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Once a receiver has

left the works, the

Works Manager has no
wish to see it back

again. But so far as the
speaker is concerned,
he has no worries.

Now as always his

motto is-fit Rola and

relax !

BRITISH ROLA LTD 8 UPPER GROSVENOR STREET LONDON
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Input Voltage :
55 Volts.
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AUTOMATIC VOLTAGEc REG-AATRFII'e

S

General Characteristics
Constant A.C. Output

Example : 230 volts ± 0'5%-SO-cycles/sec.-single phase.Any output voltage may be ordered (see below).

Wide A.C. Input Voltage Limits
Example : 190-255 volts, 50 -cycles, I -phase. Other single-phase voltages or frequencies can be dealt with, on specialorders.

Entirely Automatic-Quick Action
There are no moving parts. No adjustments need ever bemade and no maintenance is required. The regulating actionis virtually instantaneous, the time required for adjustmentto a new voltage, or load condition being so short that it isquite imperceptible by ordinary means.

Load Rating
Eight standard, nominal ratings are carried in stock as listedbelow. Others can be built, including models giving (example)115 v. f 1% on 190-255 v. input : or multiple outputs, allregulated. The regulators also stabilize well under all loadconditions, from no-load to 100% load.

Constant Output Voltage :

230 Volts ±

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

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

Priorities, Etc.
No Priority is now required. " M " Certificates (Iron and

Steel Control) are also not now required.

Complete Data
Please request Bulletin VR 10744

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

VR-I0 10
VR-20 20
VR-60 60

VR-I50 150
VR-300 300
VR-500 500
VR-I000 1000
VR-2500 2500

190-255

50 --
I -phase

230 v. 0.5 per
cent.

Or, as ordered
(see text above)

3 lbs. {5 - 15
7 lbs. {8 - 0

17 lbs. {10 - 10

42 lbs. £ 1 3 - 10
62 lbs. £22 - 10
68 lbs. {29 - 10

120 lbs. {47 - 10
450 lbs. £175 - 0

nti .1741
ECTRICAl AND RADIO LABORATORY APPARATUS ETC.
0, Tottenham Court Road, london,11// and 76,010/1ALL ST. LIVERPOOL, 3, LANCS.

A
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ALL -POWER
CONSTANT VOLTAGE AND CONSTANT CURRENT POWER SUPPLIES

There is an ever increasing need for electronically stabilised Power Supplies for general Laboratory

use and for inclusion in other electronic equipment.
Whatever your requirement may be, whether for 10,000 volts at a few milliamperes or for a few
volts at 20 or 30 amperes, the unrivalled experience of our design staff is at your instant service,

We shall be pleased to advise and assist in any of your problems.

SPECIAL ELECTRONIC APPARATUS

When your need is for something very special,
to meet a rigid and exacting performance

specification, our Engineers can produce the;
perfect answer quickly and economically!

One of our Standard Models

Let us quote for your
special problems

ALL -POWER TRANSFORMERS LTD,
8A GLADSTONE ROAD, WIMBLEDON, S.W.%

Tel LIBerty 3303

The Goodmans Loudspeaker of to -day is the

latest of a long lint, of instruments, each the

product of the same policy of forward -looking

research and development adopted by the company

at its inception nearly a quarter of a century ago.

The i8 -inch model illustrated is a thoroughbred

that carries on the established Goodmans

" tradition of excellence."

GOODMANS INDUSTRIES LTD

GOODM N5

Overall Diameter

Power Handling
Capacity . . 50 tvgl,

Flux Density
14,000 gave

Total Flux
270,000 masse!',

Weight . .
35 lb

FIDELITY

EffitlEtICY

otilszbea els,

LANCELOT ROAD  WEMBLEY MI'
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100 Kc/s TYPE JCF/200
LOW TEMPERATURE
COEFFICIENT MODEL

ACCURACY ± .01%

ADVANTAGES

tability.

vacuum mounted, performance
dependent of climatic conditions.

tow temperature coefficient.

f,?mpact, takes little space.
a dia. x 3" overall excluding pins.
its standard miniature
ieaf-aid valve holders.

rther information 6 prices write to :-

FORD ELECTRICAL 'INSTRUMENTS LTD.PEEL WORKS, *SALFORD 3nes : BLAckfriars 6688 (6 lines). Telegrams and Cables : " SPARKLES'S, MANCHESTER "

,rietors: THE GENERAL ELECTRIC Co. Ltda,cif"England

ITS

3
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THE

COSSOR
HIGH VACUUM

DOUBLE BEAM
OSCILLOGRAPH

giving
VISUAL TWO-DIMENSIONAL

delineation of any recurrent law.

RELATIVE TIMING OF EVENTS
and other comparative measurements

with extreme accuracy.

PHOTOGRAPHIC RECORDING
of transient phenomena

and
SIMULTANEOUS INDICATION

Df two variables on a common time axis.
Completely embracing all the above
functions, of which the last is unique,
the Cossor Double Beam Oscillograph
is inherently applicable to all prob-
lems arising in

RECORDING, INDICATING & MONITORING
when the effects examined can be

made available as a voltage.

A. C. COSSOR LTD.,
INSTRUMENT DEPT

HIGHBURY, LONDON, N.5
Phone : CANonbury 1234 (30 lines)
Grams: Amplifiers, Phone, London

Truvox, pioneers in public address

equipment, offer this new range of
"Monobolt" permanent magnet
moving coil speakers for radio receivers,
with a patented assembly making for
accurate and economical production
and giving unshakeable rigidity in

transit and use. Response curves can
be adjusted to special requirements,
and full technical specifications are
available on request.

 Entirely new patented construction with single
bolt fixing of components concentrically locates
the chassis and complete magnet assembly.

 Brass centring ring prevents magnet being

knocked out of centre.

 Special magnet steel gives powerful flux with
compactness and light weight.

 Speech coil connections carried to suspension
piece, ensuring freedom from rattles, cone

distortion and cone tearing.

 Clean symmetrical surfaces, no awkward pro-
jections.

 Speech coil and former bakelised to prevent
former distortion and speech coil turns slipping
or becoming loose.

 Two point fixing to the suspension piece with

four point suspension for the speech coil.

 Widely spaced fixing points for the suspension

permit maximum movement of the cone, pro.
ducing the lowest response physically obtainable

from each size of speaker.

Supplied in four sizes-5in., 61in., Sin., and 10in.

T UVON
ENGINEERING CO.I.Tas

TRUVOX HOUSE, EXHIBITION GROUNDS, WEI°Et.

MIDDX.
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LIGHT
WEIGHT
36 lbs.

*
,;LIG1BLE

'11AY FIELD

1

1*
POWER

,PLY
060v.,
40-2000,

*
,I1ULATION
Inc wave

,iloised
'iquare wave

4,

rNUATION
ror at 300 mcs.

11.

10 mcs.

Advance
Signal

WIRELESS
ENGINEER

4DVAN'aE

iiTs

*
COMPACT
121' x 13k" x 7r

*
PRECISION
SLOW MOTION
DIAL

*
WIDE RANGE
10-310 mcs.

*
FREQUENCY
CALIBRATION

Ida

Price £ 8 0
Delivery-ex Stock

Generator type D.I.
ikDVANCE " Signal Generator is of entirely
ign and embodies many novel constructional

It is compact in size, light in weight, and can
tted either from A.C. Power Supply or low

frequency supplies.
valve is employed as a colpitts oscillator, which

b 1, Plate modulated by a 1,000 cycle sine wave
A", or grid modulated by a 50/50 square wave.
t,es of modulation are internal and selected by a
/.,'The oscillator section is triple shielded and ex -

,"CE COMPONENTS, LTD.,'

ternal stray magnetic and electrostatic fields are negligible.
Six coils are used to cover the range and they are mounted
in a coil turret of special design. The output from the
R.F. oscillator is fed to an inductive slide wire, where it
is monitored by an EA50 diode. The slide wire feeds
a 75 -ohm 5 -step decade attenuator of new design. The
output voltage is taken from the end of a 75 -ohm matched
transmission line.
The instrument is totally enclosed in a grey enamelled steel
case with a detachable hinged lid for use during transport.

Write for descriptive leaflet.
BACK ROAD, SHERNHALL STREET, WALTHAMSTOW, LONDON, E. I 7

La rkswood 4366-7
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A WOMAN'S INTUITION IS NOT ENOUGH

A woman's intuition will not help you to find a difficult fault
in a wireless set. The easiest and quickest way to locate the
trouble is to use a Weston Model E772 Analyser which is

designed for systematic analysis. Its features include high
sensitivity -20,000 ohms per volt on all D.C. ranges-wide range
coverage, simplified controls, accuracy and robust construction.
You will find this instrument universally useful-it will save

you time, trouble and money and it is

really reliable-it's a Weston.

SYSTEMATIC SERVICING STARTS WITH A WESTON
SANGAMO WESTON LTD. ENFIELD, MIDDX. Telephone : Enfield 3434 &

Sterling Furniture Ltd.
ARE

CABINET MAKERS
YOUR ENQUIRIES INVITED

Phone : TOTTENHAM 2041. 37-55, PHILIP LANE, N.15.



1947 WI RELESS
ENGINEER

ARPENTER
#tykQe47-7

RELAY
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(Above) Contact mechanism of Relay shouing
nped compliant mountings of side contacts.

(Right) Unretouched photograph (3 sec. exposure)
,fsscillogram showing contact per/ormaliCC of Relay
a.-ispecial adjustment for a measuring circuit; coil
..lest 18 AT (25 in Vet ) at 50 cls.

ere is complete absence of contact rebound
any input power and contact pressures

exceptionally high (see graph). Adjust-
: 3nt can be made with great ease. Moreover.
stce the armature is suspended at its centre

gravity, the relay has high immunity from
sects of mechanical vibration and there
no positional error. Effective screening is

`ovided against external fields. Because of
use characteristics, the Carpenter Relay
s many applications in the fields of measure-

' mt, speed regulation. telecontrol and the
e, in addition to the obvious use in telegraph
suits: details of models suitable for such
Tposes will be supplied willingly on request.

)'ENSIONS IN COVER: 2 x1 j; AL WEIGHT with standard:socket:22 cm:.

Ask for Booklet 1017 W.E.

The Carpenter Relay in its standard
adjustment reproduces, with a 5 AT
input, square pulses from less than
2 milli -seconds upwards with a
distortion of 0.1mS, i.e., 5',."( for 2mS
pulses or 1';'c at 10mS.
This unequalled performance is due
to inherent features of the design of
the relay, ensuring short transit time.
high sensitivity and low hysteresis.

 (Below) Graph
slta,einC L-0111.1.":
press I( r C
de;:c 1 oped a,

50e15 osain (
M VA and an:
pm.. turns input
tor type ,tE Car
pent,: r Re1,17.
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0 Co 20
INPUT A T iR m 5 ,

tLEPHONE MANUFACTURING CO. LTD.
LINGSWORTH WORKS DULWICH LONDON S E.21

Telephone: GIPsy Hill 2211 (to lines)
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Over prickly pear
or paddy field or
pasture -across all the
trackless wastes of
the world, you know
where you are with

MARCONI
MARCONI'S WIRELESS TELEGRAPH CO. LTD.
THE MARCONI INTERNATIONAL MARINE
COMMUNICATION CO. LTD. MARCONI HOUSE,

CHELMSFORD, ESSEX. EPi-,(DNE
ELSTREE

I 3 7

PRINCIPAL

FEATURES.

* TUBE. 3.!, in.

diam. Blue or
green screen.
* SHIFTS. D.C.
thus instantan-
eous on both
axes.

* AMPLIFIERS
X and Y ampli
fiers are similar
D.C. to 3 Mcls
24 mV. r.m.s. per
c.m. or D.C. to

I Mc s 8 mV.
r.m.s. per cm.

* TIME BASE.
0.2 c s to 150
Kc s. Variable
through X ampli.
her 0.2 CO 5

screen dia-
meters. Singh.
.weep available

The Oscilloscope Type 168411f

proved an invaluable instrumen!'
applications ranging from Ser

Development, where signal if

quencies may be as low as 0.14
Television Research. The 010$
scope is equipped with high',
d.c. coupled amplifiers ha*
frequency response from tic
3 Mc s. These amplifiers will ht
symmetrical and asymmetrical
put. In general the instantaaac
shifts, semi -automatic synckstea:
ness of image and general est

operation are features whichaPP'
to all engineers.

Price d

SEE THIS INSTRLOW41
AT STAND No. DIM

B.I.F.OLYMPIA, MAY Sak0vow

FURZEIll ILL LABORATORIES An

BOREHAM W.00°
HERTS
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36 UNSCREENED TWIN TRANSMISSION LINE

L336 twin unscreened feeder. Price 7
per yard

ansmission line was developed in 1937
for use with dipole receiving aerials for

eption of television broadcasts from the
station at Alexandra Palace.
I ndoubtedly the first scientifically designed
!n considered in terms of this particular
ton.

'Thal design comprised a pair of enamelled
:onductors 0.036" diameter spaced 0.630"

centres and embedded in a bituminised
rcha compound. It was manufactured for
e Telegraph Construction and Maintenance
The characteristic impedance was 80 ohms

attenuation loss (when correctly matched)
s was of the order of 7.0 db per 100 ft.
rly stages of the 1939/45 war the product
-eat demand by N.M. Service particularly
with short-wave receiving dipoles and
d in fact was the only available unscreened
adaptable for this purpose. During the
discovery of Polythene enabled the

insulant to be replaced with this superior
and this has been perpetuated in the

Characteristic impedance 75-85 ohms (nominal 80 ohms).
Capacitance 18 /2/2F per foot.
Attenuation in db 100 ft. Approximately 0.5 v'fMc,s over

the range I Mc s-100 Mc s
Power loading in watts 1000

VfMc s over the range I Mc s-

100 Mc s.
0.66 / physical length.
4.5 I bs.

0.25 inches.

65 ft. of L336 feeder on reel. L;st No. L344.
Price 13 6

Electrical length
Weight per 100 yards
Overall diameter

design. The characteristic impedance remains,
nominally, at 80 ohms while the attenuation loss
is halved, at high radio frequencies, due to the
lower power factor of Polythene as compared
with the original insulant.
This transmission line is now in great demand for
feeding television and short-wave receiving dipoles
and arrays, and is becoming very popular with radio
transmitting amateurs on account of its low cost
and light weight as compared with similarly rated
co -axial lines. For example, a flexible co -axial
line possessing practically identical transmission
characteristics, will weigh approximately twice
that of our twin line and this is an extremely
important point when one considers the centre
feeding of horizontal short-wave dipoles at frequen-
cies less than 30 Mc s on account of mechanical
sag. Apart from its properties when used in
conjunction with aerials it is extremely useful, in
short lengths, for link coupling between stages in
radio transmitters and for cathode follower out-
put connections in wide band amplifiers.
Useful data is as follows :-

BELLING & LEE
CAMBRIDGE ARTERIAL ROAD.

LTD
ENFIELD,MIDDX
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Over prickly pear
or paddy field or
pasture -across all the
trackless wastes of
the world, you know
where you are with

11111011
MARCONI'S WIRELESS TELEGRAPH CO. LTD.
THE MARCONI INTERNATIONAL MARINE
COMMUNICATION CO. LTD. MARCONI HOUSE,

CHELMSFORD, ESSEX.

I

FURZEHILL LABORATORIES Lo 4
swa.

e",

;

1146Eel

1.16°

PRINCIPAL

FEATURES.

* TUBE. in.
diam. Blue or
green screen.
* SHIFTS. D.C.
thus instantan-
eous on both
axes.

* AMPLIFIERS.
X and Y ampli-
fiers are similar.
D.C. to 3 Mc/s
24 mV. r.m.s. per
c.m. or D.C. to

I Mc1s 8 mV.
r.m.s. per cm.

* TIME BASE.
0.2 c/s to 150
Kc s. Variable
through X ampll-
fier 0.2 to 5

screen dia-
meters. Single
sweep available.

The Oscilloscope Type IE
proved an invaluable instrur
applications ranging frorr
Development, where sig
quencies may be as low as 0
Television Research. The
scope is equipped with h
d.c. coupled amplifiers F

frequency response from
3 Mc/s. These amplifiers wi
symmetrical and asymmet
put. In general the instar
shifts, semi -automatic synch
ness of image and general.
operation are features whici
to all engineers.

Pr

SEE THIS INSTRU.
AT STAND No. Dl

B.I.F. OLYMPIA, MAY .5t1

FURZEHILL LAIIIMATORIM.
TELEPHONE
ELSTREE

I 13 7

BOREHAM
HERTS
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336 UNSCREENED TWIN TRANSMISSION LINE

L336 twin unscreened feeder. Price 7Di.
per yard

his transmission line was developed in 1937
xpressly for use with dipole receiving aerials for
he reception of television broadcasts from the
,B.C. Station at Alexandra Palace.
,

"was undoubtedly the first scientifically designed
e when considered in terms of this particular
plication.

he original design comprised a pair of enamelled
upper conductors 0.036" diameter spaced 0.630"
tween centres and embedded in a bituminised
ta-percha compound. It was manufactured for
byThe Telegraph Construction and Maintenance
Ltd. The characteristic impedance was 80 ohms

A the attenuation loss (when correctly matched)
45 Mc/s was of the order of 7.0 db per 100 ft.
the early stages of the 1939/45 war the product

as in great demand by H.M. Service particularly
r use with short-wave receiving dipoles and
rays and in fact was the only available unscreened
'in line adaptable for this purpose. During the
1r the discovery of Polythene enabled the
evious insulant to be replaced with this superior
iterial, and this has been perpetuated in the

Characteristic impedance
Capacitance

Attenuation in db 100 ft.

Power loading in watts

Electrical length
Weight per 100 yards
Overall diameter

65 ft. of L336 feeder on reel. L;st No. L344.
Price 13,6

design. The characteristic impedance remains,
nominally, at 80 ohms while the attenuation loss
is halved, at high radio frequencies, due to the
lower power factor of Polythene as compared
with the original insulant.
This transmission line is now in great demand for
feeding television and short-wave receiving dipoles
and arrays, and is becoming very popular with radio
transmitting amateurs on account of its low cost
and light weight as compared with similarly rated
co -axial lines. For example, a flexible co -axial
line possessing practically transmission
characteristics, will weigh approximately twice
that of our twin line and this is an extremely
important point when one considers the centre
feeding of horizontal short-wave dipoles at frequen-
cies less than 30 Mc/s on account of mechanical
sag. Apart from its properties when used in
conjunction with aerials it is extremely useful, in
short lengths, for link coupling between stages in
radio transmitters and for cathode follower out-
put connections in wide band amplifiers.
Useful data is as follows :-

75-85 ohms (nominal 80 ohms).
18µµF per foot.
Approximately 0.5\/fMc/s over

the range I Mc/s-100
1000

VfMcis over the range I Mc s-

100 Mc/s.

0.66x physical length.
4.5 I bs.

0.25 inches.

BELLING & LEE ,LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD. MIDDX
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The use of modern high-energy
magnetic materials to secure the highest
possible torque/weight-ratio, and
a mechanical simplification to ensure

greater reliability and longer life, invest
these moving coil meters with a new
standard of value.

Full particulars of range on application to:
BALDWIN INSTRUMENT COMPANY, LTD,

GRAND BUILDINGS, TRAFALGAR SQUARE, LONDON, W.C.2.

Telephone: WHItehall 3736 WORKS: DARTFORD' KENT

ACOUSTICAL RESEARCH
THE TANNOY LABORATORY can pro-

vide a skilled and specialised service in
the investigation of all problems connected

with vibration and sound. This covers
most aspects of acoustical research and is
available to industry and Government
Departments engaged on priority projects.

\TANNOY"
RESEARCH LABORATORY

GUY R. FOUNTAIN, LTD.
"THE SOUND PEOPLE "

"TANNOY"
is the registered Trade Mark of

Equipment manufactured by

GUY R. FOUNTAIN, LTD.

"THE SOUND PEOPLE"

WEST NORWOOD, S.E.27

and Branches.
'Phone - - Gipsy Hill 1131
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STANDARD OF TECHNICAL EXCELLENCE QUALITY AND RELIABILITY
.er Capacitors have been known and selected by Radio Engineers since the early days of radio. The development andiion of their range during the years has proceeded step by step with, and often in anticipation of, the progress of radio'ectronics. The result is that today Dubilier Capacitors cover, with the highest degree of efficiency, the entire field inilCapacitors are used.
*th the rapid growth of scientific knowledge during the past few years, important internal improvements have been effectedDubilier range of Capacitors. Many of these improvements are not always apparent until the Capacitors arc actually inat their excellent performance gives final proof of the essential quality of these improvements.

'MAKERS OF THE WORLD'S
FINEST CAPACITORS UBILIE

CONDENSER CO. (1925) LTD.
-1ER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA ROAD, NORTH ACTON, W.3Forn 2241

Grams: Hivoltcon, Phone, London. Cables: Hilvoltcon, London. Marconi International Code.

1
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Regd. Trade Mark

British
Mad,

Models for
Battery opera-
tion or for
A.C. Mains

operation.

The All -Wave AVO-OSCILLATOR
Covers continuous fundamental frequency band from 95 Kc. to

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

9

PRECISION

TESTING INSTRUMENT

THE r AVO '
TEST BRIDGE

A self-contained 50 -cycles measuring bridge
of exceptional accuracy and utility. Pro-
vides for the direct measurement of all normal
sizes of condensers and resistances. Accuracy,
except at the extreme ends of the range is

better than 5%. Facilities are also provided
for condenser power factor measurements and
leakage tests. Inductances from o.x Henry
upwards can be checked against external
standards. It may also be employed as a
highly efficient valve voltmeter indicator for
the measurement of both audio and radio
frequency voltages.

CAPACITY:
Range C.I-000005 µF to oo5
Range C.2-.0005 µF to  5 µF.
Range C.3-o5 µF to 50 µF.

RESISTANCES:
Range R. x- 5 ohms to 5,000 ohms.
Range R.2- Soo ohms to 500,000 ohms.
Range R.3 -5o,000 ohms to 5o megohms.

Fully descriptive legit
will be sent on applicatii

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

CHAPMAN & HALL'S
RADIO BOOKS

SNORT WAVE WIRELESS COMMUNICATION

Including Ultra -Short Waves
By A. W. LADNER, A.M.Inst.C.E.

Superintendent of Instruction, Marconi's Wireless Telegraph Co. Ltd.,
and C. R. STONER, B.Sc.Eng., A.M.I.E.E.

Late of Research Department, Marconi's Wireless Telegraph Co. Ltd.,
Lecturer at Queen Mary College.

Fourth Edition. Demy 8vo. 592 pages; 342 figures. 35s. net. Postage 8d.
" This is the fourth edition of this well-known textbook, and contains a
great deal of new material and diagrams. Ultra -short waves are given
more extensive treatment and there are short descriptive sections on
velocity modulated systems, the klystron and similar modern develop-
ment. . . . One of the criteria of a successful text book is that it shall
be known by the name of its author (or authors), and ' Ladner and
Stoner ' has already qualified in this respect."-Electronic Engineering

THE TECHNIQUE OF RADIO DESIGN
By E. E. ZEPLER, Ph.D.

Third Impression. Demy 8vo. 324 pages ; 260 figures. 21s. net. Postage 6d.
" We can recommend this book without qualification as a thoroughly
sound practical guide to the principles and practice of radio receiver
design."-Beama Journal.

RADIO TECHNOLOGY
By B. F. WELLER, A.M.I.E.E.

Second Edition. Demy 8vo. 368 pages. 21s. net. Postage 6d.
"The book can be confidently recommended, and should prove a
valuable contribution to radio literature."-Wireless World.
We hove the finest stock of British and American Radio Books.

Write or call for complete list.

THE MODERN BOOK COMPANY
(Dept.R.3.) 19-21, PRAED STREET, LONDON, W.2

SENN/
Lov,/

Leveus
in capacif

and
attenuatiOn 0'

CO -AX Cab',

mean
new possibilities

in &cu.('

enniproentar
design

both
for

so
etfort

and for the post

electronic
age.

BASICALLY BETTE
A/AP-SPACED

1311[

TRANSRADIO LTD. I6THE HIGHWAY- BEACONSFIELD.7
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METALLISED CERAMICS
Two additions to the S.P. range

of FREQUENTITE
bushes

TYPE A
mms.

B
mms.

C
RIMS.

D
MMS,

E
mms.

R.50650 9.5 9.5 6.4 625 2.75

R.50764 9.5 16.7 6.4 6.25 2-75

* R.50844 9.5 12.7 9.5 6.25 2.75

* R.50855 12.7 222 12.7 9.5 3.9

* Recent additions to the range

:or full information and prices please write to

STEATITE & PORCELAIN PRODUCTS LTD.
TOURPORT-ON-SEVERN,

WORCS. Telephone: Stourport Ill. Telegrams: Steatain, Stourport.

S.P 43
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Electrical Standards

WAV EMET ER S
Research and Indusi

OSCILLATORS
Testing and Measuring Appar

FOR COMMUNICATION
CONDENSERS ENGINEERING

INDUCTANCES

ALL TYPES

ALL ACCURACIES

AND ALL FREQUENCIES

SULLIVAN GRIFFITHS

INDUCTANCE STANDARDS

THE ONLY STANDARDS IN USE TO -DAY

FOR RELIABLE MEASUREMENTS IN THIS
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EDITORIAL

the Use of Equivalent Circuits to
Represent the Valve

IN this number we publish an interesting
letter on this subject from an American
reader. It raises some interesting points

,
to which we wish to refer. As is now generally
known, the valve can be represented either
as a constant -voltage generator with a
series resistance or as a constant -current
generator with a shunt resistance. In his
letter Dr. Salzberg discusses the relative
merits of these two alternatives and comes
to the conclusion that the former is a more
fundamental concept, to which the latter
has only a limited equivalence. We must
confess that we had some doubts about the
correctness of this conclusion, but on further
consideration it appears that it has some
foundation.

Before considering equivalent circuits let
us look at the facts of the actual circuit
consisting of a triode valve with a non -
inductive resistance R in the anode circuit
and a battery of voltage Vb and negligible
resistance as the source of supply. Under
steady conditions let the current be /0 and
the steady anode voltage Va, then, in the
absence of any signal voltage, there will be a
steady power supply of 102R = 10(Vb -Va)
to the load and of /0Va to the valve, the
latter being dissipated in anode heating.

On applying a signal voltage to the grid, an
alternating current is superposed upon the
steady current, and the power supplied to

the load increases to 102R +-R, but it is
2

important to note that the output of the
battery has not increased, since the mean
value of the current is unchanged. Where
then does the load obtain its additional
power ? The answer to this is seen at once
when the power supplied to the valve is
calculated. Since any increase of current
causes a decrease of anode voltage, the
power is the mean value of (i0 i sin a)

(Va -/1) sin a) which is /0V, - iv-=
2

2

I0 Va, -R. Hence the power supplied to
2

the valve decreases by the same amount as
that supplied to the load increases, and,
although all the power comes from the battery
if one takes the steady power distribution as a
basis, one can say that, on applying a signal
voltage to the grid, power is supplied to the
load from the valve ; that is to say, power,
that would otherwise be dissipated in the
valve, is transferred from the valve to the
load.
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From this point of view the valve may be
regarded as the source of the signal -frequency
power, acting as a convertor, converting some
of its d.c. supply which, in the absence of a
signal voltage, was all dissipated at the anode,
into a.c. power and supplying it to the load. 

The question then arises, how we should
picture this fictional a.c. generator, and we
have the two alternatives ; either an electro-
motive force ,u,v, with a series resistance p
or a current gmv, with a shunt resistance p.
Use and wont would cause most people to
favour the former, but that does not neces-
sarily imply that it is any more fundamental
than the latter. It may be objected that the
latter entails two streams of electrons
moving in opposite directions inside the
valve but, in view of the fictional character
of the whole procedure, this may perhaps be
regarded as a minor detail. It is certainly
not in its favour.

Both equivalent circuits give the same
result for the power supplied to the load,
but they give different results for the power
dissipated in the internal resistance, that is
to say, they agree on the measurable fact
but differ in the case of the valve, on the
unmeasurable fiction.

Fig. i (a) shows the power actually supplied
from the battery to the valve and load.
Here /2 = P/2 and PR is the amount by
which the load power has increased and the
valve power decreased due to the signal
voltage on the' grid. Fig. i(b) shows the

(a)

(c)

I oVa

( b )

Fig. 1.

equivalent circuit fiction, according to which
the supplies from the battery have remained
unchanged, but the valve, functioning to
some extent as a convertor, supplies the
power 12R to the load. Fig. 1(c) shows in
more detail what happens, or is supposed

to happen, in the valve. Of the steady
battery supply /0V, a portion is involved
in the conversion ; if the convertor had
zoo per cent efficiency this would be PR,
but on account of losses the input to the
convertor has to be 12R P', the remainder
/0Va - PR P' of the valve input taking
no part in the conversion, but being dis-
sipated in the valve. Of the PR + P'
supplied to the convertor, the part P'
represents losses and is added to the dis-
sipation, which is thus increased to /0Va -PR
as is evident in Fig. (c).

I2V
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Fig. 2.
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The losses P' cancel out, whatever their
value may be, and do not exist as a separate
entity ; they merely affect the fictitious
division of the input in Fig. z (c) and can be
given any value by assuming a suitable
efficiency of conversion.

Helmholtz's make -and -break theorem
gives an e.m.f. and a series resistance which
give the same current through an external
load as the actual network, however com-
plex it may be and however many sources
of e.m.f. it may contain. Similarly the dual
theorem gives a constant current and a
shunt resistance which give the same external
effects as the complex network. We do not
think that it has ever been suggested that
the internal losses are the same in the two
cases, nor that one case is any more funda-
mental in conception than the other. In
both cases the equivalence is only concerned
with the external load.

To make this quite clear we may turn
from complex fictions and consider the
simple network shown in Fig. 2(a). The
open -circuit voltage across ab is obviously
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8 volts and the resistance of the passive
network between a and b 2 ohms ; hence the
series equivalent circuit is as shown in
Fig. 2(b). If a and b in Fig. 2(a) are short-
circuited the current is 4 amperes ; hence the
parallel equivalent circuit is as shown in
Fig. 2(c) in which the constant -current
generator is shunted by a resistance of
2 ohms. If we now assume a load resistance
of say 6 ohms connected between a and b,
the power supplied to it is easily seen to be
6 watts in each case, but the internally
dissipated power is io watts in the actual
network, 2 watts in the series equivalent and
18 watts in the parallel equivalent circuit.
Hence the circuits are only equivalent as
regards the external load ; their internal
losses are entirely different from those of the
actual network. It should be noted, however,
that in the absence of any external load there
are losses in the network amounting to 8
watts on open circuit and to 40 watts on
short circuit. On connecting the 6 ohm
load the internal losses are increased from
8 to io watts, which agrees with the 2 watts
internal loss in the series equivalent circuit,
but not with the i8 watts in the parallel
equivalent circuit.

According to the principle of duality,
however, having in the series circuit assumed
a load of 3 times the internal resistance, we
should in the parallel circuit assume a load
having 3 times the internal conductance ; i.e.,
1.5 mhos or 2/3 ohm. The constant current
of 4 amperes will divide proportionally to the
two conductances, and the 3 amperes through
the load of 1.5 mhos gives 6 watts as before
while the i ampere through the 0.5 mho
gives an internal loss of 2 watts as in the

series equivalent circuit with the load of
6 ohms.

Circuit

Internal dissipation in watts

Open
circuit

Short
circuit

With
6 -ohm
load

With
2/3 -ohm

load

Actual . 8 40 I0 26

Series
equivalent 0 32 2 i8

Parallel
equivalent 32 0 18 2

The Table shows the internal dissipation of
the actual and equivalent circuits under the
various conditions. The figures bring out
clearly the principle of duality between the
two equivalent circuits, but they also show
equally clearly that the series equivalent is
the only one that bears any simple relation-
ship to the actual circuit. In each case the
internal losses in the actual circuit exceed
those in the series equivalent circuit by 8
watts, that is, by the losses on open circuit.
Hence the series circuit gives the power
supplied to the load and also the increase of
internal loss due to the application of the
load. The parallel circuit gives the power
supplied to the load, but not the internal
loss directly ; it can be obtained by modify-
ing the load in a manner that is of little
more than academic interest. We are
pleased, therefore, to publish Dr. Salzberg's
letter drawing attention to what he calls the
limited nature of the equivalence.

G.W.O.H.
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VISUAL MEASUREMENT OF
RECEIVER NOISE*

By D. Williams, B.Sc.
(Ministry of Supply, Signals Research and Development Establishment, Christchurch)

SUMMARY.-A rapid and frequently -used method of estimating the equivalent input
noise power of a receiver is to inject a pulse -modulated carrier into the receiver input and to
observe the output voltage on a cathode-ray oscilloscope ; the input power is adjusted until a
certain relation between the magnitudes of the output pulse and noise is observed. The
equivalent signal-to-noise ratio at the receiver input then has some reference value.

Experiments are described in which the reference value of signal-to-noise ratio was
measured. Specific instructions defining the relation to be observed between the output pulse
and the noise were given to the operators. The precision of the settings obtained by operators
is investigated. The application of the visual method to the determination of noise factor and
the effect of including a video filter in the measuring equipment are discussed.

CONTENTS
1. Introduction
2. Description of Apparatus
3. Experiments
4. Experimental Results
5. Application of Results
6. Conclusions

Appendix

1. Introduction
THEwide use of pulse technique in

recent years has suggested a rapid
and simple method of measuring

receiver noise. The method is visual ; a
square -wave modulated output from a signal
generator with an appropriate output im-
pedance is applied to the input of a receiver
and the output is displayed on a cathode-ray
oscilloscope. The method, called sometimes
the " Army setting ", consists of adjusting
the signal -generator output so that the top
of the noise in the spaces is at the same level
as the bottom of the noise modulating the
top of the pulse. When the signal -generator
output is so adjusted, the i.f. output signal-
to-noise ratio during the pulses has a value
which is not very accurately repeatable owing
to the subjective nature of the adjustment ;

it may be expected, however, that the value
should not differ much from some reference
value. When this reference value of i.f.
output signal-to-noise ratio, which we shall
write (S/N)0, is known, the equivalent
noise power at the receiver input may be
determined from the signal -generator output
power at setting.

A diagram of the appearance of the
oscilloscope screen at setting is given in
Fig. r (a). The top of the detected pulse is

* MS. accepted by the Editor, July 1946.

modulated with noise (" modulating noise ")
and noise also appears in the spaces (" free
noise "). The probability distributions of
the free and modulating noise depend on the
law of the detector and amplifiers. For
example, if a linear envelope detector and
linear amplifiers are used, the free -noise
output has a Rayleigh distribution while the
modulating noise, for reasonably high signal-
to-noise ratios, has approximately a Gaussian
distribution symmetrical about the pulse
top. These distributions are shown in
Fig. (b). It can be seen from the shape of
the curves that the top of the free noise and
the bottom of the modulating noise are
not well defined and, -consequently, the
estimates of their_ levels will vary.

MODULATING
NOISE

( a )

MODULATING NO SE
GAUSSIANP(x)6- 021

427TE P.L 2E2

I FREE NOISE
C RAYLEIGH

P(x)
E2

.Z. r2E2-2]

05

P(x)

( b )

Fig. r. (a) Appearance of oscilloscope screen,
(b) distributions of free and modulating noise.

Experiments were carried out with the
object of estimating the reference value of
signal-to-noise ratio (S/N)o. It was thought
that operators who had already made
measurements of this type might have
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acquired a bias and, to avoid this, inexperien-
; cecl operators were used and definite verbal

instructions were given to them. In this way
it was intended to obtain results which could
be reproduced independently by any other

, inexperienced operator following the same
instructions. Apart from finding the
reference value of signal-to-noise ratio
(SIN), the precision of the method and the

1 variation of the means of operators
readings -were also investigated.

PULSE
GENERATOR

5 kc/s
SIGNAL

GENERATOR

Fig. 2. Block diagram
of set-up.

NOISE 12Mcis 300kcis
GENERATOR IF AMPLIFIER

2 Mc/s
VIDEO

AMPLIFIER

bandwidth was greater than the i.f. band-
width. This ensured that little frequency
distortion of the noise occurred after detec-
tion. If the video bandwidth of a receiver
is narrower than the i.f. bandwidth, the
output should be taken from the detector
and amplified in a separate amplifier of
adequate bandwidth.

A block diagram of the experimental
set-up is shown in Fig. (2). The signal
generator was modulated by square pulses

from the 5-kc/s pulse
generator. A diode
noise source was used
and the signal and
noise were combined
in the noise -generator

The " Army setting " described above is
only one of a number of visual methods
which could be used. The difference between
these methods lies in the pattern on the
oscilloscope screen taken to define the refer-
ence signal-to-noise ratio. An example
of an alternative method is the so-called
" 2/1 setting," in which the height of the
top of the modulating noise is adjusted to
be twice that of the free noise.*

It can be seen that a point in favour of
the Army setting is that it refers to one
deflection level and so the reference value
of signal-to-noise ratio (S/N)0 should be
independent of the detector law and of non-
linearities in the amplifying system. This
would not be the case with the 2/1 setting
which refers to two different levels.

2. Description of Apparatus
In using the method it is necessary for the

square -wave modulation to be complete ;
i.e., the carrier must have zero amplitude
in the spaces. Also an appreciable part
of the top of the detected pulse must be
flat, and therefore, the square pulses of
carrier applied to the receiver must have
a length at least equal to several times the
reciprocal of the i.f. bandwidth.

In the experiments the video -amplifier

* This method is mentioned in " Radio Measure-
ments in the Decimetre and Centimetre Wave-
bands." R. J. Clayton, J. E. Houldin, H. R. L.
Lamont, and W. E. Willshaw. Journ. Instn. Elect.
Engrs., 1946, Vol. 93, Part III, p. 97.

THERMO
COUPLE

SLIDE BACK
PEAK

VOLTMETER

chassis. The output of
signal and noise was
then applied to a
I2-111c/s, 300-kc/s band-
width i.f. amplifier
followed by a linear
envelope detector.
After amplification in
a z-Mc/s bandwidth

video amplifier the detector output was
applied to a Cossor oscilloscope with a
J -type blue screen. The noise at the
video output was measured in the absence
of signal by a thermocouple. The signal
was measured by determining the height of
the output video pulse in the absence of
noise with a slide -back peak voltmeter
with an accuracy of about i %. A hood was
fitted to the c.r. tube. The time -base
velocity was such that individual noise
peaks could be resolved easily when the
c.r. tube spot was well focused. The length
of the pulse was about 3opsec so that several
detected noise peaks occurred during a
pulse.

3. Experiments
The readings obtained by a single operator

using the visual method will be distributed
about their mean value but the mean
values of different operators will also vary.
Part of this variation may be expected to
arise from the use of different criteria in
locating the top of the free noise and the
bottom of the modulating noise. Two
possible criteria would be (i) to estimate
the level at which the mean brilliancy is
a given fraction of the maximum brilliancy,
(ii) to estimate the level which is crossed by
noise peaks at a certain low rate. Both
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(i) and (ii) depend directly on the probability
distribution while (ii) also depends on the
i.f. bandwidth in so far as, for a constant
r.m.s. output noise voltage, the number of
noise peaks crossing any level is proportional
to the i.f. bandwidth.

In an attempt to distinguish between
these two criteria three variations (A,B,C)
of the method were examined. Rather
vague verbal instructions were given in
A. In B the instructions were worded so
as to direct the operator's attention to
criterion (ii). By defocusing the c.r.-tube
spot until individual noise peaks were not
resolvable it could be arranged that only
criterion (i) was operative ; this was done
in C. for which variation the same instructions
were given as in A. Identical verbal instruc-
tions were given to each operator. The
results should therefore show how the reference
signal-to-noise ratio depends on the resolution
of the noise peaks.

The instructions given in the three varia-
tions were as follows.

A & C. " Keep bottom of top noise level
with top of bottom noise."
B. "Adjust input so that top noise is just
completely above the bottom noise ;
i.e., so that no peaks overlap."
No additional explanation of the instruc-

tions was given.
Six operators were employed and each

operator made a run of six settings for each
variation. The experiments were carried
out in the order A, B, C, and each variation
was done separately with an interval of
a few hours.

4. Experimental Results

Variation A B C

(S/N), db 8.3 rI.2 8.8a, db 1.2 I.2 1.0
a2 db 0.5 0.3 0.5
a3 db r.3 1.3 1.2

The reference signal to noise ratio (S/N)0
is the mean of all readings of all operators
in each variation.

ui indicates the difference to be found
amongst operators following the sameinstructions. It is the standard deviation
of observers' means.

a2 indicates the precision of an operator.It is the mean of the standard deviations
of each operator.

a3 indicates the error of a single measure-
ment. It is the standard deviation of all
readings in each section.

All averaging was carried out in voltage
readings and the results were converted
into decibels as given in the Table. From
the readings made at the video output
the corresponding i.f. signal-to-noise ratios
were calculated. If C is the pulse amplitude
at the video output then the i.f. signal-to-
noise ratio (S /N) is given by

 E
I

(SIN) -i '

E is obtained from the video output
noise voltage by dividing by

-
2
-= 0.655.

E would be the i.f. output r.m.s. noise
voltage if no video amplification were used
and the detector output were exactly equal
to the amplitude of the input voltage.
Known small detector corrections were
applied in calculating C and E.

The results show a statistically significant
agreement between the values of (S/N)0
obtained for A and C. This shows that the
ability to resolve individual noise peaks is
not important when vague instructions
as in A are given. In fact, it may be that
with these instructions the brilliancy criterion
is dominant even when the resolution of noise
peaks is possible. In any case, when fol-
lowing the instructions of A, the focusing
of the c.r. tube would not be critical. It
may he assumed that the value of (S/N)0
given in C would also be applicable in
cases where, owing to the time -base velocity
and i.f. bandwidth used, the grain of noise
is too fine for the resolution of the noise
peaks. The difference between the values
of (S/N),3 obtained for A and B emphasizes
the suggestion about the dominance of
the brilliancy criterion in variation A of the
experiment.

The differences between the values of
a9 and a3 in the three variations are

barely significant statistically.

5. Application of the Results
The application of the values of (S/N)0

obtained will now be discussed in greater
detail. Firstly, the equivalent noise power
of a receiver will be defined. The concept
of available power is becoming increasingly
used in the specification of receiver noise.
To conform with this idea the equivalent
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F
(S/N) 02kTB

'1 Thus if the energy bandwidth of the
!receiver is known the noise factor can be
determined from the visual setting.

The signal generator used for the measure-
ment. of receiver noise should have an output
impedance equal to that of the aerial with
which the receiver is intended to work.
In general, therefore, a particular signal -
generator output impedance will be required
for each type of receiver and aerial. Ne2
defined as above also applies for a receiver

,when used with a particular aerial.
When determining the noise factor F

according to Equ. (3) the bandwidth of each
receiver must be measured. In order to
avoid this measurement it has been proposed
to use an additional video filter of a known
narrow bandwidth in the measuring equip-
ment. The accuracy of this method depends
on whether the effect of introducing a narrow

"video filter of bandwidth, By, is identical
with that of reducing the i.f. bandwidth to

?By or at least to By multiplied by some
; constant, g say. If it were identical then in
Equ. (3) gBv would replace B. This implies
that the available signal power at setting,
sy2, would be proportional to B, ; i.e.,
sy2 would vary with By at the rate of 3 db
per octave It is shown in the Appendix

:eceiver noise power Ne2 will be defined as
the available power at the signal -generator
Output, which, falling wholly into the re-
ceiver band would produce the i.f. output
poise power. This does not of course mean
the actual available thermal -noise power,
ATt2, from the signal -generator output
'impedance, and in fact the ratio Ne2/Nt2
'may be used to define the noise factor of
the receiver F. Thus

Ne2F - Nt2 kTB
kyhere k is Boltzmann's constant, T is the
absolute temperature of the signal -generator
,output impedance and B is the energy
;bandwidth of the receiver.

The equivalent receiver -noise power is
therefore given by

S2
Ne2 = (2)(S N) 02'

,where s2 is the available signal -generator
ipower at visual setting and (S/N)0 is again
the reference signal-to-noise ratio at the
i.f. output. We may put

S2

.. (1)

(3)

that, for linear detection and By < B,
the rate of change cf sv2 with By is 1.5
db/oct. The reason for this lower rate of
change is that the input signal, and so the
i.f. signal-to-noise ratio at setting, is reduced
to such an extent that signal suppression
by noise occurs at the detector. The rate
of 1.5 db/oct means that :

sy2 VBv
(4)s2 = g

and using this relation, Equ. (3) may be
written in the form :

F=
(S/N) 02 gkT .%/BBv

Thus the use of severe video filtration
cannot eliminate the need for measuring B.
It is shown in the Appendix that the rate
of L5 db/oct also applies to the square -law
detector.

When routine measurements are made
on one type of receiver the bandwidth of
a typical receiver can be determined and used
in Equ. (3) for all receivers of the type.
An error in F will then arise from the varia-
tion in receiver bandwidths. It can be seen
from Equ. (5) that this error may be halved
by using severe video filtration. In this case
it would be necessary to determine the factor
g. This can be done in the following way ;
sv2 is found with the video -filter method for
one receiver whose bandwidth is known,
then with the video filter removed s2 is
measured, finally g may be found from
Equ. (4). By using the appropriate value
of (S/N)0 given in Section 4 F can then be
found from Equ. (5).

6. Conclusions
Three variations A, B, C, of the visual

method employing the Army setting were
examined. In each case definite verbal
instructions were given. In A the operators
were instructed, " Keep bottom of top
noise level with top of bottom noise " In
B the instructions were " Adjust input so
that top noise is completely above bottom
noise ; i.e., so that no peaks overlap."
In C the same instructions were given as
in A but in contrast to A and B the c.r.
tube spot was defocused to prevent resolution
of individual noise peaks. The reference
values of i.f. output signal to noise ratio
at setting were found to be A, 8.3 db ; B,
ii.z db ; C, 8.8 db.

The reference values of signal-to-noise
ratio show that a pronounced difference

sy2
(5)
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can be made by varying the instructions.
The agreement of the values of the refer-

ence signal-to-noise ratios found in A and C
suggest that the setting is determined not
so much by the number of noise peaks reach-
ing any level as by the average brilliancy
at this level.

For each variation of the visual method
the standard deviation of the error of a
single reading was about 1.3 db. The stand-
ard deviations of the readings of a single
observer was about 0.5 db in each variation.

On the basis of the above conclusions
variation A of the method is recommended.

For routine measurements of noise factor
on one type of receiver the error due to
neglecting the difference between individual
receiver bandwidths may be halved by
using a narrow -band video filter.

Acknowledgment
The permission of the Chief Scientist,

Ministry of Supply, to publish this paper is
gratefully acknowledged. The author wishes
to thank Mr. Z. Jelonek for the suggestion of
the problem and for help received in the
preparation of the article.

APPENDIX

The relation between video -filter bandwidth and
signal -generator power at visual setting.

For convenience it will be assumed that there is

Since (S/N) c i a further approximation can be
made and the term in (S/N)2 in (7) can be neglected,
in this case v' and v" are equal.

Let it be supposed that the i.f. band is rectangular
and of width B. Then 'the power spectrum of free
noise after linear detection is very nearly triangular
in shape, falling linearly from a maximum value at
zero frequency almost to zero at, a frequency B.
The power spectrum is accurately triangular for
a square - law detector. As (S/N) increases, the
power spectrum of modulating noise tends to a
rectangular shape extending from zero frequency
to a frequency B/2 for both linear and square -law
detectors. Thus, whatever the value of (S/N), we
may assume without much error that the power
spectrum is constant over a small frequency range.
Thus, after transmission through a video filter of
bandwidth BP, the r.m.s. voltages about the means
become for free and modulating noise and (S/N) < 1,

Vy' = Vv" = E1[(2 - 1+
2 B .. (8)

As long as (S/N) < little error will be made by
assuming the spectral density of noise to be constant
over a small frequency range near zero for any i.f.
pass - band shape. For a shape other than rect-
angular however, Equ. (8) will be modified by the
insertion of a constant factor characteristic of the
band shape.

The probability distribution of linearly detected
free noise before video filtration is of the. Rayleigh
type [illustrated in Fig. 1(b)]. After video filtration
the form of the distribution is difficult to calculate
but it has been shown by S. 0. Ricet that for
severe video filtration the probability distributions
of free and modulating noise approach the Gaussian
form. Thus if the visually estimated top (or
bottom) of a Gaussian noise distribution is at a
level of m times the r.m.s. voltage of the noise from
the mean, then at visual setting

no video amplification and that, for the linear 7T Bydetector, the output voltage is equal to the ampli-
tude of the input voltage.

It has been shown* that the difference between

y = m( Vy' Vy ) = 2M

Substituting this value of y in Equ.

{(2

(5), we have

E (9)

the mean detector output voltage for noise alone
and noise with signal, y, is given approximately by (SIN)2 = 4m - .. (io)

y /If2 E (SIN)2
(5)

for (S/N) < i. (S/N) is again the i.f. output signal-
to-noise ratio and E is the i.f. output r.m.s. noise
voltage. y is indicated in Fig. (b).

It has also been shown* that the r.m.s. detector
output voltage about the mean for free noise
(i.e., (S/N) = o) is given by

v' = E (2 -
2 .. (6)

and for modulating noise the corresponding voltageis, for (S/N) <

v" E [(2 -
2

- (2 - (S I N)2P
4 (7)

and since s2, the available signal generator power at
visual setting, is proportional to (S/N)2 we have

s2 cc (BV)i
B/ . . (II)

Equ. (II) also holds for the square -law detector.
This is to be expected since, as is shown by Equ. (5),
the linear detector behaves like the square -law
detector as far as the signal output, y, is concerned
for (S/N) < I.

* In an unpublished report by R. E. Burgess, N.P.L. circulated
to the R.R.B. " The Rectification of Signal and Noise by Linear
and Square -Law Detectors." Paper No. RRB/C.93. 24th March,
1944.

t " The Mathematical Analysis of Random Noise." Bell System
Technical Journal, 1945, Vol. 24, p. 46.
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R.F. GENERATOR LOAD*
Use of Water -Dielectric Transmission Line

By F. M. Leslie, M.Sc., Grad.I.E.E.
(Mallard Rath° Valve Co.)

SUMMARY. The ordinary conventional relations employed in transmission -line theory
are used to develop the f tiara( teristics of a short-circuited concentric line having a dielectric of
ordinary tap water. The relations between line dimensions, water conductivity and input
impedance are given and it is shown that a steady known rate of water flow through the
line, together with a measurement of water temperature rise permit the input power to be
found. Measured values of line input impedance and experience with the line under loading
conditions are given.

Introduction
powerIII:,treasurement of output power from

;, ,,,,,, of, , generators up to
ire pa le les 111 111C region of 2o Mc s

is a (iimpatatix el\ eas\ matter. Methods
of loading the gener,i tor include the use of
.)idina I \ I 1...f,,1 en or carbon bulbs and
,,,, ,114,1 or an I (If l!ef I I arbon resistors : whether
lamps or resistors ;tic used a multiplicity of
colicr is ne essay\ for the higher powers.

For large output powers and at higher
itequen, :es the use of lamps or resistors
le:ids to Iii!come unsatisfactory. The lamps

1,111\ fight up tine\ (lily, due to the distri-
buil il inductance. and capacitance, ;11-1d

ninit,ition ()Hen occurs due to the lilaMent-
leA Huhu Litice, Similarly, carbon resistors
heat up line\ (lily and conse 'new damage to
Ilie , ailion surfai e 111;1V result. In addition,
the multiplico \- of lamps or resistors usually
takes up considerable room and connection
to the generator circuit may he difficult as it
1.. undesirable to introduce reactance in series
\\ fili the load.

For these reasons the method described
belim has been developed. At mains fre-
quencies .1 common method of loading
generators is to employ a brine tank fitted
with adjustable electrodes : the brine acts
as the dissipating medium, and the heat is
then lost to the atmosphere. At radio
freT:en ies the use of the brine tank is
hunted to the lower frequencies as the
capacitance due to the electrodes causes the
load to be considerably reactive. Obviously
the reactance could be balanced out, but a
simpler solution is the use of the transmission
line employing water is the dielectric
medium.

The reactance of the water dielectric line
' \l t- .,,,,'pled by the H1001. July io4(,.

can be made zero but, in actual practice, a
line adjusted to a quarter-wave'ength or an
odd multiple of a quarter -wavelength, in
spite of its being slightly reactive, can be
tolerated as tuning facilities are usually
available on the generator circuit.

The advantage of this system of loading is
the compactness resulting from the high
dielectric constant of water and the high
dissipation capabilities of the line due to the
\vater acting both as a dissipating medium
and as a heat carrier, rather than merely as
a heat carrier as in the water-cooled carbon
resistor.

Theoretical Basis
Employing conventional relations, the

input impedance of a transmission line filled
with an imperfect dielectric and short-
circuited at its distant end will be determined.

For any short-circuited transmission line
the input impedance is :

Zi = Z tank (oc ji6)1 . . (1)

where Z = characteristic impedance of the
line (ohms)

-= attenuation constant of the line
(nepers/cm)

13 = phase -shift constant of the line
(radians/cm)

1 = line length (cm).
Expanding (I) and rationalizing

cosh al sinh a/ + jcos pl sin PI
77 --.

-c cosh2 al cos" flu sinh2 al sin' 2/

The characteristic impedance of the line is
given by

R jtoL
G C

where I? resistance of the line (ohms/cm)
L = inductance of the line

(henrys/cm)

ze (3)
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C = capacitance of the line
(farads/cm)

G = conductance of the line
(mhos/cm)

= 27rf, where f is the operating
frequency of the line.

For the materials which might be employed
in the construction of the line and at fre-
quencies where the line is likely to be used,
wL2>R, thus equation (3) may be re -written.

L/C
\I Glja)C

2/ w.Gc .G2c22

For G/c0C < 0.3 then the above may be
written with sufficient accuracy

Ze = Zo (1 ± -12

where Zo =
JC

(5)

Substituting equation (5) into equation (2)
Zo

Zi -=--
cosh2a/ cos21:3/ sinh2a/ sin2pl

f [cosh al sinh al -n cos ,8l sin 131] 1
j [cos 131 sin pz n cosh al sinh al]J

where n =
2c0C

Thus the phase angle of
ance is given by

= tan-1{cos IN sin IN n

for q = o
cos /N sin IN n cosh al sinh al = o

that is,
sin 2pi n sinh 2a/ = o . . .. (8)

The solution of equation (8) permits the
value of 1 giving unity power factor to be
found.

It is interesting to note that the phase
angle of the input impedance when 1 is a
quarter -wavelength is

= tan -in
and that the input impedance is

Zi = Zo (1 +jn) coth a/ .. (to)
The attenuation and phase -shift constants

will now be determined. The attenuation
constant is given by

cosh al sinh al -

the input imped-

cosh al sinh
fln cos sin /31

(9)

2 =.
2

[,../(R2
(02L (G2 w2C2)

RG - co2LC1

all the above symbols have already been
defined. The above may be re -written

co = _ [ 0,2c2) ,02Lc] (II)
2

as oxL>R and co2LC>GR for reasons already
given in connection with equation (4).

Equation (II) may be expanded giving

2 L
G2 ( G2 2

2
w C{2 (co2c2) 8 (.02c2)-

+
16 c.o2C2

. . . . . (12)
/l/G2

For G/c0C-<0.3 the attenuation constant
may be written

a=2 C 2 Z1)(2.

The phase -shift constant is given by
p2 [ %/(R2 0,21_9 (G2 ,o2c2)

- RG W2LCJ . . (14)

As for the attenuation constant, the above
may be re -written

2
{2 + 2(I

G2
w2c2)

I ( G2 \ 2- - . . . . . . (is)

For G/c0C <0.3 the phase shift constant
may be written

/3 = (..0.%/LC

271* K

Act

Where A0 = the free -space wavelength (cm)
K = the dielectric constant of the

medium surrounding the lines
(K = i for air).

The Practical Line
A concentric line will now be considered ;

for balanced loading it is thought preferable
to employ two concentric lines mechanically
connected, rather than a balanced shielded-

pair, as the water heating in this latter case
would be much less uniform than for the
concentric lines.

The value of Zo for a concentric line is
given by

138 r2Zo = /- 10g,"n
71 (I7)V IC

Where Y2 = radius of the outer conductor
yl = radius of the inner conductor.

p2

. . (IS)

(i6)
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faking the dielectric constant for water as 81,
;quation (17) can be written

r 2Zo 15.4 log10 - . . (i8)

The value of G is determined by the volume
resistivity and the dielectric loss of the
water ; it is assumed that for tap water the
lielectric loss is very much less than that
lue to the volume resistivity and, therefore,
an be ignored.

This be'ng so, G =
27r

mhos/cm
P loge r2/r1

(19)

lvhere p is the volume resistivity in ohms/cm3.
The value of C for the line is

( 10KC . . 10-12 farads/cm
2 loge r2/r1 9

. . (20)
Thus from (19) and (2o)

18 x Ion loger2/r/
277-fic

. . (2I)

G/wC = Zir
p loge r2/r1 
i8 x 1011

pfK

Taking the dielectric constant of the water
1.s 81, equation (zi) becomes

G 2.22 X I010
coC /91

From (13)

a = '
27r

log.
Y2 2I

2 V81 Ti ploger2/r1 p

From (i6)
i8/T

13 Ao

Consideration will now be given to an
'actual line having the following dimensions
'Ind operating frequency :

r2 = 25.5 mm
r = 16 mm
p = 3,800 ohms per cm cube. (Result

obtained by measurement on a
sample of tap water.)

f = 30 Mc/s (Ao = I,000 cm).
hus

. . (22)

2.22 X IOU)
(.0C = 3.8 X 103 X 30 X 10--

0.2

5.5Zo = 15.4 1.0gio 2 = 3.1
16

'Hence
ZG = 3.1(i + o.ij)

From equation (23)
21 X 10-3= = 5.52 X 10-3

3.8

From equation (24)
p = 3.24°/cm.

Suppose the line is a quarter -wavelength
long ; i.e.,

1 = = 27.8 cm
3.24

from (io) the input impedance is
Zi = 3.1(1 coth (27.8 x 5.52 x io-3)

= 20.4 (1 o.ij)
= 20.6 /5.7° ohms.

Two me_hanically connected concentric
lines, short-circuited at one end and having
the above dimensions were constructed, the
double construction permitting either a
balanced or unbalanced load to be obtained.
The material used was telescopic brass
tubing, thereby enabling the line length to
be adjusted for use at various frequencies. An
outline sketch of the arrangement is shown
in Fig. 1.

INNER LINES

OUTLET (AFTER
REVERSING)

TELESCOPIC
BRASS
TUBING

INLET (AFTER
REVERSING)

(23) Fig. 1. This sketch shows the arrangement of the
double concentric -line load constructed from brass

tubing.

. (2 .) Temperature measurement of the water
inlet and outlet is made some 18 inches from
the line as this permits the thermometers to
be well free from screens, etc., which may
surround the generator circuits. Ordinary
finch rubber hose is used for connecting to
the water supply and the waste pipe.

It is particularly important that during
operation no air remains in the line. With
the arrangement described it was found
difficult to eliminate all the air ; however,
merely by changing over the inlet and
outlet water pipes this difficulty was over-
come. If air exists in the line then very
probably the water flow will give rise to a
rushing noise. Another test for air is to
observe the generator grid and anode
current as the water flow is gradually
increased or decreased ; as the air volume
changes due to the changing water flow, so
the currents vary.

Tap water in contact with brass results in
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very slight corrosion, but the rate at which
this occurs is very slow. At increased
temperatures precipitation of dissolved salts
may occur ; however, as the temperature of
the brass can easily be maintained low, no
trouble should be experienced due to this
latter effect.

Thermometers of the Beckman type can
very well be used where higher accuracy is
required, but ordinary 5o° C range thermo-
meters are quite suitable for general test
use. Thermocouples in conjunction with a
galvanometer are not considered suitable, as
screening becomes rather difficult where
high powers are concerned. Heat exchange
between the line and. the air will take place
unless the line is lagged. However, in most
cases the generator output will be high and
the heat exchange can very well be ignored,
especially if the rate of water flow is adjusted
so that the temperature rise is only a few
degrees.

The input impedance of one line at unity
power factor and at a frequency of 28.6 Mc/s
was found to be 19 ohms, which is reasonably
close to the calculated input impedance for
a quarter -wave line at 3o Mc/s. The overall
length of the line was 33 cm ; the real length
of the line is slightly different from this due
to the discontinuity at the open end. Because
of the low input impedance of the line it is
particularly necessary to make the con-
necting leads to the generator circuit of very
low inductance, and in the experiments the
line was attached to the generator circuit
by means of copper strip 1.5 inches wide and
with a lead length of about 0.25 inch.

Output measurements at 3o Mc/s and
7o Mc/s respectively were made as follows.
At 3o Mc/s the line was adjusted to approxi-
mately a quarter -wavelength, power was
obtained from a push-pull earthed -anode
oscillator using balanced transmission lines
as circuit elements. The output power, as
determined from the water flow and tempera-
ture rise, was 5 kW. This output power was
dissipated quite satisfactorily. If the input
resistance of one line at unity power factor
and 3o Mc/s is 19 ohms, then with 5 -kW
input the voltage between the inner and
outer conductors of each line is only approxi-
mately 220 volts r.m.s. and the current at
the short-circuited end very nearly 7o amperes
r.m.s. The maximum dissipation for the
brass surface would therefore only be
approximately 0.15 watt/cm2, and hence no
trouble can be expected due to high tempera-

ture of the brass. The line voltage is low
and suitable design of the support insulators
for the inner conductor should exclude the
possibility of electrical breakdown. If the
water flow is such that only a small tempera-
ture rise occurs, then it is considered that
powers considerably in excess of the above
can be dissipated. At 70 Mc/s the line was
adjusted to approximately three-quarter
wavelengths and a balanced earthed -anode
oscillator was again used. The output power
as determined from the water flow and
temperature rise was 67o watts. The
oscillator output under the same operating
conditions was determined using a multiple
lamp load and the output was found to be
655 watts, thus giving very satisfactory
agreement between the two methods of
power measurement.
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TRANSIENT RESPONSE OF V.F. COUPLINGS
;Two errors occurred in the article by W. E.

Thomson in the January issue. On p. 21, COL 2
in the expression for G read I + (lip) instead of
(1 iip), and on p. 22, col. 2, the second expression
for V should read

I ( -tlocT -tIT)
V----: oc e - ecc - I_

It should also be pointed out that on p. z6 in the
second line the superscript (z) is not an index of
p, but a reference number.

INSTITUTE OF PHYSICS
The annual general meeting of the Electronics

Group of the Institute of Physics will be held inthe Rooms of the Royal Society, Burlington
House, Piccadilly, London, W.I., at 5.3o p.m. on
the 22nd April. It will be followed by a lecture
on " Electron. Multipliers " by S. Rodda.

BOOK RECEIVED
Reference Data for Radio Engineers (2nd Edition)

Compiled by W. L. McPherson, B.Sc., M.I.E.E.,
S.M.I.R.E. Pp. 175. Published by Standard
Telephones and Cables, Ltd., Connaught House,
63, Aldwych, London, W.C.2. Price 5s. (Postage
6d.).

Originally compiled for use within the Standard
Telephones and Cables organization, this book
is now generally available and contains a large
amount of reference material. It ranges from
general engineering tables to mathematical formulae
and tables, and includes data on materials, recti-
fiers, propagation, aerials and waveguides.



April, 1947 WIRELESS
ENGINEER

CAVITY RESONATORS AND
ELECTRON BEAMS

By J. H. Owen Harries, A.M.I.E.E., M.I.R.E.

(Continued from p. So, March 1947)

9. A Physical Explanation of the Analysis
THE devices analysed in this paper

consist of three main elements :-
(a) A modulated beam of electrons. (The

modulation is assumed to be ioo per
cent).

(b) A resonant cavity.
(c) A load.

The modulated electron beam is arranged
to travel into the internal field of the resonant
cavity so that part of the kinetic energy of the
electrons is changed into electromagnetic
wave energy inside the cavity. The efficiency
(20) at which this change takes place would
be ioo per cent if all the kinetic energy of
the electrons in the beam were changed into
electromagnetic wave energy inside the
resonator ; but no has, in practice (with a
sinusoidal ioo per cent modulation of the
electron beam current) a best possible
theoretical value of about 43 per cent (Fig. 2)

' and this is attained only if the two following
requirements are met :-

(i) First, the entrance voltage of the
electrons into the resonator field and the time
they take to travel through the field as com-
pared to the periodic time of the oscillations
of the field, must together be such that the
so-called " small -signal" transit angle ck has
a value of about 00 = 7;12 [Equations (14)
and (15)].

(ii) Secondly, the ratio M (between the
peak value of the voltage APR along the path
of the electron beam through the internal
field of the resonator and the steady voltage Vs

I at which the electrons enter the resonator)
must be rather greater than unity. Quantita-
tively, we must have M = M0 = 1.24,
(Equation( 14) and Fig. 2).

It may make this clearer if it is pointed
out that the corresponding requirement for
full efficiency in an " ordinary " triode -
valve amplifier, working at a low frequency, is
the familiar one that the steady anode voltage
must be as nearly as possible fully modulated
by the peak alternating voltage across the

load. That is, M should equal Mo =
when the transit angle ck is negligible. This
is a special case of the general analysis set
out in this paper.

The voltage V'R itself depends, of course,
upon the total amount of power (PR)
delivered to and dissipated in the resonator,
and upon the field distribution inside the
resonator at the mode of resonance used.
This leads to the use of a parameter which is
characteristic of the resonator itself, and
which has been designated by the symbol
It is equal to V'R2/2PR [equation (30)]. It
has the dimensions of resistance.

(The familiar " anti -resonant impedance "
LICR of a tuned lumped - constant L/C
circuit is a special case of the general para-
meter

In addition to the power PR delivered to
the resonator, an output power PL must
be simultaneously delivered to the load.

A power Po must therefore be delivered
from the electron beam which is equal to
(PL + PR) [equation (8)].

The load must be coupled to the resonant
cavity in such a way that the power PL
delivered to it is much greater than the
power PR lost in the resonator [equation
(io)]. That is to say, if the efficiency no of
the transfer of power from the resonator
to the load is to be good (say go per cent), then
the " se!ectivity factor " Q of the resonator
when unloaded must be Da times the selec-
tivity factor QL when it is loaded [equation
(ii) and Fig. 5].

The overall efficiency n is clearly the pro-
duct of the efficiency no of conversion of the
kinetic energy of the electrons in the beam
into electromagnetic -wave energy, and the
efficiency no of transfer of electromagnetic -
wave energy from the resonator to the load
[equation (r7)].

All the somewhat complicated require-
ments set out above must be simultaneously
satisfied if the overall efficiency n is to be
as high as possible. It is necessary in any
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given case, then, to compute the values of
the various quantities concerned which will
give this result.

This means that a parameter must be
found which is common to the (so -far)
separate relationships which specify respec-
tively the electron beam and the resonator-
load combination. A single common
expression for their co-operation may then
be written down.

To solve this problem, it is pointed out
in the present paper that, in any given shape
of resonator, for a given mode and for a
given electron -beam path through that
resonator, there is only one value of the
steady voltageVB (out of all those which can
be used to accelerate the electrons into the
resonator) which will cause the " small -
signal " transit angle to have the necessary
optimum value 00 of about 7712.

This one special voltage has been indicated
herein by VoB, and called the " character-
istic voltage of the resonator," for a given
mode and beam path, because it is the only
voltage with which it is possible to obtain
the required efficiency no of transfer of energy
from the beam to the oscillating field inside
that particular resonator when it is working
at a certain mode' and with a certain beam
path therein.

VOB is that common parameter which
is needed to link the electron -beam equa-
tions and the resonator-load equations
[equation (22)]. This is because VOB is
both a special value of the steady voltage VB
which accelerates the electrons into the
resonator, and, in, the special circumstances
set out, is also equal to 1.24 times the peak
oscillatory voltage V'R delivered inside the
resonator along the path of the electrons.

Bearing in mind that the resonant wave-
length of any resonator varies linearly with
its size, it will be seen, from equation (15),
that the " characteristic voltage " V OB is
independent of the size and resonant wave-
length of the resonator.

These considerations are those which lead
to the equations [(e.g. (37) and (38)] for no
and P1, set out in the preceding part of this
paper.

Attention must be drawn to an important
corollary.

The power Po delivered from the beam to
the electromagnetic field is nozovo,. Toand VOB are, in a given case, constants.
The power Po supplied to the field is therefore
proportional to the beam current /0.

If the efficiency 10 of the transfer of some
of the power /0V0B in the electron beam to
the resonator is to be at the best value, the
power Po supplied te'the internal field of the
resonator from the beam must be equal to
the sum of the power Pi, used in the load
plus the power PR which has to be delivered
to the resonator in order to produce a peak
voltage V'R along the beam path of 1.24
times VD VOB The amount of power PR
required for the latter purpose is calculable
if the value of = V'B2/2PB, is known for the
resonator shape, mode and beam path in
question.

Remembering that, in a given case, VOB
is a constant, it follows that the " resistance "
VB//0 = VoB//o of the beam (indicated by
RB in the present paper) must be arranged
to have a certain definite value, for any given
resonator and load combination, if the beam-
to -resonator field efficiency no is to be at its
best possible value. At the same time, the
efficiency no (of transfer of power from the
resonator field to the load) must be given as
high a value as possible by arranging that
the ratio between the power PL delivered to
the load and the power PR dissipated in the
resonator is as great as possible.

Therefore, in a given valve and resonator
structure, and therefore a given value of VOL
there are two parameters available for
adjustment to obtain the maximum overall
efficiency n ; namely, the value of the beam
current /0 and the value of the coupling
coefficient between -the load and the resonator
which determines the ratio between PL and
PR. Since PR is fixed for a given resonator
and characteristic voltage V OB, the latter
adjustment controls the total power Po
which has to be delivered from the beam to
the resonator for V'R to equal 1.25 V OB, and
for no to be at its best value, as well as
determining the resonator -to -load efficiency no.

For any given kind of valve (klystron or
magnetron, for instance), and for a given
geometrical size, the ratio VO4/0 = RB
cannot (even theoretically) be reduced below
a certain value, because it is inherently
impossible to pack into a given space
more than a certain number of electrons
which are moving at a given velocity. In
practice, one can do no more than approach
as closely as one can to this inherent limit,
because it is set by the unalterable charge
and mass of electrons. The consequent
lower limit to RB is, of course, much higher
for valves which use narrow and confined
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beams of electrons than for those which use
diffused beams from a large area of cathode.
But a limiting value exists in all cases
(Bibs. 15 and 16), and, unfortunately, it does
not lie at very low values of RB. For
example, of the various practical electrode
shapes, that of the cylindrical diode has
clearly by far the lowest RB values ; but a
typical 10 -cm wavelength cavity -type mag-
netron (of this general shape) has an RB of
as much as 3,000 to 800 " ohms " per cavity.
Valves, such as klystrons, which use a
narrowly confined beam of electrons,
commonly run into four or even five figures
for this quantity.

In illustration of the effect of all this, we
have the following possible conditions :-

C
-D,(a) When the parameter Y -f = [equations
RB

(29) and (37)] is high enough for V', to be
made equal to 1.25 VOL with an attainable
value of /0V033 for the valve in question,
although PR is (as it should be) small com-
pared with the power in the load PL. In
this case, clearly, the beam -to -resonator
field efficiency (no) is at its best value, and
the resonator -to -load efficiency no is usefully
high. That is no ,43 per cent and no--->
zoo per cent. Therefore, the overall efficiency
n is good. One may regard the resonator -
load in combination as " matched " correctly
to the electron stream.

(b) When W is not high enough, with any
attainable value of /0V0B, for V'R to equal
1.25 VoB, unless the coupling coefficient from
the resonator to the load is reduced to such
an extent that PL is of the same order as, or
even less than, PR. In this case the resonator
-load combination can be regarded as
capable of being correctly " matched " to the
electron stream ; but the resonator -to -load
transfer efficiency no is low if this "matching"
is done. For all possible adjustments the
overall efficiency n will be comparatively bad.

(c) When W is so low that there is in-
sufficient power/0 VOB available from the beam
for V'B to equal 1.25 VOB in any circum-
stances, even though the coupling coefficient
from the resonator to the load is reduced
to a negligible value. The beam -to -resonator
efficiency no will be low and the resonator -to -
load efficiency no cannot be made high
without reducing no still more. The overall
efficiency n = nono will clearly be very bad
indeed.

Because the available range of RB is
generally severely limited by practical con-

siderations of valve design, as well as by the
theoretical limit to the possible electron
current flow /0 in a given geometrical space,
the most important practical problem
becomes that of making as high as possible.

It has been shown [equation (30)] that C is
equal to the product of the familiar selectivity
factor Q of the unloaded resonator and of a
quantity the writer has called the " voltage
coefficient " e [equation (i8)]. For simple
shapes of cavity and for known materials,
Q and e may be computed. Alternatively,
methods of measuring these quantities are
available and are set out in a later part of
this paper.

The voltage coefficient e is found to have
serious limitations to its magnitude. One
hundred or so appears to be the limit even
in very favourable resonator shapes. The
limitations to the value of Q are only too
familiar even when the resonator is made of
material of the highest known conductivity ;
namely, pure polished copper.

The problem of improving C = eQ, in a
resonator is much the same as the familiar
problem of getting as high as possible a value
to the L/CR value of a long - wave
"lumped inductance-capacitance" resonant
circuit. The L/CR ratio of this circuit is
indeed a special case of the general equation
for The highest possible values of for
a resonator (like the highest values of L/CR
for a lumped circuit) are difficult to obtain.

An ultimate theoretical and, therefore,
rigid, upper limit to must, in fact, exist for
the following reasons. No better conductor
than pure copper is known ; the shape of
the cavity is determined by the inherent
properties of electromagnetic waves ; in-
herent geometrical limits exist to the length
of the beam path in the resonator (to give
the optimum small signal " transit angle

= qo = it/2) and the cross-sectional area
A 0 of the electron beam has a necessarily
finite value. Note that the last two state-
ments infer that some part of the volume of
the resonator must be arranged so that the
electric field in that part is substantially
uniform. (It is of course possible to get
a better conductivity than that of pure
copper at normal temperatures by, for
example, super -cooling a resonator with
liquid helium.)

The writer is not aware of any general
expression for the theoretical limit to
Nevertheless sufficient practical measure-
ments and calculations have been made to
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lead to the conclusion that the C value of a
resonator at normal temperatures (like the
L/CR value of a " lumped constant " circuit)
can only reach the order of a megohm or
two with some difficulty at any wavelength,
and, in practical conditions, is often far
less than this.

Therefore, the design of a good electron -
beam resonator valve which is intended to
deliver electromagnetic -wave energy to a load
involves two main problems. First, the
problem of electron -stream production and
modulation, which must include the inherent
limitations of materials as regards cooling.
(Copper has the greatest heat conductivity
as well as the greatest known electrical
conductivity at normal temperatures.)
Secondly, the problem of trying to design
a resonator the C value of which is as high
as possible in comparison with the electron -
stream " resistance RB.

The choice of the actual electronic and
resonator -load designs, to be used re-
spectively to solve these two problems, will
depend on many non -analytical matters, and
primarily upon the wavelength range over
which the device is to be worked. Therefore,
in practice, the various parameters C, RB
have -to be specified for that particular wave-
length range, and this leads to the use in
this paper of the concept of a " reference
wavelength " A0, and to the corresponding
parameters Co RB0, Qo, etc., which refer to
operation at that reference wavelength
[Equations (37), (38), and (39)].

10. Wavelength Limitations of Electron -
Beam Valves and Circuits.

When one endeavours to design an electron
beam -resonator valve for operation at
extremely short micro -wavelengths, one
finds it increasingly difficult, as the wave-
length is reduced, to attain the values of W
one needs. Efficiencies, therefore, tend to
become very low. So great is this difficulty
that the writer began some time ago to
suspect that the trouble might not be merely
the transient one of learning a new technique,
but that it might, perhaps, be due to the
existence of a limit in wavelength beyond
which the unalterable properties of materials,
electrons and electromagnetic Waves them-
selves, would not permit further progress
to shorter wavelengths. It follows from the
preceding analysis that such a theoretical
limit in wavelength does in fact exist.

The linear dimensions of a resonator are

proportional to wavelength, and its physical
size determines the power Po -that can be
put into it. The available power in the
beam of electrons tends, therefore, to vary
as A2. Therefore RB tends to vary as A-2.

This fact, in conjunction with the existence
of an upper limit to the value of C, and the
fact that C tends to vary as Ai, then makes
it clear that, as wavelength is decreased,
RB will tend to rise substantially, whereas C
will not. This results in a progressive reduc-
tion in the value of W as the operating
wavelength is decreased. Eventually a
wavelength must be reached which is so
short that even the best obtainable value of

is too low for -FR to equal 1.25 times VOB

(so that no is equal to the best value) without
the ratio between the power Px, in the load
and the power Pit lost in the resonator (which
ratio determines no) having to be reduced.
Finally, at still shorter wave -lengths, both
7)6 and 7)0 will become so small that the
overall efficiency 77 will become negligible ;
and thus the familiar combination of a
modulated electron stream with a resonant
cavity will be useless at these wavelengths.

The quantitative relationships deter-
mining this short-wave limit have been
computed from the equations of this paper.

Computation has been made for values
of W which include a value assumed to be
the best possible, as well as values within
the range found in practical apparatus.

The best possible value of Cid. (at Ao =
10 cm) has been assumed to be about
2 x 106' The values of RBo = RBI() (also
at A0 = pp cm) have been taken as covering
a range of about 400 " ohms " to about
40,00o " ohms." Dividing these values
of &HI into Cio = 2,000,000 gives a
range of values of %o from 5o to 5,000
[Equation (37)].

In justification of these figures, as already
pointed out, magnetrons (because a roughly
cylindrical anode is used which surrounds
the cathode) have undoubtedly the best
RB values at the shortest micro -wavelengths;
but to produce even a cavity magnetron
having RBI° much less than 400 " ohms,"-
one having, for instance, an effective electron
current of more than 2.5 amperes at 1,000
volts to each resonator cavity at 10 -cm
wavelength-appears to be an improbable
project indeed. Therefore, a value of Wio
= 5,00o is hardly likely to be bettered by
known means. Indeed it is perhaps rather
an over -optimistic figure.
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The focused beams of electrons which
are used for velocity -modulation systems
have values of RBIO which are in tens of

correspondingly less in these valves than in
thousands as a rule, and W,o is, therefore,

magnetrons. The order of WI° would seem

uu
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Fig. 6. The wavelength limitations of present
electron -stream -resonator technique. Resonator -
load efficiency -qc is plotted as a function of

wavelength A.

for klystrons to be in the neighbourhood of
ioo or so at best. Thus the not inconsiderable
engineering advantage of these latter valves
may be offset, in some applications, by the
better Tio values obtainable with magne-
trons.

Assuming that the electron beam -to -
resonator field efficiency no is required to
be maintained at about the best value --
that is, the conditions of V'n = 1.25 VoB,
and VB = VOB, are to hold-it is possible,
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from equation (38) to plot the resonator -to -
load efficiency no against wavelength in
centimetres for the chosen range of W10 ;
including the assumed best possible value of
5,00o, which is derived from the best possible
values of 6,0 and RBI° which are, in turn,
determined by the unalterable properties
of materials, electrons and electromagnetic
fields. This plot is shown in Fig. 6, and no
will be seen to fall catastrophically with
decreases of A around r cm wavelength.

From equation (39) it is possible to plot
the maximum power PI, which can be
delivered to a load for the chosen values
of Wio, assuming that no is maintained at
the best value. Fig. 7 (a) shows the results
of such a plot for V10 equal to the moderate
value of ioo. Fig. 7 (b) shows the result
obtained with the assumed best possible
value of Wio = 5,000.

The points at which the resonator -to -load
efficiency no falls respectively to 95 per cent
and 6o per cent are marked on these graphs.

Note that the d.c. heat loss PB - PO will
be very great at the higher ranges of loll, and
will mean that these ranges can only be
used for the generation of energy in short -
duration pulses so that the average power
loss is reduced.

In interpreting Fig. 7 (a) and (b), note that,
although the power output PL can be
increased at very short wavelengths by the
artifice of using several resonators in parallel,
the result is merely that the curves are
displaced vertically by some factor. The
slope of the curves is unaffected because the
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Fig. 7. The wavelength limitations of present electron -stream -resonator technique. Power output PL is
plotted as a function of wavelength A. (a) is for W10 = loo and (b) for = 5,000.
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artifice can be used at the longer wavelengths
as well as at the shortest. The general
conclusions are unaffected.

Even if 60 could be increased several times
over the 2,000,000 which is assumed to be
the best value possible (and there is no
evidence at present that it could be so
improved unless one goes to such extreme
lengths as to use a super -cooled resonator),
no appreciable improvement would be
obtained at the shortest -wavelength end of
the gamut. This is because the form of
equations (38) and (39) is such that the
power PL in the load and the efficiency no are
both primarily determined at the shorter end
of the wavelength range by the value of the
wavelength itself, and only to a comparatively
small extent by the other parameters.

With regard to the figures given for the
beam current /0 in Fig. 7, it must not be
forgotten that this is assumed to be a fully
modulated current. In actual valves the
beam current is not fully modulated. In
klystrons, for instance, the depth of modula-
tion appears always to be far from zoo per
cent. Theoretical figures for " bunching "
are not, as far as the author is aware, ever
realized in practice, partly because these
theories do not appear to take into account
" electron -proximity " effects.

All this leads to an important conclusion.
The wavelength gamut for the operation of
electron -beam resonator valves with a good
overall efficiency (i.e., with no,43 per cent
and nc---> ioo per cent) is found to extend
little (if at all in practical cases) below a
wavelength of about one centimetre.

The maximum power which can be
delivered to a load by such valves falls very
rapidly indeed as this boundary wavelength
is approached.

At shorter wavelengths than about i centi-
metre, a good overall efficiency i cannot be
maintained. If a lesser overall efficiency n
is to be tolerated (that is, the case when the
conditions that no ,43 per cent and no--->-
Ioo per cent are not simultaneously realiz-
able), the boundary may be regarded as
extending below about one centimetre wave-
length by an interval the extent of which
depends on practical considerations, and
upon what perhaps may be looked upon as
rather problematical factors, rather than
upon analytically tractable parameters. Pro-
vided that very low output powers and poor
overall efficiencies can be tolerated, this
extension of the boundary may perhaps be

looked upon as covering " millimetre wave-
lengths."

It is of interest to note that recent in-
formation on wave 'propagation (Bib. 18)
shows that difficulties are met in propagating
radio waves reliably over reasonable ranges
if those waves approach a wavelength of
one centimetre. It is a singular coincidence
that rain storms and other meteorological
phenomena should attenuate these waves so
very seriously when the wavelength
approaches that part of the gamut where
the accepted method of generation is. also
found to reach its limit.

The method considered in this paper of
generating electromagnetic waves by accele-
rating a modulated beam of electrons through
the electromagnetic field of an electric
circuit, so that some of the kinetic energy
of the electrons is transferred to that field,
is the only really practicable one yet known
for use over the gamut of radio wavelengths
to which it is now applied.

For theoretical, as well as practical
reasons, it is difficult to see how any other
method of causing electrons to provide
electromagnetic energy could compete with
this method over that gamut. There are,
of course, many other engineering applica-
tions of electromagnetic energy at much
shorter wavelengths ; but the techniques are
not those which are the business of radio
engineers as such.

The writer is therefore of the opinion that
radio engineering is_ limited to a frequency
gamut which may be looked upon as extend-
ing from zero frequency up to about
30,000,000,000 cycles per second (I -cm wave-
length).

The technical implications of this state-
ment would seem to justify debate. The
economic and social implications are not
within the scope of this paper, but have
been referred to elsewhere. *

11. The parameters of analytically tractable
shapes of resonator.

It will be helpful to apply the foregoing
theory to some of those few resonator shapes
and modes for which the integrals in (34)
can be stated explicitly.

The walls of the cavities will be assumed

* See a written contribution by the present
author to the discussion on the papers on valves read
by Dr. Griffiths and others on the 28th March, 1946,
at the Institution of Electrical Engineers' Radio -location Convention.
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to be of copper having a conductivity of
5.8 x i o7 mhos/metre. The skin depth 8
is then obtainable from Fig. I.

There is, unfortunately, a lack of agreement
among different authors as to the co-ordinates
and mode conventions to be used. For the
purposes of this paper, all resonators will be
considered as sections of waveguides which
are terminated by a boundary wall at a
distance zo along the z dimension. The
waves are considered to be propagated
along this dimension. According to the
convention to be adopted, a resonator will
be referred to as operating at an " E "
(or TM) mode when it has a component of
electric force in the z dimension, and will
be referred to as operating in an " H

PATH OF THE
BEAM OF ELECTRONS

r (m)

Fig. 8. An electron -beam path used with a
cylindrical resonator. The load is not shown.

(or TE) mode if it has a component of the
magnetic force in this direction. This
convention has, of course, a physical meaning
when we are referring to the waves travelling
in the z direction down a waveguide. In
resonators it is somewhat artificial ; but will
nevertheless be found convenient.

ILI. Cylindrical cavity resonating at the
lowest frequency (.E010 mode).
The systems of co-ordinates and suffixes

are shown in Fig. 8.
The resonator is assumed to be operating

in the Eon mode. The electric field is then
wholly in the axial or z direction. The beam
of electrons must therefore travel in this
direction. Because the electric field is at
its maximum along the axis, the beam path
is chosen to lie along that axis so that the
integral V'R [equation (13)] is at the greatest
possible value as is necessary to make

= V'n2/2PR have the highest value possible.
It can be shown (Bib. 4) that in these

) circumstances the electric field is given by
E =E'z fo(r' nmr ilro) (volts/metre) (40.1)

where E' z = the maximum instantaneous
value of the electric field.

Jo r/ro) = a Bessel function of the
first kind and zero order.

r'nm = the first (mth) root of Jo(z)
o ; It is equal to 2.405.

The problem is to solve the integrals in
equation (34) or (35) for this resonator shape
and mode, and so apply the present analysis.

It may be shown (Bib. 3) that
2.63 x Io5ro

Aoi (I + ro/zo)
where Ao = the resonant
wavelength in metres.

Also,
Ao =-- 2.61/

.. (40.2)

(and reference)

(40.3)
The beam path must be chosen so that

V'R is at its maximum. It will then lie
along the axis of the cylinder in the z direction
(Fig. 8).

From (40.1) and (13)
Vig = E', zo

and, from (20),
zo/Ao = a = 5 X

(40.4a)

(40.4b)
Therefore, in (34)

4 170B1 EcAo (40.5)V'R= 5 X
The axial dimension of the resonator is

therefore controlled by a choice of the
characteristic voltage V0B.

The denominator of is 47rf times the
energy W5 stored in the field.

In this case, then,

2oT/T7F =2 E °.1 E'2 dv
71-c

At)

27TCE0E'z2 =
== rJo2(r'nmr/ro)

Ao  4-o . r=o- z
dybdrdz .. . . (4o.6)

From the Lommel integral for v = o
(Bib. 6 (i6) p. 96).

Irfo2 (1'1 nntrIro) dr = r-22 [L.2(1/227nrir 0)

Jo2(7'ninr/ro)]
For r = r0, we have J02 (r'nmr/ro) = 0,

and
rfo2 (r'nmr/r0)dY =

YO
J12(r/702)

7 = 0 2

0.522 r02

2

Therefore, the second integral in (40.6)
becomes 0.135 r02. The first integral is
27r, and the third is zo.

Therefore (40.6) becomes
5.4 X io-'7T2c 0zoro2Ez2

2covvF
A o

(40.7)



116 WIRELESS
ENGINEER

April, 1947

and from (40.3), (40.5) and (40.7), and by
inserting the numerical values of c, 0 and
Tr2 we have, for the cylindrical shape,

V'R2
e ==

20_,WF
= 4.9 X io2a

Substituting from (40.3) and (4o.4) in
(40.2) leads to Q also being expressed in
terms of a ; then we have

1.29 x IosAola2

(40.8)

= e 0210 = (40.9)2.61a +i
The ratio a is plotted in Fig. 3 as a function
of the characteristic voltage. For VoB =
5,000 volts, a = 3.5 X 10-2, and

= 1.43 x 105 (40.10)

and
Q10 = 2,650 .. (40.11)

Substituting a = 3.5 x 10-2 in (40.8)
because VoB = 5,000 volts, we havee 17.2. . . . (40.12)

The effective cross-sectional area of the
beam may, perhaps, reasonably be taken
as that of a disc of a radius equal to about
r0/5.
Then

A o = "Tr - 1.26 X 10-iro22.5 X 10
and from (40.3),

Therefore
A 0/A02 = 1.84 x 10-2 .. (4o.i3)

For the present purpose, let LI = unity -
a rather optimistic figure (see Fig. 4).

Collecting all these results for a reference
wavelength Ao of o.i metre, and VoB = 5,000
volts, we have, (from (37)),

Io = eQi.
8.RBIo

. .

which, (by reference to Figs. 6 and 7) is
quite useless.

This example has been shown in detail
for purposes of explanation. Alternately,
of course, C10 can be computed in the form
of equation (35).

11.2. Rectangular -box cavity oscillating at
the lowest frequency (H011 mode).

A similar set of calculations to those for
a cylinder may be made for the cavity
illustrated in Fig. 9 on the assumption
that it is oscillating in the H011 mode.
The beam path must then be in they -direction
and in the centre of the box, because this
is the path and direction of maximum

(40.14)

electric field for the mode in question.
Therefore C will be as great as .is possible
with this resonator and this mode.

For VoB = 5,000 volts, then, it will be
found that

C/At = 1.5 X 105
and

e . 17.7 .. (41.2)
At a reference wavelength of o.i metre,

Q o = 2680 (41.3)
and

Cio = QIo = 4.7 X io4.. (41.4)
These values are very nearly the same as

for the cylinder.
Let, as before, A = unity, and

Ao- 1.84 x 10-2
A2

Then, for VOB = 5,000,
CBD

¶B3 = 8.72.
RBIO

(41.5)

and A0 = o.i metre,

.. (41.6)

11.3. The low efficiencies of simple shapes of
cavity.

From, for instance, equation (40.2) the
Q of the cylinder at the E010 mode increases
asymptotically with zo. At A0 = o.i m it
is about 2,66o. Also, from (40.7) e increases
directly with zo ; but both these parameters
are limited by the transit -angle considerations
which determine a. The value of e, from
(40.12) and (41.2) is only about 17 (for
VOB 5,000V) in the case of both the
simple shapes which have been computed.
It does not, of course, vary with wavelength.

y (n)
x(1)

z (m)

PATH OF THE
BEAM OF ELECTRONS

Fig. 9. An electron -beam path used with a rectan-
gular -box resonator. The mathematical suffixes and
coordinates are shown. The load is not shown.

The above results show that the limit
set by 950 to that dimension of the resonator
which lies in the direction of the beam path
(the z0 direction in the case of the cylinder,
and the y -direction in the case of the rec-
tangular box) puts a limit to both Qo and
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to the voltage parameter e, and therefore
severely limits = No.

The general conclusion from the two
preceding examples is that those simple
resonator shapes which have low enough
characteristic voltages to be useful are
capable of only a very limited performance
at the shorter microwavelengths.

11.4. Distorted cavities.
It was early realized (Bib. 8) during work

on resonator -valves, that improved results
might be expected if the sides of the resonator

PATH OF THE BEAM
OF ELECTRONS

Fig. 1o. A modified rectangular -box resonator and
electron -beam path.

were " pinched in " opposite the ends of
the path of the beam. A concentration of
electric field would then occur along the
path and was expected to cause the resonator
to " match " the beam characteristics.

Unfortunately, the analytical treatment
of such " distorted " shapes is usually
difficult and time-consuming, and the results
when obtained not always very informative.
In fact, an empirical technique of study by
means of oversize models (to be described
later) seems, so far, to be much more
informative than any analytical attack.

11.5. A " stepped" rectangular -box resonator.
The " distorted " rectangular -box type

of resonant cavity illustrated in Fig. io
has almost the same resonant wavelength
as a plain rectangular box (Fig. 9) of the
same dimensions xozo when excited in
the corresponding H011 mode with the
electric field in the y direction.

With 11-1=- , VoB = 5,000V, and with the
Y2 9

beam injected across the narrower dimension
yi, as shown, an approximate calculation

yields a = 2.66 X io5 . . .. (42.1)

e = 17, as in the rectangular box ; but Q
is increased by 1.75 times. CH, is therefore
1.75 times better than for the plain rectan-
gular box ; but A o is rather smaller due to
the field distortion near the " step." Tio
is not raised to more than 14 or so by this
use of a " step " in a rectangular cavity.
Thus the improvement is not a useful one.

One may note that, on wavelengths longer
than the lower end of the microwave band,
much less stringent requirements hold,
and it is significant that early velocity -
modulated tubes were successful when they
were tried out on longer waves. The diffi-
culties increase enormously with even a
small decrease of wavelength (Fig. 6.).

11.6. A " distorted" cylindrical resonator.
Any successful attempt to make a useful

advance in resonator performance requires
more information than is economically
obtainable by analytical means --if indeed
one can obtain it at all in that way in the
present state of the art-but it will be
well worth while to take advantage of some
ingenious mathematical evaluations of field
integrals in certain " distorted " cavities
which have beer published by Hansen &
Richtmeyer (Bib. 7). These particular
results refer to the lowest -frequency mode
of oscillation only.

PATH OF ELECTRON BEAM
THROUGH THE NARROWEST
PART OF THE RESONATOR
WHERE THE ELECTRIC FIELD
IS STRONGEST

Fig. II. A " distorted" cylindrical resonator and
electron -beam path.

These investigators have solved an integral

[ E dS12

R --=-- 47rQ 27;

A-fE2dv

[see their equation (2)] for certain resonator
shapes, including those for an " hour -glass "
distorted -cylindrical configuration (Fig. II).

It may be shown that, if the path of in-
tegration s in the above equation be chosen
so that the numerator is equal to the quantity

c (e.m.u.)
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V'R.2 = (V0BM0)2 of the present paper, then
R = C; and one of Richtmeyer and Hansen's
cavity shapes may be directly examined in
the light of the present analysis.

In Fig. i1, the path of the electron beam
is as shown. This path lies in the direction
of the electric field and is positioned, where
this is greatest. The distance between the
two inner surfaces of the resonator along
this path is taken to be the distance l of
the present analysis. It is clear, from
Hansen & Richtmeyer's work, that the
shapes of cavity corresponding to values of
their parameter cro greater than about
I0 correspond to values of VO8 decreasing
from about 140 over the useful rannge.
Moreover C varies little with .17,`8 over this
range. (This latter is an important property
of some kinds of resonators).

Thus, for V0B = 5,000V, it is found that,
for the cavity shape of Fig. T1, we have

= 3.9 x 106 (421)
which is more than a ten times improvement
over the simple cylinder, or rectangular box.

This particular shape of resonator is
suitable only for " focused " beams of
electrons. A value of A0-which will
depend, with 4, partly upon non -analytical
factors-may be chosen.

We have
Ao = 3.77o .. (42.2)

and, from (40.3) the area A0 available for
the beam is, therefore, rather less at a given
wavelength than in a simple cylinder.

Therefore, we may state that
A 0IA2 = 9.2 X 10-3 (42.3)

Taking d as unity as before, we have,
for Ao = 10 cm. and V0B = 5,000,

QIo = Cio/RBio = 114 . .

The voltage parameter has also
(for VoB = 5,000V) to

e = 90
. .

as compared with about 17 for the simple
cylindrical and rectangular shapes of cavity.

Furthermore
QIo = 13,600 .. (42.6)

as compared with about 2,600 for the simple
shapes. Even in the case of the " stepped "
rectangular -box resonator Q10 equals only4,500. It is noteworthy that the improve-
ment found in the " hour -glass " resonatoris not only in respect of e, but in respect ofQ10 as well, and, in both cases, the increaseis about 5 times.

(42.4)
risen

(42.5)

Referring back to Figs. 6 and 7, it will
be observed from (42.4) that the " hour-
glass " shape is quite an efficient and useful
cavity for use over' a large part of the
shorter microwave band such that ito = 0.1 m.

Hansen & Richtmeyer also calculated R
for another shape consisting of a sphere
with two re-entrant cone -shaped- pole
pieces " between the tips of 'which the beam
of electrons is intended to travel. Nearly
twice the value of the R factor is then
obtained compared with the shape of Fig. Ii ;
but it is difficult to correlate these results with
the present analysis, as there is apparently
no assumption made in this part of their
work as to the distance 11 or beam area
A 0. Nevertheless the results are of interest
as apparently indicating the same general
level of performance.

It may therefore be concluded that
" distorted " cavities are those which
promise by far the best results, and that,
when the minimum possible operative wave-
length is required, the resonator shape is
of primary importance. These examples
also provide a guide to the orders of Q0 and
e which are necessary.

It will be of interest to note qualitatively
that the " best " resonator, for a given Ao,
will, from the right-hand side of (35), be that
which has the greatest concentration of
electric field along the beam path, and the
least density of the magnetic field elsewhere :
that is, one having a shape so that it has
a small area of electric antinode " as
nearly as possible confined to the beam
path itself ; and a large area of copper
surface elsewhere so as to keep the copper
loss down. Cylindrical, and rectangular
box resonators are all " bad " by this
criterion, and distorted shapes with pole
pieces are " good."

The resonator shape must be chosen with
regard to the desired value of the character-
istic voltage VOB.

11.7. Field shapes for combined beam modu-
lation and power transfer.

In the foregoing analysis it has been
tacitly assumed that the beam is modulated
by means external to the system analysed.

In -fact, however, a part of the field in the
resonator may be arranged to modulate the
beam, either by varying its velocity (before
the electrons pass into a " drift -space. ")
or by transversely deflecting it.

(To be concluded)
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LINEARITY RANGE OF NOISE -

MEASURING AMPLIFIERS*
By R. L. Bell, B.Sc.

(King's College, Durham University)

IN making quantitative measurements on
electronic noise phenomena, such as
thermal agitation, shot effect, etc., the

use of an amplifier having a finite signal -
handling capacity necessitates the investi-
gation of the relation between the noise
input and output voltages for such an
amplifier. This arises from the fact that
there is a finite probability of the occurrence
of any peak value, however large, of a noise
voltage, and all peaks greater than a certain
value Nvi 11 produce overloading (i.e., non -
linearity) of the amplifier.

The object of this note is to examine the
error in mean square and root -mean -square
measurement resulting from an assumption
of linear amplification in two cases :

(a) an amplifier with a resistive output
load,

(b) an amplifier with a selective output
load.
It is well known that the instantaneous

value v of such a noise voltage has a normal
probability distribution in time, with mean
square a2 and mean zero, all values between
-oo and -4- co being possible :

dp(v)
v2)dv

I_exp (-
2a2

.. (1)

The expression on the right of (1), how-
ever, tends rapidly to zero for

Ivi +3.
so that voltages greater than 40 -
occurrence.

I The usual practice is either to measure
the mean square directly on some square -
law device, the mean square being given by

oo 2

a2 , 1 V2 exp dv . . (3)
27r,_ 2o

or to estimate the root -mean -square by
rectifying and measuring the mean rectified
value :

c>0 1,2

v exp -2) dv
 V 27T a1/2;r. 0

are of rare

(4)

* MS. accepted by the Editor, July 1946.

Modifications of either method are of
course used.

Load. Case (a).
We can take the noise -measuring appa-

ratus as having a " limiter type " char-
acteristic :

v2 = avi for o < vi < B
= aB v 1> B
= 0 VI -,9

where v1 and v2 are the instantaneous values
of input and output voltage respectively,
and a and B are suitable circuit constants.

The proportion of time that v2 spends in
the range avi, a(v, dv1), is, from (r),

exp (- '2d v 0 o <vi . . (6)
a ,N/Tr 2a

and the proportion of time that v2 = a B is

r°o
2- ---/

o -A,/ 7.7,1 BeX13 ' ( 2
v cr2) dv

1

which is the probability that v1> B.
Hence the mean output voltage :

B v- a f v, exp(- --) dv1
a -/27r277- 0 - 2(72

a B v
± f exp (- =1-2. dvi

o A/ 271- 2a
op

(5)

i.e.,

v2 a B2

a B - BA /
iTr[I exp(- --2)] 4- erfc(-B)

2a 0-

where

erfc (x)
1/127T

exp (- y2/2) dy
x

co

and is the tabulated complementary error
function.

Similarly the mean -square output voltage :

(7)

(8)

.7, 22

B

=_-
cr- 2

62

7r0
crA/2TriB

2

exp (- -2) dvi
2a

exp 72) dv,20.2

co
a2B2 V]

(9)
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that is, using (9)
v22 I 0-2 a B2

a2B2 2 B2 BV2 X-ite p (-
2a

2

+ - erfc
0.

( )

Selective Load. Case (b)
We shall treat such a selective amplifier

as a device which produces a current with
positive and negative peaks limited (i.e.,
" chopped off " symmetrically at a pre-
determined level) when a sufficiently large
alternating voltage is applied to the input ;

0.5

0.4

0.3
V2

'aB

02

0.1

RESISTIVE LOAD

SELECTIVE
LOAD

EXPERIMENTAL CURVE

2 3

Fig. I. Mean output voltage versus r.m.s. noise
input voltage a.

4

the output load then picks out the funda-
mental component of this current. If in
addition the actual load responds to har-
monics, the behaviour of the circuit will be
intermediate between that of the previous
case and this. A random noise voltage or
current can be expressed in the form of an
amplitude- and phase -modulated sine -wave :

Whence
-V2

I B p2- ---= -if gP2 exp (- --) dP -1-1 1f 03 2gZ a 0 2172 a2 B IT
which reduces to :

77 1)2-
B

.

7 f
p2\ 2T2) dP +
a 7r

i c°
B

---3.)exP07.13

Also, for the mean square,

v(t) = P(t) sin [cot - ch(t)] . . (II)
where P is distributed between o and oo
with a density

4(P)
=--

P
dP exp (- -

cr 20.2 . . (I2)

in which a2 is the mean square of v and,
in the case where the noise is confined to a
narrow frequency band about the value
0.)

P has a definite physical significance
27r

as the envelope of the noise. The distribu-
tions (1) and (i2) are deducible from each
other.

A little consideration shows that for the
purposes of the problem, the amplifier can
be supposed to achieve its selectivity in the
stages preceding the output stage, this stage
itself having a load impedance which is of
constant magnitude over the pass band and
zero outside it.

We have for the output current i, abbre-
viating P(t) to P, etc., and introducing a
suitable circuit parameter g,

= gP sin [cot - Iv,' <B
gB iv B

(13)

The amplitude of the fundamental com-
ponent of this is
A, = Fp sin -1 -B

P Vp2 - B21P>B
L P
gP P <B (14)

and, for the instantaneous value of the out-
put voltage (a being some phase angle
determined by c6 and the circuit),

v2 .= A 3..Z sin (cot - cc)
where Z is the magnitude of the load im-
pedance.

In keeping with our previous notation,
ZA3

and V2 =
.1)

2
2 - 4J_Z2A

32
being parameters of the half-wave only.

[P
sin - PP

1B B p2- /P2 - B2] P exp(- -)4 P20.2

[. -1 13 Bsin - - p B2
p2

F2 2 -iexp(- dp
2a2)

B
2-1B B / , p24v 22 = ef PS exp(- -P2)dP + tc'''22 ° P sin -+ _ / P2 - B2 P exp( - -2) dPz2 0.2 2 2 77 CT P IA \ 2 CrB

( 1 5 1
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Unfortunately, the expressions on the
right of (i5) and (i6) do rot appear to be

jntegrable in terms of known functions.
Substituting P = ax in the first, and Py =-- B

lj in the second pair of integrals of (i5) and
(16) respectively ; and writing the gain
6aZ = a, we have

B II2 ; 2 2

y-,2)aB --' 7rB
exp(- )dX+77-2 exp( 2a j

2]dy ai
'VI Y 72- TB

erf(B-

r ( B2 isin -1.3)

0 2cr2y
and

I _yd dy

. . (17)

V22 a2 B2l
a2B2 B2 [exp( 20.2) [4: + B22]

77 0'

B2 .11 [sin -ty
y2] 2 X

exp

y
B2 dy

. . . .2a2y2 y3 (18)

The integrals have been evaluated numeri-

cally for different values of -; and equations

(8), (iv) ; (io) and (i8) are shown plotted
'n Figs. i and 2 respectively. Experimental
points of " mean half " (mean rectified)
output voltage versus r.m.s. noise input for
an amplifier with a broadly -tuned output
load are shown superposed on the curves
of Fig. (I).

06

04

03

V 2

ct2 B2

0.2

0.I

RESISTIVE LOAD

SELECTIVE LOAD

5

Fig. 2. Mean -square output voltage versus
mean -square -noise input voltage a2.

In both cases (a) and (b) we have for the
mean -rectified output voltage, as o1B->-o,

7T 0' 2a

+ 2
B2I --i2I erfc (B) . . (zz)

and from (17) and (18), for a selective load,

(2t)

as
7.)2 --

V 27r
and for the mean -square output voltage,

2 2 2 . (20)7)2 a 0'
which are clearly true from elementary
considerations. We may now examine the
error involved in assuming that (19) and
(2o) are actual equalities when al B is
small.

10

6

4

2

0 20 40 60 80 100

---- SELECTIVE
LOAD

I

MEAN SQUARE

RESISTIVE
LOAD

ROOT
TWICE

-MEAN -SQUARE

ROOT -MEAN -SQUARE

f%
Fig. 3. Variation of percentage measurement

error with r.m.s. noise input voltage a.

For a resistive load, we have, from (8)
and (io),

V2
A/77. B2)

= exp (- -2a2as
A7277 -r

- A/27r - erfc (-B)

a2a2 - v22 2 B B2- - exp(-
a2a2

as
7r = 2 erfc (13-)
as a

1/ 27r

-- -2B "if' [sin -1v ,\/ -
7TCT 77 p y

B2
exp- 2 2\ 0 y

y2] X

(23)
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and
a2a2 _ v22 ( B

)a2o.2 exP 20.2

2/34 rS1.11-1y
y2] X2 4j Lrro- 0 y

-13 exp 2(7yE2
Y

(1Y (24)

The errors given by equations (2I) to (24)

are shown plotted as functions of 2-36 in Fig. 3.

It is to be observed that, in either case,
for a i per cent error in the mean square,
cr may be as high as 35 per cent of B, and
for a similar error in the root-mean -square,
a must rise to 43 per cent of B.

The equivalent pass range at the output,
aB, may quite easily be made of the order
of several hundred volts, depending on the

h.t. supply, so that these percentages infer
quite a high upper limit to the permissible
output voltage, aa.

A similar rough 'rule was given some
years ago* limiting the maximum value of a
in the case of mean square measurement to
io per cent of B, and, so far as the author
is aware, nothing has since been added to
this. It appears, however, from Fig. 3,
that much greater voltages than this can in
fact be handled without appreciable error.

It is also clear from Fig. 3 that the frac-
tional error in the mean square is always
more than twice that in the root -mean-
square, so that, with conventional amplifiers,
it is inherently more accurate to measure
root -mean -square values of noise voltages.

* E. B. Moullin " Spontaneous Fluctuations
of Voltage," Oxford, 1938. P. 218.

00K REVIEWS
Antennae-An Introduction to Their Theory.

By J. AHARONI. Pp. 265 + viii, with 149 Figs.
Oxford University Press. Price 25s.

The object of this book, according to the preface,
is to give a comprehensive account of the progress
that has been achieved in recent years by applied
mathematicians in calculating the properties ofantennae. Although the word " introduction "
occurs in the title, it is not a book for the beginner ;
it assumes that the reader has considerable mathe-
matical knowledge, especially of vector algebra.
The first section of 86 pages is entitled Antennae'and boundary -value problems " and deals' with
Maxwell's equations, the Hertzian vector andretarded potentials, the fields of infinitely longwires and coaxial cones, and the free and forced
oscillations of spheres and spheroids. The secondand main section of 14o pages is entitled " Antennae
and integral equations," and deals with magneticand electric dipoles, coupled Hertzian dipoles,straight thin -wire antennae, the receiving pro-perties of a straight antenna, polar diagrams of
broadside arrays, earth effects, and direction finding.The final section treats the antenna as a type of
waveguide in the manner developed by Schelkunoff.The treatment throughout is based on the workdone in recent years by Hall6n, Ryder, R. King,
C. W. Harrison, M. C. Gray and Schelkunoff, whichis all discussed.

In the introduction on p. r, it is stated that " thevalue of the current at a generator is of particular
importance as the ratio of the e.m.f. supplied bythe generator to this current defines the impedancewhich the aerial offers to the generator and, formaximum power, this impedance must be matchedto the internal impedance of the generator." If agenerator has an e.m.f. of roo and an internalimpedance of ro + /Jo, what impedance must theexternal load have in order that maximum powermay be supplied to it ? If it be made ro-jro thecurrent is 100/20 = 5 and the power P = I2R =25o.If it be made 10 A/2. + jo the current is 3.83 and

P = 207. If it be made 10 + jo the current is
4.47 and P = 200. Finally, if it be made io + jro,
i.e., an exact match, the current is 3.53 and P = 125.
One should evidently be rather careful when talking
about matching impedances. The maximum out-
put is obtained when the external impedance is
the conjugate of the internal impedance. Some-
thing seems to have gone very wrong on p. 5, where
Fig. r shows a rod of dielectric material of dielectric
constant E2, and it is described in the text as a
thick wire of dielectric constant 2, but it suddenly
becomes a current -carrying conductor of con-
ductivity a, which it was evidently intended to be
from the beginning.

Symbols are always- a trouble in a book of this
kind. The author cannot be expected to be familiar
with the activities of the British Standards Institu-tion. Instead of K he still uses E for the dielectric
constant, as so many authors do, and it has this in
its favour that, as a Greek initial, it is the electric
counterpart of the magnetic  We were surprised
to find e instead of q as the symbol for quantity or
charge ; small letters and capitals seem to be used
indiscriminately and so we have I = de/dt, which
is intended to convey the information that the
instantaneous value of the current is equal to the
rate of change of the quantity or charge. The
author could probably reply that the symbols are
those employed in some of the various papers of
which the book is largely a resume and discussion.
Anyone who is meticulously careful in the use of
British Standard symbols will find it difficult to
realise that e e-aelq represents a charge dying away
exponentially divided by a cross-sectional area
(German Ouerschnitt). These remarks must not be
regarded as an adverse criticism of this book in
particular, but rather as a comment on the symbolic
difficulties that are met with when electrical engin-
eers turn to books written by mathematical physi-cists. The book is well produced ; the printing,
illustrations, paper and binding are all excellent.

G. W. O. H.
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rafting for Electronics
.1- By L. F. B. CARINI. Pp. 2I I+ ix. Published
by McGraw-Hill Publishing Co. Ltd., Aldwych
,House, London, W.C.2. Price Its. 6d.

This book is intended to help draughtsmen
engaged in the production of circuit diagrams of
lectronic apparatus. It opens by discussing the

kind of drawing -office equipment which is needed
and gives a great deal of information about how the
various instruments should be used. The steps in
the drawing of various circuit symbols and lettering
are indicated.

All this -occupies roughly one-third of the book
and it forms an excellent introduction to drawing

' which should be of great assistance to the beginner.
The author's style is clear and as long as he confines

1, himself to drawing one can have little but praise for
his work. It is true that he is somewhat in-
consistent. After deprecating the use of open arrow
heads he uses them more frequently than not in
his diagrams. Then, too, there is an actual error in
one of his circuit diagrams, Fig. 81.

When the author comes to deal with the layout of
j a circuit diagram the book becomes much less
'satisfactory. His main recommendation is that the
circuit symbols should be uniformly spaced, but

',this is just what they should not be. The aim of
;'the diagram -is to show the details of a circuit in
such a way that the reader can follow them most
easily. This is achieved, not by a uniform spacing
of the symbols, but by their careful grouping.

The bad effect of the uniform spacing which the
,, author recommends is most convincingly demon-
strated by an example from his own book. In
'Fig. 115 he gives a rough engineering sketch of a
circuit and .in Fig. 116 the draughtsman's finished
version of it. The rough sketch is incomparably
the better of the two, simply because it is better
spaced. The two are on facing pages and when one
looks for any circuit detail one finds that one's eyes
automatically go to the rough sketch. This sketch
is by no means perfectly spaced, but it is better
spaced than the finished version

The author deprecates the practice of drawing
diagrams so that the various supply bus -bars are
placed in order of their potential with respect to
earth. This is common British practice but not
American and this has perhaps coloured the author's
views. The practice is one to be commended, not
deprecated, however, for it does greatly assist the
user of the diagram. The author says that the
draughtsman is not paid to be an electrical engineer
and that it is not his job to sort out the bus -bars
in order of potential. But it is his job to produce a
diagram which gives to the user a maximum of
simplicity and legibility. This is all that matters ;
and in fact, intelligent co-operation between
engineer and draughtsman is all that is needed.

The author has omitted at least one very
'mportant " Don't." It is, never on any account
draw more than three adjacent and equally spaced
bus -bars. It is just impossible to follow more

ithout using a pencil to trace them out. His
Fig. 90 shows five such lines and although the
practice is not uncommon, it is bad practice.

So far as the purely drawing side is concerned the
book is excellent, but the advice on circuit diagram
layout and arrangement cannot be considered as
anything but representative of a bad practice
which one hoped was a thing of the past. The book

concludes with an extremely useful list of visual
aids to drawing, mainly film and film strips.

W. T. C.

Electrical Transmission in Steady State
By PAUL J. SELGIN. Pp. 427 + vii, with 99 Figs.

Published by McGraw-Hill Publishing Co. Ltd.,
Aldwych House, London, W.C.2. Price 25s.

The author was formerly an instructor at the
Polytechnic Institute of Brooklyn and the book
is based on a series of lectures given during the war
under the War Training Programme. It is mainly
devoted to the steady-state transmission along
lines, but the last four of the seventeen chapters
deal with inductive coupling and transformers,
capacitive coupling, four -pole theory applied to the
vacuum tube, and h.f. amplifiers. As the title
indicates, transient phenomena are excluded. As
the author says in the preface, " a book such as this
must be built upon a solid mathematical framework
and cannot be light reading.' Yet it must remain
accessible to readers of average mathematical
preparation." The treatment throughout is very
thorough, illustrated by many diagrams and exam-
ples. The first chapter deals with a four -terminal
network as a circuit element, and in laying founda-
tions the author discusses the mechanical -electrical
analogies and the principles of duality and super-
position. One is used to seeing the Helmholtz
- make and break " theorem referred to as
Thevenin's theorem, but it was new to us to see the
dual equivalent with the constant -current generator
and the parallel admittance referred to as " Norton's
equivalent." The author gives no reference or
indication why he gives this name to this equivalent
circuit. In Wireless Engineer of August, 1943,
A. Bloch gave an interesting account of its history
and be called the Helmholtz -
Russell theorem.

Following chapters discuss the application of
network theory to transmission lines, distortion,
reflection, the use of mapping methods, the use of
lines as matching devices, stubs, etc., all treated
very fully and clearly. A brief review is then

-given of electromagnetic theory and the application
of Maxwell's equations to circuit elements and
exponential lines. There seems to be some con-
fusion in the author's mind on the question of dis-
tortion for on p. 8o he says, " If the attenuation
varies with frequency, the mutual proportion of the
components of a sound will be affected by trans-
mission, giving rise to amplitude distortion. This
is sometimes called frequency distortion." The
italics are in the original, thus emphasizing the
muddle. A student who had used this book would
be rather puzzled if asked in an examination to
distinguish between amplitude and frequency
distortion. We might refer the author to pages
91 and 92 of Terman's Fundamentals of Radio
where he will find the terms explained. There is a
printer's error on p. 276, where the velocity of the
wave in air is given as 3 x roa m/sec ; also we
note that capacitance is sometimes o.i µF, some-
times 0J µf and sometimes merely 0.1 p., but these
are minor details and detract little from the value
of the book, which we can recommend to anyone
interested in transmission problems. It is very
well printed and very clearly illustrated and utilizes
the transmission problems to give a sound grounding
in electromagnetism.

G. W. 0. H.
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CORRESPONDENCE
Letters of technical interest are always welcome. In publishing such communications the
Editors do not necessarily endorse any technical or general statements whith they may contain.

Valve Equivalent Circuit
To the Editor, " Wireless Engineer."

SIR,-During the past fifteen years, use of the
constant -current generator circuit as an alternative
first -order equivalent representation for the vacuum
tube* has become widespread. It does not appear,
however, to be generally recognized that this
representation is only a limited equivalent to the
more fundamental concept of a constant -voltage
generator circuit to represent first -order operation
of the vacuum tube. I have not made a diligent
search of the literature to determine whether the
limited nature of the equivalent circuit has been
pointed out before. It may be that it has, but it
would appear that the matter is worth emphasizing.
The limited nature of the equivalence may be
illustrated in the following way. Fig. 1 shows the
well-known constant -voltage generator circuit
Assuming a harmonic variational grid voltage of
r.m.s. value E, the power developed in the external
load resistance is

1/2E2

(1)(r R)2
and the power developed in the internal resistance is

p.2E2

R)2
P' =

-gmeg

. . (2)

Fig. 1. The Constant- Fig. 2. The Constant -
Voltage Generator Circuit. Current Generator Circuit.

Fig. z shows the now equally well-known
constant -current generator circuit. For this
arrangement the power developed in the externalload resistance is

2E2
P

(r, R)2
. R

(3)

and the power developed in the internal resistance is
/42E2 R2-

R)2 I'D (4)

On comparing (1) and (3) it will be observed thatthe two circuit representations give the sameresults for the power developed in the external loadresistance. On comparing (2) and (4) it will beobserved that the two circuit representations do notgive identical results for the power developed inthe internal resistance. Is (2) correct, or is (4)correct, and why ? The answer to this question isthat (2) is correct, the reason being that Fig. 2 is
equivalent to Fig. I only for the current through,and voltage across, the external load resistance.

* N. R. Bligh, " A Note on an Alternative Equivalent Circuit forthe Thermionic Valve," Exberimental Wireless and the WirelessEngineer, September 1930, Vol. 7, No. 84, pp. 480-481.

Fig. 2 is not equivalent to Fig. 1 as regards the
current through, and voltage across, the internal
load resistance.

Once stated, these remarks would appear to be
obvious, but it may not be amiss to provide a
proof, particularly since the proof will serve to
emphasize the fundamental nature of the circuit
shown in Fig. 1.

The anode current of the vacuum tube is a
function of both grid and anode voltages. Assume
that each of these voltages consists of a steady
polarizing component and a relatively small variable
component. The functional relationship may then
be expanded in a double Taylor's series about
the steady voltages, getting to a first -order
approximation,

-r_Tv/,,(E E) eg
b
- , e, (5)Eg

The first term of the right-hand side is the steady
anode current, so that the variation in anode
current is given by the remaining terms.

= g e, g ea, .. (6)
where

g, =
g = bi,f3E3,

Note that
dI g,. dE, g,. dE .

so that if dI, = o
dE, = -

(7)

(8)

(9)dE g,
Equ. (9) may be taken as a definition for IL, the
amplification factor.

Now if the variation in anode voltage arises as a
result of a voltage drop in an external impedance,e = - i . Z, and from (6),

ZD = g, e,_- g,. Z
or g,. ei - , .. (so

g5 .Z Z 1/g,
The physical representation of (so) is a series
circuit which contains a generator of voltage peg,
a resistance 7, = I/g, and an impedance Z.

The voltage across the external impedance is,
from (io),

e - i,.Z = gm.e9.Z
g,.Z

= - g, . e, .{I1Z-kg,11 (II)

The physical representation of (11) is a shunt
combination of tube conductance g, load admit-
tance Y = 1/Z, and a constant -current generatorof value -g,. e. Observe that (II) is based on
the current through, and voltage across, the
external impedance, as obtained from (io).

The voltage across the internal resistance may
be obtained from (xi) by interchanging r, and Z.It is

{ Ie' = - g, e, . -2 + gp] (12)

The physical representation of (12) is a shunt
combination of tube conductance g, load admit-
tance Y = 1/Z, and a constant -current generatorofevalue - - - g. Note that as

I
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iegards the internal resistance, a new value must
e employed for the constant -current generator.
If rp = Z all of the circuits are equivalent,

without limitation. But this is true only when the
external impedance is a resistance equal to the(nternal resistance ; it will be recognized that this
}epresents the matched condition.

BERNARD SALZBERG.
Naval Research Laboratory,

}: Washington, D.C., U.S.A.

Eddy Currents,in Ellipsoids
1

To -the Editor, Wireless Engineer.
SIR,-In an article on " The Effective Impedance

4 a Sphere " in the December 1946 issue of Wireless
engineer, I said that the only finite solid object
or which the eddy -current distributions caused
)37 a varying magnetic field had been found was
he sphere. I should like to say that the solution
'or the case of the ellipsoid of revolution has been

Mound by M. Jouguetl. The solution is too complex
,o be of practical use except in the two special
uses, (a) with the skin effect almost complete,
nd no internal currents and, (b) with a uniform
at ernal field and no screening effect.

The application of these formulae to the theory
f the coreless induction furnace has been very
ompletely discussed by Jouguet in a published
hesis2 and more briefly in the other papers I
ave referred to. T. S. E. THOMAS.
,ondon S.W.r 1.

REFERENCES
1 Comptes Rendus, Paris. 12th April and 3rst May, 2943.
I M. Jouguet, "Courants de Foucault et fours a induction,"
authier-Villars, Paris, 2944.

Phase -shift Oscillators
The Editor, The Wireless Engineer

SIR,-It has been pointed out in the literatures
oncerning RC oscillators of the type shown in
ig. 1 that if the valve is removed from its associated
C circuits, the latter become simple resistance-

Ieactance networks, the number of meshes depend-
r]g on the type of oscillator. Thence it is shown
hat such networks always form an aperiodically

tamped system ; i.e., it is not possible for the
hfferential equation for the mesh currents to have
omplex roots.

In general, for an n -mesh network it is seen that
_he general solution for the current is :

n -Aat
i=Ekie

where the coefficients At are all real and positive ;
hence no oscillatory current can occur in any mesh.
Therefore it is stated that the system can only
oscillate if the " inherent over -critical ' damping "
is balanced by a negative resistance.

It is, however, important in forming a picture of
the mechanism by which oscillations build up in the
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phase -shift oscillator of this type (i.e., series
capacitors and shunt resistors), to appreciate that
the transient response to a unit voltage step of the
phase -shifting network does involve voltage reversals
at the output having the physical character of a
heavily damped oscillation.

If a voltage step is applied to such a network the
current in the last mesh shows a reversal, or a
number of reversals, in sign. Physically, this is due
to the initial charging and subsequent discharging of
all the capacitors, except the one to which the
voltage step is applied. This means that the voltage
output from the network exhibits an " over -swing "
effect, the number of overswings being dependent
on the number of meshes present.

In particular, the transient solution of the simpler
cases (e.g., 2-, 3-, and 4 -mesh networks) may be
evaluated using the Heaviside expansion theorem.
The form of the solution for the two -and three -mesh
networks is indicated in Figs. 2 and 3 respectively.
I t is seen that the terms in the solution of v alternate
in sign, and that as t increases the numerically
greatest term moves steadily along the series.
There are thus one and two overswings respectively,
as shown by the graphs.

In the three -mesh case the final overswing is
caused by the delayed discharging of the middle
capacitor due to the continued charging of the first

734.1.2
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capacitor, after the third has discharged. This
results in a small reverse charge being given to the
third capacitor. It is thus this overswing property
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which carries the valve past the " static " point
and initiates the oscillation.

It is hoped to publish subsequently a short paper
dealing more fully with the mechanism of build-up
in the phase shift oscillator.

Dept. of Electrical Engineering, P. G. M. DAWE.
King's College, A. S. GLADWIN.

London, W.C.2.

Dr. E. E. Schneider, Phil. Mag. June, 1945. " A New Type
o17_Electrical Resonance."

Degrees for Ex -Servicemen.
To the Editor " Wireless Engineer."

SIR,-There are many competent engineers who
have been unable to obtain degrees, largely as a
result of war service either in the Services or in
industry under conditions which did not permit
the necessary time for study. Many are very
competent indeed and are quite capable of carrying
out research or development work without technical
guidance. Nevertheless, their future career would
benefit greatly if they were able to obtain a degree.

The majority of these engineers are between, say,
25 and 3o years of age and have sufficient knowledge
and experience to enable them to pass Inter. with
very little difficulty. So far as I have been able to
ascertain there is at the moment no course of study
which is convenient for many of them, largely
because industry is now spread throughout the

country to a very much greater extent than before
the war, while educational facilities are still limited
to large centres of population. In addition, the
general adoption of the five-day week has increased
the difficulty of attending evening classes.

It is suggested, therefore, that it might be
practicable to arrange courses of study at a number
of technical colleges throughout the country, either
in the form of a full day on Saturday or a half day
on Saturday and, say, one, or at most two, evenings
per week. In this respect it should be borne in
mind that engineers and physicists of the grade
referred to often require to visit their professional
institutions for lectures and, therefore, at least one
extra evening per fortnight is likely to be occupied
at such gatherings.

If those engineers or physicists who are interested
in such a proposal will communicate with the
writer, and if the numbers prove to be sufficient,
he will communicate with the Ministry of Education
in order to ascertain whether something can be done
to meet their wishes. Those interested should state
name, address, whether it is desired to take a degree
in physics or in engineering, the name of the nearest
technical college at which it is desired to attend
and whether all -day Saturday or part of Saturday
and evening work is preferred. In order to enable
such courses to commence in September of this year
immediate action is required and, therefore, an early
reply would be appreciated.

The following two types of courses are proposed
and the replies should state which is preferred

(1) A two-year course, leading to final B.Sc. or
B.Sc.(Eng.) for engineers who have already
passed Inter. or who will be able to pass Inter.
this year.
A similar course, starting in September and
lasting, say, three years,
be able to pass Inter. next year.

It will be appreciated that the Ministry of
Education, to whom a copy of this letter is being
sent, cannot be expected to provide such courses
unless a genuine need for them exists.

Langley Park, 0. S. PUCKLE.
Nr. Slough, Bucks. R.F. Equipment, Ltd.

(2)

Transient Response of Filters
To the Editor, " Wireless Engineer "

SIR,-In reply to the letters in the March issue, I
should like to make the following points. To take
Dr. Belevitch's example, consider the circuit con-
sisting of 2R and L in series. The symbolic equa-
tion 2R + pL = o has the root p, = - 2R/L
corresponding to the tran-
sient exp (pit). Now to
form the band-pass ana-
logue, add C = I/(002L in
series, where w0 is the
natural frequency ; i.e.,

t.02 (2R
LC 4

2

L )

2
the corresponding transient exp it 2) cos coat having
the same envelope as the low-pass transient, except
for the factor which will be discussed later.

Fig. 1.
The symbolic equation becomes p2 - pip +

wog
1=-4)12 = 0, yielding the roots - (p,± 2jcoo),
4
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Consider now the circuit consisting of 2R and C
at parallel. The symbolic equation 2pRC = o
cias the root p2= / 2CR corresponding to the transient
exp. (p 20. To form the band-pass analogue, add

FI = itwo2C in parallel with C, where coo is given by
I

WO2 = 4 2RC
The symbolic equation is then p2 - pep 0,02 +

22 = o yielding the roots - (p, ± 2/0.4 the corres-
(ponding

4 2
transient again having the same envelope

as the low-pass transient (apart from the factor 1).
If two I -OW -pass systems as described above are

;laced in series to form a low-pass system, it is
easily verified that the band-pass analogue has a
1,,ransient response envelope identical with the low-
toass transient, provided

(a) we take coo as a natural frequency
(b) the damping of each system is the same.
For all systems included in the above description

ft is then quite correct to say that " if the wave
os wot . 1 is put into a band-pass network, the

putput wave is exactly the same as the output
wave obtained when unit step is placed into the
,ow -pass analogue."

However, if we attempt to validate this statement
or more complex networks it is found to be untrue

,ixcept in the case where the band -width is small
ompared with the mid -band frequency. Con -

0

Fig. 2 (above).

Fig. 3 (right).

,lider, for example, the
Aetwork shown in the
Diagram Fig. 1.

1;, If we have equal damp-
,ng, i.e. a = =-
1`1R,C, we obtain as a
,ymbolic equation of the
,',ow -pass network (p a)2 co92 = o where 01,2 =
IL,C,. The roots of this equation correspond
o the transient exp (- at) cos

The band-pass analogue, when the network is
?!Transformed as in the simple cases above, yields the
ymbolic equation,

+ + (00212 + P2w.,2 = 0

,yhere

(a)

I a2 I a2WO-

= L,C, 4 L2C2 4

Now the symbolic equation does not correspond
,o the transient exp (- at/2) cos cost cos coot or to

such simple form as this. This may be seen

be so, since if we attempt to replace p Ct.-`

0y p (corresponding to removing exp (- at/2)), a/2
'toes not disappear. The decay factor present in
the symbolic equation, is indeed no longer equal
'3 -

In general, therefore, Belevitch and Thomson
rightly state that when the damping is such as to
make the natural frequency differ greatly from the
resonant frequency defined by an LC product,
the statement above in inverted commas is not
true. This statement only holds when the Q's
of the network are high. This corresponds to the
requirement that the bandwidth must be small
compared with the mid -band frequency.

Assuming the bandwidth is small compared
with the mid -band frequency, the fact that we have

2not only to replace w by w - w° but also double
the bandwidth to obtain the band-pass analogue,
may be explained by reference to the amplitude -
and phase -frequency characteristics. Consider,
for example, the characteristics of a simple tuned
circuit, as shown in Fig. 2.

Now, if we increase the value of the inductance
L, the value of a) decreases and as the response
curves approach zero frequency their shapes begin
to alter, Fig. 3(a). As L becomes very large the
responses take the form (b).

It will be noted that the amplitude response
at w = o is still zero, since we have an inductance
whose impedance at zero frequency is zero. Now
if we remove L completely the circuit has a zero -
frequency response and the final response curves
for the low-pass network have the form of Fig. 3(c).

It will be seen that
for the band-pass case we
have twice the bandwidth
associated with the low-
pass case, thus accounting
for the fact that the
time subsidence of tran-
sients for a band - pass

I

(b) (c)

network having a bandwidth small compared
with the mid -band frequency, is twice as great as
in the low-pass analogue. My final equation in
the January issue referred to the band-pass case
since I was making a comparison with C. C. Eagles -
field's result. There was, though, a certain amount
of ambiguity.

It will be further noted that when the band-
width considered is small compared with mid -
band frequency, then the shapes of the band-pass
characteristics tend to those of the low-pass char-

acteristics. This follows putting w = co, +
2

where Llco/coo<I since we have
2

0

The expression for the band-pass response in
terms of ZI w, corresponds to the expression for the
low-pass response in terms of co.

London, E.14. EDWARD T. EMMS.

;.11
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WIRELESS PATENTS
A Summary of Recently Accepted Specifications

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

ACOUSTICS AND AUDIO -FREQUENCY CIRCUITS
AND APPARATUS

579 256. -Tone -control circuit comprising positive
and negative feedback paths.

Standard Telephones and Cables Ltd. (communi-
cated by International Standard Electric Corporation).
Application date 25th April, 1944.

579 4o7. -Two -stage a.f. amplifier comprizing tuned
circuits with positive reaction for emphasizing
selected parts of the audio -frequency range.

B.P.L. (Instruments) Ltd. and B. Digby. Appli-
cation date 25th April, 1944.

579 685. -Multistage amplifier for low frequencies
or direct current, comprising valves with their
anode -cathode paths in series across the h.t. supply,
and valves with their cathodes in common.

H. L. Mansford. Application date 24th April,
1944.

AERIALS AND AERIAL SYSTEMS
579 655. -Transmitting and receiving aerials ar-
ranged in close proximity, but so as to allow distant
signals to be received on or near the same frequency
as the outgoing signals.

J. Robinson. Application date 1st June, 1943.

DIRECTIONAL AND NAVIGATIONAL SYSTEMS
578 479. -Navigational system of the kind in which
the course is indicated by a constant phase -
difference, characterized by the use of a method of
modulation which keeps the course secret from
unauthorized persons.

H. Fletcher. Application date 9th September, 1942.

578 55o.-Radiolocation equipment, say for an
aeroplane, in which the scanned field extends to the
right and left of the direction of flight, both in
front and to the rear of the moving craft.

Standard Telephones and Cables Ltd. (assignees of
H. G. Busignies). Convention date (U.S.A.)
24th February, 1941.

578 690. -Pulse -generator of the multivibrator
type, as used for radiolocation, in which the
frequency of operation is stabilized by secondary
impulses derived from the main pulses through
delay networks.

Standard Telephones and Cables Ltd., B. B.
Jacobsen and M. M. Levy). Application date
8th July, 1941.

578 737. -Quarter -wave frictionless coupling be-
tween the fixed and rotary sections of a coaxial line
for feeding the rotating aerial, say, of a radio -
location set.

The General Electric Co. Ltd. and D. C. Espley.
Application date 14th June, 1940.

578 773. -Eliminating undesired secondary lobes
from a duplex aerial -system for marking -out a
blind -landing glide -path.

Standard Telephones and Cables Ltd. and L. ,j
Heaton -Armstrong. Application date 30th October,
1942.
578 875. -Capacitance network for shaping the
modulating voltages for radiolocation or like
pulsed signals.

The British Thomson -Houston Co. Ltd. and K. J. R.
Wilkinson. Application date, 8th December, 1941.
578 91I. -Frictionless coupling between the fixed
and rotary stubbed sections of a coaxial line for
energizing a rotating aerial as used, say, for radio -
location.

The General Electric Co. Ltd. and D. C. Espley.
Application date 26th August, 1941.
579 042. -Balanced -bridge coupling for allowing
the same aerial -system to be used simultaneously
with two direction -finders on the same or different
wave -lengths.

Standard Telephones and Cables Ltd., C. W. Earp,
I. R. J. James and R. F. Cleaver. Application date
9th February, 1940.
579 ogo.-Course-indicator of the overlapping -
beam type in which the normal centre -zero meter
is also adapted to give a positive indication of a
failure in the transmission of signals.

Standard Telephones and Cables Ltd. and H. P.
Williams. Application date nth May, 1944.
579 154.-Radiolocation system in which successive
exploring pulses alternate in frequency above
and below a standard frequency.

A. D. Blumlein. Application date 29th March,
1940.

579167. -Blind -landing system utilizing three
overlapping and differently -modulated beams of
infra -red rays.

E. T. J. Tapp and Vacuum Science Products
Ltd. Application date 15th December, 1942.
579170. -Discriminating device for automatically

. maintaining a constant phase and amplitude
relation between the overlapping beams of a radio -
navigational system.

W. J. O'Brien. Convention date (U.S.A.) 13th
April, 1942.
579 274. -Amplifier with negative feedback for
maintaining linearity in a remote -control gonio-
meter device, such as the " mag-slip. resolver "
used in certain forms of radiolocation equipment.

A. C. Cossor Ltd. and L. H. Bedford. Application
date 7th October, 1942.

579 346. -Radio -navigational system in which a
mobile receiver ascertains the phase -difference
between signals transmitted from spaced stations
on a single frequency but with distinctive character-
istics.

H. T. Mitchell and T. Kilvington. Application,
date 1st March, 1944.
579 360. -Directional system in which the azimuth
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I and elevation of a source of radiation are indicated
two separate traces on a cathode-ray tube.

H. A. M. Clark. Application date 18th November,
1i938.

579 o72. -Bridge -rectifier circuit for converting the
Iclot and dash signals of a radio -approach system into
equivalent signals of constant sign, for feeding a
d.c. meter or indicator.

Standard Telephones and Cables Ltd. and J. D.
Weston. Application date 11th May, 1942.

1579 725. Pulse -generators, for use in radiolocation,
!wherein intense modulating -voltages of short
duration are built-up in the anode circuits of one
or more valves when these are periodically biased

Ito cut-off.
11 A. D. Blumlein and E. L. C. White. Application
date 27th ,January, 1940.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

1578 512. -Selective receivers, particularly for use on
imobile vehicles, in which modulating or mixer
stages are combined with passive filter circuits.

The General Electric Co. Ltd., H. C. Turner and
E. A. Fielding. Application date 12th November,
1941.
578 716. -Receiver for discriminating between two
frequency -modulated signals by combining them
with a third oscillation in a limiter valve, and
selecting an image frequency from the output.

A. C. Cossor Ltd. and D. A. Bell. Application
date 24th July, 1944.
578. 823 -Receiver coupled to two alternative
sources of supply through a rectifier circuit which
automatically brings the second source into opera-
t ion should the first one fail or be disconnected.

E. K. Cole Ltd. and L. W. D. Sharp. Application
date 17th June, 1944.
578 876. -Mixing circuit comprising a cavity
resonator with tuning probes and input and output
electrodes for heterodyning ultra -short waves.

The British Thomson -Houston Co. Ltd. and T. H.
Kinman. Application date 1st January, 1942.
578 880. -Band-pass filter circuit of the double -
tuned type including means for adjusting the
spacing and heights of the two resonance peaks.

Philco Radio and Television Corp. (assignees of
IV E. Bradley). Convention date (U.S.A.) 24th July,
1942.
578 952. The use of boron carbide in contact with
a metal for mixing or rectifying centimetre waves.

The General Electric Co. Ltd. and J. W. Ryde.
.4PPlication date 23rd November, 1940.
:578 96o. Tracking circuit designed to maintain a
constant tuning -relation with the main circuit over
a wide range of operation.

The General Electric Co. Ltd. and A. Bloch.
Application date 23rd October, 1942.
578 969. -Tunable coupling -network, particularly
for suppressing the image -frequency in a super-
heterodyne receiver.

Marconi's W.T. Co. Ltd. (assignees of W. F.
Sands). Convention date (U.S.A.) 3oth December,
1942.
579 012 -Compact tubular trimming unit, com-
prising an inductance and a capacitor, both
separately adjustable.

Marconi's W.T. Co. Ltd. and E. R. Burroughes.
Application date 26th April, 1944.
579 I17. -Receiver in which the signals are divided`
between two paths of different electrical lengths,
feeding a differential detector, in order to increase
the signal-to-noise ratio.

Standard Telephones and Cables Ltd. and C.
W. Earp. Application date 19th December 1941.
579 23o. -Short-wave superheterodyne receiver in
which a concentric -line resonator is arranged to
stabilize the operation of the local oscillator.

Marconi's W. T. Co., Ltd. (assignees of K. G.
MacLean). Convention date (U.S.A.) 3oth July
1938.

579 3oo.-Chassis arrangement, and supporting
brackets and pins, for mounting transportable
radio -sets.

G. A. Laughton and H. N. Cox. Application date
17th April, 1944.
579 507. -Electronic -switching arrangement for
coupling the spaced aerials, in a diversity or anti -
fading system, to the common receiver.

Marconi's W. T. Co., Ltd. (assignees of M. G.
Crosby). Convention date (U.S.A.) 6th May, 1943.
579 671. Method of demodulating f.m. signals
which includes the step of " clipping " the waves
to approximately rectangular form, in order to
offset the effect of accidental amplitude modulation.

Standard Telephones and Cables Ltd. (assignees
of L. A. de Rosa). Convention date (U.S.A.) 13th
November, 1942.

TELEVISION CIRCUITS AND APPARATUS
FOR TRANSMISSION AND RECEPTION

579 o31. -Mobile television equipment in which the
orientation of a picture received, say from an
aeroplane, is identified by a transmitted compass
marking.

C. 0. Browne and H. W. Hobbs. (Secret patent).
Application dates 16th March and loth April, 1938,
Published 24th May, 1946.
579 273. -Television transmitters of the kind in
which the scanning beam reaches the mosaic with
substantially zero velocity, characterized by means
for preventing so-called " crawling " distortion.

Marconi's W. T. Co., Ltd. (assignees of L. E.
Flory, E. A. Massa, and G. A. Morton). Convention
date (U.S.A.) 21st June, 1941.
579 482. Method of inserting a comparatively -
large viewing -screen into the spherical glass bulb
of a cathode-ray television receiver.

J. L. Baird. Application date 28th April, 1944.

579 600. Television transmitter in which undesired
" shading " effects are reduced by a method which
involves a periodic reduction or interruption of
the scanning beam.

Hazeltine Corpn., (assignees of A. V. Loughren)
Convention date (U.S.A.) 3oth March 1943.

TRANSMITTING CIRCUITS AND APPARATUS
(See also under Television)

578 466.-Waveguide provided with internal plates
or fins which serve to reduce the normal cut-off
frequency of transmission.

The British Thomson -Houston Co. Ltd. Con-
vention date (U.S.A.) 16th August, 1943.
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578 597.-Waveguide fitted with internal apertured
portions, forming variable reactors, for tuning or
filtering purposes.

Western Electric Co. Inc. Convention date (U.S.A.)
3oth July, 1942.

578 617.-Waveguide in which a transverse partition
is suitably apertu red to provide local resonance for
energy of a given wavelength (divided out of
578 597-)

Western Electric Co. Inc. Convention date
(U.S.A.) 3oth July, 1942.

578 664. -Short-wave transmitter with a spark- gap
system comprising two sections, one for rapidly
establishing the discharge, the other for rapidly
restoring the dielectric medium.

Standard Telephones and Cables Ltd. (communicated
by International Standard Electric Corporation). -
Application date 15th February, 1944.

579128. -Construction of balanced impedance
couplings or connectors for coaxial feed -lines.

E. C. Cork. Application date 15th January, 1941.

579 567. -Heterodyne method of frequency control
and stabilization for a combined transmitter and
receiver set, working on frequency -modulated
signals.Marconi's

W. T. Co., Ltd. and H. R. Cantelo.
Application date 7th October, 1943.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE
578 514. -Arrangement of the charging inductance
in a triggered circuit for generating pulses of variable
recurrence -frequency, or for developing a time -base
for a c.r. tube.

M. E. Haine and Metropolitan -Vickers Electrical
Co. Ltd. Approximate date 11th July, 1942.

578 732. -Generating pulses to convey speech or
like signals by sweeping an electron beam repeatedly
but variably across a target electrode.

Standard Telephones and Cables Ltd., and W. A.
Beatty. Approximate date 21st March, 1940.
579 126. -Signalling system in which time -modu-
lated pulses are used to control the initial amplitude
of a series of damped oscillations, say for multiplex
or secret working.

Standard Telephones and Cables, Ltd., and W. A.
Beatty. Application date loth November, 1939.

579 565. -Demodulating signals sent in the form
of pulses, having a variable frequency or phase
of repetition, by a method which includes the
step of mixing them with saw-toothed waves of
constant frequency.

A. C. Cossor, Ltd., and D. A. Bell. Application
date 17th September, 1943.
579 652. -Time -base circuit and cathode-ray indi-
cator for monitoring the width, phase, or amplitude
modulation in a pulsed -signalling system.

C. J. Carter and Pye Ltd. Application date
18th December, 1942.

579 672. -Pulse -generating and modulating circuit,
particularly suitable for multi -channel signalling
systems.

Standard Telephones and Cables Ltd., P. K.
Chatterjea and C. T. Scully. Application date
16th November, 1943

579 673. -Pulse -generator with anode excitation

through a spark -gap device, suitable for timed -
pulse signalling, or for radiolocation.

Standard Telephones and Cables Ltd. (assignees
of R. B. Hoffman). Convention date (U.S.A.) 23rd
November, 1942.

CONSTRUCTION OF ELECTRONIC -DISCHARGE
DEVICES

578 762. -Electron discharge tube in which quarter -
wave " earthing " leads are incorporated in order
to dissipate undesired potentials set up at certain
points of the electrode -structure.

L. F. Broadway and E. C. Cork. Application
date 6th August, 1940.
578 84o. -Hollow resonator, as used for velocity -
modulation, with a screw -controlled device which
varies the tuning by deformation.

H. E. Holman and N. C. Barford. Application
date 15th April, 1942.
578 848. -Electron discharge device for velocity -
modulation in which lead-in conductors of the
coaxial -line type are sealed into the glass tube.

The British Thomson -Houston Co. Ltd., and W. J.
Scott. Application date 2nd March, 1943-
.579 o62. -Ultra -short-wave oscillator in which the
electrode system is combined with two coaxial
resonators, the vacuum tube forming one mechanical
unit with the oscillation circuit.

Standard Telephones and Cables Ltd. (assignees of
W. Hotine). Convention date (U.S.A.) 8th October,

SUBSIDIARY APPARATUS AND MATERIALS
578 730. -Circuit for giving a direct indication on
a c.r. tube of the- direction of a mobile craft or
other body radiating infra -red rays.

H. A. M. Clark. Application date 23rd December,
1938.

578 8f8. -Frequency -measuring indicator of the
kind in which each separate digit of the measured
value is separately ascertained by heterodyning
against certain standafd frequencies.

The General Electric Co. Ltd., and F. C. F.
Phillips. Application date 1st May, 1944.
578 844. -System for navigating ships by utilizing
the lines of force produced by feeding direct,
alternating or pulsating currents into the sea at
two or more spaced points.

W. Stern. Application date 3rd November, 1942.
578 877. -Hollow resonator with symmetrically -
arranged movable plugs or plungers for tuning
control.

G. B. Banks and N. Levin. Application date
8th May, 1942.
578 901. --Tuned circuit for generating and con-
trolling the output of large current -pulses, such as
are used for welding operations.

The General Electric Co. Ltd., and E. Friedlander.
Application date 12th July, 1944-
578 923. -Portable thermo-electric generator,
suitable for charging accumulators.

Eaton Manufacturing Co. Convention date
(U.S.A.) 22nd April, 1943.
578 955. -Arrangement and dimensions of thin
wires for supporting a piezo-electric oscillator.

The General Electric Co. Ltd., and R. S. Rivlin.
Application date 29th October, 1941.
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1! ACOUSTICS AND AUDIO FREQUENCIES
,ei. + 621.395.625.3 985
Second National Electronics Conference, Chicago,
Otumn 1946.-(Elect. Engng, N.Y., Dec. 1946,
,)l. 65, No. 12, pp. 569-574.) Abstracts are given

"the following papers read at the conference. A
thod for Changing the Frequency of a Complex
ave, by E. L. Kent. The Reduction of Back-
pund Noise in the Reproduction of Music from
cords, by H. H. Scott. Recent Developments
Magnetic Recording, by R. B. Vaile, Jr. For
es of other papers read, see other sections. For

1. 5, No. 12, pp. 46-47..11 1.
ler abstracts see Electronic Industr., Dec. 1946,

4.321.9 : 620.579 986
upersonic Flaw Detector.-J. H. J. (Electronics,
. 1946, Vol. 19, No. 12, pp. 198..202.) x-Mc/s
rtz crystal generator to detect flaws in sheet

minium alloy.

[A32coustie Tests.-A. Moles. (Radio en France,

1.9.001.8 987
upersonic Vibrations and Their Applications.-

. Richardson. (J. R. Soc. Arts, 3rd Jan. 5947,
. 95, No. 4734, pp. 90-105.)
.62 988
ealization of Dead Rooms [chambres sourdes]

'6, No. 4, pp. 14-20.)
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534.756 + 621.39 989
Theory of Communication.-Gabor. (See 1057.)

Part 1, analysis of information ; Part 2, analysis of
hearing ; Part 3, frequency compression and
expansion.

534.851 : 621.395.813 990
Periodic Variations of Pitch in Sound Reproduc-

tion by Phonographs.-U. R. Furst. (Proc. Inst.
Radio Engrs, W. & E., Nov. 1946, Vol. 34, No. 11,
pp. 887-895.) The causes of wow ' are discussed
and an account given of the design and construction
of an instrument for its measurement.

534.851 : 621.395.813 991
Dynamic Suppression of Phonograph Record

Noise.-H. H. Scott. (Electronics, Dec. 1946,
Vol. 19, No. 12, pp. 92-95.) A method of suppres-
sion of high- and low -frequency noise by automatic
control of the bandwidth of an audio amplifier.
Details of performance are given ; a description of
circuits and equipment will be published later.

534.862.4
Perfect v. Pleasing Reproduction.-Moir.

1185.)

992
(See

621.395.623.73 993
Wide -Range Loudspeaker Developments.-H. F.

Olson & J. Preston. (J. Soc. Mot. Pict. Engrs,
Oct. 1946, Vol. 47, No. 4, pp. 327-352.) The duo -
cone loudspeaker, consisting of two coaxial, con-
gruent, separately driven cones appears to possess
many advantages over other types. A detailed
investigation was carried out to determine the best
values of the constants of such a loudspeaker.
Methods and results are described.

621.395.623.8 994
A Problem in Outdoor Sound.-A. B. Ellis & J. P.

Gilmore. (Electronics, Dec. 1946, Vol. 19, No. 12,
pp. 126-129.) High -quality amplifying equipment
to cover a large open-air stage and audience.

621.395.625.6 995
Factors governing the Frequency Response of a

Variable -Area Film Recording Channel.-M. Ret
tinger & K. Singer. (J. Soc. Mot. Pict. Engrs,
Oct. 1946, Vol. 47, No. 4, pp. 299-326.)

621.396.615.1
RC Low -Frequency Generators.-(See

621.396.615.11
Low -Frequency Generators.-Aschen.

996
1038.)

997
(See 1039).
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621.396.645.029.3
Amplifier with

Part 9.-Chretien.

998
Very High Musical Fidelity :
(See 1047.)

621.396.645.029.4 999
Resistance Amplifiers : Part 1- Low Frequen-

cies.-L. Chretien. (route la Radio, Dec. 1946,
Vol. 13, No. III, pp. 4-7.) A general treatment
with special reference to the amplification of
rectangular signals and the correction of phase
distortion.
534.861 621.396.712.3 1000

Radio Sound Effects. [Book Review]-J. Creamer
& W. B. Hoffman. Ziff -Davis Publishing Co.,
New York, 1945, 61 pp., 81.5o. (Proc. Inst. Radio
Engrs, W. E., Nov. 5946, Vol. 34, No. 1 I, pp. 865-
866.) Gives a general background for broadcasting
studio work. For another review see 1444 of 1946.

AERIALS AND TRANSMISSION LINES

621.315.2: 621.365.5 1001
Low Reactance Flexible Cable for Induction

Heating.-M. Zucker. (Trans. Amer. Inst. elect.
Engrs, Dec. 1946, Vol. 65, No. 12, pp. 848-852.)

621.315.2.029.5 : 621.317.333.4 1002
New Methods for Locating Cable Faults, particu-

larly on High -Frequency Cables.-F. F. Roberts.
(J. Instn elect. Engrs, Part III, Nov. 1946, Vol. 93,
No. 26, pp. 385-395. Discussion, pp. 395-404.)
A theoretical survey is given of the possibilities of
frequency modulation and pulse methods of locating
cable faults. It is concluded that the pulse method
is preferable, and in particular the d.c. pulse rather
than the carrier pulse system. An instrument of
the d.c. pulse type is described which gives a loca-
tion accuracy of faults on coaxial cables within
1% at ranges up to to miles.
621.315.2.029.5 : 621.395 1003

High -Frequency Telephone Cables.-A. C. Holmes.
(J. Instil elect. Engys, Part I, Dec. 1946, Vol. 93,
No. 72, p. 568.) Construction, attenuation and
current transmission are discussed and the advan-
tages of coaxial cables over waveguides indicated.
At the higher frequencies coaxial cables may be
limited by the problems of equalization and tempera-
ture control, with an upper limit of about to Mc's
and a maximum oft 000-I 500 channels. Abstract
of Chairman's address to the North Midland
Student's Section of the I.E.E.
621.392 ± 621.396.67 1004

Second National Electronics Conference, Chicago,
Autumn 1946.-(Elect. Engng, .V. Y., Dec. 1946,
Vol. 65, No. 12, pp. 569-574.) Abstracts are given
of the following papers read at the conference.
The Theory and Design of Several Types of \\'ave
Selectors, by N. I. Korman. Aircraft Antenna
Pattern Measuring System, by 0. Schmitt. Prob-
lems in Wide -Band Antenna Design, by A. G.
Kandoian. Slot Radiators, by A. Alford. For
titles of other papers read, see other sections.
For other abstracts see Electronic Industr., Dec.
1946, Vol. 5, No. 12, pp. 46-47..111.

621.392 1005
Wave Propagation in Curved Guides. -1l. Jouguet.

(C. R. Acad. Sci., Paris, 4th March 1946, Vol. 222,
No. to, pp. 537-538.) Expressions are derived for
the field components on the assumption that the
curvature does not exceed a certain value. Phase

Lt

Velocity and attenuation are shown to be inde-
pendent of the curvature to a first approximation.

621.392 1006
Reflection of an Electromagnetic Wave by a Disk

located in a Waveguide.-T. Kahan. (C. R. A cad.
Sci., Paris, 24th April 1946, Vol. 222, No. 17, pp.
998-100o.) It is shown that (t) if a waveguide is
terminated by an infinite section of the same cross-
section, no reflection occurs and therefore no stand-
ing waves ; (2) if a guide is terminated by a semi-
transparent disk, whose impedance is equal to the
characteristic impedance of the guide, a system of
stationary waves is produced ; (3) if the guide is
prolonged beyond the disk by an infinite similar
guide, stationary waves appear ; (4) if the guide is
terminated by a semi -transparent disk, with a
reflection coefficient of 1 '3 and whose impedance is
equal to the characteristic impedance of the guide,
followed by a cavity whose length is an odd
number of quarter waves, no reflection occurs.
See also 1795 of 1946.

621.392: 621.396.677 1007
A Wide -Band Directional Coupler for Wave Guide.

-H. C. Early. (Proc. Inst. Radio Engys, II'. S E.,
Nov. 1946, Vol. 34, No. 11, pp. 883-886.) This uses
a small loop responding to both electric and mag-
netic fields. With a special section of ridge wave -
guide, a two -to -one frequency range can be covered
with good directional characteristics.

621.392.22 1008
Propagation of an Electromagnetic Signal along a

Heterogeneous Line.-F. Raymond. (C. R. Acad.
Sci., Paris, 24th April 1946, Vol. 222, No. 17,

pp. 1000-1002.) A method has previously been
given the equations of
propagation by developments in series, introducing
the idea of two waves propagated in opposite direc-
tions along the bifilar line considered. Application
to the case of a discontinuity in the line results in
formulae for the reflection and transmission coeffi-

cients. Equations are derived, for signals which are
any functions whatever of time (t) and distance (x),
expressing the law of signal variation as a function
of t and x. When the line has no loss, simple results
are obtained which exhibit the reflection coefficient
at the discontinuity.

621.396.67
Antennas for Circularly Polarized Waves.

1009-

(Electronics, Dec. 1946, Vol. 19, No. I 2, p. 214.)

Construction and polar diagrams for a transmitting
aerial are given ; the receiving aerial is briefly

described. Orientation of the receiving aerial is

less critical for circular than for horizontal or verti-
cal polarization.

621.396.67 1010

The Wide -Band Dipole.-F. Duerden. (Elec!
Ironic Engng, Dec. 1946, Vol. 18, No. 226, pp. 382,

384.) The approximate bandwidth of a dipole it
derived from a knowledge of the radiation resistance.,
and the characteristic impedance, the latter being,

calculated from the dimensions. This gives a

considerably greater value than can normally be

expected since the impedance of the dipole changes
with frequency ; this causes serious mismatches In
the feeding transmission line. Curves are therefore
plotted of bandwidth against dipole dimensions for

various values of permissible standing wave ratios.
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521.396.67.011.2 1011
Simplifications in the Consideration of Mutual

Effects between Half -Wave Dipoles in Collinear and
Parallel Orientations.-K. J. Affanasiev. (Proc.
Inst. Radio Engrs, TV. & E., Nov. 1946, Vol. 34,
No. 11, p. 863.) Fig. 7 of this paper, omitted from
23 of January.

521.396.674 1012
Radiation from Large Circular Loops.-E. B.

Nloullin. Instu elect. Engrs, Part I, Dec. 1946,
Vol. 93, No. 72, p. 609.) Summary of 24 of January.

521.396.677 1013
Metal -Lens Antennas.-\V. E. Kock. (Proc. Inst.

Radio Engrs, TV. & E., Nov. 1946, Vol. 34, No.
pp. 828-836.) A discussion of their properties,
methods of construction and applications. The
fundamental principles are given and the equations
Df the plate profiles are derived for both plain and
Stepped lenses. Index of refraction, bandwidth,
tolerances and matching to the feed line must be
onsidered in the design. Methods of construction

ror centimetre or metre wavelengths and of feeding
)3r directive dipole or waveguide and horn are
described. Parabolic reflectors and metal lenses
i re compared and possible applications of the latter
re discussed. Field patterns are given for an
xperimental 40 -aperture lens, used with a
onical feed horn having an aperture 2 A in diameter,
nd also illustrations of several types of lens.

21.396.677 1014
A Practical Calculator for Directional Antenna

ystems.-H. A. Ray, Jr. (Proc. Inst. Radio
mgrs, W. & E., Nov. 1946, Vol. 34, No. 11, pp.

1198-902.) This easily -constructed device can be
Tsed to calculate the ground and sky -wave patterns
f two- and three -element arrays. The gain can

ue found by graphical integration.

i2I.396.677 1015
A Generalised Radiation Formula for Horizontal

rhombic Aerials : Part 3.-H. Cafferata. (Marconi
;ez)., July/Sept. 1946, Vol. 9, No. 82, pp. 102-108.)

1

' formula is developed which is believed to be more
tclusive than those previously published and
-Tresses the radiation in any given direction in a
:Dherical coordinate system at large distances from
he source. The source considered is that of a

ultiple array of horizontal rhombic elements
; -ranged n in cascade, with in cascades in parallel
aid all contained in the same horizontal plane.
'he formula takes into account arbitrary phase
lations between elements and between cascades
1:1c1 also includes the effect of attenuation along
e conductors comprising the radiating system.
rts r and 2 of this article (1456 and 3188 of 1946)

,!alt with the development of the general formula
r imperfectly conducting, and perfectly con-
icting earth. The list of symbols used in this
velopment was presented in part 2 immediately
jacent to the general formulae in order to make
ference as easy as possible. Part 3, now pre-
nted, deals with the derivation of formulae for

.

rticular cases representing the application of the
Oneral formula to radiation in the principal
eTtical and horizontal planes through the origin
d principal axis of the system.

CIRCUITS AND CIRCUIT ELEMENTS
621-526 1016

Application of Circuit Theory to the Design of
Servomechanisms.-A. C. Hall. (J. Franklin Inst.,
Oct. 1946, Vol. 242, No. 4, pp. 279-307.) Laplacetransform theory is applied to determine the
response characteristics of servomechanisms and amethod is given for the determination of the
sensitivity. Comparison is made with the feed-
back amplifier. Steady-state performance and
dynamical characteristics of servomechanisms are
discussed and design methods given for lag -com-
pensated networks and for circuits giving minimum
steady-state errors.

621.315.2.011.3 1017
The Inductance of Wires and Tubes. A. H. M.

Arnold. (J. Insin elect. Engrs, Part 11, Dec. 1946,
Vol. 93, No. 36. pp. 532-540.) Maxwell's equations
are used to develop formulae for the inductance
of a single-phase system of wires or tubes arranged
side by side or concentrically. Various functions
required for numerical calculation are tabulated.

621.316.86: 546.281.26 1018
Silicon Carbide Non -Ohmic Resistors. --Ashworth,

Needham & Sillars. (See 1115.)

621.316.86.023 1019
High Value Deposited Resistances at High Fre-quency.-A. Klemt. (Arch. tech. JlIessen, Oct.

1940, No. 112, pp. T117-1 18.) Cylindrical or
helical deposits of carbon on a ceramic base provide
resistances of low temperature coefficient and small
phase angle. The skin effect is negligible since the
thickness of the layer is usually less than o.f mm
which is the penetration depth in carbon at 1 000
Mc s. The influence of internal capacitances and
their loss on the apparent h.f. resistance is analysed
and the possibility of compensation is discussed.

621.319.4 533.5 1020
Vacuum Condensers.-H. A. H. Griffiths. (II -ire -

less World, Jan. 1947. Vol. 53, No. 1, pp. 23-24.)
Capacitors with large diameter glass -to -metal seals
and of rigid cylindrical construction are described.
They are much smaller in size than any other type
of capacitor of equivalent rating and have low
power factor and temperature coefficient of
capacitance.

621.392.4 1021
Wideband Phase Shift Networks.-R. B. Dome.

(Electronics, Dec. 1946, Vol. 19, No. 12, pp. 112-
115.) \Vide band characteristics are achieved by
the use of two networks, each variable with fre-
quency but having a constant phase difference.
Design calculations are indicated for a pair of
RC networks, which are preferable to LC. Such
networks are used for single side -band telephony,
for increasing transmitter efficiency, for carrier -
frequency adjustment, and for frequency shift
keying.

621.392.5: 621.396.96 1022
Precision Resistance Networks for [fire -control]

Computer Circuits.-E. C. Hagemann. (Bell Lab.
Rec., Dec. 1946, Vol. 24, No. 12, pp. 445-449.)
Design and development are considered in termsof the accuracy required for use under widely
varying wartime conditions.
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621.392.52 1023
Rational Calculation of Ladder-Type Filters. -

P. Coulombe. (Bull. Soc. franc. Elect., March 1946,
Vol. 6, No. 57, pp. 103-110.) The problem of the
attenuation due to any cell in a filter can be
standardized by writing it in the form
E log {(ii+x)/(ti. - x)}, where x is a function of the
frequency and ki a parameter characterizing the filter.
Methods are developed, based on Tchebycheff's
theory, for determining the values of µ giving the
most economical filter for assigned attenuation
in one or two bands.

621.392.52 1024
Filters and Filter Problems. -F. Locher. (Tech.

Mitt. schweiz. Telegr.-TelephVerw., 1st Oct. 1946,
Vol. 24, No. 5, pp. 194-203.) A review of present
day practice in the a.f. and h.f. ranges (to about
30o kc/s). Damping and loss effects are discussed
and examples given of crystal filters, some using
quartz and others ammonium phosphate, and of
electromagnetic narrow -band a.f. filters.

621.394 / .397]. 645 1025
The Cathode Follower driven by a Rectangular

Voltage Wave. -M. S. Mcllroy. (Proc. Inst. Radio
Engrs, W. & E., Nov. 1946, Vol. 34, No. II, pp.
848-85I.) When a voltage wave is transmitted
from a high -impedance source to a low-impedance
load through RC coupling and a cathode follower,
the position of the grid -return tap on the cathode
resistor determines whether the output voltage is
linearly related to the input or is affected by cut-off
or overdriving. Four operating conditions are
discussed, determined by the presence or absence
of grid current and of plate current.

621.396 1026
Second National Electronics Conference, Chicago,

Autumn 1946. -(Elect. Engng, N.Y., Dec. 1946,
Vol. 65, No. 12, pp. 569-574.) Abstracts are given
of the following papers read at the conference.
The Mechanical Transients Analyzer, by G. D.
McCann. An Oscillographic Method of presenting
Impedances on the Reflection Coefficient Plane,
by A. L. Samuel. A Permeability -Tuned roo-Mc/s
Amplifier of Specialized Coil Design, by Z. Benin.
Very High Frequency Tuner Design, by G. Wallin &
C. W. Dymond. Frequency Modulation of High -
Frequency Power Oscillators, by W. R. Rambo.
Design of Wide -Range Coaxial Cavity Oscillators
using Reflex Klystron Tubes, by J. W. Kearney.
Reflex Oscillators for Radar Systems, by J. 0.
McNalley & W. G. Shepherd. For titles of other
papers read, see other sections. For other abstracts
see Electronic Industr., Dec. 1946, Vol. 5, No. 12,
pp. 46-47..111.

621.396.6.029.6 1027
The Interstage Auto -Transformer at Television

Frequencies. -P. Feldmann. (Electronic Engng,
Jan. 1947, Vol. 19, No. 227, pp. 21-22.) Formulae
are derived for the evaluation of the stage gain of
an auto -transformer coupled system and of the
bandwidth of the response curve.

621.396.611 : 518.61 1028
Calculation of the Electromagnetic Field, Fre-

quency and Circuit Parameters of High -Frequency
Resonator Cavities. -H. Motz. (J. Instn elect. Engrs,

Part I, Dec. 1946, Vol. 93, No. 72, pp. 610-611.)
Summary of 52 of January.

621.396.611.015.33 1029
The Transient Response of a Tuned Circuit. -

D. G. Tucker. (Electronic Engng, Dec. 1946, Vol.
18, No. 226, pp. 379-381.) The circuit considered
consists of a combination of inductance, capacitance
and resistance in parallel, to which a constant
current source is applied. The general differential
equation

e/R (i/L) Je dt C deldt B = i
is solved for (a) a d.c. applied signal, (b) an a.c.
applied signal.

Oscillograms are given to illustrate the waveform
of the solutions.

621.396.611.11030
The Relay Oscillator and Related Devices. -

R. L. Ives. (J. Franklin Inst., Oct. 1946, Vol. 242,
No. 4, pp. 243-277.) Relay oscillators can be made
to cover the frequency range roo c/s to 10 c/hr.
A simple theoretical discussion is given of such
oscillators and various related circuits. Many
practical examples of their application to switching,
sequence of operation devices, etc., are outlined.

621.396.611.1 :621.385.38 1031
Multiple Thyratron Circuits. -I. Sager. (Elec-

tronics, Dec. 1946, Vol. 19, No. 12, pp. 158 ..178.)
It is shown that the power capabilities of thyratrons
can be improved by series, series -shunt, and shunt
operation. A combination circuit is described
which can produce powers up to Ico MW at 3o kV.

621.396.611.1.015.33 1032
Effect of a Differentiating Circuit on a Sloping

Wave Front. -L. S. Schwartz. (Proc. Inst. Radio
Engrs, IV. & E., Nov. 1946, Vol. 34, No. 1, p. 862.)
Mathematical analysis showing the importance of

specifying as steep a wave front as possible for a
trigger pulse used to actuate a timing circuit after
passing through differentiators.

621.396.611.4 1033
Methods of Driving a High Q Cavity with Many

Self -Excited Oscillators. -J. R. Woodyard, E. A.
Martinelli, W. Toulis & W. K. H. Panofsky. (Phys.
Rev., isti15th Sept. 1946, Vol. 7o, Nos. 5/6, p. 447.)
Discussion of the problem of driving a long cavity
to be used as a linear accelerator, in the lowest
longitudinal mode by a large number of oscillators.
Summary of Amer. Phys. Soc. paper.

621.396.611.4 1034
Apertures in Cavities. -J. H. 0. Harries. (Elec-

tronics, Dec. 1946, Vol. 19, No. 12, pp. 132-135.)

The loading, internal field distortion, energy
transfer, and leakage loss vary with the size and
position of slots or apertures in resonators. The

variation of these factors with slot dimensions was

measured for cylindrical and rectangular resonators
at A 8o cm.

621.396.611.4 : 621.317.32 1035

Measurement of Electric Field Strength in a

Cavity Resonant at 200 Mc/s.-Panofsky. (See

1131.)

621.396.611.4.012.8 1036

Application of the Dynamical Theory of Currents
to Cavity Resonators. -A. Banos, Jr. (PhDs. Rev.,
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ISt/I5th Sept. 1946, Vol. 7o, Nos. 5/6, p. 448.)
The equivalent circuit of a cavity is derived from
:he Lagrangian equations, with perturbations to
nclude the effects of wall losses and of the external
ircuit. Summary of Amer. Phys. Soc. paper.

521.396.615 1037
Locking Phenomena in Oscillators. -Z. Jelonek.

Proc. Inst. Radio Engrs, W. f7 E., Nov. 1946,
Vol. 34, No. II, p. 863.) Letter describing results
riven in a Polish paper published in 1938. Thn
nethod of -analysis is compared with that of Adler
2522 of 1946).

21.396.615.1 1038
RC Low -Frequency Generators.-( Tonle la Radio,

)ec. 1946, Vol. 13, No. 111, pp. 8-12.) Gives two
ircuits, one with continuously variable frequency
end the other with a certain number of fixed
requencies.

)21.396.615.11 1039
Low -Frequency Generators. -R. Aschen. (I?adio

In France, 1946, No. 2, pp. 3-12.) Describes, with
ill circuit details, the Ferisol beat -frequency
scillator and discusses, with numerous diagrams,
1odern RC oscillators.

'21.396.615.17: 621.317.755 1040
Linear Sweep Circuits. -R. P. Owen. (Electronics,

yec. 1946, Vol. 19, No. 12, pp. 136, 138.) Eight
tethods for the improvement of the linearity of
ew-tooth generators are analysed, with typical
isic circuits for a 6o cis sweep as examples.

,z1.396.621 1041
Selectivity by Counter -Retroaction. -X. de Maistre.

!?adio en France, 1946, No. 3, pp. 29-32.) A
triable -selectivity circuit, controlled manually,

responding automatically to signal intensity
riation.

0.396.64 : 621.318 1042
'Magnetic Amplifiers. -L. Schoerer. (Radio en
;rance, 1946, No. 4, pp. 24-30.) A static a.c.
Ostem, based on magnetic saturation effects.

41.396.645 1043
Direct -Coupled R.F. Amplifier. -E. Travis. (Elect-
nics, Dec. 1946, Vol. 19, No. 12, pp. 154 . . 158).

gar amplification of signal generator output
bridge methods of aerial resistance measurement.
circuit diagram is given and advantages are

ilicated.

1.396.645 1044
toad Conditions in Class A Triode Amplifiers.-
. G. Foster. (Electronic Engng, Jan. 1947, Vol.

No. 227, pp. 11-16.) Analysis of the ideal
iode shows that there is no optimum value of the
td resistance, but that the power increases with

rd:rease of load resistance and in the limit is equal
(half the maximum safe anode dissipation of the
ve, the anode efficiency approaching 5o% under
ss A conditions. Methods are given for selecting
load resistance and supply voltage for particular

ves. With equal supply voltages, the effective
de to anode load for two triodes in push-pull

vabout 5o% greater than the corresponding load
instance for a single triode and the power output

bout 21- times that of the single triode.

621.396.645 1045
Wide -Band Amplifiers.-( Wireless World, Jan.

1947, Vol. 53, No. 1, pp. 25-26.) Design data for
3- and 4 -stage amplifiers with stagger tuning.

621.396.645: 621.396.822 1046
Background Noise in Amplifiers.-Zelbstein. (See

1200.)

621.396.645.029.3 1047
Amplifier with Very High Musical Fidelity :

Part 9.-L. Chretien. (TSF pour Tons, Sept.
1946, Vol. 22, No. 215, pp. 176-179.) One of a
series of eleven articles in TSF pour Tous, 1946,
Vol. 22, Nos. 207-217. This part describes the
complete apparatus and gives a detailed diagram ;
it also recapitulates the previous articles. Parts
10 and a I deal with assembly and testing.

621.396.645.35 1048
D.C. Amplifiers. -B. E. Noltingk : R. A. Lampitt.

(Electronic Engng, Dec. 1946, Vol. i8, No. 226,
p. 389.) Correspondence on 679 of March.

621.396.645.35 1049
Electrometer Input Circuits. -H. A. Thomas.

(Electronics, Dec. 1946, Vol. 19, No. 12, pp. 13o-131.)
It is shown theoretically that the use of negative
feedback will reduce the time constant of a d.c.
amplifier. A typical circuit is described and
details of its performance given.

621.396.662: 621.396.62 1050
The Design of Band -Spread Tuned Circuits for

Broadcast Receivers. -Hughes. (See 1195.)

621.396.662.2 : 621.396.615.17 1051
Non -Linear Coils for [radar] Pulse Generators.-

H. A. Stone, Jr. (Bell Lab. Rec., Dec. 1946, Vol. 24,
No. 12, pp. 450-453.) The design and operation
of these coils are fully explained. Magnetron
voltage of about 25 kV can be obtained from a
6 -kV rectifier. The peak power of the pulse can
reach i MW.

621.396.69 1052
Components. -M. Chauvierre. (Radio en France,

1946, No. 1, pp. 9-18.) Review of an exhibition of
components, including transformers, tuning units,
fixed and variable capacitors, coils and coil formers,
resistors, multi -plugs and sockets, switches, etc.

621.396.694.001.8 : 621.385.5 1053
New Uses for Pentagrids.-A. H. Taylor. (Elec-

tronics, Dec. 1946, Vol. 19, No. 12, pp. 142 . . 154.)
A pentagrid can be used as a phase inverter and a
high stability single coil oscillator, to supply alternate
positive and negative synchronization to a c.r.o.,
or to act as a variable frquency oscillator for a
transmitter.

621.3.01 1054
Circuit Analysis by Laboratory Methods. [Book

Review] -C. E. Skroder & M. S. Helm. Prentice -
Hall, New York, 1946, 282 pp., $5.35. (Proc.
Inst. Radio Engrs, W. 6, E., Nov. 1946, Vol. 34,
No. 11, p. 865.) Gives theory and general laboratory
material for the study of d.c. and a.c. circuits and
" is apparently intended for junior electrical
engineering students ".
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621.3.011.3 : 518.2 1055
Inductance Calculations. [Book Review)-

F. W. Grover. D. Van Nostrand, New York, 1946,
286 pp., $5.75. (Proc. Inst. Radio Engrs, W. &' E.,
NOV. 1946, Vol. 34, No. 11, p. 865.) A collection
of formulae and tables for the calculation of mutual
and self inductance at low frequencies. Magnetic
forces between coils are also treated and data
provided for determining inductance changes as
the frequency is increased.

621.396.621 1056
Most -Often -Needed 1946 Radio Diagrams. [Book

Review]-M. N. Beitman. Supreme Publications,
Chicago, 1946, 192 pp., $z.00. (Proc. Inst. Radio
Engrs, W. & E., Nov. 1946, Vol. 34, No. r, p. 865.)
An assembly of the available wiring diagrams and
service information on radio -receiver models pro-
duced by approximately 4o manufacturers during
the early part of 1946.

GENERAL PHYSICS
534.756 621.39 1057

Theory of Communication.-D. Gabor. (J. Instn
elect. Engrs, Part III, Nov. 1946, Vol. 93, No. 26,
pp. 429-457.) Part 1 describes a new method of
analysis of signals in which there is symmetry
between time and frequency, manifested in the
Fourier transform relationships between the time
function of the signal and its frequency spectrum.
The accuracy with which the time t and frequency f
can be simultaneously specified is limited by an
uncertainty relation A t Af> which is closely
linked to Heisenberg's principle of indeterminacy,
and is derived by consideration of the ' effective
duration ' and effective frequency width ' of
the signal. This inequality defines a minimum
area in the two dimensional information diagram '
in which signals may be represented with time and
frequency as coordinates. It is shown that the
elementary signal which occupies this minimum
area is the modulation product of a harmonic
oscillation of any frequency with a pulse of the
form of a probability function. Any signal can be
expanded into elementary signals so that their
representative areas cover the whole time -frequency
area, and each elemental area, or logon, represents
one quantum of information. The use of the
information diagram is illustrated by two examples,
a simple frequency -modulated signal, and time -
division multiplex telephony. The signal which
can be transmitted in the shortest time through a
channel, within a specified frequency band, is
shown to have a sinusoidal frequency spectrum,
and its effective duration and frequency width
are found.

In part 2, an analysis of hearing sensations is
made, the experimental results of various observers
being considered in the light of the methods of
part r. It is deduced that in the frequency range
60-1 000 c/s the human ear can discriminate nearly
every second datum of information, but over the
whole auditory range the efficiency is much lower
since the discrimination falls off sharply at higher
frequencies. Similar results obtained with signals
of widely differing durations indicate that the
threshold information sensitivity of the ear is
independent of the duration from zo to 25o ms,
which means that the time constant of the ear
appears to be adjustable over this range. To
explain this it is necessary to postulate a new

mechanism in the process of hearing, the nature of
which is uncertain, but it is suggested that a new
effect in nerve conduction may be responsible.

In part 3 the possibility is considered of trans-
mitting audio signals in comparatively narrow
wavebands by means of frequency compression in
transmission  and re -expansion on reception. A

kinematical ' method of doing this is described
and analysed theoretically, in which a record is
scanned by a succession of moving slits in front of a
' window ' of continuously graded transparency,
behind which is a photocell. In order to simplify
the analysis, the transparency variation is taken as
following a probability law, though it is shown later
that under optimum conditions a triangular or
trapezoidal variation would produce less noise.
For a sinusoidal ' input ' the reproduced signal
collected by the photocell is shown to have a line
spectrum consisting of all combinations of the
original frequency with the slit repetition frequency.
The action of the converter is shown graphically
and the optimum operating conditions deduced.
The full cycle of compression and re -expansion is
considered and the result shown diagrammatically.
It is found that the reproduction improves with
increase in frequency, while the distortion occurring
does so almost entirely in the expansion process.

An experimental test of the above mechanical
system confirms the theoretical deductions. It is
found that speech can be compressed into a fre-
quency band as narrow as 500 c/s and still remain
intelligible. Alternative kinematical methods of
frequency condensation for transmission are
described, of which the most convenient uses
magnetic tape recorders.

In contrast, electrical methods of condensation
are discussed, in which a non -sinusoidal carrier is
used. The case in which a sinusoidal signal is
modulated with repeated probability pulses is

analysed : compression only and not expansion is
possible by this method. The original signal may
however be restored in the receivers by a second
modulation of the same type, and it is found that
distortion similar to that in the kinematical case
is again produced.

535.14 1058
Photophysies.-M. Boll. ( Televis. franc., Sept.

1946, No. 17, Supplement Electronique, pp. 1-2, 5.)
A brief résumé of modern theory.

537 + 538 1059
Second National Electronics Conference, Chicago,

Autumn 1946.-(Elect. Engng, N .Y ., Dec. 1946,
Vol. 65, No. 12, pp. 569-574.) Abstracts are given
of the following papers read at the conference.
Bunching Conditions for Electron Beams with Space
Charge, by L. Brillouin. Generalized Boundary
Condition in Electromagnetic Problems, by S. A.
Schelkunoff. For titles of other papers read, see
other sections. For other abstracts see Electronic
Industr., Dec. 1946, Vol. 5, No. 12, pp. 46-47 . . HI.

537.5234 1060
Physical Mechanism of the Spark.-S. Teszner.

(Bull. Soc. franc. Elect., Feb. 1946, Vol. 6, No. 56,
pp. 61-80.) Consideration of the initial -stage
phenomena of spark discharges shows that the
theories of Townsend, Rogowski, and Loeb and Meek
are not completely satisfactory, especially when the
ignition is ultra -rapid. For this case an explanation
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3 given, based on an extremely rapid passage of
lectrons, combined with the development of the
first avalanche. A theory is also presented for the
ffects observed in the established regime of h.f.
parks.

37.525 : 538.551.25 1061
Excitation of Plasma Oscillations.-D. Bohm.

Phys. Rev., 1st/15th Sept. 1946, Vol. 7o, Nos. 5/6,
' 448.) Two cases are considered : (a) a beam of fast
lectrons injected from the cathode into the plasma,
nd (b) plasma containing high-speed electrons
aoving at random. The energy of the resulting
scillations is deduced. Summary of Amer. Phys.
loc. paper.

37.291 : 621.396.615.14 1062
Induction Currents produced by Moving Electrons.

-Colino. (See 1269.)

7.311.2 1063
What is Ohm's Law ?-G. W. Stubbings. (Elect.

1ev., Loud., 31st Jan. 1947, Vol. 14o, No. 3610,
P. 225-226.) A survey of a representative sample

scientific books reveals two views of the nature
i! Ohm's law : (a) that it is virtually the assign-
ent of a name to the E/I ratio and (b) that for

Itrtain materials the ratio E I is constant and
dependent of I, provided all other conditions of

electric circuit remain constant.

i:7.533.7 538.245 1064
Forces on Ferromagnets through which Electrons
e Moving.-D. L. Webster. (Phys. 1?ev.,Ist!15th
pt. 1946, Vol. 7o, Nos. 5/6, PP- 446-447.) Sum-
ary of Amer. Phys. Soc. paper.

)8.3 1065
)Discovery and Title of the Elementary Law of
tectromagnetism.-L. Bouthillon. (Bull. Soc.
lenc. Elect., Nov. 1945, Vol. 5, No. 53, pp. 352-
.3.) A comprehensive historical review shows that
ria formula dH = id/(sin co) /y2 is due primarily to
(ot, Laplace contributing to a much less extent.
is recommended that it should be known as the
v of Biot and Laplace.

0.32: 621.385.832 1066
An Analysis of Electromagnetic Forces.-W. A.
i..pp. (Elect. Engng, N.Y., Dec. 1946, Vol. 65,

12, pp. 596-598.) Reply to criticism by A.
ginner (3253 of 1946) of an article by Tripp (587
yI946). It is shown that the return to pre -Maxwell
Fory is necessary and that Gronner's relativity-

n -orthodoxy argument leads to an absurdity.

1067
'ale Nucleus of Atoms (Protons, Neutrons, Mesons).
L. Leprince-Ringuet. (Bull. Soc. franc. Elect.,

1946, Vol. 6, No. 56, PP- 43-55.)

#.22 1068
lelaxation Phenomena in Anisotropic Liquids in a
ating Electrical Field.-V. N. Tsvetkoff. (Bull.
cl. Sci. U.R.S.S., ser. Phys., 1941, Vol. 5, No. i,
57-67. In Russian, with English summary.)
investigation of the properties of anisotropic
ids, composed of long chain molecules, in a

Vting electric field. It is found that the relaxa-
time in such liquids depends upon two factors,

time of polarization of a molecular group and the
Oof its revolution in the field. If the first of
e factors is of the order of io-i° sec (as is usual

in polar liquids), then the second factor is a few
tenths of a second for magnetic fields of several
thousand gauss, or for electric fields of several c.g.s.
units.
621.31 1069

On the Theory of Electric Contacts between
Metallic Bodies.-J. Frenkel. (Zh. eksp. teor. Fiz.,
1946, Vol. 16, No. 4, pp. 316-325. In Russian.)
An electric contact between two metals is treated
as a gap which the electrons cross by the mechanism
of thermionic emission. The effect of image forces
is to reduce the potential difference between the two
metals by an amount inversely proportional to
the width of the gap. This explains why the elec-
trical conductivity of fine metallic powders and thin
layers increases with temperature according to a
law similar to that for semiconductors. For full
English translation see J. Phys. U.S.S.R., 1945,
Vol. 9, No. 6, pp. 489-495.

621.396.615.142 1070
Elementary Treatment of Longitudinal De -

bunching in a Velocity Modulation System.-Feen-
berg. (See 1272.)

531.19 1071
Statistical Thermodynamics. [Book Review]-

E. Schrodinger. Cambridge Univ. Press ; Mac-
millan, New York, 1946, 86 pp., $1.50. (Amer.
.1. Sci., Jan. 1947, Vol. 245, No. I, p. 59.) An
inquiry confined to macroscopic systems. The
points of view of Boltzmann, Gibbs and Fowler are
united " into one homogeneous aspect by combining
the Gibbsian ensemble with the Darwin -Fowler
mathematical tools ".
539 1072

Nucleonics. [Book Review]-Progress Press,
Washington, 38 pp., Si. (Nature, Loud.; 23rd
Nov. 1946, Vol. 158, No. 4021, p. 731.)

GEOPHYSICAL AND EXTRATERRESTRIAL
PHENOMENA

523.16: 621.396.822.029.62 1073
Variation of Cosmic Radiation with Frequency.-

L. A. Moxon. (Nature, Land., 23rd Nov. 1946.
Vol. 158, No. 4021, pp. 758-759.) Results are given
of measurements at 4o, 90 and 200 Mc/s in Britain
and in other latitudes, using directional aerials.
A diagram shows the increase of aerial noise
temperature from the equatorial plane of the galaxy
as a function of galactic longitude from o° to 36o'.
At 35o' longitude noise level is found to vary
approximately as f-3, while the minimum noise
level varies approximately as (-2, where f is the
frequency.

523.72: 621.396.822.029.62/.63 1074
Origin of Radio -Waves from the Sun and the

Stars.-M. N. Saha. (Nature, Loud., 16th Nov.
1946, Vol. 158, No. 4020, pp. 717-718.) The
emission of radio waves may be the result of
nuclear transitions caused by the presence of a
strong magnetic field. For the sodium atom two
types of transition are possible ; one gives rise to
metre waves for fields of a few hundred gauss, while
the other gives rise to centimetre waves for fields
of the order of gauss. Similar results hold for
hydrogen and various hydrides occurring in solar and
stellar atmospheres. The magnetic fields in sunspots
are of the right order of magnitude to produce such
transitions, if the assumption of a small additional
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cross field is made. This theory appears to explain
the observed effects on metre wavelengths at times
of sunspot activity, and suggests that there may
also be emission in the centimetre range. The
emission of centimetre waves from the Milky Way
may indicate the development of spots in some of
its stars, which would probably be too small for
spectroscopic observation. See also 404 and 402
of February and back references.

539.16.08 : 537.591 1075
Cloud Chamber for Airborne Cosmic -Ray Observa-

tions. -W. E. Hazen. (Phys. Rev., st/15th Sept.
1946, Vol. 7o, Nos. 5/6, p. 445.) Summary of Amer.
Phys. Soc. paper.

550.389 1076
North Magnetic Pole believed Moved 200 Miles.-

(Sci. News Lett., Wash., 2nd Nov. 1946, Vol. 5o,
No. 18, p. 280.) Recent observations indicate that
the north pole is now at least 200 miles north and
slightly east of its former position in Boothia
peninsula.

551.510.535 : 523.746 1077
The Current Sunspot Trend. -H. T. Stetson.

(Sci. Mon., N.Y., Nov. 1946, Vol. 63, No. 5,

pp. 399-402.) Description of the correlation
between E -layer electron density and mean sunspot
number. The next sunspot maximum should occur
during the early part of 1948.

551.515.827 : 621.396.812 1078
Reflection of Radio Waves from Tropospheric

Layers. -Smyth & Trolese. (See i,80.)

551.556.3 1079
Wind Energy : Its Value and the Search for

[installation] Sites. -P. Ailleret. (Rev. gen. Elect.,
March 1946, Vol. 55, No. 3, pp. 103-108.)

551.578.1 : 621.396.812 1080
Attenuation of 1.24 -Centimeter Radiation through

Rain. -Anderson, Freres, Day & Stokes. (See 1181.)

551.594-1I 1081
The Definition and Theory of the Potential

acquired [by a conductor] in Atmospheric Elec-
tricity. -R. Lecolazet. (C. R. Acad. Sci., Paris,
4th Feb. 1946, Vol. 222, No. 6, pp. 331-332.) A
precise definition of the potential acquired by a
conductor in the earth's electric field is used to
develop an approximate theory of arrangements for
measurement of the field.

551.594.13: 621.317.723 1082
Measurement of the Electric Conductivity of the

Air by a Tetrode Electrometer.-Lacaze. (See 1140.)

551.5(02) 1083
Meteorology with Marine Applications. [Book

Review] -W. L. Donn. McGraw-Hill, New York,
1946, 465 PP., $4.50. (Amer. J. Sci., Nov. 1946,
Vol. 244, No. 11, pp. 813-815.)

551.5 (023) 1084
Handbook of Meteorology. [Book Review] -

E. A. Berry, Jr., E. Bollay & N. R. Beers (Eds).
McGraw-Hill, New York, 1946, io68 pp., $7.50.
(Amer. J. Sci., Nov. 1946, Vol. 244, No. 11, pp.
813-815.)

LOCATION AND AIDS TO NAVIGATION
621.396.9.001.8

Guided Missiles in World War II.-Selvidge.
(See 1171.)

621.396.93 1086
Frequency, Power, and Modulation for a Long -

Range Radio Navigation System. -P. R. Adams &
R. I. Colin. (Elect. Commun., June 1946, Vol. 23,
No. 2, pp. 144-158.) Ground stations must have a
minimum range of 1 500 miles. All aircraft within
range must receive useful signals irrespective of
climatic or propagation conditions. These assump-
tions restrict the frequency to below 30o kc/s or
between 2 and 3o Mc/s. The transmission charac-
teristics, signal/noise ratios and aerial effi-
ciency for the two bands are discussed and it is

concluded that for maximum reliability and most
economical working, the frequency should be about
7o kc/s and the aerial power io-ioo kW depending
on static level and assuming a receiver bandwidth
of 10-20 c/s.

There is a comprehensive bibliography.

621.396.931/.933122.029.62 1087
Ultra -High -Frequency Radiosonde Direction Find-

ing. -L. C. L. Yuan. (Proc. Inst. Radio Engrs,
W. & E., Nov. 1946, Vol. 34, No. II, pp. 852-857.)
Description of a single direction -finder for measuring
azimuth to within ,10 and elevation to within +0
at 183 Mc/s for a fixed transmitter ; these errors
are somewhat increased for a moving balloon
transmitter. Measurements using Adcock and
single dipole aerials are described. Various types
of reflector systems for shielding a dipole aerial
from ground -reflected waves were tested ; the
corner reflector type of shield with a simple half -
wave dipole was found to be the most effective.
See also 732 of March.

621.396.932 1088

Electronics on- World's Largest Liner. -(See 1222.)

621.396.933 1089

Second National Electronics Conference, Chicago,
Autumn, 1946. -(Elect. Engng, N.Y., Dec. 1946,

Vol. 65, No. 12, pp. 569-574.) Abstracts are given
of the following papers read at the conference.
Improvements in 75-Mc/s Aircraft Marker Systems,
by B. Montgomery. Automatic Radio Flight
Control, by F. L. Moseley & C. B. Watts. Navi-
globe-Long Range Air Navigation System, by

P. R. Adams & R. I. Colin. Teleran -Air Naviga-
tion and Traffic Control by means of Television
and Radar, by D. H. Ewing & R. W. K. Smith.
For titles of other papers read, see other sections.
For other abstracts see Electronic Industr., Dec.

1946, Vol. 5, No. 12, pp. 46-47..111.

621.396.933 1090 3

New Radio Beacon Methods. -E. Aisberg. (Toutt.
la Radio, Nov. 1946, Vol. 13, No. iio, pp. 274-2771
A short historical survey, with discussion of th
basic principles and operation of the loran syste

621.396.933 109

The Block System for Airway Control.-(Electront
Industr., Dec. 1946, Vol. 5, No. 12, pp. 54-56,
A method based upon railway block-signallin
practice, using pulse technique for signalling cod

and ensuring automatic safety on air routes.
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1.396.933 1092[Long and Short Range] Aerial Navigation
lauding instrument and automatic landing] and
.affic Control with Navaglobe, Navar, Navaglide,
Ld Navascreen.-H. Busignies, P. R. Adams &
. I. Colin. (Elect. C01111121411., June 1946, Vol. 23,
a. 2, pp. "3-143.) Co-ordinated proposals for
e step-by-step provision of these facilities over a
nod of years, using the minimum amount of
rcraft equipment.
About 75 Navaglobe transmitters on about
o kc/s provide equipped aircraft with fixes
ywhere in the world. Each aircraft compares
e amplitudes of three figure -of -eight diagrams to
taro a bearing, and two such bearings give a fix ;
LI independent check is given by normal loop d.f.
Navar is basically a 3 000 Mc/s ground surveil-
rice radar at each airport and provides (a) normal
p.i, (b) p.p.i. on all aircraft carrying responders,
I only on those at a selected height, (c) as (b), but
L aircraft intending to land. Video signals from
I are rebroadcast for display with a ground wind
Ictor on the aircraft p.p.i. Aircraft height can
L measured, identification announced by means
"coded responders, and prearranged orders auto-
Ltically displayed to the pilot of any selected
'craft. The rotating beam of the ground radar
3 a timing signal provide the pilot with azimuth,
tile the aircraft pulse transmitter and a ground
ponder give him range from the airport or from
end of the runway when using Navaglide.
avaglide also uses the 3 000 Mc's band to

wide four signals for blind or automatic landing.
ne-sharing permits these and similar signals
Ti nearby Navaglides to use the same frequency
that only one receiver per aircraft is required.

above indications are automatically displayed
Ithe pilot and where appropriate can be used for

1

o -pilot control.
. ''avascreen is a semi -automatic system for
)laying on a large scale information about all

G.rby aircraft for the controllers' use. An
Pelerated-time device permits prediction of
visions and forecasts traffic density at the airport.

396-933 1093
the Problems of Blind Landing.-H. C. Pritchard.n,4 R. aero. Soc., Dec. 1946, Vol. 50, No. 432,

935-958. Discussion, pp. 958-973.) A review
recently developed methods and a generalA

nission of the various problems involved. Thet
thods include the American C.A.A. (see 2237

I) 2655 of 1945), and S.C.S.5i systems, the
4.A. (ground -controlled approach) system and
4 B.A.B.S. (beam approach beacon system).
11 G.C.A. system comprises a mobile ground radar
pment which determines aircraft position and

;..s instructions to the pilot. It also includes a
ch system giving the plan position of all aircraft
ain about 15 miles and below about 4 000 ft.

,:he B.A.B.S. system, aircraft transmissions are
ived by the ground station and re -radiated on a
itly different frequency after a short time delay,

arrangements to give on a c.r. tube in the air-
' , short and long pulses whose relative amplitudes

etermined by the angular position of the aircraft
five to the runway. A continuous range
cation is also given and this, together with a
metric altimeter, is relied on for vertical

'ante. The provision of adequate information
vertical guidance appears to be the most

difficult landing problem and some form of radio
altimeter the most promising solution.

621.396.933.1.029.62 1094
An Ultra -High -Frequency Radio Range with

Sector Identification and Simultaneous Voice.-
A. Alford, A. G. Kandoian, F. J. Lundburg &
C. B. Watts, Jr. (Elect. Commun., June 1946,
Vol. 23, No. 2, pp. 179-189.) Reprint of 932 of 1946.

621.396.96 1095
Minimum Detectable Radar Signal and Its De-

pendence upon Parameters of Radar Systems.-
A. V. Haeff. (Proc. Inst. Radio Engrs, IV. & E.,
Nov. 1946, Vol. 34, No. ii, pp. 857-861.) Dis-
cussion of the influence on the sensitivity of a pulse
radar system of pulse repetition rate r, pulse
length I, intermediate -frequency bandwidth B, and
video bandwidth b. Experimental determination
of the absolute value of the minimum pulse signal
( V,i) detectable visually through noise is
described, with the apparatus used, and the results
are expressed by the formula :

V, = IE13i(i 1/tB)(167o/r)1
where En is the noise voltage per unit of i.f.
bandwidth.

621.396.96 1096
Radar Demonstration by Hasler A.G. at Berne.-

W. Schiess. (Tech. Mitt. schweiz. Telegr.-Teleph-
V erw., ist Oct. 1946, Vol. 24, No. 5, pp. 211-218.)
Demonstration to representatives of the technical
press of British 3 -cm naval radar, and a simple
explanation of radar and its operation, with some
details of p.p.i. equipment.

621.396.96: 621.392.5 1097
Precision Resistance Networks for [fire -control]

Computer Circuits.-Hagemann. (See 1022.)

621.396.96 (43) 1098
Great Britain's Part in the Creation of Radar. -R. W. Hallows. (Toute la. Radio, Sept. 1946.

Vol. 13, No. 108, pp. 201-203.) " Many mistaken
ideas are current on the origins of radar. . . .

In order to re-establish the truth, we have thought
it useful to complete the study by M. Ponte (see
1099 below) . . . by another which brings to light
the important contributions of British technicians."

621.396.96 (44) 1099
French Contributions to Radar Technique.-

M. Ponte. (Toute la Radio, Sept. 1946, Vol. 13,
No. 108, pp. 204-207.) Reprint of 3290 of 1946.
See also 1098 above.

621.396.96.001.8 1100
Radar -Guided Bomb.-(Electronics, Dec. 1946,

Vol. 19, No. 12, pp. 186..194.) Automatic radar
control for glider -type Bat bomb.

MATERIALS AND SUBSIDIARY TECHNIQUES
531.788.12 1101

Improvements in the MacLeod Gauge.-P. Tarbes.
(Le Vide, Paris, Jan. 1946, Vol. i, No. 1, pp. 9-11.)

533.5 621.52 1102
Vacuum Pumps.-P. Pensa. (Le Vide, Paris,

Jan. & March 1946, Vol. 1, Nos. 1 & 2, pp. 4-8 & 48-
53.) A short historical survey, with a description of
Holweck's molecular pump, various rotary oil
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pumps, and the principles and construction of
diffusion and condensation pumps.

533.5 + 621.521] : 614.8 1103
Safety Arrangement for Vacuum Plant.-M.

Scherer. (C. R. Acad. Sci., Paris, 24th April. 1946,
Vol. 222, No. 17, pp. 997-998.) A simple device is
described which depends on the action of a magnetic
field on a gaseous discharge and which can be used
to operate a stopcock.

535.37 1104
Luminescence Processes in Zinc Sulphide Phos-

phors.-G. F. J. Garlick & A. F. Gibson. (Nature,
Lond., 16th Nov. 1946, Vol. 158, No. 4020, pp. 704-
705.)

535.37 546.46.784 1105
The Fluorescence of Pure Magnesium Tungstate.

C. G. A. Hill. (Trans. Faraday Soc., Nov. 1946,
Vol. 42, No. 291, pp. 685-689.) Under optimum
conditions of preparation, maximum fluorescence
efficiency is given by the composition MgWO4, the
fluorescence being associated with a particular
monoclinic crystal structure.

535.376 1106
The Light Output of Zinc Sulphide on Irradiation

with Alpha Rays.-H. A. Klasens. (Trans. Fara-
day Soc., Nov. 1946, Vol. 42, No. 291, pp. 666-668.)
A critical review of the literature leads to the con-
clusion that the value of 8o% given by Riehl is
much too high, most measurements giving values of
the order of 10-15%.

546.287 1107
Silicones, New Electrical Insulating Materials.-

F. Appell. (Rev. gen. Elect., March 1946, Vol. 55,
No. 3, pp. 99-103.) A short account of the methods
of preparation of silicone liquids, greases, rubbers
and resins, also of the physical properties of the
various products and their application in the elec-
trical industry.

546.431.826 : 621.3.011.5 1108
Oscillograph Study of Dielectric Properties of

Barium Titanate.-A. de Bretteville, Jr. (J. Anger.
ceravn. Soc., Nov. 1946, VOL 29, No. I I, pp. 303-307.)
See also 3625 of 1946.

620.193.21 : 669.018.2.21 1109
Weathering - Appreciation and a Study. G. D.

Chapman. (Light Metals, Nov. 1946, Vol. 9, No. 106,
pp. 593-608.) The significance of atmospheric
corrosion of cast light alloys is reviewed and
illustrated by some experimental work. The pos-
sible use of X rays to determine the type and degree
of attack is demonstrated.

620.297.6 1110
Preventing Corrosion in Steel Chassis.-(Wireless

World, Jan. 1947, Vol. 53, No. 1, p. 22.) Extensive
corrosion tests under tropical conditions have
confirmed the superiority of electrodeposited tin -
zinc alloys over either metal alone. Alloys with
between 5o and 8o% tin show the highest corrosion
resistance.

621.31 1111
Contacts and Contact Materials.-(Elect. Times,

26th Dec. 1946, Vol. Ire., No. 2879, p. 841.) See also
781 of March. Notice of book published by John-

son Matthey & Co. and Mallory Metallurgical Pro-
ducts. Properties and tables of use for various
alloys and pure materials are listed.

621.315.59: 546.655.78 1112
Cerium Tungstate as a Semi-Conductor.-J. 13,

Nelson & J. H. McKee. (Nature, Lond., 23rd Nov.
1946, Vol. 158, No. 4021, pp. 753-754.)

621.315.612.6.017.143.029.4 + 666.11 1113
The Application of Low Frequency Spectra to

Glass Technology.-N. J. K. (Glass Ind., Dec. 1946,
Vol. 27, No. 12, pp. 609, 624.) Results obtained by
P. Girard & P. Abadie published recently in Bull.
Inst. Verve indicate the importance of power loss
measurements at wavelengths from r m to ro6 m.
With rubber, a direct correlation was found between
the shape of the loss curve and the mechanical
properties. The results for glass suggest the
possibility of similar correlation.

621.315.612.6.017.143.029.64 4- 666.11 1114
Dielectric Properties of Glasses at Ultra -High

Frequencies and Their Relation to Composition.-
L. Navias & R. L. Green. (Glass Ind., Dec. 1946,
Vol. 27, No. 12, pp. 615, 618.) Summary of paper
already noted in 452 of February.

621.316.86: 546.281.26 1115

Silicon Carbide Non -Ohmic Resistors.-F. Ash-
worth, W. Needham & R. W. Sillars. (J. Instil
elect. Engrs, Part I, Dec. 1946, Vol. 93, No. 72, pp.
595-598.) Discussion on 141 of January.

621.316.86.023 1116

High Value Deposited Resistances at High Fre-
quency.-Klemt. (See 1019.)

621.318 : 539.16.08
Magnetic Field with Small Axial Variation.-.-

C. E. Nielsen. (Phys. Rev., 1st/15th Sept. 1946,
Vol. 7o, Nos. 5/6, p. 45o.) Combinations of coils,
iron bars, and -rings to produce the types of field
required for cloud chamber experiments. Summary
of Amer. Phys. Soc. paper.

621.318.23: 539.16.08
11The Strengths of Some Model Magnets.-S1.138.

Jones. (Phys. Rev., ist/15th Sept. 1946, Vol. 70,
Nos. 5/6, p. 45o.) Designs of permanent magnets
made of Alnico V for use with airborne cloud -

chambers in cosmic ray studies. Summary of
Amer. Phys. Soc. paper.

621.318.323.2.042.15.029.64
11Iron Cores at Very High Frequencies.-]

Gouveritch. (Radio en France, 1946, No. 4,

pp. 4-8.) Describes iron -dust materials and the
best core shapes to realize Q values up to 28o at

frequencies up to 50 Mc/s.

669.296 : 621.385.032.2
Zirconium in Electron Tubes.-Foote Mineral Co.

(Rev. sci. Instruni., Nov. 1946, Vol. 17, No. n.
p. 517.) Zirconium absorbs oxygen, nitrogen,
and other gases at temperatures above 300'(

and may therefore be used as a continuo,
' getter ' for certain types of valve. It can also
act as a flux in welding tungsten, molybdenum and

tantalum and has a low coefficient of secondan
emission. Abstract of article by G. A. Espersen
in Foote Prints, Vol. 18, No. I.
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)..5 1121
Unique Plastic makes Excellent Insulator.-(Sci.
ws Lett., Wash., 16th Nov. 1946, Vol. 5o, No. 20,
312.) " Teflon " is unharmed by temperatures
to 3oo°C and can be bent without cracking at

3o°C. Its losses are low even at 3 000 Mc/s
I it withstands every known solvent. Summary
an address to the Society of the Plastic Industry,
E. B. Yelton.

).5 : 621.315.616 1122
Plastics as Insulation.-(Elect. Times, 26th Dec.
16, Vol. 1fo, No. 2879, pp. 837-838.) Summary

discussion of a paper read before the I.E.E.
,tallations Section, on The Growing Importance
Plastics in the Electrical Industry, by G.

,efely.

).5 1123
Experimental Plastics and Synthetic Resins.
ook Review]-G. F. D'Alelio. J. Wiley, New
,rk ; Chapman & Hall, London, 1946, 185 pp.,

. (Nature, Lond., 16th Nov. 1946, Vol. 158,
4020, p. 689.)

MATHEMATICS
.54 1124
econd National Electronics Conference, Chicago,

itumn 1946.-(Elect. Engng, N. Y., Dec. 1946,
65, No. 12, pp. 569-574.) An abstract is

ism of a paper read at the conference entitled :
formal Transformations in Orthogonal Refer -
e Systems, by C. S. Roys. For titles of other

eers read, see other sections. For other abstracts
Electronic lizdustr., Dec. 1946, Vol. 5, No. 12,
46-47111.

.5 : 621.38 1125
C.E. The Automatic Computing Machine.-

partment of Scientific and Industrial Research.
1157.)

1126
(homographs.-(Rev. sci. InSint111., Nov. 1946,
11. 17, No. I i, p. 527.) A ' projected scale chart '

in conjunction with simple equations permits
konstruction of nomographs involving up to five
,ables. Developed by W. H. Burrows.
162 : 621.396.822 1127
n the First Passage Time Problem for a One -

)tensional Markoffian Gaussian Random Function.
. J. F. Siegert. (Phys. Rev., 1st/ 15th Sept.
, Vol. 7o, Nos. 5/6, p. 449.) The probability

iribution of the first passage of a random variable
tugh any given value is calculated. Summary
.mer. Phys. Soc. paper.

99 : 621.3 1128aementary Vectors for Electrical Engineers.k Review]-G. W. Stubbings. Pitman &
3, London, 2nd edn, 6s. 6d. (Engineering,
d., 29th Nov. 1946, Vol. 162, No. 4220, p. 507.)

MEASUREMENTS AND TEST GEAR
3.011.3 : 389.6 1129
e Possibility of a Comparison of the Inductance
dards of the Various National Laboratories andPart such a Comparison might play in De-
* ations of the Electromagnetic Unit of Resist -
.-M. Romanowski & R. 1-16rou. (Bull. Soc.
f. Elect., June/July 1946, Vol. 6, No. 6o,
55-362.)

621.317.3.029.63/.64 1130
Radio Measurements in the Decimetre and

Centimetre Wavebands.-R. J. Clayton, J. E.
Houldin, H. R. L. Lamont & W. E. Willshaw.
(J. Instu elect. Engrs, Part III, Nov. 1946, Vol. 93,
No. 26, pp. 457-459.) Discussion on 1914 of 1946.

621.317.32: 621.396.611.4 1131
Measurement of Electric Field Strength in a

Cavity Resonant at 200 Mc/s.-W. K. H. Panofsky.
(Phys. Rev., istli5th Sept. 1946, VOL 70, Nos. 5/6,
p. 447.) Fields up to 25 kV/cm are determined by
measurement either of magnetic field by a loop
method or of electrostatic force on the diaphragm
of a condenser microphone. Summary of Amer.
Phys. Soc. paper.

621.317.32.027.3 1132
High Voltage Measurement.-(Elect. Times, 28th

Nov. 1946, Vol. Ito, No. 2875, pp. 723-724
Electrician, 29th Nov. 1946, Vol. 137, No. 3574,
pp. 1517-1518.) Summaries of two papers by F. M.
Bruce noted in 472 of February.

621.317.333.4 : 621.315.2.029.5 1133
New Methods for Locating Cable Faults, par-

ticularly on High -Frequency Cables.-Roberts.
(See 1002.)

621.317.335 : 621.396.694 1134
Measuring Inter -Electrode Capacitances.-C. H.

Young. (Bell Lab. Rec., Dec. 1946, Vol. 24, No. 12,
PP- 433-438.) A new type of bridge circuit with a
double 3 -terminal star network which can measure
capacitance to within io-5 pF and conductance
to within 5 X 10-5 itanho.

621.317.34 : 621.396.44 1135
Receiver for Measurements on Carrier -Frequency

Systems.-H. G. Thilo. (Arch. tech. .llessen,
Oct. 1940, No. 112, p. Tio8.) Receiver covering
the frequency range 12o -28o kc/s using a bridge -
rectifier mixer circuit with a 2 -stage i.f. amplifier
at 350 kc/s (bandwidth about y to kc is). The
circuit is arranged to measure the peak values of
the modulated signal by suitable choice of time
constants. Internal calibration is obtained by
using the local oscillator as an i.f. generator after
adjusting its amplitude to a 'standard value withthe aid of the output voltmeter.

621.317.4.013.24 : 621.384.6 1136A Method for Measuring Small Changes in
Alternating Magnetic Fields.-Powell. (See "too.)

621.31744 + [621.38 : 531.765 1137
Electronic Meters.-(Elect. Times, 19th Dec.

1946, Vol. I to, No. 2878, p. 812.) Summary of twopapers read before the I.E.E. Measurements
Section. The first, entitled A Millisecond Chrono-
scope, by R. S. J. Spilsbury & A. Felton, describes
an instrument on the capacitor charging principle,
with a working range from 2 ms to i sec. Thesecond, entitled A Sensitive Recording Magneto-meter, by A. Butterworth, describes a temperature
compensated instrument using the change of a.c.
resistance of a mumetal wire when subjected to an
axial magnetic field.

621.317.7 1138
Measurement Apparatus at the Paris Fair. --G. Giniaux. (TSP pour Tons, Sept. 1946, VOL 22,No. 215, pp. 182-186.)
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621.317.7 1139
Second National Electronics Conference, Chicago,

Autumn 1946.-(Elect. Engng, N.Y., Dec. 1946,
Vol. 65, No. 12, pp. 569-574.) Abstracts are given
of the following papers read at the conference. The
Notch Wattmeter for Low -Level Power Measure-
ment of Microwave Pulses, by D. F. Bowman.
Microwave Frequency Stability, by A. E. Harrison.
For titles of other papers read, see other sections.
For other abstracts see Electronic Industr., Dec.
1946, Vol. 5, No. 12, pp. 46-47..111.

621.317.723: 551.594.13 1140
Measurement of the Electric Conductivity of the

Air by a Tetrode Electrometer.-J. Lacaze. (C. R.
Acad. Sci., Paris, loth May 5946, Vol. 222, No. 21,
pp. 1242-1244.)

621.317.725 1141
Simple Valve Voltmeter.-H. W. Baxter. (Wire-

less llorld, Jan. 1947, Vol. 53, No. 1, pp. 9-1o.) The
voltage to be measured is applied to a diode, with
a capacitor in the anode circuit, and the rectified
output from the diode is balanced by a d.c. voltage
from a potential divider, using the anode current of
a second valve as a balance indicator. Peak
voltages up to 90 V can be measured using 9-V
batteries.

621.317.73 1142
Z -Meter. --L. E. Packard. (Electronic Industr.,

Dec. 1946, Vol. 5, No. 12, pp. 42-45.) This instru-
ment measures the complex impedance of communi-
cation circuits, microphones, lines, transformers
and speakers at audio frequencies, giving both
impedance and phase -angle independently of
frequency. Stray capacitance and coupling are
rendered negligible by means of a shielded and
balanced input transformer. The range of impe-
dance is from 0.5 to roo 000 11 and of phase -
angle from +90° to -90°, over a frequency range
of 3o to 20 000 c/s. The instrument will also
measure R from 0.5 to ioo 000 SI, L from 5µH to
500 H, C from o.00r 2 to 10 000 µF., the dissipation
factor D of capacitors, and the Q of inductors.

621.317.76 : 389.6 1143
A Standard of Frequency and Its Applications.-

C. F. Booth & F. J. M. Laver. (J. lnstn elect.
Engrs, Part III, Nov. 1946, Vol. 93, No. 26, pp.
427-428.) Discussion of 2973 of 1946.

621.317.76: 389.6 1144
Frequency Standard.-H. Gilloux. (Radio en

France, 1946, No. 2, pp. 13-16.) Describes a
secondary frequency standard, using a 500-kc/s
quartz crystal with multivibrator frequency -
division stages, permitting direct frequency measure-
ment in I kc/s steps to about 4 Mc/s, in 20 kc/s
steps to 4o Mc/s and in 500 kc/s steps to roo Mc/s.

OTHER APPLICATIONS OF RADIO AND
ELECTRONICS

539.16.08 1145
An Improvement on the Copper Evaporation

Geiger -Muller Counter.-P. J. G. de Vos, K.
Giirgen & S. J. du Toit. (Rev. sci. Instrum., Nov.
1946, Vol. 17, No. 1r, p. 516.)

620.179: 534.321.9 1146
Supersonic Flaw Detector.-J. H. J. (See 986.)

621.3 : 629.1.001.4 1147
Vibration Exciter for Structural Tests.-P. J.

Holmes. (Electronics, -Dec. 1946, Vol. 19, No. 12,
pp. 96-100.) Description of electromagnetic
shakers for vibration tests at mechanical resonance
on aircraft structures. Circuits of carrier -type a.f.
amplifier, phase shifter and phase indicator are
given.

621.317.761 : 621.165 1148
An Electronic Frequency Meter and Speed Regu-

lator.-E. Levin. (Trans. Amer. Inst. elect. Engrs,
Dec. 1946, Vol. 65, No. 12, pp. 779-786.) An
attachment to a steam turbine which will indicate
speeds to an accuracy of the order of o. i % and which
holds the speed steady (within ± 4%) at any speed
between 10 000 and roo 000 r.p.m.

621.318.572 1149
High Speed Pulse Recording Circuit.-B. E. Watt.

(Rev. sci. Instrum., Sept. 5946, Vol. 17, No. g,
pp. 338-342.) The circuits described are capable of
driving a Cenco low impedance counter at rates
greater than 130 counts per second. Hard valves
are used, and the circuit cannot jam.

621.318.572 1150
Design and Operation of an Improved Counting

Rate Meter.-A. Kip, A. Bousquet, R. Evans &
W. Tuttle. (Rev. sci. Instrum., Sept. 1946, Vol. 17,
No. 9, pp. 323-333.) Design and operation of the
various components, viz. amplifiers, pulse equalizer,
integrating circuit, degenerative vacuum -tube volt-
meter, and the stabilized high- and low -voltage
power supplies. Practical methods with curves
are developed for determining the mean counting
rate and its probable error directly from the output
records.

621.318.572 1151

Electronic Switch.-F. Haas. (route la Radio,
Dec. 1946, Vol. 13, No. 111, pp. 22-23.)

621.318.572
Current Integrator.-B. E. Watt. (Rev. sci.

Instrum., Sept. 1946, Vol. 17, No. 9, PP. 334-338.) An
integrator for the range 5o µA to below 4 X 10-3 µA,
using the author's pulse recording circuit (1149
above). The charge per count is constant to within
±2% over the entire range, and is unaffected by

power supply variations.

621.335.029.52 1153

An Application of High Frequencies.-L. Guerrier.53

(Televis. franc., Sept. 1946, No. 17, Supplement
Electronique, p. 5.) Russian experiments on traction
powered by induction at 5o kc/s.

621.36 + 621.38.005.8
Second National Electronics Conference, Chicago,1154

Autumn 1946. (Elect. Engng, N.Y., Dec. 5946,

Vol. 65, No. 12, pp. 569-574.) Abstracts are given
of the following papers read at the conference.
Detectors for Buried Metallic Bodies, by L. F.

Curtis. Electron Optics of Deflection Fields, by

R. G. E. Hutter. Microwaves and Their Possible
Use in High -Frequency Heating, by T. P. Kinn &

J. Marcum. Ignitron Converters for Induction
Heating, by R. J. Ballard & J. L. Boyer. Dielectric
Preheating in the Plastics Industry, by D. E.

Watts, G. F. Leland & T. N. Willcox. The Problem
of Constant Frequency in Industrial High -Frequency
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aerators, by E. Mittelmann. Large Electronic
Motor Drives, by M. M. Morack. Electroniced Control of A.C. Motors, by W. H. Elliott.
Electronic Method of Contouring Control

lowing a master template by a tracer], by J.
rgan. Modulation of Infrared Systems foraging Purposes, by W. S. Huxford. Photosectors for Ultraviolet, Visible, and Infrared
ht, by R. J. Cashman. Military Applications of
cared Viewers, by G. E. Brown. The Use of
lioactive Materials in Clinical Diagnosis andlical Therapy, by J. T. Wilson. The Mass
.ctrometers an Industrial Tool, by A. 0. Nier.
; Cathode Ray Spectrograph, by R. Feldt &Berkley. Some Fundamental Problems of;lear Power Plant Engineering, by E. T.ibauer. An Accelerator Column for Two to
Million Volts, by R. R. Machlett. The Betatron
:elerator applied to Nuclear Physics, by E. E.rrlton & G. C. Baldwin. The Pressuregraph, by
1Crossley. For titles of other papers read, seeer sections. For other abstracts see Electronic
rUStY ., Dec. 1946, Vol. 5, No. 12, pp. 46-47..111.

362 1155
:vacuum Thermocouples for Radiation Measure-

Kerkhof. (Arch. tech. Messen, Oct. 1940,
112, pp. T115-116.) The sensitivity (deflexion

a given irradiation/mean zero fluctuation) of a
urn thermocouple is far superior to that of ameter. The influence of the gas pressure, the

erial of the element and its blackening on theitivity is discussed. Some applications are
0.

365 : 666.1 1156
.F. Glass Working.-E. M. Guyer. (Electronic,

,-tstr., Dec. 1946, Vol. 5, No. 12, pp. 65-67.)
.4 heating alone, or in combination with flame,
lylifies many processes.

38 : 518.5 1157
C.E. The Automatic Computing Machine.-

lartment of Scientific and Industrial Research.
Ironic Engng, Dec. 1946, Vol. 18, No. 226,
72-373.) Gives some details of the Automatic
puting Engine planned at the National Physical)ratory.

;8 : 531.765] + 621.317.44
?,ctronic Meters.-(See 1137.)

;8.001.8 1159nch Press Protector.-J. Isaacs. (Electronics,
1946, VOL 19, No. 12, pp. rot -103.) An

qconic device for protecting a punch press from
;itge due to failure to eject disks from the die.
H84.6 : 621.317.4.013.24 1160Method for Measuring Small Changes in

ating Magnetic Fields.-W. M. Powell.
. Rev., istli5th Sept. 1946, Vol. 7o, Nos. 5/6,
4.) Method using two search coils in corn-ting circuit with an amplifier and c.r.o. which
es variations of o.r oersted to be detected,n a betatron or synchrotron. Summary of. Phys. Soc. paper.

84.6 1161
cription of a Frequency Modulated Cyclotron
Discussion of the Deflector Problem.-E. J.

&I,enB. Peters. (Phys. Rev., istli5th Sept.

1158

1946, Vol. 70, Nos. 5/6, p. 444.) Summary of Amer.
Phys. Soc. paper.

621.384.6 1162
Frequency Modulation for Berkeley 37" Cyclotron.-K. R. MacKenzie & F. H. Schmidt. (Phys. Rev.,

1st/15th Sept. 1946, Vol. 7o, Nos. 5/6, p. 445.)Summary of Amer. Phys. Soc. paper.
621.384.6 1163

Efficiency of Frequency Modulated Cyclotron.-L. Foldy & D. Bohm. (Phys. Rev., 1st/15th Sept.
1946, Vol. 7o, Nos. 5/6, p. 445.) Summary of Amer.
Phys. Soc. paper.

621.384.6 1164
Frequency Modulated Cyclotron Characteristics.-B. T. Wright & J. R. Richardson. (Phys. Rev.,Istli5th Sept. 1946, Vol. 7o, Nos. 5/6, p. 445.)

Summary of Amer. Phys. Soc. paper.
621.384.6 1165

Synchrotron Radiofrequency System.-A. C. Helm-
holz, J. V. Franck & J. M. Peterson. (Phys. Rev.,
istlx5th Sept. 1946, Vol. 7o, Nos: 5/6, p. 448.)
Summary of Amer. Phys. Soc. paper.
621.385.833 1166

The Electrostatic Electron Microscope.-P. Grivet& H. Bruck. (Ann. Radioelect., April/July 1946,
Vol. r, Nos. 4/5, pp. 293-31o.) For another account
see 3706 of 1946.

621.385.833 1167The C.S.F. Electrostatic Microscope.-P. Grivet.(Le Vide, Paris, March 1946, Vol. r, No. 2, pp.
29-47.) A general discussion of electrostatic and
electromagnetic electron microscopes and a detaileddescription of the C.S.F. instrument, with micro-graphs of crystals and microbes obtained with it.
For another account see 3706 of 1946 (Bruck &Grivet).

621.385.833 : 535.317.6 1168Reduction of Spherical Aberration in StrongMagnetic Lenses [in electron microscope].-L.Marton & K. Bol. (Phys. Rev., 1st/15th Sept.
1946, Vol. 7o, Nos. 5/6, p. 447.) Compound insteadof single objective lenses are used. Summary ofAmer. Phys. Soc. paper.

621.385.833 : 537.533.73 1169
The Universal Electron Microscope as a High

Resolution Diffraction Camera.-R. G. Picard &J. H. Reisner. (Rev. sci. Instrum., Nov. 1946,Vol. 17, No. 11, pp. 484-489.) Electron diffrac-
tions corresponding to spacings above 7 A can be
obtained by magnifying the camera image by meansof an electron lens. A critical description is given
of the modifications required to adapt an electron
microscope for this purpose.

621.389 : 531.76 1170Aids to Stroboscopic Measurement.-E. L. Thomas.
(Electronic Engng, Dec. 1946, Vol. 18, No. 226,pp. 369-371.) Devices to improve the accuracyand reliability of speed measurements.
621.396.9.001.8 1171

Guided Missiles in World War IL-H. Selvidge.(Proc. Radio Cl. Amer., Oct. 1946, Vol. 23, No. 6,pp. 3-15.) An account of the principal featuresand methods of control of many types developed
in U.S.A. and in Germany.
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621.393 : 629.13 1172
Radio Control Systems for Guided Missiles.

S. L. Ackerman & G. Rappaport. (Electronics,
Dec. 1946, Vol. 19, No. 12, pp. 86-91.) A detailed
description of methods and equipments. Circuit
diagrams are given, and different control techniques
discussed.

537.533.7(02) 1173
Introduction to Electron Optics. [Book Review]-

V. E. Cosslett. Clarendon Press, Oxford ; Oxford
Univ. Press, London, 1946, 272 pp., 25s. (Nature,
Lond., 16th Nov. 1946, Vol. 158, No. 4020, pp.
685-686: J. sci. Instrurn., Dec. 1946, Vol. 23,

No. 12, p. 302.)

621.385.833 1174
Electron Optics and the Electron Microscope.

[Book Review]-V. K. Zworykin, G. A. Morton,
E. G. Ramberg, J. Hillier & A. W. Vance. John
Wiley & Sons, New York ; Chapman & Hall,
London, 1945, 766 pp., $1o. (Trans. Faraday Soc.,
Nov. 1946, Vol. 42, No. 291, pp. 702-704.) See
also 1960 and 2358 of 1946. The present review is
thorough, comprehensive, and critical. " . . . this
book is valuable alike for its wealth of practical
detail of the technique and for its mostly well-chosen
presentation of the available theoretical con-
siderations."

PROPAGATION OF WAVES
523.72 : 621.396.822.029.62/.63

Origin of Radio -Waves from the Sun
Stars.-Saha. (See 1074.)

551.510.535 : 621.396.24 1176
Short -Wave Long Distance Links by means of

the Ionosphere.-de Gouvenain. (See 1211.)

551.510.535 : 621.396.24 1177
Application of the Theories of Indirect Propaga-

tion to the Calculation of Links using Decametre
Waves.-Aubert. (See 1210.)

621.396.11 1178
Second National Electronics Conference, Chicago,

Autumn 1946.-(Elect. Engng, N.Y., Dec. 1946,
Vol. 65, No. 12, pp. 569-574.) An abstract is
given of a paper read at the conference entitled :
Radio Propagation at Frequencies above 3o Mega-
cycles, by K. Bullington. For titles of other papers
read, see other sections. For other abstracts see
Electronic Industr., Dec. 1946, Vol. 5, No. 12,

PP 46-47-  III.,
621.396.812 1179

Five Metre Propagation Characteristics.-D. W.
Heightman & E. J. Williams. (R.S.G.B. Bull.,
Jan. 1947, Vol. 22, No. 7, pp. 98-102.) Discusses
chiefly tropospheric propagation of 5-m waves,
with special reference to the effects of refraction,
temperature inversions, humidity gradients and
general weather conditions.

621.396.812 : 551.515.827 1180
Reflection of Radio Waves from Tropospheric

Layers.-J. B. Smyth & L. G. Trolese. (Phys.
Rev., istli5th Sept. 1946, Vol. 7o, Nos. 5/6, p. 449.)
Reflection coefficients are calculated for an elevated
layer produced by a warm dry air mass over a cool
humid air mass. Experimental data over a 90 miles -
link on 52, Too and 547 Mc/s are compared with
theory. Summary of Amer. Phys. Soc. paper.

1175
and the

621.396.812: 551.578.1 1181
Attenuation of 1.24=Centimeter Radiation through

Rain.-L. J. Anderson, C. H. Freres, J. P. Day &
A. P. D. Stokes. (Phys. Rev., 1st/15th Sept. 1946,
Vol. 7o, Nos. 5/6, p. 449.) Experimental de-
termination over a path of 6 400 ft. A value of
0.37 db/mile/mm/hr was obtained, which is somewhat
greater than the theoretical value deduced assuming
incoherent scattering. Summary of Amer. Phys.
Soc. paper.

621.396.812.029.64 1182
Measurement of the Angle of Arrival of Micro-

waves.-W. M. Sharpless. (Proc. Inst. Radio
Engrs, TV. 6- E., Nov. 1946, Vol. 34, No. 11,

pp. 837-845.) A description of the apparatus is
given and a summary of the data collected during
the summer of 1944 for two short optical paths
using a wavelength of 31 cm. The beams of two
receiving aerials of width 0.36° are swept through
small arcs, one vertically and the other horizontally,
across the line of incoming waves. The signal level
output is observed on a recorder giving an indication
of the arrival direction.

The horizontal angle of arrival was found not to
deviate by more than + 0.1°, but vertical angles
as much as I° above the true angle of elevation
were measured. Observations on reflected rays
from land and sea were also made and evidence of
trapping for both the direct and reflected rays was
obtained.

621.396.812.029.64 1183
Further Observations of the Angle of Arrival of

Microwaves.-A. B. Crawford & W. M. Sharpless.
(Proc. Inst. Radio Engrs., IV. 6- E., Nov. 1946,
Vol. 34, No. 11, pp. 845-848.) A metal lens aerial
of 0.12° beam width and wavelength cm was
used. Results are compared with those for 3f cm
described in an earlier paper (1182 above) and
correlated with meteorological conditions. Six
curves of modified atmospheric refractive index
against height, representative of conditions over
the path, were obtained daily from balloon and
tower observations. A detailed analysis is given
of multiple path transmission which occurred on
two nights when there was definite evidence of

inversions in the refractive index/height curve near
the line of transmission.

621.397.81 1184

A Modification to Ray Theory allowing for

Ground Contours. H. P. Williams. (Electronic
Engng, Jan. 1947, Vol. 19, No. 227, pp. 17-2o.)
A simple empirical law is given which, by allowing
for multiple, instead of single, reflection from the
ground, gives greatly improved correlation with
experimental field strength curves for television
transmissions on A 7 m from Alexandra Palace to

points of reception near the ground and within
20 miles. The law should be of value at metre
wavelengths and whenever the points of trans-
mission and reception are intervisible. Its applica-
tion to shorter wavelengths may be open to question.

RECEPTION
534.862.4 1185

Perfect v. Pleasing Reproduction.-J. Moir.

(Electronic Engng, Jan. 1947, Vol. 19, No. 227,
pp. 23-27.) The results of comprehensive tests, in

which a reproducer of the highest quality was used

to determine the frequency range which would

fi
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produce the most pleasing reproduction, indicate
a decided public preference for a restricted frequency
range. This optimum range is approximately 7o to
6 500 c/s, but is somewhat dependent on pro-
gramme material. A similar preference appears to
exist when electrical reproduction is not involved.It is suggested that the present practice of trans-mitting with a flat or slightly rising characteristic
and providing each listener with a tone control is
the correct precedure.

621.396.44 : 621.317.34 1186
Receiver for Measurements on Carrier -Frequency

Systems.-Thilo. (See 1135.)

621.396.619.13 1187
Twelve -Channel F.M. Converter.-J. E. Young &W. A. Harris. (Electronics, Dec. 1946, Vol. 19,No. 12, pp. 1.) Telephone -dial selection of

any of twelve stations in the new f.m. band is
achieved remotely with a pre-war f.m. receiver by
use of a three -valve converter in which mixer input
and oscillator are tuned by preset trimmers con-
nected to a 12 -position rotary selector switch.

621.396.62 + 621.396.82 1188
Second National Electronics Conference, Chicago,

Autumn, 1946.-(Elect. Engng, N.Y., Dec. 1946,
Vol. 65, No. 12, pp. 569-574.) Abstracts are given
of the following papers read at the conference.
Interference between Very High Frequency Radio
Communication Circuits, by W. R. Young, Jr.
Frorlt-End Design of Frequency Modulation Re-
ceivers, by C. R. Miner. A Single -Stage Frequency
Modulation Detector, by W. E. Bradley. Fort6 les of other papers read, see other sections. For
other abstracts see Electronic Industr., Dec. 1946,
Vol. 5, No. 12, pp. 46-47..111.

621.396.62 1189
Tendencies in the Design of the Communication

Type of Receiver.-G. L. Grisdale & R. B. Arm-
strong. (J. Instn elect. Engrs, Part I, Dec. 1946,Vol. 93, No. 72, p. 6o5.) Summary of 223 ofJanuary.

621.396.62.029.62 1190The Professional Receiver.-R. Aschenbrenner.(Radio en France, 1946, No. 3, pp. 14-25.) Dis-1) cusses in some detail the design of all the com-
ponent stages of a communications receiver for therange 15-60 m.

621.396.621 1191
Towards the Radio Receiver De Luxe.-L. Boe.

(Radio en France, 1946, No. 1, pp. 26-33.) Reviews
)the conditions for quality reproduction and dis-
cusses a circuit fulfilling them.

i4621.396.621
1192r V55R Communication Receiver.-( Wireless World,Jan. 1947, Vol. 53, No. r, p. 36.) A commercial

odification of the R.A.F. type R1155. A com-
plementary unit contains a 5 m and ro m converter.

21.396.621.629.64 1193First Steps in V.H.F. Exploration. A Practical
Super -Regenerative Receiver.-" Cathode Ray ".Wireless World, Jan. 1947, Vol. 53, No. 1, pp. 15-

7.) Details of a simple set of high sensitivity andlow selectivity, permitting easy 'tuning.

621.396.662: 621.396.62 1194
Tuning Devices for Broadcast Radio Receivers.-R. C. G. Williams. (J. Instn elect. Engrs, Part III,

Nov. 1946, Vol. 93, No. 26, pp. 405-423. Dis-cussion, pp. 423-427.) A historical discussion of
tuning device evolution is followed by a descrip-tion of listening tests on the degree of mistuning
required for observable deterioration of quality.As a result of these a target tolerance of 1 kc/s forlong and medium waves and 2 kc/s for short waves
is suggested. Problems of design imposed bythese criteria are discussed together with detailed
descriptions of the chief systems of preset tuning
and bandspreading hitherto used. In an appendix
experimental measurements of the effect of mis-
tuning on audio -frequency response and harmonic
distortion are described, and a theoretical analysis
of the problem is given.

621.396.662 : 621.396.62 1195
The Design of Band -Spread Tuned Circuits for

Broadcast Receivers.-D. H. Hughes. (J. Instnelect. Engrs, Part III, Nov. 1946, Vol. 93, No. 26,pp. 459-460.) Discussion of 1803 of 1946.

621.396.822 1196Noise Factor : Part 2. Methods of Measurement.
Sources of Test Signals.-L. A. Moxon. (Wireless
World, Jan. 1947, Vol. 53, No. 1, pp. 11-14.) Either
a c.w. signal generator or a noise source can beused, and the latter is preferable. The most satis-
factory noise source is a temperature -limited diodewith a pure tungsten filament. For measurementsin the 3 000-10 000 Mc/s range, the filament is
mounted axially in a small -bore copper tube aboutto cm long. The correction factors for various
possible errors can then be calculated. For part 1,see 864 of March.

621.396.822: 530.162 1197
On the First Passage Time Problem for a One -

Dimensional Markoffian Gaussian Random Function.-Siegert. (See 1127.)

621.396.822: 621.396.619.16 11.98
Pulse Distortion : the Probability Distribution of

Distortion Magnitudes due to Inter-Channel Inter-
ference in Multi -Channel Pulse-Transmission Sys-tems.-D. G. Tucker. (J. Instn elect. Engrs,Part I, Dec. 1946, Vol. 93, No. 72, pp. 611-612.)
Summary of 23o of January.

621.396.822: 621.396.621 1199
Note on the Theory of Noise in Receivers with

Square Law Detector.-M. Kac & A. F. J. Siegert.
(Phys. Rev., Ist11.5th Sept. 1946, Vol. 7o, Nos. 5/6,
p. 449.) The probability density of the noise emer-ging from a receiver consisting of i.f. amplifier,
detector and video amplifier, is calculated using the
characteristic function method. Summary of Amer.
Phys. Soc. paper.

621.396.822 : 621.396.645 1200
Background Noise in Amplifiers.-U. Zelbstein.

(Toute la Radio, Dec. 1946, Vol. 13, No. III, pp. 2-3,
..24.) Discusses thermal and shot effects.

621.396.822.029.62 : 523.16 1201
Variation of Cosmic Radiation with Frequency. -Moxon. (See 1073.)

621.396.828 + 621.396.665
Noise and Output Limiters : Part 2.-E. Toth.

1202
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(Electronics, Dec. 1946, Vol. 19, No. 12, pp. 120-
125.) The operation of six types of r.f. and a.f.
limiters and a f.m. discriminator for a.m. limiting
are described, and the characteristics of thermionic
and crystal diodes when used as limiters are con-
sidered. Series -type noise -peak limiters are recom-
mended for modulated c.w. reception and full -wave
a.f. shunt output types for c.w. reception. For
part I see 867 of March.

STATIONS AND COMMUNICATION SYSTEMS
621.315.668.2 1203

The Reconstruction of Ten 305 -Foot Tubular Steel
Radio -Masts in Reinforced Concrete. -J. P. Harding.
(J. /min Civil Engrs, Dec. 1946, Vol. 27, No. 2,
pp. 113-179.) An account of the encasing in rein-
forced concrete of the ten masts erected at Leafield
in 1912 by the Marconi Company.

621.384.3: 621.391.64 1204
Lamp enables Two -Way Talk over Invisible

Searchlight Beam. -R. H. 0. (J. Franklin Inst.,
Oct. 1946, Vol. 242, No. 4, pp. 339-340.) A descrip-
tion of a ' talking lamp ' using caesium vapour,
which makes two-way conversation possible by
means of invisible infra -red beam. Secrecy is
claimed, and speech is transmitted practically in-
stantaneously with true telephone quality at con-
versational speed.

621.39+534.756 1205
Theory of Communication. -Gabor. (See 1057.)

Part r, analysis of information ; Part 2, analysis
of hearing ; Part 3, frequency compression and
expansion.

621.394/.395r 193911945 1206
Telephony and Telegraphy. -W. G. Radley.

(J. lnstiz elect. Engrs, Part I, Dec. 1946, Vol. 93,
No. 72, pp. 569-576.) A review of improvements
and developments in British Post Office equipment
and methods in the last six years.

621.395.44 : 621.315.052.63 1207
Field Tests on Power -Line Carrier -Current Equip-

ment. -R. H. Miller & E. S. Prud'homme. (Trans.
Amer. Inst. elect. Engrs, Dec. 1946, Vol. 65, No. 12,
pp. 824-827.) Tests on the Pacific Gas and Elec-
tric Company's new telephone system included a
comparison of the performances of f.m. and a.m.
equipment. The results are expressed graphically.

621.395.5: 621.317.34 1208
Transmission Rating of Telephone Systems. -

W. A. Codd. (Trans. Amer. Inst. elect. Engrs,
Oct. 1946, Vol. 65, No. ro, pp. 694-698.)

625.396 1209
Colonial Telecommunication. - (Electrician,

29th Nov. 1946, Vol. 137, No. 3574, pp. 1519-152o.)
Summary and discussion of two papers read before
the I.E.E. : The Development and Design of
Colonial Telecommunication Systems and Plant,
by C. Lawton, and The General Planning and Organ-
isation of Colonial Telecommunication Systems, by
V. H. Winson. For another account see Elect.
Times, 28th Nov. 1946, Vol. 'Po, No. 2875, pp. 729-
730.

621.396.24 : 551.510.535 1210
Application of the Theories of Indirect Propaga-

tion to the Calculation of Links using Decametre

Waves. -R. Aubert. -(Bull. Soc. _franc. Elect.,
March 1946, Vol. 6, No. 57, pp. 111-128.) A résumé
is first given of the principal laws of propagation
in an ionized medium. The general characteristics
of the ionosphere and the seasonal variations of
equivalent heights and critical frequencies are then
surveyed ; from a knowledge of these and of the
variations of solar activity it is possible to predict
similar data for several months in advance and to
deduce maximum usable frequencies for given
distances.

The paper is mainly concerned with the calcula-
tion of the operating conditions for a short-wave
link. This calculation involves the following factors :
(a) The determination of the path of the wave -
the angle of elevation of the ray must be as low as
possible to give a minimum number of hops, but
sufficient to avoid reflection at the E layer. Curves
are given of minimum angle of elevation and corre-
sponding distance per hop for a series of E -layer
critical frequencies. (b) The determination of the
maximum usable frequency for the given path -
this is derived from seasonal world charts, published
in Washington, which can be interpreted in terms
of local time. (c) The choice of an optimum working
frequency, usually about 20% below the maximum
usable frequency to ensure greater security of com-
munication. (d) The calculation of loss by reflec-
tion at the F layer -this is a function of the ratio
of optimum working frequency to maximum usable
frequency ; curves are given and approximations
explained. (e) The calculation of loss by absorp-
tion in the E layer -during the day the absorption
is proportional to A2 and is a function of the altitude
of the sun ; curves proposed at the Bucharest
meeting of the C.C.I.R. are reproduced. At night
absorption is proportional to A-2.2 for the first
3 or 4 hours and is negligible for the later hours.

A detailed example of the use of the above data
is given for the link Paris -New York, with explana-
tions of the approximations necessary in practice.

621.396.24: 551.510.535 1211
Short -Wave Long Distance Links by means of the

Ionosphere. -A. de Gouvenain. (route la Radio,
Nov. 1946, Vol. 13, No. II°, pp. 264-269.) Dis-
cusses the effects of the E and F layers and explains
the use of ionospheric charts for the choice of
optimum operational frequencies and hours of

traffic. See also 1210,

621.396.324.029.3 1212
Multi -Channel Two -Tone Radio Telegraphy. -

L. C. Roberts. (Bell Lab. Rec., Dec. 1946, Vol. 24,
No. 12, pp. 461-465.) This voice -frequency tele-
graph system can handle a large amount of traffic
over a single radio frequency with comparatively
low power per channel. It gives independent
start -stop teletypewriter circuits which can be
extended by land lines to teletypewriters situated -
at different places.

For two-tone transmission, one channel is used
for marking and an adjacent channel at a frequency
170 c/s higher is used for spacing. Selective fading
is counteracted by simultaneous transmission of the
same two-tone signals on two pairs of frequencies,
corresponding members of which differ by about

000 c/s. A channel shifter is used to enable 6
channels of the frequency -diversity system -24,
tones -to be transmitted over a single radio channel.'
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621.396.41 : 621.396.619.16 1213
Pulse -Time -Modulated Multiplex Radio Relay

System - Terminal Equipment. -D. D. Grieg &
A. M. Levine. (Elect. Commun., June 1946, Vol. 23,
No. 2, pp. 159-178.) The principles and advantagesof the system are explained with numerous diagrams.
A description is given of the physical and electricalcharacteristics of the terminal equipment of a
z4 -channel system which takes advantage of trans-
mission technique developed during the war.

)21.396.44 1214
Carrier -Frequency Broadcasting. - (Electrician,

29th Nov. 1946, Vol. 137, No. 3574, pp. 1503-1504.)
.kn outline description of the new Rugby wired-
Droadcasting system, including monitoring facilities,
Dut into public service on 22nd Nov. 1946. Six
Drogrammes are to be made available to sub-
>cribers, over two polyvinyl chloride covered wires,
Dy means of modulated -carrier waves of frequencies
ip to zoo kc/s spaced 20 kc/s apart. It is estimated
:hat the 6-W output of the equipment is sufficient
:o provide for 3 000 subscribers. For another
tccount see Elect. Times, 28th Nov. 1946, Vol. 110,
'lo. 2875, p. 725.

N21.396.1 : 621.396.82 1215
Interference Considerations affecting Channel-

'requency Assignments. -M. Reed & S. H. Moss.
J, Instn elect. Engrs, Part I, Dec. 1946, Vol. 93,
do. 72, pp. 603-604.) Summary of 241 of January.

21.396.619.11 1216
1 Amplitude Modulated Waves. -H. Moss. (Elec-
onic Engng, Dec. 1946, Vol 18, No. 226, pp. 375-

j{;8.) The theory of amplitude modulation is con -4dered in general and sinusoidal modulation inrticular. The effects of modulation index)ove unity, of suppressing the carrier and oftenuating one sideband are discussed and exam-
es of oscillographic measurements of modulationpth and distortion given. For previous parts
i, this series see 2966 of 1946 and back references.

111.396.619.13 1217
1Second National Electronics Conference, Chicago,ttumn 1946. -(Elect. Engng, N.Y., Dec. 1946,
d. 65, No. 12, pp. 569 -574.) Abstracts are giventhe following papers read at the conference.
equency Modulation of High -Frequency PowerIcillators, by W. R. Rambo. A Microwave
'lay Communication System, by G. G. Gerlach.
Ise Time Multiplex Broadcasting of the Ultra -h Frequencies, by D. D. Grieg & A. G. Kandoian.

"nal Systems for Improving Railroad Safety, byW. Jarvis. For titles of other papers read, seeer sections. For other abstracts, see Electronic
dusty., Dec. 1946, Vol. 5, No. 12, pp. 46-47..111.

.396.645 : 621.396.7 1218:',emote Amplifier for Broadcast Service. -P., lfsberg. (Electronic Industr., Dec. 1946, Vol. 5,12, pp. 70-71..102.) An audio -frequency four-
nel and master self-contained unit for operation
either a.c. or batteries. The gain is 92 db,frequency response ± 1 db from 3o to 12 000 c/s;

Ounit gives 5o mW output with 1% or less distor -

396.65.029.6464 : 621.396.619.16 1219
;'Multichannel Microwave Radio Relay System.-

1

H. S. Black, J. W. Beyer, T. J. Grieser & F. A.Polkinghorn. (Trans. Amer. Inst. elect. Engrs,Dec. 1946, Vol. 65, No. 12, pp. 798-806.) TheAN/TRC-6 is an 8 -channel relay system operatingat about 5 000 Mc/s. Sharp beaming and the com-plete absence of interference greatly reduce therequired transmitter power. " Short pulses ofmicrowave power carry the intelligence of the eight
messages utilizing pulse position modulation tomodulate the pulses and time division to multiplexthe channels."

The eight high-grade telephone circuits can beused for various purposes. Two-way transmissionsover distances of i boo miles and one-way over3 zoo miles have been achieved. See also 2315of 1946 and back references.

621.396.712.3 1220
Studio Control Unit. -N. J. Peterson. (ElectronicIndustr., Dec. 1946, Vol. 5, No. 12, pp. 68-69,

109.) All controls and amplifiers for one or twobroadcasting studios, together with announcing
booth, contained in a single desk cabinet.

621.396.93 1221
Frequency, Power and Modulation for a Long -Range Radio Navigation System.-Adams & Colin.(See 1086.)

621.396.932 1222Electronics on World's Largest Liner. -(Elec-tronics, Dec. 1946, Vol. 19, No. 12, pp. 84-85.)
Navigational aids aboard the liner Queen Elizabethinclude radar, loran, depth -sounding and radioinstallations.

621.396.712 1223Broadcasting Stations of the World. [Book
Review]-" Wireless World," Iliffe & Sons, London,is. (Elect. Rev., Lond., 7th Feb. 1947, Vol. 140, No.3611, p. 264.) Details of over a thousand stations,arranged for easy reference.

SUBSIDIARY APPARATUS
621-526+621.396.016.2.029.64 1224

Second National Electronics Conference, Chicago,
Autumn 1946. -(Elect. Engng, N .Y., Dec. 1946,Vol. 65, No. 12, pp. 569-574.) Abstracts aregiven of the following papers read at the conference.
High -Performance Demodulators for Servo-
mechanisms, by K. E. Schreiner. Continuous-Wave
Ultrahigh -Frequency Power at the 50 -kW Level,
by W. G. Dow & H. W. Welch. For titles of other
papers read, see other sections. For other abstracts
see Electronic Industr., Dec. 1946, Vol. 5, No. 12,
pp. 46-47 . . 1.

621.314.2.018.8 1225
Primary Oscillation Damper, using a Shunted

Rectifier, for Transformers feeding X-Ray Tubes.-L. Maurice. (Bull. Soc. franc. Elect., March 1946,Vol. 6, No. 57, pp. 98-102.)

621.314.6+621.319.4+621.383] : 669.018 1226Light Alloys in Metal Rectifiers, Photocells and
Condensers. -Continuing the series in Light Metals
mentioned in 544 of February and 3768 of 1946.

(xii) July 1945, Vol. 8, No. 90, pp. 348-359.
" The properties of interleaving papers are

critical, and, physically and chemically, are relatedto the electrode metals."
(xiii) Aug. 1945, Vol. 8, No. 91, pp. 409-414.

I)
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Summarizes practical requirements for inter-
leaving papers.

(xiv) Sept. 1945, Vol. 8, No. 92, pp. 459-462.
A detailed survey of the electrical, chemical,

physical and mechanical characteristics of impreg-
nating media for fixed paper capacitors.

(xv) Oct. 1945, Vol. 8, No. 93, pp. 479-491.
Continuing (xiv), with particular attention to

chemical properties in relationship to the metal
with which impregnating media come in contact.

(xvi) Nov. 1945, Vol. 8, No. 94, Pp 559-576.
A discussion on the relationship between impreg-

nated media and the service characteristics and life
of fixed -paper capacitors.

621.316.53 1227
Some Technical Considerations concerning Con-

tactors. -F. Bertholet. (Bull. sci. Ass. Inst.
electrotechn. MonteJiore, June -Aug. 1946, Vol. 59,
Nos. 6-8, pp. 271-277, 319-341 & 353-381.) In
13 chapters, dealing with the magnetic circuit,
shape and pressure of contacts, phenomena at make
and break, arc extinction, effect of current in-
tensity and of the connected circuits, contactors
in oil, contact life and auxiliary contacts.

621.316.935.078 1228

Saturable Reactors for Automatic Control. -
W. D. Cockrell. (Electronic Industr., Dec. 1946,
Vol. 5, No. 12, pp. 48-53.) Theory and application
of power -control reactors using magnetic saturation
effects.

621.385.4 1229
A Neon Stroboscopic Lamp. -(Electronic Engng,

Dec. 1946, Vol. 18, No. 226, p. 374.) Details of
construction and operation of the Ferranti Neostron
Type NSF'', designed for short discharge flashes
up to 25o per sec.

621.391.64+621.384.3 1230
Some Developments in Infrared Communications

Components. -J. M. Fluke & N. E. Porter. (Proc.
Inst. Radio Engrs, IV. 6- E., Nov. 1946, Vol. 34,
No. 11, pp. 876-883.) For communication at
wavelengths 0.8-1.2 the most suitable source
is a caesium vapour lamp ; power supply for it is
considered. Plastic filters are more efficient than
glass but cannot operate at such a high temperature.
The three main types of receiver -phosphors,
electron -image tubes, and photocells -are briefly
discussed.

621.392.032.53 : 533.5 1231
Resonant Windows for Vacuum Seals in Rect-

angular Wave Guides. -M. D. Fiske. (Rev. sci.
Instruni., Nov. 1946, Vol. 17, No. r1, pp. 478-483.)
They consist of a thin dielectric plate (glass)
hermetically sealed to a Fernico metal frame.
They are ground for tuning, deoxidized and soldered
across the guide. They may be represented by a
parallel -resonant circuit shunted across a trans-
mission line. Windows having a Q less than unity
and giving 97% power transmission have been
constructed. Detailed design information is given
for 3 cm windows.

621.394.652 1232
Telegraph Manipulating Key Design. -H. J. H.

Wassell. (Marconi Rev., July/Sept. 1946, Vol. 9,
No. 82, pp. 109-115.) Conditions to be aimed at
in key design are : (a) small mass of moving arm,

(b) use of a ' dead ' metal for the arm, (c) optimum
arm length, (d) small gap, (e) contacts at centre of
percussion. Some detailed observations of keying
methods are given, and the design of a new mani-
pulating key is described.

669.71+669.721] : 621.3 1233
Aluminium and Magnesium in the Electrical

Industries. -B. J. B raj nikoff . (Light Metals,
Aug. & Nov. 1946, Vol. 9, Nos. 103 & 106, pp.
393-397 & 609-618.) The first article describes
the application of aluminium in high -voltage
capacitors with compressed -gas insulation ; it is

based on the researches of B. M. Hochberg and co-
workers at the Leningrad Physico-Technical In-
stitute. The second article considers modern
developments of high -voltage generation for nuclear
physics, X ray or industrial applications ; high
electrical efficiency is obtainable by using alumi-
nium in the construction of alternators.

621.317.755 1234
Principes de l'Oscillographe cathodique. [Book

Review] --R. Aschen & R. Gondry. Editions
Radio, Paris, 88 pp., roo fr. (Tonle la Radio,
Nov. 1946, Vol. 13, No. 1 ro, p. 273.)

TELEVISION AND PHOTOTELEGRAPHY
621.396.029.6 1235

The Interstage Auto -Transformer at Television
Frequencies. -Feldmann. (See 1027.)

621.397.262 1236
Approximate Method of calculating Reflections in

Television Transmission. -D. A. Bell. (J. lush?

elect. Engrs, Part I, Dec. 1946, Vol. 93, No. 72,
p. 605.) Summary of 553 of February.

621.397.3 1237 1,

Choice of Definition in Television. -R. Barth&
lemy. (Gah. toute la Radio, July 1946, No. 5,
pp. 2-4.) Although a 900 -line scan, with a fre-
quency band of about 15 Mc/s, causes a continuous
appearance on the screen both in the horizontal
and vertical directions, in the case of some image
structures the vertical definition is inferior to the
horizontal. Without spoiling the definition, the
use of interlacing produces a striation in the greater
part of the picture equal to half the number of
lines.

621.397.331.2 1238

New Cathode -Ray Tube for Television. -(Radio
en France, 1946, No. 2, p. 46.) The tube has an
overall length of 35 cm and gives an image 12 x 16'

cm. A directly heated filament takes under r A

at 1.2 V and the normal accelerating voltage
2 000 V, which may be increased without danger,
to 3 000 or 4 000 V.

621.397.5 1239

Second National Electronics Conference, Chicago,
Autumn 1946. -(Elect. Engng, N.Y., Dec. 1946,

Vol. 65, No. 12, pp. 569-574.) Abstracts are given

of the following papers read at the conference.
Color Television - Latest State of the Art, by
P. C. Goldmark. Westinghouse Color Television
Studio Equipment, by D. L. Balthis. Televisio
Transmitter for Black -and -White and Color Tele

vision, by N. Young. Stratovision System of Com-
munication, by C. E. Nobles & W. K. Ebel. t1.1
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Electrostatic Image Dissector, by H. Salinger.
The Use of Powdered Iron in Television Deflecting
Circuits, by A. W. Friend. Television Equipment
for Guided Missiles, by C. J. Marshall & L. Katz.
Results of Field Tests on Ultrahigh -Frequency
(490 Mc/s) Color Television Transmission in the
New York Metropolitan Area, by W. B. Lodge.
For titles of other papers read, see other sections.
For other abstracts, see Electronic Inclustr., Dec.
1946, Vol 5, No. 12, pp. 46-47..1r1.

621.397.5 1240
All -Electronic Color Television.- ( Electronics, Dec.

1946, Vol. 19, No. 12, pp. 14o, 142.) A method of
simultaneous colour transmission is described.
With a cathode-ray tube as light source, the image
is split into three colour components and directed to
separate channels by a mirror system. Three
separately actuated cathode-ray tubes project the
received images to form a composite picture. The
colour transmissions will form monochrome pictures
On existing receivers, which may alternatively be
adapted for full -colour reception.

621.397.5 (44) 1241
1 The Conditions for the Development of Television
[ in France and the Problem of the Line Standard.-

M. Chauvierre. (Radio en France, 1946, No. 2,
pp. 33-35.) Discusses the difficulties of starting a
television service in France. It is concluded that
immediate industrial development based on a 500-

.i line standard is essential.

621.397.5: 515.6 1242
Perspective and Television.-P. Philippe. (Televis.

e franc., April 1946, No. 12, pp. 9-11.) A discussion
of perspective effects arising from differences of the
points of view of camera and viewer.

621.397.611 1243
',. From the Iconoscope to the Isoscope and towardsLarge Screen Television.-G. Barret. (Toute la
Radio, March/April 1946, Vol. 13, No. 104, pp. 97-

498.) Principles and construction of the iconbscope
and of the more recently developed R.C.A. orth-

i;iconoscope and the Compagnie des Compteurs
ilisoscope, both of which are better adapted for
screen projection.

tvA21.397 .611 : 621.383 1244
1 The Isoscope.-R. Barthelemy. (Televis. franc.,
iMay & June 1946, Nos. 13 & 14, pp. 12-14 & 3-5 ..

23.) A method of picture analysis by means of slow
'electrons uses modulation of the cathode beam,
dear the point of impact, by photoelectric charges
created by the light projected on the transparent

mmosaic. A beat -frequency method produces h.f.
odulation of the beam, so that in the tuned

utput circuit the h.f. current has Too % modulation.
iiee also 445 of 1946.

in1.397.62 1245
Television Receiver Construction. Part 1- De-

ector Coils : General Principles.-( Wireless World,
an. 1947, Vol. 53, No. I, pp. 2-5.) Constructionaletails for those acquainted with sound -set con-
truction and television circuit principles.

f!2I.397.62 1246
R.C.A. reveals First Electronic Color TV [tele-ision].-(E/ectronic Industr., Dec. 1946, Vol. 5,°o. 12, pp. 58-59, 103.) Three simultaneous colour

modulations are used to excite three small c.r.
tubes and the light from these is focused through
appropriate filters on a translucent 15 inch x 20inch screen.

621.397.62 1247
Problems on Theatre Television Projection Equip-ment : Parts 1 & 2.-A. H. Rosenthal. (J.

Televis. Soc., June & Sept. 1946, Vol. 4, Nos. ro & 11,
pp. 258-263 & 274-278.) Reprint of article ab-
stracted in 461 of 1946.

621.397.62 (44) 1248
The S.A.D.I.R. Receiver, Type R.290.-(Radio en

France, 1946, No. 2, pp. 43-45.) A short description
of the 1943 television receiver with complete circuit
diagram, .and.details of components used.

621.397.81 1249
A Modification to Ray Theory allowing for Ground

Contours.-Williams. (See 1184.)

621.394.652
Telegraph

(See 1232.)

621.395.4
Wideband

1021.)

TRANSMISSION
1250

Manipulating Key Design.-Wassell.

1251
Phase Shift Networks.-Dome. (See

621.396.61.029.58 1252
Medium Power Short -Wave Telephone-Telegraph

Transmitter Type T.F.S.31.-C. R. Staines. (Marconi
Rev., July/Sept. 1946, Vol. 9, No. 82, pp. 89 -lot.)
Designed for use in communication circuits where
rapid frequency changing is of first importance,
e.g. aerodrome ship -to -shore
services, and point-to-point circuits. The frequency
range covered is 3-22.2 Mc/s with output poWer4.0-5.0 kW on telegraphy and carrier power
3.o-3.5 kW on teleFhony.

621.396.619.1 1253Cascade Phase Shift Modulator.-M. Marks.
(Electronics, Dec. 1946, Vol. 19, No. 12, pp. 104-109.)
The general requirements of phase-shift modulators
are discussed, and it is shown that addition of the
phase shifts of a number of stages in cascade allows
a lower order of frequency multiplication. Thedesign of a six -stage modulator with low noise anddistortion characteristics is described, and theprocedure given for tuning the modulator andaligning the transmitter. Distortion less than 1%
is claimed.

621.396.619.14 1254
Phase Modulation.-V. 0. Stokes. (Marconi Rev.,July/Sept. 1946, Vol. 9, No. 82, pp. 116-122.)

Phase modulation may conveniently be applied to
telegraph transmitters as an anti -fading system.
A modulation method using a reactance valve inone of the driven stages is described. Curves
showing the amplitude of the carrier and sidebands
for various modulation indices are given and a
method of measuring the modulation index (for
sinusoidal modulation) is described in detail with a
circuit diagram of the Monitor unit. The applica-tion of the system to a typical transmitter is
explained. Unintentional phase modulation maybe produced by a.c. heating of valves, etc. ; aspecial monitor unit has been developed for
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measuring this unwanted modulation. This unit
can also be used for the separate measurement of
' amplitude noise '.

VALVES AND THERMIONICS
621.317.7.085 1255

" Magic Eye " Indicators [with positive feedback].
-G. 0. Thacker & R. Y. Walker. (Wireless World,
Jan. 1947, Vol. 53, No. r, pp. 3o-31.) Criticizes
the construction of war -time EM2 indicators and
suggests that a short grid base and flat deflector
vanes are necessary for high sensitivity.

621.383 : 621.391.64 1256
German Photo -Cells for the Infra Red.-B.I.O.S.

(J. Televis. Soc., Sept. 1946, Vol. 4, No. II, pp.
280-281.) An extract from a B.I.O.S. report by T. F.
Johns, published by H.M. Stationery Office. The
characteristics of lead sulphide and lead telluride
photocells, and German methods of producing them,
are briefly described.

621.385 621.396.694 1257
Magnetic Control of Anode Current. -C. R.

Knight. (Electronic Industr., Dec. 1946, Vol. 5,

No. 12, pp. 72-73..108.) Details of a new diode,
type 2B23, in which the anode current is controlled
by an external magnetic field. An illustration is
given of its use as a voltage -control amplifier and a
current -limit amplifier in an electronic motor
control circuit. A more stable control circuit can be
made using two such diodes differentially.

621.385 1258
Second National Electronics Conference, Chicago,

Autumn 1946. -(Elect. Engng, N.Y., Dec. 1946,
Vol. 65, No. 12, pp. 569-574.) Abstracts are given
of the following papers read at the conference.
Trends in Cathode -Ray Oscilloscope Design, by
W. L. Gaines. Production Test Facilities for High
Power Tubes, by W. L. Lyndon & B. Sheren. The
Cyclophon -a Multipurpose Beam Switching Tube,
by J. J. Glauber, D. D. Grieg & S. Moskowitz.
An All -Metal Tunable Squirrel -Cage Magnetron, by
F. H. Crawford. Bunching Conditions for Electron
Beams with Space Charge, by L. Brillouin. For
titles of other papers read, see other sections. For
other abstracts see Electronic Industr., Dec. 1946,
Vol. 5, No. 12, pp. 46-47.. III.

621.385 : 389.6 1259
Service Valve Equivalents. -Incorporated Radio

Society of Great Britain. List of commercial
equivalents to service types. Booklet issued as
supplement to R.S.G.B. Bull., Jan. 1947, Vol. 22,
No. 7.

6221.385: 533.5 1260
Evacuation of Mean and Low Power Trans-

mitting Tubes. -P. Plion. (Le Vide, Paris, May
1946, Vol. r, No. 3, pp. 71-78.) Discusses methods
of degassing electrodes and envelopes and describes
mass production evacuation methods used in France.

621.385.016.2 1261
Bettering Output from Power Tubes. L. Dolinko.

(Electronic Industr., Dec. 1946, Vol. 5, No. 12,
pp. 60-62, 104.) Improved performance by use of
getter traps and graphite anodes.

621.385.029.63/.64 1262
The Beam Traveling -Wave Tube. -J. R. Pierce.

(Bell. Lab. Rec., Dec. 1946, Vol. 24, No. 12, pp.
439-442.) For other accounts see 585 and 586 of
February.

621.38.5.029.63/.64 1263
Broad Band Tube. -(Electronic Industr., Dec.

1946, Vol. 5, No. 12, pp. 57, 103.) A beam travelling -
wave tube giving very high gain and a bandwidth
about 8o times that hitherto practicable with other
microwave tubes. See also 585 and 586 of February.

621.385.032.2 : 669.296 1264
Zirconium in Electron Tubes. -Foote Mineral

Co. (See 1120.)

621.385.1.032.216 1265
Electronic Emission of Tungsten -Caesium and

Tungsten -Thorium Cathodes. -C. Biguenet. (Le
Vide, Paris, Jan. & March 1946, Vol. 1, Nos. 1 & 2,
pp. 13-20 & 54-60.) The emissive properties of a
thin layer of caesium, at most mono -atomic,
obtained by progressive condensation on a tungsten
filament, are deduced from De Boer's theory of
adsorption. By analogy it is shown that for
thorium on tungsten there is an optimum thickness
corresponding to at least a mono -atomic layer of
thorium. Intensities corresponding to different
carburation treatments are tabulated. Micrographs
reveal the nature of the surface of thoriated
tungsten, the formation processes and emission
characteristics of which are discussed in detail.

621.385.2 1266
Emission -Limited Diode. W. E. Benham. (Proc.

Inst. Radio Engrs, W. & E., Nov. 1946, Vol. 34,
No. r1, p. 863.) Comment on 3885 of 1945. In
the case where the ratio of the radii of the cylinders
exceeds about io, the transit time is best obtained
from Scheibe's formula.

621.385.38 : 621.3.018.41 1267
Frequency Performance of Thyratrons.--H. H.

Wittenberg. (Trans. Amer. Inst. elect. Engrs,
Dec. 1946, Vol. 65, No. 12, pp. 843-848.)

621.385.832 1268
The Ion Trap in C.R. Tubes. J. Sharpe. (Elec-

tronic Engng, Dec. 1946, Vol. 18, No. 226, pp.
385-386.) An electron beam is always accom-
panied by negative ions of various types which
have undesirable effects on the c.r. tube screen.
Three methods for separating the ions from the
beam are described, which depend on the difference
in the behaviour of the ions from that of the
electrons.

621.396.615.14 : 537.291 1269
Induction Currents produced by Moving Electrons.

-A. Colino. (Marconi Rev., July Sept. 1946, Vol.
9, No. 82, p. 123.) A " simple and intuitive "
treatment of Ramo's formula (131 of 1040) for
induction currents due to movement of electrons
in valve inter -electrode spaces:

621.396.615.141.2.032.21
Magnetron Cathodes. -M. A. Pomerantz. (Prot.

Inst. Radio Engrs, W. & E., Nov. 1946, Vol. 34,
No. r1, pp. 903-910.) Thermionic emission'
densities and their effect on magnetron
performance are considered ; the technique
emission measurement, and the interpretation of
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results in terms of the Richardson, Langmuir-
Childs and Schottky equations is discussed. Spark-
ing, pulse temperature rise, and back bombard-
ment are briefly considered. The essential require-
ments of magnetron cathodes which are thus made
clear appear to be better met by a new ' sinthor '
(sintered thorium oxide) cathode than by existing
types.

621.396415.142.2 1271
The Klystron.-A. V. J. Martin. (Toute la

Radio, Nov. 1946, Vol. 13, No. IIo, pp. 27o-271.)

621.396.615.142 1272
Elementary Treatment of Longitudinal De -

bunching in a Velocity Modulation System.-E.
Feenberg. (J. appl. Phys., Oct. 1946, Vol. 17,
No. ro, pp. 852-855.) Plane parallel electrode
systems of unlimited extent, coaxial circular
systems of infinite axial length and concentric
spherical systems give rectilinear motion of the
electrons, with or without velocity modulation.
In these cases a complete evaluation is given of the
effect of space charge on the bunching process in
the range of drift space where overtaking (crossing
of orbits) does not occur.

621.396.645 1273
Load Conditions in Class A Triode Amplifiers.-

Foster. (See 1044.)

621.396.645: 621.396.822 1274
Background Noise in Amplifiers.-Zelbstein.

(See zoo.)

621.385.3+621.396.694 1275
The Gas -Filled Triode. [Book Review]-G.

Windred. Hulton Press, London, 1946, 72 pp.,
2s. 6d. (Nature, Loud., 16th Nov. 1946, Vol. 158,
No. 4020, p. 689.) " Practical applications in in-
dustrial control and trigger circuits " and " a
complete list of models available at the present
time, with operating conditions and possiblecircuits."

MISCELLANEOUS
061.5: 621.38/.39 1276

Electrical Communication : 1940-1945 : Part 2.
-(Elect. Commun., June 1946, Vol. 23, No. 2, pp.
214-240.) Developments by Federal Telecommuni-
cation Laboratories and Federal Telephone & Radio
Corporation in various fields, including direction
finding and aerial navigation communication
equipment for radio, telephony and telegraphy,
valves, rectifiers, quartz crystals and transformers.'For part I see 3135 of 1946 ; in this, the U.D.C.
number should read as above.
'a61.6

1277
( Work of the E.R.A. [British Electrical and AlliedIndustries Research Association1. (Electrician,
7th Feb. 1947, Vol. 138, No. 3584, PP. 441 -442 -'Editorial comment, p. 427.) A summary of the
report for the twelve months ended 3oth Sept.'1946. Remarkable progress has been made in the
)fundamental theory of dielectric breakdown, and
pf the general shape of resonance lines. Inadequate
financial support for the activities of the Association

feared as a result of the new Electricity Bill.
81 Rutherford 1278
The Rutherford Papers in the Library of the

avendish Laboratory.-E. B. Bond & W. L. Bragg.

(Nature, Lond., 16th Nov. 1946, Vol. 158, No. 4020,
p. 714.) These have been classified and cover
Rutherford's scientific career from his first research
papers to his last contribution in Nature. " A
rich mine of information, not only about Ruther-
ford himself, but also about many famous men of
his time."

389.6(73) 1279
The American Standards Association - Our

Colleague in Standardization.-W. H. Crew. (Proc.
Inst. Radio Engrs, W. 6, E., Nov. 1946, Vol. 34,
No. 11, pp. 874-875.)

41.316.3 1280
French Terms of English Origin.-E. Aisberg.

(Wireless World, Jan. 1947, Vol. 53, No. r, p. 21.)
Some examples of French technical jargon and
errors-e.g. " Courants de Eddy ".
5 + 61 : orr 1281

Bulletin Analytique.-A monthly review of
scientific and technical abstracts published by the
Centre de Documentation du Centre National de
la Recherche Scientifique, 18 rue Pierre -Curie,
Paris (5e). Each month's issue is in two sections,
the first dealing with mathematics, physics,
chemistry, and their applications and the second
with biology and medicine. Microfilm copies of
all articles mentioned are available for loan. The
annual subscription is 1800 francs per section.

5 Fleming 1282
Ambrose Fleming - His Life and Early Re-

searches.-J. T. Macgregor -Morris. (J. Televis.
Soc., Sept. 1946, Vol. 4, No. II, pp. 266-273.)
The first Fleming Memorial Lecture.

5 Mandelstam 1283In Memory of Academician L. I. Mandelstam;
1879-1944.-(Bull. Acad. Sci. U.R.S.S., ser phys.,
1945, Vol. 9, Nos. 1/2, pp. 1-132. In Russian.)
Double issue devoted to appreciations and surveys
of the work of L. I. Mandelstam in various fields
of physics and radio.

522.1(42) Greenwich 1284
Greenwich Observatory.-W. M. Witchell.

(Weather, Lond., Jan. 1947, Vol. 2, No. r, pp. 23-
29.) A sketch of the functions of the Royal Obser-
vatory and of its history from its foundation in1676 to the present time.

537+538] 371.3 1285
Teaching Electricity and Magnetism.-V. P.

Hessler. (Trans. Amer. Inst. elect. Engrs, Dec.
1946, Vol. 65, No. 12, pp. 828-833.) The import-
ance of a full understanding of fundamental con-cepts is stressed. The order in which they should
be taught is suggested, with careful distinction
between definitions, experimental laws, and laws
theoretically derived.

551.556-3 1286
Wind Energy : Its Value and the Search for

[installation] Sites. -P. Ailleret. (Rev. gen. Elect.,
March 1946, Vol. 55, No. 3, pp. 103-108.)

621.3 1287
The Glasgow Technical Exhibition.-(Electronic

Engng, Jan. 1947, Vol. 19, No. 227, pp. 28-30.)
A short review of some of the instruments, tools
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and miscellaneous items shown at the Kelvin
Hall, Nov. 1946.

621.3(44) 1288
The Role of the Societe Frangaise des Electriciens

in French Electrical Activity.-R. Langlois-Berthe-
lot. (Bull. Sec. franc. Elect., April 1946, Vol. 6,
No. 58, pp. 157-172.)

621.3.016.25 1289

Sign of Reactive Power..F. B. Silsbee. (Elect.
Engng, N.Y., Dec. 1946, Vol. 65, No. 12, pp. 598-
599.) The definition of a quantity quadergy
the time integral of the reactive power, measured
in kilovars, helps to reconcile the seemingly incom-
patible requirements that a vector diagram similar
to admittance diagrams should be obtained and
that an inductive circuit should be considered to
absorb power. Comment on 971 of March.

621.315.3: 389.6 1290

Views on the Wiring Codes.-" Supervisor."
(Electrician, 7th Feb. 1947, Vol. 138, No. 3584,
pp. 439-440.) Comment on two Codes of Practice
concerning electrical installations now issued in
draft form. It is felt that the Codes are too
stringent for present conditions, and do not make the
best use of: available resources. Mains -borne
radio interference should be suppressed at the
source rather than by any choice of wiring system.

621.38/.39 1291
National Electronics Conference Papers.-(Elect.

N .Y ., Dec. 1946, Vol. 65, No. i2, pp. 569-
574 : Electronic Industr., Dec. 1946, Vol. 5, No. 12,
pp. 46-47.. i.) Abstracts of papers to be pub-
lished in the Proceedings of the second National
Electronics conference. For titles of papers read
at the conference, see other sections.

621.396 1292

Radio Amateur Call Book.-(ll'ireless World,
Jan. 1947, Vol. 53, No. I, p. 26.) Lists call signs,
names and addresses in Great Britain, U.S.A., and
some seventy other countries. Quarterly publica-
tion has been resumed.

621.396 : 384 1293
The Radio Industry from an Economic Viewpoint.

-D. A. Bell. (Wireless World, Jan. 1947, Vol. 53,
No. 1, pp. 27-29.) A survey based on pre-war
figures. Post-war exports show a large increase.
The economic need of the broadcast receiver
industry at the present time is for more efficient
organization of production.

621.396 " 20 1294
Half a Century of Radio Communications (1896-

1946).-S. P. Chakravarti. (Cum Sci , Nov. 1946,
Vol. 15, No. I t, pp. 299-305.)

678.1.02 1295
National Rubber Research at Stanford Univer-

sity.-(Science, 27th Dec. 1946, Vol. 104, No.
2713, p. 622.) An eight -month investigation to
be carried out at Salinas, California, seeking to
cultivate plants with high rubber content and
develop economical processes for extracting the
rubber.

744.34 621.3
Cylindrical Draughting

Diagrams, etc.-A. M.

1296
Machines for Electrical
Haworth. (Electronic

Engng, Dec. 1946, Vol. i8, No. 226, p. 387.) The
paper is mounted on a cylinder which can be
rotated about its horizontal axis. A straight edge
is provided parallel to this axis. For drawing
lines at right angles the cylinder is ro. ated and the
pencil kept fixed.

6(0.2) 1297
Progress in Science. [Book Reviewl-W. L.

Sumner. Blackwell, Oxford, 176 pp., 8s. 6d.
(Nature, Lond., 9th Nov. 1946, Vol. 158, No. 4019,
pp. 646-647.) Survey of technical developments
during the last few years, including electron applica-
tions, the electron microscope, radar, television,
atomic energy, and plastics. Future applications of
present-day researches are discussed. The author
" has never forgotten that he has been writing for
those only slightly informed of matters scientific ".

621.3 : 69 1298

Electricity in the Building Industry. [Book

Review]-F. C. Orchard. Chapman & Hall,
London, 232, pp., 15s. (Electricron, 6th Dec. 1946,
Vol. 137, No. 3575, p. 1597.) Deals with questions
of installation, workshop wiring and lighting,
power costs, maintenance and research.

621.3.004.5/.6(023) 1299
Electrician's Maintenance Manual. [Book Re-

view]-W. E. Steward. G. Newnes, London,

144 PP., 6s. (Electronic Engng, Dec. 1946, Vol. 18,
No. 226, p. 388.)

621.3.029.6 (02) 1300

Hyper and Ultrahigh Frequency Engineering.
[Book Review]-R. I. Sarbacher & W. A. Edson.
J. Wiley & Sons, New York, 644 pp., $6.00.
(Telegr. Teleph. Age, Dec. 1946, Vol. 64, No. 12,
p. 27.) " By avoiding complex mathematical
echnclegy, the authors have succeeded in giving

in an easily understood manner a complete treat-
ment on guided waves, Maxwell's equations, u.h.f.
generation and all related equipment."

621.396 1301

Reference Data for Radio Engineers. Book
Review]-W. L. McPherson. Standard Telephones
& Cables, London. 2nd edn, 175 pp. 5s. (Wireless
World, Jan. 1947, Vol. 53, No. I, p. 31.)

621.396 1302

Reference Data for Radio Engineers. [Book
Review]-Federal Telephone & Radio Corp. Pub-

lication Dept, New York, 2nd edn, 336 pp.,
82.00. (Telegr. Teleph. Age, Nov. 1946, Vol. 64,

No. II, p. 31.) " Revised and enlarged to cover
important radio technical data developed during
the war."

621.396(031) 1[03

The Radio Amateur's Handbook, 1946 Edition.
[Book Review]-Headquarters Staff of the Ameri
can Radio Relay League. American Radio Relay
League, West Hartford, Conn., 1946, 468 -F 208

pp., $1.00 in U.S.A. ; $1.50 elsewhere. (Proc.

Inst. Radio Engrs., lh. 6' E., Nov. 1946, Vol. 34,.
No. II, p. 865.) Comparison with the preceding
edition shows an expansion of the treatment Of
waveguides and cavity resonators and of the u.h.f.

section, but about half the material on measure-

ments is deleted.
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MZI-75
OUTPUT OR MODULATOR

TRIODE
Vf 10.0V

If 1.6A

Typical operation for two valves in class AB2
push-pull

... 1250V

la (no sig.) 2x40mA
la (Max. sig.) 2x157mA
W out ... 260W
D tot ..

For modulation

and L.F. amplification

HERE'S A
BETTER VALV
All things being equal, the real measur
a valve's performance is the length of
it will operate with undiminished effici

In this respect the MZ1-75 scores hea;11

Like all Mullard transmitting and indu0
valves, it has been designed with an e4

cost per life -hour.

Modern manufacturing methods ensu
reliability and offer the additional a0
tage that all valves of the same typo
characteristically consistent. The long
oxide -coated filament is unaffectec
fluctuations in the mains supply, and

permits operation at an economical Li
voltage.

A glance at the data panel with

factors in mind will explain why the 11

75 wins the approval of communica
engineers who want a better valvt

modulation and L.F. Amplification.

For further developments watch M la 1 la r:
Mtx11ard, E MASTER VAC

Technical data and advice on the applications of the MZI-75 Triode can be obtained from

THE MULLARD WIRELESS SERVICE CO., LTD., TRANSMITTING AND INDUSTRIAL

VALVE DEPARTMENT, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2



April, 5947 WIRELESS
ENGINEER

LIMITED

"SUPER
FIFTY WATT"

This AMPLIFIER has a response of 30 cps. to
25,000 cps., within db, under 2 per cent. distortion
It 40 watts and I per cent. at 15 watts, including noise
and distortion of pre -amplifier and microphone
transformer. Electronic mixing for microphone and
gramophone of either high or low impedance with top
and bass controls. Output for 15'250 ohms with
generous voice coil feedback to minimise speaker
distortion. New style easy access steel case gives
recessed controls, making transport safe and easy.
Exceedingly well ventilated for long life. Amplifier
:omplete in steel case, with built-in 15 ohm mu -metal
shielded microphone transformer, tropical finish.

As illustrated. Price 3612 Gns.

C.P.20A. 15 WATT AMPLIFIER
for 12 volt battery and A.C. Mains operation. This improved
version has switch change -over from A.C. to D.C. and " stand
by " positions and only consumes 511 amperes from 12 volt
battery. Fitted mu -metal shielded microphone transformer for
15 ohm microphone, and provision for crystal or moving iron
pick-up with tone control for bass and top and outputs for
7.5 and 15 ohms. Complete in steel case with valves.

As illustrated. Price E28 0 0

RECORD
REPRODUCER
This is a development of the A.C.20 amplifier with special attention to low
noise level, good response (30-18,000 cps.) and low harmonic distortion
(I per cent. at 10 watts). Suitable for any type of pick-up with switch for
record compensation, double negative feedback circuit to minimise distortion
generated by speaker. Has fitted plug to supply 6.3 v. 3 amp. L.T. and 300 v.
30 m,A. H.T. to a mixer or feeder unit. Complete in metal cabinet and
extra microphone stage. As illustrated. Price 25i Gns.
CHASSIS, without extra microphone stage. Price 421 0 0.

257-261, THE BROADWAY, WIMBLEDON, LONDON, S.W.19
TELEPHONES : LIBerty 2814 and 6242-3.

TELEGRAMS : VORTEXION, WIMBLE, LONDON."

MIIIIRRENimiommINEND



18
WIRELESS
ENGINEER

April, '91

T;3

TRANSFORMERS

are designed to give
HIGH % EFFICIENCY
UNDER ALL CONDITIONS

The AA2 Series of Bryce Transformers have

been designed to cover a very wide range of
applications consistent with high percentage
efficiency performance under difficult con-
ditions. All windings are layer wound and
interleaved, and coils are finally pre-heated

and thoroughly dried out before being

vacuum waxed or varnish impregnated.

Send for leaflet giving full specification.

OUTLINE & DIMENSIONS
CONSTRUCTION AAP, NI' 2

iY

W. ANDREW BRYCE & CO. LTD.
15-21, SHENLEY ROAD, BOREHAM WOOD, HERTS. (Parent

Telephone : ELStree 1870, 1875 and 1117 Applied for)

BROOKES CRYSTALS
EST. 1929 LTD.

ARE SPECIALISTS

IN THE PRODUCTION OF
QUARTZ CRYSTALS AND INVITE

ENQUIRIES FOR ALL TYPES.

LABORATORY REQUIREMENTS ARE

GIVEN INDIVIDUAL ATTENTION.

51/53, GREENWICH CHURCH STREET,

LONDON, S.E.10. 'Phone: GRE. 1828

sou"
suPP
You gain all the advantages of long special-

isation when you use Sterling Felt, which
accurately patterned for all radio purposes.'4;
Ask Sterling about Felt Strips and Washer:,'
for Cabinets and sound deadening Felts for!

resonance suppression.
Also Cardboard Segments and Rings fol;
Speakers and Cabinet backs.

Felt cut to suit any specifica;ioi.
Any SHAPE-any SIZE-any QUANTITY

STERLING
TEXTILE
INDUSTRIES LTD

STERLING WORKS, ALEXANDRA ROAD, PONDERS END
MIDDLESEX

HOWARD 24145, 1755 51E RTE 0. FrIfIELD
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High performance  Strength  Stability
Close electrical and mechanical tolerances eGrades to suit various applications

ands d 23 X25Hyde Way, Welwyn Carden City , Herts , England... Tel Welwyn Garden 925.

w . E.5

T
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NEW TYPES FOR
M,DGET RECEIVERS

HEARING AIDS
METEOROLOGICAL

INSTRUMENTS
ETC.
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TELCON R.F. CABLES'i
for all 1elevision and Radio requirements

CABLE CHARACTERISTICS

CODE Zo
AS 72 M 120

140
ohms.

CAPACITY
9.5 v. F

per foot.

DIAMETER :---0.225 inches.
" TELCOTHENE " Dielectric

ATTENUATION
At I Mc's 0.5 db/I00 Ft.

10 1.7
100 5.0

TYPE:-
Flexible. PVC Sheath

Further details of this and other R.F. Cables on application

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. TT1

Founded 1864

Head Office : 22 OLD BROAD ST.. LONDON, E.C.2. Tel : LONdon Wall 3141

Enquiries to TELCON WORKS, GREENWICH, S.E.I O. Tel : GREenwich 1040
Asassatuommisizsgmou"mmmo;:tlt

* B.I F. Olympia Stand No. C 1524

THE SCIENTIFIC
VALVE

BRITISH MADE

HIVAC LIMITED
Greenhill Crescent. Phone. HARROW

Harrow on the Hill.Middx. 0895

SOUTHERN

14 INCH RACK MOUNTING SY!

E10 OSCILLOGRAP.
A general purpose laboratory type

oscillograph in MINIRACK form

incorporating a high -gain direct -

coupled amplifier, wide -range linear'

time -base, valve stabilised power supplt

and other outstanding features.

A limited number are available foil

immediate delivery. Write fob

particulars.

SOUTHERN INSTRUMENTS ct
FERNHILL, HAWLEY, CAMBERLEY,

TELEPHONE: CP MBERLEY 1741

Hi

rr
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METALLISED

CERAMICS

We specialise in the production
of all types of Metallised Ceramic
components-Hermetic Seals,
Sealed Lids, Tag Boards, Bushes,
Formers, etc. These are available
in soldered, coppered or silvered
finish, according to requirements.
The suitability of any finish is a
matter which we shall be pleased
to discuss.

HERMETIC SEAL

TYPE HS 421

Flashover Voltage

over outs idepath

4.5 KVDC at 20° C.

Flashover Voltage

over inside path
3.5 KVDC at 20° C.

Small size. Close

assembly. Physi-

cally robust.

Components made to standard design
or to customers' specific requirements.

Write for details.

UNITED INSULATOR CO. LTD., OAKCROFT RD., TOLWORTH, SURBITON, SURREY
Telephone : Elmbridge 5241 (6 lines) Telegrams : Calanel, Surbiton

Unsurpassed In Ceramics
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I. 90 Ranges.
2. 20,000 ohms per volt A.C. and D.C.

3. Improved Taylor Model 400 Meter
with 4"scale and robust movement.

4. Automatic Meter overload protec-
tion.

5. Volt readings from .001 volt D.C.
and 0.1 volt A.C. up to 5,000 volts
D.C. and A.C.

6. Current readings from I micro-
ampere to 10 amperes D.C. and
A.C.

MODEL

85A
UNIVERSAL

TAYLORMETER
7. Resistance readings from 0.1 chm

to 20 megohms in three ranges
with self-contained batteries.

8. Capacity readings from .0002 to
100 mfd. and inductance readings
from 0.2 to 1,000 Henries, with
Adaptor.

9. Buzzer for continuity tests.

10. Size 101" x 7.1" x 41". Weight
5 lbs.

We also manufacture a complete range of Radio Test Equipment includin
Testers, Output Meters, Insulation Testers, Circuit Analysers, Oscilloscopes, A.
Coil Instruments with scale lengths from 2" to 5".

Please write for technical brochure to :-

Taylor Electrical Instruments Ltd.

5.000 V.
10P L.tL.0 10. C

old
PRICE

£19 . 12 . 0
NOW available for quick delivery.

TAYLOR MODEL 85A is an extremely
sensitive yet robust instrument with a

high standard of accuracy. Meter overload
protection is provided, ensuring reliable
and trouble -free operation.

g Multi range Instruments, Signal Generators, Valve
C. Measuring Bridges, and Ohmmeters ; also Moving

419-424 MONTROSE AVENUE. SLOUGH, BUCKS.
Tel: SLOUGH 21381 (4 lines) Grams: TAYLINS, SLOUGH

NAQARD Type 102S
OSCILLOGRAPH & OSCILLOMETER

For universal servicing and the usual comparative measure-
ments.
Calibrated time base velocity. Accuracy ±1%.
Internal standard source of voltage for comparative voltage
measurements. Range : 0.01 V. to 200 V. Accuracy 2%.
Ideally suitable for quick determination of the wave-
form, frequency, voltage, and current of periodic
electrical and mechanical phenomena.
Two -stage Y L.F. and H.F. corrected. At 3

MO. Response -4 db.
Useful response even
at 5 Mc/s. Input capacity
<14 p.p.F. Input resist-
ance >500,000 ohms.
Highest writing speed, 10
millimetres per micro-
second.
Semi -automatic synchro-
nisation.
Perfect for photographic
recording.
5V screen C.R. Tube.
Effect of mains
variations elim- 70
Mated.
Comprehensive technical data

upon request.

INTERNATIONAL TELEVISION
CORPORATION, LTD.

102, Terminal House, Grosvenor
Gardens, London, S.W.1

amplifier,

Works and Researob Laboratories:
245 Erixton Road, London, S.W.9 0', plan, : ..,LOcate 8172

MR ALS
EXSTAT"

SHORTWAVE
TELEVISION
CAR RADIO

STOCKED BY ALL THE

LEADING DEALERS

ANTI!Ipt.1 NCE

61, Bryanston St., Marble Arch, London, W.1
7e epnon. PGAJaIngton 1153/4.
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April,

I. 90 Ranges.
2. 20,000 ohms per volt A.C. and D.C.

3. Improved Taylor Model 400 Meter
with 4" scale and robust movement.

4. Automatic Meter overload protec-
tion.

5. Volt readings from .001 volt D.C.
and 0.1 volt A.C. up to 5,000 volts
D.C. and A.C.

6. Current readings from I micro-
ampere to 10 amperes D.C. and
A.C.

MODEL

85A
UNIVERSAL

TAYLORMETER
7. Resistance readings from 0.1 chm

to megohms in three ranges
with self-contained batteries.

8. Capacity readings from .0002 to
100 mfd. and inductance readings
from 0.2 to 1,000 Henries, with
Adaptor.

9. Euzzer for continuity tests.

10. Size 101" x 7*" x 1/". Weight
5 lbs.

We also manufacture a complete range of Radio Test Equipment includin
Testers, Output Meters, Insulation Testers, Circuit Analysers, Oscilloscopes, A.
Coil Instruments with scale lengths from 1" to 5".

Please write for technical brochure to :-

£19 . 12 . 0
NOW available for quick delivery.

TAYLOR MODEL 85A is an extremely
sensitive yet robust instrument with a

high standard of accuracy. Meter overload
protection is provided, ensuring reliable
and trouble -free operation.

g Multirange Instruments, Signal Generators, Valve
C. Measuring Bridges, and Ohmmeters ; also Moving

Taylor Electrical Instruments Ltd. 419-424 MONTROSE AVENUE, SLOUGH, BUCKS.
Tel: SLOUGH 21381 (4 lines) Grams: TAYLINS, SLOUGH

NAGARD Type 102S
OSCILLOGRAPH & OSCILLOMETER

For universal servicing and the usual comparative measure-
ments.
Calibrated time base velocity. Accuracy ± 1%.
Internal standard source of voltage for comparative voltage
measurements. Range : 0.01 V. to 200 V. Accuracy 2%.
Ideally suitable for quick determination of the wave-
form, frequency, voltage, and current of periodic
electrical and mechanical phenomena.
Two -stage Y amplifier, L.F. and H.F. corrected. At 3

MO. Response -4 db.
Useful response even
at 5 Mc is. Input capacity
<14 ttp.F. Input resist-
ance >500,000 ohms.
Highest writing speed, 10
millimetres per micro-
second.
Semi -automatic synchro-
nisation.
Perfect for photographic
recording.
51" screen C.R. Tube.
Effect of mains
variations elim- £70
inated.
Comprehensive technical data

upon request.

INTERNATIONAL TELEVISION
CORPORATION, LTD.

102, Terminal House, Grosvenor
Gardens, London, S.W.1

WYO.= ..11.191.11.t, wo.t. kats vv.

11-

ic)

Works and Research Laboratories :
245 Brixton Road, London, 8.W.9 7', i, phon, : ,',LOan, 8172

AER
" EXSTAT"

SHORTWAVE
TELEVISION
CAR RADIO

STOCKED BY ALL'JHE
LEADING DEALERS

ANTI! filTtpkiICE

61, Bryanston St., Marble Arch, London, W.1
7 e tophoiAr Packlongton 725,3/4.
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Tefephoil

SICI;WW1*. zSERVICE

THE COMPLETE SERVICE FOR SOUND

RECORDING AND REPRODUCTION
Mobile and Static Continuous Recording Outfits.
Recording Amplifiers.
Moving Coil and Crystal Microphones.
Sapphire Cutting and Reproducing Stylii.
Blank Recording Discs from 5" to 17" Single or Double
sided.
Light -weight moving iron, permanent sapphire
and " Lexington " moving coil pick-ups.
Label and Envelope Service.
A comprehensive range of accessories to meet every
requil ement of the sound recording engineer.
And our latest development (of special interest
to users of sapphire or delicate pick-ups)-The
Simtrol.
This is a controlled micro -movement easily fitted
for use with any type of pick-up to eliminate the
danger of damage to the record or pick-up. This
is achieved by a vernier lowering action of the pick-
up head to the record.

Write for comprehensive lists or call at Recorder
Hcuse fcr demonstration.

RECORDER HOUSE, 48/50 GEORGE ST.,
PORTMAN SQUARE, LONDON, W.I.

Telephone: WEL 2371 2

TECHNICAL BOOKS
Looks on Radio and Electronics and all branches of Electrical
Engineering, suppl ed from stock or obtained to order. If not in
stock they will be obtained from the Fub ishers when available.

Please state interests when writing.

SCIENTIFIC AND TECHNICAL
LENDING LIBRARY

Annual Subscription from One Guinea.
Detailed prospectus free on request.

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

Telephone: EUSton 4282 (5 lines)

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
won the con-
fidence of the
Government
Experimental
Establishments
and of the Lead-
ing Industrial

Abbey 2244

PART DIDGE
TRANSFORZIERS LTD
76-8, PETTY FRANCE, LONDON S.W. 1 Organisations

BEAT FREQUENCY

INSTRUMENTS LTD

-for priority rcquii
at present. Write
stating frequency rar

21.JOHNSTREET.BEDFORD RO'
TELEPHONE: C HAN C

Ideal for Hig
Low Voltage
ing; 1/30,10
A.C. and D.0

Allowance anode on old mode
Send f,yr interesting leaflet 024 an El-

and Radio Testing, from all Dealers or

RUNBAKENMANCHESTER

APPOINTMENT
TEST ENGINEER required, with ki

ledge of high power high frequency
generators. Box No.

Aainik1Houldediatam
The demand is very
high but enquiries for
your particular re-
quirement will have

special attention.
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TECENIQUE
A JOURNAL OF INSTRUMENT ENGINEERING

4 The complexity of modern industrial processes
and the ever widening fields in which instruments
are employed call for a type of service from the
instrument manufacturer to the user which must
go far beyond the simple business relations of the
past. With this, the first issue of "Technique", we
inaugurate a new service for users of Muirhead

instruments, and, since such things are usually
reciprocal, a new service for ourselves.'

With these words we introduce the first issue of our
new quarterly publication, " Technique". Would

you like us to put your name on our Mailing List
to receive it regularly ?

MUIRHEAD

& Company Ltd. Elmers End, Beckenham, Kent. Tel. Beckenham 0041-2.

FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS

O

C. R.C.62 B

Resistors produced by the cracked

carbon process remain stable to ± I%
of initial value.

Tolerances I% ±
Low temperature co -efficient.

E@ lACOH resistor

WELWYN ELECTRICAL LABORATORIES LTD.
Wewyn Garden City, Herts. - Telepl- one : Welwyn Garden 3816-8
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Standard Signal Generator
Wish its extreme accuracy and stability, the

Airmec Signal Generator is an indispens-
able instrument wherever radio-frequency
measurements are made. Whether in a

laboratory, a service station, or on a pro-
duction line, it will speed the work and
guarantee accurate results.

Write for full descriptive literature
AIRMEC LIMITED

Wadsworth Road, Perivale, Greenford, Middlesex

Telephone: Perivalc

ARP
cvit-I

A Group Company of Radio
& Television Trust Ltd.

The

Lexington MOVING COIL PICK-UP
has a flat frequency response

Used in Laboratories as a Standard.
Write for trade terms crd illustrcted technical dcta.

COOPER MANFG. CO.
ro AN `ti; oWN ,OwR Hs eAu nW9AY9

GREENFORD, MIDDLESEX  WAXLOW  2300

Walter
RADIO RAD/0 RADIO

STAMPINGS CHASSIS PRESSINGS

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

C. R C 4.

TEXOLEX TUBES IN LAMINATED
FABRIC OR PAPER BASE

THE BUSHING CO. LTD.
HEBBURN-ON-TYNE -

THE WORLD'S GREATEST BOOKS

* F0 RD 0 0 5 *
New and second-hand Books on every su

119-12S, CHARING CROSS ROAD, LONDON, '

Gerrard 5660 (I6 lines) * OPEN 9-6 (inc. Sat.)

VENT-AXIA
VENTILATING UNITS

-readily adaptable for Valve Co
' VENT-AXIA LTD., 9 Victoria Street, London,

Also at : Glasgow, Manchester, Birmingham and

E L ECTREC

CHAIN
PULLEY
BLOCK

Write for book-
let on lifting and
shifting or separ-
ate catalogue of

conveyors, cranes,
and other mech-
anical handling
equipment

GEO. W. KING LTD.,
P.E.B. WORKS ° HITCHIN HERTS.
ItAINOREATI1B. 01iNTBAL 3947 NEN% CAS1 LE 24196

1)0
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SOUND SYSTEMS AT THE

STAND No. C.I517, OLYMPIA HALL, LONDON

DISC RECORDING
We shall be demonstrating our
new Disc Recorder and Record-
ing Amplifier at the BIF and
the entire range of BSR sound
equipments, which will include
many new features, will be
available for your inspection.
Flome Trade and Overseas Visi-
tors are cordially invited to our
exhibit and well-informed people
will make the BSR stand their
rendezvous -a wise move to-
wards "Sound Understanding:.

BIRMINGHAM SOUND REPRODUCERS LTD CLAREMONT WORKS. OLD HILL. STAFFS. TEL : CRADLEY HEATH 212-3
LONDON OFF CE: 1 I S GOWER STREET. W.C.I I. TEL : EUSTON 7S I 5

VALVE VOLTMETER

TYPE 613 A
Sets- a new fiamdardote,verformamee
/or voitafe measurements
in the audio, supersonic
raelia frequency ranges
A sensitive voltmeter using a wide band feed -back
amplifier which operates a diode voltmeter of

iha average reading type. Range
10 c/s to 1 Mc, 1 m.v. to 300 v.

DAWE INSTRUMENTS LTD.
Harlequin Avenue, Great West Rd.
Brentford, Middx. Ealing 1850

* Visit us at the B.I.F. Olympia.
Stand No. A1103 S.I.M.A. Group.
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In T.R.S. and P.V. C. (Plastics
METAL, SILK OR
COTTON BRAIDED.

MADE BY :

AERIALITE
CASTLE WORKS STALYEiRI DG E  C H ES H IRE . E N G:

SCIENTISTS DEMAND 0 0

SCIENTISTS BUILD

wegoCAPACITOI
No matter what your problem in Radio or Electronics, we will

the Capacitor to fulfil your exacting demands and specificatiol

technical and scientific advice is at your disposal.

WEGO CONDENSER COMPANY LIMITED
BIDEFORD AVE  PERIVALE  GREENFORD  MIDDX Tel. PERIV
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6-32 TAP 3,76" DEEP

ERIE
DOUBLE CUP CERAMICONS

IE Double -Cup Ceramicon, the
range of new products scheduled

1947, is the result of the
a high voltage ceramic condenser
I carry appreciable current at
age and will retain the advantage
a compact, single -piece unit.

cross sectional drawing shows,
-lie dielectric has a centre web
ntegral with the tubular casing,

the required long creepage
e silver plates are fired on to the
)ri each side of the web and
ithout interruption to the rim

thus greatly increasing the
which corona occurs. Electrical
is are made by means of
er plated metal terminals
) the electrodes.

This design has the necessary basic
features for high voltage applications at
high frequencies. The web section is
sufficiently thick to prevent breakdown
of the dielectric, and the design described
provides adequate protection against
flash -over at the rated voltage. Heavy
metal terminals serve to dissipate
internal heat and provide a 360° contact
for the current to fan out to the electrodes.
Rating is 5 KVA.

The ceramic dielectric employed is
made of the same titanium dioxide series
as the well-known temperature com-
pensating tubular Ceramicons. This
material plus careful control of processing
operations assures stability with respect
to temperature. excellent retrace, and
high Q factor.

ERIE

TYPE 741A

Standard Temperature Peak Wkg. VoltsCapacities Coefficient DC at Sea Level

20 MMF P100
30 MMF P100
39 MMF P100
61 MMF N750
75 MMF N750

100 MMF N750

10,000
6,500
5,000

10,000
7,500
5,500

Test Voltage : 50 cycle RMS equal to
peak working voltage.
Temperature Coefficient :
P100 =plus 100+30 parts/million/°C.
N750 =minus 750 j- 120 parts/million/T.

Watch this page for release
date and for advance in-formation on other newproducts.

ROAD, THE HYDE, LONDON, N.W.9, ENGLAND. Telephone : COLindale 8011. Cables : Resistor, London.IES IN LONDON, hNGLAND . TORONTO, CANADA ERIE PA , U S. A,
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Laboratory Engineers are invited to

write for comprehensive technical
information of Ersin Multicore Solder
containing useful tables of melting
points etc., and samples of alloys.
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MULTICORE SOLDERS LTD.. MELLIER HOUSE, ALBEMARLE ST., LONDON, W.1. Tel REGC
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