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Telecommunication Measuring
Instruments.

Telecommunication Components,
Loading Coils for Telephone
Cables.

Toroid Cores, Coils and
Transformers.

Magnetic Dust Cores for all
frequencies.

Magnetic Powders.

Quartz Crystal Units for
frequencies up to 20 Mc/s.

Rectifiers for Instruments.

Selenium Photocells etc. etc.

CTRICAL INSTRUMENTS LTD.
: e PEEL WORKS, SALFORD 3 ,
Telephones : BLAckfriars 6688 ‘(6 lines). Telegramis and Cables : ** SPARKLESS, MANCHESTER

Proprietors: THE GENERAL ELECTRIC Co. Ltd., of England
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General Characteristies
Constant A.C. Output General Advantages and Uses, etc.
Example : 230 volts 4 0°59%~—50-cycles/sec.—single phase, Constant A.C. input voltage is essential for the effective }
Any output voltage may be ordered (see below). operation of many electrical devices, both industrial and :
Wlde A C Input Voltage leltS laboratory patterns. Examples : X-ray apparatus, incan-
e descent-lamp light sources (photometers, photo-printing,
Example : 190255 volts, 50-cycles, [-phase. Other single- colour comparators, photo-electric cell applications spectro-
phase voltages or frequencies can be dealt with, on special ’ > '
orders, i graphy, etc.), laboratory test-gear (vacuum tube volt meters,
. . . . amplifiers, oscillators, signal generators, standards of frequency,
Entlrely Automath—Qule Action etc.) : the larger patterns for stabilizing a complete laboratory
There are no moving parts. No adjustments need ever be room or test-bench : the smaller units as integral com.
made and no maintenance is required. The regulating action ponents of equipment.
is virtually instantaneous, the time required for adjustment
to a new voltage, or load condition being so short that it is 9 0m0
quite imperceptible by ordinary means. Prlorltles) EtC.
. No Priority is now required. ‘*M ' Certificates (Iron and
Load Ratlng Steel Control) are also not now required,
Eight standard, nominal ratings are carried in stock as listed 0
bflow. Others can be built, including models giving (exampleﬁ &
15v. 4- 19 on 190-255 v. input : or multiple outputs, a k
regulated. oThe regulators also stabilize well under all load Complete Data 1
conditions, from no-load to 100% load. Please request Bulletin VR 10744,
E/IGHT STOCK MODELS ARE OFFERED
Type Watts  A.C. Input Voltage  Output Voltage Net Wt. Price |
VR-10 10 3 Ibs. £5 - 15 |
VR-20 20 7 Ibs. £8 - 0 {
VR-60 60 190-255 230 v.0'5 per 17 Ibs. £10 - 10 b
cent. |
VR-{50 150 50~ Or, as ordered < 42 1bs. £13 - 10 L
VR-300 300 I-phase (see text above) 62 |bs. £22 - 10 | i
VR-500 500 68 |bs. £29 - 10 I
| VR-1000 1000 120 Ibs. £47 - 10 ‘
VR-2500 2500 450 Ibs. £175 - 0
J i

,

ELECTRICAL. AN.D _'nAm‘o" 1AnonAtonv APPARATUS ETC.
180, Tottenham Court-Road, London, W,/ snd 76,000m411 5T, LIVERPOOL, 3, LANCS.

'
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The illustration shows
the comparative sizes of
a Goodmans 15 in. and
12 in. Loudspeaker. You sponse up to 6,000 c.p.s.,
already know the per- .
formance of the famous and an unusually high
12 in. Now consider the
technical data of the
new |5 in. model.

Overall Diam. 15 in.~—
Overall Depth 8 in.
Fundamental Reso-

nance—ss c.p.s.
Voice Coil Diam—2 in.
Voice Coil Imped.—3.5

LOUDSPEAKER

With an excellent re-

power handling capacity,
this instrument sets a new
standard in Loudspeakers
for the Dance Hall, Rink,
Cinema and Heavy Duty

ohms at 400 c.p.s. > A allati
T e S e P.A. installations.
gauss.
Max. Power Capacity— L 4

25 W. peak A.C.
Net Weight—281b. 60z.

PRICE £18.10s. (subject

DIMEANG monsorss
—404/0{5',0862146//

GOODMANS INDUSTRIES LTD., LANCELOT RD., WEMBLEY, MIDDX.
Telephone : Wembley 400! (8 lines).

MINIATURE o MIDGE'

We specialisel
in their

,,
i

A ig A S
e

THE SCIENTIFIC
VALVE

HIVAC LIMITED. Greenhill Créscent, Harrow on the Hill. Middx. Phone:'ggf

'HVERE IS THE NEW

TRANSFORMER 277 fouyihng

® SUPERB TECHNICAL DESIGN @ FINEST
QUALITY MATERIALS ¢ HIGH OPERATIONAL
EFFICIENCY ¢ GUARANTEED RELIABILITY |
& BEAUTIFUL APPEARANCE it

£

BRIEF DETAILS OF THE RANGE . . . | . _Ti
Mains Transformers, 5—5,000 Watts.; Input and Qutput }‘
Transformers; Filter Chokes.

. E . . . AND OF THEIR CONSTRUCTION [F
High Quality Silicon iron laminations; wire to B.S.S. ‘Eh
Standards ; finest grade insulation ; Die Cast Streamline [}
Shrouds ; Black bakelite Terminal panels; High Vacuum {
Impregnated coils layer wound with condenser tissue
interleaving ; Porcelain terminals insulated and/or silver
plated soldering tags.

ujﬁﬂiﬂaéﬂwTRANSFORMERS «

WODEN TRANSFORMER COMPANY LTD. |}
Moxley Rd., Bilston, Staffs. Tel: BILSTON 41959
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THE STANDARD OF
TECHNICAL EXCELLENGE
QUALITY AND RELIABILITY

The Dubilier low inductance Tubular Paper
Capacitors, with extended foil elements,
cover the wide field of general commercial
requirements ; their construction providing
inexpensively the highest degree
of excellence.

The Metal-Cased Tubular Paper Capacitors,
specifically designed and developed for
stringent tropical conditions, satisfy the most
exacting requirements. Neoprene sealed
and impregnated for use at high opera-
tional temperatures they effectively meet
exceptional demands.

The Metallised Paper Capacitors are ex-
tremely compact and efficient, settinga new
standard in their own class.

Where miniature capacitors are necessary
and where minimum size and weight are
Imperative together with electrical per-
formance and mechanical strength, the
“Minicaps’’ are the most satisfactory selec-
tion.

The Metal-Cased “Minicaps'’ are Neoprene
sealed and capable of withstanding the most
severe cond.tions of tropical temperatures
and humidity and fully justify inclusion in all
designs.

MAKERS OF THE
WORLD'S FINEST CAPACITORS

CONDENSER CO. (1925) LTD.

|

d
aBlLlER CONDENSER CO. (1925 LTD., DUCON WORKS, VICTORIA ROAD. NORTH ACTON. W.3

*i
/
)
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SEHOLDERS
to .S.S. 646

TWIN

SINGLE
MINIATURE

Panel &
Baseboard

Types

HESE bakelite moulded, baseboard fuseholders are

safe. It is impossible to touch the fuse while in use.
With cover off, fuse is accessible and disconnected from
circuit. Complies with BSS646 with 5 amp. at 250 V. A.C.
Standard with 137 | amp. fuses. Widely used in elec-
tronic devices, for test gear, battery chargers, etc. For
accessible fuses behind panels use panel fuseholder L356.
Single hole fixing, bushed from panel. Normally supplied
with | amp. fuse — can be used with 20 amp. at 25 V.

A SN

PRICES - FUSEHOLDERS

L1045/C3 Single Safety fuseholder- - - - = 3/3 ea.
L|033/C4 Twin Safety fuseholder - - - = = 5/- ea.
L356 Panel fuseholder e 3//6 ea.
L575 Miniature panel fuseholder, less fuse - = 2/6 ea.
PRICES - FUSES
Cartridge, Air Ministry and Mag Nickel
L1055 Standard 11" x%". All ratings - - = - éd. ea.
L338  Mag Nickel and 500 m./A. - - - 1/3 ea.
L535 Air Ministry 2.5, 5 and 10 Amp. in 3 sizes - 6d. ea.
L536  Air Ministry D5, P2, 5, 10, 15, 20 and 30 Amp. 9d. ea.
in 3 sizes - - = o - o = =
L538 Air Ministry 30, 40:and 60 Amp, in 3 sizes - 4/- ea.

Other types available, details on application.

'BELLING & LEE LTD |

ENFIELD, MIDD

CAMBRIDGE 'ARTERIAL ROAD,

June, 1946 (
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Precision Instruments
of Maintained Accuracy

We specialisc in the manufacture of Switch-
board and Portable Pattern Ammeters,
Voltmeters, Wattmeters, Multi-Range Test
and

Sets, Remote Position Indicators

Electronic Instruments for Service use.

MEASURING INSTRUMENTS (PULLIN) ‘LTD |
ELECTRIN WORKS, WINCHESTER ST., LONDON, W.1

All correspondence to be addressed to:
Phoenix Works, Great West Road, Brentford, Middlesex. Phone: Ealing 001§

* SUPREME FOR RADIO COMMUNICATION:

TELCON CABLES|

'y with
‘ TELCOTHE@@E

REGOD.

INSULATION

This new material pro
duced by TELCON is the {4
latest developmentinlow;
loss thermoplastic insul
ants. A complete rangti|
of “TELCOTHENE"
insulated cables is now
available for use in thef
Audio, Radio and Ultral
High Frequency fields.

Send for H.F. brochure.

TELCON Designed H.F.
Cables are the Basis of
World Standards. 4

e

"THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD.
- i Founded 1864
* Head Office: 22 OLD BROAD S'rfuLo;JDON. E.C.2. Tel:LONdon Wall 314/

Enquiries to TELCON WORKS, GREENWICH, S.E.10, Tel: Greenwich 1040
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%Hermetic Seals and Soldered Assemblies

, - FREQUENTITE BUSHES

Photographs (above) actual size.

Drawings not to scale.

END FACE
METALLISED.

END FACE
METALLISED,

R. 50636. R. 50728.
Code No. GCTBAGOL.

Code nos. are those used in 1.5.C.Tech.C.
Specification No. R.C.L./330.11.

R. 50764,

METALLISED CERAMICS

f PORCELAIN BUSHES ,

P | coo: | A | B | ¢ | oD
TYPE r coDE mms. | mms. | mms. | mms.

R. 350734 GCTBCo1 20.3 7.6 3.8 6.4

R. 50768 | GCTBCO2 | 20.3 | 12.7 | 3.8 6.4

R. 50769 GCTBCO03 20.3 | 15.2 3.8 6.4

R. 50770 GCTBC04 38.1 | 10.2 5.1 15.7

Q. 2092 GCTBCO05 55.9 | 12.7 6.4 25.4

Q. 1982‘ GCTBCo06 78.7 | 15.2 6.4 38.1

E F
mms. | mms.
4.6 5.5
4.6 5.5
1.6 5.5
;3.4 10.9
8.9 15.2
8.9 25.3

mims.

3.0

5.1

For full information and prlces please write to:

TEATITE & PORCELAIN PRODUCTS LTD.

URPORT-ON SEVERN, WORCS. T’phone: Stourport Ill. T’grams: Steatain, Stourport.

S.P.40
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VISKRINGS

CLOSE-UPS

NOZ IDENTIFI(ATION

= "p
pUSE /i

//’/

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

® NO TOOLS REQUIRED

® NO RUBBER USED

® |MPERISHABLE, IMPERYIOUS TO
OILS AND PETROLEUM

V,SKMNG%/CABLE MARKERS

® [NDELIBLY PRIKNTED
® SELFFIXING BY SHRINKAGE

® DONOTINCREASEDIAMETER
0F CABLE

VISCOSE DEVELOPMENT. CO.
Woldham Road, Brom

LTD.
Jey, Kent. 'Phone: Ravensbourne 2641

Va2

| SPEAKING

mechanical strength.

\ @
EXPORTLY— .
\ ERG Resistors
have an exceptional
electrical specification :
and performance, with = </

High - grade Vitreous
Enamels used on our .
Tropical Resistors give N IR

long life, and definitely —— _H—?

assist in the trouble-free =TT
manufacture and per-
formance of Radio
Receivers, Television and
Test Equipment.

ERG Resistors are processed up to the
highest Service Standards at a competitive price.

ERG

RESISTORS LTD.

1021A FINCHLEY ROAD
LONDON, N.W

Phone:

Speedwell 6967

THLE

TAN NOY

RESEARCH LABORATO_RY,

With its specialised equipmeni!
and resources is able to undery
take  experimental researches’
and the mathematical investif
gations of problems connecteq:
with wvibration and sound, fo;
projects of the highest p11011ty
Your preliminary enquiry v1lf_
bring details of the day—to—dayg

availability of this service, '

"TANNOY”

is the registered Trade Mark of
Equipment manufactured by

CUY R. FOUNTAIN LTD.

“THE SOUND PEOPLE”
WEST NORWOOD, S.E.27

and Branches.
Gipsy Hill 1131,

'Phone - - - -

S R
- ~§«"&€Ev

LE I.AND

INSTRUMENTS LTD 208000 “,E”L"i“iﬂwglﬁ"

—for priority requireme ?
at present. Write for pal
stating frequency rangefl

— i ?.—3-‘_.!.»
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he AvoMeter is one of a useful range of

‘Avo  electrical testing instruments which

\re maintaining the **Avo reputation for

ed standard of accuracy and

;lependabi].ity——in fact, a standard by which
other instruments are judged.

i unexcell

|

ipr‘ietort and Manufacturers i—
UTOMATIC COIL WINDER & ELECTRIGAL EQUIPMENTCO. LTD., Winder House,

WIRELESS
ENGINEER

Douglas Street, London, S.W.1.

rEle Model 7 Universal AvoMeter is the
world’s most widelyused combination elec-
trical measuring instrument. It provides
50 ranges of readings on a 5” scale and is
guaranteed accurate to B.S. first grade
limits onD.C. and A.C. from 25¢/s to 2kc/s.
It is self-contained, compact and portable,
simple to operate and almost impossible to
damage electrically. Itis protected by an
automatic cut-out against damage through
severe overload, and is provided with
automatic compensation for variations in
ambient temperature.

Fully descriptive pamphlet available on application.

~1

‘Phone : YICtoria 3404-8

WIDE-RANGE
TRANSFORMERS

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

® FREQUENCY CHARACTERISTICS.
Practically linear from the lower audio
frequencies to over 100 Kc/s.

e IMPEDANCE RATIOS.

Many impedance ratios are available,
from 1 :1to0500: 1.

e POWER,

Types D-139 will handle up to one
watt AC power above 40 ¢.p.s.

Types D-106 are designed as input
and interstage transformers where
the power is negligible.

® SCREENING.

All types double screened against
electromagnetic  and  electrostatic
interference.

® DIMENSIONS.

25" % 33" X 3” high overall.

e WEIGHT 2% 1b.

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

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

FOROVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS

C.R.C.39.
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RADIO INSTRUMENTS LTD
- PURLEY WAY.CROYDON.
Je/ephone: THOrnton Heath 3211 ]

Write for book- §
let on lifting and
shifting or separ-
ate catalogue of
€Onveyors, Cranes,
and other mech-
anical  handling
equipment,

® GEO. W. KING LTD,

HARTFORD WORKS * HITCHIN - HERTS.
MANCHESTER CENTRAL 3947 NEWCASTLE 24196

HITCHIN 960

GLASGOW
DOUGLAS 27989

AYLOR UNIVERSAL Ml

1000 OHMS PER VOLT

40 Rar.ges.
1,000 Ohms per Volt i

First Grade Accuracy.
Four-inch meter scale.

Mirror and Knife edge
pointer.

Buzzer for Continuity f
Tests, }
3

Automaticoverload pro- \

tection.

Self-contained Resistance, ¢
measurementsfrom{Ohm ;.
up to | Megohm. 1

Capacity ranges with ex-

. Three Self—containedB
ternal A.C, supply.

Price

£15-15-0.

Please write for technical
brochurz,

Send your enquiries
to your usual factor
or direct to:—

TAYLOR ELECTRICAL INSTRUMENTS LTO
419-424 Montrose Avenue, Slough, Bucks.
Tel.: Slough 21381 (4 lines). 'Grams: **Taylins "’ Slough.

-LARGEiDEPT. FOR WIRELESS BOOKS s

FOYULES

FINEST STOCK IN THE WORLD OF NEW AND:
SECONDHAND BOOKS ON EVERY SUBIJECT.
Quick Postal Service. Books Bought..
119-125, CHARING CROSS ROAD, LONDON, W.C.2
Tel.: GERrard 5660 (16 lines). Open 9 a.m.—6 p.m., including Saturday‘.zn

Piezo QUARTZ CRYSTAL
for all applications. E
Full details on request. i

QUARTZ CRYSTAL CO,, LTD,,
(Phone : MALden 0334.) €3-71, Kingston Rd., New Malden, SURBE&

LEWIS'S SCIENTIFIC
LENDING LIBRARY

ELECTRICAL & RADIO ENGINEERING
TEXTBOGCKS & WORKS OF REFERENCE

New Works and New Editions can be had from the
Library immediately on publication.

ANNUAL SUBSCRIPTION from ONE GUINEA

Prospectus on Application

. K. LEWIS & Co. Ltd.

136 Gower Street, London, W.C.1

Telephone : EUSton 4282 (5 lines)

RADIO

STAMPINGS

RADIO
CHASSIS -

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

RADIO
PRESSINGS!|

C.R.G

==y

—
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w much can you ¥
ndense a condenser

;'/a/y T londensers
|

Midgets in size but giants in performance
ire these U.I.C. Miniature Condensers.

!Zspecially suitable for use in the latest
l» . . . . .

%.emgn of miniature radio transmitters
nd receivers, they are efficient and de-

lendable under all climatic conditions. Made

Redifon G. 32
transmitierfreceiver
Jor C.W., M.C.W.,
Telegraphy and
Telephony

REDIFON G.32

5 specification K. 110. Type approved. Full
etails on request.

NITED INSULATOR €O. LTD.

.KCGROFT RD., TOLWORTH, SURBITON, SURREY

' Elmbridge 5241 (6 lines). Grams : Calanel, Surbiton.
1

PIONEERS - OF LOW-LO0S5S CERAMICS

S TR

A General Purpose
Communications
Transmitter/Receiver

THIS compact, portable transmitter/receiver has
been specially designed and manufactured by
Rediffusion Ltd. to fulfil the wide demand for this
type of instrument in Colonial, trawler, police, geo-
graphical research, and harbour communications using
C.W., M.C.W,, Telegraphy and Telephony.

The transmitter covers 4 to 16 m/cs. (75 to 18.75 metres)
in two bands, employing an electron-coupled oscillator
operating as an oscillator frequency doubler. The receiver,
a very sensitive set with a crystal gate, three [.F. band-
widths, beat frequency oscillator and other features, covers
from 150 k/cs to 20 myfes. (I5 to 2,000 metres). Power
can be taken from 24 volt accumulator batteries or
180-250v. 50 cycle, single phase A.C. mains, through
alternative power units.

The transmitter/receiver unit is contained in a single
robust steel housing, finished to service tropical specifica-
tions, 28 inches high by 21 inches wide and 12 inches deep.
The net weight of this unit is 130 Ibs.

This transmitter [receiver is available for almost immediate
delivery. Further particulars can be supplied on request.

REDIFFUSION Laid.

Designers and Manufacturers of Radio Communication
and Industrial Electronic Equipment
SUBSIDIARY OF BROADCAST RELAY SERVICE LIMITED

CARLTON HOUSE, REGENT ST., LONDON, S.W.1
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DEVELOPMENTS
IN MEASUREMENT
AND CONTROL

ORI Es,

5 ”xﬁ%

We offer n@anufacturers an&'”\zprocess users

a servnce 5’on problems of measm(ement and

ased o% scientific
nuity ané modern
felﬁ of Idea,

BA IN

INSTRUMENT COMPANY LIMITED
CUMNOR, OXFORD

originators and makers of scientific instruments for
measurement and control

GREENFORD, MIDDLESEX ® WAXLOW-2300

Experimental Engineer required to take charge of Laboratory of well-
known Loudspeaker Manufacturer. Must be fully conversant with
Loudspeaker research, A.F. Transformer, Choke and Amplifier design
and also have abxhty to design and supervise the production of all
Works’ electrical and aCOuStlLal test apparatus. A degreeisnot essential,
but applicants must have sound mathematical and electrical knowledge
and not less than five years’ experience in a similar position; good
salary and excellent prospects for the right man, who must not be
afraid of hard work and headaches. Apply with full detalls of education
and situations held and copies only of references.  Box Number 7832.

SPECIALIST ATTENTION

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

service that has

A 2 won thecon-
CLpee Al fidence of the

_' Government
Experimental

Establishments

TRANSFOR%’ERS LTD 2nd of the Lead-

ing Industrial
76-8, PETTY FRANCE, LONDON, s.W.I Organisations.

BASICALLY BETTER
AIR -SPA C[.D

Ideal for High and
Low Yoltage Test-
ing; 1730, 100/850
A.C.and D.C.

Allowance made on old models.
Send for interesting leaflet G24 on Electrical
and Radio Testing, from all Dealers or dirscl.

RUNBAKEN MANCHESTER:| §

VENT- AXIA
VENTILATING UNITS |
—readily adaptable for Valve Cooling

. VENT-AXIA LTD., 9 Victoria Street, London, S. W1
Also at’: Glasgow, \‘lansheater. Birmingham and Lee

!

With Fifty Years’ experi- ool ¥
ence of compounds and  GrammrShe
mouldingsand an up-to-date  Marke Hiy
plant will quote for vyour |
particular requirements in
Moulded Rubber Parts.
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Over and over again a preliminary

discussion has enabled us to show

how the latest Marconi instrument

can do the work of two existing
models, or can reduce to simple
terms an apparently intricate prob-
lem of measurement. Certainly by
basing your requirements on the
extensive range of Marconi apparatus

“=== you can be sure that tomorrow you

will not discover something just a

ST. ALBANS, HERTFORDSHIRE.
Northern Office :

Telephone :

11

EQUIPPING A LABORATORY?

May we suggest a precaution before you decide on
measuring apparatus for your laboratory? Consult our
m/n/ advisory staff and evolve thereby an ‘instrumentation plan

up-to-th e-minute in technique and invention.

little better, or a technique just a
little more advanced than you knew
existed. A Marconiinstrumentation
plan therefore means efficiency in
your laboratory with the maximum
saving of man hours and money.
Our advice costs nothing but nearly
always proves to be rather more
than worth while. Let us know
your testing problems: we can

most probably provide the answers,

MARCONI INSTRUMENTS LTD.

ST. ALBANS 4323/6.

| 30, ALBION STREET, HULL, Telephone : HULL 16144
|
i
]
3
| Electrical Standards for
"3 Research and Industry
?W AVEMETERS ) .
' Testing and Measuring Apparatus

OSCILLATORS for Communication Engineering
? CONDENSERS

INDUCTANCES
RESISTANCES
) B RIDG E S__ Capacitance
Indgctancc

H. W. SULLIVAN
"’ — —
:J LIMITED ALL TYPES—ALL FREQUENCIES—ALL ACCURACIES
E London, S.E.15
Tel. New Cross 3225 (Private Branch Exchange)

?
|
)
]

|
a
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Our claim is a simple one. We believe that Ersin Mulhcore is 'the finest cored solder in the world. If you
" are not already familiar with our product, we believe it can be.of special assistance to you in your soldering
processes whether you are manufacturing 10,000 radio receivers or repairing one e Ersin Multicore is solder
" in the form of a wire containing 3 cores of non-corzosive Ersin Flux e 'You get a guarantee of flux continuity.
The Multicore construction gives you extra-rapid melting. Combined with a super active Ersin Flux—Exclusive
with Multxcore—-you enjoy a speedy and consistently high standard of precision soldering e Available in §
alloys and 9 gauges. Please write for detailed technical information and samples.

.~ ERSIN MULTICORE

Made in Britain by Multicore Solders Ltd., Mellier House, Albemarle St., London w.1., E.ngland
Telephone : Regent (1411 P.B.X. 4 lines)




5, 1946 WIRELESS 0
ENGINEER

TRANSFORMERS

g MODELS NOW IN PRODUCTION

1 Type No.: Input : Price ¢ Type No.: Input : Output :  Watts : Price :

' M.T.IB9A ... 190/260 v £3 15 0 M.T.140A. ... 190/260 v.......230 v. 150 £10 0 0

* MT.I89E......190'260 v. .. £3 15 0 M.T.140B.....190260 v... . 110v... .. 150 "£10 0 0

} MT.I61A...... 1907260 v £7 11 3 M.T.140C.... . 95130 v....... 0v....... 150...... £10 0 0
M.T.I6IC...... 95/130 v £7 11 3 M.T.140D. .. ... 95130 v,...... 230 v... ... 150...... £10 0 0
M.T.I61D...... 95/130 v o — £7 11 3 M.T.262A. ... 190,260 v....... 230 v....... 500...... £1 0 0
MTH6IE. 1900260 v, N 703 M.T.218A.....190/260 v... 230 v, 11800, 650 © o
M.T.I61F...... 190 260 v . £7 11 3 Special Quotations for Quantities.

4 INFUT POWER IFACTOR 90%.

1 l :.
ARBON RESISTORS

The engineering resources
which produced hundreds of
millions of Erie components
for war-time needs are now
at your setvice. May we
advise you, quote you, or
send you samples ?

ERIE RESISTOR LTD.
CARLISLE ROAD, THE HYDE,
LONDON, N.W.9.
Telephone : Colindale 80| |

FACTORIES : London, England
Toronto, Canada e Erie, Pa., U_.S.A.
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M THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT J
AVES

HERE IS A RADICALLY IMPROVED
VERSION OF THE EIMAC
MULTI-UNIT 304TL TRIODE

" INEW NON-EMITTING GRIDS

NEW LOW-TEMPERATURE PLATE

S
o

The Eimac Multi“Unit triode 3-300A2 pictured above
is a radically improved version of the original 304TL
‘which has been establishing outstanding performance
tecords for.a number of years in b,qth civilian and
military equipment.

The use of Eimac developed, non-emitting grids,
contributes greatly to its. already high stability, efh-
ciency and long life, and the pew type plates enable it
to operate at much lower temperartures.

One of its outstanding characteristics is its ability to
handle high current at relatively low voltages. For
example: as a class-C amplifier the Eimac 3-300A2 will
handle 1200 watts plate input with only 2000 volts on
the plate Under these conditions, the valve will deliver
a power output of 900 watts, wich a driving power of
only 36 watts. The chart at right shows driving power

T NEW TYPE

requirements vs. power output. The symbols Pp indi- NUMBER
cate plate dissipation. Further information will be a30047 ;
promptly supplied without cost or obligation. 3
§
ELECTRICAL CHARACTERISTICS \
Filament: Thoriated tungsten 1T TTTT
Voltage . . . . . . . . 5.00r0.0 volts IL{ PL—IL
Current . . . . . . . o 250o0r 125 amperes i ! !NU H
Amplification Factor {Average) . = . . - & =t 12 ] . B
Direct Interelectrode Capacitances (Average) ]
Grid-Plate . . . . . . . . . . . . 91 uof 1 ] i
Grid-Filament - e e e d e e ... B wuf N
Plote-Filament. . . . . . . . . . . 0.6 uuf o % 3 I‘F-H---w A
Tronsconductance(lp =1.0amp., F;, =3000, e =-—200) 16,700 umhos {: 1A E"ZOOOVOLTS 8 i
< . - EIMAC 304 TL
x7 7 NEW TYPE #s. 3-300A2 T1
' J nRV/ERE LEGEND =
FOLLOW THE LEADERS YO & H ] 5 1]
w =111 SVE [y veus)id
x / 05 |-500]] f
» o & ——— {50 [:380 %,,
a / {15 |30
O f / Z[7e |-2sailf:
z e |65 |- 250
= i - 9
© ’ s
o Y L] \
= & lP S0w O 0w 1 ¥
4 2 HH i
B, , )
ri 14 {e
SessaseiEns a8 !
EITEL-M((ULLOUCHG INC., 176 San Mateo Ave., Saon Bruno, Calif, ranap 1 T B
Plants located at: Son Brune, Calif., ond Salt Loke City, Utah ;,»‘./ Y 1] Q |
Export Agents: Frazor and Hansen, 301 Clay 5t., Son Francisco 11, Calif., u.!s.»,, + ';‘ + e ;
2 e - i
LA HH |
© 200 400 ) 200 I@ 1200 oo {
POWER OUTPUT-WATTS b
; =
Authorised Distributors : BERRY’S (SHORT-WAVE) LTD,, 25, HIGH HOLBORN, LONDON, W.C.L ‘vl‘
. B
Printed in England for the Publishers, ILIFFE & SONS LTD., Dorset House, Stamford Street, Loupdon, S.E.l, ﬂ; {
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'EDITORIAL

The Lorentz Transformations applied to the
Problem of Two Electrons

N the January Editorial we referred to the  1/k and therefore the observed acceleration is
time-honoured question of two clectrons modified in the ratio 1/k2
moving side by side at high speed, which In the Philosophical Magazine of June,
had been recently raised by a correspondent 1945, there is a paper on the ** Derivation of
in the American ]oulnal Electrical Engineer- the Lorentz Transformations,” by H. E.
ing. On page 175 of this issue we pubhsh Ives of the Bell Telephone Laboratories, in
a letter from R. E. Burgess of the National which he attacks the very principle that Mr.
Physical Laboratory in which he refers to Burgess invokes, viz., the principle of special
the principle of special relativity and applies relativitv. He savs, *“ The Lorentz trans-
the Lorentz transformations to the problem. formations were obtained by Lorentz as a
We doubt very much, however, whether this  succession of ad /ioc inventions to reconcile
resolution will satisfy the propounder of the Maxwell’s theory with the results of experi-
i question. As Mr. Burgess states, the ordin- ments on moving bodies. By Einstein they
! arv physical laws are invariant, that is to were derived after a discussion of the nature
} sav, the acceleration of the one electron of simultaneity and the adoption of a
awav from the other is equal to the force definition of simultaneity which violates
divided by the mass after vou have applied the intuitive and common-sense meaning of
the Lorentz transformations to all the that term.”

i; quantities concerned. He then says: ‘It .is proposed here to
If v is the velocity of the two clcctlons show that these transformations can be
relative to the observer, k = (1 — v2/c?)~t derived by imposing the laws of conservation

is slightly greater than 1.0 and the effective  of energy and of momentum on radiation
mass is increased in this ratio, whilst the processes as developed by Maxwell's methods.
. resultant force due to the electric and To do this we shall study the interaction of
' magnetic fields is decreased in the same ratio.  radiation and matter, specifically the impact
| At first sight the increased mass and the of atrain of radiation on a perfectly reflecting
. decreased resultant force would suggest a particle. The energy and momentum of the
| decrease in the ratio of 1/k? in the accelera- radiation will be obtained from clectro-
| tion with which the electrons move apart, magnetic wave theory ; theresultant momen-
/ but apparently this is exactly what the tum and cnerg_v'o'f the particle will be ob-
) acceleration would appear to be to the tained by requiring the conservation of
' stationary observer. Lengths transverse to momentum and energy. It will be found
) the direction of motion are unaltered but that there is an apparent discrepancy in the
"_“i time intervals are shortened in the ratio equations; the resolution of this" discrep-

g e
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ancy demands that the mass of the particle
vary with velocityv. Next, the same impact
experiment will be considered with the system
in uniform motion. Again, a discrepancy
will be encountered, and the resolution of this
demands that the lengths and time intervals
also vary with velocity . . . From these
variations of dimensions the Lorentz trans-
formations can be derived. The space and
time concepts of Newton and Maxwell are
retarned without alteration.”

He finds that the mass M when moving is
equal to My(1 — v2/c?)—% as stated above. He
then assumes that the experiment is carried
out on a platform moving with vespect to the
wave transmitting medium.  This is pre-
sumably our old friend the ether, but
Dr. Ives gives no indication as to the method
of determining whether a body is moving
with respect to it or not. We are reminded
of the Kelvin Lecture given in 1925 by Sir
J. H. Jeans on ‘ Electric Forces and Quanta’;
In moving a vote of thanks Sir Oliver Lodge
—who was a great believer in mediums—
remarked that although the lecturer had
expressed the facts of nature in a wonderful
manner without referring to a medium, he
had not explained them. )

We cannot help feeling that Dr. Ives’s
argument is seriously weakened by this
statement without any explanation. As the
result of his calculations he finds that fre-
quencies and lengths in the direction of
motion are reduced in the ratio 1/k, in fact,
he always gets the right answer, which leads

one to suspect that by * moving with respect
to the medium,” he means ‘moving with
respect to the observer,” and that every ob-
server has his own medium, but it is not at
all clear.

In discussing his method, Dr. Ives says:
“ The derivation of the Lorentz transforma-
tions here given has for its central feature the
confronting of the Maxwell electromagnetic
picture of radiation with the laws of conser-
vation of energy and momentum. The
derivation here given is strictly according to
the tenets of classical physics. . . . No
hybrid ‘ space-time’ is invoked. . . . The
indeterminances and impotences by which the
‘ Restricted Theory of Relativity * has been
widely publicized . . . all follow as con-
sequences of our resolution of the apparent
conflict between the laws of the conservation
of energy and momentum on the one hand
and the laws of light propagation on the other,
our resoluticn being in favour of the conser-
vation laws. . . . The fact that the Lorentz
transformations with all their consequences
are deducible from these, classes the Special
Principle of Relativity’ as a superfluous
hypothesis.”

It is certainly very reassuring to know that
Dr. Ives arrives at exactly the same results :
it makes onc wonder whether he is really
adopting a different line of attack or merely
clothing it in different words. This suspicion
is strengthened by the vagueness of his
references to movement relative to the
medium. G, W. 0. H.

The Permeability

N this number we publish an article by
R. E. Burgess which deals with the
permeability of iron-dust cores. The

author says “If the mass core contains
uniform spherical particles of iron of perme-
ability u, insulated from each other, the
effective permeability of the core is given by
(o +2) + 2p(ue — 1) _ IT+42pU,
(o + 2) — plug — 1) 1—pM,
where p 1s the fractional volume of the iron

and Mo = (uy — I)/(o 4 2). This equation
can also be written in the form

p—1 Ho — 1
— = = pM
Mmoo 2 ? Mo + 2 P
In Wireless Engineer of January 1933 we
considered this question and developed a

of Iron-Dust Cores

formula on the assumption that the iron
particles were cubes arranged symmetrically
with parallel faces. The formula obtained
was

Fo—28(pg—1)/3

I+ (g —1)8/3°

where 8 is the fraction of the space occupied
by insulating material, i.e. § = 1 — 5.

Out of curiosity we calculated several
points on Fig. 1 of Mr. Burgess’s article to
see how the values calculated on the cubical
assumption compared with those calculated
on the spherical assumption. To our surprise
the values agreed so exactly that we suspected
that the two formulae were really one and the
same, and so it turned out. Putting
P =1 — 3 we have

#:
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L 2P My TH2(0—8) sy 1) (5 +2)
I — pM, I — (T —0)(ug— 1)/ (o + 2)
(po + 2) + 2(1 — d)(pg — 1)
(o +2) — (T — S) (g — 1)
3po — 20(pg — 1) _ Ho—23(uy—1)/3
34 3o — 1) L4 (po—1)8/3
Hence whether the particles are assumed

to be spherical or cubical, the approximations
that are made lead to the same final formula.

Although in 1933 we thought that the
cubical assumption was original and that all
previous writers had assumed spherical or
spheroidal particles, we subsequently dis-
covered that Doebke, to whose work we gave
a reference, had already in 1930 calculated
the permeability for the cubical particles and
had obtained a formula which was really the
same as we obtained in 1933.

G. W. 0. H.

?

|
i
|
b

SERIES-RESONANT CRYSTAL
OSCILLATORS"

By F. Butler, B.Sc., AM.LE.E.

described.

SUMMARY.,—After a discussion of the equivalent circuit-of a vibrating quartz crystal,
associated with external series or parallel reactances, a number of new oscillator circuits are
These all.employ serles resonance of the quartz crystal.

Their frequency of

operation is found to be slightly affected by associated external series reactance, in contrast
with oscillators of the tyvpe using parallel crystal resonance, which are affected by reactances

in parallel with the crystal.

1t is finally suggested that the same fundamental circuit

principles can be employved in the design of crystal filters.

Introduction

NALYSIS of the equivalent circuit of
A a vibrating quartz crystal shows
that it is capable of simulating a
series-tuned circuit at one particular fre-
quency and that it exhibits parallel reson-
ance at a slightly higher frequency. Most
of the early crystal oscillators employed the
parallel-resonant mode, the frequency of
which is dependent on associated parallel
reactances, e.g. the holder capacitance.

' More recently, oscillators have been developed

using series resonance. These include the
Meacham bridge-stabilized oscillator, and a
two-valve circuit previously described by the
writer. The frequencv of these oscillators
is scarcely affected by impedance in parallel

Brwith the crystal, but is sensitive to the effect
of reactance in series with it.

The attainable
precision of frequency with the series-reson-
ant oscillator is higher than that possible
with the parallel-resonant alternative. The
circuits to be described do not compare in
frequency stability with the Meacham oscilla-
tor, but they deliver a very much larger
power output.

* MS. accepted by the Editor, January 1946.

Equivalent Circuit of Quartz Crystal
Fig. 1 shows the clectrical equivalent of a
piezo-clectric crystal in which :—
L = effective inductance of the crystal.
C = effective capacitance.
C; = holder capacitance.

X, = series reactancce (air-gap effects,
wiring inductance or inserted
reactance).

Equivalent civcuit of a piezo-electric
crvstal.

Fig. 1.

Neglecting resistances, analysis of this
circuit shows that parallel resonance occurs
at the frequency given by :(—

I (1 I
ye = - —.-‘L".—
“ L(C ‘ c,)

It is clearly affected by the holder capaci-
tance. The condition for series resonance is
given by the following expression :—

[

B s ]
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. I — X /jwC, The real component does not affect the
(7‘“L + jwC T X+ 1/jwC, frequency. The reactive term lowers the
“*s

In the particular case when X, is due to
an inductance L, X, = jwL,, and the condi-
tion becomes :—

ol — Ly = LG
w wly — 1jwC;

The true series resonant frequency of the
crystal alone is, therefore, only attained if
L, is zero or if the inductive reactance is
cancelled by tuning out with additional series
capacitance. ,

If X is a capacitive reactance, given by
1/jwC, then :(—

I I\ I
@ ‘Rﬁ*mq+cg

The series-resonance frequency is therefore
more closely approached as the external

series inductance tends to zero or as the
external capacitance is indefinitely increased.

Influence of Associated Circuits

In some of the oscillator circuits to be
described, the crystal will be placed in series
with the untuned primary of an R.F. trans-
former of which the secondary is tuned. It
is of interest to calculate the input impedance
and to estimate the probable effect on the
series-resonant frequency of "the crystal-
transformer combination.

Rl i-l i-Z RZ
E({; ' L,% éLz %.l‘cz
M

Fig. 2. Equivalent cirvcuit of an R.F. trans-
former.

Writing down and solving the network
equations, using the symbols shown in Fig. 2,
the input impedance is given by :—

Eliy=7,~lr Lk R
1~i~1+EﬁﬂiFﬁfy'%

f I w?M?2
B | T REF (L, — gjalye

. ((UL2 — I/a)CQ)}

For secondary resonance, the equation

simplifies to :—

frequency below that of the crystal. Slight
mistuning of the secondary can be used to
cancel the inductive reactance jwL,, this
condition being indicated by maximum R.F,
crystal current. To estimate the probable
effect of the reactance jwl, on the final
frequency, the electrical constants of the
crystal must be known. For a high-fre-

+HT.
—
—HT.
Fig. 3. " Earthed anode” type of Hartley

osctliator.

quency crystal, the effective inductance is
commonly of the order of one henry. The
inductance L, is unlikely to exceed about
10 pH, so that the frequency change can be
expected to be about five parts in one million.
Mistuning of the secondary puts larger
transferred reactances in series with the
crystal and causes proportionately greater
frequency changes, particularly when the
transferred reactance is inductive.

Practical Series-Resonant Oscillator Circuits

The three basic circuits to be discussed
are shown in Figs. 3, 4 and 5. All involve
the use of a cathode-driven amplifier, con-
nected regeneratively to ensure self-oscilla-
tion. They are merely variations of the
Hartley circuit, with the inclusion of a quartz
crystal between the cathode tap or coupling
coil and the wvalve cathode. The input
impedance of the amplifier and the output
impedance of the tapped coil or R.F. trans-
former are both low in wvalue. At series
resonance, the crvstal appears as a low
resistance and permits the maintenance of
oscillations. At off-resonance frequencies
the crystal simulates a high reactance linking
the low-impedance source and load. Attenua.
tion and phase shift occur and oscillations
cease.

The radio-frequency choke in each cathode
lead serves merely to provide a D.C. path

P
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‘for the valve anode current without short-
ircuiting the R.F. driving voltage. Its
walue is not critical. In low-power oscilla-
tors, a resistance of the order of 20,000 ohms
‘may be substituted provided that the grid
leak is in this case returned to the cathode so
las to avoid over-biasing the valve.

. As they stand, all three circuits are only
suitable for use with low-frequency crystals.
Subject te this limitation, they give a satis-
lfactory performance, and oscillate readily
geven with poor quality crystals, difficult to
loperate in standard circuits. Figs. 3 and 4
lare convenient for use with symmetrically-
|mounted crystals of the reversible plug-in
{type. Fig. 5 is best for use with precision
,?crystals of which the holders are usually
'designed to have one side earthed.

' At high frequencies it is found that the
holder capacitance (C, in Fig. 1) exercises a
shunting effect and oscillations occur at
frequencies uncontrolled by the crystal.
'There are two standard methods of dealing

11
11}

=HT
§ Fig. 4. ' Earthed grid”’ Harlley oscillator.
#
M
¢

with difficulties of this kind. Neutralization
may be employed, or alternatively, the
undesired capacitance can be tuned out by
parallel inductance, in which case the capaci-
‘tive reactance is removed, and a high resist-
‘ance substituted. In the present case, the
‘neutralization technique will be employed.
. Figs. 6 and 7 show practical circuits. In
; the first a neutralizing winding is coupled
' to the main tuned circuit, and is preferably
Jwound on the same coil former. The number
of turns should be equal to those included
| between the crystal tap and earth. In this
‘\lcase, stability is ensured at al} frequencics,
/other than at the desired series resonance
, frequency of the crystal, when the neutralizing
| capacitor setting is equal to the crystal
| holder capacitance. Over-neutralization gives
{a measure of control of the R.F. oscillator
Jexcitation voltage. Fig. 7 shows a circuit

which has the practical advantage that one
side of both crystal and neutralizing capa-
citor can be earthed. In both cases, the
neutralizing-bridge balance is upset at the
series-resonance frequency of the crystal.
At this frequency the crystal resistance is
very low and regenerative feedback occurs,

+HT—

. [

~HT.

Fig. 5. ** Earthed anode " oscillator with
cathode-circuit reaction coil.

sufficient to start oscillations. In Fig. 6
the crystal-tapping point on the main induc-
tance should be positioned to include one-
fifth to one-tenth of the total turns on the
main winding. The corresponding coupling
coil in Fig. 7 should be similarly proportioned.
In this circuit, an earthed electrostatic
screen may be provided between the two
windings.

A feature of all the oscillator circuits so
far described is that the correct tuning point
is indicated, with leak and condenser bias,
when the valve anode current falls to a

+HT—

RC -

Fig. 0. A meutralized Hartley oscillator of the
) “ earthed anode” type,

minimum. This is in contrast with conven-
tional crystal circuits, which become unstable
as this condition is approached, The dip

B
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in anode current is pronounced and sharply
defined, though the narrow crevasse is not
quite symmetrical. Measurements show that
minimum anode current does not exactly
correspond to maximum radio-frequency cur-
rent through the crystal. The latter is the
correct setting, but the difference is of no
practical consequence, except when the high-
est precision is required from the oscillator.

It is possible to use in the oscillators a
number of parallel-connected crystals of
different resonant frequencies, provided that
these frequencies are separated by at least
a few parts in one thousand. Each crystal
is selected in turn, merely by tuning the
main variable capacitor.

Switching is not required, as there is no
apparent interaction. As many as five
crystals have been employed at once. For
each operating frequency, there is a corre-
sponding dip in anode current. An increase

+HI.

i
I| Z
| |
7.4 L
NoC-’- =<
R.F.C. T
=HT. 0
: Fig. 7. With a cathode-civcuit veaction coil

neutvalization of the crystal holdey capacitance
can be effected in the mannmer shown here.

in the neutralizing capacitance is required
to compensate for the effect of each added
crystal. In actual practice, perfect stability
is maintained when two or three crystals
are inserted in or removed from the osciilator.

Oscillators and Harmonic Amplifiers

The circuits of Figs. 6 and 7 can be con-
veniently adapted for harmonic operation.
Tetrode valves can be employed in place of
the triodes shown, a circuit tuned to the
desired harmonic being connected in the
anode circuit. With a 6F6 valve operating
at an anode potential of 400 volts, with a
200-volt screen supply, a grid leak of 30,000
ohms and a grid capacitor of 100 micro-
micro-farads the radio-frequency crystal cur-
rent-is 80 mA. These figures were obtained
with a- high-grade crystal of 2,600ke/s, the

third harmonic being selected in the anode
circuit. Under these conditions, the D.C.
anode current was 25 mA.

INPUT
0
_ g
ﬁﬂ
HT.+
Fig. 8. A single-peaked filter using a cathode-

input stage can take this form.

Crystal-Filter Circuits

. No experimental work has been done on
quartz filters but two circuits are suggested
in Figs. 8 and g which show some promise.
The first is a single-peaked filter ; the second
has band-pass characteristics. The low Input
impedance of the earthed-grid triode ampli-
fier seems likely to give a satisfactory im-
pedance match without the use of auxiliary
transformers. In Fig. g the coil centre-
tap and the cathode connections may be
interchanged to permit earthing one side of
each crystal.

The use of an earthed-grid amplifier makes
it possible to employ a triode valve with the
filter. From the point of view of impedance
matching and amplifier gain, a pentode may

——— >
OUTPYT
f+0¢
| EHED“
f

INPUT

T : RF.C

- —
HT.+

Fig. 9. A band-pass civeuit with two crystals

‘does mot yvequive neutvalizing if the shunt
capacitances on the two cvystals ave identical.

be preferred. Cathode bias may be used,
the correct value being obtained, if neceséary,
by the inclusion of a resistance R to supple-
ment that of the R.F. choke. o ac
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. EQUIVALENT CAPACITANCES OF

TRANSFORMER WINDINGS*

4 By W. T. Duerdoth, B.Sc., A.M.LE.E.

(Post Office Research Station)

f ~ — SUMMARY. The paper shows that the distributed capacitances between windings, or
5 windings and screens, of transformers may be represented by lumped capacitances provided
{ that the magnetic coupling between the turns of a winding is perfect. Expressions have

|
1. General

KNOWLEDGE of the equivalent
capacitance of a transformer winding
is essential/ if the performance of the

jtransformer is to be predictable. This
nowledge is particularly necessary when the

Krequencies, as often occurs in telecommunica-
Wion work. It is sometimes desirable to
Hesign the transformer as a filter section
‘riving low-pass or band-pass characteristics
tis may be required, in which' case the
eakage inductance, shunt inductance and
self-capacitances of the windings can be
>mployed together with added components
Lo form the elements of the filter. By these
ineans, a maximum band-width can be
fhassed without frequency distortion. This
‘Haper, however, considers only the equivalent
rapacitances of the winding.

| Capacitance between transformer windings,
and between windings and screens, consists
»f distributed capacitances along the whole
lwindings and the effect of these capacitances
lepends upon the voltages between the
Forresponding points on the windings or
licreens.

It is possible to express the distributed
rapacitance as a lumped capacitance across
'he whole winding and relate this lumped
"l:apacitance to a total capacitance which can
be easily measured at a low frequency where
the inductance of the winding can be
heglected. '
{ Capacitances between turns on the same
layer of a winding also exist but these are
Uisually negligible in comparison with inter-
jayer and layer to screen capacitances.

! If it is assumed that the windings or
(l;creens form coaxial cylinders, then - it
pecomes necessary to estimate the capa-
pitance C between such cylinders and in

1l * MS accepted 'by the Editor, January 1946.
‘,

5

—

‘ windings in layers, sections and with screens.

ransformer has to pass a wide band of.

\ been obtained for the equivalent capacitances of a number of different arrangements including

this analysis the following expressions have
been employed. '

0.0885kSD

CZA_[L[LF oo % o (I)

Where £ = permittivity of the dielectric
S = mean circumference. (cm)
D = length of cylinder (cm)
4 = distance between cylinders (cm)

This is true when the dimensions are.such
that the capacitor may be regarded as
parallel plates extending to infinity but will
be in error in cases where D or S are not
large compared with 4 in which case the
following will be more accurate.

' 1.1RD

~ z2log, rofr, "

This is true for two coaxial cylinders of
radii 7, and 7, extending to infinity.

Both (1) and (2) are in error when finite
capacitors are considered, since a modified
field occurs at the boundaries of the plates
and gives rise to an increased capacitance ;
this effect is usually referred to as  fringing,”
but will not be of importance when DS is
large compared Wwith 4.

However, this limitation must be borne
in mind when practical measurements are
compared with the theoretical expressions
obtained below. ' ‘

(2)

2. Equivalent Circuit for an Unbalanced
Single-layer Winding with Screen

Fig. 1 represents a single-layer winding 4B

with one end B connected to an adjacent =

screen. When connection B is broken, the
total winding-to-screen capacitance C, can
be measured at a low frequency. Alter-
natively, C, may be calculated using expres-
sions (1) or (2).

An equivalent circuit can be developed

')M',
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representing the transformer. The following Substitute (7) in (5)
symbols will be employed : e L CoEae
L = total length of wire in winding E, :% ( w LZ[L:— + K)dx
x =length of wire between section &x \ i
and B . .
N Cx® L
! = length of one turn :]a])a []wa02 Er + Kx}
N = number of turns 0
R =a constant, proportional to the _7‘“{‘0(]‘“C0L E. + KL)
reluctance of the magnetic circuit. NI 6
- 1 == ]\72 . ;
L, = inductance /R ZJWLO(]CZCO E, + K)
ot SCREEN
N b1 e, Oxl K— _F JoCo 1
€. voLTs Ex I 'l' t : Is o "\ 7o Jwl,
| . ) .
]wCOx : ]wCo . I
le =12 B EL( 0 7wL0) %
(ijO I ) E
= L
Fig. 1(above). 4 single- 3 Jwl.g
I winding AB has .
tzgzldgcmizected to 7, :_liﬂ _ JwL, _ o (8) ]
a screen. ¢ I 1 — w?LCy/3
Fig. 2 (right). In the Lo 5 The equivalent circuit is shown in Fig. 2 {
"’%‘i??lm‘ CZW?Z the and the effective capacitance is % of the }
ejjeciive  capacitance 0
is one-thivd of the total, total capacitance.
We also have ;
Assume that all turns are perfectly I, . Cy I -
coupled, i.e., the same flux is linked with all - ]‘“—6 =+ jw_Lo (9)
turns or the field strength is uniform through- Where 7. is th ¢ at B )
out the coil. Then the voltage falls linearly €re £q 15 the curren :

along the winding and

E,=FE;x/L .. . o (3)
Then flux produced by a small length of
ire & —]’”8%108 maxwells
wire 8x = — wells.

Therefore, total flux
1 L
— 8
_le,, I dx x 10® maxwells .. (4)
Thus for sinusoidal excitation

N (L
Applied em f. = E, =]'w37\—f I, dx (5)

RI
Considering a small section
al, . joC,
2 = L7 SR .. (6)

Then from (3), (5) and (6)
dl, jwCxE;

dc« L2
wC  x2E
]a: 1 Z(sz - + K (7)

where K is a constant of integration,

— —— )

S
- [ Vo =
Vao Vao
A B
b 8,
WX = V* ../VBX ~ i

=

VAOL‘—* VO *’IVBO 3

Adjacent scveens or windings can be
represented by plates A and B.

-

Fig. 3.

We can thus regard the winding as a:
parallel capacitance and inductance, pro-
vided that the coupling between each}turn of
the winding is perfect. However, at a very
high frequency the leakage flux and the
capacitance between adjacent turns become
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if importance, and the impedance of the
inding passes through a number of series
ind parallel resonances.

4 In the above treatment, we have proved
(\hat the distributed capacitance is equivalent
‘o a lumped capacitance. across the whole
yinding. Only the simple case of a winding
irith one end connected to the screen has
jeen treated, but capacitances between
vindings at different alternating potentials
\ould be treated in a similar way. However,
¥ we assume that all cases are reducible to a’
imple lumped capacitance, then the follow-
ng known method based on energy con-
iderations only is more suitable for de-
fermining its magnitude.

i. Calculation of Equivalent Lumped
Capacitance

. Consider two plates 4 and B representing
ywo adjacent screens or windings of area
') x S, as shown in Fig. 3.
| Total capacitance = 0.0885—= = C, upF

(10)

it 2
\ Energy stored =W = S joules, when

e potential difference is V over the whole

irea.

% Consider the case where the potential

jifference V, is a linear function of x.

¥ Then the energy stored in 8x is given by

s — 0. 0885k5 3%

/ 4 2

| Total energy

' . 0.0885kS
= W = ————

! 24

Ve=Vag—Vap=[Vao+(Vay— Vo) x/D]
~ [Vao+ (Vap—Vag) %/D].. (

. V.2 x 10712 joules

f V 2dx x 10712 joules

0

(This assumes that the voltage changes
;nearlv as assumed to be the case in the
‘ast section. )

J. Ve = Vo + (VD — Vo)
D o
f V., 2dx =fD[V0+(VD — V) x/D)2dx

x/D

/ — (D3) [V + VoVo + V]
i __0.0885kS
W=

| (Df3) [V + VoVs + V] 10722 joules

B

R
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If one of the windings has an api)lied
voltage of V, then the equivalent .lumped
capacitance is given by

C,= 2w 102 puplf

V 2
__0.0885kS
T Tav,z
D3 [V + VoVo + Vo?] puF
C

C,= ?TO2 V2 + VoVo+Vo¥ .. (12)
D

When Vy=0 and Vo =V, as in the.
previous section, then C, = Cy/3.

4, Equivalent of Interlayer Capacitance of
Single-layer Transformers

In this section the following additional
symbols are employed :—

V, = voltage on primary winding

V, = voltage on secondary winding

N =VsV,

C, =equivalent lumped capacitance
across primary :

C. = equivalent lumped capacitance
across secondary

C, is the low -frequency capacitance

measured between the primary
winding and screen or secondary
windings with ends disconnected.

Case A. Unbalanced windings without
screen, earth connections at similar ends;

Fig. 4(a).

2
From equation (12) C,, _Co (Vs = Vo)
3 v,
Cp=(N—1?2Cy3

If secondary is wound in same direction as
primary, as shown, then sign of V is positive
and vice versa.

If N is small then C, = Cy/3

If N is large then C, = N2C/3

or Cy=Cyf3

If N is unity then €, =0 if the secondary is
wound in the same d1rect10n as the primary,
which is self evident since only capacitance
between layers is considered.

Case B. Unbalanced windings without
screen, earth connected to opposite ends;
Fig. 4(d).

= [V + VoV + Vo7 Co/(3V,7)
C, =114+ N+ N3 Cy/3
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If the secondary is wound in the same Advantage can be obtained by winding both
direction as the primary, then the sign of V; windings in same direction.

i tive, hown. . -
. 1 Ve, as shown Case I'.  Balanced to unbalanced windings
If N is small then C,=~C,/3 with screen ; Fig. 4(/).

IftN is large then Cp xNZCO/3 Cp — (I + ]VZ/‘.}) Co/3

C,=C
. . = 0/3 Case G. Balanced to balanced windings
If N is unity then C, = C, unscreened ; Fig. 4(g).

if the windings are in the same direction. C, = (1 — N)2C,/12
o — ]

Case C. Unbalanced windings with screen, With appropriate choice of sign C, =o
earths at similar ends ; Fig44(c). when N = 1.

Vp Ve Vp Vp Vs Ve Y %

i

(c) (d)

Fig. 4. Various arvangements of winding con-
nections and screens ave shown . (@) Windings
unscreened and unbalanced ; similar ends
earthed ; (b) windings imscreened and un-
balanced, opposite ends eavthed ; (¢) windings
screened and umbalanced ;  similar  ends
earthed; (d) windings screened and unbalanced;
opposite ends eavthed ; (¢) windings unbal-
anced to balanced; no scveem ; (f) wind-
ings unbalanced to balanced; with screen N
(8) windings balanced to balanced ; no screen,

=
- ‘.|||
—

(;;) 5. Multilayer Coils
Assuming the screen to be equidistant from 5.1 Mullilayer Coil without a Screen.
both windings. Consider a coil, as in Fig. 5, consisting of
Cp =[1+ N2 Cyf3 n layers each separated by 4,. Area of each
If Nis small then C, = C,/3 layer =SD. Let C,=L.F. capacitance
If N iS large thél’l Cp = N2C0/3 . betyveen any two — - o—TTBTOBOTI —
adjacent layers 7 v |
or Cy=Cy3 when the intercon- (~P+w - e
If N is unity then C, = 2C,/3 nection is broken. mé y
Case D.  Unbalanced windings with screen, The total equiva- ! -t

. oY L lent lumped capa- V \-P-% -
earth to opposite ends of windings ; Fig. 4(d) |

Identical to Case C.

v
- Case E. Unbalanced to balanced windings Fig. 5. Capacitance of ny
without screen ; Fig. 4(e). ' a multilayer coil. Y. '_Afg
Co=[1—N2+NYy4]Cy/3 . .
When N is small C, = C/3 citance may be estimated by summing the

) energies stored between each pair of layers.

T —

When N is large €, = Cyf 2 w2 KV Where K = 0.0885SDk
- or Cp = CoN?¥12 _ " 3u2" 4, (The value V, of Fig. 3 {

When N is unity €, = C, /4 = i1s 2V/n in this case.)
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%There are (n — I) pai1‘§ Qf layers but the particular case shown in Fig. 6 of
W :72("' — 1) K17 four sections with » layers each, is treated

| n* A4, below :—

{

r and since Cy = K/4,

{ The equivalent lumped capacitance C is

| given by

*‘ 2ZW

—_[-"—2—

4Gy
3n?

)

s L

(n —

from (12)

Multilayer Coil with Screen connected
to the Low-potential end.

Consider the case where a screen spaced
' 4, from the first layer is connected to the
[ low potential end of the winding.
Energy stored between first layver and
! screen

5.2

e

s

R

. 1 KI®

1= _67[2 - 72—

Energyv stored between the layers
2(n — 1) Kl

2, = 3n? 4,

g

i . _ 4{n — 1) 1 4,
it 4, =4,

? -3

i = O

i
?6. Multilayer Coils with Sections
§ 6.1 Without Screen

Where there are G sections, each of nlayers,
but no screen, then by a similar method we
have :—

Energy stored between pair of layers

2KV?
3G,
Total energy for each section
2KV?3n — 1)
=G,
Total energy for G sections
2KV — 1)G
- 3(Gn)24,
4(n — 1)
3Gn?
6.2. With a Screen

. A general expression for a coil wound on
; to a screen and divided into sections each
/ containing several layers is very involved,

C =

0

i

Energy stored between screen and
KV? 1

64, 160
Energy stored between screen and
KV? 302 4 3n 4 1
Y P 161"
Energy stored between screen and

K12 1202 4 60 4 1
6d, " 162
Energy stored between screen and

KV? 2702 4 gn 4 1
od, " 1602
Total energy stored between screen

KV?* 3(14n* 4 On 4 1)

section A =

5

section B =

section C =

section D =

and coil = od; - Lo
Total energy stored between layers
of coil = KV? n—1
oot = od, " n?
KV [n —1
Total energy :T[W ;"
" 3(rqn? 4 6m 4+ 1) "
’ d,16n?
C — g’ [n —: 1 1‘
3| n? u
3(14n® 4 6m + 1)d,
16134,
0 Ay =4l
C = 6,04211- + J4n — 13

48n?

Capacitance of a coil of 4 seclions with a
screen.

7. Disposition of Balanced Winding with
respect to a Screen :

In order to compare the various methods
of winding balanced coils, C, has been
chosen as the capacitance to a single screen
of the whole winding laid out a distance 4,
from the screen. Thus, if we assume a

]
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constant screen area, the value of C, for a Case B. Fig. 8(b)
winding of » layers will be # times that of a Two layer winding.
single layer winding. E q K12
ne , col to screen ==
7.1 Single Screen Only. B 124,
Ca.se 4. Fig. 7(a). L . Energy between layers = sl
This case has been dealt with in section 3. 04,

C =Cyf12

Case B. Fig. 7(b).

Let 4, be spacing between adjacent
windings

. KVve
Then energy, coil to screen = 4—841-2
’ 2
Energy between layers in coil = Avz
124,
Kvar I
1 = - 4
Total energy — [4412 + AlJ
K [1 4,
¢ =iz, i+ 7]
Col1 4
or C=20(_4Z2f
i+ 3
Since Coy =1
2
If 4, =4, C zg%co
Case C. Fig. 7(c).
‘Energy, coil to screen = Kve
=k 484,
2
Energy, betweenlayers = Iif;i
2
Total energy = ]j{g L’iz € ;_3;]

K 4
G emt -
244, {I - 1341}

. C A4
T (, ) 2
0 % [I+I3AIJ...
SinceC(,:‘i{
2
If 4,=4, zéco

7.2 Screen on Both Sides of Winding.

In this section, a fixed amount of winding
space 1s assumed, L.e. the space between two
screens distance 4 apart and having a

capacitance C, =O'—08845ﬂ) upk,

Case A. Fig. 8(a).
Single-layer winding ¢ = ¢ J/3-

KV?
Total energy = {2% + %}
2 1

3
I I I
or C == ac
3 I:ZAZ * AIJ !
v v =
2 7 i
4,
0000 .
+¥ 000000000 0000 -ﬁ g
P S S 4
2 2
(a) (b)
-t
8,
-y f“""“""“‘""’”““"m“ |7
4 4 A
(c) ,
) ) '
v 3 2
Y7 2
Fig. 7. The capacitance of single-screened bal-

anced windings : (a) plain winding ; (b) section-
alized winding ; (c) cross-connected sectional-
1zed winding.

If 4, and 4, are varied with 4 constant,
then a minimum capacitance occurs when
4, =4z and 4, = 4/4

When Cy;,. = 4C,/3

Case C. Fig. 8(c).

Two-layer winding

78
Energy between layers =

124,
Energy between layers and screen (4,)
KV?
484,
Energy between layers and screen (4,)
gKV?
- 484,

Kl I 7
C="l0+—+ =
6[41 44, 4A3J
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o Cz[i+1—+l}C1A th c=%¢
{_,; ZZPNN MVIN I o 27 !
| Thus C = GAar4 + X + 7 ] 8. Conclusion
A 8 |4, 4, 4-4,—4, A number of winding arrangements have
! since 4 =4, + 4, + 4. ‘been examined and compared by a method
| . . 3C C which can be applied to any arrangement
. C will be a minimum when — = _— =o
,‘ DAI bAz +% _%
! . B P % i
f provided that Y RREYK > YRV i
| b_C_ = 4 7 - (a : 4

Then bAl— A12 +(A “41“42)2—0 ) ' =

and 0% = I 7 =0

M, 42 (4 — 4, — 4,)?

4 =4, (V]2 + 3/2)

4, =0.3544
4, =o0.1774
A3 = 0.4674

5 . Com = 0.665C,

Case D. Fig. 8(d).
Three-layer winding.
3 Energy stored between layers (1) and (2)
__KV?

94,
Energy stored between layers (2) and (3)
_ 4KV?

94,
~ Energystored between layer (1) and screen
| Kpe

= 1084, () g }

Energy stored;between layer (3) and screens

4||}

10K TV?2 Fig. 8. The capacitance of totally-screened
; — 9 balanced windings : (a) single-layer winding ;
1 108 (b) two-layer winding ; (c) two-layer winding ;
o, 4
(d) three-layer winding.

S >

64, A 4, 64, where the turns of a winding can be regarded
] AC, T 1 ) I as perfectly coupled. This condition 1is
\ C = [ 9 + + — + ——] usually applicable within the working band
i 18 |64, 45 64, of a transformer but at very high frequencies

i Total energy = I—i8—[

i A4 a further analysis is necessary in order to
‘,l It 4, =4,=4;=4, =4 predict the performance of the transformer.
/ .
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PROPAGATION CHARACTERISTICS
~OF A UNIFORM LINE*

By I. F. Macdiarmid, AM.LE.E., and H. J. Orchard, Assoc. Brit. LR.E.

(Engineer-in-Chief's Training School, Post Office Engineering Department)

SUMMARY.—A simple method is

given of developing expressions which appear to be

hitherto unpublished for the attenuation and phase-change coefficients of a uniform line in
terms of the primary constants and the real parts of the characteristic impedance and admit-

tance.
the well-known expressions.

1. Introduction

XPRESSIONS for the attenuation and
phase-change coefficients of a uniform
line in terms of the primary constants
of the line are well known. While these
expressions, or approximations derived from
their general form, provide a satisfactory
means of calculating the attenuation and
phase-change coefficients in particular cases,
they do not provide the student who is
commencing the subject with a very clear
idea of the causes of attenuation and phase-
change and how these are affected by changes
In one or more of the primary constants.
The purpose of this note is to show one
simple method of deriving an alternative
form of expression for attenuation and phase-
change coefficients which helps to give a
clearer understanding of the factors affecting
attenuation and phase-change.

2. List of Symbols

« = attenuation coefficient of the uniform line.,

B = phase-change coefficient of the uniform line.

¥ =« + jB = propagation coefficient of the
uniform line.

Zy = chzli_racteristic impedance of the uniform
ine.

Y, = 1/Z, = characteristic admittance of the
uniform line, '

Y - = angle of 7,

R, = real part of Zy.

G, = real part of Y,

R = resistance per unit length of the line (ohms).

L = inductance per unit length of the line
(henries).

C = capacitance per unit length of the line
(farads).

'G = leakance per unit length of the line (mhos).

Z =R+ juL = |Z| |6 = total series imped-.
ance per unit length,

Y =G 4 juC = Y] [¢ = total shunt admit-

tance per unit length.

* MS. accepted by the Editor, November 1945.

The expressions are thought to give a clearer physical picture than is provided by

3. The Propagation Coefficient

Considering a very short length of a
uniform line, 8x units long, with a single-
frequency alternating current being propa-
gated under reflectionless conditions, as in
Fig. 1, and using the notation of this figure,
we have :—

Villy = VoI, = V|I = Z, (1)
and[l/Vlzlz/szl/V.: Y, (2)
The decrease in voltage over the length

Ox = I Z8x.
. 8V =~ — IZ8x
whence V/)ox = — IZ (3)
and similarly
- Mjx = —-TVY (4)
But V =Vyer (5)

where V, is the voltage at the sending end
of the line and x is
the distance from the
sending end

[0V

to the II;' I'T I:ZIT
|

|
element, |
by differentiating - v, | v | v,
(5) | !
Whx = — 4V | |
and similarly o , 81
Ux = — yI . ':LFNGTH_a X
- .. Fig. 1. Section of a
substituting this in (3) uniform line.
and (4) |
: Y ,
y = 771 and y = v (6)

But V/I =2, and I/V =Y,
y =Z|Zy = Y|V,
Therefore since Y, =1/Z,.

Zy=VZ]Y (8)
Therefore from (7) and (8)
y =VZY 9)

Which is the well known relationship.

}

§

1
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| Expression (7) can obviously be obtained
| directly from equations (8) and (9) if the
{ latter are assumed to be known, but the
[ direct method of obtaining (7) given above has
| been included for the sake of completeness.

A 3.1. Discussion of Propagation Coefficient

;  The quantities appearing in equation (7)
j can all be represented by vectors in a complex
| plane. Vectors representing the directions of
y
!
x

1 R B e
; YTV
i 2
=
| =
xf ::1) YO
=
’ w
o
3 v AXIS OF REALS
i %
Zo

i Fig. 2. Vector vepresentation of the quantities
of Equation (7).

| y, Zyand Y, are drawn in Fig. 2, where the
. lengths have no particular significance.

I Since Y, = 1/Z,
| the angle of Y, = — (the angle of Z). ‘
| From (7) .
,,37. (the angle 6 of Z) = (the angle of y)
51 1 -+ (the angle of ¢ of Z)
an

(theangle .of ¢ of Y) = (the angle of y)
.+ (the angle — ¢ of Y)
The above angles are all indicated in Fig. 2.

-+ 4. The Attenuation and Phase-Change
Coefficients
The information contained in Fig. 2 can be
used to find the values of the real and
imaginary parts of v, i.e. « and 8. To do this
i the vector representing y must be drawn to
W scale so that its length represents the magni-
tude of y. This is done in Fig. 3 where the
figure is completed by drawing perpendiculars
to the Z, and Y, vectors and to the axis of
reals, as shown in the figure.

Using the notation shown in Fig. 3,

J /EOB = / BOH =

| Whence and from the geometry of the figure
W / GAB = / BAD =

L. HB = BE .. e o .. (x0)
and GB = BD BT ¢ ¢ §)

i

=

-

0
"
M|
/

Since OA represents y and OB is the real part
of 04

« « =0B =% (0G+ 0D) .. (12)
Similarly = AB =} (AH+AE) .. (13)
I

Since 0G = OF .——

cos i
and OF = A0 .cos ¢-
Y S |Y ]|
= . cos & because |yl = =7
- ¥, ¢ ausely] | Yol
Y| cos ¢
06 = Y| cosyp _
= GGy ~ as cosy = cos (— i)
.. .. (149)
Since 0D = OC . —
cos ¢
and  OC = 04 .cos 6 »
12| 2]
= i—— .cos 6 because |y| = 5
Zd =1z
| Z|-cos 8
oD = |Z| cOs
= R/R, .. .- .. (15)
Therefore from (12), (14) and (15)
‘ ‘R G
=1 (=L
o« =} (RO—I—GO) .. (16)

In the same way it can be shown from (13).
that

(17)

AXIS OF TMAGINARIES

AXTS OF REALS

¥ E\
A -

(-]

Fig. 3. Vectorial devivalion of « = OB B
and B = AB. :

Approximate expressions, having some
relationship with (16) have been given by
W. L. Everitt? for two special cases, viz.

For unloaded cables o = 0.707

12l

S et
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For loaded cables o ~1 (5 + G—ZO)
Zo I

These expressions are derived independently,
from the two usual approximations for un-
loaded cables and loaded cables at voice
frequencies (Equations (19) and (21) in this
note).  Being derived from approximations
they only hold numerically where the
approximations apply. The expression given
in (16) being derived without any approxima-
tion is, however, exact under all circum-
stances.

4.1. Discussion of Attenuation Coefficient

Examination of (16) and (17) brings out
a number of interesting points about the
behaviour of lines. For example the attenua-
tion of a line of given characteristic imped-
ance depends solely on the resistive parts of
Z and Y, whereas the phase change is deter-
mined by the reactive parts of Z and V.
Frequency will affect the attenuation of a
line only in so far as it affects the real parts
of the characteristic impedance and character-
istic admittance, unless, as happens at high
frequencies, it also alters the values of R
and G.

The attenuation coefficient of a line
depends upon the fraction of the transmitted
power which is dissipated in the line and
appears as heat in the conductors and the
dielectric ; that is upon the I2R and V2G
losses. Now the expression for the attenua-
tion coefficient given by (16) is composed of
two terms, one directly proportional to R and
the other to G. The term 3 - (R/R,) therefore
represents that part of the attenuation co-
efficient which is due to the I2R losses and
the term 1 - (G/G,) likewise for the 12G losses.
This fact is shown more clearly in the alter-
native derivation of (16) given in the
Appendix.

In any particular transmission line, where
R and G may be considered fixed by economic
reasons, it will not necessarily happen that
the primary constants R, C, L and G are so
related to one another that the sum of the
I’R and V2G losses is a minimum. An
underground telephone cable pair used at
voice frequencies provides one such example.
Here L and C are so related to R and G
that the I2R losses are much greater than the
VG losses (i.e. 1 - (R/R,) is much greater than
3 (G/Gy)), and also that Zy has a negative
angle of approximately 45° (i.e. y = — 45°),
as will be shown in Section 5.1.

If now some means can be found of in-

creasing R, then the I2R losses (i.e. 1 - (RIR))
will be reduced, resulting in a reduction in
the attenuation coefficient. Such an increase
in R, may not be possible without a pro-
portionate decrease in G,, but the net effect
would still be a reduction in the attenuation
coefficient up to the point where the I2R and
V2G losses became equal.

R, can be increased either by decreasing i
or by increasing |Z,|. Both of these can be
effected by increasing the ratio L/C. This can
be done most easily by increasing L with
inductance added continuously or in discrete
quantities at intervals, i.e. by loading.

Since Ry = |Z,| . cos ¢

I
and Gy = 15— . cos (—
we have R, .G, = cos?y

and so the increase in R, and the decrease
in ¢ caused by adding inductance must make
the change in G, less than inversely pro-
portional to the change in R,

Hence adding inductance will make the
attenuation coefficient smaller within the
limitations given above.

5. Approximations for the Attenuation and
Phase-Change Coefficients

The usual well known approximations for
the atfenuation and phase-change coefficient
can be derived readily from (16) and (17).

5.1. Unloaded Cable at Voice Frequencies

At the frequencies under consideration,
usually

R>wl and oC>G

R R —,
Then 2, — ;RZJE 45
whence
wC
— &= 18
Go=,/>% (18)

R
RO == R and
From (16)

o =§~{\/2wCR+G.N/£é}

w

As G is very small the second term is normally
negligible.

A/cuCR
o, ==
2

and from (17) and (18)

5=%{“’TL.A/§+A/2¢UCR}

(19)
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! and from (17)
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and since wl is very small the length of the element is approaching zero, the
— power leaving the element is
wCR , ' '
B == —~ .. .. .. (20) P,~P, —I.R.8x — V.G .8

5.2. Loaded Uniform Cable and Unloaded
Cable at High Frequencies

At frequencies .such that «L >R and
wC > G it can be shown? that -

ZOQA/% |3 (GwC — Rjwl)
The angle is normally only a few degrees

Ry~VL]C and G,~VC/L
From (16)

oc_zl—jx/C—/z—l—g\/L—/C .o (21)

B ~tlwVL.C+wVL.C
~wVL.C . .. . (22)

Conclusions
Expressions which are believed to have

| been hitherto unpublished have been derived

for the attenuation and phase-change co-

, efficients of a uniform line. They are :—

o =14 (RIR, + GJG,)
B =13 (wL/Ry + «C/Gy)

| The method of deriving the expressions which

has been given is not the only one possible
but has been chosen because it yields the
expressions for both o and 8, and can readily
be followed by a student with limited mathe-
matical equipment. The latter is generally
advantageous as it permits the student to
concentrate on the physics of the problem

| rather than the mathematics. An alternative

| method of obtaining the expression for «

which is equally simple, if not simpler than
that already used, is given in the Appendix.

| This method, however, cannot be readily used

to develop the expression for f.

The main advantages of the expressions
developed above appear to be in the teaching
of principles of transmission lines, since they
do not seem to have any advantage over the
conventional expressions for calculating
numerical values of attenuation and phase-
change coefficients.

APPENDIX
Alternative Derivation of Equation (16)

The power entering the element of line in Fig. 1
is P, = V,.I,cosy where V, and I, are R.M.S.
values of voltage and current respectively and since

Power Ratio P,/P, = ¢~ 220
V,. I cos i — (IR + V,G)x

VyoI,.cosy
. IRV AG)Ox
=1 T ey 0 ®3)
But ¢208% — 1 — 208% | (208%)®  (208%)°
1! 2! 3!

From (23) when 8 —o
(I*R + V,2G)oéx

2085 = Vy.I,cosy
.. ___ R G
* _VI/II.COSI/;_*,_II/VI.COSI/;
@ = 3{RIR, + GIGy} since Vy/I, = |Z,|
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Book Review

Probléms de propagations guidées des ondes élec-
tromagneétiques.

By Louis de Broglie. Pp. 114 and 14 Figs.
Gauthier-Villars, 55, Quai des Grands-Augustins,
Paris. 160 francs. )

This is a monograph by a well-known French
scientist who is Professor of Physics at Paris. It

was published in 1941. De Brogle’s work on “La

Mécanique Ondulatoire des Systémes de Corpus-
cules ” is well known and we were somewhat sur-
prised to find that he had become interested in wave-
guides. He saysin the preface that he was attracted
by the great theoretical and practical importance
of the transmission of ultra short waves in tubes
and horns and was led to study the published works
on the subject, particularly those of Clavier and
Brillouin. He claims no originality, but has merely
written a résumé of these works in a form which he

hopes will be helpful to physicists and radio-

engineers. It is divided into six chapters, the first
of which deals with the Maxwell equations and-the
Hertzian vector potentials. In the following
chapters the formulae are developed for the various
types of wave-guidesand for the various modes of
propagation, resonance conditions in cavities,
loss of energy in the walls and the resulting attenua-
tion. Chapter V deals with the propagation in
horns, i.e. where the cross-section of the guide
is gradually increasing, and Chapter VI with the
diffraction of the waves at the mouth of the guide
or hom. There is a bibliography of eighteen
items, giving references to the papers by Barrow,
Southworth, and others.

The work is, of course, rather mathematical,
as it must be, but it is developed step by step and
all set out very clearly. It is a carefully prepared
review of the subject written by a theoretical
physicist of world-wide repute.

.G.W.O. H.
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IRON-CORED LOOP RECEIVING
| AERIAL"

By R. E. Burgess, B.Sc.

(Communication from the National Physical Laboratory)

SUMMARY.—The complex effective permeability of a mass core is expressed in terms of
the relevant factors, and the imaginary part is related to the eddy current loss in the particles, .
which should predominate over other components of 1dss. ’

The increase of pick-up due to a spheroidal core is calculated and it is shown that the
core should be elongated-in a direction parallel to the axis of the loop. The effect of a hollow
spheroidal core is discussed and it is found that in a typical case 80 per cent. of the iron can be
removed before the increase of pick-up is halved ; the effect of spacing the winding from the

core is treated approximately.

Recommendations are made regarding the design for ‘maximum sensitivity.

1. Introduction

T is well known that the insertion of a

ferromagnetic core into a coil increases

its self-inductance by virtue of the increase
of flux. In this case the field producing the
flux is due to the current in the coil, but if it
were due to an external source an increase
of flux would still be obtained. Thus, the
use of an iron core to increase the pick-up
of a loop is at once suggested. At radio
frequencies the losses in a solid core would
be . prohibitive, and it is necessary to use a
mass core consisting of finely-divided iron
particles, insulated from each other and
compressed into a suitable form.

Apart from increasing the signal pick-up
of the loop, the core will produce an increase
of inductance and effective resistance, and
thus it is necessary to examine to what
extent the latter effect offsets the increased
pick-up. . There appears to be no previously
published work on this problem, and the
object of the present paper is to discuss these
considerations in detail. .

The object of an iron-cored loop is to
increase the sensitivity for a given size, or
conversely, to reduce the size for a given
sensitivity. Thus it has particular applica-
tion where space is limited, €.g. on aircraft
where the greater’weight of the iron-cored
loop will be offset, at least partially, by the
reduced drag for the smaller size. = Such an
iron-cored loop has already been used in
aircraft and W. J.- Polydoroff has been
granted a patent for this invention (British
Patent 522,492).

* MS. accepted by the Editor, February 1946.
P y Y 194

2. The Magnetic Properties of a Mass Core

If the mass core contains uniform spherical
particles of iron of permeability u, and
conductivity ¢ (e.m.u.) insulated from each
other, the effective permeability of the core

is given1 25 by

(o + 2) + 2p (uy — 1)
(o +2) — p (uy —1)
I 4 2pd, -
R _——*I_plwo . o (D)
where p is the fractional volume of the iron
and M, = (uy — 1)/(ny + 2). This equation

can’also be written in the form
Y T . (2
w2 Lz P B
showing the additive nature of the term
(o — I)/(no + 2) since the corresponding:
term for the insulator is zero.

The value of p for a cubical arrangement
of spheres in contact 1s #/6 = 0.52 while for
the most closely packed formation it is
V2m/6 =0.74. Thus in cores having a
higher value of p than 0.74 the particles
must be non-spherical and in general their
irregularities will be randomly distributed
in direction, so that the core is still magneti-
cally isotropic. When the iron content is
high (p > 0.9) the equation (1) based on
simple statistical considerations is no longer
accurate and permeabilities some 50 per
cent. higher than those given by this equa-
tion have been observed.5 )

- The relation between u and P for py =30,
100 and infinity is shown in Fig. 1. It is
seen that as the permeability of the iron
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 particles is increased indefinitely, the effective  For example if 4= 100, o = 10~% e.m.u. (for
Epermeablhty of the core tends to an upper iron) and » = 5.10~%cm it is found that
i limit given by ‘ f, =10 Mc/s.

{ 1 +2p

; ,umax - I — f) .

on account of a lower limit to the magnetic
srelucta.nce being set by the non-magnetic
l

(3)

, gaps between the particles.

1,000

600

400
Ho= oo
ii 200
1 100 =
‘ His o =100 -
‘,TIJ'O
% 60 1
1 40 : Il

ol L ; V2

3
N

EFFECTIVE PERMEABILITY OF CORE, ]J.

N

v

2 .
//
0 10 20 30 40 50 60 70 80 90 100
PERCENTAGE VOLUME OF IRON IN THE CORE, p

] |

bility of the cove with the volume proportions

i_ Fig. 1. The variation of the effective permea-
, for varvious particle permeabilities.

The equations (1), (2) and (3) are only
istrictly valid for magnetostatic fields. In
alternating fields, eddy currents are set up
in the particles which introduce a power loss
depending upon the particle size and fre-
quency, and the -effective permeability of
the’core assumes a complex value (u — jp’).
A parameter « can be defined® which
?de_termines the behaviour of the p and g
?‘VVith frequency :

q o=V 2T WO, .. .. oW

|where 7 is the particle radius, and it may be
'said that below the “ bounding frequency "
if, at which « = 1 the effect of the eddy
‘currents on the real part of the permeability
/is small. THus - - '

fom—— (8

=2 2
47 0¥

T T W GmSTTT N TNy e T

From Divilkovsky’s analysis® it may be
shown that in order to take account of the
‘eddy currents in the particles the expression
My = (g — 1)f{sg +2) in Equation (2)
should be replaced by

o [Fe—T_ 3 molkot9) 4
! [p+z 75 (po+ 2)°

3 Ho 2

—jz——=—0u% .. (6
. 7 5 (po + 2)? )
when «? <€ 1, that is at frequencies well
below ‘the bounding frequency which is the

condition in practical iron-cored systems.
On making this substitution it is found
that the imaginary part of the permeability

is given by

r 18_77' ;/)/“"02 w}’20' (,..)
T s kot 2~ plwo—0F " Y

Eddy-current loss in the core is the most
important, and in a well-designed iron-cored
loop would represent the major part of the
loss due to the core.

In the case where the core completely
fills the loop without magnetic leakage, the
inductance is increased p-fold from L, to L
while the eddy-current loss resistance R, is
related to the imaginary component p’ of
the effective permeability :—

R+ joL =joLofs — &) - .. (8)
or R,=wlyp =l pjn .. (9

In the case where magnetic leakage exists,
that is L << uL,, which in practice always
holds, it is nof correct to write
R, + joL = joLok(p —ju)
which implies that K,/wl always equals
Kl : :
In Appendix I the relation between the
increase of resistance and inductance of a
solenoid due to a spheroidal core is deduced.
It is shown that whatever the relative size
of the core and coil ,
R _ i
oL — Lo fn— 0k — g +1]
(0)
where g is the demagnetization coefficient
of the spheroid. In the case of an infinitely
elongated core (g = 0) this equation agrees
with (g9) but in other cases the.latter does

not hold.
It appears from the equations developed
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in Appendix I that there is no general
equivalent circuit for an iron-cored coil
that will represent its impedance irrespective
of the configuration of core and coil. It
may, however, be shown that if there is
no magnetic leakage, i.e. the inductance is
increased p-fold by the core, then the “ eddy
current coefficient ’4 defined as R,/f2L is
given by

_ R, 8z%

=pL = (11)

Thus the eddy current loss can be reduced
either (a) by very fine subdivision of the
particles or (b) by reducing the conductivity
of the particles, which is possible by the
use of certain nickel-iron alloys. In practice
the first method is the most usual, the
particles then being of pure iron.

Just as Equ. (1) for the permeability gives
too low a figure for materials of large iron
content (p > 0.9) so Equ. (11) tends to under-
estimate the eddy current losses owing to
proximity losses and the increased tendency
for electrical contact between the particles.

or?u

3. Increase of Pick-up due to the Core

Let the core have effective permeability
p and let the loop be wound directly on the
surface of the core. The increase of pick-up
due to the core is then equal to the ratio
of the flux in the core to that when the
core is absent. This increase will not in
general be p-fold since the induced mag-
netization gives rise to a secondary field
which is in opposition to the original field.

If the original field H, is uniform and the
induced magnetization is 7, then the second-
ary field is written as — 4mgl where g is
termed the demagnetization coefficient and
is a function of the shape of the core and
its orientation with respect to the field.

The effective magnetizing force in the
core is thus

H =H, — gngl

although it is clear that these must be
statistical values in the case of a mass core
on account of the discrete magnetic and
non-magnetic regions.

Now by definition of u
I=KH=t"1pg
47 .
where K is the susceptibility, and thus
I+ gp—1)

(12)

The flux density in the core is

B=pH =—___H*
T e =00

so the step-up in flux and hence of e.m.f.
due to the core is

B B
H, "1 Tgh—1) bl

The only general shape for which the
induced magnetization is uniform when H,
Is uniform is an ellipsoid ; the expression
for g of an ellipsoid is complicated unless it
is an ellipsoid of revolution (spheroid), and
therefore this shape will be considered now,

m=

for it is sufficiently general to cover the forms

of practical interest. It is naturally assumed
that the core and loop rotate together and
that the usual cosine polar diagram is thus
obtained.

g ]

20 A

INCREASE OF EM.F. DUE TO CORE, m

0 1 1 ) !
0 2 4 6 8 Hv 12 14 16

AXIS RATIO (LENGTH /DIAMETER) OF SPHEROID

Fig. 2. Increase of em.f. in a loop due to the
wnsertion of a sphevoid of permeability 50.

It is seen from Equ. (13) that g should
be as small as possible, which means that
the core should be elongated in the direction
of the field so that the ““ poles ”’ are removed
as far as possible from the centre. For this
reason we will consider the case of a prolate
spheroid with its major axis parallel to the
field, for which

__ p2
g:I 6(Ilog31+8——1)

(14)

ez \2e I—e¢
where e is the eccentricity which is related
to the axis ratio a/b by
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J A/I P . - <. (15)
{[n the case of the sphere for which ¢ = o
we find that g =41. To illustrate these
‘:quations Fig. 2 shows the variation of the
ptep-up m with the axis ratio a/b when the
~ore has a permeability of 50.

- It is important to note that in general
}:he increase of e.m.f. and the increase of
inductance due to the core are not the same
fas is assumed in the Patent mentioned
barlier). These must both be smaller than
‘lu, and only when the coil produces a uniform
field (as in a long solenoid) will they be
equal. . '

Tt is of interest to examine the effect of
hollowing the core on the increase of e.m.f.
‘which it gives. In Appendix II the case of
i hollow spheroid is analysed, and it is found
hat the step-up m does not fall appreciably
velow the value for a solid spheroid until
Ihe shell of magnetic, material is quite thin.
Sor example Fig. 3 shows the variation of m
vith the ratio v of the cross-sectional area
»f the hollow space to the total cross section
lor a permeability of 50 and an external
1xis ratio of 5: 1. It is seen that y may be
s large as 0.8 before m is reduced to half
ihe value for the solid spheroid.

', The analysis shows that a hollow spheroid

é sives the same step-up m as the solid spheroid
*of the same outer dimensions but smaller
bermeability pu,, that is

m=—te . .. (16)

jfor the outer surface. The * equivalent
“permeability ”* u, is given to a close approxi-
gnation by the mean of the product (area X
hermeability) for the cross section, viz.:

pe=y + (T —y)p o (17)

The advantage of hollowing the core is
learly to save weight and material and the
sextent to which it is carried out is deter-
jnined by the desirable compromise between
hese factors and the step-up m which
L-overns, the sensitivity.
| 1f the core is of high permeability the
ficld external to it and in its immediate
yicinity will be considerably smaller than
§he original field H, and thus if the loop is
spaced from the core, as will probably be
lecessary  to  avoid excessive dielectric
Foss, the step-up will be reduced to a value
biven approximately by

R T~ g TR

WIRELESS . 175
ENGINEER 3 g

m':m‘iAo (@8

where A, is the cross-sectional area of the

‘core and A is that of the-loop.

By way of illustration we may -take a
fairly typical case correspondinig approxi-

mately to that of the loop used in German -

aircraft which was described by. C. P.
Edwards of the Royal Aircraft. Establish-
ment®, ) oo

With core permeability p = 50

and ratio of radii %_—_ 4
then thé demagnetization -coefﬁc.ie'njt g==0.075
giving for the increase of pick-up m = 10.6.

If, however, the core is' hollow with the
hollow area being 40 -per cent..of the whole
area at the central cross section
y =04

giving p, = 34 .
for which the increase of pick-up will now
be m = 10.0, showing that the hollowing
produces but little reduction of step-up.

INCREASE OF PICK-UP DUE TO CORE, m

fe]

() 05 r0
HOLLOWING FACTOR y (=b//b)")
Fig. 3. Imncrease of pick-up for a}hollow

spheroidal cove of external axis vatio 5:1
and permeability 50.

If the loop is spaced from the core so that
the latter’s outer cross-sectional drea occu-
pies only 60 per cent. of the loop area, the
resultant step-up with the hollow core will
be

m’ = 0.6 m =6.0. "

4, Conclusions

The main features of the iron-cored loop
have been treated, and it may be concluded:—

C

133 ‘ ’
Ho 2b, 2b
. . I 2
\ ] )

e
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(a) the core shculd have a high per-
meability ;

(b) the core should be elongated in the
direction of the axis of the loop ;

(c) the particle size should be as small as
possible to minimize W ;

(d) the core can be hollow to save weight
and material and although this reduces
the step-up m, a hollowing ratio of
about 50 per cent. could usually be
adopted with advantage ;

(¢) the loop should be spaced from the
core just sufficiently to prevent exces-
sive dielectric loss, remembering that
the step-up will be reduced ;

(f) the loop conductor should be designed
to have minimum copper losses with
the core imserted ; since the proximity
loss will usually be relatively small
owing to the reduced magnetic field
at the conductor, the main considera-
tion is to minimize the skin effect,
implying that stranded wire will
usually be advantageous.
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APPENDIX 1

The relation between the eddy current loss resist-
ance and increase of inductance of a solenoid due
to a spheroidal core.

Divilkovsky?® has discussed the case of a spherical
mass core in a solenoid and the analysis will now
be extended to the case of a spheroidal core. The
solenoid is assumed to be sufficiently long for the
field within it to be substantially uniform (Hy) in
the absence of the core.

If the demagnetization coefficient of the spheroid
is ¢ the mean (or macroscopic) field within the core
will be given by

H,
I+g(p—ju — 1
where (u — ju') is the complex effective permea-
bility of the core for the frequency conceérned.

Now it may be shown that the field in which
each particle is situated, i.e. the field observed
when the particle is removed, is

, H
11— pM

where M is the complex eftective value of (u, — 1)/
(1o + 2) defined by equation (6). Bearing in mind
that

it is found that
. H,

T — pM (1 — 39)

Thus only for the simple case of a sphere in which
g= 1/3 will H = H,.

Knowing the field H’ at the particles, their
magnetic moment can be calculated and the
value of the magnetic vector potential at the
solenoid winding found. ¥rom this, the electric
intensity is deduced and thus the e.m.f. due to the
core is found; the component of e.m.f. in phase
with the current gives the eddy current loss resis-
tance while the quadrature component gives the
increase of inductance.

In the present case of a spheroid it is finally
found that

’

Lo 3pM v,
R, +ij—ij0[I + T pM (=38 V
where V, and V are the volumes of the core and
coil respectively. If we use the relation
Bk — X,y
w2
we find that
. b= — 1 nJ
R L=jwly|1 +-———————— —
e T Jw Jw 0[ +(,u.—],u./——l)g—}—1 %
giving to a very close approximation as u’ <€ u in

practice
- m—1 Vo]
L=~Lr1 — —
0[ Ta—Detr T
and
Re _ :U'/ I’0
wly  p—1g+ 13V

. 1 . .
We may thus eliminate —[,1 and obtain a relation

which is independent of the relative volumes of the
core and coil :
R .
e - = /J' (IO)
w (L =Ly (p—1)[p—1)g+ 1]
Alternatively we may eliminate g and obtain a
relation which is not dependent on the ratio of
length to diameter of the core.
R,L, B w |4
wL — L (w12 T,
2= o’w1’2( o )2 14
5 Po \wo— 1)V,
Thus if the ratio of the total volume p17, of the iron
particles to the volume V of the coil is denoted .by
$o we have in general

R.L,
W (L — Ly
27 or? o )2 27 or? |
= — 0|/} = — — since yu, > 1
5 Po (P-o — 1 5 Po o >

1f the core is long or toroidal {g = o) and fills the
coil (Vo= V) we have L = ul, and the eddy
current coefficient ’ is given by
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? W= R iﬁol,e (=D e \? confocal surface corresponding to the parameter
,ri =L 5 Pre o — I which is the positive root of
{. S48 x2 72
i = .2 —
{ orep . oo (II) 012 4 1t + blﬁ 4w

~ft11e latter approximation being very close for

i APPENDIX II

.} Increase of flux due to hollow core bounded by
ronfocal prolate spheroidal surfaces.

| The form of core which will be investigated is
ithat bounded by confocal prolate spheroidal
surfaces since.this case gives a fairly simple analysis
ivhile it is sufficiently general to be applied to a
Vlvide variety of cores and in particular gives useful
{nformation regarding the effect of a hollow core.
| The loop is assumed to be wound at the central
bircular cross-section of the core while the field is
%erpendlculau to the plane of the loop, i.e. along
he major axis of the core. The total flux tlneadlwr
the loop will be calculated and thus the step-up
vn due to the core is found ; the results can also be
lonv eniently expressed in terms of the equivalent
~sermeability which a solid spheroid of the same
huter dimensions must have to give the same
increase i in flux.

l Let the surfaces bounding the core have equations

2 2 -2 2 -2 2 L2
A xla® + b2 = 1 and x%a,? + 7D
2 and a,? — by*= a® —b*

gvhere 1% = 3~ 2
ince the surfaces are confocal.
et the core material have permeability p and the
riginal external field be H, parallel to the r-axis.
[he potential of this field is

Vo= — Hex
Jow it is known that the additional potential due
o the core has the form

') = (€181 + €282) Hox
n the hollow interior, while in the shell it has the
form 1, = (0,8 + €:8s) Hox
ab® (% dA

SRR

‘where = - - -

| A PR R Y

f — G 1+ ¢ 3
4 — I_._e_l ( £ log2 ! B 1)
L B 26, I — ¢y

nn which

Y ey

«s the eccentrlaty of the inner surface of the core

ileed

J ab dA

I G S TICEp TR R Py
f 1 —e,0 (1 I+ €,
3 = "'"’”Tf— — log, — 1

1 2 752 1 — e,

) . a, .

(n which e, = — [a,®> — b,> = —¢; 1s the eccen-

2 2 a

iricity of the outer surface, while

} o — a1b12 ” d)‘
:i 7 Tl AR O

| . I — e, _1_10,1—{—3__1‘
i = e,® ) 20 BT ¢ )

( a — b? . .
I'where ¢ = /=1L is the eccentricity of the
Y a* +u

{

The constants ¢, and ¢, are determined by the
boundary conditions and it is found that

p— 1
-
=D p—g =0 — B —g)p—1)]
Cy
={u-g:(p-D]1+gaolp 1)1~ Bga(r =g ) {n—1)*
where § = Z—’—g—l—:

is the ratio of the volume of the hollow to the total
volume. It will be recognised that g, and g, are
the demagnetization coefficients for spheroids of
eccentricities ¢, and e, respectively, cf. equation
(1.

The field in the hollow space is uniform and is
given by
N
dx
while the v-component of field inside the shell is
given by

Hy= —<x=(Vy+ )= Hy (1 — €18, — o)

(Fo+ 17

Yl

Hyp = —

)
= [t~ e (o0 — et

As the loop is wound around the (entlal cucula:
section of the core, its equation is x = o and r == b,
Thus the relevant value of H,, is tlmt in the plane
X = 01—
Hyp= Ho(1 — c,8 — cof) s

which is clearly non-uniform since g is a function
of u which in turn is a function of r, namely at
¥=o0

= b2+ u
Thus the total magnetic flux perpendicular to the
plane of the loop is

b,
P = ab M, +p [ Hy2nr . dr
Jby
Hence the step up in flux due to the core is

b 2
m o= Plmb,tH = b—lg(l —~c1g1—czg2)

ox - b
(D " 2

-‘r/;(l *ﬁ.) (1 .—c,bgg) — B2 [A 2gr . dr
’JZ“ ,)g" ‘hl

which after some reduction gives

H
DTS ¢
} 2 1 2
o Brlp— 1) = BO —gab (e — 1)
T g (= 0] 08 (ke DT~ Bgalt=ga) (= 1)
In the limiting case of a solid spheroid (f = o,
£, = 0) we have as an upper limit to m the Idmllmr
expression .
® o
1 gy (= 1)
while for an infinitely thin shell (8 =
the lower limit is naturally
m= 1
FFor any degree of hollowness between these two

Hl =

1B = By

P

-
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limits, it is seen that B lies between o and 1 while
g, lies between o and g,.

A convenient means of expressing the * hollowing
effect ”’ is the equivalent permeability u, which a
solid spheroid of the same outer dimensions as the
hollow core (and hence same g,) must have in order
to give the same m. This is evaluated by putting

= He ... (16

" 1+g2(l"e—“1) ( )
and gives

b= & p—1) =BT —gy) (p—1)

He — M

p— pg pa— 1) + B8y (ke — 1)
B {x—1)
I — (g1 — Bgy) (1 — 1/w)
If the ratio of the area of the hollow to that of the
whole central cross section is

= u—

by? .
the equivalent permeability is closely given by the
mean of  the product of area and permeability
namely

pe=y +p(l —y)=p—(u—1)y .. (17)

for a core having an external axis ratio of greater
than about 3: 1.
To test the validity of this simple formula we
consider the case of
s
b, =5 p= 50
a solid spheroid.

Fig. 3 shows the variation of the step-up m with
the area ratio y ‘as deduced from the exact equa-
tion, but the exact and approximate values of m
agree to better than 1 per cent. everywhere.
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Letters of technical intevest ave always welcome.

In publishing such communications the

Editors do not necessarily endovse any technical ov generval statements which they may contain.

Problem of Two Electrons
To the Editor, ** Wireless Engineer.”

SIr,—The apparent paradox discussed in your
Editorial of January, 1946, is readily resolved by
reference to the principle of special relativity
according to which physical laws are invariant
with respect to the Lorentz transformation.

In the case considered let the stationary ”’
frame’ of reference be S and let the frame S’ move
with the electrons in the x direction with velocity .
The co-ordinates of the electrons in S’ are (&', v/, 0)
and (#, ¥ + 7, o) so that in S’ the y-component of
electrostatic repulsion is the only electromagnetic
field component : i.e.,

e
2

’

If the Lorentz transformation is applied to Y~
to give the fields observed in S there is the electric

field
u2\— 14
e

and in addition a magnetic field in the z-direction

u
= K — 4
y c Y

Y = Ky’ [K - (1

which for u/c small corresponds to the usual formula
for the magnetic field generated by crossing an
electric field with uniform velocity u.

The resultant force between the electrons as
observed in S is

2 ’
eY—%ﬁ:]{eY’(I —ti) :e—z

c? K

Since in passing from S’ to S the electronic mass
is transformed in the ratio X, the y component of
acceleration in the ratio 1/K? and the charge is
invariant the equation of motion in the frame S is
found to have the same form as in S”.

It is noted that the ratio of the attractive force
to the repulsive force in S is #?/c?, and since this is
always less than unity the resultant force appears to
be a repulsion in any frame of reference.

This problem serves to illustrate that the resolu-
tion of an electromagnetic field into its electric
and magnetic components is entirely relative to the
observer and that the Lorentz transformation pro-
vides a set of relations which is useful in considering
the electrodynamics of moving systems.

R. E. BURGESS.
National Physical Laboratory, Teddington.

Newton’s Third Law
To the Editor, “ Wiveless Engineer”

Sir,—I have followed with considerable interest
your Editorials relating to the forces on current
elements and Newton’s third law. As a conse-
quence I have endeavoured to track down the
history of the development of the Biot-Savart-
Ampere formulas and have succeeded reasonably
well with the exception of one link. In ““A Treatise
on Electricity and Magnetism ”’ by Mascart and
Joubert (translated by Atkinson), Thomas de la
Rue & Co., London, 1883, to which you refer, I
find on p. 441 :

“N. The action of a magnet on an element of
curvent is applied to the element.—This results from
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he following experiment, due to M. Liouville.
Part of the rectilinear current is made movable
about its axis; with this object, its ends dip in
twwo small mercury cups by which the current
ienters. The rectilinear element does not rotate
at all, in whatever manner the magnet is presented
o it.”

, If-you or any of your readers can direct me to
ithe account of that experiment I shall be much
‘pbliged. The experiment apparently was to test
for the existence of a couple acting on a current
tlement under the influence of a magnetic pole,
fhe idea of which was so annoying to Ampére.
However, whether this experiment actually entered
into Ampere’s argument or was made sometime
';}Lfter his work was done is a point on which I am
hot satisfied. I get the impression from the
presentation of arguments by Mascart and Joubert
ithat they outline the way Ampére might have
reasoned with the hindsight available in 1883. I
tannot directly trace all of the Mascart-]Joubert
ogic in Ampere’s papers.
to Liouville does not clearly say whether he per-
formed the experiment or merely suggested it.
é]oseph Liouville (who presumably is meant) appears
iever to have done any experimental work, only
bure mathematical analysis, according to his listed
>apers, and his one paper (1820) dealing with
:urrent elements does not suggest the experiment.
iThe few others of the name Liouville who have
vorks listed prior to 1883 do not deal with the
ubject, as far as I can ascertain.

R. H. FrRAZIER.

Associate Professor, Massachusetts
Institute of Technology, U.S.A.

Preferred Numbers and Filter Desién

To the Editor, ** Wiveless Engineer.”

. Mgess1EURs,—Dans le numéro 265 de votre Revue
|Octobre 1945), j’ai relevé un article de M. H.
lefferson, qui a retenu toute mon attention. )
H Cet article en effet fait ressortir les avantages
importants que peuvent procurer l'application des
éries géométriques décimales de nombres pour
aractériser les éléments normalisés. Toutefois,
auteur suggeére des séries comportant respective-
ent, 6, 12 et 24 termes entre 2 puissances successives

lle 10, c’est-a-dire de raisons %4/10, 124/10 — *!4/10:

to — 15 — 22— 33 @ —
{0 — 12 — 15 — 18 — 22 — 27 — 33 — 39
1 O-T1-T12-13-T5-16~18-20-22-24—27-30-33-306-39~
! 47 — 68 — 100

2 — 47 — 56 — 68 — 82 — 100
43-47—51-506-62-68-75-82-91~100

i Ayant eu 'honneur de présider les réunions du
i'omité International de I'LS.A. qui avait (té
fhargé, en 1932, d’étudier la normalisation des
fiombres abstraits, je me permets de vous signaler
ibs résultats des études qui avaient été entreprises
i,vec le concours des Associations de Normalisation
file 19 nations!: ’

1 Les Associations nationales de normalisation
hllemande, autrichienne, belge, danoise, finlandaise,

b kl . . ’ . .
rangzuse, hollandaise, norvégienne, polonaise,

uédoise, suisse, tchécoslovaque, U.R.S.S., avaient
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Prenant comme base les’ remarquables travaux .
effectués en 1877 par le Francais RENARD,
alors capitaine du Génie, I'accord international de
Stockholm (1934) consacre les séries géométriques
décimales dites “ Séries RENARD ™ comportant
respectivement . 5-10-20 & 40 termes entre deux
puissances successives de 10, ¢’est-a-dire de raisons :

510 104/10 4/10,-%04/10

Le document ci-joint® donne les valeurs corres-
pondantes, ainsi que les valeurs calculées des
nombres des séries géométriques. -

Les nombres normaux (Preferred Numbers) ainsi
définis ont d’ailleurs été extraits :

tant6t de la norme francaise de Renard utilisée
depuis des dizaines d’années, en construction
aéronautique principalement ;

tantét de la norme allemande établie en 1923
par la DIN*.

En fait, ils ont été choisis pour serrer de plus
prés les valeurs exactes (les écarts maximum sont
— 1,01% et 4 1,26%); ils possédent évidemment
les mémes avantages que ceux que Monsieur Jefferson
signale dans son article, mais ils permettent en
outre des facilités de calcul qui sont exposées en
détail en page 6 du document joint.

J’ajoute que dés 1936, 'AS.A. (AMERICAN
STANDARDS ASSOCIATION) a publié les mémes
séries géométriques décimales que celles de I'l.S.A..
complétées par des séries analogues pour le systéme
de numération- correspondant au pouce, a ses
multiples et a sous-multiples. _

J’estime donc qu'il y aurait un intérét de premier
order 4 ce que tous les travaux de normalisation
faisant appel aux séries géométriques décimales
s’appuient sur les séries RENARD internationales
et je serais heureux de recevoir a ce sujet votre
avis ainsi que celui de votre collaborateur.

P. BLANCHET.

Compagnie Francaise Thomson-Houston,

Paris.

To the Editor, “ The Wireless Engineer.”

SIr,—I am grateful to M. Blanchet for drawing
my attention to the work of Colonel Renard. The
Renard series clearly obeys the basic definition
given on page 484 of my paper and is particularly
convenient in that the logarithms of the * Renard
numbers >’ are all multiples of 0.025. The artifice
of using logarithms to a base of 1.47 is therefore
avoided.

The series used in my paper is, of course, that
adopted during the war for the rationalization of
British components. The object of my paper was
to arrive at a solution in this series : the method is,
as M. Blanchet points out, equally applicable to
any scheme of preferred numbers.

H. JEFFERSON.

London, S.W.1.

adhéré A l'accord international de 1934. L’Associa-
tion japonaise s’était déclarée favourable par lettre.
Les Associations espagnole, hongroise et italienne,
sans faire obstacle au projet, avaient simplement
réservé leur accord définitif.

2 Fascicule XI-oo d’Aolit 1942, de I'Association
Frangaise de Normalisation (AFNOR).

* DIN (Deutsche Industrie Normen.)—[Ed.]
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PATENTS

A Summary of Recently Accepted Specifications

The following abstracts ave prepaved, with the permission of the Controller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1/- each.

TRANSMITTING CIRCUITS AND APPARATUS
573 957.—Oscillator-unit, comprising a grid-con-
trolled valve coupled to a wave-guide, for generating
centimetre waves.

The General Electric Co. Ltd. and E. G. James.
Application date 11th February, 1943.

573 981.—Cathode-circuit modification of a short-
wave oscillator comprising two push-pull valves
feeding a concentric-line resonator.

The General Electric Co. Ltd. and M. R. Gavin.
Application date s5th November, 1940.

574 0s51.—Reflectionless plug-and-socket connec-
tion for concentric lines carrying centimetre waves.
The General Electric Co. Ltd. and R. J. Clayton.
Application date 7th January, 1942.
574 127.—Plug-and-socket joint, forming a half-
wave section, for connecting a pair of concentric
cables carrying centimetre waves.
The General Electric Co. Ltd. and R. J. Clayton.
_ Application date 7ih [anuary, 1942.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE

573 900.—Signalling by a beam of light or infra-red
rays through an arrangement of modulating shutters,
which are made to overlap cyclically under the
control of Morse or speech. °

H. S. Molyneux-Ffennell, E. T. J. Tapp, F. G

Charlton, and  Vacuum-Science Products, Ltd.
Application date 25th August, 1941.
574 133.—Delay-network for generating pulsed

signals which are predetermined time-derivatives
of an input or triggering pulse, and are of given
shape and amplitude.

D. Blumlein (legal vepresentative of A. D. Blumlein).
Application dates 17th June and 21st July, 1942.

CONSTRUCTION OF ELECTRONIC-DISCHARGE
DEVICES

573 9or.—Electrode-system for focussing to a
straight line the electron-stream of a cathode-ray
or like discharge-tube.

O. E. H. Klemperer (commonly known as O.
Klemperer). Application date 24th March, 1942,

573 999.—Making
manufacture of
frequency heating.

Standard  Telephones and Cables Lid.,, P. K.
Chattevjea, and 'S. J. Powers. Application date
22nd October, 1943.

374 009.—Amplifier or oscillator valve in which the
input circuit forms part of a hollow resonator
which is arranged symmetrically about the grid of
the valve.

C. S. Bull.  Application dale 21st June, 1941.

574 056.—Electrode lens-system for focussing an
electron-stream about a straight line.

O. E. H. Klemperer (commonly known as O.
Klemperer).  Application date Sth April, 1942.

glass-to-glass seals, in the
thermionic valves, by radio-

574 109.—Multiple anode for generating a desired
spectrum of X-rays, particularly for use in diftrac-
tion analysis.

The British Thomson-Houston Co., Lid.
vention date (U.S.A.) 11th January, 1943.

I

Con-

574 237.—Process of “‘ gettering "’ electron-multi-
pliers on which metallic antimony or rubidium is
used to remove excess alkali metal from the
secondary-emission electrodes.

Cinema-Television Ltd., and A. Sominer.
cation date 19th [anuary, 1944.

574 248.—Metal-to-glass seal for an electron dis-
charge tube.

Standard Telephones and Cables Ltd., and S. Ve
Powers.  Application date 21st January, 1044.

574 383.—Construction of cathode core for an
electron-discharge tube, designed to prevent damage
to the sensitized coating in the process of assembly.

The M-O Yalve Co., Ltd., G. F. Klepp, and J.o 4.
Smyth.  Application date 2mnd April, 1943.

SUBSIDIARY APPARATUS AND MATERIALS
573 660.—Radio-frequency screening-device made
of rubber mixed with a high carbon-content, to
reduce its electrical resistance.

J.J. Davis. Application date 29th November, 1940.
573 079.—Continuously-adjustable choke-coil, in-
corperating a stationary magnetic circuit and a
movable winding.

Akt. Brown, Boveri et Cie.
(Switzerland) 237d December, 1942,
573 717.—Transformer with two saturable paths,
and a relay, for automatically generating a sub-
harmonic of the triggering frequency.

Automatic Electric Laboratories Inc.

date (U.S.A.) 6th May, 1943.
573 793.—Amplifier, for use with a photo-electric
cell or otherwise, comprising a saturated reactance
coil and a crystal rectifier providing negative feed-
back for voltage-control.

Standard  Telephones and Cables Ltd. (com-
municated by International Standard Electvic Cor-
poration). Application date 6th November 1043.
573 936.—Electrical processing of a dry-contact
rectifier to build-up its reverse resistance.

Standard Telephones and Cables Lid., B. B. Grace,
L. J. Ellison, H. S. Leman, C. W. Leng, and A. S.
Bridge.  Application date 15th February, 1943.
573 959.—Circuit arrangement for giving a con-
tinuous indication of the reverse resistance of a
dry-contact rectifier during the final processing
of the rectifier.

The British Thomson-Houston Co., Ltd., and /-
Dyson. Application date 20th March, 1943.

574 345.—Logarithmic ready-reckoner for electrical
calculations, comprising three coaxial rotary discs

Appli-

Convention date

Convention

“and a cursor.

K. M. Bancroft and Ionic Labovatories Ltd.
Application date 25th [anuary, 1944.
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Compiled by the Radio Research Board and published by arrangement
with the Department of Scientific and Industrial Research

to the World List practice, J
B \
-5 PAGE  534.41-+3534.781 1425
? i A Visible Speech.—R. K. Potter. (Bell Lab. Kec.,
Acousties and Audio Frequencies - 107 Jan. 1946, Vol. 24, No. 1, pp. 7-11.) An account in
y Aerials and Transmission Lines . 109 general terms of the system described in 823 of
Cirewits ... .. .. .. .. .. 110 April
;. General Physies ... - 113 53443 ] 1426
} Geophysical and Extraterrestrial Phenomena ... 115 Spotting and Repeating Record Player.—R. H.
Locati d Aids to Navieati 115 Bailey. (Radio News, Feb. 1946, Vol. 35, No. 2,
i e l-on EHE S '°_ aviga mr_l 2 pp. 29. .128.) Brief general account of a device to
! Materials and Subsidiary Techniques ... ... 117 enable accurate location of any particular passage
| Mathematics -~ 119 on a disk record, and to enable the accurate setting
| Measurements and Test Gear ... .. 120 of the pickup to repeat any passage of which the
| Other Applications of Radio and Electronics ... 122 Position has been noted.
‘Propagation of Waves ... e 124 556 621.395.623.7 _ 1427
Reception ... .. 125 On the Maximum Possible Reinforcing of Sound
Stations and Communication Systems ... ... 127 under Qutdoor Conditions : and in an Enclosure.—
4 G. M. Suharevsky. (C. R. Acad. Sci. U.R.S.S.,
f:iu}JSIfh.ary A;;p;l:,tus 1 h 1158 1940, Vol. 26, No. 9, pp. 885-891, 892-899. In
: eeVISl(_)n'an ototelegraphy ... 0 English.)  The degree of ““ sound reinforcing ” is
{Transmission S - 130 defined as 1o log (I,/1,) where I, is the average
iValves and Thermionies ... <. 131 level of intensity at the point of audition and I,
IMiscellaneous ... 132 is the average level of intensity at the microphone,
This quantity is limited by acoustical feedback,
' and by associated frequency distortion. Very
{ detailed formulae are given, depending on the
.j ACOUSTICS AND» AUDIO FREQUENCIES polar diagram and location of the loudspeaker and
%534.21 1422  the constants ot the boundaries of the sound field.

Propagation of Sound Waves in a Liquid Layer
etween Two Absorbing Half-Spaces.—1.. M. Brekh-
svskikh. (C. R. Acad. Sci. U.R.S.S., 1043,
Vol. 48, No. 6, pp. 397—400. In English.) Theoreti-
£al analysis of a problem in sound wave propaga-
.i'.vion which “ may find application in geophysics
propagation through an oil layer), in architectural
coustics and in hydroacoustics (propagation of
‘ound through the sea)”.

§34.213: 621.395.623.7 1423
Wave Propagation and Outdoor Field Tests of a
soudspeaker System.—F. L. Hopper & R. C.
Loody. (J. Soc. Mot. Pict. Engrs, Feb. 1946, Vol.
16, No. 2, pp. 115-123.) Propagation tests at
frequencies between 100 ¢/s and 8 kc/s are described,
j:‘dicating an inverse square law attenuation up to a

jistance of 400 wavelengths for heights of trans-
nitter and receiver of 73t and 31t respectively.
“he effects of snow, wind and pressure are also dis-
ussed.

534.321.9 1620.179 1424
' Supersonic Inspection of Strip Materials.—
[“lectyonics, March 1946, Vol. 19, No. 3, pp. 166..
70:)  See also 1149 of May. ’

s

Naeu—2
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The acoustic feedback limitation is very severe in
an enclosure. One means of raising the possible
level of reinforcement is to ** mix up ” the stand-
ing wave systems by revolving the loudspeaker so
that its axis describes a cone; or by means of a
revolving screen in the horn or at the mouth of the
loudspeaker. A gain of 6-8 db can be realized in
this way.

534.62 : 001.6 1428
Acoustic Laboratory.—(Electronic Industr., March
1940, Vol. 5, No. 3, p. 78.) Description of the
Harvard ** Anechoic Chamber ”’: reflection coeffi-
cient at walls 0.19%. Development of sound insula-
ting assemblies: investigation of speech intelli-
gibility at high altitudes. See also 1429 below.

534.62 1 061.6 1429

Achievements of Harvard’s Electro-Acoustic
Laboratory.—(Electronics, March 1946, Vol. 19,
No. 3, pp. 3I2..323.) A review of the work done
in sound-proofing aeroplane cabins and in improving
the system of communications between the mem-
bers of the crew; includes a description of the
construction of an echo-free room. See also 1428
above.
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534.845 1 677.521 1430 pp. 26-28.) Harmonic distortion at low frequencies,
Forms, Properties and Functions of Fibrous which is serious at high inputs, arises from the low

Glass Acoustical Materials.—W. M. Rees. (Com-
mumnications, Jan. 1946, Vol. 26, No. 1, pp. 36, 38.)
The materials are provided as wool, blankets, etc.,
or bonded with resin to form boards. A table
gives absorption data. Graphs show that for
layers of wool, etc., up to about 2 inches thick the
absorption increases equally with density through-
out the frequency spectrum. At greater thick-
nesses absorption is little affected by density at
frequencies above 500 c¢/s. Encasing boards in
paint, cellophane, etc., causes a small increase in
absorption at low frequencies and a large decrease
at high frequencies. See also 1156 of May (Rees
& Taylor). :

534.88 4 621.305.625.3 1431

LR.E. Winter Technical Meeting January 1946.—
(Waves and Electvons, Feb. 1946, Vol. 1, No. 2,
pp- 80..93.) Abstracts are given of the following
papers read at the meeting. Magnetic Recorder
as an Adjunct to the Home Receiver.—S. J. Begun
(Title only). Basic Principles of Underwater Sound-
Equipment Design.—R. Bennett. For other ab-
stracts, see Electronics, March 1946, Vol. 19, No. 3,
pPp. 92..108, and Electronic Industr., March 1946,
Vol. 5, No. 3, pp. 62..74. For titles of other papers
read, see other sections.

534.88 : 533.6.013.22 1432

On the Propagation of Sound in Turbulent Atmo-
sphere.—V. Krassilnikov. (C. R. Acad. Sci.
U.R.S.S., 1945, Vol. 47, No. 7, pp. 469—471. In
English.) The phase fluctuations of a sound wave
propagated in a turbulent atmosphere are calcu-
lated, and applied to the problem of locating a
source of sound by spaced microphones. The
inaccuracy of sound rangers in conditions of strong
wind is attributed to the effect of turbulence on the
mean velocity of sound along the path.

621.395.42  534.7 1433
Infrasonic Switching.—>ontani. (See 1667).

621.395.614 1434
A TUnidirectional Crystal Microphone.—A. AL

Wiggins. (Comununications, Jan. 1946, Vol. 26,

No. 1, pp. 20-22.) A unidirectional microphone
is obtained by placing a damped, dead diaphragm
of correct mechanical impedance behind the crystal.
The formulae for calculating the correct resistance
and mass of this diaphragm are given. The re-
sponse rises at the rate of 6 db per octave, and this
is counteracted by an RC filter of complementary
characteristics.

621.395.615 1435

Electronic Microphone.—]. Rothstein.  (£lec-
tronics, March 1946, Vol. 19, No. 3, pp. 230. .232.)
A flexible diaphragm is mechanically coupled to the
grid of a parallel-plane electron tube. Motion of
the diaphragm changes the position of the grid
relative to the anode and cathode and so changes
the amplification factor of the valve. Summary of
U.S. Patent 2 389 935..

621.395.623.7 1 621.392.53 1436
Reduction of Loudspeaker Distortion.—F. C.
Jones.  (Radio, N.Y., Jan. 1946, Vol. 30, No. 1,

resonant frequency of the moving-coil system. It
may be substantially reduced by using a '‘ bass
reflex ”’ cabinet enclosure with an air vent adjacent
to the speaker cone. High-frequency distortion,
arising from frequency modulation of the high
frequencies by a low frequency, may be reduced
by using two speakers in a dual system, one for the
high and the other for the low frequencies. The
design of cross-over filter networks for use in such
a system is discussed and practical constructional
data are given. The circuits described are for
6-ohm speech coils and. give cross-overs at about
1500 ¢fs. See also 529 of March.

621.395.623.75 1437

Design of Compact Two-Horn Loudspeaker.—
P, W. Klipsch. (Flectronics, Feb. 1946, Vol. 19,
No. 2, pp. 156-159.) * For room-corner locations,
where walls can be utilized to produce reflections
that multiply the mouth area of the woofer suffici-
ently for efficient propagation of sound waves down
to 40 c¢fs. Companion tweeter gives wide-angle
radiation.’
back references.

i

621.395.623.8 1438
Massive Speaker Cabinet.—C. A. Volf. (FElec-
tronics, March 1946, Vol. 19, No. 3, pp. 206..214.)

Another account of the system described in 531 §

of March and 1162 of May.

621.395.623.8 1439

High-Power Military Sound Systems.—(Flec-
tronics, Feb. 1946, Vol. 19, No. 2, pp. 216..222.)
An outline of the device described in 532 of March,
and of a glant loudspeaker system installed in a
bomber, for addressing an entire city from the air.

621.395.645 1440

Hi-Fi Amplifier Contest.—]J. . Straede. (Radio
Craft, Jan. 1946, Vol. 17, No. 4, pp. 249..272.)
Details of the four best amplifiers in an Australian
contest, limited to amateurs, in which the fidelity
was judged by a public audience, and the technical
details by a special panel.

621.395.02 1441
The Testing of Deaf Aids.—T. H. Turney. (/. sci.
Instrum., March 1940, Vol. 23, No. 3, pp. 38-59.)
Describes the measurement of the gain by a two-
voltmeter method and by an artificial ear method.
Substantial agreement is obtained. -

621.395.92 1 534.771 1442
Historic Firsts : The Audiometer.—(Bell Lab.
Rec., Feb. 1946, Vol. 24, No. 2, pp. 57-58.) An

instrument for investigating hearing ability at any
frequency between 30 and 16 000 ¢/s.

621.396.611.21 4 621.317.361 1443
Duplex Crystals.—I.ane. (See 1582.)

621.390.97 1444
Radio Sound Effects. [Book Review]—]. Cramer

& W. B. Hoffman. Ziff-Davis, New York, 1945,

71 pp., $1.50. ([Llectronics, Feb. 1946, Vol. 19,

No. 2, p. 360.) ““ Not a text, but a syllabus of study

for broadcasters, sound technicians. .. [it] makes no
pretence of teaching its readers in one easy lesson.”

Based on 830 of April (Klipsch) and .}
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AERIALS AND TRANSMISSION LINES

621.317.79 : [621.315.212.1.029.62/.63 1445

Fleming. (See 1597.)
621.392 1446
The Capacity of Twin Cable—II.—]. W, Craggs &
C. J. Tranter. (Quart. appl. Math., Jan. 1946,
"Vol. 3, No.-4, pp. 380-383.) An extension of 660
of March (Craggs & Tranter) to the case in which
the dielectric sheaths enclosing the two conductors
are separated and surrounded by another dielectric
medium. Two methods are givén, leading to series
solutions, one converging more rapidly than the
other, according to the ratio of the dielectric
constants of the two dielectrics involved.

\ 621.392 1447
. Waves and Wave Guides: Part [IL.—G.G. (OST,
r March 1946, Vol. 30, No. 3, Pp. 6I..134.)

Nomenclature of modes of guided waves, and

determination of cut-off frequencies. A practical
consideration of guide dimensions for the amateur
bands. For previous parts see 546 of March and
284 of February.

m— S R et S

1 621.396.67 1448
LR.E. Winter Technical Meeting January 1946.—
(Waves and Electvons, Feb. 1946, Vol. 1, No. 2,
p. 80..93.) Abstracts are given of the following
ipapers read at the meeting. Antenna for Fre.
{quency-Modulation Station WGHF.—A. Alford.
|Broad-Band Antennas and Direction-Finding Sys-
items for Very High Frequencies.—A. Alford, J. D.
{Kraus, A. Dorne & J. Christensen. Metal Lens
{Antennas.—W. E. Kock. Design Considerations in
Broadside Arrays. — J. Ruze.  Ultra-High-Fre-
quency Television Trapsmitters and Antennas.——
R. Serrell. Model Aircraft-Antenna Measurements.
—G. Sinclair, E. W, Vaughan & E. C. Jordan.
IBeam-Shaping Methods in Antenna Design.—L. C.
Van Atta. Directional Couplers.—W. W, Mumford.
From Wiring to Plumbing.—E. M. Purcell. Equiva-
ent Circuits® for Wave-Guide Structures.—J.
Schwinger.  For other abstracts see Electronics,
Tarch 1946, Vol. 19, No. 3, pp- 92..108, and
Slectronic Industy., March 1946, Vol. 5, No. 3, pp.
2. .7.4. For titles of other papers, see other sections.

121.396.67 1449
The Effective Length of a Hali-Wave Dipole.—
5. W.0.H. (Wireless Lngy, April 1946, Vol. 23,
NO. 271, pp. 95—96.) The equivalence of a dipole
/ith sinusoidal current distribution, and an aerial
/m long carrying a uniform current equal to that
t the centre of the dipole, is not exact for points off
he equatorial plane, and the field deduced there-

rom is shown to be up to 5 or 6% in error. See "

},lso 1802 of 1945 (G.W.0.H.).

4

{21.306.67 1450
Some Experiments with Linear Aerials.—J. S.
jcPetrie & J. A. Saxton. (Wiveless Engr, April
D40, Vol. 23, No. 271, Pp. 107-114.) A method of
stermining the polar diagram of a linear aerial
sed on the summation of the effect of current
javes induced in the aerial by an incident elec-
omagnetic  field gives satisfactory agreement
i?t\\’een theoretical and experimental polar dia-
Fa1us for aerials an integral number of halfwaves in
?ngth. An experimental investigation of front-to-
glck ratios of a halfwave dipole and parasite
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Measuring Coaxials at Ultra-High Frequencies.—

A.109

shows that, as a reflector system, the optimum
length and spacing of the parasite were 0.5 and 0.1
of the wavelength respectively, giving 11 db ratio,
and as a director system, the corresponding values
were 0.47 and 0.05, giving 20 db ratio.

621.396.67 ' 1451

Antenna Construction.—A. Alford & M. Fuchs,
(Radio, N.Y., Jan. 1946, Vol. 30, No. 1, pp. 43, 58.)
A dipole consists of two metal sleeves énd to end,
insulated from and surrounding a coaxial tubular
metal mast which projects beyond the upper sleeve.
The aerial is substantially balanced, and is fed from
a transmission line carried through the interior
of the mast. Summary of U.S. Patent 2 385 783.

621.396.67 : 621.396.82 1452

QRM—The Electronic Life Saver: Part II
(Aerials for radar countermeasures].—Robbiano.
(See 1527.)

621.396.671 - 1453

The Cylindrical Antenna : Current and Impe-
dahce.—R. King & D. Middleton. (Quart. appl.
Math., Jan. 1946, Vol. 3, No. 4, PpP. 302-335.) A
theoretical analysis of an idealized case, with
premises similar to those postulated in earlier
Investigations (see Hallén, 2763 0f 1939, and King &
Harrison, 817 of 1944). The aim of the paper is
solely analytical improvement of the solution of
the problem. This has been achieved by intro-
ducing parameters different from those used by
Hallén (loc. gi2.) in order to fit the actual current
distribution to an analytical form. A comparison
of first-order solutions for the current distribution
in Hallén’s and the present work shows that ** The

new, more exact theory leads to a distribution with

somewhat greater relative amplitudes nearer the
outer parts of the antenna, and with a somewhat
larger component in phase with the driving poten-
tial difference.” The impedance, on the new theory,
differs in detail but not in any major manner from
that given by the previous work. In general, re-
sistances are smaller at antiresonance, and are
greater at resonance: these differences are most
significant for large values of antenna radius. A
comparison is made between the new theory and
unpublished experimental determinations, by D. D.
King, of the impedance characteristics of such an
antenna. The agreement is good for all quantities
in the second-order theory, but only approximate
in the first order. 5

621.396.671 1454

The Efficiency of a Short Transmitting Antenna.—
V. ]. Andrew. (Communications, Jan. 1946, Vol,
26, No. 1, pp. 52-53.) The inefficiency of aerials of
lengths less than 0.18 X is due to the fact that they
have a low radiation resistance and a large negative
reactance, resulting in relatively high losses in the
loading inductor. The adverse effect of the lead-in
capacitance can be reduced by placing the loading
inductor at the base of the aerial.

621.396.673 - 1455
" The Quadrant Aerial.—N. Wells. (Mavconi Rev.,
Jan./March 1946, Vol. 9, No. 8o, pp. 21-23.) This
is a horizontal aerial system with an omnidirec-
tional pattern. It can be used over a wide fre-
quency band for both transmission and reception.
The system comprises two aerials with figure-of-
eight diagrams set at right angles to each other and
in phasequadrature. The omnidirectional character
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is well maintained over a frequency range of
2 to 1, as is the vertical directivity pattern, which is
governed by the height of the aerial. A group of
four poles carrying four aerials can together cover
the band 2-30 Mc/s.

621.396.677 1456
A Generalised Radiation Formula for Horizontal
Rhombic Aerials.—H. Cafferata. (Marconi Rev.,
Jan./March 1946, Vol. g, No. 80, pp. 24—35.) Limit-
ations of the earlier calculations of the radiated
field are pointed out and a more general treatment
is given. In particular, the positions where mixed
polarized waves are received is considered, and
account is taken of current attenuation in the con-
ductors.  ““ The source considered is that of a
multiple array of horizontal rhombic elements
arranged # in cascade and ju cascades in parallel,
and all contained in the same horizontal plane.
The formula allows for arbitrary phase relations as
between cascades and between elements in each
cascade. This permits of “steering ” the main
lobe of radiation and control of the interference
pattern in the XZ plane.”” To be continued.

621.396.677.029.6 1457

High-Gain Microwave Antennas.—\V. G. Tuller.
(QOST, March 1946, Vol. 30, No. 3, pp. 34—40, 122.)
A survey of antenna arrays developed for radar
during the war, and of their possible uses in amateur
communication. Types discussed include a dipole
array with a plane reflector, a parabolic dish fed by a
dipole, and a cut dish fed by a waveguide and
radiating horn. Types of feeder include the solid-
dielectric coaxial line, the rectangular waveguide,
and the stub-supported coaxial line. Design and
performance data for representative arrays for
200 Mcfs and 3 ooo Mc/s are given. Brief mention
is made of many possible variations.

CIRCUITS

621.317.733 1458
Note on the Helmholtz Make-and-Break Theorem

and an Application to the Wheatstone Net.—
Freeman. (See 1593.)

621.318.572 1459
Pulse-Integrating Circuit,—W. N. Tuttle. (Radio,
ALY, Jan. 1946, Vol. 30, No. 1, p. 42.) The pulses to
be counted are passed through a valve with zero
plate voltage to a capacitor with a suitable leak
resistance. The d.c. potential difference created
across the capacitor is proportional to the rate of
arrival of the pulses, and is measured with a triode
voltmeter. Summary of U.S. Patent 2 374 248.

021.318.572 1460
. Geiger-Muller Counter Technique for High Count-
Ing Rates.—C. O. Muehlhause & H. Iriedman.
{(Phys. Rev., 1st{15th Jan. 1946, Vol. 6y, Nos. 1/2,
P. 46.) A G-M counter coupled to a 4-Mc/s-wide
video amplifier followed by a scaling circuit and a
triggered-sweep oscilloscope (see 1859 of 1942
Stever) enabled counting rates up to 10° sec—t
to be obtained. Summary of Amer. Phys. Soc.

paper.

621.318.572 1 621.317.301 1461
Decade Counting Circuits.—Regener. (See 1581.)

021.392 + 621.396 [.622 4 .64 1462

LR.E. Winter Technical Meeting January 1946.—
(Waves and Electrons, Feb. 1946, Vol. 1, No. 2,

PP- 80..93.) Abstracts are given of the following
papers read at the meeting. Capacitance-Coupled
Wide-Band Intermediate-Frequency Amplifiers.—
M. J. Larsen & L. L. Merrill. Directional Couplers.
—W. AW, Mumford. From Wiring to Plumbing.—
E. M. Purcell. Equivalent Circuits for Wave-Guide
Structures.—]J. Schwinger. Discriminators for
Frequency-Modulation Receivers.—S. \W. Seeley.
Stagger-Tuned Wide-Band Amplifiers.—H. \Wall-
man. FYor other abstracts see [flectronics, March
1946, Vol. 19, No. 3, pp. 92..108, and FElecironic
Industr., March 1946, Val. 5, No. 3, pp. 02..74.
For titles of other papers read, see other sections.

621.392.5: 621.390.019.018.41 1463

The Transmission of a Frequency-Modulated
Wave Through a Network.—W. J. Frantz. (Proc.
Inst. Radio Engrs, N.Y., Part 1, JMarch 1946,
Vol. 34, No. 3, pp. 114-125.) The paper was
prompted by the increasing use of frequency-
modulated signal generators in conjunction with a

cathode-ray-tube display for investigating the
bandwidth, etc.,, of amplifiers. The possible

errors arising in such testing procedure are investi-
gated in Wdetail, but the results are of general
application. “* A practical [and simple] method for
calculating the eftect of a four-terminal network
upon a frequency-modulated wave being trans-
mitted through it 1s developed and demonstrated. . .
[1t is] equally accurate and practical for large and
small values of modulation index and for any
physical network.” The amplitude and phase of
the output voltage is expressed as a function of
time or of instantaneous input frequency. A
simple expression is derived giving the necessary
correction to the output-voltage/irequency charac-
teristic determined under steady-state conditions.
Practical worked examples are included.

621.392.52 . 1464

Analysis of a Resistance-Capacitance Parallel-T
Network and Applications.—A. E. Hastings. (Proc.
Inst. Radio Engrs, N.Y. Part 1, March 1946,
Vol. 34, No. 3, pp. 120-129.) . . . to find the
conditions for a null in output and the transfer
characteristic. Its use in the return circuit of a
feedback amplifier is considered, and the bandwidth
of the resulting tuned amplifier is found. The
requirements for stability of the amplifier and for
its use as an oscillator are discussed.” The discus-
sion deals with three arrangements, and is mainly
concerned with networks in which the resistive and
capacitive elements respectively, comprising the
horizontal arms of the two T’s, are equal. For such
a network interposed in the feedback link of an
amplifier, the maximum available *“ effective Q" of
the amplifier is a quarter of the voltage gain of the

- unit before feedback is applied.

621.392.52 1465
Bridged-T Null Networks.—Z. Bryl. (Proc. Insin
Radio Lngrs, Aust., Nov. 1945, Vol. 6, No. 3

pp. 8—9.) Mathematical derivation of conditions
necessary for zero transmission.

621.3092.52 1466

Bridged-T Circuit.—R. I3. Essex. (ltadio Crafl,
Feb. 1940, Vol. 17, No. 5, p. 310.) The use in
amplifier design is described. The circuit can be
arranged either to suppress one particular frequency
or to suppress all but one frequency. Numerical
data for computing the network parameters aré
given.
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' 621.392.52 © 512.831 146

Applications of Matrix Algebra to Filter Theory.—
P. I. Richaids. (Proc. Insi. Radio Engrs, N.Y.,
Part T, March 1946, Vol. 34, No. 3, pp. 145—150.)
v ‘“ After a brief introduction to matrix notation,
methods are presented for the derivation of design
| equations for filter sections with special attention
! to symmetrical types. Finally, iusertion and mis-
y match loss .formulas, obtainable directly from
s the matrices, are given.” The matrix notation for
| each of the circuit components normally encoun-
f tered in filter design is given. It is shown that the
y matrix for the whole filter is formed by multi-
% plying, in the order of connexion, the individual
j matrices of the circuit components. From a
| knowledge of the elements in the complete filter
| matrix it is shown how to derive the properties of
the filter: conversely, the method may be used
to design a filter having specified properties.

621.394/.397].645 1468

On Maximum Gain—Band Width Product in
} Amplifiers.—W. W. Hansen. (/. appl.  Phys.,
Feb. 1946, Vol. 17, No. 2, p. 109.) Correction to
3810 of 1945 (Hansen).

621.394/.397].645 1469
' Radio Design Worksheet : No. 44—The Cathode
 Follower Circuit.—(Radio, N.Y., Jan. 1940, Vol. 30,
No. 1, p. 44.)

1621.394/.397).645 . 1470
; Network Design Using Electrolytic Tanks.—
R. \W. Kenyon. (Electronic Industr., March 1946,
Vol. 5, No. 3, pp. 5860.) ¢ Every amplifier has
specific complex frequencies at which the gain is
Hnfinity [poles], and other complex frequencies
lat which the gain is zero [zeros].” In the electro-
ilytic tank the locations of the poles and zeros (which
juniquely determine the shape of the frequency/gain
curve) are represented by electrodes suitably placed
and energized. A probe electrode connected to a
valve voltmeter enables the gain function to be
jdetermined. A short account of the design, and an
putline of typical applications of the tank in amplifier
lesign are given.

3
|

521.394/.3971.645 : 621.396.822 1471
; Noise Factor of Valve Amplifiers.—N. R. Campbell,
. J. Francis & E. G. James. (Wireless Engr,
April 1946, Vol. 23, No. 271, pPp. 116-121.) Conclu-
fion of 1191 of May. A definition of noise factor is
given, and on the assumption that all the quantities
poncerned are either zero or a constant value,
ormulae are derived and applied to transformer-
oupled-stages and to a common-cathode pentode
tage. The effect on the noise factor of the addition
3f a pre-amplifier before the first stage of an
wmplifier is shown to be the same as if the amplifier
roduced no noise but the load conductance of the
re-amplifier were increased.

21.394/.397].645.34 1472
Selective Amplifiers.—B. M. Hadfield. (Elec-
lonic Industr., March 1946, Vol. 5, No. 3, p. 104.)
j. . . a frequency-selective amplifier or oscillator
the feedback type . . . which permits frequency
putrol by adjustment of one potentiometer in the

sedback  circuit.” Summary of U.S. Patent
386 892.
21.395.645 1473

jTelephone Amplifier.—H. K. van Jepmond.
Flectyonics, March 1946, Vol. 19, No. 3, p. 139.)

Simple two-way amplifier for wse on privately
serviced telephone lines.

¥ i
621.395/.397].6.45 : 621.396.619.018.41 1474
Carrier-Frequency Amplifiers : Transient Condi-
tions with Frequency Modulation.—C. C. Eagles-
field. (IWVireless Engr, April 1946, Vol. 23, No. 271,
Pp. 96~102.) The *‘ transient modulation ratio "’ is
defined as the ratio of the modulation at the output
to that at the input, and the general equations for
it are obtained assuming an instantaneous change of
amplitude or frequency at the input. The equations
are simplified by considering small modulation
values only, and by making the carrier frequency
coincide with the central frequency of the amplifier.
For ** staggered * circuits a simple relation between
modulation ratios for a.m. and f.m. is obtained,
and graphical results for representative amplifiers
are shown. With modification, the results can be
used for coupled circuits. See also 1196 of May and
68 of January (Eaglesfield).

021.305.645 : 621.305.44 1475

A New Linear Amplifier Circuit.—S. T. Fisher.
(OST, Feb. 1946, Vol. 30, No. 2z, Pp. 21-26.) A less
detailed account of the svstem described in 877 of
April.

621.395.6.45 : 621.395.8 1476
Hum Elimination.—J. C. Hoadley. (Radio-Craft,
Feb. 1946, Vol. 17, No. 5, Pp. 313..356.) A review
of possible sources of mains-voltage hum in amplifiers
together with design hints for its elimination. Some
of the less obvious causes of hum, such as multiple
grounding to chassis and emission from the exposed
parts of cathode heater elements, are dealt with.

621.395.645 : 621.395.8 1477

The Effect of Negative Voltage Feedback on
Power-Supply Hum in Audio-Frequency Amplifiers,
—G. Builder. (Proc. Inst. Radio Engrs, N.Y.,
Part 11, March 1946, Vol. 34, No. 3, pp. 140-144.)
Analysis leading to the conclusions (a) Under con-
ditions of simple negative feedback, the signal/
hum ratio at constant signal output is improved by
the gain-reduction factor (1—gM). This factor is,
in general, complex and frequency-dependent.
(b) © Failure to achieve the improvement in signal/
hum ratio thus predicted may be due to the feedback
voltage’s including voltage other than the fraction B
of the output voltage required for simple negative
feedback . . .”" (c) “ In general, hum balancing
within the amplifier is independent of the feedback
only when the conditions for simple negative feed-
back are satisfied.” (d) With an amplifier employing
feedback, it is not generally valid to calculate the
output hum voltage by simple potential division
between the load impedance and the effective anode
impedance of the valve if the latter is taken to be
R,/(1 — uB). A particular case is considered, how-
ever, when this procedure is permissible. The case
of an amplifier having transformer coupling to the
load is discussed in detail, with extensions to cover
other types of output arrangements.

621.395.045.3 1 621.385.2 1478

A Voltage Amplifier Using a Pre-Saturation Diode
as Load.—A. M. I. A, W. Durnford. (Canad. J.
Ites., Sept. 1944, Vol. 22, Sec. A, No. 5, pp. 67—-706.)
“ Pre-sacuration characteristics for various types of
diodes indicate that for constant plate voltage, the
product of plate current and plate resistance is
constant for each diode. (iy7,, = K). For different

[ ——
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diodes, the value of K varies from 200 to 700 V
for a plate voltage of 125 V.. Tubes with thoriated
tungsten cathodes have the highest K wvalues with
K proportional to plate voltage which renders the
logarithmic characteristics linear and parallel. The
pre-saturation diode when used as a load provides
a high resistance that does not require an exceed-
ingly large supply voltage. If the quiescent plate
voltage, E,, is kept constant, the effective load
lines converge at a common point, the voltage of
which represents a virtual supply voltage equal to
£y, + K. Voltage gain and maximum distortion-
less output are both greater than when a fixed
resistance is used as Joad. Variation of the filament
current of the diode, or of a self-bias resistor,
provides a distortionless gain control. The gain is
almost constant for frequencies less than 300 c.p.s.
but for high frequencies drops more rapidly.”

621.395.645[.33 + .35 1479

A Constant Time Interval Reference Potential
Indicator for Use with R-C Coupled Amplifiers.
—E. W. Kammer. (Rev. sci. Instvum., March 1940,
Vol. 17, No. 3, pp. 102-106.) A device used for the
observation of low-frequency signals such as those
produced in the recording of dynamic strain in
structures. The input signal is chopped rapidly to
form a carrier which can then be amplified. The
electronic switch, consisting of two cathode followers
and a differential amplifier, is operated by a pulse
with recurrence frequency 1 0oo per sec and 107*
sec duration.

621.395.645.34 + 621.3906.63 1480

[Frequency-] Selective Control Circuit.—E. S.
Purington. (Radio, N.Y ., Jan. 1946, Vol. 30, No. 1,
P- 39.) A double-triode amplifier circuit with
selective feedback designed to operate a relay when
excited with a predetermined frequency of about
10 ¢/s. Summary of U.S. Patent 2 382 097.

621.396/.397].045.31 1481

Some Considerations in the Design of Wide-Band
Radio-Frequency Amplifiers.—]. ¥. Cope. (/.
Instn elect. Engrs, Part I, Feb. 1946, Vol. 93, No. 62,
P. 109.) Summary of 576 of March,

621.396.611 : 621.3906.615.14.029.63 1482

Tunable Microwave Cavity Resonators.—]. J.
Guarrera. (Electvonic Industr., March 1946, Vol. 3,
No. 3, pp. 80..122.) Design of coaxial resonators
and associated components for use with disk-sealed
triode oscillators, with particular reference to
tuning, feedback, and shorting-plug problems.
The design and testing of assemblies for operation
under Service conditions are briefly discussed. See
also 1483,

621.396.611 : 621.396.615.14.029.63 1483

Cavity Oscillator Circuits.—A. M. Gurewitsch.
(Electronics, FFeb. 1940, Vol. 19, No. 2, PP. 135-137.)
Outline of the design of re-entrant type cavity
circuits for use with disk-sealed triodes (lighthouse
tubes) in the decimetre band of wavelengths. A
number of different mechanical arrangements are
described and illustrated : typical dimensions are
given for wavelengths in the 9-30 cm region to-
gether with an indication of operating voltages and
currents under c.w. and pulsed conditions.

621.396.611.2.029.62/.63 1484
Tuned Circuit Design for U.H.F.—M. Apstein &
M. Joffe. (QST, Feb. 1946, Vol. 30, No. 2, pp. 13-

16, 106.) Photographs and drawings of an LC
circuit with three interchangeable coils, for use
with an acorn triode to oscillate over the range
140—450 Ac/s.

621.300.611.3 : 621.390.015.1 1485
Bimodal Oscillator.—S. Lubkin. (Electronics,
Feb. 1946, Vol. 19, No. 2, pp. 242..248.) \arious

examples are quoted of circuits having two closely-
spaced natural frequencies. The advantages to be
expected from using such circuit elements in the
construction of beat-frequency oscillators, together
with methods for varving the frequency separation,
are discussed. Possible circuits are described ;
one suggested arrangement is to pulse-excite the
double-peaked circuit, using the output beat
frequency to synchronize the exciter.

621.396.615.17 1486
Rectangular-Pulse Generator.— IR. K. McCombs &

E. C. Walz. (Electronics, March 1940, Vol 1y,

No. 3, pp. 222..228.) Long summary of 4136 of

1945.

621.396.615.17 : 578.088.7 1487
Nerve Stimulator.—Weiss. (See 1609.)

621.396.615.17 : 621.307.335 1488

Synchronizing Generators for Electronic Television.
—A. R. Applegarth. (Proc. lnst. Radio [Engrs,
Part 1I, March 1946, Vol. 34, No. 3, pp. 128-139.)
“ The system of electronic circuits emploved to
generate the complex wave forms required as a base
for television picture transmission is described. It
comprises four principal sections which are: (1)
source of accurately timed pulses; (2) {requency-
divider chain ; (3) components-generating circuits ;
and (4) signal-synthesis circuits. The various
means for accomplishing these functions are brietly
discussed, and illustrated by circuits which have
been used successfully for such purposes in practical
applications.”

621.3906.019 1489

Carrier Wave Modulation.—\\V. R. Bennett.
(Radio, N.Y., Jan. 1940, Vol. 30, No. 1, p. 42
A circuit for reducing second-harmonic distortion
in a ring-type balanced modulator when the signal
frequency is too close to the sideband frequency

to be conveniently separated by filters. Summary
of U.S. Patent 2 377 85&.
621.390.019 : 621.306.933.2 1490

Modulation Circuit.—Alford & Patterson. (See
1548.)
021.396.619.018.41 : 621.390.622 1491
Frequency Discriminator.—G. G. Bruck. (/.

appl. Phys., March 1946, Vol. 17, No. 3, p. 213.)
Letter giving preliminary notice, with circuit
diagram, of a discriminator that is insensitive to
amplitude. " The circuit . . . is essentially an
oscillator which falls into step with an incoming
signal. The differential plate-current of the two
halves of the [double triode] tube is the discrimina-
tor output.”

021.306.621.53 . 1492

Calculation of the Output from Non-Linear
Mixers.—H. Stockman. (/. appl. Phys., Feb.
1946, Vol. 17, No. 2, pp. 110-120.) A detailed critical
survey of existing methods of determining the mixer
performance of non-linear conductors from an
assumed knowledge of the current/voltage charac-
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) teristic. The methods are compared for consistency
by application to a typical diode characteristic,
and the discrepancies range from — 259, to + 359,.
It is concluded that there is no “ best”” method
? and that “ all methods require simplifying assump-
tions that frequently lead the converter designer
| to consider practical measurements or special
methods such as the {requency-conversion diagram
technique . The latter is a compromise between
direct measurement and complete computation,
due to Chaffee, and is described in detail in a number
| of papers by H. Stockman (e.g. 778 of 1945 and
v 408 of February). -

l 621.390.645 -+ 621.396.61 1493
Analysis of Parasitic Oscillations in Radio Trans-
| mitters.—Jackson. (See 1714.) ‘

) 621.396.645 1494
) A 4.3-Mc. F.M.JA.M. LF. and Audio Amplifier.—
J.W. Brannin. (QST, March 1946, Vol. 30, No. 3,
Pp- 51-54.) Circuit and constructional details. A
) beat oscillator is included for c.w. reception.

621.396.645.029.62 1495

A V.HF. Amplifier Using the 829.—G. G. (QST,
March 1946, Vol. 30, No. 3, pp. 55-56.) Construc-
tional details. 50 W output at 144 Mc/s.

621.396.645.34 | 1496

Selective Amplifier or Oscillator,—B. M. Hadfield.
| (Radio, N.Y., Jan. 1946, Vol. 30, No. 1, PP. 42—43.)

A feedback amplifier with a narrow pass band that
ican be varied over several octaves by a single
i potential divider. It may also be used as an oscil-
|lator over the same frequency range. Summary of
fU.S. Patent 2 386 892.

1621.396.662.32 1497
i _ The Ideal Low-Pass Filter in the form of a Dis-
persionless Lag Line.—M. J. E. Golay. (Proc.
Inst. Radio Engrs, N.Y., Part I, March 1946, Vol.
34, No. 3, pp. 138-144.) ‘‘ Some theoretical and
practical aspects of the design . . . are considered.
It is shown, in particular, that an artificial line
made up of series inductances and shunt capaci-
tances, with 18 per cent aiding mutual inductance
between adjacent coils and 8 per cent shunt capaci-
tance between alternate tie points, forms, for many
burposes, a sufficiently good approximation of 3
lispersionless lag line. The mathematical study

of the function f(n) = fl(l — Cos ¢/d?) cos nedé,

R R S S
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which is of pertinent interest in lag-line theory,
s given in an appendix.” The modification of the
7alues of line components to take account of
esistive losses, and the effective characteristic
mpedance of the line are briefly examined.

521.396.662.34 1498
H.F. Band-Pass Filters: Part II.—H. P. Williams.
Electronic Engng, March 1946, Vol. 18, No. 217,
9P. 89-93.) Examination of the response of coupled
{issimilar circuits with unequal damping and
taggering. The position and separation of the
caks, the gain on tune and the response well off
une are derived, and the results applied to inter-
tage and aerial coupling circuits. An approximate
%}‘eatment of the signal/thermal-noise, ratio is given.
]

Or previous parts see 895/896 of April.

21.396.9 . . 1499
;Loran Indicator Circuit Operation.—Davidson.
See 1529.) .

?

fg
)
|

621.397.335 1500
Synchronizing and Separation Circuits : Part
12.—Noll. (See 1710.) :

621.397.645 1501
Compensating Amplifier.—Gillespie. (See 1712.)
621.392.4:621.3.015.33 1502

Pulsed Linear Networks. [Book Review] —
E. Frank. McGraw-Hill Book Co., New York,
267 pp., $3.00. (Proc. Inst. Radio Engrs, N.Y.,
Part II, March 1946, Vol. 34, No. 3, PP. 159-160.)
The networks examined are limited to simple types,
but the treatment (by the classical method only)
is clear and thorough. )

GENERAL PHYSICS
532.517.4 1503
A Contribution to the Statistical Theory of Tur-
bulence.—V. G. Nevzgljadov. (C. R. Acad. Sci.
U.R.S.S., 1945, Vol. 47, No. 7, pp. 466~-468. In
English.)

535.215: 621.383 - 1604

Investigation of the Surface Photoelectric Effect
of Metallic Films under the Influence of Strong
Electrostatic Fields.—V. P. Jacobsmeyer. (Phys.
Rev., 1st{15th Jan. 1946, Vol. 69, Nos. 1/2, p. 50.)
Photoelectric current from Bi films and a “liquid
bright Pt surface measured in fields up to 1.4 x
10° Vjcm give a ** Schottky line ” which is con-
sistent with the theoretical predictions of Guth
& Mullin (1909 and 2766 of 1941). Summary of
an Amer. Phys. Soc. paper. .

535-3 1505

Transmission of Light by Water Drops 1 to 5 p
in Diameter.—R. Ruedy. (Canad. J. Res., May/
July 1944, Vol. 22, Sec. A, Nos. 3/4, PP- 53-66.)
The size of growing drops of water formed as water
vapour condenses can be determined by application
of Mie's theory. As the drop size increases, the
intensity of the transmitted light passes through a
series of maximum and minimum values. This
results in coloured light, and from observation of
the cycles in changes of colour, the radius of the
growing drops can be determined.

535-43 1506

Scattering of Light by Small Drops of Water.—
R. Ruedy. (Canad. J. Res., Dec. 1943, Vol. 21,
Sec. A, No. 12, pp. 99-1009.) Scattering of light
of wavelength A obeys Rayleigh’s law for drop
diameters up to A/4. For diameters between A4
and A, back radiation decreases almost to zero, and
forward radiation obeys approximately a sixth
power law. At the same time the colour of the
scattered light changes gradually from blue, through
the spectrum, to red.

536.2 1507

A Cylinder Cooling Problem.—S. A. Schaaf.
(Quart. appl. Math., Jan. 1946, Vol. 3, No. 4, pPP-
356-360.) Theproblem of an infinitely long circular
cylinder at an initial temperature above zero which
is instantaneously immersed in an infinite medium
initially at zero is solved by means of a Laplace
transformation, leading to a solution in terms of
Bessel functions.

536.2:621.315.2.017.7 1508

On a Modification of Forchheimer’s Problem.—
I. A. Charny. (C. R. Acad. Sci. U.R.S.S., 1945,
Vol. 48, No. 1, pp. 27-30. In English.) A mathe-

e O e
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matical paper on the determination of the heat 538.1 1514
losses from a length of tube buried in the ground, Resonance Absorption by Nuclear Magnetic

when the coefficient of heat transfer from the surface
of the ground to the air has a finite value.

537.122 : 538.3 1509

Some Criticisms of the Theory of Point Electrons.
—T. Lewis. (Phil. Mag., Aug. 1945, Vol. 36, No.
259, PP. 533-541.) Dirac’s analyses of the
behaviour of point electrons (1822 of 1942 and pre-
vious work) contain a serious mathematical error,
leading to false conclusions. Some of his results
are invalid in so far as they are supposed to contain
a term corresponding to radiation damping.

537-525 1510

On the Theory of the Varying Electric Discharge
in Gases.—V. L. Granovsky. (C. R. Acad. Sci.
U.R.S.S., 1940, Vol. 26, No. 8, pp. 876-880. In
English.) Varying discharge phenomena may be
classified into (a) those associated with the elec-
trical inertia of the discharge, (b) those associated
with the thermal inertia of the gas and the elec-
trode system. The paper deals with (a), with the
following limitations :—1. The plasma is the main
part of the discharge. 2. Displacement current
small compared with conduction  current.
3. Pressure not too low. 4. Plasma quasi-neutral
{(¢f. Schottky’s theory of ambipolar diffusion).
5. Maxwellian electron velocity  distribution.
6. Energy of the electron gas derived from the electric
field and lost by collision with gas molecules. 7. The
normal atoms are directly ionized. 8. Tube con-
nected to a source of e.m.f. through a resistance.
Formulae are given for the balance of ions, the
equation of ionization, the balance of energy in the
electron gas, the equation of mobility and the

current. See 1224 of May (Granovsky) for a
sequel to this paper.
537.525 1 621.3.020.04 1511

Initiation of High Frequency Gas Discharges.—
Holstein. (See 1720.)

537.525.82 1512

Computation of the Positive Column Character-
istics.—B. Klarfeld. (C.R. Acad. Sci. U.R.S.S., 1940,
Vol. 26, No. 9, pp. 873-875. In English.) Deals
with the calculation of the discharge characteristics
from the atomic properties of the gas. The theory,
now freed from previous simplifying assumptions
which limited the pressure range, has been extended
to cover the whole range within which the low-
pressure plasma theory remains valid, and has been
confirmed by experiments with mercury vapour.
(See V. Granovsky, Bull. Acad. Sci. U.R.S5.S., Sér.
phys., 1938, No. 4, p. 419.)

537.581 1513
An Explanation of Anomalous Thermionic Emis-
sion Current Constants.—N.-T. Sun & W. Band.
(Proc. Camb. phil. Soc., Feb. 1946, Vol. 42, Part 1,
PP. 72—77.) Anomalously large or small values of
the constant A4 in the thermionic current formula
for metals, (I = AT2*T), are explained by
taking into account the sharing of free electrons
by two competing overlapping energy bands.
Cases where one overlapping energy band is nearly
full and where both overlapping bands are nearly
empty are considered, and are used to explain the
observed values of 4 for nickel and hafnium.

" Vol. 69, Nos. 1/2,

Moments in a Solid.—E. M. Purcell, H. C. Torrey &
R. V. Pound. (Phys. Rev., 1st{i5th Jan. 1946,
pPpP- 37-38.) The absorption of
r.f. energy by a solid material in a strong magnetic
field due to changes of orientation of nuclear spin
has been observed. The experimental method of
determining the proton magnetic moment (using
the transition relation kv = 2pH) is described. A
resonant cavity (frequency 29.8 Mc/s) filled with
paraffin wax was placed in a magnetic field and the
r.f. power transmitted through the cavity balanced
by a direct signal in antiphase. The magnetic field
was varied until the very sharp resonance absorp-
tion (about 10 oersteds wide) was observed at
7 100 oersteds, giving 2.75 nuclear magnetons for
the proton moment. The relaxation time to estab-
lish thermal equilibrium between the spins and the
lattice was apparently less than a minute.

538.3 1515

Initial Boundary Problems of Electrodynamics.—
J. N. Feld. (C.R.Acad.Sci.U.R.S.S., 1945, Vol. 48,
No. 3, pp. 172-174. In English.) A formal solution
of the electromagnetic field within a space v bounded
by a closed surface s when the tangential components
of the electric and/or magnetic vectors are given
as arbitrary functions of time. Equations (6) and
(7) give the electric and magnetic fields at the point
of observation assuming zero conductivity within
v and zero tangential field at the surface s.

38.3 1516
A Study of Stationary Electromagnetic Modes
for Region Between Parallel Perfectly Conducting
Planes and Application to Electron Accelerator.—
E._S. Akeley. (Phys. Rev., 1st/isth Jan. 1946,
Vol. 69, Nos. 1/2, p. 50.) Theoretical evaluation
of the TM modes with circular symmetry and their
relation to the design of the surfaces and the

energy dissipation in an electron accelerator.
Summary of an Amer. PPhys. Soc. paper.
538.3 1517

Reciprocal Electric Force.—LF. W. Warburton,
(Phys. Rev., 1stj15th Jan. 1940, Vol. 6y, Nos. 1/2,
p. 40.) From the assumed potential energy of
two charges e and ¢ with relative velocity « the
reciprocal force between them is obtained in a
form involving certain undetermined coefficients
and the relative acceleration of the charges. When
the radius vector, velocity and acceleration are
parallel, the usual mass-energy relation is found.
The formulae are applied to calculating the change
of magnetization and torque of a rod by a longi-
tudinal current. It is suggested that the treatment
provides a unified electromagnetic theory which is
more complete than the conventional theory with
the necessary relativity corrections.

553.631 : 621.3.011.2 1518
Effect of Transverse Pressure on the Steady-
State Electrical Conductivity of Rocksalt.-—Hamtil.
(See 1557.)
621.314.632 1519
A Method for Measuring Effective Contact E.M.F.
between a Metal and a Semi-Conductor.—W. E.
Stephens, I3. Serin & W. E. Meyerhof. (Phys.
Rev., 1st{rsth Jan. 1946, Vol. 69, Nos. 1/2, pp:
42—43.) Bethe’s theory for the current in a rectifier
formed by the potential barrier between a metal

W e
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A . . o o ed Pp. 27-35.) Description of receivine equipment
{ and a semiconductor gives j = j, exp (“ /e_[) and of aerial systems used in radar counbtermeasures,

. [exp (%I;)-— 1] where j, is the available current,
\ ¢ the effective contact e.m.f., and IV the applied
{ voltage across the contact. If the resistance of the
| contact at zero applied voltage is R at temperature
| 7,and log(R/T) is plotted against 1/T, the effective
| contacte.m.f. ¢ can be deduced. [Reference is made
i to Fig. 1 which has been omitted.) ¢ is of importance
}in the operation of rectifiers and thermistors, and
f by correcting it for image force and the tunnel
5 effect, the true difference of work function can be
Hestimated.

| GEOPHYSICAL AND EXTRATERRESTRIAL
) PHENOMENA

) 523.5 1 621.396.11 . 1520
) Meteoric Impact 'Ionization Observed on Radar
Oscilloscopes.—O. P. Ferrell. (Phys. Rev., 1st/15th
Jan. 1946, Vol. 69, Nos. 1/2, PP. 32-33.) Report on
yshort-duration echoes observed on about 40 Mc/s
and 100 Mc/s and attributed to ionic clouds formed
Dy meteoric impact. On 105 Mc/s the echoes lasted
tor about -3 sec, and occurred af ranges of 30
~125 km, with maximum rate of occurrence in
the early morning (0100-0700) peaking at about
0400 hours. -

1521

523.72
Radio Noise from the Sun.—Department of
scientific and Industrial Research. (Electvonic

Engng, March 1946, Vol. 18, No. 217, p. 98.) A
brief account of the phenomenon described in 323
if February (Appleton).

i51.515.43 : 621.306.9 1522
Spotting Hurricanes and Thunderstorms by
Radar.—Winters. (See 1541.)

i131.437 : 621.3.011.2 1523
| The Use of Cumulative Resistance in Earth-
Resistivity Surveys.—R. Ruedy. (Canad. J. Res.,
uly 1945, Vol. 23, Sec. A, No. 4, PP. 57-72.)
Vhen the soil consists of layers having different
zsistivities, an almost linear relation is obtained
'etween the cumulative resistance and the electrode
pacing until the distance between electrodes is
qual to the thickness of the upper material. Earth-
ssistivity and cumulative-resistance curves are
aterpreted for some typical terrains.

51.5 (021) 1524
Dynamic Meteorology. [Book Review] — 7J.
wolmbe, G. E. Forsythe & W. Gustin. John

7iley & Sons, New York, $4.50, Chapman & Hall,
ondon. (Curr. Sci., Feb. 1946, Vol. 15, No. 2,
. 54.) - an ideal and up-to-date text-book
})r the advanced student.”

1%

!( LOCATION AND AIDS TO NAVIGATION

PT.383 , 1525
tSensory Aid for the Blind.—Cranberg.  (See
520.)

21.306.02 + 621.396.9 1526

'Germany’s UHF Tubes [Radar Camouflage],—
irambined Intelligence Sub-Committee. (See 1648.)

1527
Part II.—
(QST, Feb. 1946, Vol. 30, No. 2z,

51.306.82 1 021.396.67

QRM—The Electronic Life Saver :
Robbiano.

?
]
%

including a cone aerial for 300-3 000 Mc/s, and a.

““ fish hook ” aerial for 500 Mc/s. For part'l dealing
with jamming transmitters, see ro6o of April.

621.396.9 1528

LR.E. Winter Technical Meeting J anuary 1946.—
(Waves and Electvons, Feb. 1946, Vol. 1, No. 2,
pPp. 80 .. 92.) Abstracts are given of the following
papers read at the meeting. Considerations of
Frequency, Power, and Modulation for g Long-
Range Radio Navigation System.—P. R. Adams.
Broad - Band Antennas and Direction - Finding
Systems for Very High Frequencies—A. Alford,
J. D. Kraus, A. Dorne & J. Christensen.  Naval
Airborne Radar,.—L. V. Berkner., Airborne Radar
Equipment for Aircraft Interception.—F. L.
Holloway, R. P. Burrows & J. E. Keto. The
Theory and Application of the Radar sBeacon.—
R. D. Hultgren & L. B. Hallman, Jr. Enemy
Radio and Radar Equipment.—E. L. Luke &
J. C. Link (Title only). Application of Radar
Techniques to Aircraft’ Fire-Control Systems.—
E. A. Massa, I. Paganelli & F. A, Best, Jr. The
Role of Electronics in  Antiaircraft Gun-Fire
Control.—F. B. MacLaren. Aircraft Automatic
Position Plotter.—A, C. Omberg & W. L. Webb.
Radar Model XAF.—R. M. Page. An Introduction
to Hyperbolic Navigation.—]." A, Pierce. A Fre-
quency-Modulated Altimeter for Meter and Light
Indication and the Automatic Altitude Control of
Aircraft.—R. C, Sanders, Jr.,, W. R, Mercer, J.
Wolff & J. C. Smith (Title only). An Automatic
Visual-Indication Radio Direction Finder.—A.
Scandurra & S. Stiber, Ground Controlled
Approach.—E. Storrs, W. Devitt & B. Green.
Radar Aspects of Naval Fire Control.—D. p. Tucker.
A Pulse Altimeter for High Accuracy at High Alti-
tudes.—I. Wolff, W. D. Hershberger, G. W. Leck &
R. R. Welsh. (Title only). For other abstracts
sce Elecivonics, March 1946, Vol. 19, No. 3, pp.oz..
108, and Electronic Industr., March 1946, Vol. 3,
No. 3, pp. 62 .. 74. For titles of otherpapers read,
see other sections,

621.396.9 1529

Loran Indicator Circuit Operation.—D. Davidson,
(Electronic Industr., March 1946, Vol. 5, No. 3,
pPp. 84..132.) Brief discussion of propagation
factors in Loran, leading to the following require-
ments in the design of the receiver-indicator :—_
“(1) a slow time base . . . to examine the entire
recurrence cycle (40 000 us); (2) a fast . . . time
base (say, 200 to 2'500 pus) to enablé identification
of pulse train components and to permit a coinci-
dence measurement of master and slave pulses ;
(3) a delay circuit . . . so that a coincidence measure-
ment can be made [that] will result in a time
difference reading equal to the delay; (4) an
amplitude balance scheme so that the two pulses . . .
may be made identical in shape during measure-
ment ; (5) an effective method for sweep calibration
in order that the time difference can be read with
the required precision and rapidity ; (6) a method
of splitting the time base so that the pulse from one
station may be brought under that of its mate
for superposition ; (7) a method of identifying the
recurrence rates of the station pairs in a positive
manner ; (8) ample sensitivity in the receiver . , . ;
(9) the receiver bandwidth should be wide enough
to allow satisfactory discrimination of sky and
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ground wave components and yet narrow enough
to keep adjacent channel interference at a mini-
mum.” The manner in which these requirements
have been met in the DAS-1 equipment for ship-
board use is discussed in detail. The design of
the airborne model is briefly mentioned, together
with other variants of the basic design, in existence
or contemplated.

621.396.9 1530
Loran Transmitting Stations.—D.G.F. (Elec-
tronics, March 1946, Vol. 19, No. 3, pp. 109-115.)

A description of the circuits and operating functions
of the transmitter, timer, and synchronizer. The
transmitter, generating 40-us pulses at 1.7-2.0 Mc/s
at a peak power of 75-150 k\V, consists of a self-
excited tuned-grid, tuned-anode, -push-pull oscil-
lator, pulse modulated in the cathode circuit.
The modulator is driven by two exciters, so that
two pulse’sequences at slightly different rates can
be generated simultaneously when necessary. The
timing unit consists of a 30-kc/s quartz-crystal
oscillator-circuit and six divider-circuits.  The
timer repeats the pulses, at 25 or 33} pulses per
second, so precisely that the accumulated timing
error does not exceed 1 us over a period of several
minutes. To synchronize the pulse-sequence of the
slave station with that of the master station, the
remote and local signals are displayed ona cathode-
ray indicator and the -phase of the transmitted
keying system is adjusted until the two signals are
superimposed. The phase adjustment may be
made manually, or automatically, by switching in
the synchronizing unit which holds the two
sequences In synchronism to an accuracy of 1 pus.
This paper concludes a series. For previous parts
see 605/606 of March. -

1531
Part III1.

621.396.9
Loran—the Latest in Navigational Aids :

Navigators’ Equipment and Summary.—A3A. A.
McKenzie. (QST, Feb. 1946, Vol. 30, No. 2, pp.
62 . . 124.) For previous parts see 926 of April.

621.396.9 1532

Loran — Radio Navigation Aid.—E. F. Brissie.
(Radtio Cvaft, Jan. 1946, Vol. 17, No. 4, pp. 236 . .
292.) A simple account of the system.

621.396.9 1533

Technical and Tactical Features of Radar.—
J. H. DeWitt, Jr. (J. Franklin Inst., Feb. 1946,
Vol. 241, No. 2, pp. 97-123.}) Military uses of ground
radar include aircraft warning, gun laying, search-
light control, and ground-controlled interception.
The basic principles are common to all these systems,
the essential components being a timer, transmitter,
antenna system, receiver, indicator, and power-
supply unit. These components, and the operational
use of aradar system, are discussed in general terms,
and details are given of sets designed for various
specific requirements. Precision must often be
sacrificed in operational sets to obtain simplicity
and to reduce weight.

621.396.9 1534

The [AN/] MPG-1 Radar.—H. A. Straus, L. J.
Rueger, G. A. Wert, S. ]J. Reisman, M. Taylor,
R. ] Davis & J. H. Taylor. {Electronics, March
1940, Vol. 19, No. 3, pp. 140-147.) Details of the
timing, p.p.i., B-indicator, and remote-B-indicator
systems. Crystal controlled sweeps, together with

a special quadrant-type capacitive phase-shiiter,
enable a static range accuracy of 4+ 3 yvd to be
obtained. \When calibrated by transmitted pulses,
the accuracy is about + 20 vd. For previous parts
of this 3-part series, see 610 of March and 1250
of May.

621.396.9 1535

Radar on 50 Centimeters.—H. A. Zahl & J. \W.
Marchetti. (Electronics, Feb. 1940, Vol. 19, No. 2,
pp- 98-103.) Details of the transmitter, receiver
and display systems of the AN/TPS-3 equipment
of which other parts were described in 1249 of
April. The transmitter comprises four triodes in
parallel push-pull within a common envelope which
also contains the grid and anode resonant lines.
Tuning is effected externally by operation of a
shorting bar on the filament lines. Iower is
taken by direct coupling to the anode line. The
valve is modulated by 1.5-us pulses from an artificial-
line circuit discharged 200 times per second by a
rotary spark gap . peak output power is 200 kW

at 25-309%, efficiency. The receiver comprises
two stages of signal-frequency amplification, a
crystal first detector, 6 1.f. stages (bandwidth

1.25 Mc/s), a diode second detector, and
video stages for the A-scope and p.p.i. The noise
figure of the receiver is about 10 db. Timebase
lengths equivalent to 20, 60 and 120-mile ranges
are provided for both display tubes. Separate
timebase units, each triggered from the trans-
mitted pulse,-are provided, the timebase length in
each case being controlled by variation of the
characteristics of an asymmetric multivibrator.
In the case of the p.p.i. the linear sweep voltage is
distributed to the deflector coils by a rotary trans-
former (goniometer), the search coil of which rotates
in synchronism with the aerial system, and carries
the sweep currents. Range markers at 1o-mile
intervals are provided on the A-scope and p.p.i,
use being made of a 9.3-kc/s oscillator keyed by
the transmitted pulse.

separate

621.396.9 1536
Lightweight Radar for Early Warning.—\V. C.
Hendricks. (Communications, Jan. 1946, Vol. 26,
No. 1, p. 54.) Some details of the radar set AN/
TPS-3. For a longer account see 1535 above.

621.396.9 1537

The SCR-584 Radar [Part III].—D.G.F. (FEles-
tronics, Feb. 1946, Vol. 19, No. 2, pp. 110-117.)
““ Details of the circuits for timing echoes to 0.01
microsecond, the deflection system for the plan
position indicator, and the automatic antenna
positioning gear are presented in this final install-
ment.”” See 608/609g of March for earlier parts:
A crystal oscillator at 81.95 kc¢/s is used to develop
circular traces (on separate cathode-ray tubes) with
circumferences equivalent to ranges of 32 ooo yd
and 2 000 yd respectively, and also a trigger at
1 707 ¢/s for actuating the transmitter. Signals ap-
pear as radial deflexions. A cursor on the 32 ooo-yd
screen can be rotated to cover the selected echo.
The 2 ooo-yd display is ‘‘“ gated ”’ so that the trace
is illuminated only for the equivalent of 4 250yd
on each side of the echo selected by the cursor on
the long-range tube. A cursor on the 2 000-yd
tube enables the range to be measured accurately.
The p.p.i.circuits are arranged to provide magnet-
ically deflected sweeps of either 70 0oo or 35 0oo-yd
range. Precautions are taken to ensure that
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. the spot is at the centre of the tube at the begin-
{ ning of each radial sweep. Intensity modulation
< is provided by the following signals (a) a signal to
ensure that the tube is illuminated only during the
, outward sweep of the spot to the edge of the tube,
{b) echoes from targets, (c) 10 000-yd marker pulses
derived ‘from a 16.4-kc/s oscillator shock-excited
by the transmitted pulses, (d) an azimuth-marker
pulse derived from the cursor setting on the long-
range dial. Automatic target-following is provided.

b . O i >y

i

621.396.9 1538

Elements of Radar : Parts II & IIL.—]J. McQuay.
(Radio Cvaft, Jan. & Feb. 1946, Vol. 17, Nos. 4 &
5, PP- 246..287 & 317..337.) Brief general descrip-
tions of oscillators, aerials and waveguides, and of
receivers and display systems. For part I see g30
of April.

S

(-621'396-9 1539

LF.F.—(Radio Craft, Feb. 1946, Vol. 17, No. 3,
P. 332.) A simple explanation of the principles
of the system used during the war for distinguishing
between enemy and friendly aircraft,

)
§621.396.9 : 518.5 1540
| Post Office Equipment for Radar.—P. A. Mar-
chant & K. M. Heron. (P.O. elect. Engys’ J., Jan,
11946, Vol. 38, Part 4, pp. 117-120.) The solution
lis given of the problems concerning the rapid inter-
retation of radar observations to a form suitable
{lor teleprinter transmission to a control centre.
'The technique is an extension of multichannel
iselection circuitry.

{621.306.9 1 551.515.43 1541
Spotting Hurricanes and Thunderstorms by Radar.
/—S. R, Winters. (Radio News, March 1946, Vol.
135, No. 3, pp. 45. -104.)  An illustrated account of

the plotting of the path of a hurricane. See also
b18 of March,
é521.396.9 :621.3.089.6 1542

Artificial Radar Target.—(Electronics, Feb., 1946,
/ol. 19, No. 2, Pp. 214, 216.) The radar pulse re-
beived on a dipole is heterodyned to a lower fre-
luency, converted by a piezoelectric transducer to
pulse of mechanical vibration which is delayed
1y transmission along a glass rod, is reconverted
v the transducer, and retransmitted at carrier
requency from the dipole to simulate a radar echo,
Fhe device is set up about 20 yards from the radar
°t, and, on account of the time delay, the echo
Ppears as if from a distant target. It is used for
>st purposes. A German device,

?21.396.9 1 623.26

1543
! Land Mine Locators.—West. (See 1626.)
{
%1.396.9 : 623.454.25 ) 1544
Zi_Pro)ximil:y Fuzes for Artillery.—Selvidge. (See
b27. .
:.1.3.96.931/.933].22.029.54/.56 1545

'Twin Bearing DF Unit.—(Electronic Industr.,

arch 1946, Vol. 5, No. 3, PP- 79, I24.) Brief

>scription of a compact, rotating, cross-loop, twin-
annel d.f. with crossed-pointer indication—the

mon Radioguide, a variant of SCR-503-A. Fre-

*ency range 0.1 to 3.0 Mc/s.in two units. Messages
¥ be read while bearings are being taken.
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621.396.033 1546

The Teleran Proposal.—P. J. Herbst," I. Wolff,
D. Ewing & L. F. Jones. (Electronics, Feb. 1946,
Vol. 19, No. 2, pp. 124~127.) Teleran (Television-
Radar Air Navigation)'is “ a system of navigation
and traffic control, utilizing existing television and
radar techniques to present visual information
directly to the pilot .. .” It comprises, in each
aircraft, a television receiver, and a transponder
beacon coupled to the altimeter. The transponder
is interrogated by ground radar equipments located
near each aerodrome, and coding introduced by the
altimeters in the respective aircraft enables the
position and track of the machines within given
height limits to be displayed on p.p.i. tubes par-
ticular to the respective strata, These pictures are
televised, together with superposed information
(map of neighbourhood, wind velocity, visibility,
etc.), to the aircraft. The pilot réceives the in-
formation appropriate to his height ; he thus sees
a map of the aerodrome neighbourhood, his own
position and the position and course of other
aircraft at roughly his own height. The system
is designed ‘also to assist the aircraft in landing.
The properties of Teleran are compared with those
of other navigation systems.

621.396.933.1/.2 ) 1547

Radio and Radar Aids to Aerial Navigation.—
R. L. Rod. (Radio, N.Y. Vol. 30, No. 1, PP.
35..60.) An outline of systems, including the radio
range, v.h.f. direction finder, Loran, the radar
p-p-i., and Racon (radar beacon). ‘

621.396.933.2 : 621.396.619 1548

Modulation Circuit.—A. Alford & G. K. Patterson.
(Radio, N.Y., Jan. 1946, Vol. 30, No. 1, pp. 41~42.)
A circuit to produce an ordinary modulated carrier,
and, simultaneously from different terminals, the
sidebands without the carrier. Its use is proposed
for a beacon system, in which the carrier is applied
to one member of an aerial array, and sidebands
only are applied to the other members, so that the
modulation of the received signal is directional, but
a constant carrier is available for a.v.c. Summary
of U.S. Patent 2 383 456. : -

621.396.029.64

Radiation Laboratory Technical Series. [Book
Notice]—(J. appl. Phys., Feb. 1946, Vol. 17,
No. 2, pp. 105-106.) Theé results of 5 years’ wartime
work on radar (20000 technical man-years )
are to be embodied in a series of 28 books on the
physics and engineering of microwave radio.
“ For the first time the technical literature of a
large subject is being created all at once on a
uniform basis.” The book will be prepared by
staff of the Radiation Laboratory, with British
collaboration, and will be published by the McGraw-
Hill Book Company. See also Electronics, Feb.
1946, Vol. 19, No. 2, pp. 254..262,

1549

MATERIALS AND SUBSIDIARY TECHNIQUES

531.788--533.5 - 1550

Audio Aid for Vacuum-Leak Hunting.—V. Wouk,
(Electronics, Feb. 1946, Vol. 19, No, 2, pp. 138-141.)
For use with vacuum systems equipped with
gauges which provide a variation of output voltage
when there is a change in partial pressure of one
or more of the gases in the system. The outside
of the vacuum system is sprayed at the doubtful

D
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points with the appropriate gas; when a leak is
discovered the change in d.c. output voltage
(amplified if necesaary) i1s applied to the grid of a
thyratron relaxation oscillator, thus causing a
frequency change. See also 1551 below.

531.758+533.3 1551

Frequency Modulated Oscillator for Leak Hunting.
—\W. M. Brubaker & V. Wouk. (Rev.sci. Instrum.,
March 1946, Vol. 17, No. 3, pp. 97-98.) Leaks
representing pressure rises of less than 4 x 107 mm
have been detected. The circuit can also be used
for general monitoring purposes. See also 1550
above.

531.738.6 15562

A Pirani Gauge for Use at Pressures up to 15 mm.
—E. S. Rittner. (Rev. sci. Instrum., March 1940,
Vol. 17, No. 3, pp. 113—114.) Thin tungsten wire is
supported inside pyrex capillary tublncr, and used
in a constant-resistance bridge circuit. Pressures
up to 15 mm Hg can be recorded with an accuracy
of + 2.59, or better.

533 1553

Iron-Nlckel Cobalt Alloy for Sealing to Glass.—
G.D. Redston & J. E. Stanworth. (/. sce. Instrum.,
March 1946, Vol. 23, No. 3, pp. 53—57.) A report on
some Kovar-type alloys for sealing to borosilicate
glass. Expansion curves are shown, and the effect
of composition is discussed. An allov contdininw
29 + 0.5% Ni, 179, Co, 0.3% NMn, 0.159; Siis pro-
posed. lmpurities affect the expansion, 50 the alloy
1s specified by comparing with a molybdenum rod.
The differential expansion coefficient should be zero
at 25° C, and the curve should pass through (3 +1)
x 1071  The stresses in sandwiches of alloy and
glass are discussed, using measured stress/tempera-
ture curves. It is shown that seals can be made
with very low stresses at all temperatures.

533.5: 021.791.3 1554

A Simple [laboratory] Method of Sealing Gas- or
Vacuum-Packed Tins.—W. A. Bryce & H. Tessier.
(Canad. J. Res., Sept. 1945, Vol. 23, Sec. K, No. 5,
PP. 304-305.) G The heating element is a coil
of resistance wire 5upponed over a hole in a flat
surface of the tin. When the heating circuit is
closed, a small piece of solder previously hung in
the upper end of the coil is melted and drops on
the area about the hole and thereby produces an
effective seal.”

535.87:539.234 1555

High-Reflexion Films.—X. M. Greenland. (]. sci.
Instrum., March 1946, Vol. 23, No. 3, pp. 48-50.)
An account of single- and multiple-layer films for
neutral or coloured filters and beam splitters
operating on the interference principle, and having
a high optical efficiency. They are made by high-
vacuum evaporation.

539.232 : 621.317.794 1556

Production and Properties of Nickel Bolometers.—
F. G. Brockman. (/. opt. Soc. Amer., Jan. 19406,
Vol. 36, No. 1, pp. 32-35.) Filaments as thin as
0.1 micron are obtained by nickel-plating copper
foil. Ribbons of foil are soldered to a platinum
frame and the copper dissolved in potassium
cyanide solution, leaving nickel ribbons with a
temperature coefficient of resistance of 0.005 per deg,
and a time constant of 5 millisec. An equation Is

derived relating resistance to the ambient tempera-
ture and current. Bismuth ribbons have been
similarly prepared.

553.631:021.3.011.2 1557

Effect of Transverse Pressure on the Steady-State
Electrical Conductivity of Rocksalt.—¢. N. Hamtil.
(Phys. Rev., 1st)15th Jan. 1946, Vol. 6y, Nos. 142,
P. 50.) Transverse pressure of 33 kg cm? produced
79, increase of d.c. conductivity (d.t 100 V) In the
temperature range 300-317°C, attributed to the

reduction of the polarlzauon counter-e.m.f.  Sum-
mary of an Amer. Phys. Soc. paper.
62 "1945” 1558

Progress in Engineering Knowledge during 1945
Materials Engineering.—1>. L. Alger, |. Stokley,
C. ¥. Scott, H. B. Marvin, . L. Tugman & K. W,
Given. (Gen. elect. Rev., Feb. 1930, Vol. 4y, No. 2,
PP- 9-10.) A review, with an extensive biblio-
graphy, covering many materials for mechanical
and electrical use.

621.315.613.1 1559

Some Physical Properties of Mica.—1’. Hidnert &
G. Dickson. (Bur. Stand. J. Res., Oct. 1045,
Vol. 35, No. 4, pp. 309-353.) Samples of mica from
different sources have widely different physical and
electrical properties. The coefhicients of thermal
expansion of samples have been measured in a
direction normal to the cleavage plane under a
pressure of 30 lbysq. inch and at temperatures up
to 7007 C. In some cases coefficients are only a
few partsin 10° per deg C; in others they are 59,
per deg over small temperature ranges. Large
changes between initial and final dimensions may
result from a heating and cooling cycle, and succes-
sive cycles may produce quite difterent effects.
Power factors of raw samples, measured at 100 ke/s
and 1 000 kes lie between 0.03°, and 19, but may
be considerably different at the two {requencies.
In general, a heating and cooling cycle causes a
substantial increase in power factor. Heating also
produces changes in opacity and colour, and X-ray
diffraction photographs show that the overall
physical changes are often associated with changes
in fine structure.

621.315.610 1560

Synthetic Rubbers and Plastics : XI (Part I)
Water and the High Polymer.— I°. T. WWhite. (Dis-
trib. Elect., Apr. 1946, Vol. 13, No. 102, pp. 107-110.)
The water absorption characteristics of various
organic materials are discussed in relation to mole-
cular structure, with particular reference to the
effect of the presence of the hydroxyl (-OH) group.
The absence of this group in a polymer chain gener-

ally means low absorption, and vice wversa. Iar
part X, see 585 of March.
621.315.010.011.2 (213) 1561

Some Wartime Problems with Electrical Insulating
Materials.—S. A. Prentice. (/. fustn Fngrs Aust,
Oct./Dec. 1945, Vol. 17, Nos. 10/12, pp. 197—704)
The chief conditions under which the performance of
insulating materials is impaired are temperature
extremes, humidity, and fungus growth. Curves
are given for some phenolic resins showing the
decay of Insulation resistance with time under
various conditions of temperature and humidity:
The adverse effect of a period of storage at high
humidity is illustrated. A cyclic humidity change
also produces gradual deterioration. Ceramics aré

.
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f free from these defects, but surface conductivity is
{ often serious. Some thermoplastic materials, e.g,
; polyvinyl chloride, are little affected by humidity,
) but most are subject to distortion at temperatures
ﬁ above about 70° C. Humidity effects are minimized
) by treatment with varnishes or waxes. Conditions
| of high humidity are conducive to fungus growth,
| which leads to surface leakage, directly, and also
| by assisting condensation. The required proper-
! ies and applications of a number of base materials
A}and protective coatings used in insulation are
{tabulated;"and testing techniques descriled.

|

}621.315.616.011.2 (213) 1562
The Effect of High Humidity and Fungi on the
Insulation Resistance of Plastics.— J. Leutritz, Jr.
& D. B. Herrmann. (AST/ Bull., Jan. 1946,
No. 133, pp. 25-32.) A description of experiments
determining the efiect of prolonged exposure to
ungi and 97 %, humidity on the insulation resistance
of methvl methacrylate, glass-bonded mica, glass
mat faminate phenolic, phenon fabric, phenol fibre,
and wood-flour-filled phenol plastic. Lowering of
resistance is produced, reaching a steady value in a
period varying from a few hours to several weeks,
iccording to the material. IFungus appears on all
specimens during this period, but even in its pre-
%ence, resistance recovery eventually occurs on
ceduction of humidity to 529. Re-exposure to
17% humidity causes a rapid drop in insulation
esistance, even in the case of methyl methacrylate,
fchich, on initial exposure in the absence of fungus,
hows only a very gradual decrease. In all cases,
riginal insulation can be recovered by cleaning and
rying, and deterioration under humid conditions
an be retarded by surface varnishing.  Water
dsorption and absorption determine insulation
egradation, the additional effect of fungus being
regligible. A comprehensive bibliography is given.

121.357.5/.0] 1 621.396.69 1563
: Electroforming Microwave Components.—1°. Has.
=l & F. Jenks. (Flectronics, March 1940, Vol 19,
{0. 3, pp. 134-138.) Use is made of electroforming
:chniques to overcome the difficulty of obtaining
‘curately machined surfaces on the insides of wave-
ides and other microwave circuit components.
"here the shape is such that the mandrel can be
ithdrawn from the finished component, use is
ade of differential expansion on heating to secure
.;_p,aration of plating and mandrel. Alternatively,

separating film of tin is first deposited on the
.andrel and the film is melted before the mandrel
withdrawn. \Vhere the shape prevents with-
awal, the mandrel is made of fusible alloy, wax,
of a material ecasily dissolved. The clectro-
‘med products are stress-free. The process is
noted for precision, if not for economy .

/1.385.1.032.2 + 533-5 4 539.234 1564
Fine Wires in the Electron-Tube Industry.—
. A. Espersen.  (Proc. Inst. Radio Ingrs, N, Y.,
grt II, March 1946, Vol. 34, No. 3, pPp. 116-120.)

- . Some fundamental basic properties which
front the wire manufacturer are briefly dis-
sed. Design formulas, including a nomograph,
7 given for electron-tube filaments, The use of
1tings of gold, platinum, and zirconium on metals
the refractory group have assisted in the reduc-
n of grid emission. = A unique method of utilizing
conium, both to accelerate the vacuum exhaust
;cess and to serve as a continuous ** getter”’, is
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described. A novel method of securing a uniform
rate of evaporation of thin films of metals is dis-
cussed.”  The nomograph gives the length and
diameter of fungsten wire nceded to obtain a
desired operating temperature under various con-
ditions of voltage and current.

021,385.8.032.7 1565

Glass Problems in the Manufacture of Miniature
Tubes.—H. |. Miller. (Waves and Jlectrans, Yeb.
19.40, Vol. 1, No. 2, p. 87.) Abstract of a paper read
at the 1.V, Winter Technical Meceting, January
10940,

079.5 1588

Frictional Heat.—C. A. Breskin. (Sci. Awmer.,
Jan. 1940, Vol 194, No.o g, pPp. 20-22.) A new
process for welding, bonding, and moulding thermo-
plastics by generation of frictional heat. Bonding
to non-plastics is also possible.

079.5: 53.084 1567

Plastics and {plastic] Cements Applications to
Scientific Instruments.—]. . Swallow., (/. se.
Tustrion., March 1940, Vol 23, No. 3, pp. 4i-4¥.)
A discourse delivered at the Physical Society's
thirticth annual exhibition.

77815+ 0 1568

Photography in Research and Development.—-
W H. Banyard.  (Dustrib, Elect., Apr. 1940, Vi,
13, No. 162, pp. 115-118.)

MATHEMATICS
512.831:021.392.52 1569

Applications of Matrix Algebra to Filter Theory.——
Richards.  (See 1407.)

517.93+ 518.12 1570
Solution of Linear and Slightly Nonlinear Differ-
ential Equations.—S5. A. Schelkunolf. (Quart. appl.

Matk., Jan. 1946, Vol. 3, No. 40 PP 345-355.) A
method based on the idea that solutions nf lincar
differential equations may be regarded as distorted
or " perturbed " sinusoidal or exponential func-
tions, similar to the Rayleigh-Schrédinger treat-
ment.  Better results are obtained than by Picard’s
method which regards the solutions as perturbed
straight lines.  The method would be suttable for
numerical solution of at least a certain class of
differential equations, though it was originally
developed to obtain convenient analytical approxi-
mations to a number of problems in wave theory,

517.947.4 1571

A Method of Solution of Field Problems by means
of Overlapping Regions.—H. Poritsky & M., H.
Blewett.  (Quart. appl. Muath., Jan. 1946, Vol, 3.
No. 4, pp. 330-347.) ''In problems involving the
determination of ficlds, it often happens that the
region I¢ for which the field is to he determined is
difhicult to handle directly, but can he broken up
into several overlapping regions ¢y, Iy, . . . for
cach of which the field can be determined by
standard mecthods. e supposc that the breaking
up is carried out in such a manner that every point
of the region /¢ falls into at least one of the regions
Iy, Iy, ... The procedure is illustrated by
consideration of the problem of propagation of a
transverse clectromagnetic wave round a comer
formed by the junction at right angles of two regions
bounded by infinite parallel plates.

e
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517.948 1572 pp. 23-26. In English.) “In an incandescent

Some Integral Equations of Potential Theory.—
H. Bateman. (J. appl. Phys., Feb. 1946, Vol 17,
No. 2, pp. 91-102.) Deals with integral equations

<]
¢ .
(x—j_’ft()?—i_—y—zwhere ¥y 1s a

_— 0

“fixed positive quantity”, f(¥) is an analytic function
supposed to be determined from observation, and
F{#) is the function to be determined. Such integrals
arise from inverse potential problems. The function
F(#) is required to be such that the integral exists
and represents a potential V(x, y) regular for v>o,
which is the solution of the Dirichlet problem for the
half-plane.

518.61 1573

Calculation of the Magnetic Field in Dynamo-
Electric Machines by Southwell’s Relaxation Method.
—H. Motz & W. D. Worthy. (J. Instn elect.
Engrs, Part I, Feb. 1946, Vol. 93, No. 62, pp- 108--
109.) Summary of 658 of March.

519.2 1574

On a Problem Connected with Purely Discontinu-
ous Random Processes.—V. M. Dubrovsky. (C. R.
Acad. Sci. U.R.S.S., 1945, Vol. 47, No. 7, Pp. 459~
461. In English.)

of the type f(x) = 1/m

518.2 1575

Table of Arc Sin X. [Book Review]—Mathematical
Tables Project. Columbia Univ. Press, New York,
1045, 124 Pp., $3.50. (Proc. Inst. Radio Engrs,
N.Y., Part II, March 1946, Vol. 34, No. 3, p. 160.)
Gives values in radians to 12 decimal places, with
0.000 I intervals from o to 0.9890 and 0.0000I
intervals from 0.98g 00 to unity. Interpolation aids
are included.

MEASUREMENTS AND TEST GEAR

621.317 ‘ 1576

I.R.E. Winter Technical Meeting January 1946.—
(Waves and Electvons, Feb. 1946, Vol. 1, No. 2,
pp. 80..93.) Abstracts are given of the following
papers read at the meeting. Test Equipment and
Techniques for Airborne Radar Field Maintenance.
—E. A. Blasi & G. C. Schutz. A Spectrum
Analyzer for Microwave Pulsed Oscillators.—F. J.
Gaffney.  Electrical Characteristics of Quartz-
Crystal Units and Their Measurement.—W. D.
George, M. C. Selby & R. Scolnik. A Three-
Beam Oscillograph for Recording at Frequencies
ip to 10,000 Megacycles.—G. M. Lee (see 1692).
Microwave Power Measurement.—T. Moreno &
O. C. Lundstrom. A New High-Speed Recording
Potentiometer.—V. L. Parsegian. Electronic Fre-
quency Stabilization of Microwave Oscillators.—
R. V. Pound. Metallized-Glass Attenuators for
Radio-Frequency Applications.—E. Weber. The
New ‘‘ Speedomax ”’ Power-Level Recorder—A. J.
Williams, Jr. & W. R. Clark. For other abstracts
see Electronics, March 1946, Vol. 19, No. 3, pp. 92..
108, and Electronic Industr., March 1946, Vol. 5,
No. 3, pp- 62..74. For titles of other papers read,
see other sections.

621.317.31.082.5 ! 621.362 ) 1577

Electric Precision Measurements by Means of
Incandescent Lamp Used as Indicator of Current
Equality in Two Circuits.—A. I.” Firstenberg.
(C. R. Acad. Sci. U.R.S.S., 1945, Vol. 48, No. 1,

lamp with a metal filament the appearance of a
barely visible light emission is a very fine criterion
for visual estimation of the heating current. A
circumstance of interest for metrology is that under
conditions of a vanishingly small light emission by
the filament, slight increments in the current pass-
ing through the lamp have a considerable effect
upon brightness.” Experiment shows that in the
neighbourhood of this threshold light emission,
an increase of 4+ 0.59% in current results in 4 509
increase in brightness. The possible use of the
method for determining the equality of the currents
in circuits is considered, with a brief discussion of the
errors involved in using it for comparing inductors
and capacitors. Errors are limited to a few parts
in ten thousand.

621.317.33 : 621.317.755 1578

Impedance Measurements with the Cathode-Ray
Oscilloscope.—W. Vissers, Jr. (Radio, N.Y.,
Jan. 1946, Vol. 30, No. 1, pp. 23..62.) A source of
voltage of the required frequency is connected to the
unknown impedance in series with a known im-
pedance. The wvoltage across the unknown is
applied to the X-deflexion plates of a cathode-ray
oscilloscopg, and the total voltage is applied to the
Y-plates. Measurements of the resulting ellipse
enable the magnitude and phase of the unknown
impedance to be found.

621.317.334/-335 1579

Simple Capacitance and Inductance Measurements.
—T. A. Gadwa. (QST, March 1946, Vol. 30, No. 3,
pp- 71..136.) The frequency-variation method is
used.

621.317.361 4+ 531.76

-WWV Schedules.—(QST, Feb. 1946, Vol. 30,
No. 2, p. 41.) Details of the standard-frequency
transmissions by the National Bureau of Standards
(station WWYV) at 2.5, 5, 10 and 15Mc/s. The
accuracy of the carrier and modulation frequencies
and of the time signals is better than 1 part in 107

621.317.361 : 621.318.572 1581
Decade Counting Circuits.—V. . Regener
(Phvs. Rev., 1stj15th Jan. 1946, Vol. 69, Nos. 12,
P. 46.)
with 30 resistors and 10 capacitors, or ten twin-
pentodes (121.8-GT) with 20 resistors and no
capacitors form counters suitable for frequency
measurement up to 100 kc/s with cathode-ray indi-
cation. Summary of Amer. Phys. Soc. paper.

621.317.361 + 621.396.611.21
Duplex Crystals.—C. E. Lane.

crystal plates bonded together enable the lowest
natural flexure frequency of a free bar to be excited
and give resonance frequencies in the range I kefs
—10 kefs. Methods of bonding and of inducing the
required vibrations in the crystals are given, and
their uses as oscillators and filters are described in
general terms.

621.317.4 1583

A New Magnetomotive Force Gauge and Magnetic
Field Indicator.—W. B. Ellwood. (Rev. st
Instrum., March 1946, Vol. 17, No. 3, pp. 109—11{»)
A compact instrument in which a magnetically
operated reed switch is closed by the field being
measured. Current through an external winding

1580
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Ten miniature pentodes (6AKO) in a ring |

1582
(Bell Lab. Rec.,
Feb. 1946, Vol. 24, No. 2, pp. 59-62.) Two quartz

W




pa

June, 1946

re-opens the switch, and the value of current re-
quired to do so is a measure of the field.

{

1
| 621.317.7  621.316.93 1584
{ An Electronic Bypass for Measuring Purposes.——
{ L. A. Finzi. (Electronics, Feb. 1946, Vol. 19, No. 2,
| pp. 196..202.) A simple gas-tube circuit ‘* for
) protection of . . | measuring instruments [against
! transient overloads) . . . where it is necessary to
| restore the normal instrument operation as soon as
{the current falls back within the limits of the
| instrument range.”’

|
|

-

1621.317.714 + 621.317.725].089.6 1585
Production Testing of [d.c.] Panel Meters.—
f R. Ammon. (Electronics, Feb. 1946, Vol. 19, No. 2,
l’pp, 170..178.) A 6Ny is used with variable grid
) bias to provide a smoothly variable rheostat : with
ja d.c. voltage source the rheostat is used to adjust
the voltage across a standard 100-V voltmeter
connected in parallel with the meter under test,
which is itself arranged as a 100-V voltmeter by
the use of a suitable series resistor.

621.317.714 1586
Multi-Range Milliammeter.—R. P. Turner. (Radio
News, Feb. 1946, Vol. 35, No. 2, PP- 49..142.)
sConversion of a commercial o—1-mA meter to read
-1 A d.c. in four decade ranges. The circuit is
arranged so that standard-value resistors can be
nsed.

521.317.725 1587
An Integrating Meter for Measurement of Fluctu-
ating Voltages.—H. E. Haynes. (J. Soc. Mot. Pict.
ﬁEngrs, Feb. 1946, Vol. 46, No. 2, pp. 128-133.)
iThe meter integrates the voltage over a chosen
oterval, e.¢. 0.5-5.0 sec, and indicates the average
ralue that has existed. A combined voltage-
mplifier and phase-inverter is followed by a full-
vave rectifier and capacitor-charging  circuit.
liming is accomplished by a resistance-capacitance
rircuit and a thyratron relay. The frequency
jesponse is flat from 50 cfs to 15 kc/s, and the
nstrument can withstand considerable overload.

21.317.725 1 621.314.632 . 1588
A.C. Voltage Measurements.—O. E. Carlson.
Radio Craft, Jan. 1946, Vol. 17, No.4, pp. 250..275.)
ummary of the properties of copper-oxide rectifiers
1 relation to their use in a.c. voltmeters.

21.317.725 1 621.385.2 1589
A Stable Diode Voltmeter.—Furzehill Laboratories,
td.  (Electronic Emgng, March 1946, Vol. 18,
0. 217, p. 94.) A television-type diode feeding a
iode d.c. amplifier in a bridge circuit with a
scroammeter for peak voltage measurements.
'he arrangement of the circuit to give a stable zero
s described.

‘({21.317.725:621,385.3 1590
(High-Resistance D-C Voltmeter.—D. L. Waide-
‘!..h, (Electronics, March 1946, Vol. 19, No. 3,
P- 158-160.) The design of a reflex-type valve
pltmeter that has maximum errors of 8%, and 59,
'hen measuring voltages of sources having internal
Jsistances of 1 000 M and 100 M$2 respectively.
ver-voltage protection is provided, and no elec-
ical zero adjustment is required. Voltage ranges
50, 100, 250 V.

1591

;;1.317.725,029,3/,62} 1621.385.2
! (Radio

. R.F. Probe Design.—D. F. McAvoy.

!
-
!
)‘

|
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News, March 1946, Vol. 35, No. 3, PP- 35..135.)
Constructional details of an r.f. djode probe used
as an accessory for a d.c. valve ‘voltmeter. A
suitable circuit 1s described. o

621.317.73.029.54/.58 1592

Radio-Frequency Capacitance and Conductance
Bridge.—R. F. Proctor & E. G. James. (]. Instn
elect. Engys, Part 1, Feb. 1946, Vol. 93, No. 62,
P. 103.) Summary of 676 of March. .

621.317.733 g 1593

Note on-the Helmholtz Make-and-Break Theorem
and an Application to the Wheatstone Net.—G. F.
Freeman. (Phil. Mag., Aug. 1945, Vol. 36, No. 259,
PP.- 541-546.) In bridge networks it is often advan-
tageous to consider a change in impedance as the
independent variable, and to use the galvanometer
as a deflexional instrument. Examples relating to
the Wheatstone network are given. T

621.317.761.029.63 1594

V.H.F. Heterodyne Frequency Meter.—A. A.
Goldberg. (Radio News, March 1946, Vol. 35, No. 3,
Pp. 32..128.) A split-concentric-tuned oscillator,
using an acorn valve, covers the range 280—430 Mc/s.
Harmonic operation is possible up to 3 000 Mc/s,
and the oscillator may be pulsed or square-wave
modulated.

621.317.763.029.63/.64 1595

Types and Applications of Microwave Frequency
Meters.—W. J. Jones. (Radio, N.Y., Jan. 1946,
Vol. 30, No. 1, pp. 29-34.) Three instruments
commonly used are the coaxial-line, cylindrical-
cavity, and transition types, the latter being a
combination of the other two. The principles and
methods of operation are described, and their
accuracies briefly discussed.

621.317.763.029.63/.64 1596

A Resonant-Cavity Wavemeter.—]. McQuay.
(Radio News, Feb. 1946, Vol. 35, No. 2, pp- 36..78.)
Description of a waveguide fitted with an adjustable
plunger and a neon indicator.

621.317.79 ! 1621.315.212.1.029.62/.63 1597

Measuring Coaxials at Ultra-High Frequencies.—
C. C. Fleming. (Bell Lab. Rec., Jan. 1946, Vol. 24,
No. 1, pp. 2-5.) Methods of measuring cable
attenuation by insertion loss are briefly described.
Measurements at frequencies from 120 to 420 Mc/s
can be made directly and can be extended to
3000 Mc/s by a heterodyne system. Characteristic
impedance is obtained at 100 Mc/s by a resonance
method using a Q meter and standard calibrating
resistors.

621.317.79 : 621.385 1598

A Method of Measuring Grid Primary Emission
in Thermionic Valves.—A. H. Hooke. (Electronic
Engng, March 1946, Vol. 18, No. 217, pp. 75-80.)
In most valves the grid becomes contaminated and
raised in temperature due to proximity to the
cathode. The resulting primary emission is of
importance, though not readily measurable because
of the grid current due to gas and to secondary
emission. The test circuit described supplies
periodic voltages consecutively to the grid and
anode, followed by the application of a high negative
potential to the grid, during which time the grid
primary emission is measured. The cycle is repeated
at Go-millisecond intervals. The details of the
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circuit and its operation are given, and theinterpret- 621.317.7: 621.396 1607
ation of the meter readings discussed. Typical Radio Test Instruments. [Book Review]—
curves showing the grid emission as a function of  R. B. Turner. Zifi-Davis, New York, 1945, 228 pp.,
grid dissipation, anode power and grid material avre  $4.50.  (Electronic Industr., March 1946, Vol. 5,

given. Two appendices give theoretical analyses of
(i) the conversion of the measured average current
and voltage to mean power for a linear and a
3/2-power law and (ii} the relation between the
anode and grid dissipations for a given grid primary
emission.

621.317.79 : 621.396.619.16 1599

Measuring Pulse Characteristics.—A. Easton.
(Electronics, Feb. 1946, Vol. 19, No. 2, pp. 150-154.)
Outline description of methods and apparatus
required for measuring pulse spacing, pulse length,
time of rise and time of decay. Long bibliography.

621.317.79 : 621.396.82 1600

Effectiveness of Conduit as R-F Shielding.—S. I..
Shive. (Electronics, Feb. 1946, Vol. 19, No. 2,
pp. 160..166.) Equipment for measuring the

screening properties of conduits in the frequency

range o0.1-150 Mc/s is described, with typical
results. A screening box contains a transmitting
coil at the end of a polystyrene rod, over

which the conduit is slipped; a receiving loop
mounted outside the conduit feeds a receiver external
to the box. A standard-signal generator energizes
the transmitting loop : the figure of merit for the
conduit is the ratio of voltages (db) applied to the
transmitter with and without the conduit, {for a
constant output from the receiving loop.

621.317.791 1601

Universal Test Instrument.—M. Silver. (Radio
News, Feb. 1946, Vol. 35, No. 2, pp. 32..118.) A
detailed description of a d.c./a.c. instrument with
51 ranges for voltage, current, resistance, and
attenuation measurement. The voltmeter can be
used at frequencies up to 100 Mc/s.

621.317.794 © 539.232 ) 1602
Production and Properties of Nickel Bolometers.—

Brockman. (See 1556.)

621.395.92 ) 1603
The Testing of Deat Aids.—Turney. (See 1441.)

621.396.615: 621.317.79 1604

Wide-Range Electronic Sweeper.—A. D. Smith,
Jr. (Communications, Jan. 1946, Vol. 26, No. 1,
PpP. 24..31.) Detailed description of an h.{.
wobbulator for aligning television receivers. Range
of mean frequency 500 kcfs-110 Mc/s, extensible
to 220 DMc/s by harmonic operation, frequency
sweep adjustable up to 10DMc/s. Output in-
dependent of frequency to 4 10%. The signal is
derived by a heterodyne process using a reactance
tube to produce the sweep. 1-Mc/s and 10-Mc/s
crystals are included to provide frequency markers.

621.396.6015.12 1605

Signal Generator Covers All Bands.—B. White.
{(ftadio Craft, Jan. 1946, Vol. 17, No. 4, pp. 243—244.)
Constructional details of a mains-operated generator
with continuous coverage from 03 kcfs—34 Mc/s,
with plug-in coils. Internal modulator range
24-20 000 C/s.

621.396.675.12 : 621.317.79 1606

[TF.867] Signal Generator.—L. Hauser. (J. sci.
Instrum., March 1946, Vol. 23, No. 3, p. 63)
Letter correcting a statement on provisional

operating data given in 1289 of May.

No. 3, p- 154.) ““ Of particular interest to amateur
radio operators and experimenters, this book
describes how to construct the great majority of
instruments commonly used . . .”

OTHER APPLICATIONS OF RADIO AND
ELECTRONICS
538.3 1608
A Study of Stationary Electromagnetic Modes for
Region Between Parallel Perfectly Conducting
Planes and Application to Electron Accelerator.—
Akeley. (See 1516.)

578.088.7 : 621.390.615.17 1609
Nerve Stimulator.—W. I. Weiss. (FElectronics,
Feb. 1946, Vol. 19, No. 2, p. 155.) ‘' Thyratron-

type relaxation oscillator with plate-supply keying
[foot-operated, or panel switch] eliminates high
initial pulse, provides 0.3 c/s—30 kc/s pulses for

biological rvesearch and medical therapy.” Circuit

diagrams are given.

615.84 : 621.3.029.62 1610
Shortwave Diathermy.—]. M. Oxley. (Radio

Crajt, Jan. 1946, Vol. 17, No. 4, pp. 245..281.)
Brief discussion of the biological basis of electro-
therapeutic effects, with an outline of the principal
methods used.

621.317.39.083.7 : 629.13 1611

Fuel Consumption Indicator.—D. \WW. Moore, Jr.
(Electvonics, March 1946, Vol. 19, No. 3, pp. I52-
153.) ‘‘ Electronic servo transmits the position of
an aircraft fuel-flow valve to a remote indicator.
A mechanical integrator combines this information
with impulses from a 100c/s time standard to
totalize the liquid flow. The device is applicable to
industrial telemetering problems.”

621.317.39.087.4 + 621.3.078 1612

Instruments for the Automatic Controlling and
Recording of Chemical and other Processes.—Prinz.
(See 1691.)

621.36/.39 1613

I.R.E. Winter Technical Meeting January 1946.—
(Waves and Ilectrons, Feb. 1946, Vol. 1, No. 2,
pp- 80..93.) Abstracts are given of the following
papers read at the meeting. Electronics in Naval
Warfare.—R. Bennett. Navy Radio and Elec-
tronics in World War 1I.—]. B. Dow. The Role
of Electronics in Antiaircraft Gun-Fire Control.—
F. B. MaclLaren. A New System of Radio Tele-
metering.—D. W. Moore, Jr. & I. G. Willey.
Duplex Operation of Independent High-Power®
Oscillators for Induction Heating.—W. C. Rudd.
A Frequency-Modulation Altimeter for Meter and:
Light Indication and the Automatic Altitude
Control of Aircraft.—R. C. Sanders, Jr., W. R.
Mercer, I. Wolff & J. C. Smith (Title only). One-
Millionth-of-a-Second Radiography and its Applica-
tions.—C. M. Slack & D. C. Dickson. For other
abstracts see Electronics, March 1940, Vol. 19, No. 3,
Pp- 92..108, and Llecivonic Industr., March 1946,
Vol. 5, No. 3, pp. 62..74. For titles of other
papers read, see other sections.
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" Induction Heating of Hollow Metallic Cylinders.—
| A. Gemant. (]. appl. Phys., March 1946, Vol. 17,
! No. 3, pp. 195—200.) “* The rigorous expression for
) the heat input, valid for the whole frequency range,
i is developed . .. It is shown in an example how the
| equation is used for numerical computations.
! Existing approximate formulas for the low frequency
» and the high frequency rangesare checlked by means
y of the rigorous equation ; the maximum deviation
| between the rigorous and approximate equations is
J about 10 per cent.”

i 627.365.52 : 621.385.1 1615
| Induction Heating in Radio Electron-Tube Manu-~
| facture.—E. E. Spitzer. (Proc. Inst. Radio Engys,
/| N.Y., Part II, March 1946, Vol. 34, No. 3, pPp-
1110-115.) The following applications are con-
1'}sidered :—degassing, getter-flashing, vacuum-firing,
]metal -to-glass sealing, brazing, and welding.
Frequencies in the range 200-500 kcfs and powers
10f 2-15 kW are usnally employed. The theory of
this method of heating metallic elements is con-
isidered.

521.365.52 1 621.791.3 1616
R-F Soldering of Metal-to-Glass Seals.— R. A.
Ammon. (Electronics, March 1946, Vol. 19, No. 3,
PP. 120-121.) 30-Mc/s heating generators, distri-
buted throughout the plant and fed from a central
power supply, are used in the production of sealed
neters. Increased efficiency over ordinary tech-
liques, such as the use of soldering irons, is ob-
ained in soldering edge-metallized glass windows
nd glass-insulated feed-through terminals to the
netal case of the instrument, in mounting pole-
hieces on instrument magnets, and in soldering
netallized glass jewel bearings in position. The
renerator circuit is given.

21.365.92 : 678.028 1617
High-Frequency Heating Developments.—(E/ec-
vonics, March 1946, Vol. 19, No. 3, Pp. 170..178)
‘eatures of a 125-kW 13.6-Mc/s unit developed by
Vestinghouse for curing and drying a new sponge-
ibber product. See also 698 of March.

21.365.92  678.028 1618
Electronic Rubber Preheater.—E. Mittelmann &

P. Bosomworth. (Electronics, March 1940,
ol. 19, No. 3, pp. 128-130.) A brief general
escription of the use of a 20-kW 27-Mc/s heating
nit for preheating rubber parts, in readiness for
Iring.

1.38 : 62 1619
Economics of Electronics.—]. Markus. (Sci.
mev., Dec. 1945, Vol. 173, No. 6, pp. 349-351.)
discussion on recent electronic developments,
scluding references to ingenious but uneconomical
pvices.

1.383 1620
Sensory Aid for the Blind.—I.. Cranberg. ([lec-
nics, March 1946, Vol. 19, No. 3, pp. 110-119.)
 detailed account of the device noted in 1309 of

1.385.833 1621
Filmless Sample Mounting for the Electron
hCroscope [Airborne particles supported on thin
pss fibres).—J. H. 1. Watson. (J. appl. Phys.,
tb. 1946, Vol. 17, No. 2, pp. 121-127.)
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621.305.52 1614  621.386.1: 620.179 1622

Production Control with 2,000,000-volt X-rays.—
D. Goodman. (Electronics, Feb. 1946, Vol. 19,
No. 2, pp. 146-149.) “ Details of super-voltage
installation using conventional X-ray tube construc-
tion and resonant trans{ormer, and description of
continuous industrial radiographic setup used
during war for inspection of powder charges in
large loaded shells and bombs."”’

621.386.1 : 621.396 1623
Notes on Radiography in the Wireless Industry.—
R. M. Mitchell. (Marconi Rev., Jan./March 1946,
Vol. 9, No. 80, pp. 13~20.) A simple introduction
to the subject is followed by a description of modern
industrial X-ray plant. After a su rvey of the factors
governing the making of satisfactory radiographs,
practical applications, chiefly relating to physical
examination of valves, are illustrated.

621.43:621.317.30 1624

Pressure-Time Curves in Electronic Observation
of Engines.—W. F. Brown. (Flectronics, Feb. 1940,
Vol. 19, No. 2, pp. 168, 170.) Comprises a 100-kc/s
bridge in which one of the arms includes a dia.-
phragm-operated capacitor which is subjected to
the pressure changes. An amplifier and detector
system associated with the bridge enables either the
full 1oo-ke/s output, the output with negative half-
waves suppressed, or the envelope, together with
timing marks, to be displayed on a synchronized
oscillograph.

621.9: 621.38 1625

Contouring Control for Machine Tools.—(Elec-
tronics, Feb. 1946, Vol. 19, No. 2, p- 178.) A stylus
guides itself round a template at constant speed,
or is drawn round a diagram like a pencil, and its
motion controls the cutting operation through
electronic mechanisms. * The new control . . . is
capable of a variety of intricate cutting opera-
tions. . . .”

623.26 1 621.396.9 1626

Land Mine Locators.—S. S. West. (FElectronic
Engng, March 1046, Vol. 18, No. 217, Pp. 69-74.)
Models T, II and III are based on the Felici bridge
in which equal and opposite mutual inductances
give zero output. Two overlapping circular coils
are adjusted to have zero coupling so that, when
brought near a metallic object, an unbalance due to
external coupling is produced. This unbalance is
indicated by feeding one coil from an a.f. oscillator
and amplifying the output from the other to head-
phones. A balancing circuit enables the initial stray
reactive and resistive coupling to be annulled. A
detailed description of the construction and of the
circuit is given. A novel and improved locator
(Model IV} gives discriminatory detection. The
coils are connected respectively to the input and
output of a 3-stage amplifier having negligible phase
shift; the coupling between the coils provided by
a nearby object causes a.f. self-oscillation. By
introducing a controllable phasing network, the
detector can be made to have greatest sensitivity
to a ferrous object, which produces a go® phase shift.

623.454.25 : 621.396.9 1627

Proximity Fuzes for Artillery.—H. Selvidge.
(Llectronics, I'eb. 1946, Vol. 19, No. 2, pp. 104-10¢.)
A description of the problems encountered, and the
methods used in overcoming them. General details
of a proximity fuse suitable for shells of 75 mm
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calibre and upwards are given. A satisfactory fuse
must withstand the high accelerations experienced
when the shell is in the barrel (although it is not
then operative), and the high spin accelerations
throughout its flight; its battery must not de-
teriorate when stored under adverse conditions ;
its electrical characteristics must be reproducible,
and the polar diagram of the aerial should *' roughly
match the fragmentation pattern of the projectile *'.
The fuse described comprises a self-quenched super-
regenerative oscillator which acts as transmitter and
also as detector for the receiver, the further stages
of the latter comprising two RC-coupled pentodes
feeding the grid of a thyratron. The latter is
normally in the quiescent state, but when an audio-
frequency signal of appropriate amplitude is applied
to its grid (due to the interaction at the detector
of the transmitted signal and that received back
from the target) the thyratron fires and sets off the
detonating cap. The battery is of the “ reserve ”
type, the electrolyte being kept out of contact with
the plates until the instant of firing. The mechanical
construction of the fuse is discussed, together with
the design of the rugged valves. Methods used in
testing the valves and fuses under production con-
ditions are indicated. For a description of a fuse
suitable for low-acceleration projectiles, see 624 of
March (Huntoon & Miller).

629.13 : 621.38 1628

Future of Electronies in Aviation.—]. D. Goodell
& D. J. Coleman. (Radio News, Feb. 1946, Vol.
35, No. 2, pp. 25..135.) Some applications of
wartime developments, e.g. radar, control of cabin
temperature, autopilots, etc., are discussed. The
principle of the ceilometer, a photoelectric device
for measuring cloud height, is described.

629.13 1 621.398 1629

Radio Target Planes.—(Radio Craft, Jan. 1946,
Vol. 17, No. 4, pp. 242..279.) A short general
account. See also 1323 of May.

639.2 : 621.383 1630

Photoelectric Fish Counter.—L. V. Whitney &
A. D. Hasler. (Electronics, March 1946, Vol. 19,
No. 3, pp. 178..182.) The beam from a light
source falling on a photocell is interrupted by fish
swimming across the beam. The interruptions are
observed on a microammeter in a simple amplifier
connected to the photocell. The size of catch
correlates with the rate of count.

639.3.06 : 621.38 1631

Electronic Control of Fish Fence.—(Electronics,
March 1946, Vol. 19, No. 3, p. 164.) Rapid pulses
of special waveform used with an electric fence
turn back both small and large fish without harming
them.

771.36 :621.317.39 1632
Electronic [camera-] Shutter-Testers.—R. F.
Redemske.

(Electronics, Feb. 1946, Vol. 19, No. 2,
pPp- 128-134.) The first device is a recorder which
plots aperture area as a function of time for an iris
shutter, and the screen speed at the beginning,
middle and end of the traverse for a focal-plane
shutter. The delay in functioning of light-operated
shutters may also be measured. Teledeltos paper
is used for recording, and in the case of the iris
shutter, for example, the record consists of ten
straight lines drawn parallel to each other and to
the direction of uniform motion of the recording

~Part II.

paper. Each line corresponds to a definite shutter
area, and the length of the line represents the time
for which the particular shutter area is exceeded.
The curve enclosing the extremities of the lines
gives aperture area as a function of time. The
result is achieved by a photoelectric cell, voltage
dividers and associated amplifiers, the design of
which is discussed. The second device gives on
a meter the percentage departure of actual shutter
speed from rated speed. Here, the photoelectric
current is arranged, through suitable amplifiers, to
charge a capacitor through a series pentode. The
voltage so developed is used as a measure of the
time for which the shutter is open.

621.385.833 ! 54 1633
Major Instruments of Science and Their Applica~
tions to Chemistry. [Book Review]—R. E. Burk
& O. Grummitt (Eds.). Interscience Publishers
Inc., New York, 1945, 151 pp., $3.50. (Electronic
Industr., March 1946, Vol. 5, No. 3, p. 153.) Vol.
IV in the series ‘‘ Frontiers in Chemistry ”’. Con-
tains ““ Electron Diffraction *’ by H. Germer, * The
Electron Microscope” by L. Marton, ‘ X-Ray
Diffraction ” by M. L. Huggins, and articles on
spectroscopy by W. R. Brode and R. R. Barnes.

PROPAGATION OF WAVES

517.947.4 ) 1634

A Method of Solution of Field Problems by means
of Overlapping Regions.— Poritsky & Blewett.
(See 1571.)

621.396[.11 + .81 1635

Forecasting Long-Distance Transmission.—W. R. |

Foley. (QST, Teb. 1946, Vol. 30, No. 2, pp.
36—41.) Description of a method using maximum-
usable-frequency charts for the determination of
optimum frequencies and times for long-distance
transmission.

621.390.11 1636

I.R.E. Winter Technical Meeting January 1946.—
(Waves and Electrons, Feb. 1946, Vol. 1, No. 2,
pp. 80..93.) Abstracts are given of the following
papers read at the meeting. Field Intensities

Beyond Line of Sight at 45.5 and 91 Megacycles.— |

C. W. Carnahan, N. W. Aram & E. F. Classen.
Development in Radio Sky-Wave Propagation
Research and Applications during the War.—
J. H Dellinger & N. Smith. The Role of Atmos-
pheric Ducts in the Propagation of Short Radio
Waves.—]. E. Freehafer. Three- and Nine-
Centimetre Propagation Measurements in Low-
Level Ocean Ducts.
marn. Microwave Propagation: TPart I. The
Effect of Rain Upon the Propagation of Waves im
the One- and Three-Centimetre Region.—S. Ds
Robertson & A. P. King.  Microwave Propagation:
Propagation of Six-Millimetre Waves.—
G. E. Mueller. Measurement of the Angle of
Arrival of Microwaves.—W. M. Sharpless. For
other abstracts see Electronics, March 1946, Vol. 19,
No. 3, pp. 92..108, and Electronic Industr,
March 1946, Vol. 5, No. 3, pp. 62..74. For titles
of other papers read, see other sections.

621.396.11 1637

Curved Earth Geometrical Optics.—G. Millington.
(Marconi Rev., Jan./March 1946, Vol. 9, No. 89,
pp- 1-12.) “‘In this paper the effect of the earth’s

M. Katzin & R. W. Bauch-
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: curvature in the geometric-optical treatment of
| propagation within.the visual range is presented as
| @ correction to the flat-earth geometry. Factors
! to be applied to the flat-earth values of the angle
‘of elevation at the point of reflection and of the
,\e‘ path difference between the direct and reflected
| waves are derived by a single graphical process,
‘and also the divergence factor arising from the
Jincreased divergence on reflection from the convex
ysurface of the earth is obtained. Asymptotic
jvalues are given for points very near to the horizon,"’

f
' 621.390.11 1638
On a Modification of the Interference Method of
Investigating the Propagation of Radio Waves.—
L. I Mandelstam & N. D. Papalexi. (C. R. Acad.
Sei. U.R.S.S., 1940, Vol. 26, No. 8, PP. 775-779.
In English.) The interference method referred to
is the measurement of the phase difference between
mitted waves and those returned to the sender
from a distant “reflector ” or re-radiator which
transforms the frequency in a simple integral or
Mraction ratio. Theé distance of the re-radiator can
be found in terms of an unknown whole number of
wavelengths and a phase-constant of the apparatus.
eThese unknowns must be determined separately,
#.¢. by a small change of wavelength. It is pointed
fiut that the method is capable of greater accuracy
f applied to the determination of small changes of
llistance, the wavelength being constant, e.g.
lvith the re-radiating station on a boat or car.
he method was used to determine the mean
relocity of radio waves over water (Black Sea,
lLake Ilmen, and White Sea) and over land, the
liistance changes being independently measured
liy ordinary surveying methods. In the Black
ea measurements the velocity was found to be
2.999 + 0.005)10% cmfsec. The land experiments
I30-195 m) were carried out to determine the
hase structure of the field both in the immediate
eighbourhood of the transmitter and at gradually
acreasing distance from it. Theoretical expecta-
jons were confirmed. There was a sharp dis-
prtion of the phase structure near a deep ravine.
'his work is to be described in a separate publica-
on.

.

121.396.11 1639
Influence of the Earth’s Surface upon Phase
‘ructure of the E.M. Field of a Radiating Aerial —
- L. Alpert & V. V. Migulin. (C. R. Acad. Sci.
.R.S.S., 1940, Vol. 26, No. o, pp. 881-884. In
‘nglish.) An experimental study of the upward
tent of the influence of the earth’s surface on the
ropagation of radio waves. A transmitter on the
irface radiated two coherent oscillations with
jequencies in the ratio 3/2, (wavelengths 120-180 m
ad 300450 m) and observations of the phase
ifference A¢ = ¢, — 3¢2/2 were made on receivers
tried by captive balloons. It was found that the
Jiect of the earth’s surface, as shown by the
ragnitude  of 4¢, gradually diminishes with
{crease of height above the earth’s surface and
dactically ceases at a height of about 4A. The
jstances at which this effect was observed were
out 25-500 on the shorter wavelengths and
—20A on the longer, and the total variation in 44
as about 30° on the shorter wavelengths and 18°
ii the longer.

51.396.11 1640
[Irregularities in Radio Transmission : Part 2.
. P. Ferrell. (Radio, N.Y., Jan. 1946, Vol. 30,
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No. 1, pp. 25..63.) Description of several instances
of anomalous radar reflections, from clouds, hot
air, birds, and auroral ionized regions. For part 1
see 1333 of May.

621.390.11: 551.51.053.5 1641
On the Connection between the Anomalies of
Polarization of Half-light and the State of Ionization.
—V. ML Bovcheverov, A. V. Mironov, I. M.
Mikhailine, \. ML Morozov, Z. L. Ponizovsky,
S. P. Sokolov & I. A. Khvostikov. (C. R. Acad. Sci.
U.R.S.S., 1940, Vol. 26, No. 9, pp. 900—-go3. In
French.) According  to Rayleigh’s theory of
molecular scattering, the degree of polarization of
half-light (dawn and twilight) should decrease
uniformly with ¢ the zenithal distance of the sun,
according to p = (1 — cos? #)/(1 -+ cos? $), but in
fact the polarization shows a well marked minimum.
This may be attributable to effects of the ionized
layers. The experiments described (simultaneous
observations of polarization and of critical frequency
of pulsed radio transmissions) were carried out to
find whether there was any correlation between
ionization and the degree of anomalous polarization.
A comparison between the observed decreases of
polarization from the theoretical values and the
corresponding critical frequencies show that there
is such a correlation, i.e, the maximum decrease is
associated with the highest critical frequencies.

621.396.11.029.62 1642

Need There be Line-of-Sight P—E. P. Tilton,
(OST, March 1946, Vol. 30, No. 3, DPP. 47-50.)
A line-of-sight path is not always necessary for
good communication in the 144-Mc/s band. Aerial
systems are described which have led to improved
reception under conditions where the transmitter
has been obscured by hills.

631.437 : 621.3.011.2" 1643
The Use of Cumulative Resistance in Earth-
Resistivity Surveys.—Ruedy. (See 1 523.)

RECEPTION

621.395.8: 621.395.645 1644

Audio Distortion in Radio Reception.—]. Minter.
(Proc. Radio Cl. Ainer., Jan. 1946, Vol. 23, No. 1,
PP. 1-5.) Discussion of transient response and
cross-modulation distortion, Cross-modulation be-
tween high and low audio frequencies can be
reduced by suitable transformer design.

621.390.611.1 : 621.396.621.54 1645

Practical Radio Course: Part 41. Analysis of the
various causes of drift in the resonance frequency
of tuned circuits and in the frequency of the super-
heterodyne oscillator.—A. A. Ghirardi. (Radio
News, Feb. 1946, Vol. 35 No. 2, PP. 50..98))
Methods of reducing the effects of temperature,
humidity and age, on coils and capacitors. For
part 4o of the series see 1342 of May.

621.396.011.1 : 621.396.621.54 1646

Practical Radio Course : Part 42. Covering
various easily applied methods of minimizing and
compensating for oscillator frequency drift in
superheterodyne receivers.—A. A. Ghirardi. (Radio
News, March 1946, Vol. 35, No. 3, PpP- 46..100.)
For previous parts see 1645 above.

621.396.619.018.41 : 621.396.622 1647
Frequency Discriminator.—Bruck. (See 1491.)
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621.306.62 + 621.396.9 1648 621.306.621.020.062 ) 1656
Germany’s UHF Tubes.—Combined Intelligence A Non-Radiating Superregenerative Receiver

Sub-Committee. (KElectronic Industr., Narch 1946,
Vol. 5, No. 3, pp. 162..1068.) A continuation of
1399 of May, dealing very briefly with ‘‘radar
camouflage ’’ (materials of low radio-reflecting
power), and u.h.f. receivers of various types.

621.390.62 1649

I.R.E. Winter Technical Meeting January 1946.—
(Waves and Electrons, Feb. 1940, Vol. 1, No. 2,
pp. 20..93.) Abstracts are given of the following
papers read at the meeting. Design of Communica-
tion Receivers for the Naval Service with Particular
Consideration to the Very-High-Frequency and
Ultra-High-Frequency Ranges.—T. McL. Davis,
Microwave-Converters.—C. F. Edwards. Tunable

Receivers for Very High Frequencies.—G. L.
Hulstede, J. M. Pettit, H. E. Overacker, K.
Spangenberg & R.R.Buss. TUltra-High-Frequency
Television Receivers. — H. T. ILyman. Noise
Spectrum of Crystal Mixers.—P. H. Miller.,  Dis-

criminators for Frequency-Modulation Receivers.—
S. W. Seeley.  Theory of Impulse Noise in Ideal
Frequency-Modulation Receivers.—D. B. Smith &
W. E. Bradley. Crystal Rectifiers in Heterodyne
Receivers.—H. C. Torrey. For other abstracts, sce
Electronics, March 1946, Vol. 19, No. 3, pp. 92..108,
and Electvonic Industr., March 1946, Vol. 5, No. 3,
pp. 62..74. For titles of other papers read, see
other sections.

621.396.62 1650
CAA Alaskan Diversity Receiving System :
Part 1.—Ivers. (See 16069.)

6271.396.62 1651

New Svenskradio Wireless Receivers.—C. Fredin.
(ILvicsson Rev., 1945, Vol. 22, No. 4, pp. 187-193.)
Includes illustrations and a comparative table of
details of types 1453, 1454, 1457 and 1458 V(LV).

021.396.62 1652

Wide-Range Converter-Receiver.—B. II. Har-
grove. ([ladio News, Feb. 1946, Vol. 35, No. 2,
PP. 40—42, 140.) Constructional details of a super-
regenerative receiver for 112 Mc/s and a 14, 21,
28, 50 Mc/s converter for use with a lower-frequency
receiver. High signal/noise ratio, good stability,
and freedom from image troubles are claimed.

621.306.02 : 621.317.755 1653
Panoramic Reception, 1946. R. Popkin-
Clurman & B. Schlessel. (QS7T, March 1040,

Vol. 30, No. 3, pp. 22-27.) Description of a receiver
adaptor for displaying signals received within a
wide frequency band, using a cathode-ray tube with
X-deflexion representing signal frequency and
Y-deflexion representing signal strength. Pre-war
development and wartime applications are reviewed.

621.396.621 : 621.306.619.018.41 1654
Frequency Modulation Receiver.— M. Ziegler.
(Radio, N.Y., Jan. 1946, Vol. 30, No. 1, p. 41.) The

receiver incorporates a feedback arrangement to
allow a narrow-band i.f. amplifier to be used, and
a frequency-counter circuit 1s used instead of the

conventional discriminator. Summary of U.S.
Patent 2 383 350.
621.396.621.020.62 1655

144-Mc Radio.—I. Queen. (Ktadio Crafi, Jan.
1940, Vol. 17, No. 4, pp. 239..289.) Constructional
details of a superregenerative receiver.

for Two Meters.—E. P. Tilton. (QST, I'eb. 1940,
Vol. 30, No. 2, pp. 53..108.) The circuit com-
prises a tuned r.f. stage, superregenerative detector,
and two a.f. stages, all using miniature valves,
The receiver is battery-operated, with low current
consumption.

621.396.621.029.62 1657

Service Considerations in Megacycle Bands.—
C. J. Sheridan. (Kadio News, March 1946, Vol
35, No. 3, pp. 33..96.) An outline of v.h.f. and
f.m. reception techniques.

621.390.021.53 1658
- Calculation of the Output from Non-Linear
Mixers.—Stockman. (See 1492.)

621.396.621.54 1659

Single Signal C.W. Reception and Crystal Filters.
—B.G. (QST, March 19406, Vol. 30, No. 3, pp.
50-61.) 1f the beat-oscillator frequency is set to
one side of a narrow i.f. response curve, the hetero-
dyne whistle on one side of the zero-beat position
is suppressed.

621.306.621.54 1660
Oscillatorless Superheterodyne.—1Rk. W. \Woods.
(Electronics, I'eb. 1946, Vol. 19, No. 2, pp. 224..

Comprises two mixers, each fed with the
signal. The load of one is tuned to intermediate
frequency, and is connected to a second input
terminal of the other mixer; the load circuit of
the latter is tuned to (signal 4 intermediate)
frequercy and is connected to a second input
terminal of the first mixer. Output at intermediate
frequency is taken from the load circuit of the
first mixer. An analogous arrangement may be
used as a beat-frequency ‘“oscillator” to follow
the i.f. stages of a c¢.w. morse receiver. Theory
and properties of these arrangements are given,
with suggested additional applications.

234.)

621.306.621.54.029.58 1661

A 28-Mc. Receiver/[Converter.—1. Goodman.
(QST, Feb. 1940, Vol. 30, No. 2, pp. 17-20, 100.)
Constructional details of an oscillator and frequency
converter giving an i.f. of about 1.5 Mc/s, intended
to precede an ordinary broadcast receiver.

621.306.622.7 1662

Superregenerative  Detector  Selectivity. — A.
Easton. (Electronics, March 1946, Vol. 19, No. 3,
PP.154-157.)  Experimental determination -of
characteristics . . . indicates that.selectivity and
sensitivity increase and noise decreases with de-
creasing quench frequency. Selectivity decreases
with increasing quench amplitude.”

621.396.622.7 1663

The Application of Modulation-Frequency Feed-
back to Signal Detectors.—G. Builder. (Proc. Inst.
Radio [IEngrs, N.Y., Part 1, March 19406, Vol. 34
No. 3, pp. 130-137.) “ Positive modulation-
frequency feedback to the load circuit of a signal
detector may be adjusted to make the eftective
modulation-frequency admittance of the load
circuit equal to its direct-current conductance, thus
eliminating peak clipping and improving the effi*
ciency of detection. Conversely, negative feed-
back to the detector tends to increase peak clipping:
Incidental effects in the amplifier from which the
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l}positive feedback voltage is derived may correspond
‘to positive or negative, voltage or current, feedback,
.depending on the general circuit arrangement,
Design  formulas and some simple equivalent
icircuits are given and the major design considera-
tions are outlined. Typical examples include a
detector arrangement which provides automatic-
volume-control voltages and has a high input
impedance and a very low output impedance, as
well as Varrell’s arrangement which is in agrecment
pwith the design procedure autlined in this paper.
Attention is also drawn to the great care necessary
in the design of detector-amplifier circuits, using
multipurpose vaives... , toavoid distortion due to
ncidental negative modulation-frequency feedback
to the detector.” Mlethods previously suggested
for avoiding the tvpe of detector distortion dealt
fwith in the paper are discussed.

521.390.66 1664
AS8.C. Radio.—E. Aisberg. (Radio Craft, Jan,
1940, Vol. 17, No. 4, pp. 240..263.)  Automatic
selectivity control is obtained by use of parallel
-f. channels of different bandwidths for the upper
:nd lower audio ranges, the effect being enhanced
)y crossing the a.v.c. lines,

$21.306.822 1665
| Noise Figures of Microwave Receivers.—\\. G.
lawkins. (Radio, N.Y ., Jan. 1940, Vol. 30, No. 1,
P. 21..64.) An elementary survey. The noise
gure is defined, and its measurement is explained,
"ith numerical examples for typical micraowave
ceivers.

éSTATIONS AND COMMUNICATION SYSTEMS

421.39 1666
LR.E. Winter Technical Meeting January 1946.—
Vaves and Electrons, Teb. 1946, Vol. 1, No. 2,
D- 85..93.) Abstracts are given of the following
apers read at the meeting. PPhase and Frequency
todulation ~ A New Method.—R. Adler, 15, AL
ailev & H. I>. Thomas. Some Technical Deve-
pments in Light-Wave Commuanications.— ]. M.
‘uke & N. E. Porter. A New System of Angular
elocity Modulation Employing Dulse Techniques.
-J. F. Gordon. Naval Warfare Communica-
s Problems.— . O. Kinert.  Two Multichannel
icrowave Radio-Relav Equipments for the U.S.
Tmy Communication XNetwork.—R. E. [Lacy.
requency Allocations.—P. D. Miles. I or other
pstracts, see Electronics, March 1az6, V'ol. 19, No. 3,
1. 92..108, and FElectronic Industr., Narch G40,
bl. 5, No. 3, PP- 62..74. For titles of other
é.pers read, see other sections.

'1.395.42 1 534.7 1667
JInfrasonic Switching.—A. Montani. (Llectronics,
rch 1946, Vol. 19, No. 3, pPp- 214..222) Itis
wn that the car perceives as continuous a sound
tich has bLeen suppressed for 0.033 sccond at a
petition rate of 15c¢/5. A system is outlined,
iIizing this phenomenon, to give simultancous
-Way communication over a single-channel link.

i‘I._g,go.I 1668
Diversity System.—C. . Hanscll. (Flectronic
dusty., March 1946, Vol. 5, No. 3, p- Tog) A
o-carrier system in which the channels are
‘ived at the transmitter by beating a strong
rier with a weak one (on which the intelligence
rdulation  is superposed) of slightly different

it EEE - My onut
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frequency.  The amplitude modulation due to the
mixing process is removed and the resultant phasc-
modulated carrier thaving two principal intelligence-
carrying sidebands separated from the carrier by
the Dbeat frequency) is fed to the acrial through
amplifiers and frequency multipliers. Summary of
LS. Patent 2 388 053,

621.3060.1 1689

CAA Alaskan Diversity Receiving System :
Part 1.—]. Ivers. (Comnuenications. Jan. 1940,
Vol 20, No. 1. pp. 40..46.) Technical description,
with circuit diagrams, of an S-channel system using
four frequencies hetween 100 kess and 20 Meys,
A common a.v.c. is used so that a signal receiverd
in one channel suppresses the noise from others.
The system provides high-speced automatic tape
recording up to 250 w.p.m.. radio signal relays,
or aural reception.

621.390.01 1670

Three-Channel 25-Watt Radiotelephone System
for Ship-to-Shore.—I). A. Hcisner. ({(Comunnica-
fions, Jan. 1040, Vol 20, No. 1, pPpP- 32..44.) The
system - operates on any one of three crystal-
controlled frequencies  between 2 and  32Mes.
The " push to talk’” operation is avoided by
rectifying part of the speech voltage and using it
to operate a relay that activates the transmitter.
The transmitter-receiver occupies a space 207
187 » 94”7, and the power supply 127 > 107 = 747
It can operate from o, 12, 32 or 110\, The
circuits are described.

021.300.019.0187.12 + .41 1671

*“ A Review of Frequency Modulated Systems ”’.—
Ao K. Murphy.  (Proc. Instn Radio Iongrs, Adust.,
Nov. 1945, Vol. 6, No. 5, p. 10} [Extract only,
dealing with phase modulation.

021.306.61g.018.1 2 1872

Further Note on the Phase Modulator and Two
Applications.-—R. A. Wooding. (Prac. Tastu Kadio
fongrs, Aust., Nov. 1945, Vol. 6, No. 3, pPp. 5-8.}
A supplement to 2943 of 1945 dealing with a circuit
modification, in which grid phase-shift networks are
replaced by cathade-circuit reactances, giving phase
deviation linear up to a theoretical limit of 53 de-
grees.  Application  to  Armstrong  and  Chireix
systems is described.

21.390.619.018.41 1873

Extract from ‘“ A Review of Frequency Modulated
Systems ’.—A. X, Murphy. (Prac. [nstn Radio
Longrs, clust., Jan. 1946, Vol. 7, No. 1, p. 13.)
Non-mathematical outline of the theory of the
phase discriminator, using vector diagrams.  The
use of pre-emphasis and de-emphasis for improving
signal noise ratio is mentioned.  Long extract only.

021.390.619.018.41 16874

Probable Fallacies and Truths about Frequency
Modulation.—IZ. G. Beard. (FProc. Instn Radio
Ingrs, Aust., Feb. 1946, Vol. 7, No. 2, PpP- 3-14.)
Discussion of frequency and phase melulation
giving detailed methods and claims of early experi-
menters. It s shown by diagrams that f.m. gives
no advantage over a.m. respecting interference
represented by an amplitude-modulated carrier,
It is suggested that the high signal ‘moise ratios of
f.m. reception can be achieved by a.m. reception
using wide bandwidths and suitable circuits. Non-
mathematical  explanations  are given of five
methods of phase-maodulating a stabilized frequency.

T et i e
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621.396.619.018.41 1675 R. L. Freeman & R. C. Hergenrother. (Proc. Inst.

Fundamental Relationships of F-M Systems.—
N. Marchand. (Communications, Jan. 1946, Vol. 26,
No. 1, pp. 56..61.) Equations for frequency-
modulated waves are derived and compared with
those for amplitude and phase modulation. This
is the first of a series of papers on the operation and
design of f.m. transmitters.

621.396.619.16 1676

Pulse Modulation.—R. B. Shepherd. (IVireless
Engr, April 1946, Vol. 23, No. 271, pp. 114-115.)
A letter criticizing statements by Roberts and
Simmonds in 183 of January. ‘A chain of rect-
angular pulses is a succession of discrete phenomena
to which the idea of continuous variation cannot be
applied.” A mathematical method of obtaining
the Fourier series of the modulated chain of pulses
is outlined.

621.396.610.16 1677

PPM ~~ New Technique.—L. Shunaman. (Radio
Craft, Feb. 1946, Vol. 17, No. 5, pp. 314..359.)
An outline of the system of pulse-position modula-
tion with particular reference to the AN/TRC-6
system described in 1056 of April.

621.396.931 1678

New Radio Dispatching System.—J. E. Hubel.
(Fadio News, March 1946, Vol. 35, No. 3, pp. 68, 70.)
Short general description of the Milwaukee police
and fire departments’ radio control system.

621.306.933.42 1679

The DMartin Aircraft H-F Test Network.—F.
Albrecht.  (Communications, Jan. 1946, Vol. 20,
No. 1, pp. 15-19, 45.} A general description of the
radio equipment used at a small airport and testing
ground, including the circuit diagram of a 73-W,
6-channel h.f. radio-telephone transmitter and
receiver.

621.396.1

Two-Way Radio. [Book Review]—S. Freedman.
Ziff-Davis, Chicago, 1946, 500 pp., $5.00. (Elec-
tronic Industv., NMarch 1946, Vol. 5, No. 3, pp.
I53-154.) Deals with the systems and equipment
used in two-way or point-to-point communications.

1680

SUBSIDIARY APPARATUS

531.788 + 533.5 1681
Audio Aid for Vacuum-Leak Hunting.—Wouk.
(See 1550.)

535.215:621.383 1882
Investigation of the Surface Photoelectric Effect of
Metallic Films under the Influence of Strong Electro-

static Fields.—]Jacobsmeyer. (See 1304.)
621.3.087.64 1683
Electrodynamic Direct - Inking Pen. — H. B.
Shaper. (Electronics, March 1946, Vol. 19, No. 3,
Pp. 148-151.) *‘Mathematical analysis, choice of
drive, constructional details, and performance

curves of a high-speed unit capable of inking wave
forms of transients directly on a moving paper
chart. Response is essentially flat from zero up to
100¢/s.”” A compact design permits easy con-
struction of multichannel recorders.

621.314.1
High-Voltage Rectified Power
Fractional - Mu Radio - Frequency

1684
Supply Using
Oscillator.—

Radio Ingrs, N.Y., Part 11, March 1940, Vol. 34,
No. 3, pp. 145-147.) A specially designed tricde is
arrangedin a seli-biased oscillator circuit operating
at a few hundred ke/s, in which the unidirectional
voltage built up across the grid leak is many times
the applied anode voltage. * . the oscillator
circuit should have a large voltage step-up ratio
from anode to grid and the [valve] amplification
factor . . . should be less than unity . . .
The transconductance of the tube at small grid
voltages should exceed the total circuit con-
ductance.” Various experimental valve types are
described. Performance figures quoted include :—
4.9 KV across a leak of 23.6 MQ for an anode current
of 21.5 mA at 312 V, and 7.75 kV across 12.6 M at
43.0m4, 485 V anode input.

621.314.22/.23 1685

The Impedances of Multiple-Winding Trans-
formers : Part I.—S. A. Stigant. (Beama ],
Feb. 1946, Vol. 53, No. 104, pp. 70-74.) Practical
formulae used for the predetermination of power
transformer leakage reactances have fundamental
academic shortcomings. The reactances may be
measured however, and a mathematical analysis
shows how they affect the current and voltage
equations.

621.314.632 1686
A Method for Measuring Effective Contact E.M.F.
between a Metal and a Semi-Conductor.—Stephens,

Serin & Meyerhof. (See 1510.)

621.314.632.020.62 : 546.289 1687
Germanium Crystal Diodes.—Cornelius.  (See

1728.)

6241.316.722,078,3 1 621.396.682 1688
Voltage-Regulated Power Supplies : Part III.—

G. E. Hamilton & T. Maiman. (Communications,
Jan. 1946, Vol. 26, No. 1, pp. 48-49.) Further
details of the equipment described in 1076 of April.

621.316.74 1689

Analysis of Operation of a Thermostat with Con-
tact Thermo-Regulator.—Z. Jelonek. (Proc. Camb.
phil. Soc., Feb. 1940, Vol. 42, Part 1, pp. 62-72.)
Theoretical analysis for the case in which heater
current starts and stops suddenly in the form of
rectangular pulses.

621.316.86 1690

High Stability Carbon Resistors.—G. V. Planer &
F. E. Planer. (Electronic Engng, March 1946,
Vol. 18, No. 217, pp. 66 . . 97.) Description of the
manufacture and properties of the pyrolytic or
cracked-carbon resistor. The particle size and the
choice of a suitable ceramic carrier give a low
temperature-coefficient of resistance (0.02-0.07%
per deg C). The resistance value is adjusted by
grinding a helical groove in the carbon deposit,
but this increases the self-inductance. Carbon
composition resistors are briefly discussed, and the
difficulty of controlling their values is stressed. A
new technique of carbon-coating fine carrier particles
(e.g.- quartz) gives improved controllability, but
the process is elaborate.

621.317.39.087.4 -+ 621.3.078 1691

Instruments for the Automatic Controlling and
Recording of Chemical and other Processes.—D. G.
Prinz.  (J. sci. Instrum., March 1940, Vol. 23
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ENo. 3, PP- 4I-44.) Report of a joint conference of
{the Institute of Physics, the Institution of Clhemical
"Engineers, and the Chemical Engineering Group
j(Society of Chemical Industry) held in London on
19th October 1945.

621.317.755 1692
A Three-Beam Oscillograph for Recording at
equencies up to 10,000 Megacycles.—G. M. Lee.

(Proc. Inst. Radio Engrs, N.Y., Part II, March

1946, Vol. 34, No. 3, pp. 121-127) .. . A

escriptionis given of a {continuously evacuated]
three-beam high-speed micro-oscillograph  which
>xtends the range of application of single-sweep
pscillographic recording by a factor of approximately
0 in frequency over previous limits imposed by
transit-time distortion. The reduction in deflec-
tion sensitivity attributable to transit-time effoct
is calculated to be 4 per cent at 3000 megacycles
nd 40 per cent at 10 000 megacycles. Single-sweep
scillograms of 3000 and 10 000 megacycle oscilla-
tions and breakdown transients with fronts of the
brder of 107 second duration are shown.” Electro-
nagnetic focusing is used (spot diameter o.01 mmj.

Provision is made to prevent fogging of photographs

lue to light from the filament. Enlargement of the

ecorded trace by 100 diameters is used and, at this
inagniﬁcation, the sensitivity is o.1 mm/V. JFor
ecording in the microwave region an accelerating
oltage of 50 kV is used. At this voltage the total
eam current is 5 m4, of which about 29, strikes
triggering probe in the deflexion chamber. The
i1be is biased to cut off in the stand-by position.
or examination of single-stroke phenomena the
ias 1s restored to normal for 1 millisecond ; the

‘ont edge of the resulting current pulse received

v the probe is used to trigger the sweep, the phen-

menon to be examined, or both. ** The instrument

L its present state of development opens up entirely

ew fields of research. . . .’ See also 1970 of 1940

'on Ardenne).

]
{

PI1.317.755.087.5 1693
;High Speed Photography of the Cathode-Ray
abe.—H. Goldstein & IP. D. Bales. (Feev. sca.
wstrusn., March 1946, Vol. 17, No. 3, PP- S9-906.)
>chniques are described for the periodic recording
single traces at rates up to 4000 per second.
riting speeds as high as 70 cmjusec can be ob-
ined without sacrifice of sensitivity, using com-
ercial tubes and films. High-speed 16-mm cameras
re also described.

1.327.4 1694
Gaseous Discharge Tubes and Applications.—
iliard.  (See 1729.)

'1.352.12 1695
Characteristics of Mercury Type Batteries,—
slectrom'c Industr., March 1946, Vol. 5, No. 3,
74.) Short statement of the design and pro-
fties of the Ruben-Mallory cell. High ampere-
ur-capacity/volume ratio : capacity is the same
der continuous and intermittent operation :
Lg shelf life : good performance at high tempera-
res : low resistance,
51.352.7 1696
Dry Battery Characteristics and Applications.-—
i M. Potter. (Proc. Instn Radio Lngrs, Aust.,
2. 1946, Vol. 7, No. 1, pp. 3-11.) The theory and
hstruction of dry cells is outlined, with mention

i
)

I e

ot the newer flat forms of construction using duplex
plates and rubber or plastic scals between cells.
This form of construction saves up to 50% in volume
and 339% in weight.  The measurement of voltage,
short-circuit current, and internal resistance is dis-
cussed. ““ The test that best represents any par-
ticular service is that which most nearly represents
the rate of energy output of the battery when in
actual use. There is no direct relation between
the results of continuous tests and intermittent
tests of longer duration.” Curves show the cffect
of discharge conditions ou service life and ampere-
hour capacity, Decrease in temperature increases
the shelf life but increases the internal resistance,
and the cells become useless at about — 21°C,
although no permanent damage is done.  Applica-
tions of cells, and design considerations for battery-
operated receivers are reviewed,

621.383.5 1897

An Apparatus for Use in the Selection of Barrier-
Layer Photocells.—]. A. Hall. (J. sci. Tustrum.,
March 1946, Vol. 23, No. 3, PP- 59-060.) 12 cells
mounted in a wheel are in turn balanced in a bridge
circuit against a standard cell, all the cells being
illuminated by the same source for sume time before
the comparison is made.

621.385.832:021.316.578.1 1888

Tube-Seasoning Timer.—>. Silverman. (Flec-
fronics, Feb. 1946, Val. 19, No, 2, P- 1453 For
applying “* seasoning "’ voltages to batches of about
20 cathode-ray tubes during manufacture. Cem-
prises time switches connected in the clectrade
circuits, which operate at various times, up to a
maximum of 55 min, after the commencenient of
the scasoning operation.

621.394/.397].045 1899
Network Design Using Electrolytic Tanks.—
Kenyon. (See 1470.)

621.390 1700

LR.E. Winter Technical Meeting January 1946.-—
(Waves and FElectrons, Feb. 1946, Vol. 1. No. 2,
PP- 88..93.) Abstracts are given of the following
papers read at the meeting.  Electrical Character.
istics of Quartz Crystal Units and Their Measure-
ment.—W. 1. George, M. C. Selby & R. Scolnik,
Linear Servo-Theory.-—R. E. Graham. A Three-
Beam Oscillograph for Recording at Frequencies
up to 10000 Megacycles.—G. M. Lee (See 1692},
Problems Associated with the Standardization of
Quartz-Crystal  Units for Military Equipment.—
C. J. Miller, Jr. Directional Couplers.—\y, W,
Mumford.  High-Frequency Mated Quartz-Crystal
Units for Control of Communications Equipment.—
R. A, Svkes. Hermetically Sealed Metal Holder
for Crystal Units.—A. W, Zeigler. Tor other
abstracts, see Electronics, March 1946, \'ol. 14,
No. 3, pp. 92..108, and Flectronic Industr., March
1946, Vol. 5, No. 3, pp. 62..74. For titles of other
papers read, sec other sections.

621.390.602,2 1701

Wire Length of Universal Coils.—A. \W. Simon.
(Flectronics, March 1946, Vol. 19, No. 3. p. 162)
Procedure for caleulating outside diameter and
total wire length in terms of number of turns, form
diameter, gear ratio and wire size. See alsg 1085
of April (Simon),
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621.398 1702 methods for obtaining this accuracy are described,

Self-Synchronous Transmission System.—E. Han-
sen. (Radio News, TFeb. 1946, Vol. 35, No. 2,
pp- 38..143.) The use of the selsyn motor for remote
control. Simple diagrams illustrate the basic
principles.

TELEVISION AND PHOTOTELEGRAPHY

621.383.8 1703
The Image Orthicon.—(Radio, N.Y., Jan. 1046,

Vol. 30, No. 1, pp. 10..16.) See also 1370 of May.

621.397 1704

L.R.E. Winter Technical Meeting January 1946.—
(Waves and Electrons, Feb. 1940 Vol. 1, No. 2,
pp- 88..93.) Abstracts are given of the followlng
papers read at the meeting. Television in the
Ultra-High Frequencies.—P. C. Goldmark. Ultra-
High - Prequency Television Receivers.—H. T.
Lyman. Television-Studio Equipments.—]. J.
Reeves. The Image Orthicon, A Sensitive Tele-
vision Pickup Tube.—A. Rose, P. K. Weimer &
H. B. Law. Electro-optical Characteristics of
Television Systems.—O. H. Schade. Sight and
Sound on One Carrier.—K. Schlesinger. A Kine-
scope for Home Projection-Type Television
Receivers.—L. E. Swedlund. Color-Television
Transmitter—N. H. Young. For other abstracts,
see FElectronics, March 1946, Vol. 19, No. 3, pp. 92
..108, and Electronic Industr., March 1946, Vol. 5
No. 3, pp. 62..74. For titles of other papers read,
see other sections.

621.397 1706
A Writing Cathode-Ray Tube.—H. Lineback.
(Radio News, Feb. 1946, Vol. 35, No. 2, pp. 30, 31,

126.) A device for making a c.r.t. spot follow a
predetermined path of arbitrary shape, e.g. trace a
written word. The required path is translated by a
graphical process into an opaque pattern on a trans-
parent disk, something like a variable-width film
sound track. The pdttem is scanned by two photo-
cells, the outputs trom which control the deflector
voltages of the c.r. tube.

621.397 1706
Television Must Sound Right.—R. Hubbell.
(Iradio News, Feb. 1946, Vol. 35, No. 2, pp. 46..137.)

The need for new and spacious studios is stressed.
The main points for their design are outlined.
621.397 1707

CBS Shows its Color.—(Electronic Industr.,
March 1946, Vol. 5, No. 3, pp 75..125.) Demon-
stration of colour television (using rotating colour
disk) with sound transmitted by frequency modula-
tion during the fly-back period. A short description
of some items of the equipment used.

621.397.3 1708

Highlights eof Dr. P. C. Goldmark’s Paper on
Color Television.—R. G. TPeters. (Communica-
tions, Jan. 1946, Vol. 26, No. 1, pp. 50-51.) A
brief account of the Baird tri- and di-chromatic
systems, a comparison between colour photography
and television, and a discussion of the present
C.B.S. tri-chromatic system.

621.397.335 1709

Facsimile Synchronizing Methods.—D. Schulman.
(Electronics, March 1946, Vol. 19, No. 3, pp. 131-133.)
The required accuracy of synchronization of trans-
mitter and receiver drives is investigated, and

ranging from simple manual control at the receiving
end, toelectronic methods. Self-contained frequency-
control systems operate on local standard-frequency
sources (tuning fork, or crystal), the phase of
receiver and transmitter being matched by a trans-
mitted pulse. Other methods have been devised
in which the same audio-frequency tone drives both
transmitter and receiver motors, or where each line
in the receiver scan is synchronized by a transmitted
pulse. Descriptions are given of several devices
aimed at stabilization of drive frequencies.

021.397.335 1710

Syvichronizing and Separation Circuits : Part 12,—
1. M. Noll. (Radio News, March 1940, Vol. 35,
No. 3, pp. 54 - . 00.) For parts 10 and 11 see 782
of March and 1381 of May. (The series does not
begin with 782 as stated in 1381.)

021.397.335 1 621.390.615.17 1711
Synchronizing Generators for Electronic Tele-
vision.—Applegarth. (See 1488.)

621.397.045 1712
Compensating Amplifier. — C. XN. Gillespie.
(Electromics, March 1946, Vol. 19, No. 3, pp. 232..

234.) To compensate for the distortion produced
by the nonlinearity of the recording method and
paper of a facsimile system, an equal but opposite

nonlinearity is introduced into the amplifier.

Summary of U.S. Patent 2 373 999.

621.397.5 1713
Television Programming and Production. [Book

Review]—R. Hubbell. DMurray Hill Books, New

York, 19435, 203 pp., $3.00. (Idectronic Il-ngng,

March 1940, Vol. 138, No. 217, p. 90.) . 1 have
not seen a better, or simpler introduction to the
peculiar problems which beset the television
producer or his team. . . . See also 785 of March.

TRANSMISSION

621.306.01 4 0621.396.645 1714

Analysis of Parasitic Oscillations in Radio Trans-
mitters.—]. S. Jackson. (Radio News, Feb. 1946,
Vol. 35, No. 2, pp. 68 . . 88.) The occurrence and
suppression in class-C r.f. amplifiers.

621.396.61 1715

I.R.E. Winter Technical Meeting January 1946.—
(Waves and FElectrons, Feb. 1946, Vol. 1, No. 2,
pp. 80 .. 93.) Abstracts are given of the following
papers read at the nieeting. Generation of Con-
tinuous-Wave Power at Very High Frequencies.—
W. G. Dow, J. N. Dyer, W. W. Salisbury & E. A.
Yunker. Electronic IFrequency Stabilization of
Microwave Oscillators.—R. V. Pound. Ultra-
High-Frequency Television Transmitters and
Antennas.—R. Serrell.  Color-Television
mitter.—N. H. Young. For other abstracts, see
Electronics, March 1940, Vol. 19, No. 3, pp. 92 .. 108,
and [lectronic Industr., March 1946, Vol. 5, No. 3,

pp. 62 . . 74. Yor titles of other papers, see other

sections.

621.396.61 : 621.396.619.018.41 1716
Twelve-Tube F-M Handie-Talkie.—]. M. Lee¢

(Electronics, March 1946, Vol. 19, No. 3, pp. 104 . -
200.)  Weight 8 lb, frequencies 47-55.4 Mcfs,
range I mile in open country and 300 yd in dense

Trans- |




t  June, 1946

jungle. A U.S. Signal Corps equipment, tvpe
AN/PRC-6.

621.300.01 621.396.933 1717

Low Power Aircraft Transmitter.—A. B
Kaufman. (Radio News, March 1940, Vol. 33,
No. 3, pp- 29 . . 88) A 3-Mc/s erystal-controlied
transmitter using a suppressor-modulated output
wvalve, has low current consumption and reasonable
voice quality,

521.390.01.020.56/.58 1718
A Band-Switching V.F.0. Exciter Unit.—W. L.
radley.  (QST, March 1946, Vol. 30, No. 3,
p. 29-33.) With calibrated bandspread for 3.5,
;, T4 and 28 Mcfs.  Special attention is given to
the switching device and mechanical construction.
erformance data are given.

3

21.390.01.029.58 1719
350 Watt—5 Band Transmitter.——H. 5. Brier.
Radio News, March 1946, Vol. 35, No. 3, pPp. 40 ..
r25.)  Constructional details of a self-contained
crystal-controlled transmitter with switched coils
;or amateur bands from 3.5 to 29.7 Mc,s.

;21.390.61.029.58 1’72_0

Home Built Signal Shifter.—S. Heytow. (fadio
i/'ews, March 1946, Vol. 35, No. 3, pp. 48 . . 117.)
onstructional details of a variable-frequency
scillator for amateur transmitters, giving 20 W
fitput at 20- or So-metre wavelengths.

21.396.61.029.58 1721
A Low Power 28-Mc. "Phone-C.W. Transmitter.—
- Mix. (QST, March 1946, Vol. 30, No. 3, pPp-
3—21.)  Circuit and constructional details.” The
pwer supply unit can be used for either the trans-
litter or a receiver, by switching. A separate
odulator is provided for telephone operation.
Complete equipment for the beginner.”

#1.396.61.029.62 : 621.396.619.018.41 1722
Design of F-M Transmitter for 88-108 Mc.—
. L. Sack. (Electronics, March 1946, Vol. 19,
0. 3, PP- 184-194.) A high-fidelity transmitter,
tput 250 W, incorporates balanced modulators,
push-pull primary oscillator, and linear circuit
*ments in the anode tank circuits. Stable centre-
‘quency control is obtained by the variation of
¢ primary oscillator tuning capacitance by a
otor controlled by the difference in frequency
;fween the primary oscillator and a standard
ystal oscillator.

7.396°615.12.029.62 1723
144-Mc¢ Transmitter.—1I. Queen. (Radio Craft,
b. 1945, Vol. 17, No. 5, pp. 319 . . 363.) Simple
scription of self-oscillator circuits, using standard
ceiver-type valves.

%.396.619.2 1724
Premodulation Speech Clipping and Filtering.—
5 W. Smith. (QS7T, Feb. 1946, Vol. 30, No. 2,
icd,()—jo.) By incorporating amplitude limitation,

lipping, and low-pass filtering in an amplitude-
dulated transmitter, it is possible to realize an
=Ctive power gain of nearly 100 times. The
elligibility of weak signals is greatly increased
i:h a slight loss in quality.

/.396.664 1725
nstantaneous Program Switching.-—]. Zelle.
;clmm‘cs, Feb. 1946, Vol. 19, No. 2, pp. 142-144.)

e TS, TS
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Simple circuit for feeding a given wire channel in
succession from a number of input channels. ** The
arrangement has three advantages: circaits can
be preset in the order in which they are to be used,
so that switching becomes virtually errorless and
semi-automatic ;  secondly the switching will be
practically instantancous . . .: and thirdly, the
circuits are interlocked, therefore only one circuit
can be put on the outgoing channel at a time.”

VALVES AND THERMIONICS
537-525:021.3.029.04 1728
i

Initiation of High Frequency Gas Discharges.——
T. Holstein. (Phvs. Rew., Ist/15th  Jan. 1940,
Vol vg, Nos. 172, p. 50.) The microwave sparking
field in a gas is investigated theoretically as a
function of electrode spacing, pressure, clectron
temperature and Townsend’s cocfficient «. Summary
of an Amer. Phys. Soc. paper.

537-351 1727
An Explanation of Anomalous Thermionic Emis-
sion Current Constants.—Sun & Band. (See 1513.)

621.314.032.029.02 : 546.28¢ 1728

Germanium Crystal Diodes.—E. C. Corneljus.
([Llectronics, Feb. 1940, Vol. 19, No. 2, pp- 118-123.)
Construction, theory of operation, properties, and
typical applications of the rectifier type 1N34. The
unit is enclosed in a small metal cylinder with leads
for soldering it into circuit. [t consists of a tungsten
wire touching an optically polished surface of
germanium mixed with a small quantity of tin.
The equivalent circuit, and the currentfvoltage
characteristics are discussed in relation to the
energy levels of the {ree electrons in the crystal
and the tungsten. It is shown that the slope
resistance becomes negative when the steady
voltage across the device exceeds a particular value
that depends on the polarity of the voltage, the
temperature, and the particular crystal nnit
used.  The 1N34 is suitable for use as a rectifier
for frequencies up to 100 Mc/s, and with low load
resistances compares well with a conventional
thermionic diode. Preliminary tests show that
no failure or deterioration has occurred for more
than 1000 hours of continuous operation [under
adverse conditions].””  Other applications, e.g.
voltage regulation and for relaxation oscillators
(up to 500 kcfs) are briefly mentioned. or brief
Accounts see [lectronic Indusir., Dec. 1945, Vol. 4
No. 12, p. 80, and Electronics, Jan. 1946, Vol. 1y,
No. 1, p. 232.

621.327.4 1729

Gaseous Discharge Tubes and Applications.—
R. C. Hilliard. ([Llectronics, March 1946, Vol. 19,
No. 3. pp. 122-127.) Details are given of a robust
and reliable modulator glow lamp suitable for
portable sound-on-film recording systems,  The
lamp is of the crater type in which the ionization
of the gas excites the cathode material, giving a
high-intensity point source of light.  The neon-
filled strobotron designed as a medium-intensity
light source for stroboscopic applications is alsp
described. It can be operated either as an arc
discharge tube with short-duration high-peak
anode currents (300-400 A), or as a glow-discharge
tube with low currents, as required in control
devices.  Other types of this tube have been
developed for special features of operation such as
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high hold-off voltage (2kV), high repetition rate
(1 ke/s), low time-jitter, and high light output, and
{or use in systems requiring the generation of short
current pulses of high intensity (e.g. welding
control). For photographic analysis of motion and
for extremely short exposure photography, a series
of externally excited discharge tubes with high
light output and short flash-duration have been
developed. The design of the discharge circuit is

discussed. See also 2351 of 1937 (Edgerton,
Germeshausen, Nottingham & White).
621.38 1730

I.R.E. Winter Technical Meeting January 1946.—
(Waves and Electvons, Feb. 1946, Vol. 1, No. 2,
pp. 80..93.) Abstracts are given of the following
papers read at the meeting. Design of Small Size
High-Voltage Rectifier Type 1Z2.—G. Baker. Two
New Miniature Tubes for Frequency-Modulation
Conversion.—R. M. Cohen, R. C. Fortin & C. M.
Morris. Microwave Magnetrons. — G. Collins.
Improved Cathode-Ray Tubes with Metal-Backed
Luminescent Screens.—D. W. Epstein & L. Pensak.
A Medium-Power Triode for Frequencies about 600
Megacycles.—S. Frankel, J. J. Glauber & J. Wallen-
stein. Microwave Triodes Adapted to Modern
Usage.—E. M. Goodell. Cascade Amplifier Kly-
strons.—E. C. Levinthal. Secondary-Emission
Cathodes for Magnetrons.—J. W. McNall, H. C.
Steele, Jr. & C. L. Shackelford.  Glass Problems
in the Manufacture of Miniature Tubes.—H. J.

Miller.  Joint Electron Tube Engineering Council.—
O. W. Pike. Magnetron Cathodes.—M. A. Pomer-
antz. The Image Orthicon, A Sensitive Television

Pickup Tube.—A. Rose, P. K. Weimer & H. B. Law.
For other abstracts, see Electronics, March 1946, Vol.
19, No. 3, pp. 92. . 108, and Electronic Indusly., March
1946, Vol. 5, No. 3, pp. 62..74. Tor titles of other
papers read, see other sections.

621.383.8 '
The Image Orthicon.—(Radio, N.Y., Jan. 1046,
Vol. 30, No. 1, pp. 10..16.) See also 1376 of May.

621.385 1732
The Resnatron.—W. W. Salisbury. (FElectronics,
Feb. 1946, Vol. 19, No. 2, pp. 92—97.) Construc-

tional details and properties of a very-high-power
tunable tetrode suitable for c.w. operation in the
decimetre region either as a self-oscillator or as an
amplifier. The valve has tuned cavities between
directly heated cathode and control grid, and
between anode and screen rtespectively. The
tungsten filament requires 2V, 1800 A. Typical
plate operating conditions are 8 A, 174 kV. Under
these conditions about 85 kW output may be
obtained. The valve described is continuously
pumped, and extensive use is made of water cooling.
For use in countermeasures operations during the
war, see 1356 of May.

621.385: 621.317.79 1733
A Method of Measuring Grid Primary Emission
in Thermionic Valves.—Hooke. (See 1598.)

621.385.1 1734

Reflex-Klystron Oscillators.—E. L. Ginzton &
A. E. Harrison. (Proc. Inst. Radio Engrs, N.Y.,
Part I, March 1946, Vol. 34, No. 3, pp. 97-113.)
“ A comprehensive analysis of reflex klystrons is
developed by considering the electrons as particles
acted upon by forces which modify their motion.

1731

The analysis is similar to earlier explanations of
electron bunching in a field-free drift space and

A

predicts a similar current distribution when bunch- ¢

ing takes place in a reflecting field. The effect
of the bunched electron beam is treated qualitatively
by considering the effect of the beam admittance
upon a simple equivalent circuit. A quantitative
mathematical analysis based upon oscillator theory
is also derived and the results are presented in a

series of universal curves which are used to explain |

the operating characteristics of these tubes.
output, efficiency, starting current,
tuning, and modulation properties are discussed.

Power |

electronic |

Some general remarks on reflex-oscillator design |

considerations are also included.” The eftect of
transit time across the gap of the resonator is con-
sidered. The equivalent circuit mentioned above

comprises a parallel LC circuit representing the 1
§

resonator, counected in shunt with the equivalent
admittance of the bunched beam and with resist-
ances to simulate circuit losses and loading. The
design criteria for reflex klystrons designed to have
wide-band electronic tuning are discussed relative
to considerations of power output and efficiency.

621.385.1: 537.122 : 538.3 1735

¢¢ Electron Transit Time in Time-Varying Fields”. |
—L. A. Ware & H. B. Phillips: A. B. Bronwell. |
(Proc. Inst. Radio Engrs, N.Y., Part 1, March 1946, |
Vol. 34, No. 3, p. I5I.) Comments on 3884 of |
1945 (Bronwell). ;

621.385.1: €21.305.52 1738
Induction Heating in Radio Electron-Tube Manu-
facture.—Spitzer. (See 1015.)

I

621.385.1.032.2 + 533.5 + 539.234 1787}
- Fine Wires in the Electron-Tube Industry.—
Espersen. (Sec 1564.)

621.385.2 : 621.395.645.3 1738 |
A Voltage Amplifier Using a Pre-Saturation Diode
as Load.—Durnford. (See 1478.) !

1739
(See 1608.) 7|

it

621.385.832 1 621.316.578.1
Tube-Seasoning Timer.—Silverman.

MISCELLANEOUS !
061.22 : 621.396(054) 1740 I,
Waves and Electrons.—The journal which |

appeared with this title in Jan. and I'eb. 1946, |
is continued as ‘““ Proc. Inst. Radio Engrs, N.Y,
Part 1I,” from March 1946. See 1122 of April”

621.38/.39] (038) 1741 |,

Electronics Dictionary. [Book Review]-—N. M.
Cooke & J. Markus. McGraw-Hill, New York
1945, 433 pp., 8§ 5.00. (LElectronic Industr., Dec.
1945, Vol. 4, No. 12, p. 162, Also Electronics, |
Jan. 1946, Vol. 19, No. I, PP. 344 . . 348.)

621.38 (075.8) 1742 1

Electronics Laboratory Manual. {Book Review}—
R. R. Wright, McGraw-Hill Book Co., New York, &
77 pp., $1.00 (Waves and Electvons, Feb. 1940, (
Vol. 1, No. 2, p. 103.) )

i

!

i

1748 |

621.396.029.64 B 2y
00K 1

Radiation Laboratory Technical Series.
Notice]—(See 1549.)




	Wireless-Engineer-1946-06
	Wireless-Engineer-1946-06b
	Wireless-Engineer-1946-06c

