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NEGLIGIBLE
STRAY FIELD

*

DUAL POWER
SUPPLY
200-250v., 40-100~
80v., 40-2000~

*

MODULATION

30%, sine wave 1,000~
and pulsed

50/50 square wave

at 1,000~

*

ATTENUATION
Max. error at 300 mcs.

* 248

\_
10 to 310mes.

an ‘Advance’

This ** ADVANCE *’ Signal Generator is of entirely
new design and embodies many novel constructional
features. It is compact in size, light in weight, and can
be operated either from A.C. Power ‘Supply or low
voltage high frequency supplies.

An RLI8 valve is employed as a colpitts oscillator, which
may be Plate modulated by a 1,000 cycle sine wave
oscillator, or grid modulated by a 50/50 square wave.
Both types of modulation are Internal and selected by a
switch. The oscillator section is triple shielded and ex-

Signal Generator type D.1.

*

COMPACT
124" x 134" x 7§

*
PRECISION

SLOW MOTION
DIAL

*

WIDE RANGE
10-310 mcs.

*

FREQUENCY
CALIBRATION

1%

Price £80

Delivery—ex Stock

ternal stray magneticand 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 EAS0 diode. The slide wire feeds
a 75-chm 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.

ADVANCE COMPONENTS, LTD., BACK ROAD, SHERNHALL STREET, WALTHAMSTOW, LONDON, E.|7
Larkswood 4366-7
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With the VARIAC . . . the right voltage every time

Thousands of enthusiastic users testify to the general usefulness of the VARTAC* con-
tinuously adjustable auto-transformer for use in hundreds of different applications where
the voltage on any a.c. operated device must be set exarctly right.

The VARIAC is the original continuously-adjustable, manually-operated voltage control
with the following exclusive features, which are found in no resistive control.

EXCELLENT REGULATION-—output voltages are independent of load, up to the full load rating
of the VARIAC.

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

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

HIGH EFFICIENCY— Exceptionally low losses at both no load and at full power.
SMALL SIZE—-VARIACS are much smaller than any other voltage control of equal power rating.

LINEAR OUTPUT VOLTAGE—Output voltages are continuously a. 1Just,able from zero by means

a 320 degree rotation of the contro

GA LlBRATED DlALs—Gwmg accurate indication of output voltage.
SMALL TEMPERATURE RISE—Less than 50 degrees C. for continuous duty.
ADVANCED MECHANICAL DESIGN—Ruggecd construction—no delicate parts or wires.

VARIACS are stocked in fifteen models with power ratings ;85 rg; L= V};!fil ;43 ﬁis 'eg{jsfls‘li“%g
. . b alen ce.

from 16.5 watts to 7 kw ; prices range between 70/- and atented under Britich Patens 439,567

£32:10:0. Excellent deliveries can be arranged on 1A i sued to General Radio Company.

Priorities.

Write for Bulletins 424-G & 10544 for Complete Data.

ELECTRICAL AND RADIO LABORATORY APPARATUS ETYC.
180, Tottenham Court Road, london, W./ snd 76,0106ALL ST. LIVERPOOL, 3, LANCS,
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POWER LEVEL INDICATORS

Power Level Indicators
TYPES D-152-A and D-152-B

% Embodying a simple resistance bridge, * With A.C, leph will indicate
self - balancing at a predetermined power balance to beuer than 0.1 db; a reasonably
level — Robust —Accurate — Inexpensive. sensitive galvanometer (e.g. 100-0-100 nA. )

gives equivalent discrimination with D.C.

% Type D-152-A indicates a tixed power
level; D-152-B is variable over a limited

Cannot be damaged by overloads up to
10009,.

Type D-152-A range.
% Indi ble to Tr ission E
% Equally accurate on D.C. or A.C. Accuracy Meter Manufacturers, and others requu-mg
is independent of wave form and freq y a dard power level.
up to 53 K/cs.
Full particulars are given in Bulletin B-540-A
STANDARD TYPES a copy of which will gladly be sent on request.

TYPE No, | POWER INDICATION DIMENSIONS | WEIGHT

INPUT
I 'm RESISTANCES

D-IS2A | +20db + 0.1db | 6300 + 1% |6 x 5 x 54" | 3 Ibs.
D-1528 | + 10to +22 db 600 + 5% (8" X 5" X 54| 4 Ibs.
| + 02db |

MUIRHEAD & COMPANY, LTD.
ELMERS END,BECKENHAM,

KENT, Beckenham 0041-0042
FOR OVER 60 YEARS DESIGNERS
AND MAKERS
OF PRECISION INSTRUMENTS

Type D-152-B

C.R.C.40

SWITCH

M.G.1,2 or 3 GANG
GONDENSER-......

size condenser is of rigid construction,
and is made in various capacities up to
540mmf. with tropical finish. [t can
be supplied with trimmers built in if
required. The 2 Gang Frame is 2}” x
134" x 2193” over all.

| NS - I
MILLIOMND Coie o o e R JACKSON

for radio, television and other applications.

BRITISH N.S.F. CO. LTD.
KEIGHLEY, YORKS.
*Phone : KEIGHLEY 4221/4 *Grams : ENESEF, KEIGHLEY

LA

@ .nnos (LONDON) LIMITED

J/ KINGSWAY - WADDON - SURREY
TELEPHONE: TELEGRAMS: WALFILCO,
CROYDON 2754.5 PHONE, LONDON
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Nature perfected the welding of muscle to bone: Metalastik
perfected the rubber-to-metal weld.

1 When, on the ’bus, you arch your foot to prevent vibration
AR jarring through your heels, Nature’s construction softens the
'}; vibration: when a manufacturer is troubled by a vibrating

5 piece of machinery he mounts it on Metalastik rubber
mountings, or damps the oscillations of his crankshaft with
a Metalastik torsional vibration damper.

In its campaign against vibration, Metalastik engineering

safeguards feather-weight instruments, softens the harsh-
ness of high-powered engines, cushions the shudders in

heavy torques, isolates the tremors of unbalanced

machines and, in short, takes the ‘Brr’ out of
vibration.

That engineering experience is at your disposal.

Metalastik Ltd., Leicester.
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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

AR(

MARCONI’S WIRELESS TELEGRAPH CO. LTD.
THE MARCONI INTERNATIONAL MARINE
COMMUNICATION CO. LTD. ELECTRA HOUSE,
VICTORIA EMBANKMENT, LONDON, W.C.2

*
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1IMON...

Y G
S

The ability to think ahead and to appreciate the problems
of others is innate at Woden, and is visibly evidenced in
our own productions as well as in those components we
are privileged to build for other manufacturers. If there-
fore you are looking ahead and would welcome intelli-
gent co-operation in the production of your new or
redesigned projects we would like to hear from you.

munEN TRANSFORMER

COMPANY LTD
TRANSFORMERS

LOUDSPEAKERS
RADIO AND

COMPONENTS
MOXLEY ROAD - STAFFS
TELEPHONE:

AMPLIFIERS
ELECIRONIC
BILSTON

BLLSTON 419509

FOR THE RADIO and
_ ELECTRICAL INDUSTRY

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

STERLING 721

INDUSTRIES LP

STERLING WORKS, ALEXANDRA ROAD, PONDERS END
MIDDLESEX

Phane : “Grema s
_HOWARD 2214.5, 1755 STERTEX, ENFIELD
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Made in Three

Principal Materials FOR

FREQUELEX

An Insulating material of Low Dielectric
Loss, for Coil Formers, Aerial Insulators,
Yaive Holders, etc.

s 9
o
PERMALEX B
A High Permittivity Material. For the u e rs
construction of Condensers of the smallest
possible dimensions.

TEMPLEX

A Condenser material of medium permit-
tivity. For the construction of Condensers
having aconstant capacity 2t all temperatures.

BULLERS LOW LOSS CERAMICS

BULLERS LTD., 6, LAURENCE POUNTNEY HILL, LONDON, E.C.4

Telephone: Mansion House 9971 (3 lines) Telegrams: *'Bullers, Cannon, London’ Manchester Office: 196. Deansgate, Manchester



W Television

VIEWROD

SKYROD

| \\ SKYTOWER

50 feet

WINROD

| Window aerials

CAROD

Car aerials

AEROD

For prefab. houses

- . ]

TELEVISION and other aerials are already

in production, many thousands have been
sold. Arrangements are being finalised
with set makers, some of whom are discuss-
ing the possibility of riggers undertaking
television aerial installations in and around
London. We invite enquiries from all
readers. Have you an aerial problem?
Not forgetting signal to interference ratio
and communal H.F. amplification.

BELLING ¢ LEE LTD

CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX

WIRELESS
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AERIALS

November, 1945

CELESTION

VALVEHOLDERS
LOUDSPEAKERS

Celestion Limited

Kingston-on-Thames
Telephone : KINzston 5656-7-8

MINIATURE o MIDGET

We specialise
.in their
mantifacture

THE SCIENTIEIC
VALVE

HARR
0895
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From every point of view

specify FREQUENTITE

Before finalising the design of new components consult STEATITE & PORCELAIN PRODUCTS LTD.
Head Office : Stourport-on-Severn, Worcs. ’Phone: Stourport I1I. >Grams : Steatain, Stourport

5.P.39
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| LEAK

BASICALLY BETTER
AR -SPACLD

CO=AX /W) CABLES

TRANSRADIO LTD. 16 THE HIGHWAY- BEACONSFIELD-7-BUCKS,

WALTER SWITCH
ARE MADE FOR

WALTER

p—_— e e

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

FULHAM 6192

C. R. Casson ¥

Weli made of steel, double ridged for
strength. Teeth on three sides of lower
jaw and special design of upper jaw
ensure firm grip and good contact.

ar

CHURCH ROAD -HENDON - LONDON -N.W.4

LT

H.
470
TELEPHONE

J.

November. 1945

"IDOINT ONIE" rance oF
ALMOST DISTORTIONLESS AMPLIFIERS

Here are performance figures, inclusive of out-
put transformer, for the type 15: —

TOTAL DISTORTION, including hum and

noise, for 18 watts output: -

1,000 c.p.s. -U'1% (one-tenth of one per cent)
60 c.p.s. -02% (one-fifth of one per cent)

FREQUENCY RESPONSE: level within

0-25db. 20-20,000 c.p.s.

LOAD DAMPING FACTOR: 20 (10 times
better than for average Class A triode).

GAIN: The basic amplifier requires 08v
RMS at grid impedance. An additional two
stages can be supplied built into the chassis,
thus reducing the input to 0-005v R.M.S.

Full information on leaflet G.15

SPECIAL NOTE: The above figures establish
such radically new standards that they may
occasion some surprise. We therefore wish to
stress that no error appears in this announce-
ment. The circuits are original, and result
from war-time research in our laboratory.

LEAK & COMPANY LIMITED

UXBRIDGE ROAD - LONDON - W.I2

THE

HARBORO’ RU

SHEPHERDS BUSH 5626

Ideal for High and
Low Voltage Test-
ing; 1/30, 103/850
A.C.and D.C.

Send for interesting leaflet G24 on Elec'rical
and Radio Testing, from all Dealers or direet.

RUNBAKEN-MANCHESTER:/

&%’&

QUARTZ CRYSTAL CO,, LTD,,
(Phone : MALden 0334.)

Piezo QUARTZ CRYSTALS

for all applications.
Full details on request.

63-71, Kingston Rd., New Malden, SURREY.

With Fifty Years' experi-
ence of compounds and  g.oe M
mouldingsand an up-to-date  Market Marboro’
plant will quote for your fered
particular requirements in '
Moulded Rubber Parts.

BBER CO.LTO., MARKET HARBOROUGH '1' 3
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TYPE LO.800A
This model is chosen as
a Standard by most
Departments.

FREQUENCY RANGES (3 Models)

0-15,000 c.p.s. Stable, reliable and indispensable
0-25,000 c.p.s. to all serious workers.
0-50,000 c.p.s.

Three range Output Voltmeter incor-
porated—0-250, 0-50, and 0-10.

Four output impedances, 5,0 CO, 1,00
600 and 15 ohms.

OUTPUT UP TO 5 WATTS. 10 CYCLES PER SECOND

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

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

|||||| "1 b G,
For Peak Performance

wetly High Votttageo

l” UILC. Fixed Ceramic Pot and Plate
Capacitors have been primarily developed
for use in transmitter circuits. Made only
from the highest grade raw materials
and subjected to the most rigorous
mechanical and electrical inspection, their
performance especially with H.F. loads and
high voltages is unsurpassed. TYPE
APPROVED. Full details on request.

|

CERAMIC
%’74 - Va//a;f
i CAPACITORS

UNITED INSULATOR €O, LTD, 1222 LAYSTALL ST LONDON, EC.I

Tel. TERminus 7383 (5 lines) Grams: Calanel, Smith, London
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[
21.JOHN STREET, BEDFORD ROW. LONDON WCI
" TELEPHONE:CHANCERY 8765

INSTRUMENTS LTD

Welwyn Eleccrical
Laboratories Ltd
Welwyn Garden \\§
City Herts \:

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

| TELCON @& METALS

for the SCIENTIFIC INSTRUMENT
and RADIO INDUSTRIES

MU CEHL

REGD.

MAGNETIC SCREENS

wned TELCON alloy

it ¥ ‘? : Lr;:: Osh\eldmg of de:;;‘a::
‘msurpassedf om uni- _directional oOF !
eq“‘Pme“t ) tic fluxes. Puring waq >
s magﬂﬁ been extensively emp oti =y
MUMITAL Radar and other m\[();)rhom
et " The experience gaine e
eq\“[’mcm ities is now avallablelz If;)sr Ly
thTS: o:czfv ‘your peacehme proble

solubl )

enquirie

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD.
Founded 1864
Head Office: 22 OLD BROAD S'Igfﬂ.éNDON. E.C.2. Tel:LONdon Wall 3141

Enquiries to TELCON WORKS, GREENWICH, S.E.10. Tel: Greenwich 1040

LAMINATIONS & SCREENS
RADIOMETAL - PERMALLOY
SILICON ALLOYS

ELECTRICAL SOUND & TELEVISION PATENTS LTD.
12, PEMBROKE STREET, LONDON, N.1

LARGE DEPT. FOR WIRELESS BOOKS

F()YLES

FINEST STOCK IN THE WORLD OF NEW AND
SECONDHAND BOOKS ON EVERY SUBJECT.
Quick Postal Servige. Books Bought.
119-125, CHARING CROSS ROAD, LONDON, W.C.2.
Tel.: GERrurdSééO(Iélmes) Open9a.m.—é&p.m., including Saturday.

LEFT. Showing me-
_ chanism of  Time
! Delay Relay PRL. Wide
Time range, easily re-
sertable.  Many other
Relaysfor A.C.and D.C.

RIGHT. Two Step Relay
LF/FS (Heavy Silver Con-
tacts). First impulse “on,

Second Impulse ¢ off.’’
Also Aerial Changeover
Relays. Ask for leaflets 97 and 88/WE.

LONDEX - LTD

MANUFACTURERS OF RELAYS

= LONDEX for RELAYS —

SWERREY 2D7-ANERLEY ROAD -LONDON-S E-20 sroncintiseso

TURNING AND MACHINING OF PLASTIC MATERIALS
SCREWS in bakelite fabric, COIL FORMERS,
' BOBBINS, etc., built to specification.

KESSLERS (LONDON) LTD.,

201-203, STOKE NEWINGTON CHURCH STREET, LONDON, N.16

KNG

ELE(TR]( Wnte for book-

let on lifting and 3

shifting or separ-
c H Al N ate catalogue of
p u L L EY €Onveyors, cranes.

and other mech-
BLOCK =

equipment.

GEO. W. KING LTD.,"

HARTFORD WORKS + HITCHIN +- HERTS
MANCHESTER OENTRAL 3947 NEWOASTLE 24196

HITCHIN 980

GLASGOW
DOUGLAS27080
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Electrical Standards for
Research and Industry

Testing and Measuring Apparatus
OSCILLATORS for Communication Engineering

WAVEMETERS

CONDENSERS
INDUCTANCES
RESISTANCES

B R I D G E S__capacitance

Inductance

H. W. SULLIVAN Resistance

— LIMITED —
London, S.E.15
Tel. New Cross 3225 (Private Branch Exchange)

ALL TYPES—ALL FREQUENCIES—ALL ACCURACIES

llylll'y Iél’ TOMORROW....

THAT tomorrow must be taken care of today has always been Goodmans

policy. Constantly thinking and planning ahead GoodmansYinevitably
found themselves leaders in the field of Sound Reproduction. As a result,
during the past critical years Goodmans have been entrusted with many
onerous tasks in the designing and production of Loudspeakers, Microphones,
and Earphones. True to their policy Goodmans tested and sifted to build
data which might serve in the days to come.

The
GOODMANS
RANGE

.
]
1
1
[
L Now Goodmans stand ready to
Includes  Loudspeakers 1 . =
from 23 dia. (b ware | BiVe of their greatly enhanced knowledge to the no less onerous tasks of Peace.
!
'
|
|
[
1
2

output) to 18 in. cone
models and Industrial
Types up to 20 watts
output.

The TYPE T2/12. Overall Dia. 1233/8 in. Voice Coil
Impedance |5 ohms at 400 C.P.S. Power Handling Capacity
12 w. Peak A.C. on flat 4 ft. baffle (15 w. horn loaded).
Flux. Density 13,000 gauss.

fm - — —

LTD - LANCELOT RD * WEMBLEY
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MULLARD

e

Recommended Types for

A.C. Mains Operated Receiver. |
|

H

ECH 35 Frequency changer.

EF 39 Intermediate Frequency
Amplifier. |

EBC 33 Detector L.F. Amplifier.

EL 33 Output Pentode.

AZ 31 Rectifier. I

Other recommended types are available for
A.C.ID.C., battery and portable receivers,

PRV

DOMINANT NAME IN ELECTRONICS ‘j

THE MULLARD WIRELESS SERVICE COMPANY LIMITED, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. (135)
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EDITORIAL
The Application of Newton’s Third Law to

an Electric Circuit

N last month’s Editorial we considered,
among other things, a problem to which

a considerable amount of attention has
been paid in the past, viz., the calculation
by various formulz of the force on any por-
tion of an electric circuit. We saw that
whether one used the Biot-Savart or the
Ampere formula the same result was obtained
for the force on any portion of a complete cir-
cuit, and that the idea that the Biot-Savart
formula involved a violation of Newton's
third law was fallacious. If one considers
a rectangle a few inches wide and several
miles long carrying a steady current it is
true that the mechanical force on the short
end conductor is due to the magnetic field
in which it is situated and that this magnetic
field is produced mainly by the current in the
wires in its immediate neighbourhood, but
it does not follow that the electro-magnetic
reaction is exerted on these wires. The forces
on these wires are at right angles to their
direction and therefore purely lateral ; the
reaction to the force on the end conductor
can only be exerted on the conductor at the
other end of the rectangle, even although it
may be several miles away. This is analogous
to a long straight pipe full of water ; if one
end be fitted with a piston and the other end
closed, any force exerted on the piston can
only be counterbalanced by the reaction at

the far end, however long the pipe may be ;
the pressure on the walls is purely lateral and
therefore cannot provide any longitudinal
reaction. Just as the force is transmitted
from end to end through the medium filling
the pipe so the force in the electrical case is
transmitted from end to end of the rectangle
through the magnetic field which occupies
the space around and within the wires. This
suggests a simple way of determining the
force on the end conductor. In a magnetic
field in air there is not only a tensional force
of H%/8% dynes per square centimetre in the
direction of the field, but also an equal pres-
sure at right-angles to the direction of the
field, as if the lines of force were trying to
push one another apart. It is by means of
this that the longitudinal force is transmitted
from one end of the rectangle to the other.

Total Force

If a cross-section of the line be taken at
any point not too near the ends, it is a simple
matter to calculate the total force, which is
the integral of H2?/8= over the cross-section,
because, since the energy stored in each cubic
centimetre is equal to H?/8x ergs, the integral
gives also the energy stored in a centimetre
length of the line. Now if L be the inductance
of the line per centimetre and I the current
in absolute units, the energy stored in each

APA
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centimetre of the line is equal to 0.5 LI? ergs.
Hence the total longitudinal force is equal
to 0.5 LI? dynes, and this must be the force
on the end conductor whatever its shape.
The inductance L per centimetre is equal
to 4log, D/r + 1 where D is the distance
between centres and » the radius of the wires.
In the example discussed in the October
Editorial D/r was equal to 60, for which
L = 17.35 and the longitudinal force there-
fore 8.675 I% dynes. This assumes that the
length of the rectangle is great compared
with its width ; in the case in which the
length was only three times the width the
force would be somewhat, but very little,
bigger, and it was for this case that Dunton
measured the force and .
found it to be 8.7 I%. !

When the rectangle
is very long the appli-

cation of the Biot- 4]
Savart formula is sim- A/ :
ple. If it be assumed @—{)b——bl————-éb

that the end conductor
can be replaced by a

'
yal— o
fine wire just touching

the side conductors (Fig.3(a) in Oct.Editorial),
507

the force is 2 | dx/x = 4.6 X 1.7709 =8.14I%,
whereas if it be assumed that the fine wire
extends from centre to centre (Fig. 3(b) the
6or

force is 1 + zj dxfx =1 + 818 = 9.18 I2,
The mean of the two results obtained by these
simplifying assumptions is thus 8.66 I2, which
is almost exactly the same as the correct
value of 8.675 1% obtained from the induc-
tance formula, the former being log, 59 +
log, 60 + 0.5 and the latter 2 log, 60 + 0.5.

All these values are increased by a little
less than one per cent. if instead of being
very long the rectangle has a length equal
to three times the width.

Although not directly involved in the
problem that we set out to discuss, it is
interesting to note that the repulsive force
between the parallel wires may also be deter-
mined from a consideration of the magnetic
field stresses. If the figure represent a cross-
section of the line, H due to one wire at a
distance x from it is equal to 21/x, where I
is in absolute units. The resultant field at
any point P in the median plane due to the
two wires will be in the direction y and equal
to I cos §/x. The repulsive force at the
point will be at right-angles to the field and
equal to H%/8n dynes per square centimetre,
and the total repulsive force is obtained by
integrating this from § —= — #/2to § = +-#/2.

2
Now J‘szy =) 1612J‘ CO; de

2 2
1—61 J‘c0520d8 ‘:% Xg

b

Hence the total repulsive force = I2/b —
2 I*/D dynes per centimetre of length of the
line, which is usually obtained much more
simply by a direct application of the Biot-
Savart formula.

We have discussed this elementary problem
in this way in order to show the fallacy of
endowing with separate physical reality the
forces on current elements due to other cur-
rent elements and then discussing whether
or not they violate Newton’s third law.

G. W. 0. H.
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CARRIER-FREQUENCY AMPLIFIERS"®

The Unit Step Response of Amplifiers with
Single and Double Circuits

By C. C. Eaglesfield

(The Mullard Rgdio Valve Company)

SUMMARY.—A comparison between stag-
gered single circuits and double circuits asa
means of increasing the speed of carrier-fre-
quency amplifiers. For applications such as
television it is concluded that the two
methods are equally effective.

CONTENTS

. Introduction.

. Single Circuits.

. Double Circuits.

. Equalisation of Gain.

. Explicit Form of F,, ,(f).

. Numerical Treatment of F, ,(f).

. Numerical Results for Single and
Circuits.

. Identification of & by the Steady State Char-
acteristic.

9. Conclusions.

Double

W N O h W N+

1. Infroduction

N a previous article! the writer suggested
that two figures should be used to sum-
marise the response of a network to a

unit step. These figures were named the
““speed ”’ and ** overshoot.”” If the response
has the same general shape as the curves
in Fig. 3, the speed is defined as the maxi-
mum slope divided by the final value, and
the overshoot is defined as the greatest
percentage swing above the final value.

If a network or amplifier gives a step
response of a certain speed, it is convenient
to call this the speed of the network or
amplifier, and the conception can be ex-
tended to every link of a chain which con-
veys intelligence, or to the complete chain.

The speed of each link and of the whole
chain must be related to the type of intelli-
gence carried, a requirement which is not
exacting for certain links and certain types
of intelligence. For example, in the trans-
mission of sound, only the mechanical
elements are likely to cause any difficulty.
For television, on the other hand, almost
every link must be considered carefully ;

* MS. accepted by the Editor, May 1945.

in particular it is difficult to design a receiver
combining the necessary amplification, speed,
and economy.

It is such amplifiers that are considered
here — carrier- frequency amplifiers. Since
the number of valves must be restricted it is
usual to adjust the amplifier in such a way
that an overshoot is produced, a device
which usually increases the speed. There
are several ways of doing this: the two
ways considered here are ‘ staggered ”
single coupling circuits, and double circuits.
By ‘ staggered ™ circuits is meant circuits
tuned to slightly different frequencies. The
terms single and double circuit are defined
in Sections 2 and 3 ; they are illustrated by
Figs. 1 and 2.

It will be shown that both methods do
increase the speed, and a comparison will
be made between the two methods. The
amount of overshoot that can be tolerated
depends on the type of signal to be amplified :
if television, then a few per cent, say five
to ten. Greater overshoots are unpleasing
to the eye. Therefore, to compare two
methods of increasing the speed, it is essential
that the overshoot be the same for each.
To save setting standards of permissible
overshoot, the comparison will be made at
several different values of overshoot.

,_
11
L1}
(g}

e AAAAA

bl

Fig. 1. Successive valves coupled by single

civcuils.,

The comparison will be made between two
amplifiers of the same gain.

It is implicitly assumed that with either
method the capacitance is kept to a mini-
mun in practice, so that the effective capacit-
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ance is the input and output capacitances
of the valves plus a small amount of inci-
dental or stray capacitance. The adjustment
of tuning is supposed to be done by variation
of the inductances. For the comparison the
total capacitance per stage is taken the same
for each case and for the double circuit it -is
assumed to be divided equally between the
two halves.

Only symmetrical cases are considered,
that is to say, where the amplitude frequency
characteristic has a frequency about which
the characteristic is symmetrical.

The form of test voltage is taken as this cen-
tral frequency modulated by a unit step ; and
it is the envelope of the output voltage which
is considered the effective output voltage.

VWV
VWAV

cl =C 3
L o Lg M BL T35 3 2R
© | 14 O

Successive valves coupled by double

Fig. 2.
cLveuits.

Since the problem is not very simple,
approximations are introduced wherever
possible; these are based effectively on the
assumption that the carrier frequency is
increased without limit while everything else
is kept constant. This removes the carrier
frequency from the results.

The first reason for these simplifications
is to make the mathematics easier ; a second
reason, sufficient in itself is to reduce the
number of parameters.

In Section 2 an expression for the envelope
of the output voltage is obtained for an
amplifier with # similar valves and similar
single circuits ; this expression is in the form
of a function defined by an operator. In
Section 3 the same thing is done for double
circuits, and the same function is obtained,
but what might be called its order is twice
as great. In Section 4 the condition is in-
serted that the amplifier has the same gain
with single or double circuits. In Section 5
an explicit expression is obtained for the
function mentioned, and in Section 6 numeri-
cal treatment of the function is given. Then
in Section # the comparison between single
and double circuits is made. Section 8
contains some remarks on the steady state
characteristic, and Section g gives the con-
clusions drawn.

LIST OF MAIN SYMBOLS

n Numiber of valves in the chain.

v (n—1)/2.

g Mutual conductance of each valve.

P Differential operator djd¢ (with reserva-
tions). .

w, Central angular frequency.

@y A small increment of angular frequency.

C Total capacitance per valve stage.

R Parallel resistance across the single
circuits, when all are tuned to w,.

a, Ratio 1/2CR,, )

R Parallel resistance across the circuits.

a Ratio 1/2CR.

k Ratio w,/a.

14 Voltage envelope after » valves.

n
F(t) = A function of ¢ defined in the text.
Jo(f) = Bessel function of the first kind of order v
and argunient £.

2. Single Circuits

The term single circuit is used with the
meaning that the coupling impedance be-
tween successive valves. is a single resonant
circuit ; Fig. 1 shows the effective arrange-
ment. C and R are the same for each stage,
but alternate circuits are adjusted (by
appropriate values of L) to resonate to
frequencies alternately higher and lower
than a centre frequency, that is to say, one
set of circuits resonates to one frequency,
and the other set to another frequency.
The difference between these frequencies
and the centre frequency is assumed very
small compared to the. centre frequency.
In addition each circuit is assumed * lightly
damped,” a condition that will be made
explicit presently.

The form of voltage to be injected into
the start of the chain is the centre frequency
modulated by a unit step. What is required
is the envelope of the voltage at the end of

-the chain.

With the Heaviside notation, which will
be used throughout, the input voltage is

cos wyt |, or more conveniently the real
part of e'] ; w, being the angular centre

frequency.
The admittance of one of the circuits of

‘Fig. 1 is

I

1
pt #C + L

The impedance is thus
I 4
CETa T

where a = and ? =-— —a?

1
2RC ~IC
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Assume that a is very small compared to w,
this being the ‘‘ light damping ” condition.

The impedance of two successive circuits
in the chain can thus be written :

I p
C@+ a2+

(wg + wy)? =

and

I

Cp+a)P+ (wy — y)?

Assume that w, is very small compared to
wy If “g” is the mutual conductance of
each valve and the circuit impedance is
small compared to the valve anode imped-
ance, the gain of the first two valves in the
chain is

pz

For »n valves, » an even number, the pro-
cedure is exactly the same, and the envelope
can be written down \—

- . I a¥(1 + kY (g
V. = (gR) T+ k2)n/z [(p—_+_ a)? + kzaz:I 1
— (gR)" (1+—Ik2) Furlad) .. .. (2)

where F, ,(at) has been written for the solu-
tion of the operator in square brackets.
The treatment of this function will be
deferred until Section 5. Inspection of the
operator suggests the following things about
it : since if ap is written for p, a is removed,
it is a function of af, as stated.; since for

g 2
(C) (B + a)* + (wo + @))*] [(P + a)* + (wo — @))?]
Thus with an input voltage equal to ef¢] (real part), the voltage at the anode of the

second valve is

p2

(S)zt(ﬁ F P+ (o + @)t [(p + &P F

The real part to be taken.

wy — wy)?]

et ] ol 4 o (1)

The exponential can be  shifted ” outside the operator by writing (;b +- jwy) in the
place of p. This is Heaviside’s Shifting Theorem. The voltage then becomes :—

(P + jwy)?®

Fegd é'_ 3 Tl
‘ (C) (B + @+ Jwg)® + (wo + w1)?] [(p + 2 + Jwg)? + (wo — @,)7] 1

(P + jwo)?

(") ¥ @ T 7w T ond1 5 T 0 — il b T & F flaws — w17 +a T o) 1

(P + jwo)?

— gfwdt (g)z I l
CJ] [P+ a +jwy + )] [p + a +jlzwy — 0))] (B + a) o ~

Now let wy, — o0

(# + jwo)®

then
and the voltage —

2
Jwe! i I—
: (zc) B+ 2 + w? 1
of which the real part

2 I l
=.L08 wot (ZC) W“Fw_lé
so that the envelope for two.valves (V,) is
—(&Y iy L
Ve (zc) ® + a)2 + wt 1

- 1 (T + ka2
- 1 (gR)zl + £ (p + a)? + R%a? 1

SINEeke EIE‘ = Ra; kis written for w,/a

B+ ahjleen+ w)) [p + o+ i — )] LF

p = oo the operator = o, the function is
zero for ¢t == o; and since for p = o, the
operator = 1, the function =1 for £ = oo
thatis, F(0) =o and F(ow) =1.

It may be that the direct operational
method of simplifying the operator as given
here, by letting wy — oo, will not convince
some readers. However the result given
can be established rigorously by means of
contour integration. For this statement I
am much indebted to Mr. D. P. Dalzell.

3. Double Circuits

The term double circuits is used with the
meaning that the network connecting suc-

B
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cessive vaives in the chain is made up of two
identical resonant circuits coupled by a
common reactance, the reactance being made
_capacitive or inductive according to its
position so that for small values of the
coupling reactance the composite circuit has
a single resonance, and for values of the
coupling reactance greater than a critical
value the composite circuit has a double
resonance. There are several well-known
arrangements that behave in this way; to
fix ideas the circuit of Fig. 2 will be used,
but the same result would be reached if any
of the other networks were used.

In Fig. 2 C is the same as the C of Fig. 1,
that is, the total capacitance is the same for
the two arrangements. L and R are ditferent
in val.e from those in Fig. 1, but to save
subscripts the same symbols are used. This
method of treating inferior parameters is
thought to be less confusing than a mass of
subscripts.

The thing to be done in this section is to
cbtain an expression for the envelope of the
output voltage from a chain of valves in the
same way as was done in Section 2, but now
with the coupling circuits of Fig. 2. Similar
assumptions will be made.

The stage gain is gZ, where Z can be
obtained quite easily in terms of L, R, C, M.
The result is found to be

e Jwot ”“Ll I_
VEEas C (p + a)? + w? ].
so that the envelope after one valve is
e Lowlllw. [~ -
Pt e e L
8 2w,a a® 4+ w,? 1
2Ca a? 4+ w,? (}5 + a)% + wy®
— R 2k I+ k9 1
R Ry (gb—i—a)z—i-kza2
where w, = ka.
And finally, after » valves,

Vo= @R () Frse) - O
Comparing equations (2) and (3) it will be

seen that they differ only in the coefficient
and in the order of F.

4. Equalisation of Gain

It is proposed to compare the several ways
of connecting the » valves of a chain with
the condition that the steady state gain is
the same in all cases, that is that the value
of the output envelope for { = oo is the same
in all cases. Since F(oo) = I it is only neces-
sary to compare the coefficients in equations
(2) and (3).

L Mp ok
[(L M) (p* + pC)+I] [(L‘i‘M) @®* + p)"'l]
Nowwritea—-ﬁ
i 2 3 z..#_ 2
e A A o — e = ane ~ ¢
4M P

so that Z

TLE—MOC [(p + @) + (wo — @) [(B + 0)* + (wo + w))T]

The assumption that both w, and a are much less than w}, requires that M be much less

than L.

Hence Wy = L_ZC

Wy

and wl—%L“/LC_% [

Z now becomes

Wy [(p+a)=+<wo—w1)ﬂ[(p+a JEF (@ + wp)?)

Proceeding as in Section 2, the output voltage from the first valve :—

§w,1wq

p
b o7y gy e e

This equation is very similar to equation (1)
in Section 2, and a similar treatment reduces
it to

e

It is convenient to take as a standard the
case of single circuits all resonant to the same
frequency. Suppose a,, R, refer to this case ;
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a, refers to staggered single circuits and a,
refers to double circuits. The total capaci-
tance C is assumed the same for all three
cases. -

By putting £ = o in equation (2}, and F =1,
the steady state voltage for single circuits
on tune is obtained :—

Vo= ko = ()

Similarly for single circuits staggered, by
equation (2) \—

-« _g_ n I nly
Ho-m (anl) '(1 + k’)

For double circuits, by equation (3) :—

g n Zk n
Va (2Ca2) . (1 + k’)

For V,, to be the same in all three cases :—

] = o
VIR

2k
=t

The equations for the envelopes in the three
cases therefore become

Vi =(gRo)"* - Fp.olad) )
(Single circuits on tune)

aqt
V.= @Ry .Fp|——e
(&R) %W+Q, X
(Single circuits, staggered) e
n 2kat
Va=(@ER)" Fanx (m)

{Double circuits)

5. Explicit form of F, (¥

The expression for the envelope has.been
left in the form of an undetermined operator

12
Foid =[giargm 1 - O

where » is an even integer, and % is real.
This can be simplified by ‘ shifting”’ an
exponential from the operator :—

1+ k2

I nlg
Fol) =1,-P[m] 1
I _" I 4 k2 \n2

=?’.e Pl:p—z-}-k“)

= (1+ A7) ; rEPe P2 _sz]nl? 1

The operator on the right is a standard form,
and will be found in most textbooks. See,
for example, McLachlan,? Appendix 11,
equation 35—
‘p 1
®* + %+
Thus writing n/z2 =v -+ §;

Va
= mi T ()

F,.x(t) is ob-

tained as
! 1
F, ) = AJ et J (k) dt .. (6
Where 4 = ——

In the above J,(f) is the Bessel function of
the first kind and order v. Since » is an even
Iinteger (» — 1)/2 is half an integer, so that
Jo(8) can be expressed as the sum of a finite.
number of elementary functions; but no
appreciable simplification of equation (6)
seems to be possible.

Two particular cases will now be con-
sidered. The first is when 2 = o. Either
from equation (6), or more easily direct from
equation (5),

$

F,o) oo :1) !Je“-t"“.dt a1 14

o

F, o) will be recognised as the in-
complete gamma function, which has been
tabulated up to » = 50 by Karl Pearson °.

F,n,o(t) = (n_—IW G AL
mdﬁmﬂ =§%¥%¥:]
Max I (8)
~ Vanm — 1) J

for »n large, by Stirling’s formula for =l
Since F(o0) =1, equation (8) is an expression
for the speed, as defined in the introduction.
For this case there is no overshoot.

The second case is when »n = 2.
equation (5)

I+ k?
Ful) = gy v 1

2 [t L
P _:k fe""sin kt dt

[

From

=1 — e*(cos kt1+£sin k) (9)
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The slope is given by But f(p) . & = f(jw) . e/t
Flonlt) — 1 —i];“kz o=t sin Bt or f(p).sin wt =imaginary part of f(jw) . ei*

which is a maximum for tan kf — &
The maximum slope is thus

I:Fle k('t):l =VIi+ B 6—,—:-tan_‘k (10)
The slope is zero for sin kAt = o

t=%, etc.

Thus [F“] —1=e¢" T (1)

Equations (10) and (11) are explicit expres-
sions for the speed and overshoot. Equa-
tion (11) shows that for » = 2 the overshoot
is finite when £>o0; that this is so in the
.general case i1s shown by equation (6), which
contains the oscillatory term [, (k7).

max

6. Numerical Treatment of F,; . (¢

In Section 5 explicit expressions were
found for the speed and overshoot of F,_,(f)
for the particular cases of # =0 or n = 2.
For the general case explicit expressions
cannot be found, and to proceed further it is
necessary to change from algebra to arith-
metic.

For given numerical values of » and # it
1s possible to obtain F numerically from
equation (6), since J, is tabulated* for half-
integral values of v ; but tables only appear
to be available for integral values of the
argument.

A numerical method of solution of such
operators has been described by Bedford
and Fredendall®; it has the advantage
that it can be used even when an-explicit
solution of the operator is not available. In
effect the method consists in replacing the
unit step by a recurrent square waveform of
unit amplitude. The square waveform can
be represented by the Fourier series

52 W T, 16,
5+7—T(smwt+§sm3wt+gsm5wt+--.)‘

This series converges to the value o for ¢
lying between — 7/w and o, and to the value
1 for ¢ lying between o0 and + n/w. Thus as
w->0 the series tends to a unit step.
Thus we get .—
I

1) [5 +72—T(sin wt+§sin3wt+- 3 -)]-*f(i’) 1

as w—>0

and f(p). constant = constant . f (o).

Therefore ;— f(0) + imaginary part of

20 Gu) e + % flgw) e+ ...
>f)1 s (12)

The above is more an indication that
equation (12) is reasonable than a rigorous
proof of it. h

The advantage of equation (12) for
numerical work is that with many operators
an adequate approximation can be obtained
with a finite value of w which gives rapid
convergence. The operator of equation (5)
is of such a type, and the method will now
be applied to that operator.

w—>0

, B '. I+ k2 iz
1) = |Giarw)
fo) =1
[ 14k e
f (o) - mz]
— [ (I + k2)2 iy SLY/E
ol _[I + k2 — w?)? 4 4w2} 2
— 2w
where tan 6 m

Now make the substitution w = mV'1I + k2
Then the imaginary part of f (jew)es*

I nl4
g [1 ol m] WA

2 om
VIR — m?
The expansion of equation (12) becomes
+ P,sin wt + P,sin 3wl + . . .
3 1 3 81N 3 } (13)

where tan § = —

+ Q, cos wt + Q5 cos 3wt +,. . .

where
P,. nl

L2 L cos

wr 11— s | nb2
0, 142 TR (rm)% - (rm) sin
2 rm
tan = — ———
VI + B 1 — (rm)?
w = mV1 + k2

(t4)
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A suitable value of # has to be chosen, large
enough to make equation (13) reasonably
convergent, but small enough to give a
sufficiently correct result: the test being
that (13) should be zero for ¢ zero or negative,
or what amounts to the same thing, constant
for the last part of the first half-cycle. For
this case a suitable value of m was found to be
0.1/Vn/8

Calculations were simplified by the con-
struction of a table of sin rx, cos 7x ; x being
at intervals of 2#/100 and 7 ranging from
1 to 20. Thus when for numerical values of
#n, R, m the coefficients had been calculated,
the synthesis was a simple matter, consisting
merely of adding a set of products each of
two previously determined' numbers. A
separate synthesis had to be made for each

TABLE I
The function F, ;(f) for £ = 1, and #» = 8, 16, 32.

! |

2
1—1\/_7—1 e 18 n = 16 ' n = 32
o 0.000 0.000 0.000
0.1 0.000 0.000 0.000
0.2 0.000 0.000 0.000
0.3 0.001 0.000 0.000
0.4 0.007 0.000 0.000
0.5 0.027 0.000 0.000
0.6 0.073 0.000 0.000
0.7 0.154 0.002 0.000
0.8 0.272 0.0I0 0.000
0.9 0.421 0.030 0.000
1.0 0.585 0.076 0.000
I.1 0.743 0.158 0.001
1.2 0.879 0.284 0.002
1.3 0.981 0.448 0.006
1.4 1.047 0.632 0.018
1.5 1.078 0.810 0.048
1.6 1.083 0.957 0.IT1
L7 1.072 1.055 0.221
1.8 1.052 1.100 0.383
1.9 1.032 1.103 0.585
2.0 1.014 1.079 0.795
2.1 1.002 1.046 0.974
22 0.995 1.016 1.089
2.3 0.992 0.996 1.129
2.4 0.992 0.987 1.110
2.5 0.994 0.986 1.062
2.6 0.996 0.990 1.014
2.7 0.998 0.995 0.984
2.8 0.999 0.999 0.976
2.9 1.000 1.00I 0.983
3.0 1.001 1.002 0.993
3.1 l 1.001I 1.00T 1.00X
B2 1.000 1.001I 1.004
3.3 1.000 1.000 1.003
3.4 1.000 1.000 I.00T

value of ¢, chosen to make wi fit the intervals
of the table. The coefficients were calculated
to four decimal places, the intention being
to obtain results correct to three decimal

places. It was found sufficient to continue
as far as the nineteenth harmonic.
2
1:8
1.6
-4 =
’:'1'2 N=8 ——N=I16 n=32
-:\,_c \, 2 [ P
e @ 4
e ERT T /
04
o2 74
) 2 4 6 8 ]O |2 14 16 18 20 22 24 26 28 230
t
Fig. 3. The function F, (1) for k =1 and

n = 8, 16, 32.

In general only sufficient syntheses were
made to establish the speed and overshoot.
Having straddled the overshoot, for instance,
a more accurate value was obtained by inter-
polation. Complete syntheses were made for
#n = §8,16,32 and % = 1, and these are given
in Table I and exhibited in Fig. 3. The
remainder of the information obtained is
given in Table II, which gives the speed and
overshoot for arbitrary values of 2. For the
purpose in hand this 1s not in the most con-
venient form, as it is required to make com-
parisons at definite values of overshoot.

1-0

Gt
oa
o7
o6
0.5.\\
\\
0 0 d . i
™ (R \‘\\ OVERSHOOT ol |
el - N o~ S 20
o N ey T e ' FHH
1o O
& S, - ~
~ =
02 ~] 5 Saagt
N = Sl T T
\‘ N e ™
. B r
o : .
2 2 & 8 10 20 30 40

Fig. 4. The speed of amplifier chains with
single circuits, adjusted for cevtain values
of avershoot.
The information in Table III was obtained
from Table I by interpolation. In Table ITI
the speed and k are given for arbitrary values
of overshoot. ;
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TABLE 1II

The speed and overshoot of F, ,(f) for certain
values of » and k.

n k2 Overshoot Speed
Per cent.
4 o I o 0.224
1.6 2.2 0.372
1.0 6.2 0.469
1.667 13.8 0.633
3.0 27.6 0.956
|
8 o o 0.149
0.6 2.6 0.271
1.0 8.4 0.369
1.35 14.7 0.456
1.667 21.0 0.539
16 (<] o 0.102
0.6 2.5 0.206
1.0 10. 0.295
1.35 20.9 0.386
1.667 31.9 0.480
32 o o 0.0715
0.6 2.1 0.157
1.0 13.0 0.238
1.35 28.9 0.338
)
TABLE III

The speed of F, ,(#) and the value of k& for certain
values of » and overshoot.

n Overshoot k2 Speed
Per cent.

2 2 0.645 0.552

5 1.100 0.670

10 , 1.861 0.850

15 2.742 1.040

20 3.810 1.250

4 2 0.58 0.368

5 0.89 0.442

10 1.33 0.553

15 1.77 0.657

20 2.21 0.765

8 2 0.56 0.260

5 0.78 0.314

10 1.09 0.393

15 1.36 0.459

20 1.62 0.526

16 2 0.56 0.196

5 0.74 0.235

10 0.98 0.289

15 1.16 0.334

20 1.32 0.378

32 2 0.59 0.156

5 0.71 0.179

10 0.90 0.216

15 1.06 0.251

20 1.1g 0.285

The figures given here are the result of
quite a lot of arithmetic—it seemed so to one
who is not a computer. The experience got
from it has shown that the harmonic
synthesis method of evaluating operators is
practicable. It has two main advantages :
an explicit solution is not necessary, and the
greater part of the numerical work is simple
and is almost a machine process.

7. Results for Single and Double Circuits

The information is now available for a
comparison between single and double
circuits. The envelopes for each case are
given by equations (4), Section 4. The com-
parison will be made between two amplifier
chains, each with the same number of valves
(n the same), the same total capacitance per
stage, the same gain, and the same overshoot.
Then the ratio of the speeds .for the two
cases, single and double circuits, is the com-
parative figure.

[o]

Lok "/‘3?‘:

/
/

SPEED X' Ag
o
W
Valli
/
.
V4
7

2
/
/

[y

1 a 3 4 8 10 20

n
Fig. 5. The speed of amplifier chains with
double circuits, adjusted for certain values
of overshoot.

The overshoot is adjusted to the required
amount by adjustment of 2. This has already
been done for several values of overshoot in
Table III. All that remains to be done, there-
fore, is to multiply the speeds of Table III by
the appropriate function of %, according to
equations (4). One example will make this
clearer.

Consider four valves (n = 4) coupled by
double circuits, adjusted to give 20 per cent.
overshoot. By equation (4), F,,, 1.e., Fgis
required.

From Table I1I, £%=1.62 and speed =0.526

) 2k
Thus required speed = 0.526 L%
= 0.5II a,

Table IV gives the speed with single and
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double circuits for several values of over-
shoot and », in terms of 4, Figs. 4, 5,
exhibit these results, and Fig. 6 gives the
relative speed of double and single circuits.
To use Table IV for a practical case, the
procedure is as follows. Given the total gain
required, the number of valves and their
mutual conductance, the capacitance per
stage, and the permissible overshoot :-

R, is given by (gR,)* = Gain
= T
ao 1s given by a, = RC
Speed is given by Table IV in terms of a,.
If the required speed is given rather than

the number of stages, a trial and error
process will decide #.

TABLE 1V

The speed of amplifier chains with single and double
circuits, adjusted for certain values of overshoot.
For each value of » the gain is the same for the

three cases. The figures for speed are to be multi-
plied by a,.
|
Speed of Speed of
Single | Overshoot| Single Sll))gi(tlnlzf
»n | Circuits Per cent. | Circuits | cjreuits
on tune staggered |
1 1 2 [ 0.539
5 0.669
10 1 o.810
15 0.920
20 1.015
2 '0.3679 2 0.430 0.355
5 0.462 0.441
10 0.503 0.547
15 0.537 0.631
20 0.570 0.708
4 0.2240 2 0.293 0.249
5 0.321 0.311
10 0.362 0.393
15 0.395 0.453
20 0.427 0.5I1
8 0.1490 2 0.208 0.188
5 0.235 0.232
10 0.272 0.28¢
15 0.299 0.333
20 0.325 0.374
16 0.1024 2 0.157 0.151
5 0.178 0.176
10 0.205 0.216
15 0.227 0.251
20 0.248 0.284
32 0.0715 2 0.124 ‘
5 | 0.137
10 0.157
15. 0.175
20 0.193

Fig. 6 shows that the comparative speed
crosses the unity line at about 6 per cent.
overshoot for » lying between 2z and 16.
Thus if the permissible overshoot is less than
6 per cent., single circuits are better; if,
greater than 6 per cent., double circuits are

better. The permissible overshoot depends,
3 w
3 e Na2 ute
= N=4 -
S'g v P n:a %g’.{,
= N=16 su®
88 14 ~= i A
20 |
e l
oy ~N=a16 — P g o
:é O9+-N= 8 e -4
o == 4 e wha
0% oap =2 g3k
5 Zal
§ o7 oo
1 2 3 4 567890 20 30 40
oversHooT .
Fig. 6. The ratio of the speeds of double

and single circuits as a function of over-
shoot.

of course, on the application; e.g., for
amplification of television signals it is
probably about 6 per cent., in which case
there would be nothing to choose between
single and double circuits.

8. Identification of % by the Steady State
Characteristic

So far the emphasis has been on the shape
of the output envelope resuiting from a given
adjustment of the amplifier chain, and this
adjustment has been expressed by the para-
meter 2. The converse problem, to calcu-
late the various impedances making up the
circuits so as to give a certain value of %,
is straightforward ; but in any practical case
errors are certain to accumulate, and the final
adjustment is best done experimentally.

Many designers are accustomed to think
in terms of the amplitude—frequency charac-
teristic of an amplifier in the steady state
condition. The most obvious thing about
this characteristic for the circuits considered
1s that it can have twin peaks, and it is usual
to take the ratio of the gain at the peaks to
the gain at the centre as a measure of the

adjustment. It is not difficuit to show that
this ratio is
2 n/2
LA} for single circuits
2k P
. 2] n 15
[I j}ek ] for double circuits'

provided 2> 1. For k<1 the characteristic
has only a single peak. k& =1 is thus a
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critical value for the amplitude—frequency
characteristic, at which it changes from a
single to double peaks.

It is worth emphasising that whereas there
\is a critical value of % for the amplitude-
frequency characteristic, there is no critical
value of % for the overshoot.
shown in section 5 that if 2>o0 there is an
overshoot. Due to this discontinuity in the
one case, there is no possibility of obtaining
a simple relation between the overshoot and
the peak to centre ratio.

9. Conclusions

The relative efficacy of staggered single
circuits and double circuits as means of
increasing the speed of an amplifier has been
shown to depend on the permissible over-
shoot. Only if rather a large overshoot is
permitted do double circuits show an

It has been

improvement. For practical purposes it may
be concluded that double circuits are no
better than single circuits. The choice must,
therefore, depend on other factors, such as
rejection of interference on adjacent channels,
and ease of design and convenience of adjust-
ment. Clearly double circuits will give
greater rejection, other things being equal ;
equally clearly, single circuits are easier to
design and adjust. The figures given should
be sufficient for the design of amplifiers,
up to any likely number of stages.

The author is grateful to The Mullard
Radio Valve Company for permission to
publish this article.
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CORRESPONDENCE Y

Valve Vectors
To the Editor, ** Wiveless Engineer.”

Sir,—Dr. Sturley’s letter on Valve Vectors in
your August issue, based on my comparison of two
possible sign conventions, shows that correct results
may be obtained whatever convention is used and
that the choice is a matter of taste. My own pre-
ference is to make the I
fictitious E.M.F. uE, act g
in such a direction that it
produces a current in the
same direction as the H.T.
battery. This assump-
tion leads to the follow-
ing results : (1) The same
sign convention is used
for the alternating and the
steady currents in the
anode circuit, so that the
total current at any in- (a)
stant may be found by
summation. (2) pE, and E, have the same sign
and appear in phase on a vector diagram. In
Sturley’s’ diagrams they have the 'same sign but
appear 180° out of phase. This feature is liable
to puzzle students, unless it is realised that the
moduli |E,| and p|E,| are imiplicitly understood.
(3) If the P.D. across the load (E,) increases, the
anode voltage (E,) decreases by an equal amount.
In Sturley’s convention the anode voltage variation
E, is equal to the change in P.D. across the load
owing to the choice of positive direction for current
variation. This again is likely to be confusing for
students. In his letter Dr. Sturley states correctly
that his convention involves reversing his fictitious
anode current I, to get the actual alternating
anode current I,. He goes on to say that in my
convention the ° alternating” anode voltage com-
ponent £, ”’ must be reversed in order to get the
actual anode-cathode voltage E,. This statement

I-‘Eg T

KEg T

is not correct, because E, was defined as the -alter-
nating P.D. across the load in my scheme.

The use of various sign conventions is made
clearer by taking further an idea suggested by the
Editorial in the September issue of Wireless Engi-
neer, Four possible conventions are obtained by
combining each of the two possible directions
assumed for pE, with each of the two possible

Id Id Id

MEg i KEg l

(®) (¢) (¢)

directions assumed for I,. These possibilities
are represented in the diagrams; (a) represents
Sturley’s convention and differs from Terman’s,
which is represented at (¢} provided,uE is replaced
by the equivalent — pE, acting in the opposite
direction. (d) is used by Howe, Emrys Williams
and others and-is my own preference. It will be
seen that (b) and (¢} necessitate a negative sign in
the equation relating current and E.M.F. since the
positive directions assigned to these quantities
are opposite in direction rournd the circuit.
Cardift. R. G. Woop.

To the Editor, ' Wireless Engineer.

SIR,—It may save authors some trouble to be
told that any convention may be used in valve
circuits (is it also permissible to *“ put a minus sign
in Ohm’s law "’ ?) but it will not help the reader,
and particularly the student, to solve his own
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problems. The purpose of this note is to state
the case for using one particular convention be-
cause it alone is consistent with the context of the

’ [
Va R+ Rd

o . R
1 van ~Ria =~ peE,

Fig. 1.

problemi. The conditions which should be satisfied
by a valve circuit convention include the following :

(a) It must accord with the fact that a valve
is a passive device, i.e. all currents flowing through
it are due to externally applied EM.F.’s. (This
will determine the sign of u.)

(b) Since the cathode is a common earth point
in so many circuits, both'grid and anode potentials
must be reckoned as potentials from cathode.
(This excludes the expression of the output as a
cathode-to-anode potential.)

(¢) The positive phase of the alternating anode
current must be that which adds to the steady
current. (How embarrassing, if one works to the
opposite convention, to find that on increasing
the amplitude of the signal input, the instantaneous
anode current falls to zero on positive peaks of the
alternating component of current:)

The p of a valve should be defined by the be-
haviour of the valve itself, not of a particular
circuit in which the valve may sometimes be used.
The anode current of a triode is a function of both
anode and grid potentials, and there is a fixed
equivalence between the two such that the general
expression for anode current can be written as

Ia' f(Vn+/"Va) ac © ¢ a (I)

This shows that u is a positive quantity, since
increase in the (positive) value of either V, or V,
will increase I,. In fact, the function f approxi-
mates to a 3/2 power law, but if one considers only
small changes about a suitably chosen operating
condition there is an approximately linear
relation between the changes, and representing
changes by lower-case symbols,

is = (Vg + pv,)/R, ~o o o (2)

Since (2) is a direct first-order, (linear) approxi-
mation to (1), condition (@) is automatically satis-
fied, as also are (b) and (¢). If now, in an actual
circuit, v, is derived from a source of EM.F. ¢,
in series with a resistance R, we have the relation
v, = €, — Ri,; and substituting this in (2) gives

- Ri, + uv,)/R, L - (3)

The voltage v,, measured from the cathode, is also
the output voltage, so that the latter is ¢, — Ri, :
but in a normal amplifier circuit, ¢, = o, so that
the output voltage is — Ri,. This is where the
minus sign first enters into the anode circuit;
and it is introduced legitimately, without any
violence to Ohm’s law, as a result of the fact that
the valve is a passive circuit element. Straight-

tg \*a

forward algebraical manipulation of equation (3)
then yields the familiar result
TR (4)
Output voltage = — uv, . Tow W 4]
This leads to the equivalent circuit in which the
valve is replaced by a fictitious generator of E.M.F.
pv, in series with a resistance R,. But note that
the valve is-veplaced by the equivalent circuit :
equation (4) describes the action on the external
circuit only, and has nothing to say about the
internal working of the real valve. It does, how-
ever, give the same direction of current in the
external circuit as equations (2) and (3) which
relate to the valve, and therefore satisfies condition
c).
()This is the point which seems to have been
missed in the recent British discussion (though it
has been mentioned by Terman in a discussion
in Proc. I.R.E.) : you cannot have both the valve
and the equivalent circuit, and you would have no
right to complain even if the current inside the
equivalent circuit appeared to differ from that

I
=
E = —pyg
Ra B —pvg
v, = e = s
1 1= 7%%; ~ "R,
3© a R
o= RE=~pvg Tog;
X Fig. 2.

inside the valve. But in Fig. 1/i, reckoned anti-
clockwise round the circuit is equal to pv, /(R + R,) ;
while in Fig. 2, I reckoned clockwise round the
tircuit is equal to minus pv /(R + R;). Clearl
the current is in fact exactly the same in bot
cases, and they unite in corresponding with equa-
tion (4) for the output voltage.

The algebraical substitution on (4) of the relation
&. = p/R, leads at once to the equivalent current-
generator circuit representing the equation

1 RRG .
Output voltage = — g,v,.. R T Ra .. (5)

In the past, your Editorial page has often served
as an arbiter in matters of radio symbols and
conventions. To say that every author may have
his own child, as implied in your September Edi-
torial, is not even a ‘‘ Judgment of Solomon,” 'and
I hope you will continue to review ‘this problem
until a definite conclusion is reached.

London, N.21. D. A. BELL.

Technical Libra;y

HE extension of Lewis’s lénding library by the

inclusion of Medical and Scientific books in for-
eign languages is under consideration. Its possibility
is dependent on there being an extensive demand
for such books, and in order to estimate this the
firm has prepared a questionnaire, which is being
circulated to subscribers.

Others interested can obtain a copy from 136,
Gower Strect, London, W.C.1.
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The Extended Employment of
THEVENIN'S THEOREM"

By A. Lee, MA., MLEE,,

and D. K. C. MacDonald,

MA., A.Inst.P., Grad.lLE.E.

{Military College of Science)

HE use of Thévenin’s theoremt whereby

a circuit composed of linear elements

is replaced for the purposes of analysis
by the output impedance (measured across
the two relevant terminals) in series with a
generator of voltage equal to the open-
circuit voltage measured across these ter-
minals, and the use of the allied * constant-
current ”’ theorem (sometimes quoted as
“ Norton’s theorem '), appear often to be
restricted in general use to ‘‘steady-state ”
analyses. A well-known example of this use
is the replacement of a triode valve, for the
purpose of analysis of the anode output
circuit, by an impedance equal to the anode
slope resistance (at low frequencies) in series
with a generator providing a voltage of mag-
nitude pv;,, where v, is the input signal
measured between grid and cathode.

It is the intention here to show by a
number of examples how Thévenin’s theorem
can frequently be of service in obtaining
rapid results in so-called “ transient *’ prob-
lems. It is also shown how * initial condi-
tions ” may readily. be included in certain

Fig. 1 (Left).

RSV

e "

CONSTANT Co=v. Fig. 2 (Right).
oo

VOLTAGE)
cases. It is appreciated that these problems
are all soluble quite generally -by the use of
operational calculus, in particular the em-
ployment of the Laplace Transform. There
are, however, many who, though on the one
hand familiar with Thévenin’s theorem, on
the other find it difficult to acquire facility

* MS. accepted by the Editor, June 1945.

t This is the common designation of the theorem,
but more correctly it should be ascribed to Helm-
holtz)(18 53). (See Editorial, Wireless Engineey, July
1943.

1
(consTany l

CURRENT)

in the use of the Laplace method or are
otherwise unfamiliar with it. The problems
are also soluble by the general application of
standard Linear Differential Equation theory
through determination of the Particular
Integral and Complementary Function, but
solution is frequently tedious by this ap-
proach. It should be noted that the analysis
of the problems discussed here has been set
out in detail, but moderate practice enables
rapid solution to be achieved.

The examples chosen are of a type which
are suggested in particular by problems
arising n_simple dielectric theory, but have
also application in time-base analysis, etc.

It is first assumed that the solution to the
problem depicted in Fig. 1] is well-known.
The condenser is discharged and the switch
is closed at ¢ = o.

On closing the switch at { =0
(T =RC)

=t T
R

ve = Ee T
v, = E{1 — 7}

Fig. 2 presents a rather similar problem, the
solution of which will be found useful in
problems of the type to be discussed.

t The following conventions have been adopted :

represents a generator of electro-
motive force E in the direction

i indicated and.of negligible imped-
ance.

represents a generator maintaining

—@)—-= a constant current I through its

L terminals where the arrow indicates
the direction of flow.
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On opening the switch at ¢ =o:

v =1IR{1 — '} (T =RC()
= ©
= I{1 — 7}

Now consider the circuit of Fig. 3 (a).
In computing v, the circuit apart from C
(which is to be regarded as an external

element), may be analysed by the application"

A similar example is shown in Fig. 4 (a)
and its ‘‘ development ”’ in Figs. 4 (b) and

4 ().

Again from Fig. 4 (¢) it follows that :
Eg2 eIt

vy, =

(T =RC =R(C, +Cy))

2_
v, E—vl_E 1I—= "T}

(2) ()

Fig. 4.

of Thévenin's theorem as illustrated by
Figs. 3 (b) and 3 (¢).

In these figures X and Y are the **
terminals ' referred to above.
Fig. 3 (¢) it immediately follows that

ER 5 ER 3
M=FTR, le{I — € “W} R2{I —€ "Tl

R,R
T = R 1
( "R+ R,

relevant
From

C)
Lv,=FE — vy

R R
==E[ - 1 1 —t/ RO
1~ Rt i, Ry }

E (. R R
s —t/RO | et
R1+R2{R2+Rle R} E{R1+ R, }

It should be noted that in drawing the
5 equivalent " circuit the fact that the

“ time-constant "-is T — RC is appreciated
immediately. The general operational ap-
proach does not always disclose such informa-
tion so readily.

=}O

At this point it may be of interest to
indicate how initial conditions can be intro-
duced. Let it be assumed that initially the
voltage on C, = V,. Then, by application
of Thévenin’s theorem to the condenser
itself or by examination of the relevant
differential equation, it may be seen that the

"‘_—:I "_T tv'
CSV,ar t-0
o_] PRI
() (b)

Fig. 5.

condenser and its equivalent circuit appear
as in Figs. 5 (a) and 5 (0).

Introducing this initial condition into the
preceding example, the development is
shown in Figs. 6 (a), (b) and (c), in which
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. — . —i/:
=(E—V,) %2 +V,= %{Cﬂu K_Ei C } Thus gR_ e{l — 7} =
= {I — e"”} + = D{ — ety

Whence the solution is : R, R,
E( v, in which
Uy == C2+"‘C1}€_M R,R
C = ol 1%
" T_Rc._Rl+R2(Cl+C2)

(T:RC—R( 4 C,)). . ] ] .
Whence, performing the single differentia-

E G
v, =FE —uvy: C{ [C2+ 1C ]e—’/"} tion : ER, 1
) vl =l u  Jf = T

A final well-known- example in classical R, + R,
dielectric theory may be of interest. The
problem is shown in Fig. 7 (a). +R—EC2—I;1 RE(% CRiH

Employingthe " constant-current ' theorem gy 48
we have the circuit of Fig. 7 (§), in which _ ER, =4 % 1‘_2) ooz

"R, + R, )

in which T, = R,C,.

]-C=c,+cz

R3v,
i Y
(<)
Fig. 6 (Above). This result can also be obtained direct
from the circuit representation of Fig. 7 ()
Fig: 7- (Bblow), }Jgger;ploymg the solution of the problem in
; ]
‘ 1 X R
@ f $ $ s ! I L T B
C; Rz:E C| R':E R:E Uy e 2
T v, T 1}_u c=v
{ Ye Y2
(b) ¥ (e) (d)

where D indicates the process of simple time-  Further,

differentiation. The circuit in turn reduces v, =E —u,
to Fig. 7 (c), where R,
‘ L1
R=Zf o+, B+ R,
1 + . = —Rz_. & 12 I —T
Re-transforming to the ‘‘ constant-voltage ” +R, R,\T o ]

form we have Fig. 7 (d), in which

ER, - i, -,
o I 3 _R +R I —'T . €
eEiREER{— +C2D} L
R, in which T, = R,C,..
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The latter result could, of course, be
obtained readily from symmetry considera-
tions.

By similar methods it may be verified that
if in Fig. 7 (a) C, and C, be initially charged

-

Fig. 8.

i=E{1/R, + C,D} — V,C,D
@i v#=v,cD

i= E{1/R, + C,D} +.[V,C, — V,C,)D
Ol RR o o
o 1+

to V, and V, respectively, successive stages
in the development are represented by
Figs. 8 (a) and 8 (b) corresponding to Figs. 7 (b)
and 7 (c), giving
ER, }
—_—— 1 Jy— etT
S Rz{ adt
I Vv Vs
'E{Cz——Egcz‘Ff‘Cl}f“”

Finally it should, of course, be noted that
the form of analysis is equally applicable to

problems involving * inductive transients,’”

and that in this case initial conditions in-
volving initial steady currents in the induct-
ances can similarly be taken into account.

Book Review
Waveform Analysis

By R. G. Ma~NLEY, B.Sc. Pp. 75+ xi, 103 dia-
grams and 39 tables. Chapman and Hall Ltd.,
37 Essex Street, London, W.C.2. Price 21s.

The radio and communication engineer is so
accustomed to thinking of radiated, travelling and
stationary waves, and of these ‘‘ waves '’ as having
a ‘ form,” that he may need to be reminded that
a waveform was originally, and perhaps strictly
still is, a graphic record. This book deals with the
analysis of recorded waveforms, with particular
reference to those of mechanical vibration and allied
quantities. Such waveforms are often characterised
by the absence of the fundamental and a number of
contiguous harmonics; this occurs because the
fundamental cycle corresponds e.g. to eight and
nine revolutions respectively of two rotating

systems geared together in that ratio. Once-per-
revolution vibrations of the two systems thus
appear as eighth and ninth harmonics of the basic
cycle, and all lower harmonics are absent.

After preliminary chapters, one of which deals
very well with the combination of sinusoids of
various frequency ratios, the author deals with the
analysis of waveforms by analysis of the envelope
and by what he terms the method of superposition ;
this is the division of the basic cycle into two or
more equal parts, and the addition of corresponding °
ordinates whereby some components are eliminated
from the plotted result, and others are accentuated.
There are chapters on Fourier analysis, both
theoretical and practical (in the latter some limita-
tions of numerical methods, often overlooked, are
mentioned) and a brief chapter on Lissajous’*
figures.

One short chapter deals with ‘‘ Mechanical and
other Aids,”” and includes a brief discussion of direct
electrical methods of analysis of electrical (i.e., non-
recorded) waveforms. Although the author says
his remarks ‘‘ should not be taken as condemnatory
of the general notion,” he does not seem to be
completely unbiased since one of his objections,
that a list of frequencies and amplitudes alone does
not specify the wave shape, is equally applicable to
any means whereby this partial specification is
obtained. In the discussion he says: ‘“ A filter . . .
employing condensers . . . would require frequent
calibration as condensers are notoriously unreliable.
An accurate frequency source is required for the
calibration and this . . . is not easy to obtain.”
The impression given is that the author is not here
writing from first-hand experience, and the whole
section might profitably be omitted from a later
edition.

The bibliography is badly arranged. The reader
has first to tum to the chapter heading to find its
number, then to refer to the appropriate entry by
chapter and number, then in some cases to refer to
a list of general references. The total number of
references is such that they might all be given as
footnotes. There is no mention of Whittaker and
Robinson’s *‘ Calculus of Observations.”

There are five appendices; one is on * Effect of
non-harmonic components, or of choosing a false
cycle "’ ; another includes a table of sine and cosine
harmonic terms, from first to sixteenth harmnonic
at intervals of 1/96 of the basic cycle. There is also
a glossary of terms. The style of writing is generally
good and the occasional use of a term of laboratory
jargon is enlivening rather than.offensive.

F. A

* The name of this celebrated scientist is consistently misspelt
in this book, “ Lissajou’’ even appearing in heavy-type chapter
headings. In Deschanel's * Natural Philosophy'’ one reads of
M. Lissajous and of Lissajous’ curves; also Tyndall's * Sound "
and Catchpool's * Textbook of Sound '’ have the correct spelling.
In Watson’s * Textbook of Physics’’ the text has Lissajous’
figures, but in the index it is Lissajous’s figures.
Thomson may have been the original culprits, for in both text
and index of their * Textbook of Physics’ we find Lissajou’s
figures and * Lissajou obtained, . . .”” It is fairly obvious how
the mis-spelling has arisen. A parallel case would be Law of
Moses = Moses’ law == Moses's law = Mose’s law = Law of Mose.
We hope that, if the book referred to ever reaches a seconA edition.
the author will remove this blemish.

It may interest readers to know that Jules Antoine Lissajous
was born at Marseilles in 1822 and died in 1880. His * I’Etude
Optique des Mouvements Vibratoires’’ was published in 1873,
The actual curves were described from a mathematical but not
optical point of view imr 1815 by N. Bowditch, the American mathe-
matician, who translated Laplace’s ‘ Mécanique GC‘éAl;:Bte}.;-—

Poynting and
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MULTICHANNEL COMMUNICATION
SYSTEMS*

Preliminary Investigation of Systems Based Upon
Modulated Pulses

By F. F. Roberts, B.Sc.(Eng.), and J. C. Simmonds, Ph.D.(Eng.)

(P.O. Radio Branch)

SUMMARY. —A survey is made of those multichannel communication systems which

make use of modulated pulse chains.

The principles underlying the systems are considered

at some length and the advantages and disadvantages as compared with conventional multi-
channel systems are discussed. Experimental apparatus employing amplitude modulated
pulses is described which gave seven good quality speech channels in a band-width of 110 kc/s.

. CONTENTS

PART 1

1.1. General Principles of Pulse or Time-alloca-
tion, Communication Systems.

1.2. Production of Pulses.

1.3. Modulation of Pulses.
1.3.1. Amplitude modulation.
1.3.2. Pulse-width modulation.
1.3.3. Delay modulation.
1.3.4. Other types of pulse modulation.

1.4. The Frequency Spectrum of the Composite
Modulated Waveform.
1.4.1. Amplitude modulation.
1.4.2. Pulse-width modulation.
1.4.3. Delay modulation.

1.5. Demodulation,
1.6. Synchronising.
1.7. The effect of Distortion of the Waveform by
the Transmission Path.
1.7.1. The effect of limited bandwidth.
1.7.2. The effect of reflections in the
transmission path. -

1.8. Modulation of the High-frequency Carrier.

1.9. Signal-to-Noise Ratio.
1.9.1. Amplitude-modulated pulses.
1.9.2. Pulse-width and delay modulation.

1.10. Comparison of the Time-allocation Multi-
plex with the Frequency-allocation Multiplex.

Introduction

N recent years the so-called ultra-high
frequencies of the radio spectrum were
being increasingly exploited by frequency-

modulated. transmitters, and such trans-
mitters were proving economic to construct
and operate, as compared with conventional
equipment providing equal quality service.
The rapid developments of radar and the
associated centimetre-wave techniques during
the war now offer the telecommunications
engineer new fields for development, fields

* MS. accepted by the Editor, June 1945.

in_certain ways similar but more extensive
than those already being occupied by fre!
quency modulation. A brief survey shows,
on the one hand, a great volume of experience
(and theory) of the design, production and
operation of amplifiers particularly adapted
to the handling of pulses, and on the other
hand a number of new sources of high-
frequency power, of a type for which pulse
modulation offers distinct advantages. It
seems not unlikely that the new achievements
will have repercussions in lower-frequency
fields, and it will perhaps be best in what
follows to approach the whole topic from the
low-frequency direction.

The idea of transmitting information in a

‘series of separate bursts is by no means novel.

The Baudot telegraph system employs this
principle in order (in effect) to load a given
frequency spectrum more fully, by what
amounts to - ‘‘ interlacing "’ a number of
distinct code transmissions. It is the
purpose of this paper to present a general
picture of the means whereby pulses of elec-
trical energy may be made to convey * simul-
taneously "’ many independent channels of
speech or other intelligence, and, finally, to
describe an experimental seven-channel
equipment, developed several years ago, and
employing amplitude-modulated pulses.

PART I

1.1. General Principles of Pulse or Time-
Allocation, Communication Systems

Multichannel communication systems may
be divided broadly into two classes, namely,

(1) A class in which the frequency bands
-of the individual channels are shifted
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bodily by modulation and assembled so as

to occupy a practically continuous spec-

trum consisting of adjacent bands allocated
to the individual channels.

(2) A class in which the whole of a
relatively large frequency spectrum is made
available for consecutive small time inter-
vals to each of the individual channels in
cyclic order. :
The first of these classes is familiar in its

well-established application to carrier tele-
phony on cables. The second class may be
analysed still further.

In the Baudot*!!' system of multiplex
telegraphy a rotating selector arm connects
a common line to the several senders in
sequence, each sender transmitting the code
for one digit whilst the selector arm passes
over its contacts. The signal in the line
consists of digits from all the senders in
sequence, together with an identifying signal
necessary for the maintenance of the syn-
chronism of the corresponding rotating arm
at the receiving end. Here the digits coming
in from the line are distributed to the several
receivers for record and storage on tape. It
will be understood that both transmission and
reception on any individual channel are inter-
mittent, so that some form of storage is
necessary at each end of the line. At the
sending end the operator himself may be the
means of storage, but generally tape will
serve this purpose at both ends.

TRANSMISSION PATH

-
S, 4085
€3 eaq D, Dy Da 0,

RECEIVE - END
Basic time-allocation system.

SEND END
Fig. 1.

The nature of the time allocation that
occurs in the simplest form of pulse multiplex
now to be considered is similar to that in the
Baudot system, but with a fundamental
difference in the relative magnitudes of the
time intervals involved in the signals on each
channel and the intervals allotted to each
channel for connection to the line. In the
Baudot system, the rate of switching from
channel to channel is so slow that a complete
digit can be sent by each channel during each

* See Bibliography for numbered references.

switching interval ; in pulse multiplex the
rate is made so high that the instantaneous
channel voltage has time to change by only
a limited amount in the interval between two
successive occurrences of the switching pulse,
and by a quite negligible amount during the
pulse itself, when the particular channel is
connected to the line. The greater part of
the individual channel signal, on the short
time scale, is not transmitted at all—the
“ gaps " are filled by a form of integrating
or storage action inherent in the ‘‘ low-pass "
frequency characteristic of the receiver
following the demodulation at the far end of
the line. Apart from the difference in the
speed of rotation of the switching contact
arm, therefore, the pulse multiplex system
could be realised, theoretically at least, by
a mechanical arrangement of the same form
as that of Baudot.

€3 €
€y o € - bl
[ e,
vOLTAGE
o]
—— TIME

Fig. 2. Ideal waveform of received currens.

The principle of time allocation for multi-
plex telephony systems can perhaps be more
clearly understood by reference to Figs. 1
and 2. S, and S, represent the synchronised
switches, which connect the generator ¢, to
the detector D,, the generator e, to the
detector D,, efc., in tumn. If ey, €, etc., are
constant in magnitude the waveform of the
current in the transmission path, assuming
ideal conditions, will be of the form shown in
Fig. 2. If ¢y, e,, etc., are not constant, then
each successive pulse ¢, will differ in magni-
tude from the preceding ¢, pulse, and simi-
larly for the pulses e,, etc. It is convenient
to refer to the series of pulses ¢, as the pulse-
chain ¢,, and so on. The several pulse-chains
are seen to be interlaced.

Now it is easily seen that the frequency of
switching, i.e., the number of complete
revolutions per second of the switches S,
and S, must be at least equal to twice the
maximum frequency contained in the signals
to be transmitted on the channels. For
example, if telephony signals are transmitted
containing a maximum frequency of 3 kc/s,
the switching frequency must be at least
6 kc/s. If the switching frequency in this
case were only 3 kc/s; then it would be
impossible to distinguish the 3 kc/s tele-
phony ‘component from a D.C, signal.
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The following three methods of performing
the functions of S; and S, are available :—

(2) Mechanical methods.

(8) Electronic switching using normal
thermionic valves.

(¢) Electronic switching
devices.

The frequency of switching required for
telephone transmissions is rather high for
mechanical methods, but the mechanical
scanning methods used in some "television
systems might be adapted to this problem.
For example, a beam of light controlled by
rotating mirrors could be made to fall on a
succession of photo-electric cells, one cell
being used for each channel. The emission
of the cells would then be controlled either
by grid modulation, giving amplitude modu-
lation of the pulse outputs from the cells, or
by a small vibrating mirror placed before
each cell and operated by the speech current
to control the phase of the pulses from each
cell. /

Switching by means of normal valves is
quite practicable and various methods of
operation present themselves. One obvious
method is to employ double-grid valves,?
and to apply to one grid a negative bias such
that no anode current can flow. By reducing
the bias for a period anode current can be
allowed to flow, and thus the required switch-
ing action obtained. A similar method is, of
course, possible with triode' valves. Both
methods require some mechanism to reduce
the negative bias at the correct instant.
This will be discussed later.

1 2 T 4 L] 2 8l 4 1
1} 1
VOLTACE
o

—— TIME

using special

Fig. 3. Switching pulse waveform.

Switching - by means of specially con-
structed electron tubes® % 7 25 has much to
commend it, and may ultimately prove to
be the best solution to the problem. In its
simplest form the tube consists of a rotating
electron beam which makes contact with
electrodes in turn. Many variations of this
have been proposed, and some of the pro-
posals have suggested thlie use of secondary
emission. Switching in this way would, no
doubt, present its own difficulties; one
possibly being poor signal/noise ratio due to
low beam current. By means of this method
of switching it may ultimately be possible to

reduce the channel equipment at each
terminal to a much smaller bulk than that
required by valve switching or by the con-
ventional frequency allocation method of
multiplex.

1.2. Production of Pulses

In the previous section it was pointed out
that when switching by normal types of
valves is employed some mechanism must
be provided to neutralise the negative bias
which normally reduces the valve anode
current to zero. To fix ideas consider the
scheme employing double-grid valves. Now,
in order that the valve may conduct for any
required period, the negatively biased grid
must be made positive, or at any rate much
less negative, during the period. This can
obviously be brought about by applying a
large positive pulse to the grid during the
required period. It is clear that a number of
switching valves will be required, one for
each channel, and that each will require a
positive pulse to render it conducting at the
necessary instant. Thus, if this system of
switching is used, chains of positive voltage
pulses, which are displaced in time relative
to one another as shown in Fig. 3 must be
produced.

Many ways exist of producing the required
pulse chains, but in general they can be
placed in two classes :—

(a) The pulse chain for the first channel is
generated and the other pulse chains
obtained from this by suitable delay
networks.

() The pulse chains required for each
channel are generated independently.

In class (a) it is necessary to produce a
pulse-chain, each pulse of which is of the
required duration and is repeated at the
desired channel switching frequency. Some
of the possible methods of producing the
required pulse-chains are summarised very
briefly below.

(1) Multiplication of two recurrent
square waves of slightly different time
phase. Multiplication may be simulated
by addition, followed by a double diode
‘““ gate,” which limits all potentials except
those lying between predetermined values.

(2) By removing the tips of a sinusoidal
voltage wave of large magnitude—if
required the tips can then be flattened to
give rectangular pulses by means of a
limiter.
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(3) If a capacitor is discharged through
an inductor, for example by means of a
gas-filled relay, a very sharp pulse of
voltage can be obtained. This pulse can
be removed from the rest of the waveform,
which can be easily made recurrent, and
thence the required pulse-chain obtained.

(4) Differentiation of a square-wave by
application to a short time-constant
circuit.

(5) By means of blocking oscillators.

(6) By means of circuits employing non-
linear inductance.

Pulses produced by these methods will, in
general, be of different shapes, but if desirable

CHANNEL P

OUTPUT
t CURRENT H( ‘_L
j \
——= TIME
CHANNEL 2
OUTPUT "
1 CURRENT J ﬂ
CHANNEL 3 (1DLE)
ouTPUT
Tcunatm l—] ﬂ H

OTNER CHANNELS
QUTPUT
CURRENY

el

COMBINED OUTPUT FROM ALL CHANNELS

Fig. 4. Amplitude-modulated pulses

they can all be made to approximate very
closely to rectangular pulses. The question
of the best pulse shape is considered-briefly
in section 1.7.I1. Having produced the
required pulse-chain, from it other similar
pulse-chains, delayed by different time inter-
vals, must be produced. Theoretically the
delay can be obtained by means of a delay
network of negligible attenuation and phase
distortion. In practice, however, it is not
possible to obtain the required maximum
delay with a reasomable number of delay
sections. Theoretically the delay could also

be obtained by means of lengths of coaxial
cable, but unfortunately prohibitive lengths

~would be necessary. This difficulty may be

overcome in the future by the development
of a coaxial cable having a solenoidal inner
conductor wound perhaps upon some high
permeability low-loss material.

Now consider class (). To ensure perio-
dicity of the pulses it is desirable that they
should all be controlled by the same device.
Thus, starting from a common sinusoidal
em.f. of the correct frequency other sinu-
soidal e.m.f’s can be derived which are
delayed by the required time, and from
these e.m.f.’s the pulse-chains can be formed
by any of the methods enumerated above.

‘In general, a large amount of equipment is

required to produce the pulse-chains as each
channel requires its own pulse generating
equipment. Fortunately, however, by em-
ploying the pulse producing method given
under (2) above, it is possible to avoid the
use of special pulse-forming equipment
associated with each channel apart from that
necessary to produce the sinusoidal e.m.f.’s
of differing phases. This scheme will be
described later at length.

1.3. Modulation of Pulses

Each chain of pulses must be modulated
by the intelligence to be transmitted-on the
corresponding channel. Methods available
for modulating the pulses will now be con-
sidered.

1.3.1. Amplitude modulation

Two simple ways of modulating the chain
of pulses are available, i.e., by double grid
or by triode valves. In the first case the
pulse voltage is applied to one grid and the
signal voltage to the other, whilst in the
second case the pulse is applied between grid
and earth and the signal injected between
cathode and earth. When this modulation
process 1s carried out, the output from each
valve will be as shown in Fig. 4, assuming
rectangular switching pulses are used. The
gaps between the adjacent pulses of different
chains are introduced to decrease the inter-
channel crosstalk—this aspect of time alloca-
tion multiplex is discussed in Section I1.7.1.

It should be noted that in Fig. 4 the time-
scale of the modulation has been shortened
in order to clarify the diagrams, but it must
be remembered that successive pulses in a
given chain are normally much more nearly

C
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€qual—the only exception being for modula-
tion frequencies near the maximum.

1.3.2. Pulse=width modulation

If the switching pulse applied to the triode,
as -described in the previous section, has
sloping sides, not only will the height but
also the width of the output pulse of anode
current vary with the modulating signal.
By limiting the amplitude of the anode
current pulse, perhaps by operating the valve
into anode current saturation, a form of
modulation results which has particular
advantages. For example, non-linear dis-
tortion in the transmission path does not
affect operation. Moreover, constant ampli-
tude pulse modulation is the only type that
can usefully be applied to certain types of
V.H.F. generators. Modifications of this form

of modulation are possible—the pulse centre

can be made independent of the modulation
and both sides of the pulse allowed to vary ;
alternatively, one side only may be made to

vary.

1.3.3. Delay modulation

A further method of modulation can be
obtained by maintaining the height and
width of the pulses constant and varying the
relative instant at which the pulse is pro-
duced .according to the modulation. This
has the effect of increasing or decreasing the
time between successive pulses of the same
pulse-chain. This system of modulation will

be 'referred to as ‘‘ delay” modulation..

Possible methods of obtaining delay modula-
tion will now be briefly described.

It has already been pointed out that the
required chains of switching pulses can be
obtained by applying a large sinusoidal e.m.f.
of the correct phase to the control grid of a
valve operating with a large negative bias.
In these circumstances anode current flows
for that period during which the instan-
taneous value of the e.m.f. approaches the
negative bias voltage.  The centre of the
pulse, therefore, coincides with the centre of
the positive half cycle of the em.f. and
obviously delay modulation can be obtained
by controlling the phase of the e.m.f. by the
modulating signal. Control of the e.m.f.
phase by the modulation can be affected by
connecting a “ reactance valve’ across a
reactive element of a phase-divider—the
variable reactance of the valve being varied
according to the modulating signal.

Another method is to apply to the pulse-

forming valve a signal consisting of a large
and a small component having, say, go°
phase difference. The phase of the resultant
e.m.f. can then be controlled by the magni-
tude of the small component without the
magnitude of the resultant e.m.f. varying
appreciably. Variations of this method are,
of course, possible; for example, both the
components of the pulse-forming e.m f. could
be controlled to make the magnitude of the
resultant e.m.f. more independent of the
modulation. If most of the negative bias is
produced by the grid current of the pulse-
forming valve slight variations of the magni-
tude of the resultant em.f. are of little
consequence.

Still another method makes use of a
peculiar property of the ecircuit shown in
. .
Fig. 5. When oC s
made equal to 2wl the
magnitude of the im-
pedance between A
and B at the angular
frequency w is con-
stant for all values of
R from zero to infinity, whilst the angle of
the impedance varies from — go° to - go°.

If a circuit of this type is fed by a constant
current generator, e.g., a pentode valve, of
angular frequency o the phase of the voltage
produced between 4 and B will depend upon
the value of R, but its magnitude will be
independent of R. Thus, by controlling R in
accordance with the modulating signal, the
phase of the voltage across AB, and therefore
of the pulse produced, can be controlled by
the modulating signal. Several ways of con-
trolling the value of R are apparent. Probably
the best and most convenient is to use the
anode-cathode circuit of a triode valve to
take the place of R and to control the effective
resistance of this path by applying the modu-
lating signal to the control grid of the triode.

Fig. 5. Phase-shifting
civeuit.

1.3.4. Other types of pulse modulation

The amplitude, width, and delay systems
of modulation represent the basic types for
pulse transmission of several channels. More
elaborate systems are, of course, possible,
and may have limited advantages in special
cases.  An interesting arrangement has
recently been described?? in which the
modulation consists in varying the spacing
between a pair of pulses. Such a system will,
therefore, require two pulses per channel. It
will obviously reduce the average transmitter
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power, but at the expense of requiring a of all unmodulated pulse-chains to be
considerably wider overall bandwidth. identical, will be :—
Two other possible systems may be de- N
scribed as pulse frequency and pulse number = N Ty e
modulation. The former is somewhat akin ; ,Zo e v(w N ) )

to the delay system, and consists of short
pulses transmitted at a variable rate depend-
ing upon the amplitude of the modulating
signal. In the latter method the number of
short pulses transmitted is made dependent
upon the amplitude of the modulating signal.

1.4. The Frequency Spectrum of the Com-
posite Modulated Waveform

It has been shown that the final output
signal from a time-allocation multiplex
system consists of a number of chains of
current or voltage pulses. In connection with
the design or equalisation of the,transmission
path it is desirable to know the frequency
components of the composite output. The
frequency spectrum of variously modulated
‘“ exponential ”’ pulse-chains has been con-
sidered elsewhere,?* 2* 24 and, as this special
case does not differ fundamentally from the
more general case, the general case will be

dealt with very briefly. The expressions and’

remarks given below refer'to any pulse shape
having symmetry about its centre line.

1.4.1. Amplitude modulation

Whatever the shape of the switching pulse,
providing it is symmetrical about the centre
line and periodic, it can be subjected to
Fourier analysis and, for the chain of pulses
which has its centre at a time corresponding
to zero, represented by a series of the form :—

i = >, a,cos vwt X 1 1)
v=0
where i = output current
a, = constant corresponding to v
v = positive integer
» = angular channel pulse frequency,
i.e. 2w X rate of repetition of the
pulses in each chain.
For any particular pulse-shape the constants
a, can be obtained by well-known methods,
and tables are available which give the values
of a, for many common shapes.??

From equation (1) it is seen that the
frequency spectrum of an unmodulated
channel is composed of all multiples of the
channel pulse frequency.
current from N equally spaced unmodulated
channels, assuming wave-form and amplitude

The composite.

It is obvious from this expression that the
lowest angular frequency- component is Nw,
neglecting the zero frequency component.

Now let the pulse given by equation (1) be
amplitude modulated, the current is then
given by :—

i - °Pza.,(l—I—/msinpt)costh .. (3

where m = depth of modulation
p = angular frequency of the modu-
lating signal.
The combined output current from N modu-
lated channels is easily seen to be :-

I=i Z;:a,cosv(w_t.-z—;:?)
e > a [sin{w+ pt — 27}

=

As before, the lowest ‘multiple of the channel
pulse frequency present is the N, and the
spectrum can be considered as consisting of
carriers of w, 2w, 3w, etc., modulated with
the frequencies p, but with carrier suppres-
sion on the first (N — 1) carriers.

1.4.2. Pulse width modulation

Consider a rectangular pulse shape and let
the centre of the pulse occur at fixed time
intervals. The current output corresponding
to this type of switching pulse is given by :—

sl ey ST

e O “ % 5 sin vSmcosvwt (5)
where S = duration of pulse divided by the
time between adjacent corresponding pulses.
If the pulse width is varied by the modulating
signal, S becomes a function of time, say
(x + 4 cos pt)S,. In these circumstances
the output current is given by :—

11 = g (I + A cos p1)S,
2
+ .

Z‘:I’ sin [y (1 + A cos p#)S,] cos vt
> (6)

This expression contains components of
angular frequency (vw4-np), where # is zero
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or any odd positive integer. Thus the fre-
quency spectrum, although similar to that of
a frequency modulated signal, is more com-
plex.

1.4.3. Delay modulation

Delay modulation may. be regarded as
phase modulation of the pulse repetition
frequency. [Equation (5) may thus be
modified to :-

tE=te =S
+21T“‘“ S Lsin S cos (vt + By SIN 1)
-l NY 4 w Rax

¥ )

Though more complex than equation (6) this
result shows that components (vw-+tnp) are
still present, but also that here there is no
direct term in $, as in (6).. This makes delay
modulation inherently more private.

1.5. Demodulation

The term ‘‘ demodulation ' when' applied
to time-allocation multiplex means the
separation of a pulse chain corresponding to
one channel from all the other pulse-chains,
and in addition the conversion of this
separated pulse-chain into a replica of the
onginal modulating signal. With amplitude
and width modulation the separated chain
of the pulses can be converted to the modu-
lating signal simply by means of a low-pass
filter, and this is also possible with delay
modulation if a special separator pulse shape
is employed, but in the case of width and
delay modulation spurious frequencies will

WANTED
PULSE

2]

SYNC. OTHER SYNC.
PULSE PULSES PULSE

_J\U‘m: T e P

WIDTH DEMODULATION _DELAY DEMODULATION
/PULSE

PULSE -
I’L
s

RECEIVED
CURRENT

~
Ni/l
’

SEPARATED
PULSE CHAIN

—— T IME

Fig. 6. Separation of pulse chains.

also be present. The relative amplitude of
these spurious frequencies can, however, be
greatly reduced by making the pulse-chain
frequency high compared with the modulating
frequencies.

An alternative scheme for both pulse-width

and delay modulation may be obtained by
arranging, perhaps by means of valve
circuits, that the leading or trailing edges of
the pulse of a separated pulse-chain give a
charge to a capacitor. which discharges
through a resistor. By correctly adjusting
the time-constant of the capacitor and
resistor the voltage across the resistor can
be made to follow the modulating signal
closely. This scheme has particular advan-
tages with regard to improvement of signal-
to-noise ratio.

Regarding the separation of one pulse-
chain from the other chains, it is obvious
that a similar process. will serve, whatever
the type of modulation. This process con-
sists simply of multiplying, e.g., by means of
double-grid valves, the composite modulated
output from the multiplex transmitting
equipment by a pulse. correctly placed in
time. This is illustrated for pulse-width
modulation in Fig. 6. By correctly sha-ing
the separating pulse, in some circumstances
the magnitudes of the unwanted frequency
components in the separated output may be
reduced.

1.6. Synchronising

Some method of synchronising or locking
is obviously necessary in the time-allocation
system of multiplex to ensure that a given
send channel remains connected to the same
receive channel. It‘is also obvious that the
synchronising must be carried out by some
special signal transmitted either with or quite
distinct from the channel pulse-chains. This
special signal, when received and separated
from the channel pulse-chains, can be used
to control the separating pulse generator
circuits at the receiving end. Methods of
transmitting the special signal are discussed
in this section ; one method of controlling
the receiving end pulse generating circuits is
discussed in Section 2.1.3.

Perhaps the simplest way of introducing
the synchronising pulse is to increase the
amplitude of one of the channel pulse chains.
At the receiving end the synchronising pulse-
chain is easily separated from the remainder
of the received signal, for example, by
applying the whole signal to a suitably
negative-biassed valve, or better still to a
grid current biassed valve. Alternatively one
of the pulse-chains can be reversed in polarity.
These two types of synchronising signals are
shown in Fig. 7. One advantage of the latter
method is that synchronising could not be
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affected by an abnormally large amount of
modulation on one of the channel pulses—
assuming, of course, amplitude modulation.
There seems little to choose between the two
systems, as the necessary channel limiting
action advisable in the first system (to prevent
abnormal channel modulation peaks affecting
the synchronisation) might be provided in the

SVNC PUL SC

cuan:m \&\

SYNC. PULSE

Fig. 7. Alternative methods of inserting
* synchronising pulses.

modulators themselves. Another method,
which would perhaps be more useful with
pulse-width and delay modulation systems,
1s to increase the width of the pulses of one
of the channel pulse-chains. Peak limiting
on the other channels is still advisable for
the same reasons as above. The synchronis-
ing signal could, of course, be transmitted
on a separate main carrier frequency, or
could be transmitted with the composite
pulse-chain signal at a frequency lower than
the lowest speech frequency to be trans-
mitted. In the latter case high-pass or band-
pass filters would be required to eliminate
the synchronising signal from the audio
output channels.

1.7. The effect- of Distortion of the Wave-
form by the Transmission Path

In the preceding sections if has been
assumed that the waveform of the received
signal is identical with that of the transmitted
signal. Actually such will not be the case,
and divergencies of the transmission path
from the ideal will distort the waveform. If
a cable circuit is used distortion will result
from the finite bandwidth even assuming
perfect attenuation and phase equalisation
throughout the available frequency band.
This applies also to a radio circuit, but here
distortion can also arise due to variations of
the transmission path, for example, due to
fading and to reflections from both moving
and stationary objects.

1.7.1. The effect of limited bandwidth

The simplest case of limited frequency
bandwidth occurs when frequency compo-

——a TIME

nents below a certain frequency are trans-
mitted without distortion and when frequency
components above a certain frequency are
completely attenuated. If a rectangular
voltage pulse is applied to sych a transmission
path then its shape is altered as shown in
Fig. 8.26 The shape of the distorted pulse
in this simple case is easily obtained by
analysis. From Fig. 8 it is apparent that
some interference between channels will
result from the use of a transmssion path of
this form. With an amplitude modulated
system this interference will appear as cross-
talk between the various channels, and its
magnitude can be easily estimated from the
ratio of the area of the wanted pulse to that
of the other pulses over the same period of
time. In the figure this is the ratio of the
shaded area to the black area. The adjacent
channel cross-talk for a ten-channel scheme
with a bandwidth of 100 kc/s and a pulse-
chain frequency of 6 kc/s, estimated in this
way, is about 40 db. when the gap between
pulses is equal to the pulse width.

In the case of the simple transmission
circuit being considered, an expression for
the cross-talk ratio due to the finite band-
width can be easily derived® for the case of
amplitude modulated pulses. It is:—

g

a0 + Z = m—m}]
8

where the symbols have the meanings given
earlier, with the addjtion that H is the highest
order harmonic of the pulse frequency freely
transmitted together with its upper sideband,
and where the cross-talk from the mth
channel is measured at the nth channel. A
similar but perhaps simpler expression for the
special case of the exponential pulse has been
given elsewhere,® and for this special pulse
shape cross-talk effects have:been discussed
at some length. The advantages of the
exponential pulse shape are apparently two-
fold—mathematical analysis is simplified,
and such pulses are easily obtained (see
method 2 of Section 1.2.). Reference should
be made to the original papers for further
details.

The cross-talk associated with typical
systems employing rectangular, triangular,
sinusoidal and exponential pulse shapes has
been estimated, and it has been found that

CERIR &=
OSI
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all these pulse shapes give cross-talk ratios
of the same order.. With these pulse shapes
the cross-talk ratio alternates in sign, and
there are therefore best frequencies for cut-
off. It also appears, therefore, that by
properly shaping the attenuation character-
istic of the transmission path the cross-talk
can be reduced, theoretically, to zero, between
any two channels. The cross-talk ratio to be
obtained with any type of transmission
characteristic can be estimated by suitably
modifying the method used “to develop
equation (8). Interesting curves showing the
cross-talk ratio for the exponential pulse and
its variation with cut-off frequency and pulse
parameter have been given elsewhere.?

So far 'imperfections of the transmission
characteristic at the higher frequency only
have been considered. In reference 22" for
the special case of the exponential pulse, the
effect of low-frequency distortion of the trans-
mission characteristic has been considered.
Similar results are to be expected with other
shaped pulses, and broadly speaking to obtain
a cross-talk ratio better than 40 db. the low
frequency response must be constant to
within 1.0 db. at frequencies below half the
pulse chain frequency —a variation in
response of 0.1 db. would result in a cross-
talk ratio of some 60 db. Thus it is desirable
to keep that portion of the response charac-
teristic which corresponds to the low-fre-
quency portion of the transmitted wave form
flat to about o.1 db. The phase response, of
‘course, as distinct from the case in the
conventional frequency-allocation multiplex
system, is just as important as the amplitude
response
TRANSMITTED ADJACENT
PULSE PULSE

—» TIME

RECEIVED PULSE

Effect of limited frequency band-width
upon pulse shape.

Fig. 8.

Unlike cross-talk due to high-frequency
distortion, cross-talk due to low-frequency
distortion affects all channels equally. Thus,
by properly shaping the low-frequency
response of the transmission characteristic,
it should be possible to achieve some reduc-
tion of cross-talk due to high-frequency
distortion. In practice it is desirable to make
the cross-talk on all channels equal by in-

creasing low values and decreasing high-

valués ; this may well prove possible by
“ low-frequency balancing.”

In connection with cross-talk balancing it
has been suggested that a small fraction of
the output of each receive channel be fed
into all the other channels in such a way as
to balance out the cross-talk.?

The preceding discussion refers almost
exclusively to amplitude-modulated pulses.
Except in the case of very severe adjacent
channel cross-talk, the level of cross-talk in
pulse-width or delay modulated systems can
be made very low by means of the amplitude
limiting circuits.

‘1.7.2. The effect of reflections in. the trans-

mitting paith.

In telecommunications systems employing
a radio link it is quite likely that in some
circumstances multiple reflections will occur.
If this should happen, the received signal will
really consist of several components each of
which has traversed a different path. In
other words, the received signal, in a time-
allocation system, may consist of a number
of composite pulse-chain waveforms each
displaced in time relative to the others. To
determine the allowable difference in trans-
mission time over the several paths, consider
an eight-channel system in which the pulse
width corresponds to about 30° and the space
between pulses to 15°, and let the pulse-chain
frequency be 8 kc/s. If there is a time delay
between any two of the received waveforms
greater than about 2.5 microseconds, the
pulses from the different channels will over-
lap and serious cross-talk will result if the
magnitudes of the several waveforms are
likely to be of the same order. In the above
simple analysis it has been assumed that,
although there are several transmission paths,
each path carries the signal without distor-
tion. Actually this will not necessarily be
so, and certain frequency components of the
transmitted signal may be reflected by some
regions of the transmitting medium whilst
other components may not be reflected.
Reflections of this type will result in a dis-
torted waveform, similar to that produced
by phase distortion, and cross-talk will again
result.

It is seen, therefore, that the time-alloca-
tion system of multiplex is not suitable for
use with radio links if serious multiple
reflections are likely to occur. Even with
cable links irregularities in the cable system
would introduce cross-talk, but this would
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be of a low order. As a general rule it will be
less difficult to avoid reflections on an ultra-
short wave radio link than at lower fre-
quencies, but even in this case reflections
from buildings, rocks and even from aircraft
may prove to be troublesome. It appears,
therefore, that the time-allocation system of
multiplex has a somewhat restricted field of
application ; preferred fields are indicated in
conjunction with ultra-short wave radio and
cable or wave-guide links.

1.8. Modulation of the High - frequency
Carrier

The composite signal from the multiplex
transmitter comprising a number of pulse-
chains can be used to amplitude, frequency
or phase modulate a transmitter in the usual
ways. If amplitude modulation is used it is
obvious that non-linearity of any part of the
transmitting circuit will only reduce the
relative heights of the pulses. The effect of
this will be to introduce distortion in the
individual channels in the case of ‘amplitude
modulated pulses, but cross-talk will not be
introduced as in the conventional frequency-
allocation system. Very bad non-linearity
might, of course, affect the synchronising of
an amplitude modulated pulse system. In
the case of delay or width modulation, trans-
mitter non-linearity can have no effect
whatever. It follows, therefore, that with
the time-allocation system low power ampli-
tude modulation can be used with its atten-
dant advantages. The power stages of the
transmitter would in fact be similar to those
common in frequency modulation.

At present there are technical objections
to amplitude modulation of certain very high-
frequency generators, for example, magne-
trons, and undoubtedly a field exists here for
the development of pulse-width and delay
modulation time allocation systems, for use
with highly directional beam radio links and
with wave-guide links.

1.9. Signal-to-Noise Ratio

With any of the pulse modulation systems
considered any random variation of the pulse
amplitude or pulse spacing will result in
increased noise at the output of the receiving
equipment. For this reason, as well as others,
the pulse generating equipment must be very
stable, but this should prove no more
difficult than the stabilisation of the carrier

frequencies and modulation efficiency in
conventional frequency-allocation systems.

1.9.1. Amplitude modulated pulses

From the point of view of signal-to-noise
ratio, the amplitude modulated pulse multi-
plex system may be expected to compare un-
favourably with the conventional frequency-
allocation multi-channel systems, for the
following reasons :—

(@) Channel pulse peak amplitudes must
be well below the synchronising pulse
amplitude.

(b) Both sidebands are transmitted on
each harmonic of the synchronising
frequency.

(¢) No advantage with regard to overload
can be taken of the random relation
between the signals in the different
channels.

It is assumed, of course, that the peak over-
load power of the transmission system is the
same in each case and that the noise is
uniformly distributed throughout the fre-
quency spectrum—the fact that the pulse
system will require a greater total band-width
does not contribute appreciably to the noise
until the band-width considerably exceeds
twice the value for the conventional multi-
channel system.

The first factor, (4) above, may contribute
up to 6db. to the degradation in signal-to-
noise ratio, while factor (b) will add a further
3db. The greatest influence, however, is that
listed under (c), and this can be quite serious
when the number of channels is large. For
example, with ten channels the degradation
would be roughly 8db., and 15db. for one
hundred channels.??

A more exact analysis based upon a com-
parison of an eight-channel time-allocation
system having 8 kc/s pulse chain frequency
and 100 kc/s frequency band-width with an
eight-channel single sideband frequency allo-
cation system having 4 kc/s band-width per
channel has been made. It was found that
the signal-to-noise ratio is about 16 db. worse
for the time allocation scheme than for the
frequency allocation scheme, a result in good
agreement with the value predicted by more
general considerations.

It should be noted that there is no method
available for reducing noise on an amplitude-
modulated pulse system operating within an
assigned frequency band-width.
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1.9.2. Pulse-width and delay modulation

With any modulation scheme which makes
use of the duration or position of the pulses
in time it is theoretically possible to remove
most of the noise, providing it does not, on
the average, exceed a certain level, and pro-
viding the sides of the pulses are infinitely
steep, i.e. rectangular pulses. This noise-
reducing process such as might be produced
by a double diode ‘‘ gate’’ is illustrated in
Fig. 9. Of course, if the noise peaks are

PULSE WITH NO NOISE EFFECT OF NOISE

[
PUL SE WITH TOP

PULSE WITH 8OTH ToP
MOVED AND BOTTOM REMOQVED

Fig. 9. Noise reduction by amplitude limitation.

greater than one-half the pulse height it is
impossible to eliminate the noise. Further,
since it is not possible, due to restricted fre-
quency band-width, to make the sides of the
pulses infinitely steep, some noise will remain
on the sides even after the noise on the top
and bottom of the waveform is removed.
Also the peak value of the noise will some-
times exceed any finite value. Even so a
considerable reduction in the noise should be
possible. Regarding the application of time-
allocation systems to very high-frequency
transmitting systems, where large frequency
bands are available, it may be that the time
required to start and stop the generator may
set a limit to the noise reduction.

The alternative demodulating scheme pro-
posed under Section 1.5 will obviously tend
to improve the 51gna1 to-noise ratio, as the
noise, providing it is not of a relatlvely large
amplitude, will not exert any appreciable
control over the pulse of current fed to the
capacitor.

1.10. Comparison of the Time-allocation
Multiplex with the Frequency-allocation
Multiplex

As will- be seen in Part II, where an
experimental  time - allocation multiplex
system 1is described, the time-allocation
scheme has the great advantage that only
common components are required, for
example, capacitors and resistors of the type
used in radio sets, as compared with the

special filters required by the frequency-
allocation scheme, and further, quite large
tolerances are allowable on the nominal
values of most of the components.

Further developments of the time-alloca-
tion system, particularly in the electron
switching by special tubes, may result in a
worth-while reduction of floor space as com-
pared with that required by the frequency-
allocation system.

It is impossible to make a general state-
ment regarding the relative merits of the
two systems, judged from the point of view
of cross-talk. However, an eight-channel
time-allocation system (seven working
channels), each channel having a 3.3 kc/s
band, has been obtained with a transmission
band of 110 kc/s (modulation bandwidth,
220 ke/s on the radio carrier) and a cross-talk
ratio better than 4o db. Similar results
would be'expected with either a cable or a
radio link, neglecting the effect of reflections
in the latter case. Using the frequency-
allocation system 25 working channels could
be obtained with a bandwidth of 110 kc/s,
but if this system were used with a radio
link, high power medulation of the trans-
mitter and the application of negative feed-
back would be necessary to reduce the
intermodulation to a satisfactory value.
Alternatively a linear frequency modulated
system using a deviation ratio-of unity could
possibly be developed to transmit 25 channels
in a total radio band-width not greatly
exceeding 220 kc/s. Low-power modulation
can be used with the time-allocation scheme
without deterioration of the cross-talk ratio.
Intermodulation should be negligible. Re-
flections or fading may produce serious
cross-talk with the time-allocation scheme,
but only distortion on separate channels of
the frequency-allocation scheme.

Assuming the received noise voltage to be
uniformly distributed over the whole of the
transmission band, it can be shown that for
roughly comparable eight-channel systems
the signal-to-noise ratio is about 16 db.
worse for the time-allocation scheme using
pulse amplitude modulation than for the
frequency-allocation scheme. Theoretically,
at least, it is possible to effect a very con-
siderable improvement in the signal-to-noise
ratio in those time-allocation schemes which
depend for modulation upon the pulse
duration or position of the pulse in time.

From the above it may be concluded that
the time-allocation system of multiplex may
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be preferable to the frequency-allocation
system in the following circumstances.

{a) Where robustness and ease of repair
are of prime importance.

(b) When difficulty arises in production
of the special filters required by the
conventional frequency - allocation
scheme.

{¢) For use with short-wave radio links.

(d) In applications where pulse modula-
tion of the transmitter is possible
whilst amplitude, frequency or phase
modulation is difficult, for example,
with magnetron generators.

(To be concluded.)
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WIRELESS PATENTS

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 1[- each.

ACOUSTICS AND AUDIO-FREQUENCY CIRCUITS
AND APPARATUS
569 260.—Pick-up circuit comprising an electron-
coupled oscillator or reproducing frequency-
modulated phonograph records.
Radio Corporation of America.
(U.S.A.) 23rd September, 1942.°
569 493.—Protecting and waterprdofing a piezo-
electric element particularly when used in a pick-
up, loudspeaker, or like transducer circuit.
The Brush Development Company (assignees of
O. Kornei). Convention date (U.S.A.) 8th March,
1941.

Convention date

DIRECTIONAL WIRELESS
569 303.—D. F. system in which the outputs from
different aerials are distinctively modulated, and
the side-band components are combined to give a
direct bearing on a C.R. indicator. .

Radio Transmission Equipment, Ltd. and C. E. G.
Bailey. Application date 2nd September, 1940.
569 406.—Directive aerial array for radiating a
blind-landing beam giving an hyperbolic glide-
path of constant intensity.

Standard Telephones and Cables, Ltd. (assignees
of A. G. Kandoian). Convention date (U.S.A4.)
6th March, 1941.

569 435.~Equi-signal beacon system in which the
overlapping beams are so modulated as to offset
the effect of reflected and scattered signals.
Marconi's W.T. Co., Ltd. and S. B. Smith.
Application date 2nmd December, 1940.
569 440.—Equipment for training pilots to the use
of beam approach paths and other radio-naviga-
tional aids.

P. W. W. Jensen. Convention date (U.S.A)

20th November, 1942.

RECEIVING CIRCUITS AND APPARATUS

569 281.—Arrangement and locking of arch or
tunnel-shaped screening-elements on the chassis
of a wireless receiver.

D. Jackson and Pye,
11th November, 1943.
569 451 —Magnetic control means for increasing
the normal accuracy of tuning devices of the pin-
and-recess or ‘‘ click "' type.

Phslips Lamps, Ltd. and C. L. Richards.
tion date 18th October, 1943.

569 517.—Three-electrode valve operating at any
selected frequency, irrespective of the effects of
the inter-electrode capacitances.

Standard Telephones and Cables, Ltd. (assignees

Ltd. Application date

Applica-
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of M. Dishal; W. Hotine; o J. S. Le Grand).
Convention date (U.S.A.) 30th November, 1942.

TELEVISION CIRCUITS AND APPARATUS

569 436.—Means for preventing ‘ dark spot”
distortion in the television signals generated by
scanning a photo-sensitive screen of the mosaic
type.

Marconi’s W.T. Co., Ltd. (assignees of 0. H.
Schade). Convention date (U.S.A) 21st August,
1942.

TRANSMITTING CIRCUITS AND APPARATUS

569 297.—Method of superposing signal frequencies
on an A.C. power-network through two rigidly-
coupled asynchronous generators which provide
3 frequency step-up.

Landis and Gyr. S.A. Convention date (Switzer-
and) 3vd December, 1942.

569 608.——Keying arrangement, comprising a gas-
filled tube and a vacuum tube, for producing square-
topped signals in a tape-controlled Morse trans-
mitter.

F. B. Dehn (communicated -by Press Wireless,
Inc.). Application date 13th July, 1943.

569 655.-—Movable vane forming a variable-capaci-
tance bridge for tuning an oscillator-valve coupling
of the transmission line type.
Feyvanti, Ltd.; R. G. B. 'Gwyr; and J. F.
Capper. Application date 4th December, 1940.

SIGNALLING SYSTEMS OF DISTINCTIVE TYPE:

569 339.—Generating trains of waves, separated by
comparatively-long -quiescent intervals, as used for
determining distances by reflection.

The British Thomson-Houston Co., Lid., and
D. J. Mynall. Application date 19th December, 1941.

569 417.—Communication system in which each
radio receiver is made operative when, and only
when, a master station is transmitting, ¢

United Aiv Lines Transport Corp. Convention
date (U.S.A.) 22nd June, 1942.

569 474.—Oscillograph with a comparatively low-
frequency time-base for observing and regulating
the pulsed transmission used in radiolocation.

Standard Telephones and Cables, Ltd.; M. M.
Levy,; and T. W. Elliott. Application date,
29th January, 1943. '

CONSTRUCTION OF ELECTRONIC-DISCHARGE
DEVICES
569 218.—Making and processing the sealing pinch
of an electron discharge tube.
The M-O Valve Co., Ltd. and G. Moggridge.
Application date s5th May, 1943.

569 224.—Preventing waste of cathode emission in
a short-wave valve of the type in which the elec-
trodes consist of a set of coaxial cylinders.

The M-O Valve Co., Ltd. and J. Bell.
tion date 6th August, 1943.

Applica-

569 289.—Electrode structure of a rectifier or like
discharge tube in which liquid mercury forms the
cathode.

Thorn Electrical Industries, Ltd. and F. Barion.
Application date 18th November, 1943.

569 346.—High-voltage discharge tube in which the
heat produced by electron bombardment of the
anode is utilised to reduce, say, tungsten oxide to
the pure metal. |

A. Muller. Application date gth December, 1942.

569 494.—Construction of the cavity resonators and
back-coupling elements in an electron-discharge
tube of the velocity-modulation type.

Westinghouse Electric International Co. Con-
ventton date (U.S.A.) 13th August, 1941.

SUBSIDIARY APPARATUS AND MATERIALS

568 674.—Apparatus for automatically testing and
classifying mica or other dielectric sheets used for
making condensers.

A. K. Croad (communicated by Aerovox Corpn.).
Application date 11th March, 1943.

568 683.—Potentiometer network for controlling
the shift and astigmatism of the spot in a cathode-
ray tube adopted for A.C. or D.C. working. |

A. C. Cossor, Ltd., and 'A. Levin. Application
date 11th October, 1943.

568 765.—Instrument for measuring current surges
or transients by their effect on the combination of a
fixed and a moving magnet.

E. L. Damant. Convention date (South Africa)
3rd November, 1942.

568 836.—Valve-oscillator circuit for the measure-
ment of capacitances and inductances by a reson-
ance method.

K. Wessely. Application date 27th October, 1943.

569 202.—End-cap and terminal arrangement for a

cylindrical condenser of the interleaved type.
A. H. Hunt, Ltd.; A. H. Dilley ; and A. E. C.

Benmnett. Application date 25th August, 1943.

569 279.—Cathode-ray indicator for measuring or
comparing the frequency characteristics of filter
networks, equalisers, and amplifiers.

Automatic Telephone and Electric Co., Ltd.;
T.B. D. Terroni; and J. R. Cannon. Application
date 11th November, 1943.

569 285.—Piezo-electric oscillator made of primary
potassium phosphate, or of any crystal that is
iso-morphic with it.

** Patelhold "’ Patentverwertungs &c. A. G, Con-
vention date (Switzerland) 22nd November, 1942.

569 296.—Preventing leakage to or from the timing
condenser, through the valve, ip a pentone circuit
for measuring short intervals of time.

R. K. Dundas, Ltd. and G. I. Hitchcock. Applica-
tion date 26th November, 1943.

569 454.—Spring-clip supports and mounting for a
piezo-electric crystal with plated or coated elec-
trodes.

Standard Telephones and Cables, Ltd. (assignees of
S. A. Bokovoy and H. W. N. Hawk). Convention
date (U.RA.) 7th October, 1942.

569 473.—Process for coating metal surfaces with
selenium for use in photo-electric cells and rectifiers.

Standard Telephones and -Cables, Lid. (assignees
of A. von Hippel). Convention date (U.S.A.)
12th July, 1941.
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PROPAGATION OF WAVES

3458. WAVE GUIDES AND THE SPECIAL THEORY OF
REeLATIVITY. —W. D. Hershberger. (Journ.
Applied Phys., Aug. 1945, Vol. 16, No. 8,
Pp- 465-468.)

Author’s summary :—'* The Lorentz transforma-
tion is applied to the H,, solution of Maxwell’s
equations used to describe wave propagation in
conducting pipes of rectangular cross section. When
group velocity for the wave is employed in the
transformation, the solution obtained is that one
characterising wave-guide operation at cut-off
frequency, thus demonstrating that the speed
associated with power or signal transmission is
group velocity. When phase velocity for the wave
is employed in the transformation, and we treat all
quantities appearing in the new solution as real, we
find that the problem has been reduced to one in
magnetostatics and the significance of this solution
is pointed out. The use of the inverse Lorentz
transformation to find wave-guide solutions from
known solutions of problems in statics is indicated.”

3459. ON THE CrassicaAL THEORY OF RADIATING

ELeEcTRONS.—C. J. Eliezer & A. W. Mailva-
ganam. (Proc. Cambridge Phil. Soc., Aug.
1945, Vol. 41, Part 2, pp. 184-186.)
Introduces a state of equilibrium between the
emitted and absorbed radiation fields after a
sufficient lapse of time, as a principle to be satisfied
by the physical solution of the relativistic equations
of motion of a point electron in an electromagnetic
field, to discriminate between the physical and non-
physical solutions.

3460. THE HUYGENS PRINCIPLE AND MAXWELL’S
EQuaTioNs "FOR Vacuum.—C. W. Oseen.
(Avkiv for Mat., Astron. och Fysik [Stock-
holm], 28th Dec. 1944, Vol. 31, Part 1,
Section A No. 4, 17 pp. : in French.)

DEVELOPMENT OF ELECTROMAGNETIC THEORY
FOR NoN-HoMOGENEOUS SPACES—A CORREC-
TiON.—B. Liebowitz. (Phys. Review, 1st{15th
June 1945, Vol. 67, Nos. 11/12, p. 364.)
Correction to 1102 of 1944.

3462. DIFFRACTION OF RADIO-WAVES AROUND THE
GLOBE.—W. A. Fock. (Comptes Rendus
(Doklady) de I'Ac. des Sci. de 'URSS, 20th
March 1945, Vol. 46, No. 8, pp. 310-313.)

‘A theoretical discussion of the problem of
propagation of radio-waves around a homogeneous

Earth surface. Diffraction effects are considered,

but the influence of the ionosphere is neglected.”

3463.

3461.

RapAR TEeCHNIQUES. PaArT IV — BOUN-
DARIES.—C. B. De Soto. (QST, Aug. 1945,
Vol. 29, No. 8, pp. 48-52, 86-88.)

The dependence of reflection of waves on the
conductivity, permeability and dielectric constant
of the reflecting medium is discussed and a chart of
the first and last of these properties is given for
typical terrain. The’dependence of the reflection
coefficient of surfaces on the angle of incidence of
the waves is examined and mention is made of the
methods by which the propagation and reflection
characteristics are used in radar to obtain an outline
picture of the terrain over which an aircraft is flying.

For previous parts see 2650 of August and 2878 of
September.

3464. CORRELATION OF F1eELD AND CirRcUIT THEORY.
—L. L. Libby & N. Marchand. (Communica-
tions, May 1945, Vol. 25, No. 5, pp. 46,
76-77, 80-81.)

A 2-page article. -

3465. TRANSMISSION, REFLECTION, AND GUIDING
OoF AN EXPONENTIAL PULSE BY A STEEL
PLATE TN WATER. I. THEORY.—Osborne &
Hart. (See 3560.)

3466. ‘‘ INTRODUCTION TO MiIcROWAVES "™ [Book
Review].—S. Ramo. (Telegr. & Teleph. Age,
June 1945, Vol. 63, No. 6, p. 30.)

‘“ FIELDS AND WAVES IN MoDERN Rap1o ”
[Book Review].—S. Ramo & J. R. Whinnery.
(Communications, May 1945, Vol. 25, No. 5,
P- 94.)

“. . . basically a text for student engineers.
However it may also serve as a source of information

3467.
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for specific design calculations in the field of micro-

waves.’’

3468. IoNOSPHERIC MEASUREMENTS IN CONNECTION
wiTH THUNDERSTORM RESEaRcCH [Correla-
tion of Abnormal E Ionisation with Thunder-
storms].—W. Stoffregen. (Arkiv for Mat.,
Astron. och Fysik [Stockholm], 18th Aug.
1944, Vol. 30, Part 4, Section A, No. 19,
10 pp. : in English.)

3469. ON THE EFFECT OF A VERTICAL MAGNETIC
F1ELD IN A CONDUCTING ATMOSPHERE : and
ON SUNSPOTS AND THE SOLAR CYCLE: and

ON THE EXISTENCE OF ELECTROMAGNETIC
HypropyNamic WaveEs.—H. Alfvén. (Arkiv
for Mat., Astron. och Fysik [Stockholm],
22nd April 1943, Vol. 29, Part 2, Section ‘A,
No. 11, 6 Section A, No. 12, 17 pp.:
Section B, o 2, 7 Pp. + in English.)

These three papers are all concerned with a new
theory of sun-spots. *‘ If a conducting liquid is
placed in a constant magnetic field, a mechanical
motion in the liquid will in general give rise to an
e.m.f., which produces electric currents. The inter-
action between the magnetic field and these currents
causes mechanical forces which change the state of
motion of the liquid.

*Thus the application of a magnetlc field to a con-
ducting liquid causes a mutuval interaction between
hydrodynamic motion and electric current. Thus
kinetic energy can be converted into electromagnetic
energy and vice versa. . This mechanism makes
possible the existence of a kind of combihed electro-
magnetic-hydrodynamic wave, which-—as far as I
know—has as yet attracted no attention.” It is
suggested that the conditions necessary for the
production of such waves exist in the sun, and that
sun-spots may in fact consist of such waves, origina-
ting in the interior and reaching the surface in the
sun-spot zones.

3470. ON THE THEORY OF Sun-Spors.—C. Walén-
(Arkiv for Mat., Astron. och Fysik [Stock-
holm], 25th May 1944, Vol. 30, Part 3,
Section A, No. 15, 87 pp.: in English.)

In a long mainly mathematical paper, the
author develops Alfvén’s theory of sun-spots (See
3469 above). The theory is that, as the result of
interaction between electromagnetic and hydro-
dynamic forces in the sun, considered as a con-
ducting liquid, * closed magnetic rings '* are pro-
duced in the interior of the sun by hydrodynamic
vorticity. The ring travels along the lines of force
of the sun’s general magnetic field and produces
a pair of sun-spots (‘‘ a bi-polar sun-spot group )
by reflection at the surface of the sun.

3471. EXPERIMENTAL DETERMINATION OF ASYMP-

TOTIC ORBITS IN THE EARTH'S MAGNETIC
FieLp.—K. G. Malmfors. (Arkiv for Mat.,
Astron. och Fysik [Stockholm], 25th May
1944, Vol. 30, Part 2, Section A, No. 12,
10 pp.: in English.)

Direct observation of the trajectories of electron
rays in the dipole magnetic field of a magnetised
sphere. The results are related to the diurnal
variation of cosmic radiation.

3472. ON A SysTEM OF DIFFERENTIAL EQUATIONS
STUDIED BY C. STORMER.—]. Malmquist.
(Avkiv for Mat., Astron. och Fysik [Stock-
holm], 26th Jan. 1944, Vol. 30, Part 1,
Section A, No. 5, 8 pp. : in French.)

"The equations refer to the trajectories of elec-

trified corpuscles under the influence of an ele-
mentary magnet.

3473. THE ULTRA-VIOLET SoLAR RADIATION IN
SPECTRAL. RANGE UVA.—T. E. Aurén.
(Arkiv for Mat., Astron. och Fysik [Stock-
holm], 4th Aug. 1942, Vol. 28, Part 3,
Section A, No. 11, 29 pp. : in English.)

Measurements of the solar radiation in the
wavelength range 312-400 mpu are described, using
the “ Uviolmeter ** with a filter of CuSO, solution
contained in a cell with quartz or “ uviol "’ glass
windows. Tables of results show very good agree-
ment, for the Transmission Factor, with similar
measurements taken in Washington. During warm
seasons the transmission is subject to rapid changes,
and becomes steadier during cold weather.

3474. BEHAVIOUR OF ULTRA-VIOLET AND Day-
LIGHT RAvs IN THE SoLarR CvcLE.—]. R.
Ashworth. (Nature, 28th July 1945, Vol.
156, No. 3952, p. 115.)

The intensities of the ultra-violet and daylight
rays have been observed to vary with the sun-
spot cycle, having a minimum at the sun-spot
maximum. The ionisation of the upper air is a
probable cause.

3475. SOLAR RaDp1aTION.—(Wireless World, Sept.
1945, Vol. 51, No. g, p. 268.)
. Comment on 398 of 1944 and a summary of 3474.

3476. DIRECTIONAL MEASUREMENTs OF Cosmic
Rapiation.—H. Alfvén & K. G. Malmfors.
(Arkiv for Mat., Astron. och Fysik [Stock-
holm], 1st Nov. 1943, Vol. 29, Part 3, Section
A, No. 24, 16 pp.: in English.)

Describes methods and results of measurement
of diurnal variation of cosmic radiation as a func-
tion of direction over a period of about 600 days.
It is concluded that the variations cannot be attri-
buted to atmospheric effects but may be due to
effects of the magnetic fields of the sun or the
earth. See also 3477.

3477. BAROMETER EFFECT OF CosmIiC RADIATION.
—F. Lindholm. (Avkiv for Mat., Astron.
och Fysik [Stockholm], 25th May 1944,
Vol. 30, Part 2, Section A, No. 13, 16 pp.:
in German.)
See also 3476.

3478. ON THE ORIGIN OF CosMIC RADIATION.—
O. Klein. (Arkiv for Mat.,, Astron. och

Fysitk [Stockholm]; 12th Feb. 1945, Vol. 31,

Part 3, Section A, No. 14, 9 pp. : in English.)
A theory is advanced that an essential part of
the cosmic radiation originates from annihilation
processes taking place in intergalactic space be-
tween reversed matter, consisting of negative
nuclei and positive electrons, and ordinary matter.
It is suggested that half the distant nebulae consist
of such reversed matter and that the intergalactic
space contains matter of both kinds at an extremely
low density allowing processes to take place whereby
ordinary and reversed atoms annihilate each other.

3479. COMMUNICATIONS ON 5 METRES AT Dis-
TANCES GREATER THAN 200 KMs. [Experi-
ences with Transmitter LU2AG].— (Revista

Telegrafica, June 1945, No. 393, p. 374.)

3480. ON THE RELATION OF THE SURFACE TEM-
PERATURE OF THE SEA TO THE AIR TEM-
PERATURE.—]. W. Sandstrom. = (Arkiv for
Mat., Astron. och Fysik [Stockholm], 4th
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Aug. 1942, Vol. 28, Part 3, Section A, No.
13, 24 pp-: in English.)

The collected results of measurements of the
surface temperatures of the sea over the period
1900-1937 for the rectangle 49°N, 8°W to 50°N,
9°W (Copenhagen). The results for the month of
January are presented in pictorial form together
with similar records of air temperature.

3481. MoNTHLY MEAN SURFACE TEMPERATURES
OF THE SEA and THE VARIATIONS OF THE
ATMOSPHERIC PRESSURE.—]. W. Sandstrém,
(Arkiv for Mat., Astron. och Fysik [Stock-

holm], 1st Nov. 1943, Vol. 29, Part 3,
Section A, No. 16, 18 pp.: and 28th Dec.
1944, Vol. 31, Part 1, Section A, No. 5,
35 pp- : in English.)
ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY
3482. LIGHTNING-PROTECTED  CABLES.—Inskip.
. (See 3657.)

PROPERTIES OF CIRCUITS

A METHOD FOR COMPUTING THE RESONANT
WAVE-LENGTH oF A TvypE ofF Caviry
ResonaTOR.—L. S. Goddard. (Proc. Cam-
bridge Phil. Soc., Aug. 1945, Vol. 41, Part 2,
pp. 160-175.)

The results of 3706 are used to calculate the
field inside a cyMndrical resonator having equal
axial cylindrical plugs. ‘‘ A process . . . is given
for solving the equation which leads to the resonant
wave-length A; both in the case where all the
resonator parameters are given and we wish to
find A, and also in the case where A is given and one
of the parameters (the outer radius) is to be found.

" . the methods developed may be used in the
treatment of problems involving the transmission
and reflexion of energy along wave-guides or trans-
mission lines when there is a sudden discontinuity
in the cross-section.”

3484.

3483.

V-H-F TRANSMISSION-LINE ELEMENT CHART
[for determining the Tuning Frequency of a
Capacity-Loaded Line]—F. C. Everett.
(Communications, July 1945, Vol. 25, No. 7,
pp. 66-67.)

[Calculation of the] FREQUENCY OF Capacl-
TANCE TUNED LINES AND RESONANT LINE
OscirLators.—H. A. Brown. (Communica-
tions, May 1945, Vol. 25, No. 5, pp. 51-56,
90-93.)

A five-page description of a graphical method
based on approximations to the complete theory.
An experimental check that is quoted shows
discrepancies of 3% and 7% between observed and
computed values.

3485.

3486. THE REACTANCE THEOREM FOR A RESONA-
ToR.—W. R. MacLean. (Proc. I.R.E., Aug.
1945, Vol. 33, No. 8, pp. 539-541.)

Author’s summary :—“ The Foster reactance
theorem which states that in any loss-free network,
dX/dw is positive, is here proved for any loss-free
resonator. However, to establish the existence of
an input impedance, the author feeds the resonator
with a coaxial (or other suitable) transmission line.
The proof is based upon an extension of Helm-
holtz’s theorem of adiabatic invariants. The
variation of frequency is attained by a slow (adia-

batic) movement of a short-circuiting plug in the
transmission line while the cavity is oscillating.”

3487. Loss-FrREE TRANSMISsION LiNEs.—R. Sibson.
(Wireless Engineer, Sept. 1945, Vol. 22, No.
264, pp. 420—428.)

The problem of matching a loss-free transmission
line to an arbitrary load is discussed, using the circle
diagram with several illustrative examples. The
paper gives the analytical conditions for a match
to be possible using a single stub system, a double
stub system and quarter-wave slugs in the form of
metallic projections or dielectric sections.

3488. CORRELATION OF FIELD AND CiRcUIT THEORY.
—L. L. Libby & N. Marchand. (Communica-
tions, May 1945, Vol. 25 No. 5, p. 46,
76—77, 80-81.)
A 2-page article.

3489. ContrAST ExpansioN: THE Use oF NEGa-
TIVE FEEDBACK: ITS ADVANTAGES OVER
EARLIER METHODS.—]. G. White. (Wireless
Worid, Sept. 1945, Vol. 51, No. 9, pp. 275-
278.)

The first of two articles.

3490. A VOLUME EXPANDER FOR AUDIO AMPLI-
F1ERs. — H. K. Weidemann. (QST, Aug.
1945, Vol. 29, No. 8, pp. 19-22.)

A system is described for obtaining satisfactory
audio volume expansion by the insertion of a circuit
between the” microphone or pick-up and any con-
ventional amplifier. Rapid control is obtained
without distortion or objectionable speaker
‘“thumps”’, and the overall characteristic of the
expander can be easily varied. The arrangement
also has possibilities as ‘a volume compressor.

3491. VALVE AMPLIFIER FOR A SPECTROPHONE.-—
S. A. Cogan, S. M. Luchin and V. I. Siforov.
(Comptes Rendus (Doklady) de I'Ac. des Sci. de
FURSS, 20th February 1945, Vol. 46,
No. 5, pp. 186-187.)

See 3611 for article on the Spectrophone.

3492. EXTENDING THE FREQUENCY RANGE OF
THE PHASE-SHIFT OsciLLATOR.—R. W. John-
son. (Proc. I.R.E., Sept. 1945, Vol. 33,
No. 9, pp. 597-603.)

Author’s summary :—'‘ Methods for facilitating
the design of phase-shift oscillators at extreme
frequencies of a fraction of a cycle to a few mega-
cycles are discussed. It is shown that, if the input
impedance of each section of a.lumped resistance-
capacitance network is made K times that of the
previous section, the gain required for oscillation
can be reduced to a theoretical minimum of 8 for a
three-section network with K high, as against 29
for a K of unity. A new circuit element called the
‘‘ resistance-capacitance transmission line”, con-
sisting of a resistance covered by a well-insulated
and grounded- metal surface, is introduced and is
analysed as a phase-shifting network to give
reliable operation in a phase-shift oscillator at
frequencies up to a few megacycles. Curves are
presented to facilitate the design of the latter type
of oscillator. Various configurations of the resist-
ance-capacitance transmission line are discussed
and experimental results are presented.”

3493. “ N ”-PHASE RESISTANCE-CAPACITANCE Os-

ciLLATORs.—R. M. Barrett. (Proc. I.R.E,,

Aug. 1945, Vol.* 33, No. 8, pp. 541-545.)
Author’s summary : —* This paper describes the
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design of a series of resistance-capacitance tuned
oscillators of the polyphase type. A singlé-mesh
phase-shift network is used for coupling the N
tubes of the oscillator which are arranged in a feed-
back ring. Limiting the discussion to oscillators
of odd phases, the author has developed design
formulas and has analysed typical circuits. Experi-
mental results are shown to check closely those
predicted by theory.”

3494. MULTIVIBRATOR Circuits.—M. V. Kiebert,
Jr., & A. F. Inglis. (Proc. I.R.E., Aug. 1945,
Vol. 33, No. 8, pp. 534-539.)

Authors’ summary :—“ A simplified method is
presented for the calculation of the voltage wave
forms of nonsinusoidal voltage generators in which
the circuit action is dependent upon the exponential
charging and discharging of capacitors. A number
of multivibrator circuits are then discussed and
analysed in accordance with this method.”

“ SEE-SAW "’ OR ‘ PARAPHASE ’ ? ORIGIN
oF THE CIRCUIT : SOME PRACTICAL POINTS.
R. E. H. Carpenter : M. G, Scroggie. (Wire-
less World, Sept. 1945, Vol. 51, No. 9, pp.
263-265.)

A discussion of 2603 of August, and British Patent
No. 325833.

3495-

3496, THE VIBRATRON.—F. Rieber. (Journ. Acous.
Soc. Am., July 1945, Vol. 17, No. 1, p. 100.}
Very short abstract. See also 3342 of October.

3497. CrYsTAL FiLTERS : PART III—QUARTZ CRYS-
TAL REsoNnaTors.—R. L. Corke. (P.0. Elec.
Eng. Journ., July 1945, Vol. 38, Part 2, pp.
39-42.)

‘“ A brief description . . . of the X-cut quartz
crystal resonator with a simple explanation of its
operation as an element of a filter.”” (For Parts I
and-IT see 2930 of September.)

3498. CrystaL BanD-Pass FiLTER —B. Matthias
& P. Scherrer. (Helvet. Phys. Acta, 2oth
October 1943, Vol. 16, No. 5, pp. 432—434 :
in German.)

. it was possible to construct normal speech
filters in which the inductance of the additional
coils only amounted to a third of the value necessary
for an equivalent quartz filter. In addition, a really
broad-band filter could now be constructed. The
band width achieved exceeded 14% of the mean

frequency passed by the filter, and the rejection-

damping was so great that the filter satisfied all
practical requirements.”
See also 3434 of 1944.

3499. MULTI-SECTION [Three Section or Less]
FILTER DESIGN PROCEDURE [using Universal
Grouping Charts].—P. Selgin. (Communica-
tions, July 1945, Vol. 25, No. 7, pp. 4044,
70-72, 74=75.)

A 7-page article giving charts and formulae.

3500. APPROXIMATE FORMULAE FOR THE CALCULA-
TION OF ATTENUATION [of Cables] FRoM OPEN
AND CrLosEp ImPEDANCEsS.—P.. R. Bray.
(P.O. Elec. Eng. Journ., July 1945, Vol. 38,

Part 2, pp. 52-55.)
See also E. W, Smith, Jowrn. I.E.E., Vol. 73,
p- 213, and A. Rosen, Journ. I.E.E., Vol. 68, p. 499.

RESISTIVE ATTENUATORS, PaDps AND NET-
WORKS., PARTS 4 AND 5. —P. B. Wright.
(Commumications, May 1945, Vol. 25, No. 5,
PP 62-70, 8690 ; " June 1945, Vol. 25, No. 6
pp. 68, 72-83.)

*“In this [8-page] instalment [Part 4] derivations
and formulas are given for the =, multiple bridge and
lattice networks. A key or master chart is presented,
providing all of the relationships between the
hyperbolic, exponential, algebraic and symbolic
functions used throughout this series. Charts for
the lattice to T equivalences are also offered.”

The bridged T network is analysed in Part 5
(s pages). :

{For Parts 1—3 see 2178 of July.)

3501.

3502. EXPERIMENTAL DETERMINATION OF IMPE-
DANCE FuncrioNs By THE USE OF AN
ELEcTROLYTIC TANK.—Hansen & Lund-
strom. (See 3651.)

A RECENT DEVELOPMENT IN TELEGRAPH
REPEATERS FOR SUBMARINE CaBLES.—F. O.
Morrell, R. O. Carter & A. N. McKie. (P.O.
Elec. Eng. Journ., July 1945, Vol. 38, Part 2,
PP- 34-38.) 3

A repeater designed for Wheatstone or tele-
printer operation, comprising ‘‘ an attenuation
equaliser followed by a push-pull amplifier working
on a modified impulse basis, with a special circuit
to restore the D.C. and low-frequency components
of the signal. Duplex facilities age provided.”

3503.

3504. VALVE VECTORS AGAIN: AMPLIFIED EXx-
PLANATION FOR STUDENTS [of Statement in

2179 of July]l—K. R. Sturley. (Wireless
World, Sept. 1945, Vol. 51, No. 9, pp.
271-273.)

3505. VALVE EQUIVALENT CIRcUIT CONVENTIONS
AND NEGATIVE FEEDBACK.—G. W. O. H.
(Wiveless Engineer, Sept. 1945, Vol. 22,
No. 264, pp. 417-419.)

. Editorial comment on a paper by G. Builder
(D.S.I.LR., Australia) entitled ‘‘ Valve Equivalent
Circuit Conventions”, in which he favours using
the positive sign for currents flowing in the same
direction as the steady current in, for example, an
amplifier equivalent circuit. This convention gives
negative values for the amplification factor and
gain.

3506. A STRANGE CONVENTION.—G. W. O. H. and
A “STRANGE’’ CONVENTION ?—H. Jefferson :
G. W.O.H. (Wireless Engineer, July 1945,
Vol. 22, No. 262, p. 315, and September 19435,
Vol. 22, No. 264, p. 442.)
Editorial comment and subsequent correspondr
ence on conventions for indicating the directions
of currents and voltages in a circuit.

3507. REMOTE-CONTROL OF OuTPUT LEVEL [in
Broadcasting or Commercial Systems to
provide Effective Dynamic Range Control].
—R. P. Aylor, Jr. (Communications, July
1945, Vol. 25, No. 7, pp. 49. 81-84.)

Two circuits are described, one using variable
voltage feedback, and the other using 'a variable

H-pad.

3508. Automaric: HF. HEaTING CONTROL.—(See
3722.)
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3509. PRODUCING NEARLY CONSTANT ALTERNATING
VOLTAGES FOR CALIBRATION.—W. Stockman.
(Communications, July 1945, Vol. 25, No. 7,
P -

An elementary circuit using diodes as limiters,

reducing a 10% change in line voltage to 1%.

TRANSMISSION

3510. New LIFEBOAT RaADIO COVERS 1000 MILES
AND FrasHEs SOS AuToMAaTicALLY.—(Tele-
gr. & Teleph. Age, June 1945, Vol. 63, No. 6,

. 12.)

Radi%marine Corporation of America have de-
veloped a lifeboat radio equipment that automati-
cally transmits SOS and radio direction finder
signals. It has facilities for two-way radiotelegraph
and radiotelephone. Operating on 500 kcfs its
range is from 50 to 200 miles. -Operating' on
8280 kc/s the range is 1000 miles.

3511. EMERGENCY LIFEBOAT TRANSMITTER : AUTO
TransMissioN OF ToONE-MODULATED Dis-
TREss SiGNALs [on 500 ke/s] wITH Pro-
VISION ALSO FOR TELEPHONY [in 24, 36 and
63 metre Bands].—(Wireless World, Sept.
1945, Vol. 51, No. 9, pp. 266-268.)

Designed to operate with a long aerial held up
by a kite or balloon, or with a short emergency
aerial. The power supply is a special 12V 12AH
battery, and aerial power of 10-15W (500kc/s)
or 20-25W (short wave) is available.

3512, THE DESIGN OF A FREQUENCY-MODULATED
TRANSMITTER [Station LU3A].—E. Rich-
heimer. — (Revista Telegrafica, May 1945,
No. 392, pp. 275—282.)

3513. GERMAN AND JAPANESE [Portable] Cowm-
MUNICATIONS EQUIPMENT. — (Communica-
tions, May 1945, Vol. 25, No. 5, p. 60.)
Four photographs with very brief descriptions.

3514. A BETTER ELECTRONIC KEYER [to regulate
Dashes, Dots and Spaces in Manual Keying].
—H. Beecher. (QST, Aug. 1945, Vol. 29,
No. 8, pP. 44, 45 and 94.)

The circuit described is claimed to be more
dependable and foolproof and easier to handle than
any of its predecessors.

See also 2562 of 1940.

RECEPTION |

3515. V-H-F [about 100Mc/s] RECEIVER aND
CONVERTER DESIGN.—R. E. Samuelson.
(Communications, June 1945, Vol. 25, No. 6,
pp. 62, 65-66.) -

A general discussion with special reference to

F-M.

3516. EXALTED-CARRIER AMPLITUDE- AND PHASE-
MopuLatioN RECEPTION.—M. G. Crosby.
(Proc. I.R.E., Sept. 1945, Vol. 33, No. 9,

pp. 581-591.) I
Author’s summary :—‘‘ An amplitude- or phase-
modulation receiving system is described in which
the harmonic distortion produced by fading of the
carrier with respect to the sidebands is eliminated.
The various parts of such a receiver, including the
carrier filter, automatic-frequency-control discrimi-
nator, and detecting systems, are described.
Analyses are given of the selectivity effect due to

carrier exaltation and of exalted-carrier diode and
multigrid detection. The optimum degree of
carrier exaltation and the effect of carrier limiting
are discussed.” Observations were taken in the
15, 11 and 9 Mc/s bands, using two different
antenna systems separately and ‘in diversity, with
an exalted and unexalted receiver alternately for
five-minute intervals over a period of 180 minutes.
The number of faults (fading distortions classified
as undesirable) per minute was noted. Results for
the three different antenna systems showed a ratio
of faults per minute in the unexalted case to those
in the exalted case varying from 3 to 5. A greater
improvement would be expected if audio volume-*
limiting equipment were used.

3517. FREQUENCY CoNVERSION CIRCUIT DEVELOP-
MENT.—H. Stockman. (Communications,
May 1945, Vol. 25, No. 5, pp. 58, 82-85.)
A two-page historical article concluding 2950 of
September.

3518. CoNVERsION Loss oF DiopE MixeRs HavinGg
IMAGE - FREQUENCY IMPEDANCE. —E. W.
Herold, R. R. Bush & W. R. Ferris. (Proc.
I.R.E., Sept. 1945 Vol. 33, No. 9, pp.
603-609.)

Authors’ summary :—‘ The theory of the two-
electrode nonlinear mixer for superheterodyne use
is developed so as to include the effect of resistive
impedance at image frequency. The general theory
is applied to the calculation of conversion loss under
optimum conditions of matching the intermediate-
frequency circuit to the mixer stage. Even when
the intermediate-frequency circuit is not matched

-to the mixer, this matched-impedance conversion

loss is important in the determination of the over-all
signal-to-noise ratio of a receiver. This loss is com-
puted for an idealised diode with different operating
conditions, for various values of image-frequency
impedance, and for different values of radio-
frequency circuit -losses.

“ Although the chief effect of different image-
frequency impedances is a change in the optimum
operating conditions and in the required local-
oscillator power, there is also an effect on the

‘minimum conversion loss. Very low impedances or

very high impedances result in smallest conversion
loss. The impedances often encountered at
ultra-high frequency (image-frequency impedance
approximately the same as signal-frequency impe-
dance) result in an increase in conversion loss
which may be between o and 3 decibels, depending
on the circuit losses.’

3519. ARMY SET TYPE Rrio7.—(Wireless World,
Sept. 1945, Vol. 51, No. 9, p. 278.)
Correction to 3286 of October.

3520. TONAL-RANGE AND SOUND-INTENSITY PRE-
FERENCES OF DBROADCAST LISTENERS.—
Chinn & Eisenberg. (See 3567.)

3521. SETs FOrR ExPorT.—F. V. Cribb. (Wireless
- World, Sept. 1945, Vol. 51, No. 9, p. 285.)
Letter naming desirable features of broadcast

receivers for use in Kenya. See also 2202 of July.

3522. GERMAN AND JAPANESE [Portable] CoMmMUNI-
cAaTIONS  EQUIPMENT. — (Communications,
May 1945, Vol. 25, No. 5, p. 60.)
Four photographs with very brief descriptions.
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3523. RADIO- NoISE- METER PERFORMANCE.—P.
Eisenberg. (Proc. I.R.E., Aug. 1945, Vol. 33,

No. 8, p. 550.)
A letter dealing with 395 of 1943. Includes
suggestions for an experimentdl psychological

research programime to determine *‘the exact
amount of interfering noise where agreeableness
ends and disagreeableness begins”’.

AERIALS AND AERIAL SYSTEMS

3524. MICROWAVE IMPEDANCE MEASUREMENTS
WITH APPLICATION TO ANTENNAS. I.—King.
(See 3605.)

3525. MICROWAVE IMPEDANCE MEASUREMENTS WITH
AppPLICATION TO ANTENNAS. II.—R. King &
D. D. King. (Journ. Applied Phys., Aug.

1945, Vol. 16, No. 8, pp. 445-452.) -
Authors’ simmary :(—** Following a critical dis-
cussion of the problems of theory and experiment
and their coordination, experimentally determined
curves for the impedance of a symmetrical, cylin-
drical antenna terminating a two-wire line are given
and interpreted. The conclusion is reached that the
impedance of an antenna, especially near anti-
resonance, depends in a large measure on the
proximity and the nature of the input terminals.”

3526. MICROWAVE [10cm] MODEL ANTENNAS [for
Class Demonstration of the Properties of
Longer Wave Systems]—M. A. Honnell
(Communications, June 1945, Vol. 25, No. 6,
PP- 43, 85-88.)

A two-page article.

3527. THE STRAIGHT RECEIVING AERIAL : DEDUC-
TION OF APPROXIMATION FORMULA FOR THE
AERIAL CURRENT.—]. Miller-Strobel & J.
Patry. (Helvet. Phys. Acta, 28th March 1944,
Vol. 17, No. 2, pp. 127-132 : in German.)

Hallén developed a theory of sending and re-
ceiving aerials. (2763 of 1939) based on Maxwell’s
equations, but did not derive a formula that was
suitable for practical use. A practical formula is
deduced in this paper, for aerials short compared
with the wavelength.

3528. GROUND-PLANE ANTENNAs.—E. D. Smith.
(QST, Aug. 1945, Vol. 29, No. 8, pp. 28-29
and 96.)

An aerial system suitable for a ground transmitter
communicating with aircraft in the frequency band
112-116 Mc/s. A vertical quarter-wave antenna
with a form of artificial ground made of two crossed
dipoles in the horizontal plane immediately under-
neath the vertical radiator. A tunable stub is
provided for matching to a transmission line. See
also 3836 of 1940 and 1575 of 1944.

VALVES AND THERMIONICS

3529. ELECTRON-REPULSION EFFECTS IN A KLy-
sTRON.—L. A. Ware. (Proc. I1.R.E., Sept.
1945, Vol. 33, No. 9, pp. 591-596.)

This paper is an extension of an article by
Savelyev (3228 of 1942). The use of the klystron
as an amplifier and an oscillator is considered, with
particular reference to the optimum operating
conditions, taking account of the debunching effect
of the mutual repulsions between the electrons.
The author assumes the depth of modulation to be
small and the time of flight of an electron through

the buncher to be negligible. He concludes that
in the case of an amplifier the debunching effect
sets an upper limit on the length of the drift space,
thus limiting the gain{ but for an oscillator the effect
is small if the conditions are optimum.

3530. REFLEX OsciLLaToRs.—]. R. Pierce. (Bell
Lab. Record, Aug. 1945, Vol. 23, No. 8,

PP- 287—290.)
An elementary description of the action of a
velocity-modulated tube with simple constructional
details of its application as a micro-wave oscillator.

3531. ON THE THEORY OF THE SPLIT-ANODE
MAGNETRON.—F. Ludi. (Helvet. Phys. Acta,
1st March 1943, Vol. 16, No. 1, pp. 59-82:

in German.)

See 3338 of 1943.

3532. SPACE CHARGE AND ELECTRON DEFLECTIONS
IN BEamM TETRODE THEORY.—S. Rodda.
(Electronic Eng.g, Aug. 1945, Vol. 17, No. 210,
PP. 649-652.) _

A modification of Gill's equation is proposed,
based on a combination of the space charge theory
and the deflection theory, supposing that the elec-
trons are given transverse deflections at the grid
and screen wires. (For parts 1 and 2 see 3304 of
October.)

3533. THORIATED TuUNGSTEN WIRE TESTED BY
SiMpLE DEvVICE [Use of Geiger Counter to
indicate Thorium Content reduces Checking
Time by 87%).—(Sci. News Letter, 21st July
1945, Vol. 48, No: 3, p. 36.)

3534. THE ELECTRON GUN OF THE CATHODE Ray
TuBe—Part I.—H. Moss. (Journ. British
I.R.E., Jan./Feb. 1945, Vol. 5 No. 1,
pp. 10—22. Discussion pp. 23-25.)

. an attempt to give a simple but logical
account of the fundamental principles of the
design of electron guns of radial symmetry.”’

o

3535. THE SECONDARY _.ELECTRON EMIsSSION OF
PyrEx GLass —Mueller. (See 3648.)

3536. THEORY OF PHOTOELECTRIC EMISSION FROM
MgeraLs.—H. Y. Fan. (Phys. Review,
1st/r5th July 1945, Vol. 68, Nos. 1/2, pp.

43-52.)
Author’s summary :—* The theory of volume
effect in photoelectric emission is developed.

Formulae are derived for the rate of electron
excitation and for the photoelectric yield. The
calculated threshold frequencies for volume effect
are 591 X 10'% and 5.69 x 10! for sodium and
potassium respectively. The estimated photo-
electric yields for these metals are of the same
order of magnitude as those calculated for surface
effect and are comparable with those observed
experimentally. The volume effect should not,
therefore, be neglected except in the immediate
neighbourhood of the threshold frequency. Ap
proximate estimation indicates that light absorption
of sodium and potassium in the visible and ultra-
violet regions should be largely due to quantum
excitation of electrons. Accurate calculation of
electron excitation and absorption requires detailed
knowledge of electron wave functions.”

3537. NEw TuBEs [Details of Tube Types 6Ng4,
2C40, GL-3C22, 1B48, CK510AX, 6A]Js,
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2523N1/128AS, OA2, 4-250A and 822-S].—
(QST, Aug. 1945, Vol. 29, No. 8, pp.
46-47)
3538. PoweEr VaLviEs For H.F. HEating EgQuiIp--
MENT.—F. E. Henderson. (Electronic Engg,
Aug. 1945, Vol. 17, No. 210, pp. 643—045.)
Discussion of choice of oscillator valve for
specific applications.

3539. EXPERIMENTS ON COUNTERS WITH GRIDs.
—Korff. (See 3653.)

3540. INpDUcTION HEATING IN RADIO TUBE MaNU-
FACTURE —E. E. Spitzer. (Electronic Eng.g,
Aug. 1945, Vol. 17, No. 210, p. 640.)
Paragraph on degassing and getter flashing
quoted from Trans. Electrochem. Soc., 1944.

" 3541. INVESTIGATION OF RESONANCES IN FiLa-
MENTS BY A MECHANICAL ACTUATION AND
MEASUREMENT OF ELECTROMAGNETICALLY
INDUCED VorTaGgeEs.—R. W. Carlisle &
H. W. Koren. (Jowurn. Acous. Soc. Am.,
July 1945, Vol. 17, No. 1, pp. 71-72.)

The mounted filament is caused to vibrate in a
magnetic field, and the induced electromotive
force is measured, after suitable amplification.

3542. NEw ELEcTRONIC SEAL [for Fusing Glass to
Steel : Enables Staple Metal to be used
instead of Special Alloys].—(Elec. Review,
31st Aug. 1945, Vol. 137, No. 3536, p. 288))

DIRECTIONAL WIRELESS

3543. A NEw TyPE oF AutomaTic Rapio DirEc-
TioN FiNDgrR.—C. C. Pine. (Proc. I.R.E.,
Aug. 1945, Vol. 33, No. 8, pp. 522-527.)
The instrument is designed as a lightweight
automatic direction finder for aircraft use.
One laboratory model made weighs 25 pounds.
Crossed loops and a sense aerial are used in con-
junction with a single receiver and either a crossed-
coil or cathode-ray tube indicator. The sense
voltage is applied permanently to the receiver,
and voltages from the loops dre applied cyclically
by means of either a mechanical or electronic
switch. At the output of the receiver a similar
switch operating in synchronism distributes vol-
tages to the appropriate indicator terminals.
Suitable smoothing arrangements are introduced
at the indicator to remove switching-frequency
components. The intermediate-frequency stages
of the receiver are modulated at 6ooc/s so as to
provide 2 modulated output to the detector for
all incoming signals.

3544. ‘“ Rapio DirecTion FINDERs ” [Book Re-
view].—D. S. Bond. (Communications, May
1945, Vol. 25, No. 5, pp. 94-95.)

. . a textbook and reference for advanced
engineering students.”

@

3545. RaDIoLOCATION.—(Wireless 'Engineer, Sept.
1945, Vol. 22, No. 264, p. 419.)

A 200 word note, with a photograph, on a centi-
metre-wave anti-aircraft gun-laying equipment,
embodying a technique for identifying aircraft
as friend or foe.

3546. ACHIEVEMENTS OF RADAR.—(Wireless World,
Sept. 1945, Vol. 51, No. 9, pp. 269-270.)
A short description of the main wartime applica-
tions of radar.

ACOUSTICS AND AUDIO-FREQUENCIES

3547. SCHLIEREN PHOTOGRAPHY OF SoUND WAVES.
—F. D. Carlson, K. C. Clark & J. C. Eisen-
stein. (Journ. Acous. Soc. Am., July 1945,
Vol. 17, No. 1, pp. 101-102.)
Very short abstract.

AN FM CALIBRATOR FOR
Disk RecorbING HEaDps.—H. E. Roys.
(Journ. Soc. Mot. Pict. Eng., June 1945,
Vol. 44, No. 6, pp. 461—471.)

The usual method of calibrating the recording
head for amplitude of movement during cutting,
by means of a microscope, is slow and tedious, and
becomes inaccurate at the higher frequencies. In
the F.M. method described, two tiny condenser
plates are mounted a few thousandths of an inch on
either side of the vibrating stylus shank. Varia-
tions of capacitance caused by the moving' stylus
change the frequency of the oscillator and the tuning
of the discriminator.

3548. EXPERIENCE WITH

3549. Sounp oN THE RecorD.—R. N. Farr.
(Sci. News Letter, oth June, 1945, Vol. 47,
No. 23, p. 359.) )
New and improved methods of sound recording
developed in recent years will give longer recording
periods at a lower cost. Mechanical recording on
plastic film is the most economical method and
compact portable equipment has been developed
for this purpose. Other systems involve photo-
graphic recording on film, mechanical. recording on
discs, or magnetic recording on steel wire.

3550. BETTER SOUND FOR Movies.—(Sci. News

Letter, oth June, 1945, Vol. 47, No. 23, p. 359.)

A report of improved loud speakers and public
address systems for picture theatres.

3551. PrAcTIiCAL CONSIDERATIONS OF ‘‘ HIGHER
FIDELITY ' IN SoUND TRANSMISSION AND
ReProDUCTION. — G. M. Nixon. (Journ.
Acous. Soc. Am., July 1945, Vol. 17, No. 1,
Pp. 102-103.)

Expanded title only.

3552. THE PROBLEM OF FREQUENCY RANGE IN
SPEECH AND Music REProbpucTION.—R. P.

Glover. (Journ. Acous. Soc. Am., July
1945, Vol. 17, No. 1, p. 103.)
Abstract.

3553. SoME ENGINEERING ASPECTS OF AUDIO
FREQUENCY WIRE BROADCASTING IN GREAT
BriTtain. — P. Adorjan.  (Journ. British
I.R.E., Jan./[Feb. 1945, Vol. 5, No. 1, pp. 28~
39. Discussion, pp. 39-44.)

Basic MEASUREMENTS ON THE PHYSICAL
CHARACTERISTICS OF SPEECH TRANSMISSION
SvysTEMS.—L. L. Beranek. (Journ. Acous.
Soc. Am., July 1945, Vol. 17, No. 1, p. 101.)
Expanded title only.

3554-

3555. MODERN RaD1o LoUDSPEAKERS.—E. Lind-
strom. (Evicsson Review, 1945, No. 1,
pp. 19-23.) , ,
A description of the design and construction of
Svenska Radioaktiebolaget’s, latest types.

3556. ELECTRIC MEGAPHONES.—A. J. Sanial. (Com-
munications, July 1945, Vol. 25 No. 7,
PP 33-35, 64-65, 68-69, 76-80.) I
6-page article describing the characteristics

D
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required and the principles of design, in particular
the prevention of oscillation due to acoustic feed-
back,

3557. THE Voice oF SHip Commanp.—L. B.
Cooke. (Bell Lab. Record, July 1945, Vol. 23,
No. 7, pp. 241-245.)

A brief description is given of the amplifier and
control equipment for the combined general,
engineer’s, and aviators’ battle announcing systems
on a large U.S. aircraft carrier. The frequency
range of the jo-watt, 120 db gain pre-amplifiers is
.500-6000 c.p.s.; volume compression of 2:1 is
employed. In large systems one or two additional
500 watt amplifiers are used driven by the 40 watt
pre-amplifier. :

3558. HEADPHONE MEASUREMENTS AND THEIR
JINTERPRETATION.—D. W. Martin & L. J.

Anderson. (Journ. Accous. Soc. Am., July
1945, Vol. 17, No. 1, p. 101.)
Very short abstract.

3559. A GENERAL PRrROOF OF THE RECIPROCITY
THEOREM FOR ELECTRoACOUSTIC TRANS-
puceRs.—L. L. Foldy & H. Primakoff.
(Journ. Acous. Soc. Am., July 1945, Vol. 17,
No. 1, p. 102)) :

Abstract.

3560. TRANSMISSION, REFLECTION, AND GUIDING
OF AN EXPONENTIAL PULSE BY A STEEL
PLATE IN WATER. [. THEORY.—M. F. M.
Osbome & S. D. Hart. (Jowrn. Acous. Soc.
Am., July 1945, Vol. 17, No. 1, pp. 1-18.)

Particular attention is given to the consideration
of the plate as an elastic two-dimensional wave-
guide. The phase velocities of propagation in the

principal normal modes are closely related to the

corresponding values for the plate in vacuum. The
effect of the water on. the principal symmetric
mode is to add a small attenuation term due to
radiation loss into the water. The principal anti-
symmetric mode is slightly attenuated at high
frequencies and strongly attenuated at low
frequencies. The cut-off occurs at the frequency
at which the phase velocity along the plate equals
the velocity of sound in water. The presence of
the water also introduces two additional modes, one
symmetric and one antisymmetric: At high
frequencies their phase velocities are very close to,
but a constant fraction of, the velocity of sound in
water. At low frequencies the phase velocity of
the symmetric mode approaches the velocity of
sound in water, and that of the antisymmetric
mode approaches zero. The phase velocities of
these modes are always real. The antisymmetric
mode accounts for most of the properties of the
precursor, an oscillation preceding the explosion
wave as it travels along the plate.

The methods used are applicable to the evaluation
of the phase velocities in an electromagnetic wave-
guide.

The results of the theory are briefly” compared
with experiment. Details of the experiments will
be given in a later report.

See also 2429 & 3265 of 1938.

3561. ELECTRICAL - ACOUSTICAL EQUIVALENTS. —
C. E. Harrison. (Communications, June
1945, Vol. 25, No. 6, pp. 44—45.) |
An analysis of the relationship between electrical
power and sound pressure levels.

3562. THE ABSOLUTE CALIBRATION OF CONDENSER
MICROPHONES BY THE RECIPROCITY METHOD.
A ReviEw.—F. M. Wiener. (Journ. Acous.
Soc. Am., July 1945, Vol. 17, No. 1, p. 102.)
Very short abstract.

3563. ANTI-NoISE CHARACTERISTICS OF DIFFER-
ENTIAL MicrorHONEs.—H. E. Ellithorn &
A. M. Wiggins. (Journ. Acous. Soc. Am.,
July 1945, Vol. 17, No. 1, p. 104.)
Title only.

3564. A WORKING STANDARD FOR SOUND PRESSURE
MEASUREMENTS.—F. Massa. (Journ. Acous.
Soc. Am., July 1945, Vol. 17, No. 1, pp. 29—

34.

Author’s summary :—** This paper discusses the
necessary requirements to be met in an ideal sound
pressure measurement standard. It also describes the
design and shows the characteristics of a new micro-
phone that meets these requirements to a greater
degree than do existing units which are generally
available for use as laboratory standards. The
new micfophone is stiffness-controlled and has an
acoustic impedance approximately equal to o0.001 cc
of air throughout the entire audio-frequency range
up to 20 kc. The structure approximates a rigid
gylinder §-inch diameter x }j-inch long and is

. linear to sound pressure measurements up to several

million dynes/cm?. *’

3565. FREQUENCY RESPONSE PREFERENCE TEsTs
FoR REcCorD REPRODUCTION.—B. B. Bauer.
(Journ. Acous. Soc. Am., July 1945, Vol. 17,
No. 1, p. 102.)

Very short abstract.

3566. GRourP AUDIOMETRY.—]. D. Harris. (Journ.
Acous. Soc. Am., July 1945, Vol. 17, No. 1,
pp- 73-76.)

Author’s summary :—"* The use of commonly
available apparatus is described for a group test .of
auditory acuity as a function of frequency. Re-
liability is only slightly less than that of a careful
individual examination. The techniques which
produce highest reliability are described. Validity
1s satisfactory in terms of deviation from results of
an individual test. The test is simple to take.
Several checks on malingering are provided which
make group audiometry practicable with popula-
tions not highly selected for age or intelligence.”

3567. TONAL-RANGE AND SOUND-INTENSITY PRE-
FERENCES OF BROADCAST LisTENERs. —H. A.
Chinn & P. Eisenberg. (Proc. I.R.E.,

Sept. 1945, Vol. 33, No. 9, pp. 571-581.)
The tonal-range and sound-intensity preferences
of a cross-section of listeners were investigated with

a view to determining the method of reproduction

the listener would choose for use and enjoyment
in his own home. )

About 500 subjects, in small groups, took part
and over 10000 preferences were noted. The
subjects comprised ‘‘ average’ listeners, profes-
sional musicians and a group of F-M listeners. A
wide variety of programme material, including
music, songs and speech, was presented at three
tonal ranges, designated narrow, medium and wide.

The main conclusions are :—

(a) Preference for the narrow-medium ranges over

the wide.

(b) This preference persists when subjects are

told the one is ‘' low-fidelity *’ and the other
* high fidelity”.
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{c) Optimum sound level
reference level.

(d) Higher sound intensities for speech than for
music.

{e) Similar distribution of preference in all groups

of listeners.

60—70 db above

RELATION BETWEEN THE THEORY OF HEAR-
ING AND THE INTERPRETATION OF SPEECH
Sounps.—W. A. Munson. (Journ. Acous.
Soc. Am., July 1945, Vol. 17, No. 1, p. 103.)
Very short abstract.

3568.

3569. CLINICAL PHENOMENA IN CONDUCTIVE MEDIA:
THE InpIviDuaL EARPIECE.—M. B. A.
Schier. (Journ. Acous. Soc. Am., July
1945, Vol. 17, No. 1, pp. 77-82.)

Optimum performance by a hearing aid can only
be obtained if it is coupled to the wearer’s ear by
an earpiece designed to suit the individual. The
paper describes clinical and experimental experience
obtained with such earpieces, and considers the
many factors involved.

3570. FACTORS GOVERNING THE INTELLIGIBILITY
oF SPEECH Sounps.—N. R. French & J. C.
Steinberg. (Journ. Acous. Soc. Am., July
1945, Vol. 17, No. 1, p. 103.)

Very short abstract.
3571.

SounD CONDUCTION.IN THE HEAD AND IN
THE ADJACENT REeGIioNs. — A. ]Jellinek.
(Journ. Acous. Soc. Am., July 1945, Vol. 17,
No. 1, p. 105.)

"Short abstract.

3572. AcousTicAL IMPEDANCE OF Foc.—R. N.
Ghosh. (Indian Journ. of Phys., Dec. 1944,
Vol. 18, No. 6, pp. 341-346.)

Author’s summary :—'* The acoustical impedance
of porous bodies has been related to their porosity
and flow resistance, and it is possible to evaluate
it when their physical properties are known. In
the present note the acoustical impedance of air
containing water particles in suspension has been
calculated in a straightforward manner directly
from the hydrodynamical laws. The resulting
formula is practically similar to that for solids.”

3573. OBSERVED CLASSICAL SOUND ABSORPTION IN
AR.—W. H. Pielemeier. (Journ. Acous.
Soc. Am., July 1945, Vol. 17, No. 1, pp. 24—
28.

Author’)s summary :(—'* A brief treatment of the
theory and methods of measuring absorption of
sound in gases precedes the data which are pre-
sented in the form of curves. The measurements
were made with a Pierce.acoustic interferometer at
a frequency of 1927 kc/sec in air. This frequency
is high enough to satisfy Hardy’s and Krasnoosh-
kin’s required conditions to obtain reliable results
by this method. The experimental result agrees
with Krasnooshkin’s value of ogd? = (255 - 5)
(To)=® cm.” See also 2914 of 1944, and 845 of
March.

3574. ABSORPTION AND SCATTERING BY ABSORBENT
CyLinDERS.—R. K. Cook. (Journ. Acous.
Soc. Am., July 1945, Vol. 17, No. 1, p. 100.)

Very short abstract.

3575. INFLUENCE OF RooM PROPORTIONS ON NORMAL
FREQUENCY Spacing.—R. H. Bolt. (Journ.
Acous. Soc, Am., July 1945, Vol. 17, No. 1,
p. 101.)

Abstract.

3576. THEORY OF THE EFFECT oF WALL IRRE-
GULARITIES ON THE DISTRIBUTION OF SOUND
IN A Room.—P. M. Morse. (Journ. Acous.
Soc. Am., July 1945, Vol. 17, No. 1, pp.
100-101.)
Short abstract.

3577. APPLICATION OF THE WAVE: THEORY OF
RooM AcousTics TO THE MEASUREMENT
OF AcousTic IMPEDANCE.—C. M. Harris.
(]oum Acous. Soc. Am., July 1945, Vol. 17,

I, Pp. 35-45.)

Author s summary :—‘A method is presented for
the measurement of acoustic impedance of large
areas of material, at low frequencies, under actual
mounting conditions and at various angles of
incidence. It is then used to check the assumption
in the wave theory of room acoustics that the
boundary conditions for the sound field can be
expressed in-terms of a normal acoustic impedance
which is not a function of angle of incidence. The
impedance of material covering a wall is computed
from two of the room’s acoustic properties, the
decay constants and frequencies of the normal
modes of vibration. In this way the impedance of
a large area that vibrates as a panel may be meas-
ured where determinations by methods using small
samples are not applicable. By using large areas,
the average impedance of a number of small samples
may be obtained at once. The new method has the
advantage that a direct and simple check of this
value of the impedance may be secured by measure-
ments of pressure distribution of the normal modes.”

3578. Acoustic PuLse TesTiNG.—E. F. Shrader.
(Journ. Acous. Soc. Am., July 1945, Vol. 17,
No. 1, p. 101))
Short abstract.

3579. “INTERNATIONAL CONGRESS OF MUSICOLOGY ™

[Book Review].—(Journ. Acous. Soc. Am.,
July 1945, Vol. 17, No. 1, pp. 89—90.)
Papers read at the Congress held at New York,
September 11th-16th 1939.

3580. INCREMENTAL COUPLED MUSICAL SCALES.—
M. H. Gwynn. (Journ. Acous. Soc. Am.,
July 1945, Vol. 17, No. 1, p. 104.)
Short abstract.

3581. THE MUSICAL SCALE OF JUST INTONATION.—
N. Urquhart. (Journ. Acous. Soc. Am.,
July 1945, Vol. 17, No. 1, pp. 103-104.)
Abstract.

3582. WAVE-FRONT DETERMINATION IN A UNiI-
DIRECTIONAL SUPERSONIC Beam —L. W.
Labaw. (Journ. Acous. Soc. Am., July
1945, Vol. 17, No. 1, pp. 19—23.)

The piezoelectric action of a Rochelle salt crystal
microphone is used to determine the excess pressure
amplitude in a high-frequency compressional wave
beam in a liquid. The wave front may be deter-
mined by following a maximum as the microphone
is moved across the beam at right angles to the
direction of propagation. Changes in the wave
front of 0.01 cm at a frequency of 1200 kilocycles,
are easily measurable.

3583. THE MEASUREMENT OF THE VELOCITY OF
SUPERSONIC WAVES IN Gases.—H. Bommel.
(Helvet. Phys. Acta, 2o0th October 1943,
Vol 16, No. 5, pp. 423—425 : in German.)

The diffraction of light by gases in supersonic
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vibration was used to determine the wavelength,
and hence the velocity, of supérsonic waves in
CO,, O,, N,, A, and Air, at frequencies of 951,
2853 and 4755 kcfs. No dispersion was observed.
Dispersion was observed in accordance with theory,
in a mixture containing CO, at high pressure.

PHOTOTELEGRAPHY AND TELEVISION

3584. BRITAIN'S PoSTWAR TELEVISION PLANS.——A.
Hunter. (Communications, May 1945, Vol.
25, No. 5, pp. 48-49.)
Summary of the recommendations of the Hankey
Committee.

3585. REporRT OF THE BRITISH TELEvVIsioN CoMm-
MITTEE.—(Proc. I.R.E. (Australia), June
1945, Vol. 5, No. 10, pp. 3-12.)

3586. RESTARTING TELEVIsION.—(Elec. Review, 7th
Sept. 1945, Vol. 137, No. 3536, p. 346.)
The Television Development Committee of the
Radio Industry Council have decided to apply to
the Government for the immediate introduction of
a television transmission from Alexandra Palace.

3587. ProJEcTION TELEVIsiION.—D. W. Epstein &
I. G. Maloff. (Journ. Soc. Mot. Pict. Eng.,

June 1945, Vol. 44, No. 6, pp. 443-455.)
The two basic problems of projection television
are : .(1) the provision of cathode ray tubes capable
of producing very bright pictures with the necessary
resolution, and (2) the design of efficient optical
systems. Problem (1) has been solved by using
higher operating voltages, whilst the second
problem has been solved by the development of a
reflective optical system, seven times more efficient
than a good f/2 refractive lens, consisting of a
spherical mirror and an aspherical correcting lens.

The use of moulded plastic mirrors and lenses’

reduces the cost.

3588. CoaxiaL CaBLES AND TELEVISION TRANS-
missioN.—H. S. Osborne. (jJourn. Soc. Mot.
Pict. Eng., June 1945, Vol. 44, No. 6, pp.
403-418.) ) _

The author visualises a nation-wide network of
coaxial cables for television and telephone trans-
mission. The technical features of such cables, and
associated amplifiers and repeaters are discussed.

3589. TELEvVIsiON CirculT [New Stations at Boston,
Jamaica, Long Island, Indianopolis ; Several
Department Stores apply for Construction
Permits].—(Gen. Elec. Review, Aug. 1945,
Vol. 48, No. 8, p. 60.)

3590. TELEVISION/CINEMA ComPARISONS.—]J. M. T:
Evans. (Wireless World, Sept. 1945, Vol. 51,
No. 9, p. 284.)

Letter referring to 3319 of October. Comparison
of a television mosaic with the film grain of a cinema
picture is invalid, as the former is fixed, whereas the
latter changes from frame to frame, and is therefore
less noticeable.

359I. FORMATION OF IMAGE IN A STRONG MAGNETIC
Lens.—K. Siegbahn. (Avkiv for Mat.,
Astron. och Fysik [Stockholm], 26th Jan.
1944, Vol. 30, PartI, Section A, No. 1, 12 pp. :
in English.)

Busch’s simple formula for the focal length of a
magnetic lens suffices for cr. tube applications but

not for ultramicroscopy. The paper shows how to
calculate the focal length when the form of the field
is known by measurement and can be closely
approximated by a function such as H (z) = H, exp

— (z/0)*.

3592. [Direct] MoDULATION OF A CARRIER WAVE
BY A Low VErLocity ELEcTRON CAMERA
[the Isoscope].—R. Barthélemy. (Génie
Civil, 1st May 1945, Vol. 122, No. g, p. 70.)
Short abstract of paper read before the Académie
des Sciences.

3593. ON THE CAPACITY AND RESISTANCE OF
SELENIUM BARRIER-LAYER PHoTO-ELE-
MENTS.—A. E. Sandstrom. (Arkiv for Mat.,
Astvon. och Fysik [Stockholm], 28th Dec.
1944, Vol. 31, Part I, Section A, No. 2,
31 pp.: in English.)

Author’s summary :—*‘ 1. Although quite suffi-
cient in the D.C. circuit, the usual model of a sele-
nium barrier-layer photo-element is too simple
when the element is used in an A.C. circuit. For
calculation purposes a model was developed where
due regard was taken to the capacity between the
electrodes. The present results indicate that even
this model is incomplete, but it is sufficient and con-
venient for frequencies between 400 and 8oo
cycles per second. ]

‘“ 2. The barrier-layer capacity of the unillumi-~
nated element increases if the element is_.exposed
to light. When the element is restored tg darkness
the capacity rapidly decreases. The capacity
between the electrodes seemingly remains constant
inside the rather wide limits of errors. The decrease
of the barrier-layer capacity with the lapse of time
after an exposure obeys a similar law to that of the
simultaneous increase in barrier-layer resistance.

‘* 3. The barrier-layer capacity is a linear function
of the inverse value of the resistance (i.e., the con-
ductance). A formula is found giving the relation
between the capacity and the resistance of the
barrier-layer. The constants entering into this
formula are determined for the three elements in
question.

‘4. A hypothetical explanation is given of the
relation between barrier-layer capacity and barrier-
layer resistance. Based on this a short discussion
is given on the barrier-layer and the mechanism of
such changes which are due to exposure to light.”

MEASUREMENTS AND STANDARDS

3594. A FREQUENCY STANDARD FOR USE at Hicr
AND Low FREQUENCIES..—R. P. McLough-
lin. (Journ. Acous. Soc. Am., July 1945,
Vol. 17, No. 1, pp. 46-70. The original
paper (in Spanish) appeared in [Revista
Electrontecnica, Oct. 1941, Vol. 27, p. 383
onwards.)

A secondary frequency standard is described
that consists of a tuning-fork oscillator controlling
a multivibrator. A regenerative amplifier is used
that provides adequate selectivity to allow the
selection of any harmonic in the range 1 kc/s to
2 Mc/s. A special steel is used to make a fork with
very low temperature coefficient of frequency.

The following performance figures are given.
Variation of frequency with change in temperature,
for constant supply voltage, 47 = 35°C (0° to
35°), Aflff = — 3.6 x10®; variation with supply
voltage for constant temperature, 4V = 50V
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(230 V to 180 V), Af/ff = — 1.7x10~%. A biblio- to changes of the resistance cause changes in the

graphy of 125 items is given.

3595. OSCILLOGRAPH FOR THE DIRECT MEASURE-
MENT oF FREQUENCY EMPLOYING A SIGNAL
ConvERTER.—P. Nagy & M. J. Goddard.
(Wiveless Engineer, Sept. 1945, Vol. 22,

. No. 264, pp. 429-441.)

This paper describes a mains-driven oscillograph
with velocity-calibrated time-base for the direct
measurement of frequency to an accuracy of
+ 1 per cent. A deflection-modulated cathode-
ray valve, called the ** Signal Converter’’, is used
as the time-base generator. Factors affecting the
accuracy of measurement include stability of the
output condenser with respect’ to temperature
changes, widths of the reference line and trace,
parallax between the screen and transparent disc,
deflection sensitivity of the cathode ray tube, and
variations of mains voltage. Methods ¢f dealing
with these are described. 'See 3393 of 1943 foran
account of the signal converter.

3596. ON THE PIiEzoELECcTRIC JE - EFFECT OF
CRYSTALS AKIN TO ROCHELLE SaLT. —

Matthias. (See 3644.)
3597. THE INVERSE PIEzZOELECTRIC EFFECT OF
KH,PO,—von Arx & Bantle. (See 3643.)
3598. THE DEPENDENCE ON FIELD STRENGTH OF

THE RESONANT FREQUENCY OF CRYSTALS
AKIN TO ROCHELLE SALT.—W. .Bantle, B.
Matthias & P. Scherrer. (Helvet. Phys. Acta,
3oth June 1943, Vol. 16, No. 3, pp. 209-211 :
in German.)

The considerable difference between the resonant
frequencies of crystals akin to Rochelle salt with
air-spaced and contact electrodes is shown to be
due to the considerable field-strength dependence
of the ‘‘ reversible susceptibility "’

3599. HiGH FREQUENCY VIBRATIONS OF THIN
CrysTaL PLATEs.—Ekstein. (See 3645.)

3600. TAMING THE VACUUM-TUBE VOLTMETER :
PART II—CONSTRUCTION OF A PRACTICAL
INsTRUMENT. — M. Silver. (QST, Aug.
1945, Vol. 29, No. 8, pp. 34-39.) )

Further details of the instrument described in

Part I (see 3333 of October) are discussed. Addi-

tional factors contributing to all-round utility and

probable limits of accuracy and constructional
details are described and examined.

360or. A CrYSTAL-CONTROLLED 75-Mc  SiGNAL
GENERATOR [for Aligning Aircraft Beacon
Receivers].—W. C. Grasel. (Communica-
tions, June 1945, Vol. 25, No. 6, pp. 46-51.)
The crystal frequency is twice tripled, and the
signal can be amplitude modulated at 400, 1300 and
3000 c/s to a depth of 30 per cent. The attenuator
is in two parts, a five-step decade, and a smoothly
variable tapped inductance. Circuit details are
given. The instrument is battery-operated. -

3602. A DEVICE FOR INDICATING SMALL CHANGES
IN ELECTROLYTIC RESISTANCE.—G. .
Blake. (Journ. of Scient. Instr., Sept. 1945,
Vol. 22, No. 9, pp. 174-176.)

The resistance of a column of electrolyte is
capacitively coupled in parallel with the oscillatory
circuit of a valve oscillator. The changes in Q due

anode current of the valve, which are measured
with a backed-off microammeter. ‘‘ An applica-
tion is described for indicating changes in the’
electrolytic resistance of a solution flowing through
a pipe system. When sufficient change takes
place . . . a relay operates. . . ."”

3603. STUuDY OF THE USE OF THE WHEATSTONE
BRIDGE FOrR CONTINUOUS RECORDING OF
VARIATIONS IN. ELECTRIC RESISTANCE.—
E. Brasey. (Helvet. Phys. Acta, 12th April
1943, Vol. 16, No. 2, pp. 145-172-: in French.)

Author’s summary :—“ When the Wheatstone
bridge is used for continuous recording of resistance
variation by means of the deflections of the bridge
galvanometer, any sensitivity can be obtained by
means of an infinite number of combmatlons of
values of the arms of the bridge.

““The diagrams [derived] . give the means of
choosing the combination that corresponds best to
the conditions imposed by the physical phenomenon
recorded by the ' variation of resistance [e.g.,
temperature].”

3604. ELEcTRICAL TESTING OF CoaXIAL RapIO
FREQUENCY CABLE  CoNNECTORS. — C.
Stewart, Jr. (Proc. I.R.E., Sept. 1945,
Vol. 33, No. 9, pp. 609-619.)

The ‘‘ insertion ** and the ‘‘ null shift ”’ methods
of measuring the characteristic impedance of con-
nectors are described.

In the former, the connector is inserted between
a standing wave detector and a length of absorbing
cable. The standing wave is investigated and the
reflection coefficient and characteristic impedance
are deduced from charts.

The latter method is applicable only to bulkhead
plugs, adaptors, etc., and not to plugs and sockets
connected to cables. The null point of a slotted
line is found for the.line open and closed with and
without the connector attached, and the impe-
dance calculated from the usual formula Z, = Z,
V/(4S5,/4S,).

The power factor of the connector can be deduced
from the formula P = Ci(Q, — Q.)/(Cy — C3) 04Q:
using the “ Q' meter. A mathematical develop-
ment of the theory follows.

3605. MICROWAVE IMPEDANCE MEASUREMENTS
WITH APPLICATION TO ANTENNAS. L.—D. D.
King. (Journ. Applied Phys., Aug. 1945,
Vol. 16, No. 8, pp. 435-444.)

The theoretical bases of the resonance-curve and
standing-wave transmission-line methods are re-
viewed. The practical details of a balanced two-
wire apparatus using the resonance-curve method
at A = gocms are discussed and described. The
maximum error in the measured values of resistance
and reactance of the line termination ‘‘ should not
be greater than 1o per cent’’, but “ there are two
regions where it may be greater "’

3606. MICROWAVE IMPEDANCE MEASUREMENTS-
WITH APPLICATION TO ANTENNaS. II.—
King & King. (See 3525.)

CALIBRATION OF DECIBEL METERs.—P. K.
Hudson. (Communications, July 1945, Vol.
25, No. 7, pp. 58-59, 86.)

A NEw METHOD OF DETERMINING THE

STRENGTH AND DIRECTION OF A MAGNETIC
Fi1eLD.—von Friesen. (See 3631.)

3607.

3608..
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3609. THE MEASUREMENT OF CROSSTALK IN TELE-
PHONE [Multi-Channel Carrier] APPARATUS
WITH AN ARTIFICIAL VOICE AND A WEIGHTED
TrANSMISSION MEASURING SeET.—L. S
Crutch. (P.O. Elec. Eng. Journ., July 1945,
Vol. 38, Part 2, pp. 48-51.)

“ The use of an artificial voice as the disturbing
source enables standard test conditions to be
reproduced more rapidly than is possible with
normal methods employing the human voice . . .
use is made of .. . [a standard transmission
measuring set], suitably weighted, and a psopho-
meter is not then required.”

3610. ON THE PrRoBLEM oF HEeaT CoNDUCTION
IN A SEMI-INFINITE RADIATING WIRE.—
Lowan. (See 3701.)

3611. SPECTROPHONE—AN INSTRUMENT FOR IN-
VESTIGATION OF INFRA-RED ABSORPTION
SPECTRA OF GASES AND FOR QUANTITATIVE
AND QUALITATIVE SPECTRUM ANALYSIS OF
MULTI-CoMPONENT GaS MIXTURES.—M. L.
Veingerov. (Comptes Rendus (Doklady) de
I'Ac. des Sci. de I'URSS, 2oth February
1945, Vol. 46, No. 5, pp. 182-185.)

An optic-acoustical method is used. Mon-
ochromatic radiation, interrupted at a sound fre-
quency, is transmitted through the gas enclosed in
a cell. When absorption takes place there is an
increase in temperature and consequently an in-
crease in pressure giving rise to sound vibrations
in the gas, at the interrupting frequency. These
are recorded by means of a microphone, and are
then amplified. The amplifier output is rectified
and connected to a sensitive galvanometer, so that
the deflections are dependent on the amount of
absorption in the gas.

3612. ELECTRICAL MEASUREMENT OF VERY SMALL
CHANGES IN ATMOSPHERIC PRESSURE.—
Saxer & Dessauer. (See 3761.)

SUBSIDIARY APPARATUS AND MATERIALS

3613. A LABORATORY OSCILLOGRAPH.—E. M. Pardo.
(Revista Telegrafica, June 1945, No. 393,
PP- 347-352.) .
The design and construction of a general purpose
instrument with amplifiers for the frequency range
25 c/s to 3 Mc/s.

3614. THE ELEcTRON GUN OF THE CATHODE
Ray TuBe—Part 1.—H. Moss. (Journ.
British I.R.E., Jan./Feb. 1945, Vol. 5, No. 1,
Pp. 10-22. Discussion pp. 23-25.)

. an attempt to give a simple but logical
account of the fundamental principles of the design
of electron guns of radial symmetry.”

3615. THE RESOLVING POWER OF THE MAGNETIC
ELEcTRON MicroscoPE.—V. E. Cosslett.
(Journ. of Scient. Instr., Sept. 1945, Vol. 22,
No. g, pp. 170-174.)

Author’s summary :—** The chief factors limiting
the performance of electron microscopes are dis-
cussed : spherical and ¢hromatic aberration, diffrac-
tion, imperfections in lens construction. Methods of
approach to the correction of aberrations are
reviewed. It appears preferable to proceed from a
consideration not of the final aberration equations,
but from the fundamental equations of electron
motion, with the use of relaxation methods. It is

shown that, even if the mechanical difficulties in
lens construction are overcome, a very great reduc-
tion in spherical abefration is required to improve
the resolution to below 10A. Further reduction
in chromatic aberration is unnecessary in present
circumstances.”’

3616. A DISCUSSION OF THE JLLUMINATING SYSTEM
oF THE ELECTRON MicroscoPE.—]. Hillier
& R. F. Baker. (Journ. Applied Phys.,
Aug. 1945, Vol. 16, No. 8, pp. 4690—483.)
Authors’ summary :—*“ A practical means for
estimating the average performance of an electron
microscope is proposed: Some first-order theory
of the operation of an electron-microscope objective
is given .to demonstrate the extreme sensitivity of
the instrument to the adjustment of the illuminating
system. It is shown that by considering the illum-
ination as being.produced by a two-lens system it is
possible to explain qualitatively all the effects
observed in practice in connection with the illumina-
tion of the specimen. Practical information regard-
ing the exact adjustment of the illuminating system
is also given. The cause and elimination of multiple
images is discussed. Changes in the design of the
electron source and the use of an interchangeable
aperture in the condenser lens are shown to improve
the average performance of the instrument con-
siderably.”

3617. THE STRUCTURE OF CERTAIN MUSCLE
FiBriLs ASs REVEALED BY THE USE OF
ELectroN Stains.—C. E. Hall, M. A.
Jakus, & F. O. Schmitt. (Journ. Applied
Phys., Aug. 1945, Vol. 16, No. 8, pp. 459—
. 464.)

Phosphotungstic acid is a useful electron stain,
i.e., has high electron scattering power for use in
electron microscopy.

3618. CALCULATION OF MAGNETIC LENSES WITH A
GiveN FIELD CONFIGURATION.—N. Svart-
holm. (Arkiv for Mat., Astron. och Fysik
[Stockholm], 25th Nov. 1942, Vol. 28, Part 4,

Section B, No. 16, 8 pp. : in German.)

[Theoretical and Experimental] INVESTIGA-
TIONS ON THE USE OF MAGNETIC LENSES FOR
B-SPEcTROSCOPY.—K. Siegbahn. (Avkiv for
Mat., Astron. och Fystk ‘[Stockholm]), 25th
Nov. 1942, Vol. 28, Part ‘4, Section A,
No. 17, 27 pp. : in German.)

A NEw MAass SPECTROGRAPH.—C. Reuters-
wiard. (Avkiv for Mat., Astron. och Fysik
[Stockholm]}, 26th Jan. 1944, Vol. 30, Part 1,
Section A, No. 7, 4 pp.": in German.)

3619.

3620.

A New DEesiGN For a Hich Vacuusm Pume.-
M. Siegbahn. (Arkiv for Mat., Astron.
och Fystk [Stockholm], 25th May 1944,
Vol. 30, Part 2, Section B, No. 2, 4 pp.:
in English.)

The efficiency of the Gaede type of molecular
pump using a -flat steel disc has been greatly in-
creased by using a circular disc having a number of
concentric flanges, running in a correspondingly
grooved enclosure. Pumping speeds up to 48
litres/sec have been obtained. This type is claimed
to have advantages over the diffusion pump.

3621.

3622. NEw ELEcTrRONIC SEAL [for Fusing Glass to
Steel : Enables Staple Metal to be used
instead of Special Alloys].—(Elec. Review,
-31st Aug. 1945, Vol. 137, No. 3536, p. 288))
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3623. THE CASCADE GENERATOR AS A SOURCE OF
STABILISED VOLTAGE.—H. Greinacher. (Hel-
vet. Phys. Acta, 3oth June 1943, Vol. 16,
No. 3, pp. 265+276 : in German.)
Describes  various combinations of condensers
and selenium or valve rectifiers excited by a me-
chanically-commutated battery, suitable for stable
high-voltage supplies (one or two thousand volts)
for counter tubes and the like.

3624. 400-CYCLE INVERTORS FOR MILITARY AIR-
crRAFT.—C. P. Hayes & L. L. Ray. (Elec-
trical Eng:g., May 1945, p. 233.)
Short abstract in Electronic Eng:g, Aug. 1945,
Vol. 17, No. 210, p. 656.

3625. THE INFLUENCE OF POLARIZATION ON THE
ELECTRIC BREAKDOWN STRENGTH AND ITS
DEPENDENCE ON TEMPERATURE.—G. Malm-
low. (Arkiv for Mat.,, Astyon. och Fysik
[Stockholm], 26th Jan. 1944, Vol. 30, Part 1,
Section B, No. 1, 8 pp.: in English.)

Author’s summary :—'* Measurements
electric breakdown strength of mica and potassium
bromide at direct and alternating voltage have
shown that the values obtained at direct current
are influenced by polarization phenomena.

*In cases where polarization phenomena cannot be
avoided measurement at alternating current is the
only, or at least the simplest, way of arriving at
true values of breakdown strength.

‘“ The true electric breakdown strength of KBr
is, at least between 220 and 300°K, independent
of temperature as predicted by the quantum
mechanical theory of Zener and Franz.”

3626. THERMOPLASTICS FOR [Insulating and Pro-
tecting] ErLectricaL ConNbpuctors.—H. C.
Crafton, Jr.,, & H. B. Slade. (Communica-
ttons, June 1945, Vol. 25, No, 6, pp. 52, 54,
88-—91.)

A 3-page summary of an A.I.E E. paper, including

a diagrammatic summary of the main relevant

properties of 28 plastic substances.

3627. STAYPAK—IMPROVED WOOD WITHOUT RE-
siNs.—U.S. Forest Products Laboratory.
(Journ. Franklin Inst., July 1945, Vol. 240,
No. 1, pp. 68-69.)

Staypak is made by compressing wood or veneers
and introducing a plasticising softening action
while the wood is under pressure. Water is used
as the softening agent ; it was found that *“. . . to
produce a compressed product practically free from
springback it was only necessary to compress for
the proper length of time at somewhat higher
temperatures and moisture contents than had
previously been used.”

3628. SILICONES : ORGANIC SiLicoN CoMPOUNDS
wiTH EXCEPTIONAL PROPERTIES AS INSU-
LATORS.—(Wireless World, Sept. 1945, Vol
51, No. 9, p. 265.)

A short summary of 3357 of October.

3629. MAGNETIC Dust Cores [Their Construction,
Properties and Applications].—E. R. Fried-
laender. (Journ. British 1.R E., May/July
1945, Vol. 5, No. 3, pp. 106-121. Discussion
pPp. 121-125.)

3630. THE ELECTRIC RESISTANCE AT THE CURIE
Point oF NickeL.—B. E. Nilsson. (4rkiwv

of the.

for Mat., Astron. och Fysik [Stockholm], 1st
Nov. 1943, Vol. 29, Part 3, Section B, No. 9,
7 pp. : in English.)

Specimens of pure nickel show a sharp kink in
the resistance-temperature curve at the Curie point
(362° C), corresponding to a decrease in the
temperature-coefficient of resistance.

3631. A NEw METHOD FOR DETERMINING THE
STRENGTH AND DIRECTION OF A MAGNETIC
Fi1ELp.—S. von Friesen. (Avkiv for Mat.,
Astron. och Fysik [Stockholm], 1st Nov.
1943, Vol. 29, Part 3, Section B, No. 10,
7 pPp. : in Swedish.)

A closed copper ring on a spherical former is
air-driven into rotation inside a multi-turn solenoid.
The resulting e.m.f. induced in the solenoid depends
on the intensity of the magnetic field and its direc-
tion relative to the axis of rotation. If the indi-
cating voltmeter is preceded by amplification in-
versely proportional to frequency, the reading is
independent of frequency, i.e., of the speed of
rotation.

The compactness of the device makes it suitable
for use in ore prospecting and other geophysical
investigations.

3632. FERROMAGNETIC PROPERTIES OF THE CoM-
POUND FE,S1,—C. Guillaud. (Génie Civil,
1st May 1945, Vol. 122, No. 9, p. 70.)
Abstract of paper read to the Académie des
Sciences.

3633. THE MODERN METALLURGY OF SOME
WRrouGHT CoPPER ALLOYS {the Composition
and Mechanical Properties of Copper Alloys
in general, with particular reference to Some
Special Bronzes and Brasses, with Some
Applications].—R. H. Harrington. (Gen.
Elec. Review, Aug. 1945, Vol. 48, No. 8,

PP- 41—49.)

3634. A CINDERELLA METAL [Magnesium : its Use
during the War and Possible Applications
in the Kuture].—(Journ. Franklin Inst., July
1945, Vol. 240, No. 1, pp. 71-72. From
article in Compressed Air Magazine, Vol. 49,
No. 11.)

3635. ON THE ExPANSION HYSTERESIS OF INVAR.—
C. Benedicks & P. Sederholm. (Arkiv for
Mat., Astvon. och Fysik [Stockholm], 13th
April 1943, Vol. 29, Part 1, Section A, No. 6,
15 pp. : in English.)

Using three separate methods of measuring
expansion, it is shown that hysteresis existsin the
expansion of invar, and that the value of this hys-
teresis decreases with repeated thermal cycles.
Comparative experiments on nickel of commercial
purity show that a certain amount of hysteresis
may also occur in this metal.

3636. ONE-PHASE OR Two-PHASE CONDITIONS IN
THE SysTEM FE-N1; THEORIES OF METEORIC
IrRoN AND INVAR—C. Benedicks. (drkiv
for Mat., Astron. och Fysik [Stockholm],
4th Aug. 1942, Vol. 28, Part 3, Section A,
No. 14, 32 pp.- : in English.) '

A study of the microstructure of Fe-Ni alloy
systems. The 36 % Ni alloy, Invar, was observed to
contain two phases, one rich in Fe in the form of
globules. It is believed that the partial transition
of the highly dispersed Fe-rich phase into the Ni-
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rich phase, involving a contraction, counteracts the
normal expansion of the alloy.

3637. RESISTANCE OF LiQUID AND SOLIDIFIED
SELENIUM.—G. Borelius, F. Pihlstrand, J.
Andersson & K. Gullberg. (Avkiv for Mat.,
Astron. och Fysik [Stockholm], 25th May
1944, Vol. 30, Part 2, Section A, No. 14,
30 pp.: in English.)

3638. INNER PHOTOELECTRIC EFFECT OF SELENIUM
IN THE INFRA-RED.—I. Weibull. (4rkiv for
Mat., Astron. och Fysik [Stockholm], 3rd
Nov. 1943, Vol. 29, Part 4, Section B, No. 14,
6 pp.: in English.)

The variation of the ‘“ inner photo-electric effect
in selenium at wavelengths longer than 0.8 u, the
starting point of pronounced activity, has been
studied by means of a * quartz prism monochro-
mator”. The threshold of activity is in the region
1.3 to 1.5, with a slow rate of increase of activity
with decreasing wavelength until the 0.8 region
is reached.

3639. THERMO-ELECTRIC POWER OF, LiguiD AND
SOLIDIFIED SELENIUM.—G. Borelius & K.
Gullberg. (Arkiv for Mat., Astron. och Fysik
[Stockholm}, 12th Feb. 1945, Vol. 31, Part 3,
Section A, No. 17; 10 pp. : in English.)

Measurements are given of the thermo-electric
power and work function of liquid, fine crystalline
and spherolitic selenium. It is shown that for liquid
selenium good agreement is obtained with Wilson's
theory of semi-conductors. For coarse-grained
crystalline selenium, the measured absolute thermo-
electric power is given'by a formula 8 = 1000 4- 1.3 ¢
micro-volts per degree in which ¢ is the temperature
in deg. C. These measurements do not agree with
the theory discussed.

3640. ABSORPTION AND EXxciTATION OF ZINC
SiLicATE PHospHOrs.—C. K. Lui. (Journ.
Opt.” Soc. Am., July 1945, Vol. 35, No. 7,
PP. 492-494.)

Author’s summary :—* Excitation spectrum of
zing silicate phosphor showed two bands. A major
band is located between 2250A and 2go0A, and a
minor one between 1950A and 2250A. Absorption
measurements of clear willemite crystals showed two
similar bands located at about the same positions.
Absorption measurements for zinc silicate phosphor
showed a band located between 2000A and 3000A.
These results indicate that the excitation spectrum
of a phosphor also measures the absorption of that
phosphor.”

3641. A NEw VARIETY OF ALKALI-HALIDE' PHOs-
pHORS.—F. D. Clement. (Comptes Rendus
(Doklady) de UI'Ac. des Sci. de I'URSS,
1oth March 1945, Vol. 46, No. 7, pp. 270-272.)

A method of producing phosphors for luminescent
screens is fescribed in which the base salt is
volatilized under vaguum and condensed on the
screen and later a fine sublimate of the activator is
added. The Iluminescent intensities of various
combinations of salt and activator are compared,
and it is shown that a higher efficiency is obtained
if both base and activator are volatilized and
condensed together.

3642. NEw ETCHING PAJTERN OF QUARTZ AND
Its UsiBs FOR THE DETERMINATION OF
ELECTRIc AXES AND THE DETECTION OF

CrysTALLINE DEFEcTSs. — S.-P. Choong.
(Journ. Opt. Soc. Am., Aug. 1945, Vol. 35,
. No. 8, pp. 552-558.) ,
When a plate of quartz cut normal to the optic
axis is etched by hydrofluoric acid in the. presence
of an electric field, the etching pattern is related to
the electric axes and to crystalline defects.

3643. THE INVERSE PIEZOELECTRIC EFFECT OF
KH,PO, —A. von Arx & W. Bantle. (Helvet.
Phys. Acta, 20th October 1943, Vol. 16,
No. 5, pp. 416—418 : in German.)

Summary only.

Measurements are made for temperatures between
122.9°A and 141°A and potential gradients up to
-+ 2500 V/cm. The variation of 4l// with potential
gradient is linear for temperatures above 124°A,
is non-linear between 124°A and 123°A, and below
123°A, the expected hysteresis is observed. The
results are’in good agreement with results of Bantle
and Caflisch. (See 2904 of 1944, and Helvet. Phys.
Acta, 30th June 1943, Vol. 16, No. 3, pp. 235-250:
in German.)

3644. ON THE PI1EZOELECTRIC 4E - EFFECT OF
CRYSTALS AKIN TO ROCHELLE SALT.—B.

Matthias. (Helvet. Phys. Acta, 12th April
1943, Vol. 16, No. 2, pp. 99-135: in
German.)

Author’s summary :—‘ The anomalous elastic

behaviour of crystals akin to Rochelle salt is
explained by a theory analogous in some respects
to the theory of the 4dE-effect in ferromagnetic
materials. The anomalous variation of the modulus
of elasticity of Rochelle salt can now be calculated
simply from the anomalous variation of permit-
tivities with temperature.

‘“The cause of large damping of resonance
frequencies, at which the crystal vibrates at an
angle less than 45° to the b and ¢ axes, and normal
to the a axis, is found in hysteresis losses; the
measurements give quantitative confirmation of this
assertion. All measurements are carried out by two
different methods. In the first, the resonance curve
is displayed dynamically [using a frequency-modu-
lated signal], and in the second, it is displayed
‘“ statically " using a standard-signal generator.

“ The static measurements provide a visible
interpretation of the fall of permittivities with
frequency up to the range of the piezoelectric
resonance points of the crystals.”

3645. HicH FREQUENCY VIBRATIONS OF THIN
CrysTAL PraTEs.—H. Ekstein.  (Phys.
Review, 1st/15th July 1945, Vol. 68, Nos. 1/2,
pp. 11-23.) e

Author’s summary :—‘ The boundary conditions
of free vibration can be satisfied on the major
surfaces of a plane-parallel plate if the displacement
components are assumed to be products of trigono-
metric functions.” In addition, the boundary condi-
tions can be approximately satisfied on the minor
surfaces when the plate is thin. The theory leads
to a frequency equation

v = } (c/p)i[{n[2b)* + k (m[2a)*]}
which has been found empirically to satisfy observa-
tions. The theoretical values of the constant & are
3.7 and 1.8 for the AT and BT quartz plates,
respectively, while the observed values are 3.9
and 1.7, respéctively.”
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3646. HisTtorIic FIrsTs : WIRE-MOUNTED [Quartz]
CrystaLs.—(Bell Lab. Record, July 1945,
Vol. 23, No. 7, pp. 246-247.)

3647. A NEw TyPE OF OsCILLATING CRYSTAL
[Lithium Potassium Tartrate].—C. P. Fagan.
(Electronic Eng:g, Aug. 1945, Vol. 17, No. 210,
PP 648, 652.)

‘ The fact that a ctystal of such low “ Q) ” [about
2,000] would oscillate in the above circuit indicates
that the substance is of the order of ten times
the piezo-electric activity of quartz.”” The indicated
temperature coefficient is —426 parts in 10° per
+1°C. “ While these crystals appear to be useless
as frequency stabilising elements the ease with
which they can be prepared will be of interest to
amateurs. Such crystals might be used as thermo-
meters in a suitable holder, and might also be used
as a stable substitute for Rochelle salt.”

3648. THE SECONDARY ELECTRON EMISSION OF
PyrREx Grass.—C. W. Mueller. (Journ.
Applied Phys., Aug. 1945, Vol. 16, No. 8,
PP- 453—458.) =~

Measurements were made by a method utilising
the conductivity of the heated glass to carry the

.current. Accelerating voltages between 50 and

10 000 volts were used, and the secondary emission

ratio showed a sharp maximum of about 2.2 at

400 volts,

No significant change in emission with temperature
was observed over the temperature range 240-
420° C.

Changes in the behaviour of the glass as a con-
sequence of previous bombardment were evident.

3649. MAGNIFYING DETAILS IN A COMPLEX WAVE-
ForM.—(Electronic Eng:g, Aug. 1945, Vol. 17,
No. 210, p. 640.)

. a high speed sweep is used to magnify the
trace [on a C.R. tube] . . . singling out one time
element and suppressing the rest.”” Summary of
a paper by R. Feldt (The Du Mont Oscillographer,
Jan./Feb. 1945.)

3650. ELasTic HYSTERESIS IN WIRES AND STRIPS
OF QUARTZ AND OTHER MATERIALS.—T.
Eeg-Olofsson. (Arkiv for Mat., Astron. och
Fysik [Stockholm], 28th Dec. 1944, Vol. 31,
Part 1, Section A, No. 3, 28 pp. : in German.)

A theoretical and experimental study. The other
materials are glass, '* Jenaer Normalglas”, mica,
copper, copper-beryllium, steel and phosphor-
bronze.

3651. EXPERIMENTAL DETERMINATION OF IMPE-
DANCE FuNncTioNs BY THE USE OF AN
ELecTrOLYTIC TANK.—W. W. Hansen &
O. C. Lundstrom. (Proc. I.R.E., Aug. 1945,
Vol. 33, No. 8, pp. 528-534.) )

Authors’ summary :—'* It is shown that impe-

dance and gain functions [in terms of frequency] can
be determined by the use of an electrolytic tank.
The method is amply accurate and is rapid and con-
venient when the locations of the poles and zeros
of the function to be determined are known. Full
details of the theory are given, a suitable experi-
mental set-up is described, and typical results are
shown.”

3652. CORRECTION OF G-M COUNTER Data.—J. D.
Kurbatov & H. B. Mann. (Phys. Review,

1st/15th July 1945, Vol. 68, Nos. 1/2, pp.
40-43.)
A new formula for the correction of the errors in
data obtained with G-M counter tubes due to their
finite resolving time.

3653. EXPERIMENTS ON COUNTERS WITH GRIDS.-
S. A. Korff. (Phys. Review, 1st/i5th July
1945, Vol. 68, Nos. 1/2, p. 53.)

B-particles were counted by a number of Geiger
counters differing in grid structure, one having no
grid.

It was noted that the applied voltage could be
reduced from about 1400 volts with no grid, to
about g50 volts with a grid 7.5 mm. in diameter
and to about 550 volts with a grid 2 mm in radius.
Resolving time was reduced by the introduction of
a grid.

3654. AN AvutomaTic WiLsON CLoup CHAMBER
wITH -NEW ILLUMINATION AND A NEwW TYPE
oF ColL FOR A HOMOGENEOUS MAGNETIC
FieLp.—E. von Zeipel. (Avkiv for Mat.,
Astron. och Fysik [Stockholm], 26th Jan.
1944, Vol. 30, Part 1, Section A, No. 2,
27 pp- : in English.)

The new type of coil referred to is a development
of the well known Helmholtz pair. The coils have
a tapered section and give a field homogeneity
‘“ about 20 times as great as that of the Helmholtz
ideal coil”. The theory of this new coil is fully
detailed.

3655. TEMPERATURE OF DISTRIBUTION IN TOROIDAL
ELEcTRICAL COILS OF RECTANGULAR CRrOSS
SecrioN.—T. J. Higgins. (Journ. Frankiin
Inst., Aug. 1945, Vol. 240, No. 2, pp. 97-112.)

This paper is an extension of a previous paper by

the same author (see Trans. Am. Soc. Mech. Eng.,
Vol. 66, pp. 665-670). Here a more general theory
is developed for calculating the maximum and
mean temperatures and the temperature distri-
bution in the coils. The resulting formulae are
rapidly convergent series. Calculated values give
excellent agreement with measured values.

3656. MAKING POWER CaBLEs [Impressions Gained
during a Visit to a Cable Works; mainly
concerning Standard Paper-Insulated, Lead-
Covered, Wire-Armoured or Steel-Tape-Ar-
moured Cable].——(Elec. Review, 31st Aug.
1945, Vol. 137, No. 3536, pp. 283-288.)

3657. LIGHTNING-PROTECTED CABLE.—L. S. Inskip.
(Bell Lab. Record, July 1945, Vol. 23, No. 7,
pp- 248-251.) _

Breakdown of lead-sheathed co-axial cable from
lightning discharge can be minimised by increasing
the conductance of the outer sheath and increasing
the insulation resistance between the sheath and the
core. A six-tube coaxial cable is described in which
high sheath conductivity is obtained by providing
a 10 mil copper jacket insulated from the lead

‘sheath and surrounding it, and in which high insu-

lation resistance is obtained (10000 volts d.c.) by
a system of paper-insulated wrappings. The whole
cable is semi-flexible and the outer copper sheath

_is protected from both chemical action and me-

chanical damage during installation.

3658. Two-VOLTAGE HIGH-POTENTIAL TESTER FOR
Wire.—H. T. MclLean. (Gen. Elec. Review,

. Aug. 1945, Vol. 48, No. 8, pp. 37-39.)
This paper describes equipment designed to speed
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up the testing of wire insulation. The wire is
drawn between two pairs of electrodes, a low
voltage being applied to the first pair and a high
voltage to the second. The number of breakdowns
per unit length is recorded by high speed counters:
The gear requires a 110 volt 60 cycle supply and
can deliver test voltages up to 11 kV. By its use
20 reels per hour can be tested.

3659. CoaxiaL CaBLEs AND TELEvVIsION TRrANs-
missioN.—Osborne. (See 3588.)

THe Unit Bay 1B CoaxiaL CaABLE TRANs-
missioN SysTEM.—R. A. Brockbank & C. F.
Floyd. (P.O. Elec. Eng. Journ., July 1945,
Vol. 38, Part 2, pp. 43-47.)

Authors’ summary :—* This is the first of a
series of four articles describing the Unit Bay 1B
coaxial cable transmission system which is being
installed throughout this country to provide multi-
channel telephone circuits on trunk routes.”

3661.

3660.

THE L1tz PrROBLEM [Discussion of Methods of
Baring the Ends of Litzendraht Stranded
Wire for Soldering].—‘ Diallist.”” (Wireless
World, Sept. 1945, Vol. 51, No. 9, p. 286.)

FunGus GrowTHS AND ELECTRIC APPARA-
TUs.—A. C. Titus. (Gen. Elec. Review,
Aug. 1945, Vol. 48, No. 8, pp. 19-22.)

Fungus attack can cause deterioration of elec-
trical materials but high humidity is a greater
danger. Fungicides can be used but dangers may
arise from evolution of semi-toxic and corrosive
fumes from them. Fungicides are not permanent
at high operating temperatures.

3662.

STATIONS, DESIGN AND OPERATION

3663. THE THIRD PAN-AMERICAN CONFERENCE ON
Rabp1ocommunicaTioNs [Rio de Janeiro,
June 1945].—(Revista Telegrafica, May 1945,
No. 392, pp. 292, 296.)
Representation and programme (mainly fre-
quency allocation).

3664. Torics For THE ForTHCOMING Third Pan-
~American] CONFERENCE [on Radiocommuni-
cations, Rio de Janeiro, June 1945].—A. T.
Consentino. (Revista Telegrafica, May 1945,
No. 392, pp. 290-291.)

FCC ALLOCATES 44-108 MEGACYCLES [to
Television, Amateur Transmission, Non-
Government Fixed and Mobile Stations, and
F-M and Facsimile Broadcasting].—(QST,
Aug. 1945, Vol. 29, No. 8, pp. 11-12.)

3665.

3666. ALLOCATION BELOW 25 Mc/s.—(QST, Aug.
1945, Vol. 29, No. 8, pp. 24-26.)

The proposals of the F.C.C. for allocation of
frequencies below 25 Mc/s are discussed, with
particular reference to the amateur channels.
Certain changes directed towards the improvement
of facilities for amateurs are suggested.

3667. PosT - WAR EUROPEAN BROADCASTING.
Brit. Rad. Equip. Manufs. Assoc.
(July 1945.)

A report issued by the Radio Industry Council.
‘“ Organised broadcasting started in this country
twenty-two years ago. In the period since then,
wavelength allocation, as it affects the European®
nations, has been successively an unidentified,

Report.

then an
politically- obscured problem.”
quirements arepostulated : * (1) To provide for
every country one ‘‘national” programme (and
preferably two of them) which can be received on a
normal wireless set in any part of the country
served. To these must be added a system of
localised programmes to suit the special needs of
any important regions or language groups in each
country. (2) To arrange wavelengths in relation to
the location and power of transmitters, so as to
minimise interference between any two stations,
and to permit reasonable quality or reproduction
from receivers in all parts of the service area of each
station. Power as well as wavelength would have to
be specified in order to ensure good service over each
area, while still avoiding serious interference with
other transmitters. (3) To plan the entire system.
to give every listener easy reception of forelgn
stations, as an adjunct to the domestic service.
The report gives a fully detailed frequency alloca-
tion, in accordance with the above requirements,
covering Europe and European Russia, for the bands
150-432 kcfs & 550-1550 kefs, with an 11 kc/s
separation.

3668. THE INDUSTRY'S PLAN FOR BROADCASTING.
—(Wireless World, Sept. 1945, Vol. 51, No. 9,

imperfectly- understood, and finally a
Three principal re-

P- 257
Editorial comment on 3667.

3669. PLAN FOR EuroPE.—(Wireless World, Sept.
1945, Vol. 51, No. 9, pp. 258-262.)
Long summary and discussion of 3667.

3670. THE 1945 PROGRAMME OF WORK FOR
FRENCH BROADCASTING.—(Génie Civil, 15th
March 1945, Vol. 122, No. 6, p. 45.)

N.Y., N.H. & H. Tests 3-Way CoMMUNICA-
TIONS oN NEw HAVEN To DANBURY LINE.
(Telegr. & Teleph. Age, June 1945, Vol. 63,
No. 6, p. 22.

Communication was satisfactory between a fixed
station and trains 10 miles away or between trains
5 miles apart,

3671.

3672. UN1oN PacIFIC SECURES AUTHORITY FOR
NINE EXPERIMENTAL Rapio Stations [for
Communication on Trains]. — (Telegr.
Teleph. Age, June 1945, Vol. 63, No. 6,
P 14)

RAILROADS ALLOTTED DOUBLE SPACE IN
HF SpectruM [FCC Frequency Allocations,
May 17].—(Telegr. & Teleph. Age, June
1945, Vol. 63, No. 6, p. 31.)

3673.

3674. DENVER AND R10 GRANDE WESTERN [Rail-
road] 118 Mc F-M SysTEM [for Cab-to-Caboose
Communication].—A. B. Cavendish. (Com-
munications, May 1945, Vol. 25, No. 5, pp.
72-74.)

A 15 watt transmitter (Motorola P-8161), and
a 30-40 Mc/s F-M receiver (Motorola P-8160) with
a converter (Motorola P-8162) for use at 118
Mc/s. Unusual terrain difficulties had to be catered
for.

3675. CommuNIcAaTIONS’ ROLE IN ELEcTRIC UTIL-
1TY SysSTEMS.—S. J. Combs. (Communi-
cations, May 1945, Vol. 25 No. 5, pp.
43—45, 81.

A description of the uses that can be made of
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portable and fixed communication equipment,
radio relay, remote control, selective calling,
facsimile, and multiplex circuits by electric power
companies.

3676. H1GH-SPEED RADIOTELEGRAPHY.—T. Rod-
dam. (Wireless World, Sept. 1945, Vol. 51,
No. 9, pp. 283-284.)

A letter referring to 2816 of August. ‘* A system
which gets more words per channel at the cost of
fewer channels per band and with low economic
conversion efficiency . . . is not a useful system.”

3677. PuLse TiME MobpuLATION.—E. M. Deloraine
& E. Labin. (Telegr. & Teleph. Age, June
1945, Vol. 63, No. 6, pp. 18-19.)

With certain approximations the number of
channels, N, that can be operated can be calculated
in terms of the total frequency band, F, and the
frequency band of the signal f. For pulse time
modulation Nty == .15 F/f, for amplitude modula-
tion Nam =.75 F/f, for {frequency modulation
Nru= .35 F/f.

In practice only Nty can be fully realised owing
to non-linear distortions that occur in AM & FM
circuits.

See also 1947 of June and 2803 of August.

3678. RaD10-RELAY COMMUNICATION SYSTEMS IN
THE UNITED STATES ArRMY.—W. S. Marks,
Jr., O. D. Perkins & W. R. Clark. (Proc.

I.RE., Aug. 1945 -Vol. 33, No. 8 pp.
502-522.)
Authors’ summary :—*‘ This paper describes the

use of frequency-modulated, very high frequency
radio sets in place of wire lines in Army tactical
communication circuits. . . . [Early in the war]
standard police-type frequency-modulation sets
were adapted for use . . . By the use of radio-
repeater or relay stations these/[principally simplex
teletype] circuits were extended several hundred
miles. Representative circuits are illustrated. . . .
A broad-band {frequency-modulated very high
frequency set designated AN/TRC-1 was developed
for use in conjunction with veice-frequency-carrier
equipment CF-1 and CF-2 to provide multichanmnel
voice and teletype circuits over a single radio
frequency. This has met with great success . ..
marking the first real marriage of wire and radio
in the Army. .. The advantages of a radio
system over conventional wire lines under certain
conditions are pointed out. . . . Expanding and
wider application of the principle is indicated.”

3679. EMERGENCY F-M SysTEM IN TORONTO.—
(Communications, June 1945, Vol. 25, No. 6,
pPp. 60-61.)
A central 400 W 36.3 Mc/s F-M transmitter com-
municating with truck and car fleet. Three para-
graphs and photographs only.

3680. ARGENTINA TO INSTALL 176 RaDIO StATIONS
[for Communications by Travellers & Resi-
dents].—(Telegr. & Teleph. Age, June 1945,
Vol. 63, No. 6, p. 19.) !

3681. RADIOTELEPHONE SERVICE TO  AUTOS,
TruUcks AND OTHER MOBILE UN1TS PLANNED
BY AT & T [For Two-Way Communication
with Drivers: Applications Filed with
F.CC. for Thirteen Cities).—(Telegr. &
Teleph. Age, July 1945, Vol. 63, No. 8,
Pp. 16-17.)

3682. AT & T ANNOUNCES PrLANS For Two-Way
VEHICULAR TELEPHONE SERVICE [for Com-
munication between any Telephone Sub-
scriber and a Radio-Equipped Vehicle]. —
(Bell' Lab. Record, Aug. 1945, Vol. 23, No. 8,
PP- 293-295.)

AT & T RusHES INSTALLATION OF NATION-
wIDE CoaxXiAL CABLE COMMUNICATIONS
NETWORK.—(Telegr. & Teleph. Age, June
1945, Vol. 63, No. 6, p. 20.)

3683.

8-CHANNEL CARRIER SYSTEMS TFOR UN-
LoADED CaBLEs ([Loaded Cables, after
Unloading, made available for Carrier
Operation at Frequencies up to 60 kc/s].—
S. Janson. (Ericsson Review, 1945, No. 1,
pPp. 11-18.)

CARRIER TELEPHONY IN WaR [Description of
British Army Set giving One Audio and Four
Carrier Channels on Single Pair]—R. W.
Hallows. (Telegr. & Teleph. Age, July 19435,
Vol. 63, No. 7, pp. 6-10, 31-32.)

3684.

3685.

3686. SOME ENGINEERING ASPECTS OF AUDIO
FREQUENCY WIRE BROADCASTING IN GREAT
BrITAIN.—P. Adorjan.  (Journ. British
I.R.E.,, Jan./Feb. 1945 Vol. 5 No. 1,
pPp. 28-39. Discussion pp. 39-44.)

3687. NEw MULTIPLEX RADIOTELEGRAPH SYSTEM
OpPENs E1GHT CHANNELS FOR USE BY SINGLE
TRANSMITTER [between New York and
London].——(Telegr. & Teleph. Age, July 1945,
Vol. 63, No. 7, pp. 20-21.)

An application of time-division methods giving a
total of 488 words per minute in each direction
simultaneously. [Each letter consists of three
marking impulses and four spacing impulses. If
any letter is mutilated in transmission a warning
bell rings at the printer and a maltese cross is
printed, so facilitating correction.

3688. REMOTE-CONTROL OF OuTPUT LEVEL [in
Broadcasting or Commercial Systems to
provide Effective Dynamic Range Control].—
R. P. Aylor, Jr. (Communications, July 1945,
Vol. 25, No. 7, pp. 49, 81-84.)

Two circuits are described, one using variable
voltage feedback, and the other using a variable

H-pad.

3689. CoMMUNICATIONS SySTEM ABOArRD DC-3
[Transport] AIRCRAFT.—R. G. Peters. (Com-
munications, July 1945, Vol. 25, No. 7,
pp. 36-38, 85.)

3600. GERMAN AND JaPanese [Portable] Com-
MUNICATIONS  EQUIPMENT. — (Communica-
tions, May 1945, Vol. 25, No. 5, p. 60:)
Four photographs with very brief descriptions.

3691. FCC EXPECTS RaADIO TO SECURE LATEST
IMPROVEMENTS [enabling Reduced Channel
Widths to be used].—(Telegr. & Teleph. Age,
June 1945, Vol. 63, No. 6, p. 31.)

GENERAL PHYSICAL ARTICLES

3692. SoLAR RapiaTioN —(Wireless World, Sept.
1945, Vol. 51, No. 9, p. 268.).
Comment on 398 of 1944 and a summary of 3474.
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3693. A SIMPLE METHOD OF MEASURING SECONDARY
ELECTRONS EXCITED BY BETA-RAYS AND THE
INFLUENCE OF THESE ELECTRONS ON THE
INVESTIGATION oOF PrRIMARY BETA-RAY
SPECTRA.—L. Meitner. (Arkiv for Mat.,
Astron. ock  Fysik [Stockholm], 1st Nov.
1943, Vol. 29, Part 3, Section A, No. 17,
14 pp. : in German.)

ON THE CONDUCTIVITY OF A
MagNETIC FIELD.—I. Waller.
Mat., Astron. och Fysik [Stockholm], 25th
Nov. 1942, Vol. 28, Part 4, Section B, No. 135,
7 pp. : in English.)

Author’s summary :—*“ A proof is given of the
constancy of the ratio between the tensors of electric
and heat conductivity of a metal in a magnetic field.
New formulae are derived for the change of resistance
in a magnetic field.”

3604. METAL IN A

3695. A MopeL oF fHE Point ELEctrRON II..
E. C. G. Stueckelberg. (Helvet. Phys. Acta,
29th Feb. 1944, Vol. 17, No. 1, pp. 3-26 : in-
French.)

Author’'s summary :—“ A model of a point
electron more general than the model proposed in
Part I is discussed. The electron only reacts with
the Maxwell field. In classical theory, its motion
much resembles that of the extended electron of
Lorentz. By a correspondence principle the model
can be transcribed into a quantum theory, without
the appearance of discrepancies. The formulae thus
obtained show close analogy with those obtained by
Heisenberg in his recent theory.”

Part I (Helvet. Phys. Acta, 1941, Vol. 14, p. 51)
is noted in 285 of 1942.

3696. ON THE THEORY OF MAGNETICALLY CHARGED
PARTICLES [in Quantum Theory].—M. Fierz.
(Helvet. Phys. Acta, 20th Feb. 1944, Vol. 17,
No. 1, pp. 27-34 : in German.)

REeFRrRAacTION EFFECTS IN ELECTRON DIFFRAC-
TIoN.—L. Sturkey & L. K. Frevel. (Phys.
Review, 1st/15th July 1945, Vol. 68, Nos. 1/2,
PP 56+57.) I

Some unexpected patterns were obtained when
MgO smoke was used as a calibration specimen. It
was thought that these were due to refraction at the
crystal faces. Some experiments with CdO smoke,
ZnO smoke and larger partlcles of MgO tended to
confirm this.

3697.

THE DETERMINATION OF REFRACTIVE INDICES

oF CorroipAL PARTICLES BY MEANS OF A
NEw MIXTURE RULE OR FROM MEASURE-
MENTS OF LIGHT ScATTERING.—W. Heller.
(Phys. Review, 1st/i5th July 1945, Vol. 68,
Nos. 1/2, pp. 5-10.)

A new theoretical rule is developed for use with
differential refractometric measurements. This rule
gives better results than older rules for small
differences in refractive index. For larger differ-
ences, but less than 0.7, the results are still correct
to the third or fourth decimal if a correction equation
is used. For opaque solutions a light scattering
measurement can be used.

3608.

3609v" ELECTRON TEMPERATURES IN ELECTRICAL
DiscHARGES [Some Measurements for Cold-
Cathode Glow Discharge in Air and Carbon
Monoxide at Pressures of 0.06-1.2 mm. Hg.].
—K. T. Chao & T. Y. Tang. (Phys. Review,

)

(Arkiv for

_3702. THE ELECTROMAGNETIC SYSTEM

1st/1s5th July Vol.

PP. 30-39.)

A PrINCIPLE CONNECTING THE THEORY OF
RELATIVITY AND THE QUANTUM THEORY.—
E. C. G. Stueckelberg. (Helvet. Phys. Acta,
12th April 1943, Vol. 16, No. 2, pp. 173-202 :
in French.)

1945, 68, Nos. 1/2,

3700.

ON THE PROBLEM OF HEAT CONDUCTION-IN A
SEMI-INFINITE RADIATING WIRE.—A. N.
Lowan. (Quart. Applied Math., April 1945,
Vol. 3, No. 1, pp. 84-87.)

““R. V. Churchill derives the solution of the
problem of heat conduction in a semi-infinite
radiating wire when the initial temperature is zero,
and the boundary temperature is a constant. It is
the object of this paper to derive the general solution
corresponding to an arbitrary initial temperature
distribution when the boundary temperature is a
prescribed function of time.”

3701.

1s Nor
CoHERENT [Criticism and Reformulation of
the Biot-Savart Law of Electromagnetic
Force].—]. Villey. (Génie Civil, 15th March
1945, Vol. 122, No. 6, p. 44.)

MISCELLANEOUS

NorES OoN THE EVALUATION OF ZEROS AND
TurRNING VALUES OF BESSEL FuNcrIONS.
IV..—A New ExpPANsION. V.—CHECKS.—
J. C. P. Miller, C. W. Jones, W. G. Bickley.
(Phil. Mag., March 1945, Vol. 36, No. 254,
PP. 200-210.)

(See 3397 and 3398 of October for previous parts.)

3703.

3704. ON THE STABILITY OF A CERTAIN CLASS OF
LiNeAR DIFFERENTIAL EQuaTtions.—G. Borg.
(Arkiv for Mat., Astron. och Fysik [Stock-
holm], 28th Dec. 1944, Vol. 31, Part 1,
Section A, No. 1, 31 pp. : in German.)
The class is

¥+ e+ By = o
where ¢ (¥) is periodic with period =. ‘ Stability
implies undamped periodic solutions.

3705. ON A SYSTEM OF DIFFERENTIAL EQUATIONS
sTUDIED BY C. STORMER.—]. Malmquist.
(Avkiv for Mat., Astron. och Fysik [Stock-
holm], 26th ]an 1944, Vol. 30, Part 1,
Section A, No. 5, 8 pp. : in French.)

The equations refer to the trajectories of electrified
corpuscles under the influence of an elementary
magnet.

3706. ON THE SUMMATION OF CERTAIN TriGoNo-
METRIC SERIES.—L. S. Goddard. (Proc.
Cambridge Phil. Soo., Aug. 1945, Vol. 41,
Part 2, pp. 145-160.)

Introductory to 3483.

3707. How ;10 SAy ““No’ IN MATHEMATICS.
J. J. Smith. (Journ. Franklin Inst., Aug.
1945, Vol. 240, No. 2, pp. 113—122.)

The ability of certain functions to say ‘“ No "
enables the discontinuous phenomena encountered
in the solution of many problems to be represented
by a single expression without ambiguity. The unit
function, H(xx,), and the impulse function which is
the time differential of this, are discussed.
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3708. DETERMINATION OF THE MAXmMuM DEvia- matical Analysis].—A. Andronow & N.
TION FROM THE GaussiaN Law.—C. G. Bautin.  (Comptes Rendus (Doklady) de

- Esseen. (Arkiv for Mat., Astron. och Fysik
[Stockholm], 1st Nov. 1943, Vol. 29, Part 3,
Section A, No. 20, 10 pp. : in English.)

3709. QUANTITATIVE INTERPRETATION OF MAPS OF
MAGNETIC AND GRAVITATIONAL ANOMALIES
BY MaTHEMATICAL METHODS.—E. G. Kogbet-
liantz. (Quart. Applied Math., April 1945,
Vol. 3, No. 1, pp. 55-75.)

Development of a mathematical method for
interpreting gravitational and magnetic anomalies
observed in geophysical prospecting for oil and other
minerals. The method is applicable to simple
anomalies, complex anomalies due to the coexistence
of different geological phenomena being first resolved
by methods devised by the same author but not
included in this paper.

3710. ON IMPROVING THE EQUaTIONS OF ELECTRO-
MAGNETIC FIELD. —P. L. _ Kalantarov.
(Comptes Rendus (Doklady) de I'Ac. des Sci.
de 'URSS, 28th Feb. 1945, Vol. 46, No. 6,
PP. 224—226.)

The practical difficulties of changing units as
suggested by Heaviside or in the manner agreed
upon by the Measuring Units’ Committee of the
Academy of Sciences of the U.S.S.R. are pointed
out, and it is suggested that it would * suffice to
change the notions of the . . . six quantities [con-
tained in the electromagnetic field equations]
instead of . . . the units adopted for their measure-
ment. Namely magnetic permeability & magnetic
pole strength can be taken to be magnitudes 4w
times greater than is generally agreed upon now,
while dielectric constant, magnetic force, reluctance
& magnetomotive force can be understood to mean
47 times smaller quantities. . . .”

3711. A METHOD FOR COMPUTING THE RESONANT
WAVELENGTH OF A TYPE OF CaviTy RESON-
ATOR.—Goddard. (See 3483.)

3712. ‘ WAVEFORM ANALYsls ”’ [Book Review].—
R. G. Manley. (Wireless World, Sept. 1945,
Vol. 51, No. 9, p. 278.)

. an excellent guide to the interpretation of
periodic waves."”

0"

3713. ON PARAMETRIC EXCITATION.—N. Minorsky.
(Journ. Franklin Inst., July 1945, Vol. 240,
No. 1, pp. 25-46.)

Parametric excitation refers to the disturbance of

an electrical or mechanical system by a variation—
generally periodic—of certain of its parameters.
One relevant differential equation is that of Hill
¥ 4+ F(t)r = o, where F({) is periodic. If F(t)
takes the form of a rectangular ripple the Hill-
Meissner equation results. Parametric excitation
of a non-dissipative LC circuit with square and
sinusoidal capacitance variation is considered
together with the topology of the Hill-Meissner
equation. The effects of variations in ripple fre-
quency and phase angle are discussed. The paper
concludes with an account of parametric excitation
of a dissipative circuit by capacitance and induct-
ance ripples, and the relation of the processes
discussed to the Mathieu equation. .

3714. ON A DEGENERATE CASE OF THE GENERAL
ProsLEM oF DIrREcT CONTROL [particularly
of Temperature and Pressure: Mathe-

I'Ac. des Sci. de 'URSS, 1oth March 1945,
Vol. 46, No. 7, pp. 277-279 : in French.)

3715. TEN Two-DiMENsIoNAL ELECTROSTATIC PRO-
BLEMs.—N. Davy. (Phil. Mag., March
1945, Vol. 36, No. 254, pp. 153-169.)

Author’s summary :—* Ten different two-dimen~
sional electrostatic problems, seven of which involve
semi-infinite rectangular electrodes, are solved.
The Schwarz-Christoffel method is used in all cases
except the last. Only the results, with the neces-
sary explanations, are given. These results include
(1) the transformations, (2) the field strengths,
(3) the surface densities at points on electrodes,
(4) the total charges on parts of electrodes, (5)
the capacities between parts of electrodes, and (6)
expressions proportional to the forces on small
para or diamagnetic bodies at any point in the
field. Elliptic functions are used in seven cases.
Diagrams showing equi-potentials obtained ex-
perimentally are shown. As usual, the results
apply to magnetism, hydrodynamics, heat flow,
electric current flow, and other branches of physics.”

3716. EaRLYy ELECTRICAL DISCOVERIES BY BEN-
JAMIN FRANKLIN & His CONTEMPORARIES.—
M. MacLaren. (Journ. Franklin Inst.;
July 1945, Vol. 240, No. 1, pp. 1-4.)

3717. THE AMATEUR IN THE PosT-WaR PERIOD.—
R. A.Lynch. (Revista Telegrafica, June 1945,
No. 393, p- 384.)

3718. DiELECTRIC HEATING BY THE RaD10 FRE-
QUENCY METHOD.—L. Grinstead. (Journ.
British I.R.E., May/July 1945, Vol. 5, No. 3,
Pp. 128-145. Discussion pp. 145-I51.)

Author's summary:—'* After a brief reference
to some of the applications of radio-frequency
energy to the heating of dielectric materials, the
general theory of the method is outlined.

“The heat and power relations governing all
such uses are discussed in some detail with special
reference to sources of electrical and thermal loss
in the generator and the work. It is shown that,
for minimum losses and a reasonably good tem-
perature distribution, fast heating is desirable.
A family of curves is included enabling relative
performances of various generators in terms of
power and time to be rapidly determined.

‘* The basic circuits for dielectric heating equip-
ments are briefly reviewed and the need for correct
loading of the transmitting valves is explained.

“ Two of the more usual load coupling circuits
are analysed so that the effects on loading and
efficiency of varying circuit parameters may be
studied. It is shown that the series-capacitance
type of circuit can, under certain conditions, main-
tain nearly constant power in the work during a
heating cycle. For transformer circuits, the con-
clusions reached show that a proper value of
coupling coefficient is desirable in the interest of
circuit efficiency.”

3719. LONGITUDINAL OR TRANSVERSE HEATING ?
[Their Relative Efficiencies in the Gluing
of Wood].—D. 1. Lawson. (Electronic
Eng:g, Aug. 1945, Vol. 17, No. 210, pp.
646-647.)

“ The method to be recommended depends on
the ratio of the dielectric constants of the wood
and glue. If ¢, > ¢, longitudinal heating would be
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preferred and vice versa.”” In an example using a
synthetic resin glue, longitudinal heating is 13
times more efficient than transverse heating.

3720. PowerR VaLVEs ForR H.F. Heating Equip-

MENT.—F. E. Henderson. (Electronic Eng.g,

Aug. 1945, Vol. 17, No. 210, pp. 643-645.)

Discussion of choice of oscillator valve for specific
applications.

InpuctioN HEATING IN Rapio TUBE MaNu-
FACTURE.—E. E. Spitzer. (Electronic Eng.g,
Aug. 1945, Vol. 17, No. 210, p. 640.)

Paragraph on degassing and getter flashing
quoted from Trans. Electrochenm. Soc., 1944.

Avuromatic H.F. Heating CoNTROL.—
(Electronic Eng.g, Aug. 1945, Vol. 17, No.
210, p. 640.)
Short summary of a paper by W. M. Roberds
. small thyratrons and a reversible motor
are used to provide continuous automatic tuning
of an electronic power generator. . . . These so
control the oscillator that any predetermined
power can be fed to the work continuously, regard-
less of changes in the electrical propertles of the
work material produced by heating. .

3721.

3722.

3723. A NEw INDUCTION HEATING EQUIPMENT.
(Electronic Eng:g, Aug. 1945, Vol. 17, No.
210, p. 634.)
Type T.10 of the Electric Furnace Co.,
500 kcfs, dissipates 44 kW in the valve.

Ltd,,

3724. CALCULATIONS FOR DIELECTRIC HEATING
BY HicH FREQUENCY CURRENTS.—A. J.
Maddock. (Electronic Engyg, Aug. 1945,
Vol. 17, No. 210, pp. 635-639.)

Fundamental formulae, design charts, data for
typical materials, and worked examples.

3725. A 1/4-KkW H.F. [30 Mc/s] GENERATOR [for
Heating]. — Rediffusion Ltd. (Electronic
Eng:g, Aug. 1945, Vol 17, No. 210, p. 633.)

Two paragraphs.

3726. Rabpio HEATING AND Mass PRODUCTION

SoLDERING.—C. E. Tibbs. (Electronic Eng.g,

Aug. 1945, Vol. 17, No. 210, pp. 631-633.)

Describes the soldering of the ends onto tin-

plate cans at the rate of 1200 per hour, by passing

them on a conveyor belt over the coil of an eddy-
current heater.

3727. A BiBLioGrAPHY OF H.F. HEATING.—(Elec-
tronic Eng:g, Aug. 1945, Vol. 17, No. 210,
PP. 6290-630.)

About 100 items under the headings: General;
Seam Welding, Spot Welding, Spot Gluing,
Soldering ; Moulding ; Timber Sectlon and Food

Section.

3728. HiGH FREQUENCY DIELECTRIC HEATING.—-
A. E. L. Jervis. (Electronic Engyg, Aug.
1945, Vol. 17, No. 210, pp. 624-628.)

A general account of the subject, showing simple
calculation of heating per unit volume of a typical
substance (laminated wood).

See also ]. P. Taylor, Trans. A.S.M.E., -April

1943, p. 201.
3729. A LaBoraTorRY Vacuum INDUCTION FUR-

NACE USING PENTODE RADIO-FREQUENCY
AMPLIFIERS.—G. J. Aitchison & J. Crouchley.

(Journ. of Scient. Instr., Sept. 1945, Vol. 22,
No. 9, pp. 176-178.)

Frequency of operation 170 kc/s. Time to melt
300 g of iron, 8 min, with 3.7 kW D.C. plate input
to the pentodes. Time to melt 300 g of-copper,
25 min, with 4.1 kW.D.C. input.

3730. ' CAREERS IN ScIENCE ~’ [Book Review].—
P. Pollack. (Journ. Franklin Inst., July
1945, Vol. 240, No. 1, p. 65.)

* This volume will serve as an excellent survey

for the young person interested in a scientific career.”

3731.. SOME AIDS To FACILITATE THE ENGINEER’S
Acapemic TRAINING.—B. Dudley. (Proc.
I.R.E., Aug. 1945, Vol. 33, No. 8, pp. 499-
502.)

The importance of adequate mathematical
teaching methods is discussed in relation to the
* rapidly increasing complexity of radio engi-
neering practice and the employment of very high
frequencies”’. ‘‘ The judicious use of animated
motion pictdres, models and more effective text-
book illustrations *’ is recommended. The use of
isometric drawings giving the illusion of three-
dimensional representation on a sheet of paper is
discussed. These are useful in cases ‘. . . in
which a family of curves connecting three variables
may be used to represent quantitative relation-
ships **

AND ScCIENTIFIC RE-
6th July 1945, Vol

3732. THE UNIVERSITIES
SEARCH.—(Engineer,
180, No. 4669, p. 1.)
The Association of University Teachers express
need for larger peace-time grants for pure research
untrammelled by external control.

3733. THE INAUGURATION OF THE ARGENTINE
ScHooL OF TELECOMMUNICATIONS [in April
1945).—(Revista Telegrafica, May 1945, No.
392, pp. 316-318.)

THE EQUIPMENT OF THE ARGENTINE
ScHooL oF TELECOMMUNICATIONS.—(Revista
Telegrafica, June 1945, No. 393, pp. 377—
379.)

3735. THE THIRD PAN-AMERICAN CONFERENCE
oN RaprocomMunICcATIONS [Rio de Janeiro,
June 1945].—(Revista Telegrafica, May 1945,
No. 392, pp. 292, 296.)
Representation and programme (mainly fre-
quency allocation). See also 3664.

3734

3736. A REVIEW oF THE WoRK oF THE C.S.L.R.
[Australia}.—G. Lightfoot. (Journ. Council
for Scientific and Industrial Research, May
1945, Vol. 18, No. 2, PP. 85-102.)

Includes short accounts of the work of the

National Standards Laboratory and of the Radio-

physics Laboratory.

3737. SCIENTIFIC LiaisoN AND INFORMATION
BuUREAU.—(Journ. Council for Scientific
-and Industrial Research, May 1945, Vol. 18,
No. 2, p. 168.)
A note on the incorporation of the 'Scientific
Liaison Bureau with the Information Section of
C.S.I.R. (Australia).

3738. RESEARCH AGENCY PLANNED [in US.A.]—
(Sci. News Letter, 28th July 1945, Vol. 48,

No. 4, pp- 51-53.)

Summary of O.S.R.D. report recommending
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creation of a government agency for the encourage-
ment and support of basic research in colleges,
universities and research institutes, in response
to one of President Roosevelt’s ‘“ four points*’.

3739. THE INTERDEPARTMENT RaDIO ADVISORY
CoMMITTEE [to Assign Frequencies to U.S.
Government Services and to Advise the
President on Related Radio Matters]:
Its HisTory, MODE OF OPERATION, AND
REeLATIONSHIP TO OTHER AGENCIES.—E. M.
Webster. (Proc. I.R.E., Aug. 1945, Vol
33, No. 8, pp. 495-499.)

THE ORGANISATION OF RESEARCH IN THE
Rap10 INDUSTRY AFTER THE WAR.—W. R.
Maclaurin. (Proc. I.R.E., Sept. 1945, Vol.
33, No. 9, pp. 567-570.)

Between the wars, research organisation was
seriously weakened by lack of incentive and bureau-
cratic tendencies. Men who combine thorough
training with creative originality can only be pro-
duced if conditions are improved. In the past the
tendency to exploit youth has been too great.

3740.

Prior to the war most companies were imitative,

and few had the research spirit. Major rewards
went to manufacturing positions, freedom was
lacking and the accent was on short-term results.

In periods of business depression small research
organisations are unable to survive and some measure
of protection for them is vital to the health of the
radio industry.

THE ROLE OF THE SEcTIONS IN. THE LR.E.
ProGRaAM [i.e., Functions of Local Branches].
_W. A. Dickinson. (Proc. I.R.E., Sept.
1945, Vol. 33, No. 9, p. 565.)

3741.

REPORT OF THE STANDARDS COMMITTEE
[I.RE.] REeLATING TO [Designation of]
STANDARD FREQUENCY RANGEs. — (Proc.
I.R.E., Aug. 1945, Vol. 33, No. 8, p. 548.)

The spectrum is divided into decades in the
manner agreed to at the C.C.I.LR. conference in
Bucharest. The frequency coverage, however, is
extended -down to 0.3 c/s and up to 300 kMc/s.
The nomenclature is almost identical with that of
the Bucharest convention with the addition of
numerals to designate each decade. See 379 and
1681 of 1938.

3742.

3743. PATENTS FROM THE VIEWPOINT OF THE
APPLIED Prysicist.—H. S. Knowles. (Journ.
Acous. Soc. Am., July 1945, Vol. 17, No. 1,

p. 104.)
Very short abstract.

3744. B.S. 1219 [Printers’ and Authors’ Proof
Corrections].—(Electronic Eng:g, Aug. 1945,
Vol. 17, No. 210, p. 623.)
Editorial note.

3745. EXPLORING MAGNETIC FIELDS.—L. Shapiro.
(Bell Lab. Record, Aug. 1945, Vol. 23, No. 8,
PP 281-283.)

Exploration of the intensity and direction of the
field produced by typical cathode-ray oscillograph
magnetic coil deflection systems is made by exciting
the system with low-frequency alternating current
and measuring the yoltage induced in a very small
search coil which can be located at a number of
different points in the field.

3746. “ CoLEcciON TELECOMUNICACIONES ' [Book
Review]. — (Revista Telegvafica, May 1945,
No. 392, p. 306.)
A series of eleven books of elementary instruction
for radio operators.

"“THE Rapio AMATEUR'S HANDBoOK ”
[Twenty-Second Edition : Book Review].—
American Radio Relay League, Inc. (Proc.
I.R.E., Aug. 1945, Vol. 33, No. 8, p. 555.)

Sections have been added to this annual publi-
cation to include techniques developed during the
war years; for example those dealing with micro-
waves.

3747

3748. “ INTRODUCTION TO PRrACTICAL RADIO ™’
[Book Review].—D. J. Tucker. (Proc. I.R.E.,
Sept. 1945, Vol. 33, No. 9, p. 632.)

3749. ‘ ELECcTRICAL EssEnTIALS OF RaDI10 ”’ [Book
Review].—M. Slurzberg & W. Osterheld.
(Communications, May 1945, Vol. 25, No. 5,

p- 95.)
An elementary text-book.

3750. ‘ ELEcTRONIcS To-DAY AND To-mMORROW *’
[Book Review].—]J. Mills. (Telegr. & Teleph.
Age, June 1945, Vol. 63, No. 6, p. 30.)

3751. ' ELECTRONIC EQUIPMENT AND ACCESSORIES’’

[Book Review].—R. C. Walker. (Electronic
Eng:g, Aug. 1945, Vol. 17, No. 210, p. 653.)
‘““A Concise Introduction to the principles of
Electronics and their Applications to Industry.”

3752. ELECTRONICS.—]. Mills. (Sci. Monthly, June
1945, Vol. 60, No. 6, pp. 459—463.)

A broad outline is given of the fundamentals
and applications of electronics including lightning
discharges, vacuum tubes and the electron micro-
scope.

3753. GRowTH OF ELECTRONICS IN THE FLEET
PERSONNEL OF ELECTRONICS DIvVISION
Bureau oF SHirs.—U.S. Navy Dept. (Proc.
I.R.E., Aug. 1945, Vol. 33, No. 8, p. 551.)

Short description of the communication system
for amphibious operations, and. the associated
equipment production planning.

3754. A SIMPLIFIED [Mechanical] AuUTO-ALARM
SELECTOR.—S. Schiffer. (Communications,
June 1945, Vol. 25, No. 6, pp. 56-59.)

A description of a device for operating a relay
when a predetermined morse signal is ‘received.
Primarily intended for sounding an alarm on receipt
of distress signals at sea.

3755. A SCALE-OF-N COUNTER AND THE SENSITIVE-
NESS TOWARDS LIGHT OF A GEIGER-MULLER
TuBe.—E. Bergstrand. (Avkiv for Mat.,
Astron. och Fysik [Stockholm], 3rd Nov.
1943, Vol. 29, Part 4, Section A, No. 31,
7 pp. : in English.)

A simplified version of the condenser-charging
type of dividing counter which requires only
constancy of amplitude in the counted impulses.

3756. AN APPARATUS FOR COINCIDENCE MEASURE-
MENTS WITH VERY HIGH RESOLVING POWER.
—H. Bradt & P. Scherrer. (Helvet. Phys.
Acta, 30th June 1943, Vol. 16, No. 3, pp.
251~264 : in German.)
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3757. ** THE MEASUREMENT OF CoLOUR "’ [Bopk
Review].—W. D. Wright. (Journ. Soc. Mot.
Pict. Eng., June 1945, Vol. 44, No. 6, pp.
481—482.)

3758. PRECISION PHOTOMETRY WITH A CAESIUM
CELL AND CoMBINATION FILTERs.—H. Koénig.
(Helvet. Phys. Acta, 20th October 1943,
Vol. 16, No. 5, pp. 421422 : in German.)

Summary only.

3759. “CoLor DEeTECTIVE” HELPS Navy [An
Apparatus to Measure the Absorption of
Red Light by Paint].—(Gen. Elec. Review,
Aug. 1945, Vol. 48, No. 8, p. 60.)

3760. ON AN OBJECTIVE COLORIMETER [Discussion
of Requirements].—H. Konig & F. Mider.
(Helvet. Phys. Acta, 20th October 1943, Vol.
16, No. 5, pp. 419—421 : in German.)

3761.° ELECTRICAL MEASUREMENT OF VERY SMALL
CHANGES IN ATMOSPHERIC PRESSURE.—
L. Saxer & F. Dessauer. (Helvet. Phys. Acta,
20th October 1943, Vol. 16, No. 5, pp. 435
436 © in German.)

Summary only.

Observation of changes in capacitance between a
metal membrane and a fixed electrode, by means of
a Hut-Kiihn circuit. A change in pressure of
10 mm of mercury gives a galvanometer deflec-
tion of 4cms at 1 m.

3762. Dynamic BALANCER [for Small High-Speed
Rotors].—Scophony Ltd. (Journ. of Scient.
Instr., Sept: 1945, Vol. 22, No. 9, pp. 178—
180.)

The device comprises *‘ electromagnetic driving
means, electrostatic pick-up of the vibrations,
electronic amplification and electronic [cathode-ray
oscilloscope] means for continuously indicating the
amount and phase of the unbalanced mass. Sensi-
tivity is independent of the speed, and is so high that
dependence is not made on the body passing through
some particular resonance period . It is possible
“ to detect unbalance of the order of 0:0005 g.cm
in gyromotors having moment of inertia 300 to
6000 g.cm? rotating at 20000 rpm . . . the
accuracy and smoothness of the balls and race set
the final limit. to the accuracy attainable”.

3763. A DEVICE FOR INDICATING SMALL CHANGES
iN ELEcTROLYTIC REsiSTANCE.—Blake. (See
3602.)

3764. HiGH - FREQUENCY Low - TENsION  [Aero
Engine] IGNITION SYSTEM.—(Engineering,
20th July 1945, Vol. 160, No. 4149, p. 48.)

Paragraph only.

3765. ‘ REsIsTANCE WELDING CoNTROL ”’ [Set of
Seven Lesson Books and One Quiz Book :
Book Review].-—Westinghouse Electric &
Manufacturing Company. (Proc. I.R.E., Aug.
1945, Vol. 33, No. 8, p. 555.)
‘* These eight booklets comprise a complete series
of blackboard talks on the practical aspects of
resistance welding control.”’

3766. INVESTIGATION OF REsONANCEsS IN FirLa-
MENTS BY A MECHANICAL ACTUATION AND
MEASUREMENT OF ELECTROMAGNETICALLY
INDUCED VOLTAGES.—R. W, Carlisle & H. W.

Koren. (Journ. Acous. Soc. Am., July 1945,
Vol. 17, No. 1, pp. 71-72.)
The mounted filament is caused to vibrate in a
magnetic field, and the induced electromotive force
is, measured, after suitable amplification.

3767. AN INTERVAL TIMER FOR ARC DUuURATION
[during Opening of an Electric Circuit].—
(Electrical Eng:g, May 1945, p. 237.)

Short abstract in Electronic Eng:g, Aug. 1945,

Vol. 17, No. 210, p. 656.)

3768. ELEcTrRONIC FLaME CuTTER [a Photo-Tube
Device for Guiding Cutting Torches to
Follow a Contour].—(Stee!, 28th May 1945,
p- 102))

Short abstract in Electronic Eng:g, Aug. 1945,

Vol. 17, No. 210, p. 656.

3769. ELECTRONIC DEVICE INDIcATES PEAK TRAN-
SIENT VOLTAGES.—(Elec. World, 26th May
1945, p. 80.)
Short abstract in Electronic Eng:g, Aug. 1945,
Vol. 17, No. 210, p. 656.

3770. THE ScopHoNY [Portable] ELECTRONIC STRO-
BOSCOPE [for Rotating or Reciprocating
Mechanisms in the Range 600-14400 rpm].
—(Electronic Eng:g, Aug. 1945, Vol. 17,
No. 210, p. 658.)

3771. PHOTO-ELECTRIC FURNACE DISCHARGE 'INDI-
CATOR.—(Electronic Eng:g, Aug. 1945, Vol.

17, No. 210, p. 654.)

A short descriptive note.

3772. ELECTROSTATIC PRECIPITATION : THE Fun-
DAMENTALS AND A .- SIMPLE NOMOGRAPBIC
METHOD OF CALCULATING EFFICIENCY.
L. R. Koller. (Gen. Elec. Review, Aug. 1945,
Vol. 48, No. 8, pp. 13-15.)

3773. ELECTRO-DEPOSITED PAINT.—H. J. Ransberg
Co. (Electronic Eng.g, Aug. 1945, Vol. 17,
No. 210, p. 654.)
Short note. A D.C. potential difference of 100 000
V between the spray and the article to be coated
is reported to halve the consumption of paint.

3774. NEw ELEcTRONIC TIMER GivEs UNIFORM
X-Ray Exposures.—Westinghouse Electric

& Manufacturing Company. (Journ. Franklin

Inst., July 1045, Vol. 240, No. 1, pp. 66-67.)

‘* The heart of the Westinghouse Phototimer is
the so-called phototube camera consisting of a lens
which scans the fluorescent screen [om which the
X-rays cast the object image], a photoelectric

-multiplier tube and a condenser-thyratron-relay

system. . . . The output current [from the multi-
plier] charges the condenser until the proper
ionisation voltage is reached, when the thyratron
fires actuating the relay which opens the X-ray
circuit and terminates the exposure.”

3775. UNIFICATION OF SCREW THREADS, PArT II.
—(Engineer, 6th July 1945, Vol. 186, No.
4669, Pp. 7-9.)
Conclusions of report on I.M.E. Conference. (For
Part I, see 3447 of October.)

3776. A NEw Kinp oF H.F. DisCHARGE IN VacuuM
AND ITs Usg as aN IoN Source.—H. Alfvén
& H.-]. Cohn-Peters. (Arkiv for Mat.,
Astron. och Fysik [Stockholm], 12th Feb.
1945, Vol. 31, Part 3, Section A, No. 18,
17 pp. : in German.)
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GUY R.

ACOUSTICAL RESEARCH

HE TANNOY LABORATORY can provide
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 en-

gaged on priority projects.

\TANNOY/

RESEARCH LABORATORY
CANTERBURY GROVE, S.E.27
PHONE : GIPSY HILL 1131

s TANNOY ” is the registered trade
mark of equipment manufactured by
FOUNTAIN LTD.,
the largest organisation in Great
Britain specialising SOLELY in Sound
Equipment.

/

WAVE-WINDING

[l

i

As designers and manu-
facturers of the original
British Wave - Winding
Machines, we have special-
ised facilities for wave-
winding, "and we would
welcome inquiries from
manufacturers for the
winding in quantities of
INDUCTANCES
I.LF. TRANSFORMERS
TUNING COILS
& H.F. CHOKES

* Prompt Service.

THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD.
Telephone : VICtoria 3404-8

Winder House, Douglas Street, London, S.W.1.
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ELECTRONIC AIDS for INDUSTRY\

OW smoke comes into the field ot
electronics. Not only is excessive smoke
a nuisance and aesthetically abhorrent but,
more im‘portant, it is an indication of faulty
boiler equipment and technique. Modern
industry demands that such sources of potential
loss be rigorously eliminated. Fitted to the
stack or smoke outflow the electric eye
immediately detects and as instantly reports
excessive smoke, either by means of continuous
recorder, warning hooter or coloured light.
By these means any excess of chosen smoke
density can be instantly checked by prompt
correction of draught and fuel control, and
thus ensure maximum savings in consumption.

As makers of Capacitors for Radio,
Television and Industrial applications we are
naturally interested in all electronic develop-
ments. Indeed, our Research Engineers are
being continually called upon to develop special
types to meet new applications. When plan-
ning your post-war programme we invite you

to submit your capacitor problems to us.

UNTS

TRADE MARK

A. H. HUNT LTD <« LONDON - S.W.18 + ESTABLISHED 1901
_[R
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