FREQUENCIES-ALL ACCURACIES

MASTER
METAL

Combining physical properties unobtainable in
any other non-ferrous metal, Telcon Beryllium -
Copper Alloy (Cu Be 250) is acknowledged as the
outstanding metallurgical achievement of the
past decade. It is non-magnetic, has a hardness
up to 400 Brinell, exceptionally high tensile
strength, elastic limit and conductivity, and offers
truly remarkable resistance to fatigue. Avail-
able as strip, rod and wire, Cu Be 250 is fast
establishing itself as the master metal for Springs,
Diaphragms, Switch parts, Fuse Clips, Contacts,
Cams, Bushings, Bearings. etc. Leaflet and full
details on request.

TELCON

afatielk"
ALLOY (Cu Be 250 )

Manufactured In

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

Sole Distributors: BERYLLIUM & COPPER ALLOYS LTD., 39 Victoria Street, London, S.W.1. Tel: ABBey 6259
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the Solder wire with 3 cores of non -corrosive ERSIN FLUX is preferred by the majority of firms
manufacturing the best radio and electrical equipment under Government Contracts.

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

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

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

flux to solder. If only two
- Naar cores were filled with flux,

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

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

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

PRACTICAL SOLDERING TEST OF FLUXES
The illustration shows the result of a practical test made
using nickel -plated spade tags and bare copper braid. The
parts were heated in air to 250° C, and to identical speci-
mens were appl',-,1 A" lengths of 14 S.W.G. 40/60 solder. To

sample A, single cored solder with resin-'! flux was applied. The solder fused only
at point of contact without spreading. A
dry joint resulted, having poor mechani-
cal strength and high electrical resistance.
To sample B, Ersin Multicore Solder was

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

December, 1944

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

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

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

45/55 M 183° 227° 267°
40/60 C 183° 238° 278°
30/70 D 183° 257° 297°

18.5/81.5 N 187° 277° 317°

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

IMPORTANCE OF CORRECT GAUGE
Ersin Multicore Solder Wire is made in gauges from 10 S.W.G
(.128"-3.25I mims) to 22 S.W.G. (.028"-.71 I m/ms). The
choice of a suitable gauge for the majority of the soldering
undertaken by a manufacturer results in considerable saving.
Many firms previously using 14 S.W.G. have found they can
save approximately 331/3%, or even more by using 16 S.W.G.
The table gives the approximate lengths per lb. in feet of
Ersin Multicore Solder in a representative alloy, 40/60.

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

Feet per lb. 23 44.5 58.9 92.1 163.5 481

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

in the 3 cores of the Ersin Multicore Solder
Wire. It should only be applied directto the
iron to tin it. The iron should not be used
as a means of carrying the solder to the
joints. When possible, the solder wire
should be applied to the component and
the bit placed on top, the solder should
not be " pushed in " to the side of the bit.

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

MULTICORE SOLDERS LTD.. COMMONWEALTH HOUSE, NEW OXFORD SL, LONDON, W.C.I. Tel. CHAncery 5171'2
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The Half -wave Dipole Aerial
IN the November Editorial we referred to

a Paper by C. H. Collie* on " Electrical
Resonance ' and considered a quarter -

wave coaxial line, from a somewhat different
point of view from that adopted in the paper.
We now propose to follow the same procedure
in the consideration of a straight thin wire
with its axis parallel to the electric field of a
plane electromagnetic wave, and we shall
confine our attention mainly to the case in
which the length of the wire is approximately
half a wavelength, that is, the simplest case
of resonance.

In considering the quarter -wave coaxial
line Collie assumed it to be energised by a
probe near the open end, whereas we assumed
the source of electromotive force to be at the
short-circuited end.
In the present case
the location is pre-
scribed ; the excita-
tion acts uniformly
over the whole
length of wire. In
our April number
it was shown that
this is equivalent to
an electromotive
force E X 4, act-
ing at the mid -point, where the effective
length 4, is the same for reception as for
transmission. As in the case of the coaxial
line, Collie pictures a succession of waves
travelling to and fro along the wire and
being reflected at its ends, but we consider
it preferable to adopt a different procedure.
The cylindrical wire introduces mathematical
difficulties, to overcome which we may

(a)

Fig. 1.

(b)

* Proc. Phys. Soc., 56, 1944, p. 255.
f Paper by R. E. Burgess, p. 154 and Editorial.

imagine it to be replaced by a conical wire*
having a mean diameter equal to that of the
actual wire. It is assumed that the electric
field follows circular arcs about the mid-
point of the wire as shown in Fig. Ia. ; this
is probably not very far from the actual
distribution when oscillating at the resonant
frequency.. On this assumption the capaci-
tance C between a cm. of wire on one half
of the aerial and the corresponding cm. on
the other half is constant and given by the
formula

C ,
I I

t,/,
X Flcm4 oge 2r 9 X IO"

where 1 is the length of the wire, which at
resonance is approximately A/2. Similarly

L .= 4 loge l/2r x io-9 H/cm.
This follows from the formulat

C
I

7T
4 loge tan (-2a -I- 71)

since if 9S is the small semi -angle (lr/2 - c4)
at the apex of the cone,

tan (1-- 7r--) = tan (-77 - cotan 0/2 L
2 4 2 2 r

where r is the mean radius.
The wire is therefore equivalent to a

quarter -wave line with these values of C
and L per cm. of length and an electromotive
force &lee acting at the short-circuited end.

Instead of the conical arrangement Collie
assumes the wire to be a prolate spheroid
(Fig. ib), the electrostatic capacitance of
which can be calculated rigidly by methods

* Howe. " Inductance, Capacity and Natural
Frequency of Aerials." Yearbook of Wireless
Telegraphy and Telephony, 1917, p. 693.

f See July Editorial, p. 305.
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described in such books as Jeans and
Abraham to which Collie refers. It hardly
seems a legitimate approximation to assume
the whole wire to be charged to the same
potential, the other electrode being a far
distant sphere, and then to divide the so
calculated electrostatic capacitance by the
length, and employ this as the effective
capacitance per unit length under the
entirely different conditions of the problem.

The characteristic or surge impedance of
our equivalent quarter -wave line, consisting
of the two half wires in series, is

Zo = A/L/C =120 loge l/2r = 120 10g, A/2d
where A = 21 and d = 2r is the mean
diameter of the wire. By the method which
we have criticised Collie obtains Z, = 6o loge
A/d for each half wire. If we assume
that A = I metre, 1 = 5o cm., d = 0.1 cm.,
then Zo =120 X 2.3 X log10 500 = 745 ohms,
whereas Collie's formula gives 414 ohms for
each half wire, i.e. a total of 828 ohms.
We have followed Collie in taking the
diameter of the prolate spheroid at the
mid -point, equal to that of the cylindrical
wire. Strictly speaking it should be some-
what greater so that its mean diameter
approximates to that of the cylinder. It
can be shown that to have the same surface
area as the wire, the prolate spheroid should
have a diameter of about 4d/.7 = 1.27d.
This would increase the capacitance by about
3.5 per cent. and reduce Z, in the same ratio,
giving 800 ohms instead of 828. This is still
1.07 times the value obtained from the conical
arrangement.

We can imagine someone saying that the
assumption that the wire is a prolate spheroid
is much nearer the facts than the assumption
that it is a double cone. This argument is,
however, quite illusory since the latter
assumption is made solely because, with the
assumed field distribution, it gives a constant
capacitance per unit length ; it is merely a
graphical way of saying that we shall assume
a constant capacitance per unit length.
Collie, having determined the capacitance
per unit length from the electrostatic value,
assumes it to apply to the oscillating aerial,
and thus virtually assumes the conical aerial,
but endowed with the electrostatic capaci-
tance.

If the frequency be increased until the
wavelength, instead of being 21, is only 21/3,
the distribution of charges and electric field
will be approximately as shown in Fig. 2.
To obtain a constant capacitance per cm. of
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length the aerial is assumed to be made up
of a number of cones having a mean diameter
equal to that of the actual cylindrical wire
and therefore of the same surface area. In
calculating the capacitance the term log, lid
in the denominator now becomes loge 1/3d,
which in the example means that log, 500 =
2.699 becomes log, 500/3 = 2.222, and the
capacitance per cm. is 1.21 times its funda-
mental value. Z, for a single wire will now
be reduced to 307 ohms and for a two wire
line to 614 ohms. This further departure from

//-/-\ +%\ //+/--\-\ //-/-\+1\
\\ \\\\\\ice\N .//

the value calculated by Collie is to be
expected, since the path of the electric field
is more circumscribed and therefore further
removed from the assumption that it goes
off to infinity.

The radiation resistance of a half -wave
aerial at its fundamental frequency can be
shown to be 73 ohms. This is the resistance
which, inserted at the middle, would dissipate
the same amount of power. If I is the r.m.s.
current at the middle, the radiated power is
therefore /2 x 73 watts. If the incident field
has an r.m.s. value of & volts/cm., the power
supplied to the aerial from the field will be

2/x -x / watts, assuming the current to
7r

be sinusoidally distributed. Neglecting losses
due to resistance

73 /2 --- -2 // = -2 / -A
7T ir 2

I =_-A amperes.
737T

As Collie points out, the same damping
would be obtained if, instead of 73 ohms
concentrated at the centre, twice this
resistance were uniformly distributed over
the whole wire, giving it a resistance of
146/1 = 292/A ohms per cm. Each cm. of
length of the equivalent quarter -wave line
has 2 cm. of wire, and therefore a resistance
of 584/A ohms. This gives for the attenua-
tion coefficient of the quarter wave line

= - = =R 41C R 292
ac

2 L 2Z, AZ,
per cm.

Putting Zo = 120 log, A/2d

= 2.43 1.057
A log, A/2d - A log10 A/2d

Fig. 2.



December, 1944

1
whereas Collie obtains

A lo.057g A/d
For the example taken above a = 3.92 x
per cm., whereas Collie's formula gives
3.5 x 0-3 per cm.

This difference is due to the fact that we
regard the two halves of the wire as the go
and return wires of a quarter -wave line with
an electric field distribution as shown in
Fig. ia, whereas Collie regards the whole
wire as one conductor of a transmission line
of which the other conductor is an infinitely
distant sphere. We have shown it as a
surrounding cylinder. An interesting magni-
tude is the Q value of such a dipole. From
the fact that in an oscillatory circuit this
is equal to wL/R, and that, to produce a -
phase shift of 45° (wL -

4.0C
must be equal

to R, it is easy to see that this is obtained
by varying the frequency by an amount 8f

where 8f = v- or, in the case of the dipole,
by varying the half-length by an amount 8/

/,.where 8/ =
2Q '

and 1r being the resonant
A

values. Putting /,. = A/4 we have Q = -
881.

From Fig. 2 of the November Editorial it
can be seen that the phase angle will be 45°
when the horizontal 881 is equal to the
vertical as/4,/4, that is, when

8/ a-= 413- . Substi-

tuting this in the formula for Q we obtain
Q = /3121 = 27712aA = n/aA. In our example
A = Ioo cm. and we have seen that
a = 3.92 x io-3 per cm., hence Q = 8. It
is interesting to note that the Q value of a
tuned dipole is equal to Tr divided by the
attenuation coefficient per wavelength.

Collie discusses the correction due to the
fact that the current is not zero at the end
of the wire since some has to turn the
corner in order to charge the end surface,
assuming the end to be flat. We may
regard the line as being terminated by the
capacitance between these end surfaces.

The formula V, = V, cosh PI + I2Zo sinh PI
becomes V, = V, (cos /3/ - wCZ0 sin 131) if
one neglects the line losses,and assumes the
load to be a condenser of capacitance C.
For resonance V1 = o and therefore cotan 61
= wCZ0.

If C = o, i.e. if the line is open circuited,
ft/ = ir/2 and / = A/4, but if C has a small
value, then cotan (1--r2 - /3.8/) = tan p.81
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= wCZo. Hence tan 277.8/

A
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= coCZ, ; this

should enable one to calculate the amount 8/
by which the resonant quarter -wave line is
shortened due to the end capacitance C.
Unfortunately the proper value of C to
employ is a matter of great doubt. Collie
suggests as an approximation the electro-
static capacitance of the end surfaces of the
wire, either assumed to be hemispheres or
discs in free space. This use of the electro-
static value would appear to give too large
a value for C. The other extreme is to
calculate the value, assuming the electric
field to follow circular arcs as in Fig. i,
between cylindrical extensions of the actual
wire equal in area to the end surfaces.
Collie's method gives an addition to the
length of 1.4 per cent., whereas the latter
method gives only about 0.2 per cent. ; the
actual value will lie between them if, indeed,
one is justified in regarding this correction
apart from the general end correction which
is certainly much larger. Quite apart from
the flat ends of the wire, it is obviously an
over -simplification to assume that the electric
field leaving the wire near the ends will
follow circular paths as we have pictured in.
Fig. 1, but a more detailed analysis of they
problem is beyond the scope of the present
note. G. W. 0. H.

An "Unterminated" Line
IN looking through a recently published

book we came across references to an
" unterminated " line, and we naturally

assumed that this was another way of
saying an infinitely long line for only by
being infinitely long-or completing a circle-
could aline avoid having a terminus. To our
surprise, however, we found that the reference
was to an open -circuited or open-ended line,
the idea presumably being that no " termina-
tion " had been applied to such a line. This
has undoubtedly resulted from the use of
the word " termination " not for the end of
the line but for the thing stuck on the
end. As a matter of fact, a line terminated
by infinite impedance, that is,, open -circuited',
is, if anything, more effectively terminated
than one terminated by zero impedance, that
is, short-circuited. 'We were relieved to find
no trace of this misleading usage in the
recently published British Standards Glossary
of Terms used in Telecommunications, but it
would appear to be current in some circles.

W O. H.
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Fresnel's Reflection Formulae and
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PARALLEL TRANSMISSION LINES *
By A. Bloch, Dr.-Ing., M.Sc.

(Research Laboratories of The General Electric Company, Limited. England)

SUMMARY.- It is shown, how Professor
Howe's " transmission line treatment " of
a plane electro-magnetic wave can be applied
to the case of a wave obliquely incident on a
second medium.

PROFESSOR
HOWE showed some time

ago j' that the propagation of a plane
electro-magnetic wave can be treated

as the propagation of waves which travel
along fictitious parallel transmission lines-
these lines consisting of fictitious strips of
infinitely good conducting material which
are inserted normal to the direction of the
electric field.

One of the
immediate con-
sequences which
follows from this
treatment is the
formula for the
reflection loss
suffered by such
a wave when it
enters a material
of different di-
electric constant,
and when its
direction of pro-
pagation is Fig. 1. Transmission
normal to the lines guiding a " ver-

tically" polarised wave.boundary of this
material. The
case corresponds
then to the case of a wave travelling along a
transmission line to which is joined another
line of different characteristic impedance.

We know that in such a case a reflected
wave appears, the field strength of which
is related to that of the incident wave asI -Z2 - Z1 Z2- --

r Z2 4- Z1- Zi
2

(I)

* MS. accepted by the Editor, Aug. 1944.
t Journal I.E.E , Vol. 54, P- 473. 1926.

As the characteristic impedance of such
a line is given by

Z = V--1" . . (2)

where L and C refer to the inductance and
capacitance of the line per unit length, we
have (denoting the dielectric constants by
e, and e2).

Z1

E 2-A -= n, say
2 E,

and, hence

P - I + n
The purpose of the present

note is to extend the application

of this treatment to the case of a wave of
oblique 'incidence and to derive in this way
Fresnel'S general reflection formulae (for the
case of reflection on a non -conducting mate-
rialr, In the case of a wave of oblique inci-
dence the reflected wave does not travel back
along the same path as the incident wave and,
if we introduce the fictitious strips it seems
as if we would interfere altogether either
with the propagation of the incident or the
reflected wave. However, if we look more
closely we see that both these waves are
propagated through the space in front of
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the separating boundary as if this space
were completely empty. We need not fear,
therefore, that the introduction of these
fictitious strips-as a means of calculation --
contradicts the
mechanism of
propagation of
either of these
waves.* For
reasons of sym-
metry the char-
acteristic imped-
ance of the trans-
mission lines for
the reflected
wave is the same
as that for the
incident wave.
Hence the fact
that the reflected
wave returns by
a path different from that of the inci-
dent wave does not alter the " reflection
balance " and the validity of eqn. (4).
(The " task " of the reflected wave is to
bring about equality of the line current
arriving at the interface of the two media
with the line currents leaving, and the
magnitude of the line currents leaving is
determined by the line voltage at the
interface and by the;line impedances offered
-in a forward and backward direction-
to this voltage.)

The arrangement of these transmission
lines differs according to the two cases

(a) Electric field vector in the plane of
incidence (corresponding to the case of
vertical polarisation in the case of a radio
wave incident on the ground).

(b) Electric field vector normal to the plane
of incidence (corresponding to the case of
horizontal polarisation).

The two cases are illustrated in Figs.
and 2. We notice that in the first case the
width b of the transmission line is the same
in the two media, while in the second case
the distance h of the strips remains constant.

* The reader who is familiar with the theory of
functions of a complex variable will remember the
concept of a complex plane which is thought to
consist of several layers (Riemann's Surface.)
Sommerfeld introduced in an analogous fashion
the concept of a multiple space (Cf. Jeans, " Elec-
tricity and Magnetism," 5th edit., p. 334). The
present case is an elementary application of this
concept ; the two spaces filled by the incident
and the reflected wave are joined together at the
boundary of the two media.
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The changeover from the line with char-
acteristic impedance Z1. to the line with
characteristic impedance Z2 does not take
place discontinuously as in the case of normal
incidence. However, as we are not limited
as to the choice of the dimensions b or h,
we can always achieve, by selecting them

Fig 2. Transmis-
sion lines guid-
ing a horizontally
polarised wave.

sufficiently small that the dimensions of
this ill-defined zone (marked ABCD in
Fie. 3) become negligibly small compared
with one wavelength of the wave pro-
pagated, i.e., we can approach the dis-
continuous change as closely as we
wish.

The characteristic impedance of such a
strip line is in each case inversely pro-
portional to its width (for two equal lines
laid side by side carry twice the current
with the same applied voltage), and directly
proportional to their height h (for two such
lines, laid " on top " of each other require
evidently twice the voltage for the same
current flowing in each strip). If the di-
electric constant also changes-as it does
here ---the square root of these constants also
enter-as we have seen above in equa-
tions (2) and (3).

From Fig. i it follows then that

Z, = cos 0,
Z2 h,11 el COS 962

. (5)
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and therefore

I
Pv =

I

cos 01

cos 02 cos 02 -n cos C.

+ cos 0
n

, cos 02 + n cos 0,
cos 02

.. (6)

Taking into account the law of refraction
sin ¢1 = n sin 02 (7)

or cos 01 = n cos 02
this can be rewritten as

sin 02- n sin 0, v/n2- cos20 - n2 sin 0,
Pv= sin 02+ n sin Vn2 -COS20i n2sin

(8)

which is Fresnel's reflection formula for
the case of a vertically polarised wave.

From Fig. 2 it follows that
Z1 b2 E2COS 0.

. n
Z2 b1 E1 COS 01 { 9 )

and hence
cos 0, -n COS 0 2

h 01 + n cos 02
sin 0, - n2 - COS2- sin 01 + V n2 - COS2 ,11

. . . . (ro)
Fresnel's reflection formula for a wave of
horizontal polarisation.

Formulae (8) and (ro) can be applied to
the case where the wave enters a semi-
conducting medium if we ascribe to this
medium a complex-instead of a real--
dielectric constant ; the physical inter-
pretation of this result is however too
complicated to be dealt over on this occasion.

The law of refraction (equation 7) which
has been used in this derivation can also
be derived from the well-known formula
for the velocity of waves travelling along
transmission lines :

I
V

V L c
..
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where L and C have the same meaning as
in equation (2).

From this last equation follows that the
wave velocity in the two media are related

as v2/v1 = V e1le2 = - for obviously we may

compare two transmission lines of equal
cross section, i.e. of equal L.

'Fig. 3. Relation between wave velocity and
the phase velocity V t along the boundary of

the two media.

The incoming wave lays down on the
boundary of the two media a certain phase
pattern, which sweeps across this boundary
with a velocity equal to vt = v1/sin 01. (See
Fig. 3). This phase pattern is responsible
for the wave travelling into the second
medium. Evidently the relationship be-
tween vt and the wave velocity in the second
medium is vt = v2/sin 02 (we need only
think the second wave to be travelling in
the opposite direction). Hence we have

sin 0, v, ./E2
v2 Ei

. . (I2)Sln2
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Notes on
ELECTRO-MECHANICAL EQUIVALENCE *

By H. Jefferson, B.A., A.Inst.P.

ELECTRIC circuit theory is only a
restricted form of dynamics. Its
practical importance lies in the fact

that the design of quite elaborate systems
has been reduced to routine operations.
Complex systems comprising a number of
meshes, in which attention is restricted to
only two meshes, have become the subject
of special study, and there is a background
of basic rigorous theorems to the methods
of network synthesis of various degrees of
accuracy. For most purposes the designer
can consult tables in the standard textbooks,
in which he will find formulae for the elements
of all types of filter. The use of filters built
up from constant -k and M -derived sections
can be avoided by more refined design
techniques, more particularly those of Cauer,
Bode and Darlington. Although details of
these methods are readily accessible, it is
rare to find a network designed by any but
the simplest formulae. The behaviour of
networks designed by any of these methods
when subjected to impulses and other tran-
sient disturbances can be studied by known
methods which are tedious in computation
rather than difficult in application.

In comparison, the solution of problems in
mechanical systems is very clumsy. Each
problem must be treated as a fresh one and
the basic equations for each element written
down. From this assembly of Newton's
laws and Hooke's law the required solution
can be painfully extracted. The solution is
cluttered up with unwanted information
about conditions in intermediate meshes.

It is well known that the methods evolved
for electric circuit design can be used for
mechanical circuit design, when we are
considering mechanical systems subjected to
alternating or impulsive forces. Indeed,
hydraulic systems also can be converted
into analogous electric networks. Many
mechanical engineers, however, are reduced
to computation from first principles, or to
" cut -and -try " methods, because they have
found no sufficiently clear account of the
operation of expressing mechanical systems
in terms of electrical networks. A number

* MS. accepted by the Editor, October 1944 -

of papers treat this equivalence problem,
but commonly these confine themselves to
some special aspect, and do not cover the
whole field. Some textbooks, also, have
chapters on this subject, but these textbooks
do not seem to reach the hands of those who
meet with difficulty.

It is the purpose of these notes to develop
the bases of equivalent systems and to
maintain through this development the
complete duality which exists. This duality
is obscured by many of the writers : it arises
because there is no fundamental reason why
the equivalent of force should be voltage
rather than current, or the equivalent of
velocity current rather than voltage. As
long as a mechanical system alone is under
consideration, the choice is a free one. When
the circuit contains both electrical and
mechanical elements, coupled together by
means of an electro-mechanical transducer,
it is commonly convenient to choose the
mechanical -electrical transformation to suit
the transducer. If, for example, the trans-
ducer is a device in which a current at the
terminals produces a proportional force, it is
simple to adopt throughout that convention
which makes current and force equivalent.
When this is done, the transducer takes the
circuit form of a normal transformer. If at
one end of the mechanical system the trans-
ducer, gives a force proportional to current
and at the other end there is a transducer
in which force produces a voltage, we avoid
any discontinuity in the analysis by choosing
whichever equivalent system we please, and
then allowing the transducer equivalents to
straighten things out. We shall find that
one transducer will have an equivalent which
can be described as that of an inverting
transformer which has a ratio of i : n2.
The use of this rather artificial device leads
to a straightforward analysis procedure.

To determine the equivalents of various
elementary mechanical systems, we shall
write down the equations of motion for the
mechanical system and compare these equa-
tions with the equations governing the
behaviour of basic electric networks. We
shall treat mechanical systems in terms of
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linear motion, and will assume also that the
equations with which we are concerned are
all linear.

Any four -terminal network will have the
form of Fig. 1. Two terminals, the input
terminals, have applied to them a voltage V1,
and a current I, flows in at I, and out again
at 12. At the output terminals there exists
a voltage V2, and a current I, flows out at
21 and returns at 22. The voltages and
currents satisfy the general circuit equations

V1 = AV,-+ Al2 /2 . (I)
Ll = A 21V2 ± A22 /2 (2)

The four quantities Au, A, A2,, A 22 are
characteristic of the network, and satisfy
also, if the network is passive and contains
no energy sources,

A11 A22 - Al2 A21 = 3
For reasons made clear in the Appendix, we
shall refer to the four quantities A 11, A 12,
A 21, A 22, considered collectively as the
characteristics of the network, as (A).

1_
21

V2

22

Fig. I. Fig. 2.

To represent a mechanical equivalent of
this general four -terminal network we shall
take Fig. 2. Here the input pair of terminals
is replaced by an input rod, to which a
force F, is applied, and which moves with
a velocity v1. An output rod, moving with
velocity v2 and producing a force F2, replaces
the output pair of terminals. It is possible
to add to this diagram the second terminal
of the pair, by including the reference frame,
which corresponds to the earth of an un-
balanced electrical system. It does not seem
really necessary, however, although this may
be borne in mind should a problem arise
where this point may serve to clarify the
issue.

We shall write the equations relating the
input and output of the mechanical system
in either of two ways :

vi = a11v2 a12 F2 (4)

Fl = a21v2 a22 F2 (5)

*U1 1/2

F, F2

or
F1 = b11 F2 + b12V2 (6)

vi = b21 F2 + b22v2 (7)

In the same way as above, we shall refer
to these sets of four coefficients which
characterise the network as (a) and (b)..

The basis of our method of deriving
equivalents is this : having written down
equations (4) and (5), we replace v1, v2, Fl, F2
by V1, V2, /1, /2 respectively. This casts
(4), (5) into the form of (I), (2) but with a,,,
a12, a21, a22 written in place of A 11, A 12,
A 21, A 22 We then say that the electrical
network which satisfies these equations is the
a -equivalent of the mechanical system. We
then obtain the b -equivalent by replacing
F and v in equations (6) and (7) by V and I
and comparing this result with equations (I)
and (2). An example will make this perfectly
clear.

Let us consider the equations of motion of
a mass, Fig. 3. We
shall assume here,
and throughout these
notes, that we are
concerned with simple
harmonic forces and velocities, so that we
may write

F = F0.exp jeut; v = vo exp /fat (8)

where j co is the angular frequency
= 27rf, where f is the frequency in cycles
per second. We shall write A = jo, in much
that follows.

From (8) dF/dt =AF ; dv/dt = Av (9)

Our mass must obviously move as a whole,
and consequently

vi = v2 . (no)

By Newton's Third Law, the motion must
satisfy

F,- F2 = m dv/dt .. (1i)
where F2 is the force passed on to a succeed-
ing element, which must produce a corre-
sponding reaction of -F2. This convention
is Very important ; F1 is the force applied to
the input rod, F2 is the force applied by the
output rod. Rewriting these equations in
the form of (4) and (5)

v, = 1,12 . . (M)
F, = Am v2 + F2 .. . .

Consequently we have for a mass

all.= ; a12 =.o ; a21 Am ; a22 = I
(12)

and
bii

F2

Fig.Fig. 3.

b22 =
(I3)

Let us now assume that velocity can be
replaced by voltage and force by current.
We have

; b,2 =- Am ; b2, = ;

Vi V2 .

= V2 + 12 . .

(14)

(i5)
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This pair of equations is satisfied by a net-
work of the form of Fig. 4, in which the
shunt admittance Y is of value Am, that is,
by a shunt condenser. If we consider the
b -equivalent we shall find that the resulting
network equations can be satisfied by a series
impedance as shown in Fig. 5, where the
value of Z is Am, that is we have an induct,
ance of size m. We shall say that the

0-0
Fig. 4. Fig. 5.

12

t v2

a -equivalent of a mass is a condenser, and
the b-equivalept is an inductance. It is of
interest to notice the energy stored in this
mass and its equivalents. The mass itself,
at any instant, is moving with velocity v, and
has in consequence kinetic energy of 4 my2.
In its a -equivalent the instantaneous voltage
across the condenser is V, and the energy
stored, 4 CV2, is equal to 4 mV2. In the
b -equivalent the instantaneous current in
the inductance is I, and the energy stored
is 4 mI2, the inductance being m. These
forms are those which are deri'ved directly
by saying that the a -equivalent of a mass
is a shunt capacitance, and of velocity,
voltage ; and that the b -equivalent of mass
is a series inductance and of velocity, current.
In a -equivalent the conservation of mo-
mentum appears as conservation of charge,
for the momentum of a mass is my = CV,
the charge on the condenser.

We can show, by similar reasoning, that
if the mechanical network comprises an
elastic rod. of modulus K represented sym-
V I

000
K

'02

Fig. 6. Fig. 7.

bolically in Fig. 6, the a -equivalent is a
series inductance, K, and the b -equivalent
a shunt capacitance, K. If there is a stiff
rod which has a restoring spring of modulus
K, represented in Fig. 7, the a -equivalent is
a shunt inductance 1/K and the b -equivalent
a series capacitance 1/K. These results are
derived in the Appendix.

Friction appears in mechanical systems in
two different ways. Most common is its
appearance as a bearing friction,' as shown
in Fig. 8. This is found to have an a-equiva-
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lent of a shunt resistance. Sometimes
friction appears in the form of a dash -pot
or slipping clutch. This is often made more
complicated by non-linearities introduced by
friction, but so long as the system is linear
it can be replaced by an a -equivalent of a
series resistance and a b -equivalent of a shunt
resistance.

If the list of electrical equivalents discussed
briefly above is examined if will be seen that
the complete set of single element networks
is present with the exception of the series
capacitance in the a -equivalents and shunt
inductance in the b -equivalents. This form
is not, so far as the writer is aware, treated
elsewhere. It will be considered below as a
special case of the lever.

Fixed and free shafts ate sometimes en-
countered. Their equivalences are easily
determined as limiting cases of the simple
elements. The fixed shaft is one connected
to an infinite mass. In a -equivalent this
involves an infinite shunt capacitance, that
is, a short-circuit. This result can be derived
by straightforward physical reasoning. A
free shaft is one which includes a section of
infinitely soft spring, and thus has as
a -equivalent an open circuit and as b -equiva-
lent a short-circuit.
v,

F,

I--0
HP F2

Fig. 8.

0-1 1 P

F,

Fig. 9.
F2

If we look back we see that we have
derived a dual system of equivalents for the
simpler mechanical elements, in which the
a -series represents masses by capacitances
and springs by inductances and the b -series
represents masses by inductances and springs
by capacitances. Any element which appears
as a series element in one equivalent system
appears as a shunt element in the other.
Extending the idea to rotating systems, we
can replace mass in the above discussion by
moment of inertia, force by torque, velocity
by angular velocity and linear elasticity by
twist per unit torque. This is a substitu-
tion which does not need to be laboured
further.

The lever is a network element of some
importance, which in the rotational system
appears as a gear pair. Its simplest form is
that shown in Fig. 1o, from which we can
write down immediately

v1 = (/1// 2) v2 = ny2 .. (IP)
F1 = (12111) F2 = (i/n)F2. . . . (i7)

(
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.. (i8)

(19)

is the ideal transformer of ratio 1 : n. This,
then, is the a -equivalent. The b -equivalent
is clearly an ideal transformer of ratio n : 1.

2
.02

VI

F,

.02

Fig. 1o. Fig. 11.

A much more interesting form of the lever
is that showti in Fig. 11. This is an infinitely
stiff rod, which is not fixed but free, and has
a mass M. The derivation in the Appendix
shows that this arrangement is equivalent
to an imperfect transformer, having finite
inductance windings and some leakage
inductance. This equivalent is the b -equiva-
lent : the a -equivalent is a n network of
capacitances, a form sometimes used as a
transformer of limited range in band-pass
filter networks. There are some special
cases of interest. If input and output rods
are attached to the same point the system
behaves like a mass, scaled down in value in
the ratio I/LI (l2/h2)] where h is the
radius of gyration. Another very interesting
form is obtained when all the mass is
concentrated at the centre of gravity and
11=12. This, apart from a minus sign, is,
found to provide the missing simple equiva-'
lents. The a -equivalent is a series capaci-
tance, the b -equivalent a shunt inductance.
The minus sign is disposed of by introducing
a 1 : -1 ideal transformer, and we have the
system of Fig. 12, which we required to
complete the set of simple circuit elements.
This result means that if we wish to obtain
a mechanical, equivalent to any electrical
system we can now perform the transforma-
tion. Without this equivalent it was
impossible to construct mechanical systems
equivalent to certain types of high- and
band-pass filters known in electric circuit
theory. This element is of use if it is desired
to take an alternating drive into a unit
without preventing movement of the unit.
We can block out the d.c. term in mechanical
problems.

Further aspects of these basic elements
are touched on in the Appendix.

A derived element is the mechanical form
of the transmission line. A rod having mass
m per unit length and elasticity K per unit
length is clearly equivalent to a transmission
line : in the a -equivalent the capacitance
per unit length is m and .the inductance K ;
in the b -equivalent although we still have
a transmission line, the capacitance per unit
length is K and the inductance m. This
equivalent is of use in the rigid analysis of
systems having imperfectly stiff rods, and
springs having finite mass. The velocity of
propagation of waves in such a line is

(i/mK)i (2o)

and the characteristic impedance is
Z, (a) = (Klm)I : Z, (b) = (m1K)i (21)

This completes the survey of mechanical
elements which can be represented by elec-
trical elements which obey similar equations.
With the assistance of Table I, any mechanical
system subjected to alternating forces can
be replaced by either of its two analogues,
by an element,by-element substitution,
remembering that once the decision as to

a- or b -equivalents
is made, it must be
adhered to through-,. out. Comparison of

1/2

F2
the resulting net-
works with the stand-
ard forms given in
textbooks on filter

Fig. 12. theory will enable
the behaviour to be

predicted, or the elements to be chosen to
provide a desired performance.

We must Ilow consider the interconnection
of electric circuits and mechanical systems.
It is here that we are provided with a reason
for using either a- or b -equivalents. When
only an electrical system, or only a
mechanical system is concerned, self -con-
sistency is easily guaranteed. As soon as
a mixed system must be considered, special
care is needed to ensure that there is no
failure of consistency between these two
divisions of the circuit. This becomes
particularly difficult when there are two
transducers of different kinds in the circuit,
and although it is easy to cope analytically
with this form of problem, it presents
difficulties in physical interpretation. We
can only say in such cases, with Laplace,
" Go on, conviction will come to you later."

(Continued on p. 568.)
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The general form of electro-mechanical
transducer is shown in Fig. 13. This is a
reversible linear system, having two terminals
and an output (or input) rod. When a
voltage is applied across the terminals, a
current flows and the rod moves. The
system satisfies equations of the form

V1 = P11 v2 + p12 F2
1.1 = P21 v2 +p22 F2

or, written the other way
V1 = q11 F2 + ql, v,
/1 = q21 F2 + q22 v2

It will be remembered that to obtain the
a -equivalent we wrote V2 in place of v2
and I2 in place of F2, and then sought an
electrical network
satisfying the result-
ing pair of equations.
We shall do this again
here, using the equa-
tions in p to give us
the a -transformation and the equations in q
to give the b -transformation. The procedure
will be clarified by an example. One common
driver circuit is the electro-magnetic driver,
of which the moving -coil loudspeaker is a
typicil example. This is a system in which
a current flowing in a conductor in a magnetic
field causes an interaction force on the
conductor. The " type " equation is, in
fact : Il = P22 F2 . . (26)

where p22 is a constant. The energy going
into the system is V 11.1 and if we consider
an idealised system, this energy must come
out as mechanical work, at a rate F2v2.
A second equation follows :

Vl = p11 v2 = (1/P22) v2 . . (27)

This circuit,, when we make the v2 - V2,
F2 - /2 substitution, is seen to have as
a -equivalent an ideal transformer of ratio
p: 1. Its b -equivalent is a circuit which
has the general circuit equations.

II

v,t

V1 = q22 /2
= q11 V2 . .

. . (22)

.. (23)

round

(24)

(25)

F2

Fig. 13.

.. . . (28)

. . (29)

This pair of equations can be said to be the
equations of an inverting transformer, that
is a transformer which gives a secondary
current proportional to the primary voltage,
and a secondary voltage proportional to the
primary voltage. So long as we stick to the
algebra, this need not embarrass us. It is,
however, to avoid this device that in systems
having electro-magnetic drives we use when-
ever possible the a -equivalent system. It
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may be noted here that if across an
" inverting transformer " we connect an
inductance, the impedance presented at the
primary is capacitive. The " inverting
transformer " is in fact a device for converting
between a- and b -equivalents.

The other form of transducer commonly
used is that typified by the electro-static
loudspeaker, the piezo-electric crystal and
the condenser microphone. Here voltage
and force are related and the " type "
equation is

V1 = q F2 . . . . (30)

and as before /1 = q22 v2 = (i/qii) v2 (31)
Clearly the b -equivalent is an ideal trans-
former, the a -equivalent being an " inverting
transformer."

Any practical transducer will include
certain elements we have omitted here.
Resistive losses, stray capacitances and
inductances, all must be included in th e
circuit equivalent. Where the losses are
electrical, they will normally appear on one
side of the transformer ; where they are
mechanical they will appear on the other.
After conversion into the same units circuit
methods. for simplifying the network can be
adopted.

This account of electro-mechanical equi-
valence is, it is hoped, sufficiently complete
and concise to be of assistance, both to
those who wish to make use of the simple
methods of filter design to solve their
mechanical problems, and to those who seek
a unified account in order to obtain a
rational approach to  problems of mixed
transducers. It is hoped that the result,
believed 'to be new, in Fig. 12, will be of use
to those who find a need for constant -k
band-pass filters or high-pass filters.

Many of the results quoted above are
derived in the Appendix. This has been kept
short, as it is thought that most readers
would be content with the statement of
results provided in Table I.

APPENDIX

A Summary of the Analysis
This appendix constitutes an an,alytical version

of the material in the main body of the notes.
The method used is to consider the general circuit
matrix for the various elements.

Equations (1) and (2) of the notes can be written
in an abbreviated form as

=

with the condition IA! =

(A.t)

.. (A.2)
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The matrix (A) thus defines three independent
parameters, which in turn define the network.
These parameters are related to other properties
of the network, and, in particular, the open -circuit
impedance at the input end is

= A IA (A.3)

the short-circuit impedance at the same end is
= A IA (A.4)

and for a symmetrical network, in which A ,
A 22, the characteristic impedance is

Ze = (An/A 21)i
The particular importance of the general circuit

matrix is seen when two networks are connected
in tandem. Then for the first

V12)
= (A1) (VI) and for the second

(I;22) = (A') (17133) *

.. (A.5)

clearly then (Ii/ (A 2) (A 2)
V2

/3 .. (A.6)

The general circuit matrix of two four -terminal
networks connected in tandem is thus the product
of the individual general circuit matrices. This
property is particularly useful in enabling a rapid
calculation of the transfer coefficients of a network
to be made, as many networks can be considered
as tandem connections of simple, elements. The
advantage of this method is that it imposes a simple
routine of multiplication and addition which can be
carried out very quickly. Errors are less likely
to creep in than with less automatic methods and
a final check can be made by seeing whether the
determinant of the whole general circuit matrix
is identically unity. Tables of general circuit
matrices for various simple elements together with
the various transformations for series and parallel
connection are useful aids.

The general circuit matrices, for the simple
elements are :
For a series impedance, Fig. 5,

V, = E2 ZI2 . .

1, = 1.2

/giving (A) =I Z)
ko 1

If Z consists of an
condenser in series

(A) = (o
AL R + rIAC)..

(A .io)

This form includes the three separate forms of
inductance, resistance and condenser alone.

For a shunt admittance Y, Fig. 4, it is easy to
see that

(A) = Iy (A.f x )

or, if Y consists of inductance, resistance (G
1/R) and condenser in parallel

(A)=(

.. (A.7)

.. (A.8)

.. (A.9)

inductance, resistance and

f /AL + G AC
(A.12)

As we have seen, in equations (14) and (I 5), the mass
of Fig. 3 has

(a) - Aim 0I
(b) =

0
.. (A.13)
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and the equivalents are obvious on comparison
with (Ado) and (A.12). For the spring of Fig. 6
we must have

Fi = F2
VI = d11,cli

By Hookes' Law dlIdt = -K dF/dt =

giving (a)
i 1

o
AK) i

AK i
1 o \

jk 1 1 k

When the spring appears, -as in Fig. 7, as a restoring
spring the equations of motion are

v, = t2 .. .. (A.r8)
F1= Kfu dt+ F2 (A.19)

or F1 = (K/A) v2 -f- F2 (A.20)
These equations lead to

(a) = (KI 12o

k . i
(A.2f)

These results were quoted as equivalents in the
body of the text. The derivation of the friction
forms is implicit in the above.

We now consider in some detail the free lever
shown in Fig. if. This is a heavy stiff bar, with the
input force applied normal to the bar at one end
and the load attached to the other end. If Mh2
is the moment of inertia, v, the velocity of the
centre of gravity, 8 the angle between the bar and
an arbitrary direction fixed in space and /1 and 12
the distances of the " terminals " from the centre
of gravity, the equations of motion are :

F1 - F2 = AMV0 . . (A.22)
F111 + F212 = AMh2e (A.23)

vo - 7/2 - 124 : (A.24)
VI - vs = lie . . (A.25)

h2 /12
1 (l1.++

h2 1112

(a) - AMh2
k2 1112

h2 ± 1,2

(b)
h2 - 1112

(11 + 12)2
AM h2 - 1,12

(A.14)

(A45)
- AKF
.. (A.16)

.. (A.17)

AM h2 - /i/2
h2 h22
h2 11/3

Am 112
h2 /1/2

h2 +1,2
h2 _1112

(A.26)

(A.27)

The imperfect transformer, having finite winding
inductances L, and /.2, with mutual inductance
of M, where 1-1 = n2L2 and M2 = k2L1L2, has a
general circuit matrix :

(A)
(nlk AL, - k2)Ink

,_) .. (A.28)
n1ALik MN

The r network of capacitances in Fig. 13 has a
general circuit matrix

C3

C2 AC2
(A) = (

ci) (A.29)

C2
A[C1 ±C 1C 3 ± Cs] I -

Clearly (A.27) and (A.28) are the same form, as
are (A.26) and (A.29): Thus the a -equivalent of
the free lever is a ir network of capacitances with

C, = /V/ 121(1,-F l2)
C2 = M (V - 1112)1(11 ± 12)2 .. (A.3o)

C3- M 121(12 -I- 12)
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and the b -equivalent is an imperfect transformer
with

M (h2 122)1(1, + 4)2
na - (h2 122)/(7,2 + /12)
k2 - (h2,- 1112)2/(h2 + 112) (h2. 122)

A feature of interest is seen immediately : if
1,2 = o, C2 = o in one equivalent and
k2 = o in the other. This is well known as the
equation defining the centre of percussion. It
appears here as a complete isolation of input from
output. The other interesting form is obtained if
h = o and 1, /2. Then

(a) = (- - 4/AMI - VIk 0-I 0 - k0

Iand (b) ,=
01-

o)(
4/Am

(A.31)

4/AM)

(A.32)

(A.33)

The a -equivalent in equation (A.32) is that of an
ideal transformer of ratio r : - I followed by a
series capacitance. The b -equivalent is an ideal
transformer followed by a shunt inductance.

A useful device will be illustrated by an example.
If we have a stiff light lever, supported by a springy
fulcrum, we need not write down the basic equations
and solve them. We can proceed as follows. If
we compare (A.21) with (A.13) we see that the
substitution of a spring for a mass was effected by
writing K/A in place of Am. If in (A.26) and (A.27)
we write M = K 1A2 and 122 = o, we get the desired
result,

(a)
0

(b)

11

12

I

ll

A (1 + 12)2
K 1112

(A-34)

(A35)

This method can be used for more complex fre-
quency transformations.

We shall now consider some more general
aspects of the a- and b -equivalents. It is obvious
that (a) and (b) are related. In fact an = b22;
a12 = b21; a21 = b12; a22 = b11. This can be
expressed by writing

(o
x

0) . (a),.
1

o) --= (b)
. .

I oi)  (b) ()I 0i) = (a)and
\

These multiplying coefficients appear in con-
siderations of We note that

(7 lo) 7 lo) = Co 7) = Co

Alternatively we can write

(j
0 -°.
) (a) (

.1, 0
7i) = (b)

(j
cv

0 j) (b) -1 oij) = (a)

and writing (3.
o
j

0
) (J) ; (c) = (- J)

(A.39)

(A.36)

7)f'0 0.)

(A  37)

. . (A.38)

we have (J) . (- J) = (0i

and the very simple form
(J) (a) (- J) = (b) ; (J) (b) (- = (a)
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(A.4o)

If we now look at equations (22 - 25), we can
see that we must have

(p) (I
10) = (q) (q) 10) = (p)

. . (A.4I)
or in a symmetrical form (q) (J) = (J)(p) tA.42)

It is the unsymmetrical appearance of the matrix
(c) I) which is so embarrassing ; it cannot be

o
represented by a physical network, for its deter7
minant is equal to - x, not I. We therefore
choose our transformation so that we do not
incorporate this matrix, whenever this is possible.
The effect of this matrix is seen in the following
example. Consider this " inverting transformer
as we have called it, connected in tandem with a
shunt condenser. The resulting general circuit
matrix is

io 1\ o\ iAC
ki 0/ kAc kr of (A43)

If this is considered to be the g.c.m. of a real
network, the open -circuit input impedance is
AC : in the absence -of the " inverting " trans-
former it was I/AC.

For an introduction to the use of matrix algebra
in circuit work, reference should be made, to
Strecker and Feldtkeller, E.N .T., 1929, Vol. 6,
No. 3, p. 93.
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Humphreys (Cossor), and M. M. Levy (Standard
Telephones & Cables). The following members
remain on the Council for a further 12 months :-
G. A. V. Sowter (T.C.M.) Chairman, Sq.-Ldr.
S. R. Chapman, L. H. Bedford (Cossor), Dr. N. W.
McLachlan (Philco), W. W. Smith (C.E.B.), and
J. Dimmick (Norwood Technical Institute).

I.E.E. Meetings
DR. D. C. ESPLEY will open the discussion on

" The Sound Channel in the Television Re-
ceiver " at the meeting of the Radio Section of the
Institution of Electrical Engineers at Savoy Place,
Victoria Embankment, London, W.C.2, on Tuesday,
December 19th, at 5.30.

At a meeting of th. Cambridge and District Radio
Group at 5.30, on January 2nd, at the Technical
School, Collier Road, Cambridge, D. Q. Fuller and
A. V. Lord will give a paper on " High Frequency
Heating in Industry."
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TESTING HIGH -FREQUENCY CABLES
A Resonance Line Method for the Measurement of

Characteristics in the Decimetre Wave Range
By F. Jones, B.Sc. (Hons.), A.M.I.E.E., and R. Sear, B.Sc. (Hons.), A.Inst.P.

(Concluded from page 520 of the November issue)

SUMMARY.-In the previous issue a method of resonant line testing was given, and
its practical application discussed. A description of the apparatus employed included a
detailed account of the measuring lines, detectors, generators and wavemeters. In this
concluding instalment of the paper the problems concerned with maintaining the accuracy
of the method, and extending its usefulness are treated. A method of calibrating the
measuring line is given. The effect that reactive discontinuities at the centre line support,
and at the cable junction, have on measurements is investigated. Attention is paid to
phenomena associated with the detector, and to the special difficulties encountered in testing
twin cables. The appendix is a full treatment of the theory of the method.

The symbols used were defined in the previoil issue.

8. Measuring Line Calibration
THE impedance Z, at the junction of a

short circuited measuring line and open
circuited cable is given by, 3'4

Zf ZO tanh (A ± jB)L
I

Z, coth (a +1'13)1
j tanh AL tan BL

Zo' tanh AL + j tan BL
tanh a/ j tan PI

Z, j tanh al tan 131
Rationalising and equating reactance com-
ponents to zero
then

I tan BL(1 - tanh2 AL1)
Z0 tanh2 AL1 + tan2BL,

I tan /3/(I - tanh2 al)
Z, tanh2 a/ tang fl (9)

Equation (9) is the condition for resonance
of the combined system 9f the line and cable.
If tanh2 AL1 and tanh2 a/ c I, tanh2 AL1
<tan2BL,, and tang PI <I, then equation (9)
reduces directly to

Z0 tan BL, = Z. cot PI . . . . (io)
If 8L, indicates a small amount by which the
line length for resonance of the combined
system differs from the length at which the
measuring line alone resonates, and if 8/
is the amount by which the cable differs
from a resonant length
that is

(8)

(2n' ±8L L,
2B

and 8/ = mrip

then Zo1B8L, = - Z.1/381 . . . . (ii)
Since B/13 = v/, and v = I/CZo equation (II)
may be written as

Zo = - 8L11Cc81  , . . (I2)

Equation (12) may be used to determine
the characteristic impedance of a measuring
line. A cable of good uniformity, and
insulated with a material such as polythene,
whose dielectric constant is known not to
vary appreciably with frequency, is required.
Its capacitance C per cm. is measured on a
low frequency bridge. A length of the
cable slightly in excess of nAc/2 is connected
to the measuring line, and successive short
lengths cut off until it is slightly less than
nAc/2, the corresponding measuring line
lengths for resonance of the combined system
being observed at each stage. A plot is made
of cable length against line length, and this
gives a straight line over the region near
8L1 = o. Zo is derived by inserting the gra-
dient of this line for 8/.1/8/ in equation (I2).

It is advisable when thus calibrating a
measuring line to repeat the determination for
various values of n, to check the uniformity
of the cable employed. Values of 81-1181
consistent to + 1% should be obtained for
a satisfactory calibration.

Where several measuring lines are in use,
it is convenient to calibrate one by the above
method, and to use this as a standard against
which other lines may be calibrated. The
procedure is identical with that described,
except that the standard line takes the place
of the cable, successive changes in line
length being read directly on the scales
provided. If both lines are air -insulated,
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/3 = B, and the gradient 8L,/81 is simply
the ratio of their characteristic impedances:

The value of Z, obtained for unbalanced
measuring lines using a polythene insulated

S1
Fig. 9.

SA against
SL1.

0
6L1

cable as the standard, is found to agree to,
within 1% with that calculated from the
well known formula for an air -insulated line.

Zo = 138 log Did (13)
where D = inside diameter of outer conductor

d = outside diameter of inner con-
ductor.

When an appreciable reactance exists in
the junction of the two lines, or of the line
and cable, a non-linear plot of 8/ against
8L, is obtained in the region U., = o.
Regard this reactance as composed of a
distributed component terminated by a
" lumped " component. Then letting the
distributed portion effectively lengthen the
standard line or cable by 0113 and letting the
lumped portion be r/ J, equation (Io) becomes

Z, tan (1381+ 0) = - Z, (tan BSI., JZ,)
(14)

where 61 and 8L, are as previously defined.

Fig. so. Connections for balanced line
calibration.

The effect of the distributed component
0113 is such as to put the zero from which
8/ is measured in error, so that 0 includes all

causes of zero error. Fig. 9 shows diagram-
matically the effect on a plot of 8/ against
8L1 of measuring 8/ from a false zero. 'Curves

and 2 are obtained for Z, -=Z, and Z, < Z,
respectively when p =B and 0=o. Curve 3
shows the effect on Curve 2 of a zero error
0113 in 8/. If tan /38/ is plotted against
tan B8L1,' conditions i and 2 both give
straight .lines, but 3 remains curved. This
is also true if 13 B.

Differentiating equation (14)
d (tan 1381) Z, - tan 0 tan psol

d (tan BSL,) ZoL tan20

(15)

If the plot of tan 1381 against tan B8L1
is non-linear, the gradient may be measured
for various values of 8/, and equation (15)
solved for 0. Tan (88/ + 0) plotted against

03

02

101

of

002

- d(TAN8f51.),-1 2
d(TANB81-1)

41CURVE

CURVE f

d (TAN/381)-
d (TAN BSLI)

i 46

1

0-1 0 0-?

TAN B SLI

02

Fig. Is. Balanced line calibration.

tan BSL,, now gives a straight line of
gradient - Ze/Zo.

A case in which the application of this
correction has been found necessary, is in
the calibration of a balanced twin line
against two unbalanced lines of identical
construction which have themselves been
previously calibrated. This indirect pro-
cedure becomes necessary as the direct
calibration of a balanced line against a twin
cable may not be satisfactory owing to
" velocity unbalance " effects in the cable.

The lines are arranged as shown'in Fig. 10,
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the two unbalanced lines when connected
together as shown behaving as a balanced
line of characteristic impedance double
that of each line. Fig. II shows the results
that were obtained at about 200 Mc/s in such
a calibration. Curve 1 is a plot of tan138/
against tan /38L1 where L1 refers to the
balanced line and / to the two unbalanced
lines. Each unbalanced line had a character-
istic impedance of Io7Q, and therefore for
the two connected together Z, = 2142
The values of d(tan /38/)/d(tan B8L1) at tan/38/
= o.i and - o.i were 1.41 and 1.46
respectively. Substitution of these values
in equation (15) gave tan 0 = 0.085 and the
resulting plot, curve 2, of tan (pal +
against tan B8L1 gave a straight line of
gradient 1.445 corresponding to Z, = 148Q
for the balanced line. For the same line,
a value of 14652 was obtained by calibration
against a twin cable. A theoretical value of
15152 is obtained from the approximate
formula

r2D - h2)1
Z, = 276 log10 (i6)

There d = outer diameter of inner con-
ductors.

D = separation of centres of inner
conductors.

= inner diameter of screen.
h = DID,

The value adopted was 148Q to ± IQ. The
discrepancy between this value and that
yielded by equation (16) is greater than can
be accounted for by experimental error.

This treatment of junction effects can only
be expected to apply when these are small.
The balanced line calibration against two
unbalanced lines was repeated at about
600 Mc/s, with a consequent increase in the
curvature of the plot of tan pi against
tan 1384 In that case it became necessary
to stipulate a more complex circuit to
simulate \the junction effect, and this was
unsatisfactory for a calibration. However,
with more usual connections, e.g. the coaxial
cable connectors described in Section 2 (i);
no such curvature is obtained, even at
600 Mc/s. Nevertheless, most junctions
cause some discontinuity, and at some
frequency, effects similar to those described
will be evidenced. The treatment given is
therefore of value in extending the frequency
range over which the relationship expressed
by equation (12) may be applied.

It should be understood that equation (8)

573

assumes that the measuring line is short-
circuited at the detector, and ignores the
effect of, the thermocouple and the length of
the piston beyond it. If this effect is allowed
for, it is found to contribute only to J in
equation (14), and therefore does not affect
the results.

Equation (12) has several applications"
in addition to the measuring line calibrations
described. The most important of these is
the direct measurement of the high frequency
capacitance of cables. The procedure is
identical with that described for a measuring
line calibration. Z, is now known, and C is
the unknown in equation (i2). The method
has been found particularly useful in measure-
ments on imscreened twin cables. The
capacitance of such cables depends on the
proximity of local earthed objects, and
should be measured under the same con-
ditions as the resonant peak width, since it is
required for the evaluation of both a and Z0.
The present method permits both the
capacitance and curve width to be measured
without moving the cable. The method is
also useful for measurements on cables
insulated with materials whose permittivity
is not independent of frequency, e.g. poly-
vinyl chloride.

T1ie procedure may also be adapted to the
investigation of cable uniformity. Local
irregularities in a cable are observed as a
departure from linearity in the plot of 8/
against 8L, 1 and more gradual changes in
the cable dimensions as differences in the gra-
dients obtained ,for successive values of n.

Equation (i2) is useful for calculating the
length to be removed from a cable which is
somewhat longer than a resonant length,
to bring it exactly to resonance 'in a single
cut. This is advantageous for large cables
where cutting is laborious.

4. The Effect of Reactive Discontinuities on
Attenuation Measurement.

In the use of equation (I), it is assumed that
at no point in the combined system of the
measuring line and cable is there any
reactive discontinuity. In practice such a
discontinuity exists at the junction of the
measuring line and cable, and, again at the
support spacing the conductors of the
measuring line. In this section a theoretical
treatment of both these effects is given,
together with an account of some experi-
mental work which has been conducted to
substantiate the theories developed.
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(i) Discontinuity at the junction of Measuring
Line and Cable.

Let the measuring line length for resonance
be (L0 - a), where a would be zero in the
absence of any discontinuity at the junction,
when a resonant length lo of cable is connected
to it. Further, let the measuring line length

0
-J

_Ja

3
1 h

B A 4-._1

(a)

h , 2

IZo<Zc
I I

(b)
Fig. 12. Effects of junction

for resonance be L1 when a length 1 of cable
differing by a small amount from 10 is con-
nected to it.

Then the cable attenuation is given by
equation A /29 of the Appendix.

BALZ c sec2 B(Lo-L1)=
2/Z0 sect /3.(/ -

From equation (ii)
BZ, (Lo -L,- a)

- lo) = 13Z0

and equation (i7) may be written as
BALZ,[ sec2B(Lo - L,)a=

2/Z0 sec2IBZ,(Lo- L1- a)I4
 (i9)

Since AL0 is the resonance curve width when
the cable length is /0 and a = o

BAL,Z,
21,Z,

ALIAL0 with L, for Zo> Zc and Zo < Z,
respectively. In each case curves i and 2
show the separate contributions of the two
bracketed terms in equation (22), whilst
curve 3 shows the total effect of varying
the cable length. The dotted curve shows the
result when a = o. 

I I

I
I

I 3 1

B A -.41
21

Z 0 Zc

(c)
discontinuity.

in both cases.
The maximum value of AL/AL0 in curve 3

of Fig. 12 (a), and the minimum value in
curve 3 of Fig. 12 (b) are given by

AL/AL, = h

a2B2Z 2

where h =
471 Zo - Z02

and the position at which both these values
occur is given by

In Figs. I2 (a) and
12 (b), A is the point
L1 = L0, i.e. measuring
line resonant, and B is
the point L, = Lo - a,
i.e. cable resonant. The
intersection of curve 3 on
LILIAL0 = r is given by

Lo-L1 -
Zo

aZ,

(r8)

a=
Provided 1 is not very different from to

AL sec2IBZ0(L, - L1 - a)IZ,
AL0 sec2 B(LO - L1)

Provided (L0 - L,) <A° and a < Aa, equa-
tion (2x) approximates to

AL
AL,

= [BZ,(L0 - L1 - a)/Z0]2

(20)

(2I)

- [B(L1 - L0)]2 . . . . (22)

The bracketed terms on the R.H.S. of
equation (22) give the effect on zlL as the
cable length is varied, of the cable length
variation and the change in line length for
resonance respectively. Figs. 12(a) and 12(b)
show diagrammatically the variation of

0
-J

-J

aZ,2
L 0 L, =

Z,2 - Z02
When Zc = Zo, equation (22) reduces to

AL/AL, = r - aB2(21.0 - 2L, - a)

(23)

(24)

.. (25)

(26)

(27)

......,

00

195

190

1 RS

a

'

3

2

,.

I

, 2
3

LARGEST APERTURE
MEDIUM
SMALLEST

CAP e

280 330 35-5

VALUES OF Li(CM)

Fig. 13. Error in curve width for Z 0>Z e.

305

The variation of 21LIAL., against L1 is now a
straight line as shown in Fig. 12 (c), with
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a gradient of 2a B2. The intersection of
this line on ['LW, = i is given by

L0 - L1 = a/2 . . (28)

This provides a simple method of determining
a, the reactive effect at a junction, since

a = measured gradient /2B2 .. (29)

When a = o, the horizontal line
ALIAL0 =1 is obtained.

0
-1

I 15

1. 10

1 05

00

095

3

2

I LARGEST APERTURE CAP

3 r;41,5)kli_ULIE4ST

0 9Q2 300 325 350
VALUES OF LI(CM)

Fig. 14. Error in curve width for Z, = Z,.
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Fig. 13 shows the results that were
obtained when a coaxial cable of character-
istic impedance 71D was taken through its
resonant length in short steps at a frequency
of about , 600 Mc/s. The measuring line
characteristic impedance was io7S2. Con-
necting caps of the type described in
Section 2 were used, the three curves
corresponding to caps of various size aper-
tures. The results obtained are anticipated
from equation (22), but the magnitudes do
not permit of quantitative comparison.

Fig. 14 shows the results obtained using
the same three connecting caps, but with a
cable of io2D characteristic impedance.
This gave a condition sufficiently near
Zo = Z, for linear plots to be obtained in
accordance with equation (27).

The junction effects deduced from the
gradients of these straight lines according to
equation (29) are shown in Table I.

575

TABLE I

Diameter of
Connecting cap aperture a cm.

2.6 cm. 0.57
1.3 0.83
o.8 1.28

A knowledge of a permits the use of
equation (22) and the application of the
method to the measurement of the attenua-
tion of cables which differ from resonant
lengths.

For routine purposes it is more convenient
to employ the particularised equation (2o).
This is achieved by cutting the cable so that
resonance occurs about midway between the
positions for resonance obtained for the
measuring line with and without the cap
attached and no cable connected. In this
way the conditions of equation (23) are
approximately satisfied. With the worst of
the three caps mentioned, an error within
+ i% in the measurement of AL0 at about
600 Mc/s is incurred in this way. This
precaution only becomes necessary, even
for the smallest aperture ,cap, above about
30o Mc/s. The accuracy of measurement of

affected by
the procedure.

(ii) Discontinuity at the Measuring Line
Support.

Consider a measuring line A B as shown in
Fig. 15, with the conductance G it is required
to measure connected at the open end A,
and a " lumped " susceptance jH connected
across the conductors at a point C distant x
from the detector
at B. A Cr- x

If Y is the ad-
mittance of jH in DETECTOR

parallel with that
portion of the line
(L - x) terminated
by G then

I. L

Fig. 15.

YZ, = jHZ0 tanh [P (1 - x) tanh-' GZo]
. . (3o)

Consider the portion of the line from the
detector up to but not including jH as
being used to measure Y.

When the line is tuned to resonance, and
by substitution of the appropriate quantities
in equation (A/23) of the Appendix,
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jHZO tanh [P(L1 - x) tanh-1 GZo]
= tanh [BBL/2 jB(L0 - x)]

(31)

Equating the imaginary parts of equation
(31) to obtain the condition for resonance,

. and using the expansion given in equa-
tion (A/25)

HZ, + tan B(L1 - x) = tan B(LO - x) (32)

Equation (32) may be expanded to give

L, - L1 = {tan -1 [1 + HZ, tan B(L,

3

i2

i 1

0
_J

09

08
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tively the changes in line length for resonance
and the resonance curve width due to the
introduction of a susceptance jH at an
arbitrary distance (L, - x) from the end A
of the line.

The purpose of the treatment above was
primarily to investigate the errors caused
by ignoring the presence of any reactance
due to the insulating disc which supports the
inner conductor of an unbalanced measuring
line, or the twin conductors of a balanced

HZ, '
111B

..- x) tan2 B(L - x)

x

x

x

x

x

(

.

x

x\
x

5 In I 5 20 2

Fig. 16.
L, -x (cM)

Effect of a reactance along the line.

Equating the real parts of equation (31)
and again using equation (A/25)
then

[A (L,- x) tanh-1 GZ 0] sec2 B(L,- x)
= BAL sec2 B(L0 x)/2 .. (34)

When H = o, L1 = L, and AL = AL,. Then
neglecting A (L1- x), equation (34) gives
AL sec2 B(L, - x) =1 tan2 B(L, - x)
44= sect B(L, - x) tan2 B(LO - x)

(35)
Eliminating tan B (L, - x) between equa-
tions (32) and (35)

tan2 B(L, - x)
AL° 1 + [tan B(L, - x) H Z 0]2

(36)

Equations (33) and (36) express respec-

(33)

line, symmetrically with re-
spect to the outer conductor.

An experiment was con-
ducted at about 600 Mc/s in
which this disc was of keramot
and o.25in. thick. G was a
loading conductance of a suit-
able value. The resonance
curve width and the displace-
ment of the piston position
for. resonance were observed
for each setting of the disc as
it was moved in successive
steps down the measuring line.
The values obtained are shown
as the crossed points of Figs.
16 and 17.

The value of (L, L1) when
L1=x was substituted in equa-
tion (33) to give HZ,, and the
latter value was then used to
obtain the theoretical curves
for equations (36) and (33).

These are shown in Figs. 16 and 17. The
agreement between these curves and the
experimental points is seen to be good.

When the spacing disc is situated at the
end A of the measuring line, the correction
for it may be included in that due to the
junction, which is treated in the first part
of this section. If the disc is moved in
slightly, and this is usually desirable to
facilitate external connections to the line,
a rapid deviation from this relatively
simple correction results. In order to reduce
the magnitude of these effects, it is necessary
to reduce as much as possible the magni-
tude of the susceptance jH. This has
been achieved by using polystyrene
spacers, o.125in. thick and cut away to
leave only sufficient material for mechanical
strength. For all positions of these discs on
a measuring line, and at the frequencies



December, 1944 WIRELESS
ENGINEER

considered here, it is found that AL = dLo
to within ± a%.

The curves of Figs. 16 and 17 are of
interest. It is commonly thought that a
capacitive discontinuity placed across a
resonant measuring line has its maximum

20

1 5

10

0

05

0

577

dependent on the value of the capacitance,
from the voltage antinode. The variation
in the error, with an appreciable capacitance,
in the neighbourhood of both these positions
is extremely rapid, and very critical position-
ing is required for the effect to be eliminated.

An analogous treatment by
A. L. Meyers13 for the reactive
loading of a cable, shows that
the effect on the propagational
characteristics of the cable de-
pends on the position of the capa-
citance in a similar manner.

5

Fig. 17 (Above). Effect
of a reactance along

the line.

Fig. 18 (Right). Reson-
ance curves for the
balanced line. (a) With
unbalanced injection,
(b) with balanced in-

jection.

effect if placed at a
voltage antinode.
Fig. 17 shows this to
be true of the effect
on the line length for
resonance, but Fig.16
shows that the max-
imum effects on con-
ductance occur when
the loading capacit-
ance is situated in-
termediately between
a voltage node and an
antinode. They are
alternatively positive
and negative in sign, in
wavelengths of the line.
at which zero error is
voltage node, and again

10 15

L1 -x (CM.)

B

20 25

5. Investigation of Thermocouple
Failure in Balanced Lines

In the discussion of thermo-
couples a form of breakdown was
mentioned, which resulted in the
detection of double peaks on the
balanced lines when the injection
was slightly unbalanced. The
thermocouples were normal in
other respects. The following in-
vestigation was undertaken to
explain the failure.

(a)

J
34 35

LINE

36

LENGTH (CM)

successive quarter
The two positions
incurred are at a
at some distance,

37

(b)

4
35 36

LINE LENGTH (CM)

37

Preliminary experiments were performed
on a balanced line, using a thermocouple on
which the breakdown was pronounced. A
resonance curve containing the two peaks
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was plotted at 200 Mc/s, with the injection
probes adjusted for approximately equal
injection in the normal way, but without
special care being taken. The experiment
was repeated after carefully, adjusting one
probe to minimise the secondary peak. The
Figs. i8 (a) and i8 (b) respectively, show the
curves obtained. This was supplemented_
by another experiment, in
which the centre conduc- 6

tors of the measuring line
were short-circuited with
a straight wire connector.
In this way, resonance of 8 0 4the balanced mode of pro-
pagation was prevented for -
this line length. It was
found that a resonance Luz

was still obtained in the
0

0 2

same position at which the u

secondary peak had ap-
peared. Since this could
only be due to a concen-
tric mode of resonance, as
the harmonics generated
by the oscillator were in-
appreciable, it is evident
that the breakdown was
due to the thermocouple
becoming unduly sensitive
to the concentric mode of
propagation. From the first
experiment it appears that
this mode of propagation
bec6mes existent when the
injection system is elec-
trically unbalanced, but
that with normal thermo-
couples, while still existing,
it is not detected.

To explain the failure,
four new thermocouples
were successively mounted
in a balanced line. The
relative amplitudes of the
two peaks was observed
in each case, as the coup-
ling to the oscillator, and

U
cc

Uz
0
U

0
2

z
a
F-

0

0

0

0s

0
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the couple were taken before and after test-
ing, and their d.c. sensitivities also measured,
with a view to establishing heater -couple
movement.

The thermocouples were numbered i to 4,
and initially No. i was subjected to increasing
current at 200 Mc/s, the ratio of the peak
values of the concentric and balanced mode

(a)

JUNCTION
No.2

No.1o

No.4

o

ONE REVERSAL
TEST

.

No.3

THREE
TEST

REVERSAL

100

, .

(b)

.1 4 --... °

/

I

/

I

0 ---
.6.,

'

I c./
1//

i . /

x..-

-- .3rd RUN
-

_...

1St

0 2nd.RUN

RUN

4 I
1 f

Fig.

50
R.F HEATER CURRENT (mA)

19. (a) Relative peak values ; thermocouples Nos. 1-4 ;
(b) relative peak values ; thermocouple No. 1.

160mA
HEATERS
0.c

consequently the heater
current, were increased. The injection was
made by a single probe in order to obtain
its maximum unbalance, and hence to facili-
tate the detection of the concentric mode of
propagation. This was supplemented in every
case by taking insulation resistance measure-
ments, with apparatus capable of measuring
up to ioMQ, between the heater and couple.
For two thermocouples microphotographs of

100

resonances being noted. It was then sub-
jected to a cycle of heater current o-Ioo-o mA,
which was repeated at intervals. The
results are contained in Fig. 19.. The values
of current were calculated from the d.c.
rating and the galvanometer and couple
resistance, assuming inappreciable skin effect
of the heater wire current. No. 2 was tested
to heater burn -out, this occurring at 16o mA
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as shown in curve 2 of Fig. 19 (a). Thermo-
couples Nos. 3 and 4 were then subjected to
o-roo-o mA cycles of heater current. The
results are given in curves 3 and 4 of
Fig. 19 (a). In both of these cases the
curves were repetitive and the performance
of thermocouple No. I was not repeated.
The d.c. sensitivities after testing had
decreased slightly from the initial values.
For all four thermocouples the continuous
check of the heater -couple insulation resist-
ance gave values greater than 10 M.Q. The
microphotographs taken indicated only' that
no major change in the shape of the dielectric
bead had taken place. Small changes of
shape were obscured by possible slight
changes of the camera angle.

The shape of the curves obtained is not
readily explained, due to the obscurity of
the conditions of the injection and the
complex nature of the effect. From Fig. 19(a)
it is seen that the curves obtained differ
greatly in shape. Since all the junctions
were new it follows that some characteristic
is capable of wide variation. The most
probable variant is the heater to couple
capacitance. With this assumption, a tenta-
tive deduction is that the steepness of the
curves at low heater currents is related to this
capacitance. The larger this capacitance,
the more appreciable is the high frequency
current which tends to flow through it.
The heating effect in the dielectric already
present from the heater wire is consequently
intensified, and the tendency to melting is
increased. In Fig. 19(a) the curves for
Nos. i and 2 are similar, and also curves for
Nos. 3 and 4 are similar. Those for Nos. 3
and 4 proved to be exactly repeatable on
cyclic runs, while the curve for No. i dis-
played the variations of Fig. 19(b). As
thermocouple No. z was tested to destruction,
similar cycles could not be obtained. A point
of significance arising from the test on No. 2
is that the dielectric bead must have melted
at some heater current less than 16o mA,
since the construction is only possible if the
fused bead does not melt the heater wire and
couple when they are mounted. The curves
of Fig. i9(b) indicate that melting does
actually occur, allowing heater and couple
to move relatively, in this case, successively
closer to each other in view of the enhanced
slope at small heater currents, and the

- higher peak ratios. This view is supported
by the observation of the thermocouples in
production testing lines. In a number of
cases failure has occurred through the heater
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and couple coming into direct contact.
The thermocouples 3 and 4 provide slight
corroborative evidence in that no successive
breakdown occurred while a slight decrease
in d.c. sensitivity was obtained. This
indicates relative movement of the heater
and couple, but in a direction which has
decreased the capacitance. ' The movement
must have been small as evidenced by the
reversal curves, particularly for the thermo-
couple No. 47

The evidence obtained indicates that the
heater and couple are capable of relative
movement and consequently that melting
or softening of the dielectric bead occurs.
Two other items of value are also obtained
from the experiments. From Fig. 19(a)
the selection of thermocouples for use with
balanced measuring lines becomes possible
as the thermocouples 3 and \ 4 show a
resistance to breakdown on overloading.
The second consideration is that balanced
line thermocouples should be used with as
low values of heater current as is practicable.

6. Velocity Unbalance in Twin Cables
Velocity unbalance is the term used to

express the occurrence of a phase difference
between the propagations along the two
conductors of a twin cable. One cause of
this is a difference in the effective dielectric
constants of the media* surrounding the
conductors, giving rise to different velocities
of propagation. A second cause is uneven
twisting together of the cores, giving different
physical lengths to the conductors. Reactive
discontinuities along a cable length give rise
to phase changes, and if such discontinuities
are unequal for the two conductors, they
constitute a third cause of velocity unbalance.
Variations of dielectric constant and uneven
twisting may contribute to this third cause,
but reactive discontinuities are mainly due
to variations in the distance of the conduc-
tors from the screen of a cable. A uniform
difference in the distance of the two con-
ductors from the screen gives rise to a
capacitance unbalance, sometimes known as
the coefficient of asymmetry of a twin
cable, but not to velocity unbalance. In
practice there is found to be little correlation
between the measured values of velocity and

. capacitance unbalance.
The causes of velocity unbalance enumer-

ated above may occur systematically along
a length of cable and produce an additive
effect, or they may occur locally and partially
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cancel out over a length of cable. The
presence of velocity unbalance may be more
easily detected in the former than in the
latter case, but in either case it is to be
expected that the high frequency character-
istics of the cable, and the attenuation in
particular, will be affected.

In the investigation of thermocouple
breakdown, it was found that unequal
amplitudes of injection to the two conductors
of a balanced measuring line give rise to a
concentric mode of propagation in addition
to the normal balanced mode, and that the
concentric mode is capable of detection by
the thermocouple. The concentric mode of
propagation is also produced if the conductors
of a balanced measuring line are subjected
to unequal reactive loading. With an
unloaded line and a balanced injection, no
concentric mode is found to be present.
If the injection is now unbalanced, a con-
centric mode is detected, but this may be
eliminated by introducing a suitable capaci-
tance between the screen and the appropriate
conductor. Alternatively, the concentric
mode may be produced by introducing a
capacitance between one conductor and the
screen, and practically eliminated by suitably
unbalancing the injection.

When a twin cable is connected to a
balanced measuring line, and cut to reson-
ance; the effect, if the cable possesses a
velocity unbalance, is to produce unequal
reactive loading of the conductors of the
measuring line and the concentric mode of
propagation appears. A combination of
two resonance curves is observed, and the
width of the curve corresponding to the
balanced mode of propagation cannot be
measured until the concentric mode has
been eliminated. This can be achieved by
suitably unbalancing the injection, but it is
more convenient to maintain a balanced
injection and to introduce a " lumped
capacitance at the open end of the measuring
line which compensates for the unequal
loading of the two conductors by an un-
balanced cable. This balancing procedure
has been previously described in detail.
For the measuring line alone, the injection
balance required to eliminate the concentric

,mode may be rather critical, depending on
the sensitivity of the thermocouple to this
mode, which has been shown to be variable.,
When a cable is connected to the line,
however, it is found for normal thermo-
couples that the injection balance required
is not critical, and provided that the two
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injection probes appear to be approximately
equidistant from their respective conductors,
an undistorted resonance curve is always
obtained after the capacitance balancing
procedure has been completed. It is known
that this curve may be broader than would
be obtained with a cable having no velocity
unbalance. Although increased losses are
likely in a cable possessing velocity un-
balance, it is not known if this broadening
of the resonance curve measures the actual
increase in attenuation of the cable, as the
measurements are made under artificial
conditions. This is not very important
in production testing, since for cables of
normally good construction the attenuations
as determined by the present method vary
within relatively narrow limits, and in any
case a twin cable of bad velocity unbalance
is an unsatisfactory product.

The effect that a velocity unbalance at
any one point in a cable has on its char-
acteristics, depends on the magnitude of the
unbalance occurring at that point and on the
voltage and current distribution in the
conductors. Therefore changes in frequency
cable length or terminating impedances
which affect the distribution will change the
magnitude of the effects due to the velocity
unbalance. This is illustrated by the results
shown in Fig. 22 of an experiment to be
described. It follows that unless it occurs
uniformly along a cable length, it is not pos-
sible to define a quantitative measurement
of velocity unbalance that has more than a
very limited significance.

The balanced measuring line may be used
to obtain a quantitative estimate of the
velocity unbalance of a cable sample for the
conditions of the test. The cable is originally
slightly longer  than nAdz. Referring to
Fig. 20, let La be the line length for resonance
with condenser B shorted, Lb the line length

for resonance with
condenser A shorted,
13, and 132 the wave-
length constants of
conductors a and b
respectively of the
cable, L the line
length for resonance
with either A or B
shorted before the

cable is connected, and 1 the cable length.
Initially the length 1 is such that Lc, and

Lb are smaller than L. If La is greater
than Lb then condenser B is shorted, and
the cable is cut until La = L. The cable

a

A

Fig. zo.
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conductor a is then resonant, and if 11 is
the cable length /31 = nir//, Condenser B
is screwed back to its initial position and
condenser A shorted. The cable is cut
again until Lb = L, when the cable conductor
b is resonant. If 12 is the new cable length,

0

4

3

s'BVAITLHA(t3J(TNG

WITH
BALANCING

x
I

)0 0.5 1.0 r J.

.3Lab (cM.)

Fig. 21. Effect of velocity unbalance. '

[3; = n.n.// 2. The velocity unbalance is then
given by

V.U.B. = loo(fl,- Ni) ioo(1, - 12)
(P2 + Pi)/2 + /2)/2

(37)
This measurement refers to the specific

conditions under which it is made, and
usually has no other significance than indicat-
ing whether the cable should be classed as
good or bad for velocity unbalance. If,
however, the same value is obtained at
various frequencies, or for different sections
of the cable, the velocity unbalance may be
assumed of uniform distribution, and the
value obtained is applicable to any condition
of use of the cable.

Some experiments have been made to
show the effects of velocity unbalance at a
frequency of about boo Mc/s. For these
experiments, two concentric cables were
laid side by side with their returns connected
together at both ends, so that they formed
a screened twin cable. This cable was cut
to resonance in the usual way.

Initially the cable had zero velocity un-
balance, and the resonant curve width
AL, was observed in this condition. Various
small capacitances were introduced between
the screen and one conductor near the far

end of the cable, and resonant curve widths
AL were observed both with and without
the use of the measuring line condensers.
Fig. 21 shows AL/ALB plotted against
&Lab, the difference between the measuring
line lengths required to resonate separately
the two conductors.

In another experiment, one value of the
small unbalancing capacitance was chosen,
and this was introduced at various points
near a voltage antinode along the standing
wave on the cable. Fig. 22 shows AL/ALB
and Slab plotted against the distance of
the unbalancing capacitance from a voltage
antinode. The results show that the. effect
on attenuation measurements varies con-
siderably with the position at which the
unbalance is introduced.

The conditions of the above experiments
only approximately represent those en-
countered in practice, as a normal twin
cable was not used, and a " lumped " un-
balance was introduced, instead of the
random distributed unbalances th'at must
normally occur.

0
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1415
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N. BALANCING

\\1,

I

\
a

\t,Lab
\

-4-

..-- ./.1Lit.Lo
1........

... ,.........

---....___it
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BALANCIN-.....x...........

--.....

-ALAU0
--4.-------41.--....,

14 2

1.3

1.2

1I

Fig.

2.0 3.0 4.0
DISTANCE FROM VOLTAGE ANTINODE (cM)

I

5.0

22. Effects of position of velocity un-
balance.

8

6

It may be said that sufficient is known
about the effects of velocity unbalance in
high frequency twin cables for the purposes
of the routine examination of factory pro-
duction, though there is scope for further
work on this subject.

2
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Conclusions

A method has been developed which is
particularly suitable for the routine testing
of high frequency cables in the decimetre
wave range. It has been shown that speedy
and accurate testing is possible provided
cables are uniform. The effect of reactive
discontinuities capable of producing error
has been fully treated and a simple means for
their correction is provided.

The treatment shows that the connecting
caps for coaxial cables can cause appreciable
errors, but that these may be minimised by
a slight modification of the cable test length.
The measuring line spacers used do not
contribute appreciably to the effect. From
the discussion of these spacers it is seen
that the effect of a reactive discontinuity
in the measuring line on conductance
measurement is not a maximum when placed
at a voltage antinode but at some distance
therefrom. A method of calibration of the
measuring lines for characteristic impedance
has been described. The calibration is
affected by reactive discontinuities, but
these are normally negligible, and otherwise
may be allowed for, provided they are small.

The necessary equipment has been de-
veloped to a stage which ensures reasonably
trouble free testing. Difficulties which
were encountered have been largely over-
come, but further improvements could,
nevertheless, be incorporated. Examples
of these are mechanical improvements such
as the permanent incorporation of a micro-
meter drive, the provision of mechanical
stability of the rack and pinion, and im-
provement of the mechanical features of
the injection. A wavemeter has been
developed capable of extreme accuracy of
setting, giving, with careful design, or with
calibration, a comparable accuracy of
measurement.

The testing of twin cables by the method
is possible provided the velocity unbalance
encountered is small. The presence of a
velocity unbalance increases the cable
attenuation in the electrical condition of
test, and the increase is dependent on the
position of the irregularities with respect
to the standing ' wave distribution, but is
small, for small unbalances. It also gives
rise to a concentric mode of propagation in
additipn to the balanced mode, and leads
to the distortion of the resonance curve.
The distortion produced requires correction
with the balance condensers provided, to
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obtain correct conditions for measurement.
The investigation of thermocouple de-

tectors reveals that these are capable of
selection for use with balanced lines. The
use of a detector in these lines which is
insensitive to the concentric mode of propa-
gation is desirable, since it would probably
eliminate the need for any balancing pro-
cedure in twin cable testing. It is also
shown that thermocouples should be used
with working values of heater current well
below the rated value.

The authors are indebted to Dr. E. W.
Smith, under whose direction the work
was performed, to Mr. A. L. Meyers for the
contributions referred to, and to the Manage-
ment of the Telegraph Construction and
Maintenance Company for permission to
make use of the information given in the
paper.

APPENDIX

General Theory of Resonant Line Measurements

Consider a transmission line terminated by im-
pedances Z and Z2 at its ends. The corresponding
vector reflection coefficients are given by

Z, - Z,
P1 Z, Z,

Z2 -Zo

P2 Z2 Z 0

Let a voltage E be injected into the impedance
Z1, and let V2 be the voltage thereby developed
across the impedance Z2, then'.

V 2= E[e-PI po-PI PiP2e-s" Pt.1322e-3" -1

E(1 ± PO (A/3)e" 2e-""
In the case of a measuring line, the impedance

Z2 is the input impedance of the detector and short-
circuiting piston. The current 12 through the
detector is proportional to V 2, and may be written

ePL pipze-PL (AKf(L) - 14)

where f(L) has been shown 14 to 1W independent of
the location and nature of the coupling of the
source to the line, i.e. whether capacitive or in-
ductive, and whether distributed or fed in at a point.

Let pipa = e-2"
so that s = - log IP1P21

and t .= - I phase pip2
then

5'+ it
f(L)- el,L+8+.1t e- PL- - it -

ea +it

(A/r)

.. (A/2)

(A/5)
(A/6)

(A/7)

es + it

2 sinh(PL s jt)
. . (A/8)

(A/9)
2 sinh [AL s j(BL t)]
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e2o

11(1") 12 - 4 [sink', (AL s) sins (BL f)]
(A/zo)

If A < B, 11(L)120,0. occurs when sin (BL, t)= o,
so that

t = n'ir - BL (A/1z)
Then

1.f(L)12mo. em. sinhs (AL s) + sins (B L t)

Li(L)12 0 sinhs(A L s)
(A/12)

where 8 is the galvanometer deflection when the
detector has a square law response.

In practice the line is detuned to half the maxi-
muth deflection on either side of the peak, so that
00./0 = 2.

From equation (Ain), and if SL < L1, equation
(A/12) approximates to

sinh (AL1 + s) = sin B8L/2 .`. (A/13)

where 8L = 2(L - L1) (A/14)

Provided that A, s and 8L are small, equation
(A/14) becomes

s = B8L/2 - AL1 (A/15)
and using (A/6),

s = - loglpipol = B8L/2 - AL, .. (A/z6)
When no external impedance is connected to the
open end of the line, I pi I = I
and so = - f log l'i)21 = B8L0/2 - AL, .. (A/17)

To obtain the reflection coefficient for any external
impedance hp,' is eliminated between (A/16) and
(A/ r7). If A (L, - Lo) is negligible
then

s s, = -f log 'pal = B(81. - 8L0)12= BAL12
. . (A/18)

and IPil = e-2(' )
. . . . (A/19)

Similarly from equations (A/7) and (A/z z)
(t - to) - 4 phase pa =. - B(La - Lo) (A/2o)

where to = - 4 phase po = n'n - BLo;
then phase Pa = 8-2J" - to) .(A/2z)
Hence Pi = ' + - to} .. (A/22)

From equations (A/z) and (A/22)
koiZi = (1 - P1)/(1 + tanh [(s - so) + :1(1 -to)]

(A/23)
The hyperbolic tangent can be expanded in

Taylor's Series
tanh (x jy) = j tan y + x sec2y

- jx2 sec2y tany - secs,/ (3 sec2y - 2)

(A/24)

Provided x <1, and y is not near (2n +
equation (A/24) approximates to

tanh (x jy) = j tan y + x secs)/ .. (A/25)
If G is the real part of 1/Z1, then provided

- that (s - so) < z and (t - to) is not near
(2n + I)742, the expansion given by equation
(A/25) applied to equation (A/23) gives

GZ0 = (s - so) secs(t - to) (A/26)
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and substituting for (s - so) and (t - to) from
equations (A/18) and (A/2o)

GZo = [BAL secs B(Lo - L.1)]/2 (A/27)

(A/27) is the general equation expressing the real
part of a/small admittance in terms of the width
and position of the resonance curve produced on
the measuring line.

The special case where it is required to measure
the attenuation of a short cable length will now
be considered. The input impedance Z1 of an
open circuited cable is given by 3. 4

I/Za = Z, tanh (a + j13)1
If al is small and 8/ is not near (2n + I)/r/2, then

from the expansion given by equation (A/25),
provided Z0 is real,

GZe = al secs fll = al secs /3(1 - 10) .. (A/28)

Eliminating G between equations (A/27) and
(A/28)

BALZosec2 B(L, - L1)CC =. . . . (A/29)
2/Z0 secs 13(1 - 10)

In practice, measurements are made when both
the measuring line and cable are separately resonant,
i.e. when L1 = L0 and 1 = 10 and consequently
AL becomes AL,. Equation (A/29) then reduces to

BAL,Z,
21oZ,

a - (A/3o)
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Indices
As is our custom the index to the Articles

and Authors for the current volume is
included in this issue.

The index to the Abstracts and References
published throughout the year is in course
of preparation and will, it is hoped, - be
available in February, priced 2S. 8d. (in-
cluding postage). As supplies will be
limited our Publishers ask us to stress the
need for early application for copies.
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CORRESPONDENCE

December, 1944

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.

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

SIR,-Dr. Gabor shows by his letter in the
October issue that he does not understand where
the " slip " occurred. We cannot obtain the
correct answer, which is

I oeEeiwt
ji,= ( wr - + e-ur)

cl2w2m

simply by changing the middle term of Harries'
equation (3.1). As may be seen from my own
analysis for this over -simplified case', we _must
integrate keeping t constant in order to find the
induced current corresponding to all electrons
momentarily present in the condenser. Mr. Harries
was possibly quoting some early work of Hamann
and Thoma (1937) which contained precisely the
same error, namely that integration for the induced
current was effected at to constant.

Mr. Jenkins' is in order in pointing out that
Ramo's analysis (1939) may be usefully invoked.
While this analysis contained no new result, the
generality of the work has brought it deservedly
to the attention. Mr. Jenkins is wise enough to
refrain from committing himself to any statement
as to what formula for the inter -plate impedance Z
arises from his expression for the induced current.

The formula which seems to offer most likelihood
of being correct is simply

Z = joiC (I)
where C is the electrostatic capacitance between the
deflector plates.

Dr. Gabor remarks' that, there is no need for
experimenting with different interpretations ! Pos-
sibly it is because I have the advantage of so many
years' experience in this field that my " experiments "
on the subject of electron transit times may be
worthy of more detailed consideration. I hope to
be in a position to publish an article along these
lines very shortly, but so far as the presait subject
is concerned readers will find that my letter in the
May issue amply supports equation (t) of this note.

W. E. BENHAM.
Chipperfield, Herts.

Push -Pull Amplification
To the Editor, "Wireless Engineer"

SIR,-The paper by R. L. Russell in the October
issue of Wireless Engineer draws attention to the
fact that only valves with certain shapes of
characteristic, such as parabolic or hyperbolic,
are suitable for distortionless Class AB push-pull
amplification. I believe the general criterion is
that the valve anode current should be a function
of grid voltage of not higher than second degree;
for perfectly matched valves this may be demon-
strated as follows.

' Benham, Wireless Engineer, Dec., 1939, p, 559.
s Jenkins, Wireless Engineer, Aug., 1944, p. 358.

Gabor, Wireless Engineer, June, 1944, p. 279.
a Benham, Wireless Engineer, May, 1944, p. 208.

The current of one of the valves may in general
be expressed in the form

I, = a(V - V0) + b (V - V0)2 + c(V -V0)'
+ d(V - V0)4 + . . (1)

where V is the variable (signal) voltage applied to
the grid, and V0 the difference between bias and
cut-off grid voltage. The second valve is driven
in opposite phase, so that its current may be
found by writing -V for V in equation (I). The
required condition for freedom from distortion is
that the difference of the two anode currents should
be a linear function of V, i.e. (dfdV) (I, - 12)

constant. Differentiating the two currents,
dI, .
dV

dl,
dV =

a + 21) (V -V 0) + 3c (V - V0)2
+ 4d (V -V 0)2 + . . . .

-a - 2b (- V -V 0) -3c (- V
-V 0)2 - 4d (- V - V0)3 - . . . .

From equations (2) it may be seen that dIildV
- dI2IdV is equal to the constant za - 4b V, on
either of two conditions :-

(a) c, d and all coefficients of higher powers of
V are zero, or

(b) V0 is zero and the coefficients of all odd powers
of V are zero.

Condition (b) is for bias to cut-off, which is usually
impracticable for two reasons : the average slope
would be low, and the appropriate anode load
resistance very high, and, secondly, if one works
very largely over the cut-off region, it is likely that
the coefficients of the odd powers of V will be
appreciable. The practical condition is, therefore,
that the characteristic shall approximate to the
form I = a(V - 170-) + b(V - V0)2.

The great practical advantage of Mr. Russell's
hyperbolic representation is that it allows the
anode current to approach zero asymptotically,
instead of requiring a definite cut-off point as
assumed in defining V0 above, and this is likely to
facilitate the analysis of actual valve characteristics.

London, N.z1. D. A. BELL.

"Direct Reading of the Frequency of Resonant
Circuits "

To the Editor, " Wireless Engineer "
SIR,-I had occasion to refer to my article in

your November, 1943, issue, and to my regret
discovered an error on page 531. The working in
col. I should read as folloWs :-

f 8o
dBf2 = fa

1s1 dB
ata l

t
8o Id! 8o d2f

=fA±
f

va A N c/02!)
The correct frequency at X is, however,

(2)

1 So dfat OA + 41) a.d2frit N - dB N

The error is not very serious, because I have
"arrived at the correct answer in expression (21)
which follows, and therefore none of the conclu-
sions which follow is affected.

Reigate, Surrey. W. H. F. GRIFFITHS.

fa = IA +

lei .



December, 1944 WIRELESS
ENGINEER

BOOK REVIEW
Radio Terminology

By B. F. WELLER. Pp. VIII + 358, with
113 Figs. Chapman and Hall, i t, Henrietta Street,
London. W.C.2. Price 21S.

The aim of this book is stated to be the provision
of something intermediate between elementary
manuals and full-size standard text -books. With
the great increase in the number of those compelled,
with very little scientific foundation, to take an
interest in this subject there' is naturally a large
demand for text -books dealing with the subject
in an elementary way and a corresponding
temptation to write such books. It is a pity that
the author succumbed to the temptation, for he has
evidently not sufficient grasp of fundamental
principles to undertake such a task. Already on
page 3 we read " Kirchhoff's Second Law is for
series circuits and may be stated : In any closed
circuit, the sum of the potential differences in the
circuit, reckoned negative, is equal and opposite to
the applied electromotive force, reckoned positive.
Or, in symbols, if there is an applied E.M.F. E,
and a current flows through resistance R1, R2,
Rs . Rfi: IR, ± IR2 + IR,. . IRn = -E.'

It should be noted that it is the same current in
%, all the resistances and that it flows in the opposite

direction to the E.M.F. This is, of course, a travesty
of Kirchhoff's Second Law. Kirchhoff's name is
misspelt four times on the one page.

After this one is somewhat surprised to find a
few pages further on the mathematical treatment of
damped oscillations reproduced in full with differ-

exponential theorem, and j,
without a word of explanation of what j is or
where it has come from ; perhaps it is better so.

We then come to skin effect : " If the frequency is
sufficiently high, only the surface of the conductor
is operative, the current being confined to a thin -
walled ' tube ' at the surface of the conductor,
with the central portions not conducting. Thus,
the effective cross-sectional area of the conductor
is greatly reduced, with a consequent increase in
resistance. Also, since the central portions are
effectively ' insulated ' from the current -carrying
outer parts, they will give rise to eddy current
losses due to the E.M.F.s induced in them by the
rapidly changing currents near the surface." What-
ever does this mean ? On p. 26 we read : " For
ultra -short-wave, or ultra -high -frequency work it
is common practice to employ silver-plated copper
wire or tube. Silver is, of course, a better conductor
than copper, and as only the surface of the conductor
is active, it is thus possible to obtain conductors with
very low effective resistance." This is very misleading
since the conductivity of silver is only about 6 per
cent. higher than that of copper, and this higher
conductivity causes a reduction in the thickness of
the " skin of about 3 per cent., thus giving a
net improvement of about 3 per cent.

We propose to skip about 30o pages devoted
mainly to valves and valve circuits, and have a
look at the final chapter which deals with " aerial
systems and radiation." On p. 307 we read that
' If waves of large amplitude are to be created in
the ether, it is necessary that the radiating system
must embrace a large amount of ether, and thus
communicate a considerable amount of energy to
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the medium. This implies a circuit of large physical
dimensions compared with the wavelength of
radiation." Where is the aerial of such a height h
or length l that one can say that either h or 1 is
large compared with A ?

On p. 314 we read " Consider an earthed vertical
quarter -wave aerial. The maximum current occurs
at the earthed end, which is obviously an unsatis-'
factory place for radiation."

On p. 313, after stating correctly that the radia-
tion resistance of a half -wave aerial is from 73 to
75 ohms and that of a quarter -wave aerial of the
order of 35 ohms, the author adds that it is important
to note that the half -wave aerial is a more efficient
radiator than the quarter -wave aerial." Pre-
sumably because it has twice the radiation resistance,
but no explanation is given.

Perhaps the prize should be given to Fig. to2b
on p. 317, which we reproduce. It represents an
aerial tuned to a
wavelength shorter
than the natural
wavelength by
means of a series
condenser C. Ap-
parently the current
in the greater part
of the aerial is
unaware of the
presence of the
condenser, but, dis-
covering the con-
denser, the current
loses all control of
itself and even
reverses its direc-
tion in going through the condenser, so that when
the current is flowing downwards from the aerial
into the condenser, it is also flowing upwards from
the earth into the. condenser. The author is ob-
viously completely out of his depth.

We suggeSt that the publishers might consider the
advisability of withdrawing this book from circula-
tion and reimbursing the guinea to those who have
purchased it. G. W. 0. H.

Voltage

Earth

Current

"Dryair " Desiccating Elements
ASERIES of desiccating elements employing

silica in colloidal form have been introduced
by R. K. Dundas, Ltd., The Airport, Portsmouth,
under the name of " Dryair." These components
are made in a variety of forms for application to
aero engines and ordnance in transit and have
also been used in sealed instrument cases for
chemical balances, etc.

There are many possible applications to radio
instruments-standard air dielectric condensers for
instance-and in the packing of goods for export.

The hygroscopic activity of the silica is readily
renewable by heating and a colour indicator is incor-
porated to give'warning of approaching saturation.
The element also has an affinity for organic vapours
and will remove petroleum, coal tar and chlorinated
hydrocarbons, esters and alcohols from the air.
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Comparative Length of the Abstracts.-It is explained to new readers that the length
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the work has, of course, a great effect on the useful length of its abstract.

PAGE

Propagation of Waves ... 586
Atmospherics and Atmospheric Electricity 589
Properties of Circuits 589
Transmission 594
Reception ... . . 594
Aerials and Aerial Systems 595
Valves and Thermionics 596
Directional Wireless 597
Acoustics and Audio -Frequencies 598
Phototelegraphy and Television ... 599
Measurements and Standards ... 600
Subsidiary Apparatus and Materials 603
Stations, Design and Operation . 607
General Physical Articles 608
Miscellaneous 608

PROPAGATION OF WAVES
3780. " PRACTICAL ANALYSIS OF ULTRA -HIGH -

FREQUENCY TRANSMISSION LINES, RESONANT
SECTIONS, RESONANT CAVITIES, WAVE
GUIDES " [Review of R.C.A. Booklet].-
J. R. Meagher & H. J. Markley. (Proc.
I.R.E., Aug. 1944, Vol. 32., No. 8, p.501.)

3781. WAVE GUIDES : How TO VISUALISE THEIR
AND CHARACTERISTICS : MODES IN

CIRCULAR GUIDES: LAUNCHING AND
COLLECTING DEVICES.-M. G. Scroggie.
(Wireless World, Sept. 1944, Vol. 5o, No. 9,
pp. 258-261 : Oct. 1944, No. ro, pp. 303-3074

3782. ON ,THE PERTURBATION OF BOUNDARY
CONDITIONS [with Results applicable to
Acoustics, Elasticity, & Electromagnetic
Theory (Acoustics of Irregularly -Shaped
Rooms, Scattering from Irregularly -Shaped
Objects, Propagation down Irregularly -
Shaped Pipes, etc,)].- Feshbach. (See
4026.)

3783. THE NON-REFLECTING TERMINATION OF A
CONCENTRIC LINE [Letter on Editorial dealt
with in 3381 of November].-Willis Jackson
& L. G. H. Huxley. (Wireless Engineer,
Oct. 1944, Vol. 21, No. 253, p. 480.)

3784. ELECTRIC PROPAGATION ON LONG LINES
TERMINATED BY LUMPED NETWORKS : PART I
-LINE INITIALLY AT REST : PART II-LINE
INITIALLY NOT AT REST. ----M. G. Malti 8c
M. Golomb. (Journ. Franklin Inst., Jan.
1944, Vol. 235, No. I, pp. 41-73 : Feb. 1944,
No. 2, pp. ror-118.)

Without restriction by any of the five assump-
tions, one or more of which have always been made
in previous treatments. The solution is obtained by
the Laplace transformation and its inversion.
" The particular contribution in this paper, which
renders the solution well adapted to easy numerical
computations, consists in expanding the transformed
solution in powers of the distortion parameter and
inverting this series term -wise. Thus the coefficients
of the resulting series are repeated convolution
integrals of time functions. These functions can be
either evaluated or actually measured by observa-
tions not involving the line but only the terminals.
Moreover, the convolution integrals lend themselves
easily to numerical evaluation by mechanical
devices."

3785. UTILISATION OF THE ECLIPSES OF THE MOON
FOR THE STUDY OF THE 'UPPER ATMOSPHERE
[especially of the Ozone Layer].-D. Barbier,
D. Chalonge, & E. Vigroux. (Comptes Rendus
[Paris], 1st/29th June 1942, vol. 214,
No. 22/26, pp. 983-984.)

If I1 and Jr represent the intensities (corrected
for atmospheric absorption) of the radiation A
arriving from a point on the moon during and
before the eclipse, respectively, the value of the
quantity Si = log J1II,1 can easily be deduced from
the lunar spectra (evaluated by spectrophotometric
measurements) obtained by the writers around the
time of the total eclipse of 2nd/3rd March, 1942.
This quantity represents the optical density, for
the radiation A, of that part of the earth's atmosphere
which was traversed by those solar rays which, after
refraction, reached the particular point of the
eclipsed moon, at the instant the spectrum was
taken. The shape of the curve SA = f(A) can be
explained qualitatively and quantitatively by
taking into account the apparent absorption by
diffusion and the absorptions by the ozone and the
oxygen, and it is thus possible to calculate the values
of the mass of air In and of the thickness of ozone e
which the rays have traversed in reaching the point
considered.
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Such values of m and e having been determined
for various points on the shadow, it is found that
as one travels from the edge of the shadow fin the
direction of its centre (i) m increases continually,
and the same applies to the intensity of the a -band
of oxygen (the only band to be observed quantita-
tively), and (ii)  passes through a maximum at
about from the edge of the shadow and then
decreases rapidly. This special behaviour of the
ozone is explained by the localisation of this gas in
the upper atmosphere. The results obtained give
approximate information as to the distribution
with altitude of the ozone ; but they also show that
by means of suitably organised observatilins of
lunar eclipses it will be possible to obtain exact
results concerning the distribution of ozone at
very great heights. '" A knowledge of this dis-
tribution, about which there is at present no
information, would be of great geophysical interest."

The absorption bands of the spectrum of the
eclipsed moon, attributed by the writers to the
atmospheric ozone, have hitherto been erroneously
interpreted by most observers as due to water
vapour. The bands due to water vapour could only
appear on rays which have penetrated deeply into
the earth's atmosphere, and their intensity could
not show the maximum which the writers have
found at from the edge of the shadow.

3786. CONTRIBUTION TO THE STUDY OF THE ULTRA-
VIOLET SPECTRUM OF THE NITROGEN MOLE-
CULE [Lower Levels of Kaplan and van der
Ziel Bands are Not Identical : etc.].-Renee
Herman & L. Herman. (Comptes Rendus
[Paris], 6th/27th July 1942, Vol. 215, No. 1/4,
pp. 83-84.) For earlier and later work see
641 of 1942, 2953 of 1943, 6 of January, and
2849 of September.

3787. APPLICATION OF X-RAY PULSES TO THE
MEASUREMENT OF THE MOBILITY OF ELEC-
TRONS IN GASES.-P. Herreng. (Comptes
Rendus [Paris], 6th/27th July 1942, Vol. 215,
No. 1/4, pp. 79-81.) Using the pulse -
generating technique dealt with in 1586 of
1943. For subsequent developments see
285o of September.

3788. THE MECHANISM OF FADE-OUTS OF RADIO -
ELECTRIC WAVES.-R. Jouaust. (Comptes
Rendus [Paris], ist/29th March 1943, Vol. 216,
No. 9/13, pp. 294-295.)

" It is to -day certain that the sudden fade-outs
of short waves are provoked by chromospheric
eruptions and are due to a considerable increase
in the ionisation of the ionospheric region situated
at a height of 8o km (region D). It must be asked
how these eruptions, which affect only a limited
portion of the sun's surface and have a brilliance
(in the region of the visible radiations) only slightly
above that of the surface, can have such a secondary
effect on our atmosphere.

" Edlen [cf. 2348 of.1941] has concluded that this
ionisation is due to the presence, above the faculae,
of Fe and Ni atoms, emitting X-rays. But such
rays would be very soft, very absorbable by the air,
and likely to act on the E and F regions of the
ionosphere-which are not modified in the courses
of the fade-outs.

" The mechanism of the increase of the region -D
ionisation seems to us to be as follows :-This
altitude can be reached only, by radiations longer
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than 1750 AU. Normally, these radiations can
only come from the photosphere or the lower layers
of the chromosphere ; the upper layers of the
chromosphere, composed almost entirely of ionised
atoms, emit only the far ultra -violet rays and at the
same time absorb the near ultra -violet emission
from the photosphere which itself cpntributes to
their ionisation.

" The eruptions bring to the surface of the
chromosphere matter originating in the deep layers,
as is shown by its spectrum . . . There is thus
a production, in the eruptions, of near ultra -violet
radiation which reaches our atmosphere without any
absorption and is therefore capable of a mote
intense action than that produced by the identical
radiations, partially absorbed, which are normally
emitted from the sun."

3789. THE DISCONTINUITIES OF THE UPPER ATMOS-
PHERE BROUGHT TO LIGHT BY CREPUSCULAR
PHOTOMETRY.-J. Gauzit & R. Grand-
montagne. (Comptes Rendus [Paris), 4th/
27th May 1942, Vol. 214, No. 18/21, pp. 799-
8o1.)

The second writer has shown (ref. " 2 " [and see
2957 of 1943]) that the brilliance of the zenithal
sky measured in red light (wavelengths between
5800 and 9000 AU) presents sharp discontinuities
in its diminution as twilight comes on : " the curve
which gives the variations of the magnitude of the
sky as a function of the solar depression U is formed,
when U varies from 5° to 18°, of four portions of
straight lines cutting each other at acute angles.
The existence of these angles is established with
certainty, since from 12 to 16 points have been
determined in each interval of one degree of
depression. The following table indicates the slopes
and limits of the straight lines, as well as the altitude
of the limit of the shadow projected by the earth
on the vertical at the point of observation. We
give the altitude of the ray passing above the
' atmospheric mud,' assumed to be 3 km thick ;
we consider that this is the probable altitude of the
atmospheric discontinuities. The limits vary slightly
from day to day : we have likewise indicated
this . . . We propose here an interpretation of these
discontinuities."

The writers conclude : " It is seen that the
observed kinks are due to discontinuities in the
density of the air, produced by a sharp variation
either of the thermal gradient or of the composition
of the air. We assume that the variation of the
thermal gradient is sufficient to explain the first
discontinuity. Actually, a number of facts, such as
the observation of meteors, propagation of sound
to a great distance, and the determination of
the temperature of the atmospheric ozone, agree in
showing the probability of a temperature -maximum
at about 5o or 6o km. Crepuscular photometry
brings a new proof and also some added precision :
it is a case of a sharp maximum resembling an
angular point, but the slope of the thermal gradient
is less steep than was supposed by Martyn & Pulley
(2073 [and 3677] of 1936). We find a variation
y - y' = 16.5 instead of 23.3 degrees per kilometre.
The altitude is given by the table, 57.5 ± 7 km :
Martyn & Pulley indicate a sharp minimum of
temperature at 82 km. The existence of an angular
point at this altitude is not suggested in the
crepuscular measurements.

" We consider the second discontinuity to be
connected with the rapid dissociation of molecules
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into atoms at about 95 km [the figure given in the
table is 94 ± ro km]. It is generally agreed that
at about this altitude the oxygen gradually dis-
sociates into atoms ; but one of us (Gauzit, 1891 of
1942) has recently brought forward theoretical
reasons for the conclusion that the nitrogen itself
is dissociated in the upper atmosphere. The reasons
for this dissociation and the probability of a strict
frontier between the atomic and molecular regions
will be considered in another publication : seeing
that the causes of dissociation are probably different
for the nitrogen and oxygen molecules, it is a
priori surprising that the two gases should dis-
sociate at the same altitude, but it will be shown
that the degree of dissociation depends much less
on the intensity of the dissociating action than
on the frequency of the processes of recombination
by triple collision, and these processes decrease
extremely quickly for both gases at about roo km.
We consider that in the second discontinuity of the
twilight sky we find precisely a confirmation of the
fact that the atmosphere passes sharply, at around
95 km, from the molecular state to the atomic.
The observed variation of slope shows that this
passage is probably accompanied by a sudden rise
of the thermal gradient, which is not surprising,
since the atoms and molecules have different
absorbing properties.

" Finally, the only hypothesis which would
appear probable to explain the third discontinuity
is that of a sharp maximum of temperature at about
,6o km."

3790. INSOLATION IN THE POLAR ATMOSPHERE.-
A. Court. ( Journ. Franklin Inst., Feb. 1943,
Vol. 235, No. 2, pp. 169-178 and Chart.)

Construction of the chart, showing regions with
constant sunshine and with no sunshine, resulted
from studies undertaken as part of the analysis of
results obtained in 1940/41 at Little America III,
" and especially in an effort to explain the wide
(40° C) annual variation in stratosphere tempera-
tures which was observed there [see 3791, below)
. . . Study of the diagram, in the light of these
explanations [given in the present paper], should
reveal many facts of interest to physicists in their
studies of aurora and of ozone distribution and
formation, and may conceivably be of benefit in
the study of cosmio rays, as well as have a distinct
bearing on the meteorology and climatology of
polar. regions."

3791. TROPOPAUSE DISAPPEARANCE DURING THE
ANTARCTIC WINTER.-A. Court. (Bull.
Am. Met. Soc., Vol. 23, 1942, p. 220 onwards.)
Mentioned in 379o, above : see also 943 of
1942.

3792. SEASONAL VARIATIONS OF ULTRA -VIOLET
ENERGY IN DAYLIGHT.-M. Luckiesh, A. H.
Taylor, & G. P. Kerr. (Pion. Franklin
Inst., July 1944, Vol. 238, No. r, pp. 1-7.)

3793. THE EARTH'S MAGNETIC FIELD AND LONG-
RANGE FORECASTS OF THE WEATHER [Mag-
netic Field provides Instant & Sensitive
Index to Changes in Ultra -Violet Radiation
(already correlated by Abbot with Weather
Cycles)].-H. B. Maris. (Science, 9th June
1944, Vol. 99, No. 258o, Supp. p.

A century's accumulated magnetic records
provides a vast store of information about solar

radiations which can probably not be equalled by
direct radiation measurements over 5o years.
Analysis leads to the conclusion that while one -
seventh of all magnetic disturbances are due to the
gases Irom comets' tails, the remainder are due to
u.v. fluctuations, dominated by three great eruptive
disturbances which have persisted throughout the
past century and whose periodicities have had
close correlations with weather cycles.

3794. ON MAGNETIC " BAY DISTURBANCES [Study
of 885 Bays recorded near Paris, 1883/1941
Comparison with Short -Wave Fade -Outs
(only Two Coincidences) : Division into
Three Categories, according to Duration (and
Origin) : etc.].-C. Maurain & J. Coulomb.
(Comptes Rendus [Paris], ist/29th March
1943. Vol. 2,6, No. 9/13. pp. 273-276.)

3795. PROPERTIES OF THE MAGNETIC " BAY "
DISTURBANCES [and the Inadequacy of
Stormer's Theory]. - C. Maurain & J.
Coulomb. (Comptes Rendus [Paris], ist/29th
March 1943, Vol. 216, No. 9/13, pp. 327-329.)

Continuation of 3794, above. " We have already
indicated the annual and diurnal distributions at
Paris of the bays of length greater than 3o minutes,
represented by us as PE3's. Here are some other
characteristics of these disturbances. . . ." In
particular, since these disturbances are undoubtedly
due to solar emissions the writers have plotted the
declination of the sun corresponding to each at the
moment of its maximum, well defined by the
summit of the bay.

" Steiner, and above all Wiechert, consider that
their results can be explained by StOrmer's theory,
although this theory, which involves only the action
of the earth's magnetic field on the solar electrons,
is revealed as inadequate by the fact that it gives
too small dimensions for the auroral zone. The
curve above -mentioned makes it clear that this
theory allows no interpretation of our results. . . ."
Three examples are given : for instance, there are
many cases of negative " PB3"s corresponding to
a magnetic declination of the sun inferior to - 20°.
According to Stormer's theory, for such a declina-
tion the electrons would not reach the earth.

3796. DIFFERENT KINDS OF MAGNETIC DI STURB-
ANCES.-L. Ebbe. (Comptes Rendus [Paris],

st/29th March 1943, Vol. 2 r 6, No. 9113,
pp. 305-306.)

" What is generally called ' magnetic disturb-
ance ' is in reality the superposition of at least two
different disturbances, easily distinguished on the
recorded curves as soon as the attention is drawn
to the fact ; the one, short and fairly regular,
develops particularly in the morning ; the other,
ample and irregular, reaches its maximum at night.
Magnetic storms constitute a third phenomenon.
The first two types, while both connected with
solar activity, must have different immediate
causes : we would attribute the short disturbance
to a direct action of the sun through its ultra -violet
radiations, and the strong disturbance to a compre-
hensive action of the ionised atmosphert or of
extra -terrestrial currents, for it seems to possess a
more simultaneous and universal character. In any
case, it is desirable to study these two types of
disturbance separately : the diurnal variation of
the magnetic character results from their super-
position.
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3797. ON THE DISTRIBUTION AND SECULAR VARIA-
TION OF THE EARTH'S MAGNETISATION
[" Some New Information " derived from
the 1932/3 Polar Year Records : especially
the Marked Asymmetry of the Field of
Secular Variation], and ON THE DIRECTION
OF THE EARTH'S MAGNETISATION. - P.
Rougerie. (Comptes Rendus [Paris], 1st/29th
March 1943, Vol. 216, No. 9/13, pp. 416-418 :
pp 451-452.)

For a Note by J. Coulomb (" the principal part
of the terrestrial field could equally be attributed
to the radial magnetisation of a superficial
layer . . ."), prompted by the first paper, see
pp 452-453.

3798. A MAGNETOMETER FOR THE DETERMINATION
OF THE VERTICAL COMPONENT OF THE
EARTH'S MAGNETIC FIELD [Sensitivity about
-} min. per y].-S. L. Ting & S. T. Lin.
(Review Scient. Instr., July 1944, Vol. 15,
No. 7, pp. 171-177.)

3799. ON THE ABSORPTION OF THE HARD COM-
PONENT OF THE COSMIC RADIATION [and the
Probability of Appreciable Mesotron Produc-
tion at Elevations comparable to That of
Mt. Evans (4 300 Metres), in accord with
Recent Observations].-M. E. Rose. (Journ.
Franklin Inst., July 1943, Vol. 236, No. z,
pp 9-45)

3800. REVERSED CYCLOTRON: COSMIC RAYS MAY
BE SLOWED DOWN [for Study : but .Cyclo-
tron must first be developed to give Higher
Particle Speeds].-L. E. Dodd. (Sci. News
Letter, 2211d July 1944, Vol. 46, No. 4, p. 52.)
See also " Post -War Betatron " (Almy),
ibid., loth June 1944, P 372 ; and Phys.
Review, ist 3th June 1944, Vol. 65, No. 11/12,
p. 353 (summary of Am. Phys. Soc. paper).
Cf. Iwanenko & Pomeranchuk, 3961, below.

3801. ON THE ASTRONOMICAL REFRACTION [Angle
between Initial Direction of Ray from
Outside the Atmosphere and Direction of
Arrival at Earth's Surface : Simple Formula
derived for Zenith Distance > 75°, where
Usual Formula fails : Relation to the
Density Distribution of the Air].-E.
Esclangon. (Comptes Rendus [Paris], 4th/
25th Jan. .1943, Vol. 216, No. 1/4, pp-
too-iO3.) For a supplementary Note, " On
the Geodesic Refractions," see ibid., pp.
137-139.

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

3802. ELECTRIC PROPAGATION ON LONG LINES
TERMINATED BY LUMPED NETWORKS : PART I
-LINE INITIALLY AT REST : PART II-
LINE INITIALLY NOT AT REST.-Malti &
Golomb. (See 3784.)

380. AN EIGHT -YEAR INVESTIGATION OF LIGHT-
NING CURRENTS AND PREVENTIVE LIGHTNING
PROTECTION ON A TRANSMISSION SYSTEM.-
E. Hansson & S. K. Waldorf. (Elec. Engin-
eering, May 1944, Vol. 63, No. 5, Trans-
actions pp. 251-258: Discussion in Supp. to
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Elec. Engineering, Transactions Section, June
1944, Vol. 63, pp. 463-466.)

In the Discussion, McCann remarks that the data
reported " are of great value in furthering our
knowledge of lightning phenomena."

3804. LIGHTNING [Short Survey of Current Know-
ledge].-J. M. Meek. (Electronic Eng:g,
Aug. 1944, Vol. 17, No. 198, pp. 96-100
and 123.)

3805. INFLUENCE OF THERMAL CONVECTION ON THE
TERRESTRIAL ELECTRIC FIELD.-P. Pluvin-
age. (Comptes Rendus [Paris], ist/29th
March 1943, Vol. 216, No. 9/13, pp. 303-304.)

PROPERTIES OF CIRCUITS
3806. PRACTICAL ANALYSIS OF ULTRA -HIGH -

FREQUENCY TRANSMISSION LINES, RESONANT
SECTIONS, RESONANT CAVITIES, WAVE
GUIDES " [Review of R.C.A. Booklet].-
J. R. Meagher & H. J. Markley. (Proc.
I.R.E., Aug. 1944, Vol. 32, No. 8, p. 5oz .)

3807. THE NON-REFLECTING TERMINATION OF A
CONCENTRIC LINE [Letter on Editorial dealt
with in 3381 of November].-Willis Jackson
& L. G. H. Huxley. (Wireless Engineer,
Oct. 1944, Vol. 21, No. 253, p. 480.)

3808. THE INDUCTANCE OF A CIRCUIT CONSISTING
OF TWO PARALLEL WIRES : A NEW TREAT-
MENT OF THE PROBLEM.-G. W. 0. H.
(Wireless Engineer, Oct. 1944, Vol. 21,
No. 253, pp. 461-463.)

Editorial giving a simple way of arriving at the
formula L = (4 log, Dlr + I) 10-9 and showing
that it is rigorously correct whatever the size of
the conductors.

3809. NEW ADMITTANCE -DIAGRAMS FOR LONG
LINES [giving " a particularly Simple
Representation of the Powers at the Two
Ends "].-H. Kafka. (E.T.Z., 25th March
1943, Vol. 64, No. 11/12, pp. 153-157.)

3810. DETERMINATION OF THE " FORM FACTOR "
OF CYLINDRICAL CONDUCTORS PLACED IN A
UNIFORM ALTERNATING FIELD WHOSE DIREC-
TION IS PARALLEL TO THE AXIS [in connec-
tion with Induction Furnaces, etc.].-M.
Leblanc. (Comptes Rendus [Paris], ist/29th
March 1943, Vol. 216, No. 9/13, pp 375-377)

Ribaud established the equation for the energy
gathered by such a cylinder: W = n11' . ird I h .

: the substance placed inside the solenoid
behaves to the latter as a supplementary resistance
equal to n'R, where R represents the resistance of
the substance referred to a thin cylinder of thick-
ness e (e = thickness of equivalent skin) so that
R = wdpIlte. When the cylinder -diameter is
sufficiently large, the induced currents are propa-
gated only in a thickness small compared with the
diameter. The quantity nal? is the " equivalent
resistance " of the charge introduced into the
furnace.

Radulet showed that this method leads to
practically usable results only when the height h
of the cylinder is at least io times its diameter d.
If this is not so, the energy Wh received by the
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cylinder of height h is, other things being equal,
greater than the energy Wi which would be dis-
engaged in a portion of the same height h, con-
sidered separately, in a cylinder of the same diameter
and of infinite length. The ratio Wk/W; is called
the " foim factor " relative to the value 4/d.

The present work extends Radulet's experimental
results to values of h/d below 0.1595 (Radulet's
lowest value). It is found that the energy delivered,
WI in the case of lead or brass discs passes through
a minimum, then through a maximum, before
reaching zero at h = o. These minima and maxima
are the more sharply marked, the greater the
diameter of the discs compared with the skin thick-
ness corresponding to the conditions of the test;
they are consequently not found in the case of
graphite discs at the test frequency employed,
Igo kc/s. See also 3811, below.

3811. THE HEATING OF A THIN DISC WHOSE FACES
ARE NORMAL TO AN ALTERNATING MAGNETIC
FIELD [Theory of the Experimental Minima &
Maxima found by Leblanc, 3810, above].-
G. Ribaud. (Comptes Rendus [Paris],
1st/29th March 1943, Vol. 216, No. 9/13,
PP. 377-379)

3812. THE COURSE IN TIME OF NOISE VOLTAGES.-
Mann. (See 3848.)

3813. FLUCTUATIONS DUE TO THERMOELECTRONIC
EMISSION FROM THE PHOTOELECTRIC LAYER
IN A MODULATED -LIGHT AMPLIFIER.-Blanc-
Lapierre. (See 3914.)

3814. THE MECHANISM OF LEAKY -GRID DETECTION.
-Amos. (See 3849.)

3815. MILLER EFFECT SIMPLIFIED [Treatment
from a New Angle, " reducing Work involved
in deriving Equations and giving Clear
Picture of Precise Operation of Triode
Amplifier "].-C. J. Mitchell. (Electronic
Engrg, June 1944,Vol. 17, No. 196, pp. 19-20.)

3816. AMPLIFIER WITH LOGARITHMIC RESPONSE
[giving D.C. Output logarithmically pro-
portional to Input Signal over Range of
Three Decades : Characteristic is based on
Charging & Discharging of a Condenser, and
is thus Independent of the Valve Character-
istics : Output consists of Series of Pulses
which are Averaged and Filtered to yield
D.C.].-J. A. Hipple & D. J. Grove. (Phys.
Review, ist,115th June 1944, Vol. 65, No.
11/12, p. 346: summary only.)

3817. A NOTE ON THE PHASE -SPLITTING AMPLIFIER
CIRCUIT.-E. K. M. Bird : Schmitt. (Elec-
tronic Ertg:g, Aug. 1944, Vol. 17, No. 198,
p. 103.)

" Following on various articles dealing with the
Schmitt phase -splitting amplifier circuit, no doubt
many readers will be incorporating it in atriplifiers" :
the present note discusses the precautions that must
be taken to avoid over -biasing due to the flow of
blocking -condenser leakage current through the
grid leak. In a letter in the September issue (No.
199, p. 17o) F. Butler describes how the difficulty
can be overcome by a circuit in which the voltage
causing the leakage current is balanced.

3818. LETTER ON " THE CATHODE -COUPLED DOUBLE -
TRIODE STAGE " [Use of Similar Circuit for
Measurement of Small Changes in R.F.
Amplitude]. - Noltingk : Williams. (See
3929.)

3819. CORRECTION TO " THE GRAPHICAL DESIGN
OF CATHODE -OUTPUT AMPLIFIERS " [2870 of
September].-D. L. Shapiro. (Proc. I .R.E.,
Aug. 1944, Vol. 32, No. 8, p. 482.)

3820. PERFORMANCE OF COUPLED AND STAGGERED
CIRCUITS IN WIDE -BAND AMPLIFIERS.-
D. Weighton. (Wireless Engineer, Oct.
1944, Vol. 21, No. 253, pp. 468-477.)

From the Pye laboratories. For wide -band
amplifiers the relative merits of different types of
circuit cannot readily be assessed from the results
of the various writers who have applied the general
solution of coupled and staggered .circuits to the
design of narrow -band amplifiers (usually required to
tune over a wide range of frequencies), since the
important factors are different in the two cases.
In particular, selectivity is of minor importance in
the wide -band amplifier, since the gain requirement
usually necessitates more than the number of
circuits needed for adequate discrimination against
signals lying outside the band. " Within certain
reservations in the first and last stages of an
amplifier, where the design may be modified by
considerations of noise and detector -loading, the
problem reduces to one of maximum gain per stage
for a given over-all band width."

From the author's summary :-" Expressions
are derived for stage gain in terms of band width,
tuning capacitances, and the parameters of the
response curve which define its shape . . . The
effects of mis-tuning and unequal Q in the
circuit amplifier are considered, with particular
reference to practical difficulties of alignment. For
comparison of performance it is not sufficient to
consider single stages alone, since the response curves
are not of identical form and the results will
therefore depend on the gain ratio at which the band
width is defined. The results are therefore presented
in terms of an amplifier of any number of stages
having constant band width at 3 db points on the
over-all response.

" These curves form a convenient basis for the
rapid estimation of the performance of particular
amplifiers. It is concluded that coupled circuits
may be made to give an improvement over stag-
gered circuits, both in uniform and composite
amplifiers [the latter having stages with different
circuits, or circuits of the same type with different
parameters], which varies from .5 to 3 db per
stage according to the tolerances in variation of
the response within the pass band and the apparatus
available for carrying out the trimming operations."

3821. GEOMETRY OF PUSH-PULL AMPLIFICATION.-
R. L. Russell. (Wireless Engineer, Oct. 1944.
Vol. 21, No. 253, pp. 463-467.)

If the two valves of a push-pull system have
identical characteristics and behave in exactly the
same way, no even harmonics can be present in the
output. " This follows at once from considerations
of symmetry, and the situation is often briefly
summarised by stating that the even ,harmonics
cancel and the odd qnes are additive. This suggests
that the cause is inherent in the nature of the valve
characteristics. Iris comparatively rarely remarked
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that the amounts of odd harmonics are also depen-
dent on the grid bias, and that they can be reduced
to a minimum by choice of a suitable value. The
author shows in this paper that all distortion can
be avoided if valves which have dynamic
characteristics of hyperbolic shape are employed
together with a particular bias. . . ."

Author's summary :-" It is usual to regard the
mutual -conductance characteristic for valve ampli-
fiers below saturation as consisting of two parts.
The upper part is sufficiently nearly linear to be
treated as such for quantitative work, and it is
almost universal to take the initial part as being of
parabolic shape.

" There seems to be little justification for this
assumption (except over small ranges), and in any
event the discontinuity of treatment is not satis-
factory. On the supposition that the curves are
more nearly hyperbolic, a geometrical explanation
for push-pull amplification is obtained' It is
further shown that for such a shape of valve
characteristic, and for a particular value of bias,
there is complete freedom from distortion over an
indefinite range. Experimental results are quoted
and methods described by which this special shape
can be identified. From the analysis emerges an
algebraic expression

[IA = tame (V2 + V92 4 K cos On
which may be regarded as an approximation to the
mutual -conductance curves [for single valves] over
ordinary working ranges r : this is of interest
because it is valid not only for the curved part
but also over that portion of the character-
istic which is sensibly linear, when, as V, in-
creases, the expression reduces approximately to
/A = Vg tang.

3822. AN ANALYSIS OF A D.C. GALVANOMETER
AMPLIFIER [with Two Photocells].-D. I.
Lawson. (Electronic Eng:g, Aug. 1944,
Vol. 17, No. 198, pp. 114-116.)

It is found that :--the gain is independent of
the photocell characteristips if a cathode -follower
output stage is Used : the gain is given by
y = Ea/2x (R2 + : if a fraction /3 of the output
is reintroduced into the galvanometer circuit the
gain is altered by a factor 'RI yfl), when /3 is
positive or negative according to the sign of the
feedback : the apparent effect of feedback is to
change the stiffness of the suspension by a factor
(I ± yfl), the positive sign referring to negative
feedback (which thus increases the speed at which
recordings can be made). 'The complete practical
circuit is shown.

3823. SYSTEM OF OSCILLATION -MAINTENANCE WITH
AUTO -STABILISED AMPLITUDE.- J . Abele.
(Comptes Rendus [Paris], 4th/27th May 1942,
Vol. 214, No. 18/21, pp. 841-842.)

" Consider a class of self -maintained oscillators
governed by the system of equations x dx + y dy +
2 Ry dx = o . . . (1), wy = dx Idt . . (2). When R
is a function of x only or of y only, eqn. I can be
integrated graphically by means of an elegant
construction given by A. Lienard. I propose to
call eqn. 1 in this case Lienard's equation. Lienard's
equation is characterised by the periodicity of the
function R, in conditions where the variables x
and y are themselves periodic. Nov it is possible
to remove this character of periodicity from the
function R and to compel it to follow the varia-
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tions, no longer of the oscillatory variables x or y,
but of the amplitude of these variables, with a view
to stabilising this amplitude by the effect of its own
variations, while at the same time preserving for the
Oscillation its rigorously sinusoidal form and its
natural frequency. For this purpose it is necessary
to generalise Lienard's equation by substituting a
simultaneous function of x and y for the separate
functions of x or y."

A study of this generalisation has led the writer
to the result that a necessary condition for the
system of equations I and 2 to yield a stationary
regime at once sinusoidal and stable is that R should
be a continuous function annulling itself on the
circle x2 + y2 = A2, and that a sufficient condition
is that eqn. 3 (the equation for R given in 3824,
below) should be satisfied. The amplitude is then
" auto -stabilised " and the equation of the corre-
sponding oscillator is formed by eliminating R
between eqns. r and 3.

3824. APPLICATION OF AN " OSCILLATION -SUSTAIN-
ING SYSTEM WITH AUTO -STABILISED AMPLI-
TUDE TO AN ELASTIC PENDULUM.-J.
Abele. (Comptes Rendus [Paris], ist/29th
June 1942, Vol. 214, No. 22/26, pp. 875-877.)

" I have studied, under the name ' oscillator with
auto -stabilised amplitude ' (3823, above) a type of
oscillator defined by the addition, to the system of
equations x dx + y dy + 2Ry dx = o, wy = dx/dt,
of the relation R=-a+b-V x2 + 2 Rxy + y2,
where o < a < 1, o < b. The property of this oscil-
lator, of giving a stationary regime both sinusoidal
and stable, free from all influence of the main-
taining mechanism on the form and frequency of
the oscillation, recommends its adoption as a
frequency -standard or as a chronometer. I have
also essayed to make a practical example of it in
the form of a continuously -driven elastic pendulum.

" The pendulum is composed of a magnet sus-
pended by a helicoidal spring of elinvar. The
magnet is made up of several pieces, some of which
are in ferro-cobalt with high coercive field and the
others in ferro-nickel of high permeability. The
central bar plunges into a bobbin, with its axis
vertical, carrying two windings with mid -point
tapping. The first winding is connected between
the plates of two valves with parabolic character-
istics, mounted in opposition. The second winding
is connected to the grids through two shunted
capacitances which act as rectifiers and make the
mean negative voltage of the grids proportiOnal to
the amplitude of the velocity of the pendulum."
Here follow the six conditions necessary for the
system to possess the properties mentioned above.
The description of the arrangements made to fulfil
these conditions, and further details, will be given
in a later report.

3825. A RESISTANCE-CAPACITY OSCILLATOR. -S. S.
West. (Electronic Eng:g, Aug. 1944, Vol. 17,
No. 198, pp. 118-12o.)

" RC oscillators appear to be the vogue. The
literature has recently dealt with several variations
on this theme. The possibilities of the 2 -valve
common - cathode arrangement, when suitably
changed in concept to be applicable to a selective
regenerative circuit, appear, however, thus far to
have been overlooked. . . ."

3826. WILLANS OSCILLATOR CIRCUIT [and Its
Priority : Its Outstanding Advantages as
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Source for A.C. Bridge Work & as Generator
of Frequencies below roo c/s : a Particu-
larly Successful Version with Low Resist-
ances & High C,C, Values (Frequencies down
to 6c/s)].-E. A. Hanney : Willans. (Wire -S
less World, Oct. 1944, Vol. 5o, No. I o,
p. 30o.) " Prompted by my belated dis-
covery of Willans's work, after I had wrongly
attributed it to Americans.".

3827. FURTHER PROPERTIES OF RECURRENT -EX-
PONENTIAL AND PROBABILITY - FUNCTION
PULSE WAv-FORMS.-F. F. Roberts & J. C.
Simmonds. (Phil. Mag.,,July 1944, Vol. 35,
No. 246, pp. 459-470.)

" In the varied applications of pulse signals, both
for the transmission of information and for actually
obtaining it from the pulses themselves (as in
ionosphere sounding and its recent developments),
the chief interest shifts back and forth between
the wave -form of the pulse and its corresponding
frequency spectrum, as the viewpoint of design or
application is altered. Any method for rapidly and
accurately correlating the two views must, there-
fore, be of interest. It is the object of the present
paper to describe, and illustrate such a method,
with particular reference to pulses of the ' recurrent -
exponential ' and ' probability -function ' wave
forms defined and discussed in the previous contri-
bution" (x158 of April).

In that paper the recurrent -exponential pulse
was shown to be of practically identical form to a
repeated probability -function pulse, though with
advantages of its own. In the present work some
general operations of the probability -function pulse
are first given (addition of pulses, multiplication by
an independent variable, multiplication of one pulse
by another, theoretical use of this type of pulse in
connection with cross -talk in multi -channel " time -
division " multiplex systems such as those dealt
with in 859 of 194o and 2557 of 1941) : it is also
shown that the response of a network to the pulse
can be determined by representing the frequency -
characteristic of the network by the sum of a
number of exponential functions.

Finally the special advantages of the other type
of pulse, the recurrent -exponential, are illustrated
by a more detailed consideration of the various
possible types of modulation that may be applied
(amplitude modulation, combined amplitude and
pulse -width modulation, phase and, frequency
modulation) and by a discussion of the application
of this type of pulse also to cross -talk analysis in
" time -division " systems.

3828. RESONANCE: AN EXPERIMENTAL DEMON-
STRATION OF SERIES AND PARALLEL
RESONANT CIRCUITS FOR RADIO TRAINING
CLASSES.-T. J. Rehfisch. (Electronic Engrg,
July 1944, Vol. 17, No. 197, pp. 76-82.)

3829. A MODIFIED TREATMENT OF THE ITERATIVE
METHOD [for determining the Natural
Frequencies of Vibrating Systems, etc.].-
Saibel. (See 4027.)

3830. IMPEDANCE CIRCLE DIAGRAMS : THEIR HIS-
TORY, CONSTRUCTION, AND GEOMETRY [and
Their Importance to Communications &.
Power Engineers].-H. L. Stewart : Shipley.
(Gen. Elec. Review, Aug. 1944, Vol. 47, No. 8, ,
pp. 20-25.)

December, 1944

3831. MULTI -CIRCUIT FILTER NETWORKS WITH
SMOOTHED RESONANCE CURVE.-A. Linne-
bach. (E.N.T., Oct. 1943, Vol. 20, No. ro,
pp. 238-25o.)

Author's summary :-" In the following paper
the problem of the calculation of multi -circuit filter
networks for high frequencies will be dealt with,
taking into account the loss resistances. The only
case dealt with in full is that in which all the circuits
are independent of each other, each one, for instance,
being separated from the next by a valve [but see
middle of 1-h. column, p. 247: the modified pro-
cedure for the case where there are no separating
valves is sketched : in any case the calculation is
not greatly affected, for a single -stage amplifier
whose anode circuit contains two circuits coupled
by a loss -free link has the same properties as a two -
stage amplifier with two separate circuits]. The
point of departure of the investigation is the
requirement of uniform amplification within a
given frequency -band.

" This requirement leads to the real polynomial
f(z) d" 2d2" cos (2n arc cos z/z,), which re-
presents the reciprocal value of the amplification
of the filter network with n separate circuits, as
a function of the detuning ' z (d is the ' ripple '
[maximum deviation], z the limiting detuning at
the edge of the transmission region) [for the further
elucidation of this statement it may be mentioned
that f(z) represents ly12, where y is the complex
polynomial identically equal to the transmission
equivalent of the n -circuit filter, as given in eqn. 9.
The requirement in question thus becomes that y
should be so chosen that 1y12 within a symmetrically
lying range < - zg, 2'0> should have maxima
and minima which are equally high, and should
display as many extreme values as possible ;
further, that 0 (= arc y) should increase or decrease
monotonically when z passes from -co to co.
.A discussion (pp. 239-24o) of eqn. 23 thus arrived
at for f(z), and of the special properties of
Tschebyscheff polynomials, leads to the conclusion
that the only functions suitable to represent f(z)
are these polynomials, and that this representation
is given unequivocally by eqn. 24, which, when A
and B are replaced by r d" and 2d" respectively,
gives the equation for f(z) quoted above].

" For calculating the circuit components and
determining the frequency characteristic, f(z) is
split into conjugate complex functions y(z) and
-1,(z). This splitting is unequivocal if account is
taken of the fact that the null -points of y(z) must
all have a positive imaginary component, since this
represents the time constant of the circuit. From
such a determination of y(z) a monotonic course for
the phase rotation as a function of the detuning
follows of itself. An important result obtained is
that the ratio of the time constants, and also the
ratio of the resonance-detunings of the individual
circuits, are independent of the ' ripple,' and the
circuit is symmetrical (results II, III, IV [p. 242,
1-h. column)] ; that is, every two circuits are detuned
symmetrically with respect to the mid -band fre-
quency and have equal time constants.

" For determining the phase characteristic,
formulae are derived for calculating the coefficients
of y(z), by the use of symmetrical functions of the
null -points. Finally, in section 8 some properties
of the coefficients are pointed out which lead to a
certain added ease in the calculation. All the
equations needed for calculation are collected
together. The calculation is carried through on an
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example [a 12 -circuit filter with mid -band frequency
of 478 kc/s, band -width 15.3 kc/s, and " ripple
d = 0.4]. The paper ends with an investigation of
the smallest attainable band -width " : eqn. Ito
is derived, Ato 2 (.01(1 - di) . {I,fr, sin u/2n},
the second factor in which may be regarded as
constant within certain limits (for To see eqn. 105),
so that the attainable band -width depends only on
the first, D = 4d/(I - d2). This can be varied
within wide limits by a " suitable choice " of d :
the curve 'of Fig. 5 shows the course of D as d is
varied between o and 1. " The ' suitable choice '
of d is generally a matter of compromise, since
' small band -width ' and ' ripple ' are contradictory
requirements."

3832. HISTORIC FIRSTS: QUARTZ CRYSTAL FILTERS.
-E. Espenschied. (Bell Lab. Record,
Aug. 1944, Vol. 22, No. 12, p. 504.)

3833. FILTER EFFECT PRODUCED BY TRANSFORMERS
IN A THREE-PHASE NETWORK [Band -Pass
Action, with Pass Band dependent on
Leakage of Transformers].-M. Parodi &
F. Raymond. (Comptes Rendus [Paris],
4th/25th Jan. 1943, Vol. 216, No. 1/4,
pp. 111-113.)

3834. ANALOGY BETWEEN THE PROPAGATION OF
THE SYMMETRICAL COMPONENTS IN A THREE-
PHASE SYSTEM AND THAT OF ELASTIC
WAVES IN A SOLID. -TM. Parodi. (Comptes
Rendus [Paris], 4th/25th Jan. 1943, Vol. 216,
No. 1/4, pp. 175-177.)

3835, RELAXATION OSCILLATIONS IN POWER PLANT
[due to Series (and also Parallel) Connection
of Capacitances & Iron -Cored Inductances:
Their Effects & Their Elimination].-
W. Koch. (E.T.Z., 12th Aug. 1943, Vol. 64,
No. 31/32, pp. 427-430.) Generally of low
frequencies such as i c/s.

3836. TRANSFORMER -MAGNETISING INRUSH CUR-
RENTS AND INFLUENCE ON SYSTEM OPERA-
TION [in the Rare Circumstances where
These Transient Currents are Important].-
L. F. Blume & others. (Supp. to Elec.
Engineering, Transactions Section, June 1944,
Vol. 63, pp. 366-375 : Discussion pp. 423-
424.)

3837. ON THE TRANSFORMATION OF A SINGLE-PHASE
CURRENT TO POLYPHASE CURRENT, AND
vice versa, BY MEANS OF STATIC APPARATUS.
-J. Bethenod. (Comptes Rendus [Paris],
1st/29th June 1942, Vol. 214, No. .22/26,
pp. 877-878.)

" In 1904 I showed that a perfectly circular
rotating field could be obtained by means of a
single-phase current, by taking advantage of the
effects of mutual induction ; this result corresponds
actually to the transformation of a single-phase
current into a balanced system of polyphase
currents. Eight, years later I established the
inverse proposition, namely that these effects
equally' allowed the transformation, by purely
static means, of a balanced system of polyphase
currents into a single-phase current. Finally in
1924 I developed this proposition further, showing
that the transformation did not require the presence
of any capacitor or equivalent apparatus, but that
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in such a case the power factor of the polyphase
system of supply could not be greater than 0.7.
The arrangement then described, for a special
purpose, is particularly simple, and in view of the
theoretical importance of the above proposition,
notably in questions relating to ' fluctuating
power,' I think it desirable to give here the theory,
which has not previously been published. . . ."
If, on the other hand, the reactance in each of the
component circuits is raised by a capacitor, the
power factor can be brought up to unity : the
arrangement is then the one proposed by the
writer in 1912 for feeding an aerial, by a two-phase
h.f. alternator.

3838. APPLICATION OF THE PULSE GENERATOR
[497 of 1942] TO THE STARTING -UP OF SUB -
HARMONIC OSCILLATION IN AN OSCILLATING
CIRCUIT OF THE SERIES TYPE [Ferromagnetic
Frequency -Dividing Circuit without D.C.
Polarisation, where Spontaneous Excitation
can Not be counted on : New Results made
possible by the Method].-R. Dehors.
(Comptes Rendus [Paris], 1st/29th March
1943, Vol. 216, No. 9/13, pp. 407-409.)

PERIODIC PROCESSES IN FREE PSEUDO -
LINEAR OSCILLATORY SYSTEMS.-Bulgakov.
(See 4029.)

SOME ASPECTS OF INDUCTANCE WHEN IRON
IS PRESENT [but No Air -Gap : with Special
Reference to Dynamo -Grade Silicon Steel].-
L. T. Rader & E. C. Litscher. (Elec. Engineer-
ing, March 1944, Vol. 63, No. 3, Transactions
pp. 133-139 :\ Discussion in supp. to Elec.
Engineering, Transactions Section, June 1944,
Vol. 63, pp. 431-432.)

3841. A GRAPHICAL ANALYSIS OF THE VOLTAGE
AND CURRENT WAVE -FORMS OF CONTROLLED
RECTIFIER CIRCUITS [Thyratron & Ignitron,
etc.].-P. T. Chin & E. E. Moyer. (Elec.
Engineering, July 1944, Vol. 63, No. 7,
Transactions pp. 501-508.)

3842. CHARACTERISTICS OF VOLTAGE -MULTIPLYING
RECTIFIERS [for Use as D.C. H.T. Power
Supply for Small Valve Devices & Other
Instruments].-D. L. Waidelich & C. L.
Shackelford. (Proc. I .R.E ., Aug. 1944,
Vol. 32, No. 8, PP 470-476.)

" The present shortage of certain types of trans-
former brings new attention to voltage -multiplying
circuits and their operating characteristics. This
paper presents the results of a combined experi-
mental and theoretical analysis to determine some
of the more important characteristics of two of the
many rectifier circuits using vacuum -type diodes
[namely the half -wave' and the full -wave voltage -
doubling rectifiers, with capacitance filters : the
assumption of no voltage drop across the tubes
when conducting, made for simplification in two
earlier papers (998 of 1942 and 1053 of 1943) is
here removed]. The operating characteristics were
determined in the laboratory, while the limits of the
characteristics, as a parameter of the circuits
approached zero or infinity, were determined by
mathematical means.

" The results of the study of the limits led to the
solution of a general method of determining the
limits for many voltage -multiplying circuits, and a

3839.

3840.
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way of using these limits as an aid in determining
the approximate operating characteristics was
found." For other papers on this subject by the
first writer see also 34 & 3532 of 1942.

TRANSMISSION
3843. CURRENT AND POWER IN VELOCITY -MODULA-

TION TUBES.-L. J. Black & P. L. Morton.
(Proc. I.R.E., Aug. 1944, Vol. 32, No. 8,
PP 477-482.)

" The physical concepts which underlie the opera-
tion of velocity -modulation devices such as the
klystron are relatively new and quite different
from those applicable to the usual vacuum tube,
and the already extensive literature on the subject
does not seem to contain an adequate treatment of
these concepts. Webster's mathematical analysis
of the klystron, which has been commonly followed,
gives correct results under certain limiting condi-
tions, but the derivation is open to certain mis-
interpretations. Previous treatments also have
neglected the effects of transit time between the
grids which produce the velocity modulation and
between those which utilise it, and the results, for
some practical applications, are therefore only
approximations.

The, present paper is intended to give a fairly
complete physical and mathematical treatment of
the mechanism of velocity modulation and an
analysis of the process in which power is delivered
to a tuned circuit by the modulated electron
stream." The velocity modulation is expressed in
terms of a variation with time of the density at any
distance from the modulating source. This time -
density variation is developed 'as a Fourier series
having Bessel coefficients, and has the same form
as Webster's expression for current. The h.f.
current and power induced in a resonant circuit by
the variable -density electron stream are calculated.
The effects of transit time through the resonant
circuit of the modulating source and of the output
circuit are included in the calculations.

In a final paragraph the writer remarks :-" It
will be noted that the input resistance is negative
for certain transit angles. This shows the possi-
bility of using a steady stream of electrons passing
through a single resonator as a transit -time oscil-
lator. . . ." This possibility is considered briefly
[cf. Muller & Rostas, 406 of 1942] and finally the
fact that a similar effect in a simple diode has been
used by Llewellyn & Bowen to produce Jo cm.
oscillations (3155 of 1939) is mentioned. For some
of the comparatively few German papers on the
subject see 407 of 1942 and 2175 of July, and back
references.

3844. A THREE-PHASE ROTATING -FIELD TRANS-
MITTER FOR ULTRA -SHORT WAVES.-W.
Dieterle. (E.T.Z., 1st July 1943, Vol. 64,
NO. 25/26, pp. 358-359 : long illustrated
summary.) Another summary was dealt
with in 2879 of September.

3845. A TRANSMITTER DRIVE UNIT FOR F.M.
SIGNALS [to form the Nucleus of a Trans-
mitter or Signal Generator, with Provision
for Wide Variation of Radio & Deviation
Frequencies].-F. Butler. (Electronic Eng:g,
July 1944, Vol. 17, No. 197, pp. 58-61.)

3846. NOISE PHENOMENA IN SHORT-WAVE DIS-
TRIBUTION CIRCUITS [of Large Short -Wave

Telegraph Transmitters].-G. S. Wasilieff
[Vasil'ev]. (E.T.Z., 17th Dec. 1942, Vol. 63,
No. 49/50, pp. 586-587.) Long summary of
the Russian paper dealt with in 413 of 1942.

3847. CLASS " C " AMPLIFIERS : REASONS FOR
THEIR HIGH EFFICIENCY IN R.F. CIRCUITS
[including the Important Factor of Heat
Dissipation].-R. W. Hallows. (Wireless
World, Oct. 1944, Vol. 5o, No. 1o, pp. 309-
312.)

RECEPTION
3848. THE COURSE IN TIME OF NOISE VOLTAGES.-

P. A. Mann. (E.N.T., Oct. 1943, Vol. 2o,
No. 1o, pp. 232-237.)

From the Telefunken laboratories. Among the
many recent papers on shot -effect and thermal -
agitation noise, special attention should be given
to one by Franz (3026 of 1941) and one by Landon
(2129 of 1941). Of particular importance for the
study of the time -characteristics of noise voltages
are certain papers by Franz' on linear rectification
and similar problems, above all a quite recent one
dealing with the amplitude distribution of noise
voltages (3027 of 1941 and 2124 of 1943) : the
latter work includes a bibliography of the literature
so far published.

In the case of a noise whose band -width extends
from co -D to (such as the i.f. channel of
an amplifier),cothis band may be split into a number
of individual, closely adjacent frequencies, by
developing the process in time of the noise, within
an observation -period - T <1 < T, into a Fourier

series : e(t) = E r cos (nor . tIT 95.). The spa-

cing between two frequencies is then given by wIT,
and approaches zero as the observation -period
is increased. All these frequencies have completely
arbitrary phase relations among themselves :
their amplitudes may assume any values whatever
between zero and infinity, according to the
appropriate probability law.

For the noise voltage of the frequency band
wo -fd to oh, D the above equation becomes

V(t) = E r cos [(w0 n . wIT)t . . . eqn. 1.
-N

The quantities to be investigated, such as the
probability distribution of the instantaneous
values, etc., are functions of eqn. 1.

" The probability distribution of these in-
stantaneous values must however be independent
of the particular point in time considered : for this
reason Franz (loc. cit.) puts t = 6 in eqn. I. This
is where Franz's treatment differs from ours : we
wish to investigate the course in time of the noise
voltages : that is, we wish for example to learn
in what relation the amplitudes of the noise stand
when we consider it at different moments. Special
problems chosen for attention are : (a) What is the
amplitude distribution of the noise voltage at a
time 1,, if at time to the amplitude U. is present
(` coupling ' between the voltage amplitudes)
and (b) how often per unit time does the noise
voltage exceed a given amplitude value A in the
positive direction, or in the negative direction ? "

The treatment is based on the use of Dirac's
" 8 -function " (occurring in the study of thermal
conduction, orthogonal function systems, etc :
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for the present purposes its representation as given
by Fourier -integral theory is sufficient : Fig.
and adjacent text) and on a formula for the pro-
bability that the noise voltage will lie between
u and u du (eqn. 6, which could easily be derived
from Franz's paper but which the present writer
arrives at in a simpler way).

Question (a) can already be answered qualita-
tively : since, for a finite band -width, the noise
is a continuous function with continuous tangent,
values adjacent in time can only differ by little
from one another : only after the so-called
" building -up " time can the' noise regain any
arbitrary value. For the quantitative answer, the
probability must be found for the noise voltage at
time t to lie between U and U dU, if it has the
value U. at time t = o. This probability is given
by eqn. zo, from which it can be seen that for large
values of t the probability distribution becomes
identical with that given by the already known and
simpler formula (eqn. 9) for the probability that
the noise voltage will lie between U. and U. +
dU., if U is written in place of U.; and that the
independence from the previously taken value U,
is practically attained as soon as sinDt/Dt reaches
its first null point, that is when .(2t = ir or t = r/2/,
where D =

Question (b) is answered quantitatively by
eqn. 12, giving S, the number of times per unit
of time that the amplitude A is exceeded in
the positive or negative direction. When the
noise band stretches from o to the frequency
f,, this equation simplifies down to eqn. 13,
S = (f11V3) e-A8120 : thus the amplitude " zero "
is passed through (in the positive and negative
directions) 2li/V3 times. Landon (loc. cit.) gives
a formula for the number of peaks exceeding a
definite threshold, assuming that the peaks are of
the shortest possible duration, namely, sinDt/Dt
( f = 1212r = band -width). His semi -empirical,
semi -theoretical bases do not allow him to give
formulae valid for an arbitrary threshold value :
he calculates only the case where this value is four
times the r.m.s. value, where his formula is
S = 6 . f. 32 . io-4 = 1.92. to-*. For this particu-
lar case, eqn. 13 gives S = (f/A/3) . e-8 = 1.93 .
agreeing with Landon's value and confirming his
assumption of the least posSible duration of the
peaks.

3849. THE MECHANISM OF LEAKY -GRID DETECTION
[Contribution to the Theory, throwing Light
on the Choice of Operating Conditions to
obtain Optimum Performance : Experimental
Investigations of Amount of Second -Har-
monic Distortion introduced by the Detector].
-S. W. Amos. (Electronic Eng:g, Aug. & Sept.
1944, Vol. 17, Nos. 198 & 199, pp. 104-108
and 116: pp. 158-161.)

3850. NEW THOUGHTS ON VOLUME EXPANSION :
CONTRAST SHOULD' BE PROPORTIONAL TO
SIZE OF Room [and Contrast Compression
rather than Expansion is usually Needed
(except perhaps by the Fortunate Listener
with No Traffic, No Neighbours, & No Aunt
Fanny's Knitting Needles)]. -T. Roddam.
(Wireless World, Sept. 1944, Vol. 5o, No. 9,
pp. 286-287.)

3851. STATISTICAL RECORDERS AND, MORE
GENERALLY, ELECTRO-MECHANICAL SYSTEMS
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[including Microphones & Loudspeakers)
SUBJECTED TO A PHYSICAL QUANTITY WHICH
IS A CONTINUOUS OR DISCONTINUOUS FUNC-
TION OF TIME.-Carbenay. (See 3963.)

3852. VALVE HUM [Causes, and Methods of Avoiding
It],-Cooper. (See 3872.)

3853. SUPPRESSION OF RADIO INTERFERENCE FROM
MAINS -VOLTAGE FLUORESCENT LAMPS.-
J. N. Aldington. (Electronic Eng:g, Sept.
1944, Vol. 17, No. 199, p. 148: summary,
from Elec. Times, 1944-) Cf. 52 of 1943 and
3461 of November.,

3854. THREE-PHASE IN THE HOME [Welcome to
" Supervisor's " Article (3465 of November) :
Pre -War Adoption of Three -Phase Supply in
Germany : etc.].-" Diallist." (Wireless
World, Sept. 1944, Vol. 5o, No. 9, p. 283.)

3855. LEAKAGE CURRENTS IN SUSPENSION INSU-
LATORS [on High -Voltage Systems : Experi-
mental Investigation of the Effects of
Moisture Deposits].-M. J. Cuilhe. (E.T.Z.,
15th July It14.3, Vol. 64, No. 27/28, p. 381 :
summary, from Bull. Soc. Franc. des
2942.)

3856. TAYLOR SIGNAL GENERATOR : AN A.C.-
OPERATED MODULATED TEST OSCILLATOR
FOR RECEIVER ALIGNMENT.-Taylor Elec.
Instruments, Ltd. (Wireless World, Sept.
1944, Vol. 5o, No. 9, p. 277.)

3857. MONTHLY COMMENTARY : PLEA TO SET
DESIGNERS [Note on Wireless Trader's
Appeal for Design for Easier Maintenance
& Repair : Present Lack of Accessibility
(e.g. of Multiple " Wafer " Switches, Trim-
mers, Electrolytic Condensers) : Unnecessary
Complications (Fanciful Tuning Scales, etc.)].
-(Wireless World, Sept. 1944, Vol. 5o,
No. 9, p. 257.)

3858. EASIER SERVICING [Remarks prompted by
Correspondence in Wireless Trader on the
Serviceman's Difficulties : the Crime of
employing Unnecessary Complicated Cir-
cuits : etc.].-" Diallist." (Wireless World,
Oct. 1944, Vol. 5o, No. 10, p. 308.) See
3857, above.

3859. " AMERICAN MIDGETS " [Notice of Booklet].
-Radio Service Specialities. (Electronic
Eng:g, July 1944, Vol. 17, No. 197, p. 86.)

AERIALS AND AERIAL SYSTEMS
386o. A GENERAL THEORY OF ANTENNAE.-

J. Aharoni. (Phil. Mag., July 1944, Vol. 35,
No. 246, pp. 427-459.)

Author's summary :--" A general theory for
calculating the transmitting and receiving properties
of antennae is outlined. It contains Hallen's
theory of antennae which consist of thin wires as a
special case. As far as these are concerned it may
be regarded, therefore, as a different derivation of
his one-dimensional equations. The present dis-
cussion applies to any form of conductor."

The new approach to the problem is indicated by
the following quotations : " The question to be
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answered is : can a method of calculating the
electrical current be developed from Maxwell's
equations, by making use, as in the circuit theory,
of some knowledge about the current . . . It will
be shown that if the lines of flow are stationary (or
can be assumed so to a high degree of approximation)
a general answer can be given to the above question.
The density of the electric current obeys an integral
equation, eqn. i. . . The method of obtaining
eqn. r consists mainly in the following steps :
(a) The derivation of a circuit theory which does
not neglect the radiation, for networks which are
small compared with the wavelength. These
networks can consist either of a very small loop, or
of a short and thin piece of wire . . . A circuit
theory very similar to the ordinary one is obtained,
the only difference is in the inductances and
capacitances not being real as usual, but complex
[containing real components connected with the
radiated power]. . . (b) The calculation of the
mutual effect between two short and thin pieces of
wire, the distance between which is not restricted.
Here again we obtain mutual inductances and
capacitances of complex value, but otherwise the
result is quite similar to that of ordinary circuit
theory. For n small components (short pieces of
wire or loops) we get n linear equations for the
currents. (c) The final step is to regard any con-
ductor as consisting of a great number of small line
elements in the direction of current flow. The
greater the subdivision the greater the number of
the linear equations, until in the limit the system
of equations becomes equivalent to an integral
equation . . ."

3861. AERIALS WITH ROTATING -FIELD PHASE AD-
JUSTMENT [Theoretical Comparison of the
" Star -Group " & " Circle -Group " Types,
both with Rotating -Field Feed].-H. Bruck-
mann. (E.N.T., Oct. 1943, Vol. 20, No. to,
pp. 227-232.)

By the " star -group " array the writer means
radial arrangements such as the " tripole " and
" quadrupole " (American " turnstile ") aerials
proposed by Tank in 1934 and further investigated
by Hardung (2897 of September). By the " circle -
group " array he denotes the system proposed by
Chireix (3375 of 1936) and used at the Radio Paris
(Allouis) long -wave broadcasting station (ref. " 6 "
and Fig. 4 : Fig. 5 shows a German 6 -element group
of the same type, but this aerial, used at the Stolp
broadcasting station, is intended for co-phasal feed).

The two types differ in that the " circle -group "
aerial has the axes of its individual elements
parallel, while with the " star -group " aerial this
is not the case : further, in the latter aerial the
axes all lie in the same plane, whereas this is not so
with the " circle -group ' array (" at present the
only ' circle -group ' aerials known have their
element -axes perpendicular to the plane of the
circle "). A less important difference is that the
" circle -group " array in practice has a radius
comparable with the wavelength, or at any rate
not very small compared with the wavelength,
whereas star -group aerials may quite well be
envisaged with over-all dimensions small compared
with the wavelength.

" In the present paper we shall investigate
certain important differences in the working of the
two types, in particular the, polarisation of the
distant field. So far as the ' star -group ' type is
concerned Hardung's work (loc. can,be utilised
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here, but his treatment is considerably simplified
and to some extent extended " : thus the influence
of the ground, hitherto neglected, is taken into
account by considering the image of the aerial
below the surface of the ground, so that aerial and
image form a radiating pair with a " group charac-
teristic " given by eqn. to, (M(5b, ik) = 2 sin (aa sin
where a is the height above the ground. Thus the
only effect of the ground is to alter the amplitude
of the field strength as a function of the angle of
elevation, uniformly for all components. Eqn. II
refers to the true American " turnstile " of several
" star -group " systems stacked one above the other
(Brown, 2595 of 1936) : eqn.s. 12-14 refer to
systems with more than four elements, and eqn. 15
and the adjacent text considers the special case
where the individual conductors have no end -
capacitances and are a quarter -wavelength long.'

Section 3 deals with the radiation resistance of
" star -groups " with rotating -field feed, and the
influence of the ground on its value : Fig. 7 shows
the calculated variation of the radiation res4tance
as a function of the height a above the growid.

Finally, the short section 4 deals with the distant
field of a " circle -group " system with rotating -field
feed. Unlike the " star -group " system, such an
array produces a field which is everywhere linearly
polarised. The radiation resistance cannot be given
in closed form as it was for the other system ; in
general it is best obtained by graphical integration,
as described in the writer's book (4443 of 1939).

3862. HEATING OF AERIALS FOR DE -ICING. --G. W.
Schuleikin [Shuleykin]. (E.T.Z., iith March
1943, Vol. 64, No. 9/10, pp. 129-130.) Long
summary of the Russian paper dealt with in
442 of 1942.

VALVES AND THERMIONICS
3863. CURRENT AND POWER IN VELOCITY -MODULA-

TION TUBES.-Black & Morton. (See 3843.)

3864. " KLYSTRON TECHNICAL MANUAL [Review
of Booklet].-Sperry Gyroscope. (Proc.
I.R.E., Aug. 1944, Vol. 32, No. 8, p. 501.)

3865. DEFLECTED ELECTRON BEAMS [Continuation
of Correspondence dealt with in 3164 of
October & 3484 of November].-D. Gabor.
(Wireless Engineer, Oct. 1944, Vol. 21,
No. 253, p. 480.)

3866. PATHS .OF ELECTRONS AND IONS IN NON-
UNIFORM MAGNETIC FIELDS.-N. D. Cogges-
hall & M. Muskat. (Phys. Review, 1st/15th
June 1944, Vol. 65, No. 11/12, pp. 352-353
summary only.)

" The integration of the. Lorentz force equations
to give electron or ion paths has been reduced to
simple quadratures for systems in which the electric
field is zero and the magnetic field is a function of
one Cartesian or cylindrical coordinate. For
several interesting types of magnetic -field variation
the quadrature can be carried through analytically,
and even for complicated magnetic fields, or such
as are known only empirically, the numerical
integration can be effected without difficulty . . .'1

3867. ENERGY DISTRIBUTION OF ELECTRONS WITHIN
DENSE ELECTRON BEAMS [and the Arrival
of an Unstable Condition where the Current
falls rapidly and a Virtual Cathode forms :
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Calculations for Beams & Enclosures of
Two- and Three -Dimensional Symmetry].-
C. J. Calbick. (Phys. Review, 1st/15th June
1944, Vol. 65, No. 11/12, p. 353: summary
only.)

3868. LIMITING STABLE CURRENT [beyond which a
Virtual Cathode will form] IN ELECTRON
BEAMS IN THE PRESENCE OF IONS [Calcula-
tion of Limiting -Current Density for Parallel
Grids, and of Limiting Current for Conducting
Tube of Infinite Length capped by Grids].-
J. R: Pierce. (Phys. Review, 1st/15th June
1944, Vol. 65, No. II/12, p. 353 : summary
only.)

3869. CORRESPONDENCE ON A COMPARISON BETWEEN
ON THE CURRENTS CARRIED BY ELECTRONS

OF UNIFORM VELOCITY " ( JAFFE, 2577 OF
AUGUST) AND " ON THE THEORY OF SPACE
CHARGE BETWEEN PARALLEL PLANE ELEC-
TRODES (FAY, SAMUEL, & SHOCKLEY, 1885
[AND 3609] OF 1938).-J. R. Pierce : G.. Jaffe.
(Phys. Review, istlr5th July 1944, Vol. 66,
No. 1/2, pp 29-30.)

3870. POTENTIAL NUCLEAR MONOCHROMATIC ELEC-
TRON SOURCES [including Their Eventual
Application in Electron Microscopes, Special
Radio Valves, etc.].-M. L. Pool. (Phys.
Review, 1st/15th June 1944,Vol. 65, No.11/12,
p 353 : summary only.)

3871. MILLER EFFECT SIMPLIFIED [Treatment
from a New Angle].-Mitchell. (See 3815.)

3822. VALVE HUM [ExaminatiOn of Its Various
Causes, and Methods of Avoiding It : in-
cluding a Circuit for Valve -Hum Analysis,
set up for testing a Universal -Type Double-
Diode-Triode].-C. E. Cooper. (Electronic
Eng:g, July 1944, Vol. 17, No. 197. pp 72-75.)

3873. GEOMETRY OF PUSH-PULL AMPLIFICATION
[and the Use of Dynamic Valve -Character-
istics of Hyperbolic Shape].-Russell. (See
382x.)

3874. PENTODES AS DYNATRONS : SUMMARY OF
THE NEGATIVE -RESISTANCE CHARACTERIS-
TICS OF VARIOUS COMMERCIAL PENTODES
[and the Usefulness of the Dynatron, par-
ticularly for Laboratory Work].-G. A. Hay.
(Wireless World, Sept. 1944, Vol. 5o, No. 9.
pp. 271-273.)

" It is generally recognised that the best all-
round dynatron oscillator is the Mazda AC/S2
screened tetrode, while for special purposes where
low anode/earth capacitance is wanted the Mullard
S4VA is useful. Both valves are now relatively
inaccessible, and in this article it will be shown
how modern r.f. pentodes may be used in their
stead ; the optimum working conditions for various
applications will also be discussed."

3875. GLASS BASES FOR RADIO VALVES [including
Recent Automatic Machines developed by
Mitchell Glass Company].-M. A. Rowe.
(Electronic Eng:g, Aug. 1944 Vol. 17,
No. 198, pp. ror-ro3.)

3876. TECHNICAL DATA ON " CHANCE " SEALING
GLASSES.-Chance Bros. Ltd. ( Wireless
Engineer, Oct. 1944, Vol. 21, 'No. 253, p 479.)

3877
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SECONDARY EMISSION OF PURE METALLIC
FILMS IN THE DISORDERED AND ORDERED
STATES.-R. Suhrmann & W. Kundt.
(E.T.Z., 12th Aug. 1943, Vol. 64, No. 31/32,
pp 435-436: summary, from Zeitschr. f.
Phys., Vol. 120, 1943.) For subsequent work
see 1598 of May.

3878. GROWTH AND STRUCTURE OF THE TUNGSTEN
CRYSTAL [Further Investigation of the
Johnson-Skaupy " D.C. Effect "].-H. W.
Schmidt. (E.T.Z., 12th Aug. 1943, Vol. 64,
No. 31/32, p 435 : summary, from Zeitschr.
f. Phys., Vol. 12o, 1943.)

3879. THEORY OF CATHODE SPUTTERING IN LOW -
VOLTAGE GASEOUS DISCHARGES.-C. H.
Townes. (Phys. Review, istli5th June 1944,
Vol. 65, No. 102, pp. 319-327.)

3880. ELECTRONIC GRAPHICAL SYMBOLS STANDARD-
ISED [Note on " American Standard Z 32. ro-
1944 "].-(Elec. Engineering, July 1944
Vol. 63, No. 7, p. 246.)

DIRECTIONAL WIRELESS
3881. THE DBVELOPMENT OF A NEW STATION -

LOCATION OR Z -MARKER ANTENNA SYSTEM.
-J. C. Hromada. (Proc. I.R.E., Aug. 1944,
Vol. 32, No. 8, pp 454-463.)

Valuable as the existing Z markers have proved
to be, the demand for increased stability, greater
accuracy as a point of fix from which to begin the
let -down procedure, and an increased height of
signal zone (without a broadening of the beam at
low altitudes, such as would occur in merely
increasing the power to the existing aerial) to ensure
reception at higher altitudes, has indicated the need
for an improved aerial system : without, however,
the electrical and mechanical complexity of the
systems described by Green (2359 of 1938)

The present paper gives descriptive and flight -
test information on such an improved aerial system
consisting of two spaced -dipole arrays, crossed at
right angles to each other and excited in quadrature
time phase. The design of the arrays is based on the
principle of proportioning dipole currents in
accordance with the coefficients of the successive
terms of the binomial expansion. The system is of
simple and rugged design, which maintains high
stability of the marker -zone under rain, snow, and
sleet conditions, and also lends itself to prefabrica-
tion in units and sections of transmission line.

The zone width is considerably less than that of
the old system, at all altitudes up to ro 000 feet
(about the old limit). The zone can be extended
to 20 000 feet without modification of the present
transmitters. The apparent excessive broadening
of the zone, previously noted during flights off -
course or in conditions involving a large crab angle,
is greatly reduced.

3882. AIR TRAFFIC CONTROL [Limitations of
Present Systems, and Future Planning].-
G. A. Gilbert. (Elec. Engineering, April
1944, Vol. 63, No. 4, pp. 119-125.)

3883., ENEMY ARMY COMMUNICATIONS EQUIPMENT
[Analysis by Signal Corps Laboratory and
Comparison with American -Made Equip-
ment].-R. B. Colton. (Elec. Engineering,
April 1944, Vol. 63, No. 4, pp 139-144)
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3884. FLUORESCENT LIGHTING OF AIRCRAFT IN-
STRUMENTS [including the Use of Iris
Diaphragm to adjust the Floodlighting].-
A. D. Dircksen. (Elec. Engineering, July
1944, Vol. 63, No. 7, PP 247-249.)

3885. ELECTRIC CIRCUITS AND THE MAGNETIC
COMPASS [Deviations caused by Electro-
Magnetic Effects from Wiring of Aircraft, &
Some Means for Correcting Them].-R. C.
Burt & H.. R. Beck. (Elec. Engineering,
Jan. 1944, Vol. 63, No. 1, Transactions
pp. 24-26.)

ACOUSTICS AND AUDIO -FREQUENCIES
3886. STATISTICAL RECORDERS AND, MORE GENER-

ALLY, ELECTRO-MECHANICAL SYSTEMS [in-
cluding Microphones & Loudspeakers] SUB-
JECTED TO A PHYSICAL QUANTITY WHICH IS
A CONTINUOUS OR DISCONTINUOUS FUNCTION
OF TIME.--Carbenay. (See 3963.)

3887. THE EMPLOYMENT OF ELECTRO-ACOUSTICAL
CONVERTERS IN " VIVAVOX " LOUDSPEAKING
INTERCOMMUNICATION EQUIPMENT [Theo-
retical Investigation of the Comparative
Merits of Electro-Magnetic & Dynamic
(Moving -Coil) Systems for the Dual Role
of Microphone & Loudspeaker (1969 of
June) : Superiority of the M.C. Type]. -
0. Tschumi. (Bull. Assoc. Suisse des Elec.,
28th June 1944, Vol. 35, No. 13, pp. 349-352
in German.)

3888. MAINTENANCE OF QUALITY IN FILM -RE-
CORDED SOUND: I-RECORDING AND PRO-
CESSING : II - REPRODUCTION. - R. H.
Cricks. (Electronic Eng:g, June 1944,
Vol. '17, No. 196, pp. 12-15 : July, No. 197,
pp. 62-64 and 75.)

3889. MAGNETIC RECORDING ISome Additions to
G. L. Ashman's Article (August Issue) :
Typical Wire or Tape Speeds : Life of
Recordings : Supplementary Literature
References : etc.].-D. W. Aldous : Ashman.
(Wireless World, Sept. 1944, Vol. 5o, No. 9,
p. 269.)

3890. GRAMOPHONE " NEEDLE Buzz " [also known
as " Acoustic Buzz " & " Burring 'i] : an
INHERENT FORM OF DISTORTION : POSSIBLE
CURES.-F. L. Devereux. (Wireless World,
Oct. 5944, Vol. 5o, No. To, pp. 29o-294.)

In " high-fidelity " reproduction of standard
commercial records, and arising from the fact that
the reproducing stylus has a shape differing from
that of the cutter. The second half of the article
discusses preliminary experimental work to over-
come the difficulty by the use of a flat " needle "
formed by a hairpin of fine wire. Improvement in
quality was most promising ; the remaining prob-
lem, that of the rapid wear of the wire, ought to
be capable of solution by reducing the inertia of the
moving parts to fly -weight proportions so that the
pressure needed to hold the needle in the groove
is not more than two or three grams ; by chromium
plating the hairpin wire ; or by a continuous feed
of wire.
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3891. NEW THOUGHTS ON VOLUME EXPANSION :
CONTRAST SHOULD BE. PROPORTIONAL TO
SIZE OF Room [and Contrast Compression
rather than Expansion is usually Needed].-
Roddam. (See 385o.)

3892. ON THE PERTURBATION OF BOUNDARY CON-
DITIONS [with Results applicable to Acoustics
of Irregularly -Shaped Rooms, Scattering
from Irregularly -Shaped Objects, Propaga-
tion down Irregularly -Shaped Pipes, etc.].-
Feshbach. (See 4026.)

3893. CONTRIBUTIONS OF SCIENCE TO AN APPRECIA-
TION OF MUSIC.-A. Pepinsky. (.1024,71,
Franklin. Inst., April 5943, Vol. 235, No. 4,
pp. 361-392.)

Among the many subjects considered (researches
on the vibrato : masking-" probably the greatest
single contribution to thought concerning the
phenomenon of the perception of sound " ; it
implies that the listener " does not actually hear
what the composer wrote and thought should be
heard " : consonance and dissonance, and the
arguments of the ultra -modernist : timbre : etc.)
is the electronic musical instrument. Of this it is
remarked, inter alia, that " to do justice to such
novel possibilities, if the older literature is to be
played at all on these machines, the music must
naturally be reconceived, that is, rearranged. But
if the composer is sufficiently stimulated, he will
now create with the new instrument in mind, instead
of ' rehashing ' conventionally accepted music . . .

Phase relationships and their effects have already
been mentioned :  control of fine increments of
frequency change associated with what are known
as tendency tones. offers a further heightening of
interpretive effects. This is commonly known
among musicians as psychological intonation . .

The new instruments, with the manufacturer's
choice of tonal qualities and resultant psychological
effects upon the buyer, beautifully reflect the trend
of current opinion as to what is to -day acceptable in
tone quality, for it is deemed wise to give the public
what it thinks it wants . . ."

3894. THE FUTURE OF ELECTRONIC MUSIC.-S. K.
Lever. (Electronic Engrg, June 1944
Vol. 17, No. 196, pp. 32-34.)

The writer ends : " The unchanging acoustic
instruments may continue to fill a minority need,
like the acoustic gramophone and the silent film."
For correspondence see August issue, No. 198,
pp. 124-126, and for the same writer's paper on

Problems in Electronic Organ Design," see
September issue, No. 599, pp. 149-r52 and 161.

3895. " AESTHETICS OF SOUND REPRODUCTION " :
REPLIES TO READERS' QUERIES, AND A
POSTSCRIPT [including Some Points on
Choosing Records].-H. A. Hartley. (Wire-
less World, Oct. 1944, Vol. 5o, No. TO,
pp. 318-319.) See also 3896/8, below.

3896. I.ETTER ON " AESTHETICS OF SOUND REPRO-
DUCTION " [3178 of October].-V. W.
Greenhough : Hartley. (Wireless World,
Sept. 1944, Vol. 5o, No. 9, p. 270.)

" Some degree of correction will probably always
be necessary, if only for the listening -room acoustics,
but I do emphasise that we must not try to build

t
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anything new from a programme ; we must ensure
that studio sounds are reproduced as accurately
as possible in the listener's ear. Should any other
balance of sound be more pleasing to the ear than
the original orchestra, I feel that the instruments
would have been designed by the musicians through
the ages to give this improved balance . . ."

3897. CORRESPONDENCE ON "AESTHETICS OF SOUND
REPRODUCTION " [See above &
E. K. M. Bird : D. Roe : Hartley. (Wireless
World, Oct. 1944, Vol. 5o, No. ro, pp.
298-299.)

3898. TOWARDS SYNTHETIC MUSIC : AVOIDING
INTERMEDIATE PROCESSES . -P. Stevenson.
(Wireless World, Sept. 1944, Vol. 5o, No. 9,
pp. 278-279.)

In this article, arising out of Hartley's
" Aesthetics of Sound Reproduction " (3178 of
October : see also 3895/7, above), the writer
" urges the claim of truly synthetic music as
opposed to ' doctored ' receiver response." Cf. 123o
of April and 1976 of June. For a letter from
Hartley, expressing " excruciating horror at the
prospect unfolded," see October issue, No. io,
pp. 299-300: he calculates that nearly 3 x
stencils would be required for the dubious task of
imitating a pianola.

3899. THE TRANSIENTS OF WAR [in the B.B.C.'s
" War Reports " : the Impossibility of
reproducing " the Loud & Angry. Sounds of
War "].-" Diallist." (Wireless World, Oct.
1944, Vol. 5o, No. ro, p. 307.)

3900. THE Wireless World QUALITY AMPLIFIER
WITH CATHODE FOLLOWER [3181 of October :
Replies- to Correspondents].-A. C. Robb.
(Wireless World, Sept. 1944, Vol. 5o, No. 9,
pp. 268-269.)

3901. ON THE STATISTICAL PHONETICS OF THE
FRENCH LANGUAGE [Lack of Information
on the Subject : Results of a Literal &
Phonetic Analysis of Texts from 15 Different
Authors : with Application to Quality Tests
& Telegraphy].-P. Chavasse. (Comptes
Rendus [Paris], ist/29th March 1943, Vol.
216, No. 9/13, PP. 314-316.)

3902. THE ELECTRIC MOTOR AS A SOURCE OF
NOISE.-W. Ordinanz. (E.T.Z., 25th March
1943, Vol. 64, No. 11/12, pp. 157-160.)
From a report on Russian investigations in
1939.

3903. ON THE REFLECTION AND REFRACTION OF
ACOUSTIC WAVES AT THE SURFACE OF
SEPARATION OF TWO FLUIDS IN REPOSE OR
IN RELATIVE MOVEMENT OF TRANSLATION.-
E. Esclangon. (Comptes Rendus [Paris],
6th/27th July 1942, Vol. 215, No. 1/4,

- PP 45-48.)
The writer concludes : " In the case of any

wave, permanent or solitary, the ' conjugate wave
[superposed, in total reflection, on the ' identical '
wave] may differ widely, in its physical structure,
from the incident wave ; especially if, as in the
case of explosions, for instance, the latter suffers
rapid variations of evolution. The impression of
' detonation ' resulting as it does from sharp varia-
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tions of pressure, it may happen that incident waves
which are not audible may become so, or may be
reinforced, by total reflection. These circum-
stances appear to be present in the prolonged
echoes generated at the clouds as a result of thunder
claps, which are sometimes distinguished by un-
expected ' reboundings ' of intensity."

3904. FABRIC MEASURED BY SOUND [Elasticity of
Taut Thread or Yarn measured by Vibrating
It at io kc/s].-du Pont de Nemours. (Sci.
News Letter, 22nd July 1944, Vol. 46, No. 4,
P. 55.)

3905. THE ULTRASONIC TRANSPARENCY OF METAL
PLATES [SUEDMary of 1942'' Physikertagung"
Lecture].-H. Gotz. (E.T.Z., ist July 1943,
Vol. 64, No. 25/26, p. 36o.)

3906. ULTRASONICS: A METHOD OF DETERMINING
THE ACOUSTIC PROPERTIES, ABSORPTION
AND VELOCITY, FOR MATERIALS TO BE USED
AS ULTRASONIC WINDOWS, LENSES, AND
REFLECTORS.-D. Cochran & R. W. Samsel.
(Gen. Elec. Review, Aug. 1944, Vol. 47, No. 8,
PP. 39-41.)

3907. FOCUSED SUPERSONIC WAVES IN BIOLOGICAL
EXPERIMENTS [Circuit using Quartz Crystal
as Vernier -Adjusted Master Oscillator instead
of L & C in 1st Grid Circuit : the Concave
Generating Crystal is Ground to match This,
so that Entire Unit can be tuned to Reson-
ance & neutralised Once & for All : etc.].-
J. G. Lyon & others. (Electronic Eng:g, Aug.
1944, Vol. 17, No. 198, pp. 122-123 : from
Journ. of Gen. Phy.siology, Vol. 26.)

3'908. APPARATUS FOR THE DETERMINATION OF
DISPERSION AT SUPERSONIC FREQUENCIES
[90-450 kC /S], and PRECISION MEASURE-
MENTS OF THE VELOCITY OF SOUND AT
SUPERSONIC FREQUENCIES. USING A MICRO-
PHONE.-L. N. Liebermann : E. G. Groth 4
L. N. Liebermann. (Phys. Review, 1st/15th
June 1944, Vol. 65, No. 11/12, p. 35o :
p. 35o : summaries only.)

PHOTOTELEGRAPHY AND TELEVISION

3909. BAIRD " TELECHROME [Demonstration of
Latest System of Stereoscopic Colour Tele-
vision, using Special Double -Beam Tube

 with Internal Mica Screen coated on One
Side with Blue-Green & on Other with Red-
Orange Fluorescent Material].-J. L. Baird.
(Wireless World, Sept. 1944, Vol. 5o, No. 9,
p. 279.) For a more detailed account see
issue for October, No. 10, pp. 316-317, and
Electrician, ,8th Aug. 1944, Vol. 133, No.
3455, p. 136: also Electronic Eng:g, Sept.
1944, Vol. 17, No. 199, pp. 140-141.

3910. PLANNING TOMORROW'S ELECTRONIC HIGH-
WAYS [Organisation & Work of the National

 Television System Committee & the Radio
Technical Planning Board].-W. R. G.
Baker. (Gen. Elec. Review, June 1944,
Vol. 47, No. 6, pp. 15-21.) For an Editorial
see p. 7, and cf. 2077 of June for articles on
the R.T.P.B.
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3911. TELEVISION AFTER THE WAR [Surveys show
that 83% of the People want Receivers: a
Billion -Dollar Industry ? the 525 -Line versus
the r000 -Line Screen : Receiver Costs : etc.].
-R. N. Farr. (Sci. News Letter, 22nd July
1944, Vol. 46, No. 4, pp. 58-59.)

3912. PERFORMANCE OF COUPLED AND STAGGERED
CIRCUITS IN WIDE -BAND AM PLIFIERS.-
Weighton. (See 382o.)

3913. THEORY OF THE HALF -TONE PROCESS : II-
THE DIFFRACTION THEORY' : CALCULATION
OF THE LIGHT DISTRIBUTION [by the Fresnel
Diffraction Theory : Results agree with
Experimental Findings, Very Different from
Geometrical -Optical Results].-J. A. C.
Yule. (Journ. Franklin Inst., May 1943,
Vol. 235, No. 5, pp. 483-498.) For I see
3533 of November.

3914. FLUCTUATIONS DUE TO THERMOELECTRON IC
EMISSION FROM THE PHOTOELECTRIC LAYER
IN A MODULATED -LIGHT AMPLIFIER.-A.
Blanc-Lapierre. (Comptes Rendus [Paris],
4th/25th Jan. 1943, Vol. 216, No. 1/4,
PP 42-44.)

This is the work referred to at the end of 3421
of November. " Sensitive photoelectric layers, of
low work function, have a thermal emission which
is not negligible. The corresponding current
(composed of electrons of charge e emitted at
random) places a limit on the detection of
very small photoelectric currents. I propose to
study the effect of I on a linear amplifier
characterised by a gain f(v) and a phase dis-
placement (v) fora frequency v, and followed
by a square -law receiver. The amplifier trans-
forms the intensity I(1) at the time t into y (t),
and the receiver is subjected to Y(t) = yl(t). Let
x(t) be the indication of the receiver. It is required
to calculate the mean x(t) and the deviatitm

4./(x - x)2, and thus Y(t) and the contribution
Y.,2c/v of the band v, v dv to the mean square
Y2(t) (Bernamont, 1715 of 1937 : p. 84)." The
present Note outlines the method of treatment and
gives the results of the calculations. See also 3915,
below.

3915. AN ARRANGEMENT FOR THE AMPLIFICATION
OF VERY WEAK PHOTOELECTRIC CURRENTS.
-A. Blanc-Lapierre & G. Goudet. (Comptes
Rendus [Paris], 'A/29th March 1943; Vol.
216, No. 9/13, pp. 295-297.)

The d.c. amplifiers generally used for this purpose,
with high input resistance, give a high gain and a
background noise below that of the cell itself, owing
to the considerable thermionic emission of the
layers sensitive to visible and infra -red light (3914,
above). But the high input resistance sets problems
of insulation and of stability, and reduces in
practice the theoretical possibilities of the apparatus,
which is, moreover, very sensitive to fluctuations
of the supply voltages. On the other hand, the
use of an electron multiplier provides an arrange-
ment of equal theoretical sensitivity and free from
the above defects.

The writers used a caesium cell of 1.5 cm2 surface,
followed by a to -stage multiplier with magnetic
focusing : the a.c. mains provided, through a valve -
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type rectifier, a d.c. voltage V between moo and
2000 volts, and also an exciting current for the
magnetic field, adjustable to suit V. The current
amplification of the multiplier was found to range
from o.135 X 102 at 1200 V to 3.38 x 105 at 187o v.
Using a disc -modulated light beam, and amplifying
the multiplier currents by a suitable tuned amplifier,
investigations were made of the background noise,
etc : results are tabulated, for three different
values of V. The smallest r.m.s. "photoelectric
current detectable was 9 x I0-16 A, corresponding
to a direct current (in the absence of the revolving
disc) of 2 X 10-16 A : this was with V = 1200 or
1550 volts, for at 187o volts the background noise
was much higher (owing to secondary causes in the
multiplier : Bruining, ref. " 3 ") and the smallest
r.m.s. current detectable was 26 x 10-16 A.

As a side experiment the multiplier was connected
directly to a galvanometer : the smallest detectable
current was 6 x 10-16 A, and the resolving power of
the circuit three times poorer than that of the
original arrangement. Theoretically, for the
galvanometer employed the fluctuations due to the
thermionic effect should allow of a resolving power
below 4 x ro-16 A. The drifts of the supply voltages
are probably the cause of the discrepancy, and the
combination of multiplier and a.c. amplifier, which
eliminates these, forms the most convenient and
reliable arrangement.

MEASUREMENTS AND STANDARDS
3916. A NEW SPECTRAL METHOD : THE HERTZIAN

SPECTRUM OF ALCOHOL MOLECULES [Almost
Complete Dispersion Curves, and Long Seg-
ments of Absorption Curves, plotted by
Measurements on Wavelengths from 2.5 cm
upwards].-P. Girard & P. Abadie. (Comptes
Rendus [Paris], 6th/27th July 1942, Vol. 215,
No. 1/4, pp. 84-86.)

Such dispersion curves bear an intimate relation
to the shape of the molecules. They permit the
determination of the angle of the permanent moment
to a symmetry element, and provide information on
the length of the carburetted chain. Thus the
ratio r,./r$ (relaxation times in the two dispersion
regions) increases with the length of the chain : it
is nearly three times as large for octyl as for propyl
alcohol. From this T1lT2 ratio the writers have
derived, according to Perrin's theory on the exten-
sion of dielectric dispersion to ellipsoidal molecules,
the ratio of the axes : here it is only stated that the
values are large compared with X -ray -diffraction
values, especially in .the case of the long -chain
molecules.

The method of measurement for the shortest
waves was based on the observation of the stationary
waves produced in a coaxial line holding the liquid,
for different positions of a mobile piston (in,principle,
Drude's " first method ") : between 17 cm and
4 m, Drude's " second method," modified, was
employed, while above 4 m the resonance method
was used. ' For results on benzylic alcohol and
nitrobenzene see ibid., 401/25th Jan. 1943, Vol. 216,
,No. 1/4, PP. 44-46.

3917. A RESONANT CAVITY METHOD FOR MEASURING
DIELECTRIC PROPERTIES AT ULTRA -HIGH
FREQUENCIES (50-I000 MEGACYCLES). -
Works & others. (Phys. Review, ist/15th June
1944, Vol. 65, No. 11/12, p. 349 : summary
only.) See 3540 of November.
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3918. A METHOD OF MEASURING COMPLEX ADMIT-
TANCES IN THE DECIMETRIC-WAVE REGION.-
K. S. Knol & M. J. 0. Strutt. (E.T.Z.,
15th July 1943, Vol. 64, No. 27/28, p. 382 :
summary only.) Another summary of this
Physica paper was dealt with in 2635 of
August.

3929. A METHOD OF MEASURING VERY SMALL OR
VERY LARGE IMPEDANCES IN THE DECI-
METRIC- AND CENTIMETRIC-WAVE REGION.-
A. Weissfloch. (E.T.Z., 15th July 1943,
Vol. 64, No. 27/28, pp. 377-379.)

This is the paper referred to in 3465 of 1943. In
the ordinary Lecher -wire method of measuring
impedances, if the impedance under test has a very
small or a very large ohmic component the necessary
ratio takes on such a large value that
it can be determined directly only with great
difficulty. In such a case the method has been
introduced (cf. Roosenstein, 1931 Abstracts, p. 36)
of measuring the " node -breadth," the distance b
between those points to the left and right of the
minimum where the potential is equal to VT . Umin.
But for a 15 cm wavelength and a line characteristic
impedance of 75 ohms, a 1.5 ohm terminating
resistance (for example) would lead to a value for b
of only 1 mm, and the same would occur with a
resistance of 3750 ohms ; while for smaller and
larger resistances, respectively, the value of b would
be still lower. The smaller the " node -breath " the
less accurate the measurement, and the inaccuracy
is increased by the fact that the exploring electrode
generally takes the form of a pin which for
mechanical reasons cannot be less than about half
a millimetre in diameter.

The device, to overcome this difficulty, of increas-
ing I, by choosing points where the potential is not
'\/2 . Umi. but (say) Umi., is of only limited
usefulness. The writer's solution is to introduce,
between the impedance to be measured and the
Lecher system, a " transformation section " [see,
for example, 3202 of 1943] which transforms that
impedance into a value that can easily be mea-
sured : for if, for instance, the transformation
ratio is 20, the node -breath b will be similarly
magnified. The method is described with the help
of Figs. 2-4, and the technique of ensuring the
correct position for the " transformation section,"
and of correcting for small deviations, is discussed
next.

Finally the application of the method to measure
the ohmic resistance, at A = 14 cni, of a copper
coaxial section is described. Fig. 5 shows the
copper section and the " transformation section "
(a section of smaller characteristic impedance,
3.5 cm long-that is, about A/4) : the section -planes
" B " and " A " show where this diagram fits into
the general lay -out of Fig. 2. In this particular
case it is a very small resistance that has to be
measured : great care must therefore be taken that
the introduction of the " transformation section "
does not produce any serious damping. A sliding
3/4 -section with metallic contact -surfaces would
be liable to do so, and the section is therefore
soldered to the inner conductor. This makes its
adjustment to the exact coziet..t position (previously
stated to be important) a difficult matter : but the
small deviation from the correct position can be
counteracted by a small change in the test frequency
-for it really does not matter whether the measure -
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ments' are made on a 140 MM or a 140.5 mm
wavelength.

A node -breadth using U 5 . U min is 'em-
ployed, as suggested above. The transformation
ratio is 19.6, practically constant between 143.8 and
144.2 mm. The measured value of resistance comes
out to 3.1 ohm, so that the actual, un-transformed
resistance would be 3.1/19.6 = 0.1582 ohm. But
because this resistance is so small, it is necessary
to allow for the losses in the " transformation
section " and the measuring system. On p. 379,
r -h column, these are calculated (taking into
account the complication that part of the whole
apparatus is made of copper and part of brass) :
with the result that the above value has to be
reduced by 0.0162 ohm, giving 0.142 ohm as the
final figure.

Calculation, using Gundlach's formula t =
6.71V7 (t in cm, fin c/s) for the penetration depth,
and assuming a sinusoidal distribution of current
along the copper coaxial section under measurement,
gives 0.125 ohm to compare with this measufed
value.

3920. A PRECISION WAVEMETER FOR THE 14 CM
WAVELENGTH RANGE.-A. Weissfloch.
(E.T.Z., 7th Oct. 1943, Vol. 64, No. 39/40,
p. 539.) See long abstract, 3102 of 1943.

3921. CURRENT MEASUREMENT AT HIGH FRE-
QUENCIES [Short Survey : Thermal Methods
(Hot -Wire: Thermoelectric Converter, Hot -
Wire Air Thermometer, Bolometer, Photo-
electric Converter) : Frequency Errors of
Thermal Ammeters (Skin Effect in the
Hot Wire : Parallel & Earth Capacitances) :
Dynamometer Ammeters : Rectifier Am-
meters : Range Extension by Toroidal
Transformers, etc.].-H. F. Grave & 0. Zinke.
(E.T.Z., 17th Dec. 1942, Vol. 63, No. 49/50,
pp. 580-583.) For a companion paper on
voltage measurement see 143 of January.

3922. STANDARD -FREQUENCY BROADCAST SERVICE
OF NATIONAL BUREAU OF STANDARDS
[Revision of Material dealt with in 3559 of
November].-Nat. Bureau of Standards.
(Proc. I.R.E., Aug. 1944, Vol. 32,- No. 8,

493-494.)

3923. SYSTEM OF. OSCILLATION -MAINTENANCE WITH
AUTO -STABILISED AMPLITUDE, and APPLICA-
TION OF AN " OSCILLATION -SUSTAINING
SYSTEM WITH AUTO-STABILI9ED AMPLITUDE
TO AN ELASTIC PENDULUM.-Abele. (See
3823/4.)

3924. A CRYSTAL TEST SET [especially for
Crystal Manufacturers : Type D -151288].-
G. M. Thurston. (Bell Lab. Record, Aug.
1944, Vol. 22, No. 12, pp. 477-480.)

" It has been necessary until recently for crystal
manufacturers to measure the frequency and activity
of crystals in the circuits with which they are
actually to be used [since the frequency, and
particularly the activity, are affected by the
circuit employed]. This has meant that they have
had to carry a large stock of radio apparatus
always available for use in calibrating a crystal."
The new test set here' described permits the circuit
with which the crystal is to be used to be simulated
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accurately : activity is measured by a circuit
incorporated in the set, frequency by an external
measuring set.

3925. ON THE MEASUREMENT OF THE RESIDUAL
PARAMETERS OF A " Q "-METER.-W. F.
Lovering : Simmonds. (Phil. Mag., July
1944, Vol. 35, No. 246, pp. 491-495.)

" In a recent article (1260 of April) J. C.
Simmonds described a method of measuring the
self-inductance and resistance of the tuning con-
denser of a ' Q '-meter by measurements made on
the ' Q '-meter itself. The measurement can be
carried out only if the calibration of the tuning
condenser. .alone is known, but in general the low -
frequency calibration includes all stray capacities
such as that of the valve voltmeter, and the for-
mulae given are invalid. The unknown stray
capacity and the other parameters may be measured
by extensions of the original method." The analysis
is Applicable to frequencies below about 15 Mc/s ;
at higher frequencies the representation of circuit
inductances and capacitances by " lumped " quan-
tities is not justified, and any attempt at a solution
must use methods appropriate to transmission
lines.

3926. METHOD OF MEASURING THE APPARENT
CAPACITANCE OF BARRIER -LAYER RECTI-
FIERS [and of Electrolytic Condensers,
etc.].-P. Werly. (Comptes Rendus [Paris],
4th/27th May 1942, Vol. 214, No. 18/21,
pp. 858-86o.)

Schottky and others have shown that the Cu/Cu20
rectifier behaves as a shunted condenser. If
worked at p.ds of some millivolts only, to make the
rectifying effect negligible, it can be shown by
a.c. bridge measurements to behave exactly in this
manner. The extremity of the impedance vector
describes a semicircle in the complex plane of
resistance and reactance, when the a.c. frequency
is varied. The writer has devised a method of
determining the apparent capacitance of the barrier
layers by measuring the factor of attenuation
which they produce in a circuit when they are
subjected to a current of a given frequency.

A battery of accumulators, connected in series
with the secondary winding of a transducer whose
primary is fed by -a constant -frequency source of
a.c. current (a woo c/s frequency was actually
employed), serves as a source of ripple current :
it delivers this through an inductance L to the
inverse resistance R r of the rectifier which
represents the 'load of the circuit. This load is
shunted by the apparent capacitance C which
forms the unknown of the problem. Knowing the
constants of the circuit and the ratio of the voltages
(measured by a Moullin voltmeter) below and
above the inductance L, the value of C may be
calculated. But it is much better to work by a
substitution method, replacing the rectifier by an
equivalent circuit consisting of a standard variable
condenser shunted by a variable resistance R.
The resistance r offered to the passage of the
current by the semiconductor is very- small com-
pared with that presented by the barrier layer, R,
and may be neglected. To make the measurement
easier a certain number of identical discs may be
paralleled, thus increasing C and reducing R and r.

The procedure of the two steps of the sub-
stitution method is described. Measurements were
made on selenium elements having a working
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surface of 6.5 cm2. With five discs in parallel,
passing a continuous current of 14 MA with 8 v
across the discs, the equivalent circuit gave R =
78o ohms and C = 7 x ro-2 F. " In a general
way, this method, which gives the variation of C
as a function of the applied voltage, may be con-
sidered for the measurement of the apparent
capacitances in analogous cases, and in particular
for electro-chemical condensers."

3927. AN INSTRUMENT FOR THE MEASUREMENT OF
SMALL CAPACITANCES [I TO I00 pF : Two
(Pentode) Generating Stages, feed a Common
Hexode Stage and produce, when Balanced,
a Zero. Difference Frequency in Its Anode
Circuit, as shown by Tuning -Indicator
Valve connected as Audion].-R. P. Turner.
(E.T.Z., 12th Aug. 1943, Vol. 64, No. 31/32,
p. 431: summary, from Radio News
[Chicago], 1941.)

3928. RESISTANCE AND CAPACITANCE MEASURE-
MENT WITH THE PENTODE -DIODE VALVE
VOLTMETER : CONSTRUCTIONAL DETAILS OF
'A SUITABLE ADAPTOR UNIT. -T. A. Ledward.
(Wireless World, Sept. 1944, Vol. 5o, No. 9,
pp. 262-265.) See 2664 of August & 3210
of October.

3929. LETTER ON " THE CATHODE -COUPLED
DOUBLE -TRIODE STAGE " [2525 of August :
Use of a Similar Circuit for Measurement
of Small Changes in R.F. Amplitude, at
Frequencies from Zero upwards]. -B. E.
Noltingk : Williams. (Electronic Eng:g,
June 1944, Vol. 17, No. 196, P. 34.)

3930. WILLANS OSCILLATOR CIRCUIT [Priority :
Its Advantages for A.C. Bridge Work & as
Generator of Frequencies below ioo c/s :
etc.].-Hanney. (See 3826.)

3931. TAYLOR SIGNAL GENERATOR : AN A.C.-
OPERATED MODULATED TEST OSCILLATOR
FOR RECEIVER ALIGNMEN T. -TaylOT Elec.
Instruments. (Wireless World, Sept. 1944,
Vol. 5o, No. 9, p. 277.)

3932. A THERMOPILE FOR MICRO-CALORIMETRY
[with a Sensitivity of 0.25 Microdegree per
Millimetre at Scale Distance of Nine Metres].
-L. S. Mason. (Phys. Review, 1st/15th
June 1944, Vol. 65, No. 11/12, pp. 345-346:
summary only.)

3933. A MULTIPLIED -DEFLECTION A.C. POTENTIOM-
ETER..- R. B. Marshall. (Elec. Engineering,
Feb. 1944, Vol. 63, No. 2, Transactions
pp. 77-80.)

For remarks by P. A. Borden, particularly
calling attention to the usefulness of the asyn-
chronous method of detecting a balance condition,
'see Supp. to Elec. Engineering, Transactions Section,
June 1944, Vol. 63, p. 46o.

3934. AN INSTRUMENT FOR THE MEASUREMENT OF
LARGE ALTERNATING CURRENTS [as in
Resistance & Flash Welding : Amplifier
combined with Special Air -Core Trans-
former on Flexible (Rubber -Tubing) Core].
-W. Richter. (Elec. Engineering, Jan.
1944, Vol. 63, No. 1, Transactions pp. 38-40.)
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3935. ON AN EFFECT OF THE ELECTRIC WIND
[Ionised Molecules blacken an Incandescent
Filament : Possible Application to form
an Electrostatic Voltmeter].-M. Aubert.
(Comptes Rendus [Paris], 4th/25th Jan.
1943, Vol. 216, No. 1/4, pp. 37-38.)

3936. STANDARDISATION OF RESISTORS [Pessimistic
Support for W. Bowen's Suggestion (3567 of
November) : Added Plea for Alteration of
Existing " Body -Tip -Dot " Convention].
C. R. Cosens : Bowen.' (Wireless World,
Sept. 1944, Vol. 50, No. 9, pp. 269-270.)
See also 3937, below.

3937.

3938.

STANDARDISATION OF RESISTORS [and the
Wider Question of the Desirable Procedure
in Standardisation & Other Rulings decided
on by Commitfees].-(See 4049.)

RADIO PARTS TESTED UNDER EXTREME
TEMPERATURE RANGES [in the Kansas City
" Cold Room "].-(Jeurn. Franklin Inst.,
March 1943, Vol. 235. No. 3.. pp. 325-326 :
summary, from Refrigerating Engineering,
Vol. 44.)

3939. SELF -TESTING RELAYS [for Reducing the
Time of Relay Testing : the Self -Testing
Principle, and Suitable Valve Circuits for
Applying It].-W. Bacon. (Electronic Eng:g,
June 1944, Vol. 57, No. 196, pp. 36-37.)

For a suggested modification, to yield a ' uni-
versal "instrument, see Spencer, September issue,
No. 199, p. 170.

3940. INFLUENCE OF IMPROVED MAGNETIC ALLOYS
ON DESIGN TRENDS OF ELECTRICAL INSTRU-
MENTS [2745 of August].-M. S. Wilson &
J. M. Whittenton. (Elec. Engineering,
March 1944, Vol. 63, No. 3, Transactions
pp. 100-104.) For Discussion see Supp. to
Elec. Engineering, Transactions Section, June
1944, Vol. 63, pp. 461-463, where " vertical
versus horizontal shafts " forms one of the
subjects.

3941. MAGNETIC MEASUREMENTS ON IRON POWDERS.
-T. H. Oddie. (Journ. of Scient. Instr.,
Sept. 1944, Vol. 21, No. 9, pp. 154-158.)

Author's summary :-" Measured results are
given for the permeability and magnetic loss
coefficients of carbonyl and hydrogen reduced iron
powders, at frequencies from 200 CiS to 40 Mc/s.
A method is descrilltd for testing cylindrical cores
without air -gaps in the magnetic circuit." Tests
were made on 14 powders, 11 of American and 3 of
Australian manufacture : results are given for the
best two, " carbonyl iron powder type E " and
" hydrogen reduced iron powder type 14B," both
obtainable in the United States.

The writer concludes by mentioning that e, the
eddy -current loss coefficient, measured at high
frequencies by the method described in section 2.3
(extension of a plan due to Glaisher : the flux
travels through the cylindrical core without en-
countering any air -gaps), remained independent of
frequency within the limits of error, while Foster &
Newlon's measurements (3462 of 1941) gave values
decreasing by a factor of from 2 to 7 with the
frequency rising from 5 to 20 Mc/s. " Their
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method of measurement with air -gaps in the
magnetic circuit may account for this discrepancy."
The paper ends with a long bibliography and some
patent references, chiefly Australian.

3942. NOTE ON THE INDUCTIVE [Absolute] MEASURE-
MENT OF MAGNETIC FIELD STRENGTH [4336
of 1937 : Corrections for Small Effects of
Twisted Leads & of Incorrect Orientations
of Coil].-F. T. Rogers, Jr. (Phys. Review,
istl15th June 1944, Vol. 65, No. 11/12,
p. 354 : summary only.)

3943. A MAGNET,OMETER FOR THE DETERMINATION
OF THE VERTICAL COMPONENT OF THE EARTH'S
MAGNETIC FIELD [Sensitivity about 4 min.
per y].-S. L. Ting & S. T. Lin. (Review
Scient. Instr., July 1944, Vol. 15, No. 7,
PP. 171-177.)

SUBSIDIARY APPARATUS AND MATERIALS
3944. THE AVOIDANCE OF A POSSIBLE ERROR IN

THE RECORDING BY SEALED -OFF CATHODE-
RAY OSCILLOGRAPH OF TRANSIENTS. -
Baxter. (Journ. of Scient. Instr., Sept. 1944,
Vol. 21, No. 9, pp. 159-160.)

When the beam is switched on, the load taken by
the tube causes a fall in anode voltage, owing to the
imperfect regulation of the h.t. supply unit ; this
fall gives rise to an increase in the deflectional
sensitivity. Because of the energy stored in the
smoothing condensers, the increase is exponential
in character, and if recordings are made during this
period of changing sensitivity they may be seriously
in error. The difficulty can be avoided by initiating
the beam a sufficient time before the arrival of the
transient, or (as here adopted) by running the tube.
with the, beam switched on bit locked off the
screen, until just before the test, by a potential
applied to one of the x -plates and removed by the
closure of an auxiliary contact on the test circuit
breaker.

3945. IMPROVED CATHODE-RAY CURVE TRACER:,
PLOTTING THE X  AND Y AXES SIMUL-
TANEOUSLY WITH THE REQUIRED CURVE
[thus Eliminating all Difficulty in Locating
the Origin].-Walker. (Wireless World,
Sept. 1944, Vol. 50, No. 9, pp. 266-268.)

" One very pleasing feature of the system is that
the axes are always drawn just long enough for the
curve being examined. If, for example, R7 and R8
are changed to alter the shape of the curve, then
the axes expand and contract to accommodate
the curve . . ." A standard vibrator unit is
employed.

3946.

3947.

CATHODE -RAY -TUB TRACES : A SERIES TO
ILLUSTRATE CATHODE -RAY -TUBE TECHNIQUE :
PART I-LISSAJOUS' FIGURES [Introduction
to the Mathematical Theory, with Many
Diagrams].-Moss. (Electronic Eng:g, June,
July, August, Sept. 1944, Vol. 17, Nos.
I96-I99.).

ELECTRON-MICROCINEMATOGRAPHY WITH THE
UNIVERSAL ELECTRON MICROSCOPE.-von
Ardenne. (E.T.Z., 1st July 1943, Vol. 64,
No. 25/26, p. 36o : summary of the paper
mentioned in 578 of January.)

The full 154 -page paper is in Zeitschr. f. Phys.,
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Vol. 120, 1943, p. 397 onwards. Films of sinter
processes, etc., at temperatures between woo° and
1400° have been made at the Harnack House, with
20 000 magnification.

3948. THE RESOLVING POWER OF THE FIELD -
EMISSION ELECTRON MICROSCOPE [and the
Prospects of Improvement].-Muller.
(E.T.Z., 29th July 1943, Vol. 64, No. 29/3o,
p. 404: summary, from Zeitschr. f. Phys.,
1943.) Cf. 539 & 54o of 1943. One sugges-
tion, as regards photography, is that since
the suitable camera -lenses have only a small
depth of focus, the use of a flat fluorescent
screen instead of the usual curved type would
be advantageous.

3949. POTENTIAL NUCLEAR MONOCHROMATIC ELEC-
TRON SOURCES [including Their Eventual
Application in Electron Microscopes, Special
Radio Valves, etc.].-Pool. (Phys. Review,
1st/15th June 1944, Vol. 65, No. 11/12. p. 353
summary only.)

395o. PATHS OF ELECTRONS AND IONS IN NON-
UNIFORM MAGNETIC. FIELDS.-Coggeshall &
Muskat. (See 3866.)

3951. DEFLECTED ELECTRON BEAMS [Continuation
of Correspondence dealt with in 3164 of
October & 3484 of November].-Gabor.
(Wireless Engineer, Oct. 1944, Vol. 21,
No. 253, p. 480.)

3952. ENERGY DISTRIBUTION OF ELECTRONS WITHIN
DENSE ELECTRON BEAMS [and the Arrival
of an Unstable Condition].-Calbick. (See
3867.)

3953. LIMITING STABLE CURRENT [beyond which a
Virtual Cathode will form] IN ELECTRON
BEAMS IN THE PRESENCE OF IONS.-Pierce.
(See 3868.)

3954. CORRESPONDENCE ON A COMPARISON BETWEEN
" ON THE CURRENTS CARRIED BY ELECTRONS
OF UNIFORM VELOCITY " AND " ON THE
THEORY OF SPACE CHARGE BETWEEN PARAL-
LEL PLANE ELECTRODES."-Pierce : Jaffe.
(See 3869.)

3955. A MECHANICAL THEORY OF ELECTRON -
IMAGE FORMATION. - Schlesinger. (Proc.
I.R.E., Aug. 1944, Vol. 32, No. 8, pp. 483-
493.)

" The purpose of this paper is not so much to
supplement prior information as to present a
method that may prove useful in the design and
understanding of electron -optical instruments."
Unlike the majority of , previous treatments, the
paper disregards all analogies with optics and
deals with the electron motion as a purely
mechanical problem, on the simple assumption of
transversal deflection in true proportion to the
radial distance off the axis. The analysis yields a
correlation between magnification and transit
time (m = T;/T°) which is particularly useful in
the design of instruments with " thin " lenses,
'even those with combined electric and magnetic
fields : some examples are discussed.

The reasoning is then applied to paraxial rays
in extended fields (" thick ' lenses) : the above
transit -time theorem (expressed in another form,
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eqn. 8a) then yields eqn. 3o : " the electronic
magnification of a thick lens is equal to the second -
order integral of the deflection with respect to the
total transit time, minus x ". This theorem makes it
possible to find the picture size for any given image
position without even knowing the object position.
Another integral of the deflection with respect to
transit time gives the focal length, another the posi-
tions of the corresponding object and image planes.
All results are available in a graph of a family of
hyperbolas for various operation parameters. The
plane accelerating field, forming a virtual rather
than a real image, is dealt with similarly. Appen-
dix B gives an analytical function for the potential
distribution in the electron gun, based on the fact
that the data from the electrolytic trough may be
represented fairly well by the hyperbolic tangent
equation 6o : it is seen that such systems exhibit
positive -lens action under all circumstances
(accelerating or decelerating systems). The question
of the shortest focal length is discussed in the
final lines.

3956. THEORY, DESIGN, AND APPLICATIONS OF A
SHORT MAGNETIC LENS ELECTRON SPECTROM-
ETER [for the Study of Radioactiye Dis-
integration Schemes, etc.],.-Deutsch & others.
(Review Scient. Instr., July 1944, Vol. 15,
No. 7, pp. 178-195.)

3957. THE MECHANISM OF LUMINESCENCE OF
PHOSPHORS : PART II.-Antonov-Romanov-
skij. (Journ. of Phys. [of USSR], Vol. 7,
5943, p. 153 onwards.) For Part I see 2804
[and 3106] of 1943.

3958. TECHNICAL DATA ON " CHANCE " SEALING
GLAssEs.-Chance Bros. (Wireless Engineer,
Oct.. 1944, Vol. 21, No. 253, p. 479.)

3959. VACUUM -TIGHT MECHANISMS : METHODS OF
INTRODUCING MOVEMENT INTO EVACUATED
SYSTEMS [Van de Graaf's Shaft : Cone
Joints : Whipple's Gland : Wilson's Sliding
Seal : the German Mercury U -Tube : Rubber -
Tubing Devices (including Voglis's Flexible
Wire System) : Bellows : Magnetic Trans-
mission : etc.].-Webster. (Electronic Eng:g,
July 1944, Vol. 17, No. 197, pp. 53-57.)

3960. HIGH -VACUUM VALVE [Successful Modifica-
tion of Standard Bronze Globe VaKres to
suit High - Vacuum Purposes]. - Moore.
(Journ. of Scient. Instr., Sept. 5944, Vol. 2/,
No. 9, p. 462.)

3961. ON' THE MAXIMAL ENERGY ATTAINABLE IN
A BETATRON [Freedom from Cyclotron's
Limitation to Non -Relativistic Region owing
to Defocusing of Orbits, but Limitation due
to Radiation of Electrons in Magnetic Field].
-Iwanenko & Pomeranchuk. (Phys. Review,
Is -05th June 1944, Vol. 65, No. II/12,
p. 343.) An illustrative calculation leads to
a limit only five times as great as the energy
expected from the betratron now under
construction. Cf. Dodd, 3800, above.

3962. ON THE ACTION OF ELECTROSTATIC ALTER-
NATORS [Detailed Analysis of of a Four -
Symmetric Four -Carrier & a Trisymmetric
Six -Carrier Type, Each a Prototype of a
Whole Family of Such Machines].-Simon.
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(Journ. Franklin Inst., July 1944, Vol. 238,
No. I, pp. 39-48.) For previous work see
3588 of November.

3963. STATISTICAL RECORDERS AND, MORE GENER-
ALLY, ELECTRO-MECHANICAL SYSTEMS SUB-
JECTED TO A PHYSICAL QUANTITY WHICH IS
A CONTINUOUS OR DISCONTINUOUS FUNCTION
OF TIME [with Application of Oscillographs,
High -Speed Transmitters, Loudspeakers, etc.]
-Carbenay. (Comptes Rendus [Paris], 4th/
27th May 1942, Vol. 214, No. 18/21, pp. 825-
826.)

" We have described several methods for the
statistical recording of electromagnetic disturbances
[long abstract, 1336 of 1942] and have indicated the
principle of statistical recorders such that the
differential equation of the motion of the moving
system admits of the special integral OW =

f etIT f(t)dt [" playing a fundamental role in
the study of interference " : loc. cit.], where f(t) is
the physical magnitude attached to the phenomenon
to be- recorded, and r the principal time constant
of the recorder.

" The present Note has for its object the extension
of the proposed method to phenomena making
themselves manifest by any type of physical
quantity, and, more generally, the adaptation of
electro-mechanical systems to the phenomena to
which these systems are submitted, by their sub-
jection to the motion of the moving system on which
is exercised a couple (or a force) proportional to
the physical magnitude f(t) connected with the
phenomenon . . ."

The method, here outlined mathematically
(and based on the application to the system, in
addition to the active or motive couple, of a sup-
plementary couple of special characteristics), is
capable of being applied to the design' of electro-
mechanical apparatus, such as oscillographs,
recorders, high-speed transmitters, microphones,
loudspeakers, etc., having a mobile organ whose
displacement must be defined, explicitly or other-
wise, as a function of the physical quantity of the
phenomenon to whose action the apparatus is
submitted.

3964. AMPLIFIER WITH LOGARITHMIC RESPONSE
[giving D.C. Output logarithmically pro-
portional to Input Signal over Range of
Three DeCades].-Hipple & Grove. (See
3816.)

3965. CHARACTERISTICS OF VOLTAGE -MULTIPLYING
RECTIFIERS [for Power Supply to Small
Valve Devices & Other Instruments].-
Waidelich & Shackelford. (See 3842.)

ELECTRONICALLY CONTROLLED DRY.- DISC
RECTIFIER.-Rosenstein & Barnett. (Elec.
Engineering, Jan. 1944, Vol. 63, No. ,,
Transactions pp. 21-23 : Discussion in Supp.
to Elec. Engineering, Transactions Section,
June 1944, Vol. 63, pp. 474-476.) A sum-
mary was dealt with in 2019 of June.

3967. THE BEHAVIOUR OF THE ELEMENTS OF DRY -
PLATE RECTIFIERS AT LOW. CURREP)T-
DENSIT I ES.-Thejllaumas. (Comptes Rendus
[Paris], 6t11/27th July 1942, Vol. 215, No. 1/4,
pp. 15-17.) A summary was dealt with in
3125 of 1943.

3966.
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3968. METHOD OF MEASURING THE APPARENT
CAPACITANCE OF BARRIER -LAYER RECTI-
FIERS [and of Electrolytic Condensers, etc.].
-Werly. (See 3926.)

3969. THEORY OF CATHODE SPUTTERING IN LOW -
VOLTAGE GASEOUS DISCHARGES.-Townes.
(Phys. Review, ist/15th June 1944, Vol. 65,
No. 11/12, pp. 319-327.)

3970.

3971.

3972.

3973.

3974.

3975.

CORONA IN AIRCRAFT ELECTRIC SYSTEMS AS
A FUNCTION OF ALTITUDE .-WilSOIL (Elec.
Engineering, April 1944, Vol. 63, No. 4,
Transactions pp. 189-194 : Discussion in
Supp. to Elec. Engineering, Transactions
Section,, June 1944, Vol. 63, p. 457.)

POTENTIAL BREAKDOWN OF SMALL GAPS
UNDER SIMULATED HIGH -ALTITUDE CON-
DITIONS.-DeLerno. (Elec. Engineering,
March 1944, Vol. 63, No. 3, Transactions
pp. 109-112 : Discussion in Supp. to Elec.
Engineering, Transactions Section, June 1944,
Vol. 63, pp. 456-457.)

ELECTRIC -CIRCUIT BURNING -CLEAR AND
DAMAGE PHENOMENA ON AIRCRAFT STRUC-
TURES.-Foust & Hutton. (Elec. Engineer-
ing, April 1944, Vol. 63, No. 4, Transactions
pp.. 198-204: Discussion in Supp. to Elec.
Engineering, Transactions Section, June
1944, Vol. 63, pp. 457-458.)

EFFECT OF ALTITUDE ON IMPULSE AND
60 -CYCLE STRENGTH OF ELECTRICAL A PPA RA-
T US . -Bellaschi & Evans. (Elec. Engineering,
May 1944, Vol. 63, No. 5, Transactions
pp. 236-241 : Discussion in Supp. to Elec.
Engineering, Transactions Section, June 1944,
Vol. 63, pp. 442-443.)

EFFECT OF ALTITUDE ON ELECTRIC BREAK-
DOWN AND FLASHOVER OF AIRCRAFT INSU-
LATION [including Table of Recommended
Striking Distances & Creepage Distances,
and Comparison with Certain Existing
Standards: Precautions necessary in Testing
at Sea Level: etc.].-Berberich & others.
(Supp. to Elec. Engineering, Transactions
Section, June 1944, Vol. 63, pp. 345-354
Discussion pp. 458-459.)

BREAKDOWN AND TIME-LAG OF DIELECTRIC
MATERIALS : BREAKDOWN OF LIQUID CAR-
BON TETRACHLORIDE.-AttWOOd Bixby.
(Journ. Franklin Inst., March 1943, Vol. 235,
No. 3, pp. 259-272.)

Electric versus thermal types of breakdown :
older theories of breakdown : modern theories
(von Hippel, Seeger & Teller, Frohlich), as applied
to CC14 : time-lag. " Experimental data on the
electrical breakdown of liquid CC14 indicate, first,
that modern theories of breakdown may be applica-
ble to a wide range of dielectric materials provided
their molecular constitution is ionic ; and second,
that the technically important time-lag follows a
simple rule in its dependence on over -voltage."

3976. ON THE PASSAGE FROM THE LIQUID TO
THE VITREOUS STATE [Investigation
prompted by the Discovery that Certain
Alums in the Crystalline State have
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Dielectric Properties analogous to Those of
Polar Liquids, and by the Behaviour of
Their Absorption Coefficients, Dielectric
Constants, & Specific Heats, at Various
Temperatures : Measurements OA 1.27 Mc/s
downwards) on Polar Liquids : Conclusions].
-Guillien. (Comptes Rendus [Paris], 4th/27th
May 1942, Vol. 214, No. 18/21, pp. 82o-822.)

3977. A NEW SPECTRAL METHOD : THE HERTZIAN
SPECTRUM [from 2.5 cm upwards] OF ALCOHOL
MOLECULES.-Girard & Abadie. (See 3916.)

3978. EXPERIMENTS ON ELECTRETS [and the Rela-
tion between the Electret Effect & Other
Kinds of Anomalous Behaviour in Solid
Dielectrics].-Gross. (See 4055.)

3979. RECENTLY ACQUIRED KNOWLEDGE ABOUT
HEATING AND DESTRUCTION PROCESSES IN
STRATIFIED INSULATING MATERIALS [where
the Ions have Different Velocities in the
Different Layers: Solid/Gas & Solid/Liquid
Combinations : an Oscillographic Investiga-
tion].-Liebscher. (E.T.Z., 12th & 26th Aug.
1943, Vol. 64, Nos. 31/32 & 33/34, pp 423-
427 & 450-453.)

3980. SILICONE INSULATION : BRIEF DETAILS OF
RECENT AMERICAN DEVELOPMENTS [in the
Use of Silicone Resins &Varnishes] .-Westing-
house. (Electrician, 25th Aug. 1944, Vol. 133,
No. 3456, p. 159.) -

3981. ORGANO-SILICON FILMS [and the General
Electric " Dri-Film " (Methyl-Chloro-Silane)
Treatment of Ceramic Insulators (2229 &
3549 of 1943) : Surface Reaction : Method
of Application : Method of Test : Previous
Measurements on Surface Resistance : Tests
on Various Types of Surface : Q -Factors of
Treated & Untreated Coils : Precautions
during Treatment : etc.] .-Norton. (Gen.
Elec. Review, Aug. 1944, Vol. 47, No. 8,
pp. 6-16.)

3982. OPERATING CHARACTERISTICS OF' CERAMIC
DIELECTRICS WITH DIELECTRIC CONSTANTS
IN EXCESS OF moo [recently introduced in
Ceramic Condensers : Properties somewhat

'similar to those of Rochelle Salt, but Better :
Aging, Voltage, & Humidity Effects : Ionic
Conduction 'due to Certain Impurities :
etc.].-Gray. (Phys. Review, ist/15th June
1944, Vol. 65, No. 11/12, pp. 348-349
summary only.)

3983. GLASS FIBRE INSULATION USED FOR INDUC-
TION -TYPE BRASS FURNACES [in place of
Mica].-(Journ. Franklin Inst., Feb. 1943,
Vol. 235, No. 2, p. 209: summary, from Iron
Age, Vol. 150.)

3984. CEREX, A HEAT -RESISTANT PLASTIC WHICH
RETAINS STRENGTH AND SHAPE.-MOnSantO
Chemical. (Sci. News Letter, 24th June 1944,
Vol. 45, No. 26, p. 406.) Already used in
military radio equipment.

3985. PREFORMED PLASTICS [Westinghouse Re-
search on the Problem of producing a Plastic
combining the Strength of Woven or Felted
Fibre with the " Formability " of Powder
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Moulding].-Bates. (Electrician, 1st Sept 
1944, Vol. 133, No. 3457, p. 180.)

3986. SUMMARIES OF WESTINGHOUSE PAPERS ON
FOSTORITE, A NEW IMPREGNATING MATERIAL
FOR MOISTURE -PROOFING : MICARTA 444: A
PREFORMED PLASTIC : AND A SYNTHETIC
RESIN REPLACING SHELLAC [cf. 3611 of
November].-Westinghouse. (Elec. Engin-
eering, July 1944, Vol. 63; No. 7, p. 274.)
For some remarks on such new materials see
Erikson, ibid., Transactions p. 547.

3987. THE WELDING OF THERMOPLASTIC SYNTHETIC
MATERIALS [particularly, Polyvinyl -Chloride
Derivatives such as Vinidur & Igelit].-
Henning. (E.T.Z., 17th Dec. 1942, Vol. 63,
No. 49/50, pp. 594-595: summary, from
Kunststoffe, Vol. 32.) See also 3733 of 1942.

3988. DEVELOPMENTS IN INSULATING MATERIALS
[Letter on a Statement in Wall's Paper (3267
of October) : the Manufacture of "-Poly-
thene " (Polyethylene) on a Large Scale by
I.C.I.].-Rogerson : Wall. (Engineering,
z8th July 1944, Vol. 158, No. 4098, p. 75.)

3989. PLASTIC ENAMELLED WIRE [" Then:MX "
Wire & Its Properties] .-British Thomson -
Houston. (Electronic Eng.g, June 1944,
Vol. 17, No. 196, p. 35.)

399o. NYLON FOR SILK [especially for Magnet Wire].
-Wood. (Bell Lab. Record, Aug. 1944,
Vol. 22, No. 12, pp. 505-508.)

3991. CHARACTERISTICS OF RADIO WIRE AND
CABLE : PART 2 [Magnet Wires : Litz Wires :
FleXible-Lead Wires : Radio Hook -Up Wires].
-Caller. (Radio [New York], June 1944,
Vol. 28, No. 6, pp. 28-31 and 64, 66.)

3992. VACUUM CAPACITORS [and Their Advantages
of Stable Dielectric Constant, Stable In-
ternal -Breakdown Voltage, Low Loss, Ability
to stand Overvoltages, Minimum of Mainte-
nance, Compactness, Sturdiness (Mechanical
& Thermal), etc : Details of the General
Electric GL-xL38 & GL -1L22 Capacitors
(50 izt,,F, 7500 V Peak & 25 16 kV Peak,
respectively) and Their Suitability for Air-
craft Installations, as Blocking & By -Pass
Capacitors for Induction -Heating Oscillators,
etc.].-Floyd. (Proc. I .R.E., Aug. 1944,
Vol. 32, No. 8, pp. 463-470.)

JELLY ACID CELLS [Hints on Maintenance :
the Question of Tap Water for These &
Other Accumulators].-" Diallist." (Wireless
World, Oct. 1944, Vol. 5o, No. io, pp.
307-308.)

3994. MICROPOROUS RUBBER REPLACES WOOD IN
STORAGE BATTERIES [and allows Them to be
sent out Charged & Dry, retaining 75% of
Charge for more than a Year].-U.S. Rubber.
(Sci. News Letter, 8th July 1944, Vol. 46,
No. 2', pp. 21-22.)

3995. FOX TOROIDAL POTENTIOMETERS.-FOX, Ltd.
(Wireless World, Aug. 1944, Vol. 5o, No. 8,
p. 239.)

3993.
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3996. CARBON -BRUSH CONTACT FILMS: PARTS I &
IL-Van Brunt & Savage. (Gen. Elec.
Review, July & Aug. 1944, Vol. 47, Nos. 7 & 8,
pp -16-19 & 28-35.)

" Collector films largely determine brush per-
formance : how they are critically affected by high
altitudes : striking effect of oxygen on cuprous -
oxide contact films : adjuvants, or substitutes, for
film carbon lubrication at high altitudes ? What
experiments with brass collectors have taught."

3997. SELF -TESTING RELAYS [for Reducing the
Time of Relay Testing].-Bacon. (See 3939.)

3998. NEW CONTACTS FOR ELECTRICAL TECHNIQUE
[Special Apparatus for Testing Burning &
Length of Life (Tests up to Three Million
Make -&-Breaks) : Silver gives over 24 Times
as Many as Copper : Improved Results with
New Silver and New Copper Alloys, especially
when Different Alloys are used for the
Different Polarities].-Henker. (E.T.Z., 1st
July 1943, Vol. 64, No. 25/26, pp. 347-349.)

3999. DESIGN OF VARIAC TRANSFORMERS.-Karplus.
(Elec. Engineering, July 2944, Vol. 63, N9. 7,
Transactions pp. 508-513.).

PERSISTENT -CURRENT ELECTRO-MAGNET
[using a Superconductive Ring].-Justi.
(See 4056.)

4001. INFLUENCE OF IMPROVED MAGNETIC ALLOYS
ON DESIGN TRENDS OF ELECTRICAL INSTRU-
MENTS [2745 of August].-Wilson & Whit-
tenton. (See 394o.)

t
4002. MAGNETIC MEASUREMENTS ON IRON

POWDERS.-Oddie. (See 3941.)

4003. G.A.W. CARBONYL IRON POWDERS, TYPES
L, C, E, TIT, and SF.-General Aniline.
(Review Scient., Instr., July 1944, Vol. 15,
No. 7, p. 198.) Type L was referred to in
3594 of November.

4004. THE FACTOR OF NON-LINEAR DISTORTION OF
SHEET IRON TYPE IV AT NOTE FREQUENCIES.
-Feldtkeller. (T.F.T., Jan. 1944, Vol. 33,
No. I, pp. ro-r2.) Investigations com-
plementary to those dealt with in 2043
of June.

4005. THE EFFECT OF AN AIR GAP ON THE PER-
MEABILITY OF A COIL CORE AT Low FRE-
QUENCIES [Theoretical & Experimental
Investigation of the Effect on the Value &
the Field -Strength Dependence of the
Permeability, with Special Reference to
Dynamo Sheet Iron Type IV). - Feldt-
keller & Wilde. (T.F.T., Jan. 1944, Vol. 33,
No. 1, pp. 12-15.) Following on 4004, above.

4006. SILVER BRAZING ELECTRICALLY : FOR PRE-
CISE ELECTRICAL MEASURING DEVICES
[Potentiometers, Bridges, etc : So Firmly
Bonds Lead -In Wires to Coils that Joint -
Resistance is Stable : Simple in Application].
- Ryan. (Gen. Elec. Review, June 1944,
Vol. 47, No. 6, pp. 4o-41.)

4007. THE STRANDED -WIRE WELDING PROCESS
[for Butt -Joints in Litz Wires, Cables,
etc : Mains -Driven Apparatus requiring No

4000.

607

Flux, Welding Material, or Solder].-
Gunther. (E.T.Z., 17th Dec. 1942, Vol. 63,
No. 49/50, PP. 587-591)

4008. A NEW RESEARCH TOOL : IRREVERSIBLE
SOLUTION POTENTIAL MEASUREMENTS [ap-
plicable to Study of Metallic & Non -
Metallic Coatings, etc.].-Brown & Mears.
(Phys. Review, istl15th June 1944, Vol. 65,
No. 11/12, p. 351 : summary only.)

4009. DETERMINATION OF SMALL AMOUNTS OF
ARSENIC, ANTIMONY, AND TIN IN LEAD AND
LEAD ALLOYS [New Method].-Luke. (Bell
S. Tech. j °UM, Jan. 1944, Vol. 23, No. r,)
p. 132 : short summary.)

STATIONS, DESIGN AND OPERATION
4010.  PROJECTED STATION AT OLNEY TO LEAD

POST-WAR FREQUENCY -MODULATION BROAD-
CASTING RESEARCH.-Armstrong, Jansky,
& Bailey. (Elec. Engineering, May 1944,
Vol. 63, No. 5, p. 196: note on application
by " FM Development Foundation ".)

4011. CONFERENCE ON RADIO WAVE -BANDS [Need
for World Conference at Early Date after the
War, for Allocation of Bands for Television,
Frequency Modulation, Radar Devices, etc :
the IRAC Proposals (now being distributed
to Selected Organisations) : etc.].-Jett. (Sci.
News Letter, 5th Aug. 1944, Vol. 46, No. 6,
.p. 84 : Science, 4th Aug. 1944, Vol. Ioo,
No. 2580, Supp. p. 1o.) Cf. 3286 of October.

4012. FREQUENCY SPECTRUM CHARTS, SHOWING
REPRESENTATIVE ELECTRONIC TUBES AND
DEVICES THAT OPERATE. AT THE VARIOUS
FREQUENCIES, AND PRE-WAR ALLOCATIONS
TO RADIO BROADCASTING, TELEVISION, AND
RADIO COMMUNICATIONS.-(Inset to Baker's
paper, 4045, below.)

IMPROVING INTER -CONTINENTAL COMMUNICA-
TIONS : MAKING THE BEST USE OF AVAILABLE
FREQUENCY BANDS.-Roddam. (Wireless
World, Oct. 1944, Vol. 5o, No. Io, pp. 295-
298.)

Suggestions for operating a world-wide short-
wave network, planned on the lines of the proposed
" equatorial radio girdle ", 2345 of July [and 3281
of October and 3641 of November].

4013.

4014. RADIO SUISSE IN THE YEAR 1943.-(Bull.
Assoc. Suisse des Elec., 28th June 1944,
Vol. 35, No. 13, p. 354 : in German.)

4015. AIR TRAFFIC CONTROL [Limitations of
Present Systems and Future Planning].-
Gilbert,. (Elec. Engineering, April 1944,
Vol. 63, No. 4, pp. 119-125.)

4016. ENFMY ARMY COMMUNICATIONS EQUIPMENT
[Analysis by Signal Corps Laboratory and
Comparison with American -Made Equip-
ment].-Colton. (Elec. Engineering, April
2944, Vol. 63, No. 4, pp. "39-144.)

4017. BUILDING WERS TRANSCEIVERS IN THE
SCHOOL SHOP A CONSTRUCTION PROJECT
FOR SCHOOL OR -WERS .GROUPS.-Metzger.
(QST., May 1944, Vol. 28, No. 5, pp. 13-15.)
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4018. A PORTABLE POWER SUPPLY FOR. WERS :
USING A MOTOR -CYCLE STORAGE BATTERY
WITH A VIBRATOR PACK.-Long. (QST,
May 1944, Vol. 28, No. 5, pp. 28-3o.)

GENERAL PHYSICAL ARTICLES

4019. ON THE EXTRACTION OF ELECTRONS FROM A
METAL SURFACE BY IONS AND METASTABLE
ATOMS [Elementary Theory, leading to
Results differing from Those of H. S. W.
Massey]: - Cobas & Lamb. (Phys.
Review, 1st/15th June 1944, Vol. 65, No.
11/12, pp. 327-337.)

4020. THE EFFECT OF ADSORBED GASES ON CON-
TACT ELECTRIFICATION [Experimental In-
vestigation].-Debeau, (Phys. Review,
1st/15th July 1944, Vol. 66, No. 1/2, pp.
9-16.)

" The theory which explains contact potentials
cannot explain contact electrification. Nor has
there yet been published a theory which satis-
factorily explains this phenomenon. . . Recently
the importance of adsorbed gas in another contact
phenomenon, friction, has been shown. It there-
fore seems strange that the few men who have
studied contact electrification recently have paid
little or no attention to the gases adsorbed by the
solids used. . ." The writer concludes: "Further
study of the phenomenon is needed before even a
hypothesis for the mechanism can be made. In
spite of the conflicts introduced by the ionic
mechanism it still seems more likely than an
electronic mechanism."

4021. A NEW METHOD FOR THE CALCULATION OF
HEAT EXCHANGE BY RADIATION [Short
Introduction, to Pollak's " Flux (or
" Radiation ") Algebra ", practically Un-
known outside Russia] .-Ordinanz : Pollak.
(Schweizer Arch. f. angew. Wiss. u. Tech.,
April 1944, Vol. IO, No. 4, pp. 113-115: in
German.)

4022. SPECIAL FORM OF CORIOLIS' COMPOUND
CENTRIPETAL ACCELERATION DUE TO THE
ROTATING EARTH, and THE PATH EQUATION
FOR MOTION ON THE SURFACE OF THE ROTAT-
ING EARTH IN A UNIFORM PARALLEL FIELD
OF FORCE WITH INITIAL VELOCITY ALONG
THE FIELD ; also THE HORIZONTAL PATH
ALONG THE EARTH'S SURFACE OF A PRO-
JECTILE OR PLANE UNDER CONSTANT TAN-
GENTIAL ACCELERATION.-Kimball. (J01071.
Franklin Inst., NOV. 1942, Vol. 234, pp.
453-472: March 1943, Vol. 235, No. 3,
pp. 273-283: July 1943, Vol. 236, No. r,
pp. 67-79.)

4023. SIMPLIFICATION OF THE FORMULAE OF
ELECTRIC AND MAGNETIC DIMENSIONS
[Elimination of Troublesome Fractional
Indices by taking as Fundamental the
Electric Charge in the E.M. System, instead
of Mass: Particularly Simple, Results].-
Brylin6lci. (Comptes Rendus [Paris],
6th/27th July 1942, Vol. 215, No. 1/4, pp.
103-104.)

4024. THE DECOMPOSITION OF WATER BY THE SO-
CALLED PERMANENT MAGNET, AND THE
MEASUREMENT OF THE INTENSITY OF THE
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MAGNETIC CURRENT.-Ehrenhaft. (Phys.
Review, istl15th May 1944, Vol. 65, No.
9/10, pp. 287-289.) Cf. 3655 of November

.and back references, and 4025, below.

4025. DECOMPOSITION OF WATER WITH THE PER-
MANENT MAGNET, and PONDEROMOTIVE
FORCES ON MATTER IN ELECTRIC AND MAG-
NETIC FIELDs.-Ehrenhaft. (Phys. Review,
1st/15th June 1944, Vol. 65, No. 11/12, p.
349: rst/15th July L944, Vol. 66, No. 1/2,
p. 38: summaries only.)

MISCELLANEOUS

4026. ON THE PERTURBATION OF BOUNDARY CONDI-
TIoNs.-Feshbach. (Phys. Review, istlx5th
June 1944, Vol. 65, No. 102, pp. 307-318.)

" In the past, exact solutions were limited to
those cases in which the boundary conditions
were ` simple ' and were satisfied on simple ' sur-
faces. ` Simple ' boundary conditions correspond
to uniform physical properties of the surface in-
volved. ` Simple ' surfaces are coordinate sur-
faces of coordinate systems in which the partial
differential equations will separate. As a result,
a great many physical problems of interest have
not been treated theoretically. This paper will
discuss solutions of the scalar and vector wave
equations satisfying non -simple boundary condi-
tions on non -simple surfaces. . ."

Applications of the results of an earlier paper
(3168 of 1944 have been made to the acoustics of
irregularly -shaped rooms (3606 of 1942), yielding
good agreement with experiment. The methods
used in the present paper are not a continuation
or extension of those employed in the former
work : a new method based on the use of Green's
functions is employed. " Formulae are given per-
mitting the calculation not only of improved first-
order results, but also of all the higher orders.
The problem of discrete eigenvalues is reduced to
the solution of a [Hermitian] secular deter-
minant. . ."

" For example, our results can be used to treat
the acoustics of irregularly -shaped rooms, scatter-
ing from irregularly -shaped objects, propagation
down irregularly -shaped pipes. Moreover, simple
boundary conditions need not be obeyed. For
example, the walls of an irregularly -shaped room
might be absorbing." In addition to the field of
acoustics, the scalar and vector equations can be
used to describe phenomena occurring in the fields
of elasticity and electromagnetic theory, An
appendix deals with the problem of moving
boundary surfaces.

4027. A MODIFIED TREATMENT OF THE ITERATIVE
METHOD.-Saibel. (Journ. Franklin Inst.,
Feb. 1943, Vol. 235, No. 2, pp. 163-166.)

" One of the most powerful and useful methods
for the determination of the natural frequencies
of a vibrating system is the iterative method.
This paper deals with a simple modification of the
iterative method leading to the same accuracy in
fewer steps with a consequent saving in time and
labour." If eqn. 8 is employed instead of the
usual eqn. 7, the ratios of A, to the other As
are raised to powers at least double what they
were in eqn. 7, and consequently the approxima-
tion to A, is considerably better. We note that
eqn. 8 gives a lower bound to the value of A,.
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The physical interpretation of eqn. 8 is readily
apparent. It amounts to an application of Ray-
leigh's Principle in which the deflection {Or is used
as a loading to get the deflection {0}r4.,."

4028. PAPERS ON A SYSTEM OF OSCILLATION -MAIN-
TENANCE WITH AUTO -STABILISED AMPLI-
TUDE, AND ITS APPLICATION TO AN ELASTIC
PENDULUM.-Abele. (See 3823/4.)

4029. PERIODIC PROCESSES IN FREE PSEUDO -
LINEAR OSCILLATORY SYSTEMS.-Bulgakov.
(Journ. Franklin Inst., June 1943, Vol. 235,
No. 6, pp. 591-616.)

" The present paper deals with a mechanical or
an electrical system with many degrees of freedom
governed by pseudo -linear differential equations.
On the basis of the theory due to H. Poincare,
periodic solutions representing an important type
of steady oscillations are obtained. These solu-
tions are then applied to explain the self-excited
oscillations of the follow-up system " : by such a
system is meant " a contrivance which makes a
certain ' follow-up ' axis reproduce with minimum
lag all angular displacements of another, ' leading '
axis mechanically independent of the first. Such
systems are employed, for instance, to support the
bearings of the sensitive element of a gyro -compass
in order to diminish the positional and frictional
forces opposing the displacements of the element
relative to the bearings."

4030. ON A PROBLEM OF GEOMETRY SUGGESTED BY
THE STUDY OF BROWNIAN MOTION.-Ville.
(Comptes Rendus [Paris], 6th/27th July
1942, Vol. 215, No. 1/4, pp. 51-52.)

" In the study of Brownian motion one is led,
when the mean interval of, time separating two
collisions is made to tend towards zero, to consider
the aleatory functions of a yariable t, almost cer-
tainly continuous, with independent successive
accretions. The physical significance of the
problem is altered, the functions obtained being of
an unlimited variation. The trajectories are
curves which are almost certainly continuous, but
without tangents. The object of the present Note
is to show that, at any rate in the case of three
dimensions [and probably also in the case of two],
a given *tit on the trajectory is almost certainly
a simple' point.. ."

4031. DETERMINATION, BY THE " CONDITION OF
LEAST INACCURACY " , OF A FORMULA
DEPENDING LINEARLY ON PARAMETERS AND
INTENDED TO REPRESENT AN EXPERIMENTAL
CURVE, and REPRESENTATION OF AN EXPERI-
MENTAL CURVE, IN THE GENERAL CASE, BY
THE " CONDITION OF LEAST INACCURACY .-
Vernotte. (Comptes Rendus [Paris],
4th/25th Jan. 1943, Vol. 216, No. 1/4, pp.
33-35: pp. 148-15o.)

For a further Note, " On the Systems of Equa--
tions arrived at by the Method of 'Least In-
accuracy' ", see ibid., 1st/29th March 1943, Vol.
216, No. 9/13, pp. 289-291.

4032. A VECTOR CALCULATING DEVICE [Conversion
of Vectors of Complex Form to Polar Form,
and vice versa, by Chart & Cursor]. -
Snowdon. (Electronic Eng:g, Sept. 1944,
Vol. 17, No. 199, pp. 146-148.) Dispensing
with special types of slide rule.
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4033. MATHEMATICAL TRAINING FOR YOUNG ENGI-
NEERS.-.Dowel. (Elec. Engineering, Feb.
1944, Vol. 63, No. 2, pj?. 63-64.) For
criticism see Strelzoff, ibid., April 1944,
No. 4, p. 158.

4034. FATHER -AND -SON NIGHT FOR I.R.E. SECTIONS
[Suggestion, & Editorial Request for
Views: the Desirability of Fostering the
Interest of the Younger Generation].-
State. (Proc . I .R .E ., Aug. 1944, Vol. 32,
No. 8, p. 5oo.)

403.5. CULTURAL TRAINING OF THE ENGINEER.-
Boyajian. (Elec. Engineering, Jan. 1944,
Vol. 63, No. I, Transactions pp. 6-9:
Discussion in Sapp. to Elec. Engineering,
Transactions Section, June 1944, Vol. 63,
PP. 478-479.) For correspondence see May
issue, No. 5, pp. 199-20o.

4036. " SCIENCE REMAKES OUR WORLD " [Book
Review].-Stokely. (Journ. Franklin Inst.,
Feb. 1943, Vol. 235, No. 2, p. 207.) " This
book is an essential tool to the well-
informed person."

4037. THE ORGANISATION OF SCIENCE [after the
War: the Plans under Discussion by the
Joint Science Committee of Army, Navy,
& Research Organisations]. - (Science,
3oth June 1944, Vol. 99, No. 2583, Supp.
p. ro.)

4038. A [Second] LETTER ON THE MILGORE BILL,
FROM VANNEVAR BUSH TO SENATOR H. M.
RILOORE.-Bush. (Elec. Engineering,
Feb. 1944, Vol. 63, No. 2, pp. 57-62.) For
the first letter see 2375 of July. For a
similar letter, from Upson, see May issue,
No. 5, pp. 198-199.

4039. ELECTRICAL ENGINEERING IN THE POST-WAR
WORLD : I-INFLUENCE OF WAR -TIME
DEVELOPMENTS.-Funk. (Elec. Engineer-
ing, May 1944, Vol. 63, No. 5, pp, 161-
163.) The president of the A.I.E.E. sounds
the key -note of a new series of articles.

4040. POST-WAR [the Boomed " Wonders imme-
diately after the War " would lead to
Another 1929/32 Debacle: and the Great
Needs Abroad (cf. Bell, 3528 of Novem-
ber)].-Sayward. (Electronics, Feb. 1944,
Vol. 17, No. z, pp. 36o-361.)

4041. ELECTRONICS. IN POST-WAR INDUSTRIES
[Extract from Report on Post -War Develop-
ment].-British I.R.E. (Electronic Eng:g,
Aug. 1944, Vol. 17, No. 198, p. 120.)

4042. RESEARCH AND THE FUTURE OF THE RADIO
INDUSTRY .-Puckle. (Electronic Eng:g,
Aug. 1944, Vol. 'r7, No. 198, p. 121.)

Neither the N.P.L. nor the E.R.A. deals exclu-
sively with radio engineering, and " the tremendous
growth of this industry throughout the Empire
during the last, decade, together with the import-
ance, of regaining world radio markets, makes it
essential that such a body should immediately be
formed. . ."

4043. YARDSTICK OFFERED FOR MEASURING THE
VALUE OF INDUSTRIAL RESEARCH.-Ayres.
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(Journ. Franklin Inst., Jan. 1943, Vol. 235, 4052.
No. r, p. 4o: summary only.)

4044. MILITARY AND POST-WAR RADIO IN RUSSIA
[Impressions gained by WPB Official dur-
ing Six Weeks,of Intensive Study] .-Ellis.
(Elec. Engineering, July 1944, Vol. 63, No.
7, pp. 275-276.)

4045. PLANNING TOMORROW' S ELECTRONIC HIGH-
WAYS [Organisation & Work of the National
Television System Committee & the Radio
Technical Planning Board] .-Baker. (gen.
Elec. Review, June 1944, Vol. 47, No. 6,
pp. 15-21.) For an Editorial see p. 7, and
cf. 2077 of June for articles on the R.T.P.B.

4046. FREQUENCY SPECTRUM CHARTS [showing
Electronic Devices that operate at the
Various Frequencies, and Pre -War Allo-
cations to Broadcasting, Television, & Com-
munications] .-(Inset to Baker's paper,

- 4o45, above.)

4047. CONFERENCE ON RADIO WAVE -BANDS [Need
for World Conference at Early Date after
the War: the IRAC Proposals: etc.] .-
Jett. (See 4011.)

4048. EXTENSION OF PATENTS [where War Loss
can be Proved: Unfair Hardship of Neces-
sity for High Court Proceedings] .-Char-
tered Institute of Patent Agents. (Elec-
tronic Eng:g, June 1944, Vol. 17, No. 196,
P 34.)

4049. MONTHLY COMMENTARY: STANDARDS' AND
REGULATIONS [What is the Moral behind
the " Sad Little Story " referred to in 3936,
above?].-(Wireless World, Oct. 1944, Vol.
50, No. io, p. 289.)

The regretful key -note of all the correspondence
on this particular matter (see, for example, p. 300)
was " It is too late to make a change " : indicating
that the most august and competent committee,
being composed of fallible human beings, is liable
to make mistakes, particularly in a new art in
which the accumulated experience of generations
is lacking. " The widest possible publicity should
be given to any proposed form of standardisation
or similar ruling before it reaches the stage where
the decisions arrived at are irrevocable. . ." The
good example set by the F.C.C., with regard to
post-war organisational problems, is discussed.

4050. BOOKS IN TRANSLATION FOR AND FROM LATIN
AMERICA.-Science Service. (Science, 9th
June 1944, Vol. 99, No. 258o, p. 464.)
Particularly for books on science; medicine,
and technology. Helped by a grant-in-aid
by the Department of State.

4051. " READING AS A VISUAL TASK " [Book
Review].-Luckiesh & Moss. (Journ.
Franklin Inst., Feb. 1943, Vol. 235, No. 2,
pp. 206-207.)

" The book is an effective tool for the better-
ment of eyesight, to beused by those responsible
for the preparation of reading material." Among
the points discussed are size of type, type -face,
leading and line -length, papers and inks, and
various duplicating materials.
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TRIMETRIC-PROJECTION DRAWING INSTRU-
MENT [the M.V. Trimetric Scale for the
System dealt with in 3304 of October and
Back Reference] .-Cooke Troughton &
Simms. (Journ. of Scient. Instr., Aug.
1944, Vol. 21, No. 8, p. 147.)

4053. IDENTIFYING COMPONENTS [in Circuit Dia-
grams: Proposed Scheme of Representation
by Combination of Reference Letters and
Numbers indicating Property, Function,
and Position in Circuit].-Hurran. (Elec-
tronic Eng:g, July 1944, Vol. 17, No. 197,
p. 51.) For a letter from A. J. Pennell see
September issue, No. 199, p. 17o.

4054. ELECTRONIC GRAPHICAL SYMBOLS STANDARD-
ISED. [Note on " American Standard
Z 32.10-1944 " ] .-(Elec. Engineering, July
1944, Vol. 63, No. 7, p. 246.)

4055. EXPERIMENTS ON ELECTRETS [ Systematic
Study guided by the Idea that the Electret
Effect must be related to the Various Other
Aspects of Anomalous Behaviour in Solid
Dielectrics]. - Gross. (Phys. Review,
istli5th July 1944, Vol. 66, No. 1/2, pp.
26-28.)

Influence of temperature on dielectric absorp-
tion (but no complete explanation can be reached
along these lines, because electrets can be made
without heat treatment): decomposition of the
current into displacement and conduction cur-
rents: measurements on currents and charges in
electrets: theory of electret behaviour (two
mechanisms act simultaneously : (i) dielectric
absorption related to the movement of ions or the
orientation of dipoles, originating " hetero-
charges " ; (ii) conduction in the interphase
dielectric/electrode, originating "homocharges ").
"'The effect which manifests itself in the appear-
ance of homocharges must interfere in many
problems of dielectric behaviour, like increase of
dielectric loss at high voltages and rupture. Its
closer investigation may reveal further interesting
features."

4056. A PERSISTENT -CURRENT ELECTRO-MAGNET
[of Simple Construction, without Use of
Liquid Helium : " Superconductivity can
No Longer be regarded as fundaMentally a
Quantum Phenomenon restricted to the
Lowest Temperatures ''].-Justi. (E.T.Z.,
17th Dec. 1942, Vol. 63, No. 49/50, PP.
577-580.)

Author's summary : -" A persistent -current
electro-magnet is described which is provided, in
addition to the usual exciting winding, with a
superconducting ring cooled by liquid hydrogen;
in this, the inductively transferred ' break '
impulse of the exciting current continues to flow
without loss as a persistent current. First, the
theoretical bases are discussed, then the construc-
tion of the magnet, its experimental testing, and
the determination of the magnitude of the per-
sistent current. This magnitude increases rapidly
with falling temperature and already at 100 abso-
lute exceeds Soo A. Finally, the question of the
practical possibilities of this development is
examined, and it is concluded that for the case of
a further raising of the critical temperatures of
superconductivity [say to the temperature of
liquid air] there exist considerable energy-econo-
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mising possibilities." A forthcoming book on
electrical conduction in solid bodies is mentioned,
based on a series of Berlin lectures (see pp.
595-596)
4057. ON AN EFFECT OF THE ELECTRIC WIND

[Possible Application to form an Electro-
static Voltmeter] .-Aubert. (See 3935.)

4058. ELECTRIC CIRCUITS [in Aircraft] AND THE
MAGNETIC COMPASS.-Burt & Beck. (See
3885.)

4059. ELECTRONIC TIMER FOR MICROSECOND INTER-
VALS [Capacitor -Voltage measured by Valve -
Voltmeter calibrated to read o to
140 us with Accuracy better than ±2 /AS:
including Calibrating Methods]. - Weisz.
(Electronics, April 1944, Vol. 17, No. 4,
pp. x08-112.) From the Bartol Research
Foundation.

4060. APPARATUS FOR MEASURING SHORT TIME
INTERVALS [the " Microtimer '', 2837 of
August].-Dundas, Ltd. (Engineering, 9th
June 1944, Vol. 157, No. 4091, pp. 445-
447: Journ. of Scient. Instr., Aug. 1944,
Vol. 21, No. 8, pp. 144-145.)

4061. NEW ELECTRONIC VARIABLE -SPEED DRIVE
[the General Electric Thy-mo-Trol System
(see, for example, 2582 of 1943) and Its
Advantages].-Fendley. (bourn. Franklin
Inst., June 1943, Vol. 235, No. 6, p. 656.)
Summary of address to Am. Soc. of Tool
Engineers.

4062. THEORY OF RECTIFIER/D.C. MOTOR' DRIVE,
and ELECTRONIC CONTROL OF D.C. MOTORS.
Vedder & Puchlowski: Puchlowski. (Supp.
to Elec. Engineering, Transactions Section,

- Dec. 1943, Vol. 62, pp.'863-869: pp. 87o-
876.) For Discussions see pp. 96o-962 &
985-986.

4063. DISCUSSION ON THYATRON MOTOR CON-
TROL" [24,8 of July].-Moyer & Palmer.
(Supp. to Elec. Engineering, Transactions
Section, Dec. 1943, Vol. 62, pp. 962-963.)

4064. ELECTRONIC LEVEL CONTROLS [for Conduct-
ing Solids or. Liquids].-Trimount Instru-
ment. (Electronics, Feb. 1944, Vol. 17,
No. 2, p. 337.)

4065. SYNCHRONISM INDICATOR FOR ELECTRIC
POWER SYSTEMS [Electronic Device embody-
ing' Two Cathode -Ray Tubes, for a 6o 000
kVA Frequency -Changer linking 6o c/s
System to 5o c/s System].-Cook. (Elec-
tronics, Feb. 1944, Vol. 17, No. 2, pp.
110-112.)

4066. PAPERS ON THE HEATING OF CYLINDERS AND
DISCS IN AN ALTERNATING MAGNETIC FIELD.
-Leblanc: Ribaud. (See 3810 and 3811.)

4067. NEW USES FOR INDUCTION ELECTRONIC
' HEATING [to Braze the Edges of Hollow

Metal Propeller Blades: Hardening of Oil -
Well Drill Bits (All Teeth carbided At Once,
instead of One at a Time: Advantages of
Protective Gas Atmosphere)]. -Westing-
house. (Electronics, March 1944, Vol. 17,
No. 3, p. 146.)
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4068. DESIGN OF ELECTRONIC HEATERS FOR INDUC-
TION HEATING [involves Many Unusual
Factors and requires Understanding of
Operating Conditions in Average Factory:
Colpitts Circuit versus Coupled -Grid Cir-
cuit: Air- versus Water -Cooling for Valves:
Liquid -Filled versus Mica Capacitors: Scope
for Valve Oscillators as opposed to Motor -
Generator Equipment: Optimum Operating
Frequency & Currents: Life of Valves,
and Its Extension, etc.].-Jordan. (Proc.
I.R.E., Aug. 1944, Vol. 32, No. 8, pp.
449-452.) '

4069. RADIO -FREQUENCY HEATING FOR FABRI-
CATING WOOD AIRCRAFT [Discussion of
Future Possibilities in Application of Elec-
tronic Heating to Manufacture of Curved
or Moulded Wood Parts for Aircraft and
for the Furniture & Cabinet -Making In-
dustries: and a R.F. Heating Set -Up used
in making Wood Fuselage Rings].-Taylor.
(Electronics, March 1944, Vol. 17, No. 3,
pp. 108-113.) For a later article see 3368
of October.

4070. ELECTRONIC HEAT EMPLOYED TO GIVE
' PERMANENT TWIST IN RAYON CORD FOR

TYRES FOR. JEEPS, AIRCRAFT, ETC.-(Sci.
News Letter, 3rd June 1944, Vol. 45, No.
23, PP 358-359)

4071. DIELECTRIC -HEATING RESEARCH BEGUN AT
COLUMBIA UNIVERSITY  AND ILLINOIS IN-
STITUTE OF TECHNOLOGY.-(Elec. Engineer-
ing, June 1944, Vol. 63, No. 6, p. 239.)

4072. FAST VULCANIZING: A NEW ELECTRONIC
[Heating] DEVICE FOR TYRE -REPAIR DOES
THE PROCESS IN ONLY I0 MINUTES IN
COMBAT AREAS.-VOgt. (Sci. News Letter,
8th July 1944, Vol. 46, No. 2, p. 23.)

4073. RADIO DRIES PENICILLIN MUCH FASTER THAN
OLD WAY [48 Times as Fast as Present
" Freeze-Dtying " Method] Brown. (Sci.
News Letter, 22nd July 1944, Vol. 46, No.
4, pp. 51-52.) From the R.C.A. Labora-
tories. See also bourn. Franklin Inst.,
Sept. 1944, pp. 228-229.

4074. HIGH -FREQUENCY ELECTRIC FIELD USED IN
PROCESSING FOODSTUFFS [a Note On
Ulhmann & Other Patents seized by Alien
Property Custodian].-(Elec. Engineering,
July 1944, Vol. 63, No. 7, p. 276.)

4075. ELECTRONIC CONTROL OF TINNING [Electro-
lytic Surface improved by " Flow " pro-
duced by H.F. Heating and controlled by
Photoelectric Scanner] .-Vedder. (Elec-
tronic Eng:g, June 1944, Vol. 17, No. 196,
p. 3o: summary of a Westinghouse paper.)

4076. SPOT GLUING EQUIPMENT: DEVELOPMENT OF
NEW PROCESS WITH H.F. HEATING, and
SPOT GLUING WITH H.F. HEATING GUN.-
Pye Telecommunications & Aero Research.
(Electrician, 22nd Sept. 1944, Vol. 133, No.
3460, p. 246: Engineer, 8th Sept. 1944,
Vol. 178, No. 4626, pp. 190-191.)

4077. HIGH -FREQUENCY HEATING [with Particular
Emphasis on Thermoplastic Resins & Their
Heating by Capacitance Currents: with a
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Review of Applications] .-Brown. (Elec-
tronic Eng:g, Aug. 1944, Vol. 17, No. 198,
p. 128: summary, from Platics, 1944.)

4078. RADIO HEATING EQUIPMENT: V-DESIGNING
A SMALL EXPERIMENTAL DIELECTRIC HEATER
[for Limited Quantities of Thermosetting
Moulding Material] .-Langton. (Wireless
World, Sept. 1944, Vol. 50, No. 9, pp.
274-277.) For previous parts see 3371 of
October.

4079. EFFECT OF HIGH -FREQUENCY FIELDS ON
MICRO-ORGANISMS [Laboratory Analysis
undertaken because of the " Many Vague &
Conflicting Reports ''].-Fleming. (Elec.
Engineering, Jan. 1944, Vol. 63, No.

" 18-21.)

4080. NEED FOR AN INSTRUMENT TO MEASURE pH
IN LOCALISED AREAS OF THE MOUTH
[primarily for the Investigation of the Small
Quantity of Fluid in the Gingival Crevice
around Neck of Tooth, in connection with
Investigations on " Sensitive Neck " :
Other Valuable Applications]. - Thomas.
(Proc. I.R.E., Aug. 1944, Vol. 32, No. 8,
PP 453-454.)

4081. A CHRONAXIE ,METER AND ELECTRONIC
STIMULATOR [developed from Original Cir-
cuits of P. Bauwens, St. Thomas's Hos-
pital] .-Denny : Bauwens. (Electronic
Eng:g, June 1944, Vol. 17, No. 196, pp.
26-30.)

4082. DISCUSSION ON " EFFECT OF FREQUENCY ON
LET -GO CURRENTS " - AND " EFFECT OF
WAVE -FORM ON LET -GO CURRENTS " [2461
of July].-Dalziel & others. (Supp. to
Elec. Engineer -in;, Transaction Section,
Dec. 1943, Vol. 62, pp. 998-1000.)

4083. DISCUSSIONS OF " POLARISED -LIGHT SERVO
SYSTEM " AND " A NEW DIFFERENTIAL
ANALYSER " [2426 of July]. -Berry :
Kuehni & Peterson. (Supp. to Elec. Engi-
neering, Transactions Section, June 1944
Vol. 63, Pp 429: pp 429-431.) For the

' two papers, in full, see Elec. Engineering,
April 1944, Transactions pp. 195-197, and
May 1944, Transactions pp. 221-228.

4084. FLUORESCENT LIGHTING OF AIRCRAFT IN-
STRUMENTS [including the Use of Iris
Diaphragm to adjust the Floodlighting].-
Dircksen. (Elec. Engineering; July 1944
Vol. 65, No. 7, pp 247-249.)

4085. AIRCRAFT SIGNAL SYSTEMS [3765 of Novem-
ber].--Rugge. (Elec. Engineering, Jan.
1944, VOL 63, NO. I, Transactions pp.
3-5: Discussion in Supp. to Elec. Engineer-
ing, Transactions Section, June 1944, Vol.
63, pp 455-456.)

4086. AN ANALYSIS OF A D.C. GALVANOMETER
AMPLIFIER [with Two Photocells].-Law-
Son. (See 3822.)

4087. FLUCTUATIONS DUE TO THERMOELECTRONIC
EMISSION FROM THE PHOTOELECTRIC LAYER
IN A MODULATED -LIGHT AMPLIFIER, and AN

4088.
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ARRANGEMENT FOR THE AMPLIFICATION OF
VERY WEAK PHOTOELECTRIC CURRENTS.-
Blanc-Lapierre, Goudet. (See 3914
3915.)

To MEASURE CLOUD CEILING [Photoelectric
" Ceilometer " for use with Mercury -Vapour
Projector (to replace Balloon Method): also -
the " Transmissometer " for Visibility
Recording].-U.S. Weather Bureau. (Sci.
News Letter, loth June 1944, Vol. 45, No.
24, P. 373)

4089. AN ELECTRONIC CIRCUIT FOR STUDYING
HUNTING [Mirrors/Photocell/Capacitor Com-
bination, with Electronic Control, actuates
Oscillograph: indicates Shift in Phase
between Rotor & Applied Voltage, and
gives Record of the Hunting Cycle].-
DeLerno & Basnett. (Journ. Franklin
Inst., June 1943, Vol. 235, No. 6, pp.
651-652: summary, from Elec. Engineer-
ing, Dec. 1942, Vol. 61, No. 12.)

4090. ELECTRIC -PHOTOGRAPHY [C. F. Carlson's
Method, using a Photosensitive Plate
coated with " Photoconductive Insulating
Material " (Sulphur, Anthracene, etc.)
charged by Rubbing, the Charge leaking
away at Illuminated Parts: for making
Line Blocks on Metal, etc.].-Langer:
Carlson. (Electronic Eng:g, Sept. 1944
Vol. 17, No. 199, p. 145: summary, from
Radio News [Chicago].)

4091. ON THE PHOTOGRAPHIC ACTION OF THE
SECONDARY ELECTRONS RESULTING FROM
THE ACTION OF X-RAYS ON METALS [in Con-
nection with the Writer's New Method of
Micro- or Macro -Radiography, 2909 of
1942] .-Trillat. (Comptes Rendus [Paris],
4th/25th Jan. 1943, Vol. 216, No. 1/2. pp.
179-181.)

4092. APPLICATION OF X-RAY PULSES TO THE
MEASUREMENT OF THE MOBILITY OF ELEC-
TRONS IN GASES.-Herreng. (See 3787.)

4093. SMALL EARTHQUAKE RECORDER [with Elec-
tronic Amplifying Device giving Smoked -
Paper or Ink Recording, instead of Photo-
graphic Method]. - Keller. (Sci. News
Letter, loth June 1944, Vol. 45, No. 24,
P 371.)

4094. VIBRATION PROTECTION FOR ROTATING
MACHINERY [e.g. Large Turbogenerators:
Combination of Detector, Integrator,
Amplifier, & Relays].-Webb & Murray.
(Elec. Engineering, July 1944, Vol. 63,
No. 7, Transactions pp. 5m-.537.)

4095. FABRIC MEASURED BY SOUND [Elasticity of
Taut Thread or Yarn measured by Vibrat-
ing It at 10 kc l s] .-du Pont de Nemours.
(Sci. News Letter, 22nd July 1944, Vol. 46,
No. 4, P 55.)

4096. ELECTRIC THICKNESS GAUGE [for Non -Mag-
netic Coatings on Bearings, etc.] .-Taylor,
Taylor & Hobson. (Journ. of Scient.
Instr., Sept. 1944, VOL 21, No. 9, p. 163.)

Y.
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