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LET USE'_B'RING THEM T0

Made in Three

Principal Materials : /0/'
FREQUELEX
An insulating material of Low Dielectric

Loss, for Coil Formers, Aerial Insulators,
Valve Holders, etc.

PERMALEX ‘

A High Permittivity Material. For the
construction of Condensers of the small-.
est possible dimensions.

TEMPLEX

A Condenser material of medium per-
mittivity.  For the construction of
Condensers having a constant capacity
at all temperatures.

BULLERS LOW LOSS CERAMI

BULLERS LTD., 6, LAURENCE POUNTNEY ‘HILL, LONDON, E.CH

Telephone : Mansion House 9971 (3 lines) Telegrams : *“Bullers, Cannon, Londen |

-
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th the VARIAC . . . the right voltage every time

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

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

EXCELLENT REGULAT'ON—Output vo]tIag%s are independent of load, up to the full load rating
of the VARIAC.

HIGH OUTPUT VOLTAG ES——V:\RIACS supply output voltages 159% higher than the line voltage.

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

HIGH EFF'CIENCY—Exceptionally low losses at both no load and at full power.

SMALL S| ZE—VARIACS arc much smaller than any other voltage control of equal power rating.

LINEAR OUTPUT VOLTAGE—Output voltages are continuously adjustable from zero by means

of a 320 degree rotation of the control knob.

CA LIBRATED D'ALS—Giving accurate indication of output voltage.

SMALL TEMPERATURE R|SE—L<}SS than 50 degrees C. for continuous duty.

ADVANCED MECHAN'GAL DES'GN—Rugng construction—no delicate parts or wires.
VARIACS are stocked in fifteen models with power ratings  * Trade name VARIAC is registered No.

£ ; . : ! R 580,454 at The Patent Office. VARIACS
rom 165 watts to 7 kw » prices range between 70/- and are patented under British Patent 439 667

£34:0: 0. Excellent deliveries can be arranged. Most issued Lo General Radio Company.
types are in stock.

Write for Bulletin 424-E & 146-E for Complete Data.
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fLECTRICAL AND RADIO LABORATORY APPARATUS EVC.
0 lottenbom Court Road, london,W./ ona 76,01DHALL ST. LIVERPOOL, 5, LANCS,




work, fill in just one more form and send it to us.
posted with our developments in your particular field. Just let us know you
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IF you are interested in any of the following divisions of instrumen
We will then keep you

name, the address to which we should send infor
mation, the name of your organization and th
position you hold ; and mention which of th
following divisions of our work interests you:-

Resistances and Resistance Networks.
Laboratory Condensers and Inductances,
A.C. Bridges and Accessories.

Oscillators, Tuning Forks and Timing Devices
Dials and Drives. Switches.

D.C. Testing Equipment.

pH Meters and Equipment for the Chemica
Industry.

% For your convenience d detachable form is added.

Flmers End,

Beckenham oo41-2

Muirhead & Company Led.
Beckenham, Kent.  Tel.

FOR OVER 60 YEARS DESIGNERS AND
MAKERS OF PRECISION INSTRUMENTS

Address to

Name

which information
is to be sent
3 &8 e
Position
ot held

Divisions of Instrument Work (Please indicate in the right-hand colun
the divisions in which you are interested.)

Dials & Drives . v e

Em?lo?ed
by

-

Resistances & Resistance Networks .

—

Laboratory Condensers & Inductances Switches e o

D.C. Testing Equipment ...

pH Meters & Equipment for th |-—Ai
Chemical Industry e

CRC.641

A.C. Bridges & Accessories .

—

Oscillators, Tuning Forks & Timing‘
Devices |

- !

Resistors produced by the cracked
carbon process remain stable to 4= 1%
of initial valus.
/ / /
Tolerances - 1% +2% =4 5%
Low temperature co-efficient.

s

eluyn

earhon resistor

B o

WELWYN ELECTRICAL LABORATORIES LTD-E
Telephone : Welwyn Garden j\

e R—

Welwyn Garden City, Herts. -

il
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IETALLISED CERAMICS

wo additions to the S.P. range
» FREQUENTITE

s{;;wshes

| R50650  R.50764 *R.50844 * R.50855
oo TYeE | A s | oo | i
R.50650 | o5 95 64 625 275
5 R.50764 | 9 167 64 625 275
[ *R50844| o5 | 7 | es | on 275
% R.50855 | 127 222 12:7 95 39

% Recent additions to the range

Yy information and prices please write to :

ATITE & PORCELAIN P

??RT-ON SEVERN, WORCS. Telephone: Stourport III. Telegra

ms: Steatain, Stourport.

S.P.43
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A complete range of co-axial and twin Telcon
cables is available for the Reception and
Transmission of Radio Frequencies up to the
centimetre range. CAPACITIES extend up-
wards from 10/ «F /fr.with CHARACTERISTIC
IMPEDANCES of from 50 ohms to 150 ohms.
ATTENUATION from 0.4 db/100-ft. at 100 Mc/s
is provided by the air-spaced types, solid
dielectric types ranging from 0.95 db/100-ft.
to 6.5 db/100-ft. at 100 Mc/s. POWER
HANDLING capacity of the various types is
from 1KW to 20K W at 10 Me/s. Tor further
details apply for R.F. brochure.

<% TELCON DESIGNED R.F. CABLES ARE
THE BASIS OF WORLD STANDARDS

THE TELEGRAPH "CONSTRUCTION & MAINTENANCE CO. LTD.

Founded 1864

Head Office : 22 OLD BROAD ST, LONDON, E.C.2. Tel : LONdon Wall 3141
Enquiries to TELCON WORKS, GREENWICH, S.E.10. Tel : GREenwich 1040

January, 194

S.E.M. MINIATURE
MOTORS

The S.E.M. A.C. minia-
ture electric motor, which
has dimensions of motor |
body 137 long by 1%} \I

diameter |

il
il

[l

m

—_——
[

i

OR special use in Indicating andf
Recording Instruments, S.E.M. en- j
gineers have designed and manufactured |
dependable miniature electric motors. |
g

The A.C. model can be used on 50 or
200-1,000 C.p.s. supply at 25-30 volts, and :
the D.C. model up to 24 volts. Both
machines have a torque of } in. oz. and:
are capable of up to 10,000 r.p.m. }

In common with all S.E.M. machines,
these motors are manufactured to the
highest standards of mechanical detail and]

5
have passed rigid inspection and tests. f
1
?

SMALL ELECTRIC ——
MOTORS LTD. |

é
;
have specialized for over 30 years in é
F
|

making electrical machinery and
switchgear up to 10 kW capacity.
They are experts in the design and
manufacture of ventilating fans and
blowers, motors, generators, air-
craft and motor generators, high-
frequency alternators, switchgear,
starters and regulators.

BECKENHAM « KENT

.
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{ CELESTION PERMANENT MAGNET LOUDSPEAKERS
11!
SPEECH COIL FLUX POWER
f CHASssIS MODEL IMPEDANCE Ao DENSITY UL HANDLING
DIAMETER ] OHMS DIAMETER GAUSS FLUX CAPACITY
1
&é 24 P2V ! 3.0 “ 2 ( 8,500 8,000 | 25w
& .,
i 3 P3C 3.0 3 ’ 7,700 24,000 W
i 57 Ps@ | 3.0 o 8,500 26,000 W
5 P5T F oy 4 10,500 32,000 3w
>> 61 PéQ@ | 3.0 f} 3 ' 8,500 26,000 4w <<
4 6 P6T | 30 s / 10,500 32,000 4w
{
8 PSD 2.3 ‘ 6,200 ] 24,000 sW
8 P8M 23 } 1 8,000 31,000 SW
l 8" P3G 2.3 ‘ 10,000 39,000 W
~ {
o 107 PlOM ] 2.3 [1 8,000 J 31,000 W
; \ 10” PIOG | 237 ! 10000 | 39000 8w
K 127 / Pé&4 ! 120 | g } 12,500 " 140,000 15W
’ |
18" P84 J oo gy l 13,500 ' 350,000 40w
From the range of Celestion Loudspeakers

PUBLIC SALES
Several Loudspeakers of this range are available to the
public in chassis Jorm or housed in attractive cabinets.
ALl enquiries for these must be directed to our sole
wholesale and retail distributors, Cyril French Ltd.

CELESTION LTD., KINGSTON-ON-THAMES
o SURREY - PHONE: KINGSTON 53656-7-8

*Robert Sharp & Portners

K

Cvy9

Between these

SOLE

DISTRIBUTORS
to the Wholesale and

Retail Trades :

CYRIL FRENCH LTD.

29 High Street,
Hampton Wick,
Middlesex.
NINGSTON 2240,

most
manufacturers are able to meet their requirements. The

smallest model, a midget welghing 34 oz. is intended for
small personal radios and the largest, capable of hand]
40 watts, for public address purposes.
extremes, the range is balanced and well considered.

Geey
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Reg. Trade Mark.

PRECISION
TESTING INSTRUMENTS

Radio manufacturers, service engineers,
workshop and laboratory technicians are
familiar with the precision and dependability
of “ AVO " Electrical Testing Instruments.
Long years of successful experience in the
design and manufacture of first-grade
instruments have produced a consistently
high standard of accuracy which has become
a tradition as well as a standard by which

Regd, Toods Murk £
MEANS - ACCURACY

The MODEL 7 50-Range Universal

AVOMETER
Electrical Measuring Instrument ?

A self-contained, precision moving-coil instrument, conforming tc
B.S. 1st Grade accuracy requirements. Has so ranges, providing,
for measuring A.C. & D.C. volts, A.C. & D.C. amperes, resistance,

capacity, audio-frequency power output and decibels. Diect
readings. No external shunts or series resistances. Provided with
automatic compensation for errors arising from variations in
temperature, and is protected by an automatic cut-out agains’
damage through overlcad.

other instruments are frequently judged.

Sole Proprietors and Manufacturers:

THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMINT CO., LTD., Winder House, Douglas Street, London, S.W.1. "Phone : VICtorid

RELAY

@ MAIN FEATURES OF STANDARD MODEL

High Speed. Short transit time—normally below 1 millisecond.

Contact gap a function of input power, hence small distortion almost
down to failure point. High contact pressures. No contact chatter,

High sensitivity—robust operation at 5 mV.A. at 100 ¢fs or 0.2 mW.D.C.

Great ease of adjustment. Magnetic bias adjustment giving absolutely
smooth control.

chl_cmced armature—hence immunity to considerable vibration and no
positional error.

DIMENSIONS IN COVER: 2% x 13 x 4i1. WEIGHT with standard socket: 22 ozs.

Complete derails available on reques:s.

TELEPHONE MANUFACTURING CO., LTD.
HOLLINCGSWORTH WORKS +« DULWICH -« LONDON  S.E.21
Telephone: GIPsy Hill 2211 (10 lines)
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i lllustration of the plug and socket memkers of L604,
showing finished preparation for loading.

Judging by the enthusiastic reception
given to this little component* by the
radio and electronic industry, it appears
to have satisfied a long overdue require-
ment for a coaxjal plug and socket which
will meet the following requirements :—

(1) An obvious and simple method of loading
the cable without the necessity of solder-
ing the shielding or using additional

i clamping means,

i (2) Low capacitance.

i (3) Low contact resistance.

s (4) ““Click”” engagement action.

j (5) Clean instrument like appearance and

i finish.

i A large number of mcdels were

.| designed, and very careful judgment was

exercised on the electrical, mechanical,

and economic properties of each before
the final design was chosen.

The collett system of clamping has been
|, designed to cover a range of cable shield
j diameters from 0.125 to 0.25 inches. A
% very popular cable specified as Uniradio 32
- is particularly convenient to load.
(The characteristic impedance of the
. Plug/socket combination is of the order
of 50 ohms and it might be asked why the
impedance was not designed to match a
70 ohm cable (e.g., Uniradio 32.)

A little calculation will show that the
attainment of this impedance necessitates
either increasing considerably the overall
diameter of the component out of all
proportion to the cable diameter

dien

| *Leoa Coaxial Pivg and Socket. Price comrplete 3/-.

WIRELESS
ENGINEER

A NEW SENSIBLE COAXIAL PLUG
| AND SOCKET

* For Television, Car radic and Electronic applications.‘

(and raising the, price), or reducing the
diameter of the inner pin and socket to
an extent sufficient to introduce con-
siderable mechanical weakness and diffi-
culty in connecting the inner conductor
of the cable. :

We were principally interested in
introducing this plug and socket for the
connection of television aerial feeders to
domestic television receivers, and an
analysis of the problem revealed, that for
wavelengths very long in comparison
with the length of the plug and socket,--
the matching of cable and plug/socket
characteristic impedances was of
secondary importance, the main require-
ment being that of low total self capaci-
tance, which is 3 p.f. in our design. The
same statement is even more true in
many other plug and socket applications
in radio and electronic equipment operat-
ing at high radio frequencies, when low self
capacitance is an outstanding requirement.

A particularly useful application is for
the aerial input circuit to car radio
installations.  Owing to the lcw self
capacitance of the average rcd type car
aerial, particular attention must be given
to providing a lcw capacitance shielded
line from the aerial to the receiver, and
the coaxial cable designed expressly for
this purpose loads perfectly into this plug,
while the *‘ click ”* engagement prevents
disengagement through vibration.

It is important to note that, dimen-
sionally, this component complies with
the recently approved R.C.M.F. standard
for a coaxial plug and socket for pro-
viding the input connecticns to domestic
television receivers.

The follcwing additienal versicns of this plug/

socket are near completion :—

(1) Single cable right angle entry.

(2) Double cable right angle entry,

(3) Cable to cable junction.

(4) Double ended panel mounting sccket for
continuation of shielding into the chassis.

(5) A plug similar to L.604 but for the attach-
ment of larger dizmeter cables up to
0.375 inches.

BELLING ¢ LEE LTD

CAMBRIDGE. ARTERIAL ROAD, ENFIELD, MIDDX
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. . . another famous pi’Oduc’Lior?

We shall be happy
to supply the fullest
information.

TRANSFORMERS ¢« CHOKES ¢ COILS
I.LF. TRANSFORMERS ¢« MAINS UNITS

EXTENSION SPEAKERS

e T T S T T T 3

. ELECTRIC LTD

b &
e U &

TEAM VALLEY, GATESHEAD,




nry, 1947

b

R

e B

e T o

= emarm

l’l{HlIHIHIIIIHHIIIIIHHIIIIIIIHHIHHII.

|
"CE COMPONENTS LTD.,

Jh

e

=SS

(T

14

WIRELESS
ENGINEER

H'lHIIHIIHHIIIIIIIIIIIHIIIIIIIIIIHIHIIHl!HHIIHIIIIIIIIIHHIHIIIIIIHIIHIIIIIHIIHHHIHHIIHIIIIHIIlllllHIIHIIIIIIIIIIHIIIIIIHIHIHIIII

»

177

- INST/R MENT...

but VOT

“Laboratory” Pricel

The newest addition to the
“Advance " range of Signal Genera-
tors places an instrument of
laboratory class within the financial
scope of every radio service engineer
and experimenter. The discerning
engineer will appreciate its acceuracy
and stability, its exceptionally
wide range which covers all fre-
quencies required for radio and
television receivers, and its accurate
attenuating system which enables
sensitivity measurements to be made
on highly sensitive receivers up to
60 Mc/s. Send for fully descriptive
pamphlet.

SUMMARY OF MAIN FEATURES :

RANGE : 100 K¢ s—60M: s on fundamentals (up to
120 Mc;s on Secend Harmonic).

ACCURACY : Guaranteed within +1%.

ATTENUATION : Cons*ant impedan:e system
embodying a2 matched 75 chms transmission line.

INTERNAL MODULATION : 309%, at 400 ¢s.

STRAY FIELD: Less than 3 microvoles at 60 mega-
cycles.

ILLUMINATED DJAL: Total scale length 30.”

The Near

POWER SUPPLY : 110-210-230-250-voits. 40-100
¢/s consumption approx. I5 watts.

DIMENSIONS : {37 x 10}” x 7§” deep cverall.
WEIGHT ; IS5 ibs.

FINISH : Astractive steel case, sprayed durable
cream enamel. Leather carrying handie.

paice 19 Gns.

9

12

y

il

]
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Back Road, Shernhall Street, Walthamstow, London, E.17
Telephone : LARkswood 4366/7
IIIIIHIIHHIIIIIIIIHHHHHIHHIHIIIHIIIHHIHHIHIHHHHHIHHHHHIIIIHHHHHHIHIHHIHIHHIIHHHHHHIHHHHIHHHH
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+ CALCYLATED TO ANSWER
THE MOST EXACTING DEMANDS

% FOR ALL RADIO
AND ELECTRICAL PURPOSES

WEGO CONDENSER CO LTD - BIDEFORD AVE - PERIVALE - GREENFORD - MIDDX - Tel. PERIVALE 4

MoInann @O

| BASICALLY BETT

NEW TYPES FOR

MIDGET RECEIVERS THE SC'ENT”’ZHC
METEOROLOGICAL VALVE N A/R-35PA Ctl

lNSTl;_l#QENTS BRITISH e MADE é@ =2 X x Wﬂ‘
= , a/\YX JOW/O/ Bl
HIVAC LIMITED Gt s, e it Wioy CA
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Specially
suitable for

)
"PULSE  WORKING

Capacitance Range
3 pF - 50 pF
Working Voltage
2kV R.M.S.
! RF. Load
I'p to 10 pF 2 kVA with 2 amps.
Lito 50 pF 0.8 kVA with 1.5 amps.

1T
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THE U.I.C. Fixed Ceramic Pot Capacitor — KO

2944—illustrated above, has been primarily developed
for use in transmitter circuits. Made only from the
highest grade raw materials and subjected to the most
rigorous tests, its rating for its size is unsurpassed.
Capacitance Range : 120—250 pF. RF Load : 26 kVA
with 14 amps. Working Voltage : § kV R.M.S.

Further details on application.

IED INSULATOR Co. LTD., OAKCROFT RD., TOLWORTH, SURBITGN, SURREY

Telegrams : Calanel, Surbiton

‘eramics

ione : Elmbridge 5241 (6 lines)
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An announcement by

SMURTHWAITE ELECTRONICS - WALLINGTON

WIRELESS : January, 1
ENGINEER

SMURTHWAITE

ELECTRONICS

SUCCESSORS TO F. W, SMURTHWAITE, LTD.

For twenty years Smurthwait

of precision instruments,
specifications.

Emerging from the ye
now allied with increa

Chief Engineers of Gov

Engineering Manufacturers at home and abro
truction and small quantity production.

ments for model cons

es of Wallington have specialized in the construction
electrical

ernment Research and Development Establishments, and of

TELEPHONE :

l

o

«EXSTAT”

SHORT-WAVE
. TELEVISION
CAR RADIO

STOCKED BY ALL THE
LEADING DEALERS

LIMITED

ANTIFERENC

SALES DIVISION:

67, Bryanston St., Marble Arch, London, W.1

Telephone : Paddington 7253/4.

E

WALLINGTON 1982

_/

electronic equipment to clients’

ars of trial, their tradition of hand craftsmanship of quality
sed production scope, permits new offers of service on a

basis of wider facilities than in the pre-war years.

ad are invited to submit their require-

J
[
|
J
SURREY - ENGLJ%

HERE 1S THE NEW

TRANSFORMER Zazas fyonti

® SUPERB TECHNICAL DESIGN @ FINE
QUALITY MATERIALS @ HIGH OPERATION,
EFFICIENCY @ GUARANTEED RELIABILE
® BEAUTIFUL APPEARANCE !

ERIEF DETAILS OF THE RANGE g . o
Mains Transformers, 5—5,000 Watts.; Input and OU‘q
Transformers ; Filter Chokes.

... AND OF THEIR CONSTRUCTH
High Quality Silicon iron laminations; wire to ,13
Standards ; finest grade insulation ; Die Cast Stream|
Shrouds ; Black bakelite Terminal panels; High Yacu;
Impregnated coils layer wound with condenser tis!
interleaving ; Porcelain terminals insulated andfor silt
plated soldering tags. (

ODEN 2522 TRANSFORME

WODEN TRANSFORMER COMPANY !
Moxley Rd., Bilston, Staffs. Tei: BILSTONA
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FREQUENCY
CONVERTER

The Syncycle provides low frequency current at one-
third mains supply frequency—c.g., 164 ¢/s or 20 cfs for
such purpcses as signalling, alarm systems, laboratory
use, etc. It is particularly suitable as a source of
ringing current for telephone exchanges.

The Syncycle is compact and easily installed. It has
no moving parts, thermionic valves, electrolytic capaci-
, tors, or any other components liable to require mainte-
nance. It is autcmatically protected against overloads.

"5 watt" series for Wall, Batten or Rack mounting:

Input: Qutput :
from gov. to 260v. A.C. from jse. to 9ov. A.C.
{5 . 20 watt” series for Wall or Batten mounting :
§ Input : OQutput :
b reEse ! from 200c. to 2500, A.C. from 20v. to 9ov. A.C.
i

; ——— Fully Tropical models for wall mounling are available.
i
iNC Y Cy : ~ 5

£ Write for full details to the Sole Manufacturers and Palentees

1 TELEPHONE MANUFACTURING CO. LTD.

' wre® HOLLINGSWORTH WORKS, DULWICH, LONDON. S.E.21
i rRARE Telephone : GIPsy Hill 2211 (10 lines)

{ —
5 No. | POINTS OF LOW CONTAGT RESISTANCE IN
GIRGUIT DESIGN

|
%

LI

| & TELEVISION TELEVISION—
(TPONENTS . . .

kY

b
.. ARE USED BY
HE LEADING SET MANUFACTURERS

CLIX B9G valveholder for use with EF50, e:c.
Cat. No. VH359/9, Polystyrene Body.
VH363/9, Ceramic Body.

BODY-Silica-loaded Polystyrene

: MEGHANICAL PRODUGTIONS LTD.
BRUTON ST., LONDON, W.1

Telephone : MAYfair 5543
Foremost in Valveholder design

CONTACTS — Phosphor Bronze,
sitver plated

=

SADDLE—Steel, zinc plated and
passivated.

e g ey et
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Electrical Standards f

Research and Indust

WAVEMETERS
Testing and Measuring Appar§

OSCILLATORS
FOR COMMUNICATION |
CONDENSERS ENGINEERING |

INDUCTANCES |

ALL TYPES RESISTANCES |

ALL ACCURACIES BRID G E §——— Capair

Resistance

AND ALL FREQUENCIES

|
%
MAINS OPERATED \!
UNIVERSAL WAVEMETER ;
|

SRR

32 KC/S - 24 MC/S

ACCURACY 0.1%

SCALE READING ACCURACY 0.03%
FREQUENCY STABILITY 0.003%

or

100 KC/S - 10 MC/S

ACCURACY 0.06%

SCALE READING ACCURACY 0.015%
FREQUENCY STABILITY 0.003%

Note theentire aksence
of controls and the
simplicity of operation

l

i;

H. W. SULLIVAN o E
— LIMITED — DIRECT READING FREQUENCY SCALES

OSCILLATING AND ABSORPTION WITHOUT é

LONDON, S.E.15 CHANGE OF CALIBRATION
Telephone: New Cross 3225 (P.B.X)
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Lditor Managing Editor Technical Editor
W.T.COCKING, M.I.E.E. HUGH S. POCOCK, M.I.LE.I. Prof. G.\V. O, HOWE, D.Se., M.I.E.IE.

Editorial Advisory Board.—F. M. COLEBROOK, B. Se., A.C.G.I. (National Physical Laboratory),
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NEW. ... but

with a

Time - Tested

technique

Twenty-five years ago Mullard success-
fully pioneered the silica thermionic
valve. The need then was for a valve
with long electrical life plus mechanical
strength — strength that would with-
stand the concussion of a battleship’s
broadside.

To-day, when valves must stand up to
the trying requirements of industrial
applications, this unique experience 18
proving invaluable. Designers can choose
a modern Mullard Silica Valve and be
confident of dependable performance
under all conditions.

The TYS4-500 R.F. Power Triode is
typically efficient, dependable and econ-
omical. The thoriated tungsten filament
provides high emission at low filament
consumption. The silica en-
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velope will bear high tempera-
tures and does not require
forced air or water cooling.
And, finally, like other types in
the Mullard silica range, the
TYS4-500 is repairable — an
important extra factor to bear
in mind when considering low
cost per Kilowatt hour.

TYS4-500 R.F. POWER TRIODE

Anode Voltage 4000 V
Anode Dissipation 500 W
Max. Frequency for full Ratings 50 Mc/s

FILAMENT — THORIATED TUNGSTEN
Voltage 10V A.C.or D.C.
Current 10A

For further developments watch M u I l a r‘

obtained from:—

ull ar |

Technical data and advice on the application of
the TYS4-500 and other silica valves can be

THE MASTER VAL}

[§

THE MULLARD WIRELESS SERVICE CO. LTD.. TRANSMITTING AND INDUSTE
VALVE DEPT.,

SHAFTESBURY AVENUE, LONDON, “4

CENTURY HOUSE,

January, 1o
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This is a 10-valve amplifier for recording and play-tack
purposes for which we ciaim an overall distortion of only
0.01 per cent., as measured on a distortion factor meter at
\ai middle frequencies for a [0-watt output.

The internal noise and amplitude distortion are thus
negligible and the response is flat plus or minus nothing
from 50 to 20,000 ¢'s and a maximum of .5 db down at
20 c’s.

A triple-screened input transformer for 74 to I5 ohms is
provided and the amplifier is push-pull throughout,
terminating in cathode-follower triodes with additional
feedback. The input needed for 15 watts output is only
0.7 millivolt on microphone and 7 millivoits on gramo-
phone. The output transformer can be switched from
I5 ohms to 2,000 ohms, for recording purposes, the
measured damping factor being 40 times in each case.

il g
7

Built-in switched record compensation networks are
provided for each listening level on the front panel,
together with overload indicator switch, scratch ccm-
pensation control and fuse. All inputs and outputs are
at the rear of the chassis.

Send for full details of Amplifier type AD/47.

257/261, THE BROADWAY,
WIMBLEDON, LONDON,
S.W.19.

Telephones : LIBerty 2814 and 6242/3.
Telegrams : ** VORTEXION, WIMBLE, LONDON."”
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available to industry

Departments

GUY R.

with vibration and sound.

HE TANNOY LABORATORY can pro-
vide a skilled and specialised service in
the investigation of all problems connected

This covers

most aspects of acoustical research and is
and Government
engaged on priority projects.

RESEARCH LABORATORY

FOUNTAIN, LTD.

¢« THE SOUND PEOPLE"’

ACOUSTICAL RESEARCH

i
5
GCTFANNOY™ |
is the registered Trade Mark of II'

Equipment manufactured by |

GUY R. FOUNTAIN, LTD. |
“THE SOUND PEOPLE" 1
WEST NORWOOD, S.E.27
and Branches.

"Phone - -  Gipsy Hill 1131
e |

—

i )

Transformers aren't

CLOTHES PEGS

\.

Clothes pegs work Just as
well on any line.  Trans-
formers are only completely
efficient when built for the
job they have lo do.
That’s why we specialise in
building transformers for
special industrial purposes.
If you want transformers
designed and built to do a
definite job, we can help

TRANSFORMERS JN g

51, NORTHGATE STREET, DEVIZES. Phone 536

—For High Efficiency—

Components—ti

EDDYSTONE
CATALOGU

Write for a copy of this new Catalg
to-day. It contains a range of post:
components with the traditional E4
stone standard of dependable efﬁ.Clt_l
Manufacturers’ enquiries are particut
nvited,

TRANSMITTING RACE

This rack comprises uprights, ton/;
bottom frames, top plate, side brac:
front panel and chassis. The dimens;
conform to international standards;:
chassis measuring 177 107 x 27, the!
rights 63" in length. Holes punched‘x
in all members to facilitate agseml
Mild steel construction. Finish is glo
black, except panels, which are "{
black on the outside. Panels avaraiiy
four sizes, ranging from 33" to 1087
jtems sold separately.

Write for Address of your|

nearest Eddystone Agent-|

\ U
) \ /f i
E L / §FUTK\J _.'\
““ Puts Perfection into Performﬂ"“'
Manufacturers:

STRATTON & CO., LTD.,
Birmingham, 31. !
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High performance @ Strength e Stability e
Close electrical and mechanical tolerances &
Grades to suit various applications e

u'nded 23 &25 Hyde Way  Welwyn Garden City , Herts, England ... Tel: Welwyn Garden 925,

@W.E.z
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SWITCHES ARE
CONDEMNED

to
Hard Labour

* Only genuine when
bearing these Patent
Nos. 478391, 478392
NSF OAK.

Head Office and
Export Sales :

8RITISH N.S.F. CO. LTD., Keighley, Yorkshire.
London Office: 9, Stratford Place, W.1. Phone: MAYfair 4234.
(Sole Licensees of OAK Manufacturing Co. Chicago)

SWITCHES

THE WORLD’S GREATEST BOOKSHOP

[r + FOR. BOOKS % *
New and second-hand Books on every subject.

119-125, CHARING CROSS ROAD, LONDON, W.C.2.
Gerrard 5660 (16 lines) < OPEN 9—6 (inc. Sat.)

FOR
4& . ELECTRICAL MEASUREMENTS OQ'
S\ in .
%, 4 UWniversity or Indusiry ‘_\,;i
specify A’bb,b( )
LABGEAR °
N\ INSTRUMENTS
N CAMBRIDGE
™\ Phone 2494

o LEFT. Stepping Relay
%o LF/Selector with 12 posi-
r&‘ﬁ, tion driving mechanism
for AC.or 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 106 and 88/ WE

LONDEX LTE
MANUFACTURERS OF RELAYS
e 207 - ANERLEY ROAD - LONDON - §.E.20

January, 1c

TEST EQUIPMENT

RESISTANCE  CAPACITANCE
BRIDGE.

(Available From Stock).
Ranges :
Resistance:lohm to 100megohms
Capacity : Immfd to 100 mfd.
A rugged and reliable instrument
with an accuracy better than
59, designed for use on the test
bench and in the laboratory, em-
ploying many useful features :—
% Electron Beam Indicator.
% Leakage Indicator.
s Power Factor Measurement.
% Large Inset Dial.

Every Instrument is Individually
Calibrated.

AN EXTENSIVE RANGE OF HIGH GRADE TRANSFORMER

e MAINS TRANSFORMERS 60 and 100 watt, 350-0-3f
0-4-5v. 0-4-6.3v. Totally enclosed in Metal Shell.

e UNIVERSAL OQUTPUT TRANSFORMERS. Suitable
Triode, Pentode, Class B and Q.P.P. Output Sta
Fully Tropicallised.

o PRECISION TRANSFORMERS AND CHOKES. Tr
formers and Chokes in this range are precision b
components with a gua-anteed tolerance of 2% of ri‘
values. First Grade Materials only are used in
manufacture. These components can be made
individual specifications or supplied from our comy
hensive Catalogue. i

Telephs!
Vinow.
ayv 2371

RECORDER HOUSE, 48 & 50, GEORGE STRE',‘i

PORTMAN SQUARE, LONDON, W.1. |
Cables : Telegrams : I

i

e
EA20 Resistance Capacitance By

1|

SIMSALE, LONDON. SIMSALE WESDO, LON

leaflet G215, on bat- _
tery testing. ]

RUNBAKEN

A firm in London requires communication engineer!
considerable experience of radio circuit design especiai
aircraft equipment and miniaturisation. Good basic tri
and subsequent industrial experience essential. Post ¥
responsible one with very interesting prospects for right
Initial salary up to £850 per annum.

Werite full details of education, qualifications and expe
to Box No. 4465.
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TYPE 16848

h The Oscilloscope Type [684B has
proved an invaluable instrument for
applications ranging from Servo
Development, where signal fre-
quencies may be as low as 0.1 ¢fs, to
Television Research. The Oscillo-
scope is equipped with high gain
D.C. coupled amplifiers having a
frequency response from D.C. to
3mcfs. These amplifiers will handle
symmetrical and asymmetrical in-
put. In general the instantaneous
shifts, semi-automatic synch, steadi-
ness of image and general ease of
operation are features which appeal

to all engineérs,
Price £100

\RZEMILL LABORATORIES LTD

irho
.r‘TR
137

N E
EE

BOREHAM VrV,,.OOD
HERTS

®

Truvox, pioneers in public address
equipment, offer this new range of
‘“Monobolt’’ permanent magnet
movingcoil speakersfor radio receivers,
with a patented assembly making for
accurate and economical production
and giving unshakeable rigidity in
transit and use. Response curves can
be adjusted to special requirements,
and full technical specifications. are
available on request.

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

Brass centring ring prevents magnet being
knocked out of centre,

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

Speech coil connections carried to suspension
piece, ensuring freedom from rattles, cone
distortion and cone tearing.

Clean symmetrical surfaces, no awkward pro-
jections,

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

Two point fixing to the suspension piece with
four point suspension for the speech colil,

Widely spaced fixing points for the suspension
permit maximum movement of the cone, pro-
ducing the lowest response physically obtainable
from each size of speaker.

Supplied in four sizes—S5in., 6}in., 8in., and 10in.

TRUVOX . HOUSE, EXHIBITION GROUNDS, WEMBLEY,
MIDDX.

2



for Quality

RADIO CABINETS

M & P WOODWARE
MANUFACTURERS LTD.

We are pleased to announce that we
are again producing the well-known
M & P Radio Cabinets of fine quality and
excellent value.

Let us know your requirements and we
shall be pleased to quote you and
supply full particulars of our present
productions.

Ms P

WOODWARE MANUFACTURERS LTD.

STERLING WORKS, ALEXANDRA ROAD,
PONDERS END, MIDDLESEX
*Phone : Telegraphic Address :
Howard 2214-5 and 1755 Emanpe, Enfield

jeessmn

LAMINATIONS & SCREENS
RADIOMETAL - PERMALLOY
SILICON ALLOYS

D

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

Approximately 5,000 small Pneumatic Hand Tools, comprising
assorted hammers, rivetters and drills, made by Desoutter Bros.,
Broome & Wade, Aircraft Materials, Cleveland Pneumatic,
Independent Pneumatic, Aircraft Motors Ltd., Consolidated
Pneumatic, Armstrong Whitworth and various other first-class
makers. All tools, although used, are in excellent condition and
are offered on a very attractive basis for immediate delivery ex stock.
Full schedule of quantities, types and descriptions is available on
request to G.T.C., 82-94, Seymour Place, London, W.1.

o CONDENSERS

!
d’ ARE MADE FOR

VWALTER

TINSTRUMENTS. LTD.1

GARTH RD., LOWER NIORDEN, SURREY
DERWENT 4421. Qrams: WALINST, MORDEN, SURREY

WIRELESS
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Standard Signal Generato
With its extreme accuracy and stability, the

Airmec Signal Generator is an indispenss
able instrument wherever radio-frequencyi
b

measurements are made. Whether in |
laboratory, a service station, or on a proj
duction line, it will speed the work am
guarantee accurate results. <
Write for full descripiive literature
AIRMEC LIMITED

Wadsworth Road, Perivale, Greenford, Middlesey,
Telephone: Perivale 3344

A Group Company of Rad
aysS-11 & Television Trust Lid, |

Piezo QUARTZ CRYST!

for all applications. |
Full details on request.

QUARTZ CRYSTAL CO., LTD., }

(Phone : MALden 0334.)  §3.T1, Kingston Rd., New Malden, Jj

Chief Inspector required for West London Works manufy
audio frequency amplifiers, electronic equipment and»

instruments. Applicants must have previous experiencag‘

capacity, theoretical knowledge equivalent to Higher Na

of controlling personnel.  Apply giving full details past expf

}

¥
Certificate standard radio and clectrical sections, and be 0’«#
:

and salary required, to Box No. $786. 3

EL E CT R C Write for book- }

let on lifting and }

C H A l N shifting or separ-

ate ocatalogune of

p U I- L EY CONnVeyors, eranes,
and other mech-

B I'Q c K anical  handling
equipment.

GEO. W. KING LTD,,

P.E.B. WORKS + HITCHIN < HERTS.
MANCHESTHR CENTRAL 3947 NEWCASTLE 24196 i
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Sound nderstanding

A portable Beat frequency Oscillator
& of outstanding merit, widely used by
i all the leading government and indus.
trial laboratories. Range: 0-16000
¢.p.s. Output: 0.5 watls. Weight :
30 Ibs. Total Harmonic Distortion -
Less than 1% at full output. Output
impedance : 600 ohms. Calibration
accuracy : 1% or 2 cycles, whichever
Is the greater. Vernier Precision dials
and built in output meter 0-20 volts.
Suitable for use in sub-tropical
climates ; very stable under reason-
ably constant ambicnt temperature
conditions.

PRECISION
BUILT
INSTRUMENTS

BIRMINGHAM SOUND REPRODUCERS LTD.

CLAREMONT WORKS: OLD HILL, STAFFS. PHONE: CRADLEY HEATH 6212/3
LONDON OFFICE: 115 GOWER STREET, W.C.I. PHONE: EUSTON 7515

M-w.72

"2ONI INSTRUMENTS LTD
{
" Specialists in T
+rement for Communications ' i A

can now offer their

JWUTPUT POWER

METER
TYPE TF 540

SR S e el

!rument indicates directly the power  itself. Its technical efficiency is in the highest
' by an audio-frequency system into a  Marconi tradition. Full technical information
I external load provided by the Meter  available on request.

) MARCONI INSTRUMENTS LTD

ST. ALBANS, HERTS. Phone: ST. ALBANS 4323/6
Northern Office : 30 ALBION STREET, HULL. Phone: Hull 16144
ke: 10 PORTYIEW ROAD, AYONMOUTH. Phone : Avonmouth 438 Southern Office: 139 EATON SQUARE, LONDON, S.W.1. Phone * Sloane 8615

)
é
|

e
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QOverall Diameter . .

Power Handhing
Capacity .. 50w

The Goodmans Loudspeaker of to-day is the Flux Density

14,000 g
Jatest of a long line of imstruments, each the Total Flux ':.
. d-100ki 270,000 mazw
product of the same policy of forward-looking Weight .. .. 3
research and development adopted by the company
at its inception nearly a quarter of a century ago. N
Iy

The 18-inch model illustrated is a thoroughbred

q
? 1
that carries on the established Goodmans N S C |

WRCENY

oaa/s/beagersf

“tradition of excellence.”

GOODMANS INDUSTRIES LTD e LANCELOT ROAD e WEMBLEY e Mi]

)
1

—

ALL-POWER |

CONSTANT VOLTAGE AND CONSTANT CURRENT POWER SUPPW}

. . . . e . !
There is an ever increasing need for electronically stabilised Power Supplies for general Laborati
use and for inclusion in other electronic equipment.

i1
Whatever your requirement may be, whether for 10,000 Volts at a few milliamperes or for aI‘
Volts at 20 or 30 Amperes, the unrivalled experience of our design staff is at your instant ser¥

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

T

il
A
1

SPECIAL ELECTRONIC APPARE’%’

When your need is for something very SPEJii]
to meet a rigid and exacting performa?
specification, our Engineers can produce,.g
perfect answer quickly and economil?:

Let us quote for your |
special problems L

ALL-POWER TRANSFORMERS LI
8, GLADSTONE ROAD, WIMBLEDON, S
One of our Standard Models Tel. : LiBerty 3303 g
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SISTORS - CERAMICONS - HiK CERAMICONS
. SUPPRESSORS - POTENTIOMETERS
'TREOUS ENAMELLED WIRE-WOUND RES ISTORS

ERIE BESISTOR LIMITED

?LE ROAD - THE HYDE - LONDON - N.W.9 - ENGLAND
| COLINDALE 8011.4 TELEGRAMS: RESISTOR, PHONE, LONDON CABLES: RESISTOR, LONDON
1¢ LONDON ENGLAND TORONTO CANADA ERIE, PA., U.s.A.
/
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THE familiar buildings of the Royal Obser-
vatory house a proud and stable tradition of
British scientific accuracy . . . * Greenwich
Time '’ is never questioned.

Where stability, accuracy of capacitance
are essential requirements, Hunts Silvered
Mica Capacitors can be relied upon. They

also possess the advantages of initial low cost

TRADE MARK,

PROTECTED
SILVERED MICA

A. H. HUNT LTD. LONDON, S.W.18
Established 1901

4
]
_______——-—_"i
Of unfailing interest |,
visitors. to the Royl!
Obserygtory is the his
torical: plate let into t/
outer wall, carrying t!
pegs _which give t
master measurement §
the British Yard.

—

and also economical applicétion, the lightweigﬂ
construction allowing them to be used withc-'.
fixing holes or special mountings.

A range from 10 to 10,000 pF is availal

in a varietyof types and sizes — full deti!

upon request.

Printed in Great Britain for the Publishers, ILIFFE & SONS

by The Cornwall Press Ltd., Paris

Ltp., Dorset House, Stumford Street, London, S.EL

Garden, Stamiord Street, London, 8.E.1. |
jt
-Jj
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EDITORIAL

The Use of Analogies

that whenever he asked a question about

an electric circuit he was told to imagine
a pipe full of water, etc. He said that
he knew all about the pipe full of water
but wanted to know about the electric
circuit and he disapproved of being fobbed
off with hydraulic analogies. We were
reminded of this by some statements made
by Professor Livens in a recent paper* on
“The energy and mechanical relations of the
magnetic field "’ in which he criticizes the use
of magnetic and electric analogies as well as
magnetic and mechanical analogies, He
says, ““ The persistent adherence to a
supposed analogy with the electrostatic case,
which does not exist, and to frequently
fanciful analogies of the stress-strain type,
which have introduced more confusion than
they have saved, seem to have blinded to the
real solution those few authors who were able
to see clearly that there are anomalies in
the usual discussion, and the usual dimen-
sional treatiment which starts by assuming—
again on the basis of some supposed stress-
strain analogy—that the nature of the
vectors of force and induction in the field
must be different, has perhaps not helped
in any way to clear the air for a more satis-
factory treatment.”

This raises some interesting and important
points, especially for those engaged 1in
teaching. Electrical engineering differs from
mechanical engineering in that the student

*Phil. Mag. January 1945, Vol. XXXVI, p. 1,

SOME years ago a student complained

of the latter is dealing with concepts, such
as force, mass, deflection, temperature, etc.,
with which he has been familiar since child-
hood, whereas the electrical student 1is
introduced to a system of new and intangible
concepts, such as potential difference, electro-
motive force, current, magnetic induction,
etc. It is difficult to see how these can he
explained without the use of analogies ; the
obvious way of explaining new and intangible
concepts is by means of familiar and tangible
concepts. It is, of course, essential to
emphasize the danger of pushing -the
analogies too far; they should perhaps be
regarded not as analogies but rather as
parallel lines of thought. It is surely better
for a student to have even a crude mental
picture of what is happening in electric and
magnetic phenomena than to have no
mental picture at all, but to regard it all as
a collection of words and symbols. The
nomenclature of electromagnetism shows
that it was largely based on mechanical
analogies ; the words current, pressure,
tension, electromotive force, resistance, all
suggest mechanical lines of thought, and the
natural explanation of the unknown in
terms of the known. We disagree with
Professor Livens’ contention that analogies
of the stress-strain type have introduced
more confusion than they have saved; on
the contrary we think that the confusion
that existed a few years ago with regard to
B and H has been eliminated largely owing
to the application of the stress-strain line of

B
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thought, or, as some might prefer to call it,
the cause and effect line of thought. \When
current passes round a coil it produces a
magnetic field ; when a pull is applied to a
rod it produces an extension. The strain
produced at any point in the material of the
rod depends on the stress (i.e., the pull per
unit area at the point) and on a property of
the material. If one can assume that the
stress is uniform over the cross-section it can
be calculated by dividing the total pull by
the cross-sectional area. Similarly the mag-
netic induction B produced at any point,
say, in a mass of iron, must depend on some
cause which we call the magnetizing force H
at the point and some property of the
material which we call the permeability.
Instead of the total prime cause being
distributed over a cross-sectional area as the
pull is in the mechanical specimen undergoing
a tension test, it is distributed over the length
of a closed path. The prime cause in the
magnetic case is the current or ampere-turns
and the localized cause H is the current per
unit length—neglecting such details as 4.

Is Magnetizing Force a Force ?

Just as in the special case cf the stress being
uniform over the cross-section, the localized
cause is obtained by dividing the total cause
by the area, so, in the special case of the
uniformly wound toroid, the localized cause
H is obtained bv dividing the total cause,
viz. the total current cor ampere-turns, by
the length. In both cases one has the total
cause, the localized cause, and the localized
effect depending on some property of the
material, and we fail to see how such parallel
lines of thought—or fanciful analogies "as
Professor Livens calls-them—<can introduce
confusion or blind anyone to the real solu-
tion, We gather from Professor Livens’
paper that there is some confusion due
to a misunderstanding of the term ‘‘ mag-
netic force ”’ or ““ magnetizing force.”” When
one:refers to H as the magnetizing force
one does not use the word “ ferce ” in its
mechanical sense ; the unit of H is not the
dyne, although junior students sometimes
make the mistake and give a field strength
as so many dynes. It is true that H multi-
plied by a pole strength m gives a force in
dynes, but this only shows that H itself
cannot be a force in the mechanical sense.
When we speak of a magnetic force or
magnetizing force we mean the intensity of

January, 1947

the magnetizing cause acting at a .point.
When one speaks of the force of circum-
stances or the force of an argument, one 1s
using the word ““ force " to designate some-
thing that cannot be measured in dynes
and, although somewhat far-fetched, these
examples may serve as a warning against
regarding H, by whatever name it may be
called, as a mechanical force.

Cause (H) and Effect (B)

Now the mechanical force on a conductor
carrying a current or on a moving electron
depends on the magnetic induction or flux
density B in which it is situated and not
on the causative force H which produced
the magnetic induction. This fact has led
some people to suggest that B and not H
should be called the magnetic or magnetizing

force. In the paper to which we have
referred, for example, Professor Livens
says : ““ This last step in our thesis involves

a complete inversion of the roles of B and
H,” and again “ If this thesis is accepted,
then we must prepare for a complete in-
version of the whole of our traditional
notions on this subject, that is, of course,
if we admit that the claims of theoretical
consistency must ultimately take precedence
over those of traditional and almost uni-
versal and long standing practice.” Appa-
rently the idea is to refer to the magnetic
induction B as the magnetizing force and
te the magnetizing force H as the induction.
We cannot imagine for a moment that
Professor Livens expects his suggestion to
be adopted.

If instead of an iron toroid linked by a
current we have a dielectric toroid linked
by a changing magnetic flux, the magnetic
force or cause H is replaced by the electric
force or cause & which depends only on the
changing flux and the length of path and
is independent of the material of the toroid.
It is the causative force acting at any point
and its effect will depend on the material
of the toroid. I has been replaced by
d¢/dt and p by «. Surely nothing but good
can come from drawing the student’s atten-
tion to these parallel lines of thought:
it is one’s duty to do so. In each case one
can divide the effect into two parts, viz.
that which would exist in the absence of the
magnetic material or dielectric and that due
to its presence, thus getting the two formulae

B = pH + 4]
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and 47D = ko& + 4nP
in which J is the intensity of magnetization,
D the displacement and P the polarization

of the dielectric. Also
B
p= g7 = o t4mJ/H
and K=% = ko + 47P/&

For the energy per cm?® we have in one case
wH?87 and in the other «&28.

In view of these formulae it is difficult to
understand how anyone can complain of
the “ persistent adherence to a supposed
analogy which does not exist.” The paral-
lelism is so striking that it should be em-
phasized when teaching the subject, but
always with a warning that parallel lines
of thought and symbolism do not indicate
any physical likeness in the phenomena
involved. G.W.O.H.

DIPOLE WITH UNBALANCED FEEDER*®

By D. A. Bell, M.A., B.Sc.

N the course of their paper on ‘ Aerial
I Impedance Measurements ™’ L. Essen and

M. H. Oliver! mention that a half-wave
dipole can be connected directly to a con-
centric feeder cable without any great
impedance mis-match, but that they have
not investigated the symmetry of the field.

The complementary observations have
been made by the writer during the examina-
tion of directional aerials of the type com-
monly used for television reception, namely
a vertical dipole associated with a single
half-wave parasitic element. The aerial
under examination was connected to a
receiver, a low-power oscillator was set up
about 10 wavelengths away, and a polar
diagram of the aerial was measured by
rotating the aerial supporting mast about
its (vertical) axis and plotting received
signal strength against the azimuthal angle
of the aerial assembly. Two alternative
methods of connecting the aerial to the
receiver were available :

(i) Through screened and balanced twin
cable and a balanced coupling-coil to the
first tuned circuit of the receiver.

(i) Through coaxial cable and a coupling
coil having one side earthed and joined to
the outer of the coaxial feeder. The coaxial
cable was connected directly to the aerial, the
central conductor to one limb of the dipole
and the outer conductor to the other limb.

Preliminary tests with a simple dipole
failed to reveal any substantial difference in
signal strengths between the two feeder
systems ; but with the addition of a director
adjusted to give maximum suppression in the

*MS. accepted by the Editor, July 1946.

backward direction, the balanced feeder
gave a symmetrical polar diagram while the
coaxial feeder gave an asymmetrical diagram.
These are shown by the full line and dotted
curves respectively in Fig. 1. This asym-
metrical characteristic can produce a sharper
minimum than would otherwise be available :
but the exact shape of the characteristic is
likely to vary with aerial site and feeder
length, since 1t depends upon the ¢ vertical-
aerial pick-up " effect of the whole elevated
system and upon the impedance of the outer
conductor of the feeder.

Fig. 1. Polar diagrams of wvertical dipole and
divectoy with balanced (solid line) and un-
balanced (dotted line) feeders.

A balanced aerial should preferably be
connected to a coaxial feeder through a
balancing device, of which the simplest form
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is the quarter-wave ‘“sleeve ”” as shown by
Essen and Oliver in their Fig. 8 a.nd the
equivalent circuit shown in Fig. 2 gives an
idea of the behaviour of a centre-fed hall-
wave dipole connec-
ted in this way. The
symmetrical ~ dipole
is represented by a
source of em.[. E,
at the centre of a
resistance of 76 ohms
total value, and the
terminals A, B of the
dipole are connected
to a feeder which is
assumed to be of 76
ohms characteristic

Fig. 2. Equivalent
circuit  of dipolz
aerial.

impedance and non-reflectively terminated :
so far it makes no difference whether the
feeder consists of balanced-twin or coaxial
cable, and no ** earth ” has been introduced.
Practical dipoles, however, are not mounted
in free space but usually near an ‘‘ earth,”
whether this be the surface of the ground,
the body -of -an aircraft, or the general
structure of a tower on which the aerial is
mounted.

Now it is well-known that an elevated
conductor connected to earth by a wire
constitutes an aerial system : an alternating
current can be established in the wire by a
radio wave, and this current can be detected
by a suitable instrument as shown in Fig.
3(a). Moreover, it is known that this pheno-
menon can be represented by an equivalent
circuit of the type illustrated in Fig. 3(b),
where the aerial is replaced by a voltage
generator E in series with an “ aerial imped-
dance ” Z,,. Returning now to the dipole,
when associated with a feeder cable going
down to a receiver situated on the ““ earth ”
each limb of this is equivalent to an aerial
of the type of Fig. 3(a), and according to the
equivalent circuit of Fig. 3(b) this fact is
indicated in Fig. 2 by adding the generators
E, and E’, each in series with an appropriate
impedance Z,, Z’,. Since the two limbs are
similarly situated above the earth, the two
generators will be in the same phase, and so

long as the load connected between A and B
is balanced to earth, they will introduce no
net difference of potential between these
terminals. But if, for example, terminal B
were directly earthed, the generator E, would
be connected in series with Z, and the load,
and would cause a voltage to appear across
the load: i.e., across the receiver input
circuit. ‘
In most cases the outer of the concentric
feeder is earthed at the receiving end of the
feeder. not at the aerial end, and the impe-
dance to earth presented at B is then a
function of feeder length : for odd multiples
of A/4 it is very high and for even multiples
very low if the transmission line made up
of cable outer and earth is of low loss. In
practice, there is likely to be considerable
loss due to the waterproof covering over the
outer of the cable and to miscellaneous
objects between cable and earth ; but it 1s
perhaps worth noting also that Schelkunoff?
has given figures for the input impedance
of an infinitely long conductor in free space,
and for television feeder and frequencies as
used by the writer it is of the order of 500
ohms. Since losses will damp out any
resonance effects, it secems probable that
the impedance to earth presented by the
length of outer conductor of the coaxial
feeder would be of the order of 500 ohms.

Fig. 3, Vertical effect with a dipole

aerial (a) and its equivalent circuit (D).
Zae

E )1

()

(v)

This 1s the impedance represented by Z; in
Fig. 2, and two deductions can be made from
the magnitude assigned to it: (i) So long
as the load impedance between A and B is
small compared with 500 ohms, the generator
E, is likely to produce only a secondary
effect, and (ii) any impedance (such as that
represented by L, C in Fig. 2) which mayv be
added in order to reduce this effect must be
appreciably greater than 500 ohms. The
resonant-line analogue of the parallel-
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resonant circuit I, C of Fig. 2 1s a short-
circuited quarter-wave line, or in other words
the quarter-wave “sleeve "’ on the outer of
the concentric cable to which reference has

N
N

—
-, —

s

Fig. 4. Quarter-wave balancing sleeve.

alreadv been made, and which is illustrated
in more detail in Fig. 4. As an alternative to
the general explanation that a short-circuited
quarter-wave line presents a high impedance
at the open end, the mode of operation of the
sleeve may be interpreted as follows. Assum-
ing the sleeve to be a perfect conductor, it
will act as a screen so that any current in

the cable produces no external field ; and
this implies that for any current 4; down the
conductor 1 (the outer of the coaxial cable),
there must be an equal and opposite current
—4, along the inside of the sleeve, and these
currents will balance at the closed end of the
quarter-wave so as to leave no net ¢ urrent to
flow down the remainder of the feeder. The
resonance of the quarter-wave is necessary to
minimize the unbalancing of the dipole due
to attaching this impedance to one limb of
it but not to the other. (There are more
elaborate balance-to-unbalance transformers
which maintain a higher degree of symmetry
but also function as * stubs’ in parallel
with the balanced circuit.)

This note is based on work carried out in
the Research Laboratories of . C. Cossor
Itd., and acknowledgments are due to
Mr. L. H. Bedford, Director of Research,
and to other members of the Research Staff
with whom these questions have been
discussed.
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THEORY OF THE EQUIVALENT DIODE"

By G. B. Walker

(The Mullard Radio Valve Co., Ltd)

SUMMARY.—The theory of the equivalent diode is discussed and a new method, based on
electrostatic considerations, is suggested whereby the equivalent diode can be uniquely

determined.

Introduction

HE “ equivalent ”” diode is a concept

which has always lacked a precise

definition, and like some other concepts
in electronic engineering has taken on a
different colouring to suit the taste of the
user. The importance of the concept lies in
the fact that it makes a rough calculation of
the current passed by a triode possible, but
there can be no doubt that if the physics of
the triode were more simple the concept
would never have arisen. One might be led
to believe, therefore, that the equivalent
diode is no more than a useful device,
essentially arbitrary and having no real
existence, but we feel that the logic of the
question still merits consideration.

* MS accepted by the Editor, June 1946.—

The supposition that a diode can be
constructed which will have the same
current-voltage relationship as a given triode
has a practical basis in the discovery by
Van der Bijl! in 1913 that for a limited range
of applied voltages the current passed by a
triode obeys the empirical law—

I=k(V,+uV, +eF - (1)
k, 1, € and B being constants.

The form of this law, in which the applied
voltages are combined in a linear term,
together with the experimental fact that B
has a value in the neighbourhood of 3/2
indicates that over the limited voltage range
a triode behaves as a diode. This is the only
justification for an attempt to form the
conception of an equivalent diode but we
must appeal to theory for aid in advancing
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the matter. It is at this point that a
divergence of opinion occurs.

The Electrostatic Approach

The favourite approach to the question,
and in the writer’s opinion the most con-
sistent, as will be shown later, is to postulate
that a diode is equivalent to a triode if, when
the cathode is cold and no current is flowing,
the off-cathode electrostatic field strength is
the same in both valves. Let us examine
this requirement for the case of a triode
having planar electrodes.

The average value of the off-cathode field
strength in the absence of space current can
be written—

F=teltk?,
. @ T pg
where ¢ is the spacing between cathode and
grid and a is the spacing between the cathode
and anode. u is the amplification factor of
the valve calculated on electrostatic grounds
and depending only on the geometry of the
valve.
For the equivalent diode wé can write
T2 a

)__—d—- "E o i N (3)

where d is the spacing between cathode and
anode.

Thus
Vo _Vo+uV,
d a+ ug

This equation is insufficient to determine
both V; and d, so let us write

Vt = O((Va al f"Vg)

d = afa + pg)
\n{here & 1S some, so far undetermined,
dimensionless constant.

Now the current passed by the diode is
&
= 234 x 10~ /22

(omitting the term ¢ in (1) which takes
contact-potential differences into account),
and so for the triode we have

(Vo + V)5

_ «la + ugl®
The difficulty now is to evaluate « or, which
is the same thing, find the Proper spacing in
the equivalent diode. Many plausible though
divergent arguments have been given which
need not be discussed here.

and

I =234 X 10—

Most writers give it the value 3, {(c.f. Dow?

“
and Benham3), the latter coming to this
decision after considering no less than six

There can be no doubt that in
value should be in the

T
neighbourhood of - as'current measurements

alternatives.
most cases the

on a triode will cgnﬁrm, but let us examine
what happens when u tends to zero. In the
limit this is equivalent to the removal of the
grid from the valve and we can deduce,
therefore, that the current passed should be

2
(]

v
I =234 X 10— 2

; . 7
whereas according to (7) if ¢ = ~ and u tends

to zero I vanishes!

The Current Approach

To obviate the difficulty in determining «
and at the same time to pay greater attention
to the behaviour of space charge in the valve
some writers have rejected the electrostatic
approach. We shall now examine an
ingenious method given by Fremlin4 which
illustrates the essential features of the
current approach.

Fremlin accepts the expression

I =%k (V,+ puV,:k e is (9)
and evaluates % in the following way.

If the grid of the triode is removed the

anode current is,
I/

==

a

— —6
I =234 X 10 pE

or I3
= p— o, 4B (x0)
(2.34 X 10798
The potential at the plane where the grid
was, 1s
v, = 1 (1)
7 (234 X Iu—ﬁ)?sg o o

and so if the grid is replaced and maintained
at that potential no change should occur in
the current passed by the valve. Thus, by
substituting (10) and (11) in (9) he obtains

I3 at I8 o} 1
I=kF|___ """ ——_ "0 w=
@31 x 0% Faapx ro—S)%J
—6
or b ?.31. X 10

[ 4 gt 3
(VatpVeo?
ot 4 pugd 2
Apparently the equivalent diode has
disappeared from the argument, but if we
compare expressions (12) and (7) we see that
in Fremlin’s treatment « is given the value
lax + pgd]®.
la - pgj*
define an equivalent diode.

and so I = 2.34 X 10~ (12)

In this way it is possible to
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Critical Discussion

Let us examine the implications in the use
of the $-power voltage law.

It has been shown by Langmuir and
Compton® that the current passed by a
diode, irrespective of the shape of the
electrodes, is proportional to the £ power of
the anode voltage on the one condition that
electrons leave the cathode with no initial
velocity. In the proof the fact emerges that
the potential at any point in the field Is
proportional to the anode voltage. It cannot
be disputed, therefore, that Fremlin’s formula
for the current passed by an ideal triode
(ideal in that there is no emission velocity)
is correct, but only for values of grid and
anode voltage such that ;—" = (é}d

a =
For the law (1) to have any practical value
it is essential that ¥, and V, can be varied
independently, or to put the matter other-
wise, it is essential that p is constant. Now
in a valve, u is approximately constant only
under two conditions :—

(1) that space charge 1s negligible in the
region between the grid and the
anocde, and

(2) that the disturbance of the electric
field by the wires of the grid does not
extend so far as to cause field
irregularities at the cathode.

We can assume that condition (2) is satisfied
in Fremlin’s case but condition (1) is certainly
not. Infact it is necessary for him to suppose
that space charge is “saturated”” between the
grid and anode. This is undoubtedly a
weakness in his position. From a practical
point of view the part of the triode charac-
teristic which most nearly conforms to
Van der Bijl’s empirical law corresponds to a
range of grid voltage in the neighbourhood
of zero. In this range p is hardly affected
by space charge and here only is it legitimate
to combine the grid and anode voltages in a
linear term.

A New Suggestion

To summarize the position at which we
have arrived, we may say that law (1) applies
only when it is impossible to tell whether the
valve is a diode or a triode by observing the
field at the cathode and when space charge
has a negligible influence on the field beyond
the grid. Now in the electrostatic approach
we postulated that in the absence of space
charge the electric field strength at the
cathode must be identical in the triode and

equivalent diode. Let us postulate further
that the variation in that field strength with
a change in cathode voltage is also the same
for both. This is not a new fact but is a
fuller statement of identity.

In the general case, the field a ithe triode
cathode can be written as a linear function
of the applied voltages as follows :—

F = A[(Va " Vk) st :U'(Vg — Vk)]
and for the diode

Fr = A'(Vy— V3
where A4, A’ and p depend on the valve
dimensions only. In addition to the condition
Ja —=E
YF dF

we have also NG = ST/—]

thus A[(Ve — Vi) + sV, — V]
= A'(Va — V)
and A(1 +p) = A4’
Writing V , = o we obtain
Vy= 117 i :U'Vy]/(l + :U')
oro = I/(I + p

and the corresponding expression for the
current with planar electrodes becomes

V14 p Ve + sVl
lo + pgl?
Like Fremlin’s result this expression Iis

correct when p tends to zero or infinity.
In practice p is rarely less than 3 and so the

departure of A/ . _’L:

H

One point in favour is that the ‘ electro-
static ’ p is used and the formula is restricted
to the range in which the true up and the
electrostatic p coincide.

The principal difficulty in obtaining ex-
perimental verification of these formulae is
caused by the neglect of emission velocity.
It is to be noted, however, that the equivalent
diode as deduced by the last-mentioned
method is unique whatever the emission
velocity may be.

I =234 X 10"

from unity is small.
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DESIGN OF CONSTANT IMPEDANCE
EQUALIZERS®

By A. W. J. Edwards, Dipl. Ing., A.MILE.E.

(Formerly of the Engineer-in-Chief's School, P O. Eng. Dept.)

SUMMARY.—Some useful properties of inverse networks (as used in line equalization)
are deduced and applied to the development of simple practical design procedures involving
no calculations when suitable test equipment is available.

1. Introduction

HE method suggested in this article

applies te all bridged-T, 7] and L

networks fulfilling the condition that
a X b=2Zy> where a and b aré the im-
pedances designated as such in Figs. 1(a),
(b), and (c), and Z, is the iterative impedance
of the respective network. So far as the
bridged-T network is concerned a modified
form is sometimes employed where the
branch impedances shown as Z, in Fig. 1(a)
appear modified by the factor rjc. A net-
work of this kind [shown in Fig. 1(d)] cannot
be treated directly by the method to be
developed. It will, however, be shown in
the appendix that this network is obtained
from the one of Fig. 1(a), for which ¢ = 1,
by a simple star-mesh transformation.
. Lattice networks can be treated by a
modified version of the suggested design
method, which will also be discussed.

* MS. accepted by the Editor, May 1946,
I O o I al a 3
4
Lo —™ Z, Zy Zo
2 o—
2
(a)

Zo

njs

2. Theoretical Basis of Design

The theoretical basis of the design can be
represented in the form of three propositions,
for which proofs will be given under 2.2.

2.1. The thrvee principles of the design

I(a). A bridged-T network with ¢ =1
can be converted into an ] network of the
same ‘iterative transfer coefficient and the
same iterative impedance by short circuiting
the Z, arm next to the output terminals of
the network.

I(b). A bridged-T network with ¢ =1
can be converted into an L network of the
same iterative transfer coefficient and the
same iterative impedance by disconnecting
the Z, arm next to the output terminals
of the network.

These two rules obviate the necessity of
treating the three networks separately.
The 71 and the L network are simply
viewed as derivatives of the bridged-T
network.

Fig. 1. Bridged-T and
the equivalent bridge
networks ave shown
at (a), with ~} and
L networks at (b) and
(). A modified form
of (a) appears al (d).

(b)

(¢) (d)

ettt e o
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[I(a). If the shunt arm of a bridged-T
network with ¢ = 1 is connected in series
with an impedance equal to the iterative
impedance of the network, the natural
logarithm of the vector ratio of the voltage
across both, to the voltage across the shunt
arm is equal to the iterative transfer co-
efficient of the whole network.

The following is a dualistic restatement
of the above and is only given for the sake
of completeness.

If the shunt arm of a bridged-T network

with ¢ = 1 is connected in parallel with an
impedance equal to the iterative impedance
of the network, the natural logarithm of
the vector ratio of the total current to the
current in the iterative impedance is equal
to the iterative transfer coefficient of the
whole network.
II(b). If the significant series arm [i.e.,
o’ in Fig. 1(a)] of a bridged-T network
with ¢ = 1 is connected in series with an
impecance, equal to the iterative im-
pedance of the network, the natural loga-
rithm of the vector ratio of the voltage
across both to the voltage across the
iterative impedance is equal to the iterative
transfer coefficient of the whole network.

Restating the above :

If the significant series arm of a bridged-T
network with ¢ = 1 is connected in parallel
with an impedance equal to the iterative
impedance of the network the natural
logarithm of the vector ratio of the total
current to the current in the series arm is
equal to the iterative transfer coefficient
of the whole network.

The first forms of statements II(a) and
I1(b) are the basis of the new method.

IT1. A bridged-T network with ¢ = 1 can
be converted into a lattice of the same
iterative impedance and iterative transfer
coefficient if the impedance of its shunt arm
is doubled, placed in series with an impedance
equal to the iterative impedance and used
as one of the four branches of the lattice;
the branch adjacent to it is then found by
halving the impedance of the significant
series arm of the bridged-T network and
placing it in parallel with an impedance
equal to the iterative impedance.

This rule enables the method to be ex-
tended to lattice networks.

o

2.2. Proofs for the three principles employed.
I{a) and I(d)

The bridged-T network of Fig. 1(a) can

be redrawn as a bridge in the manner shown.
The condition for balance of this bridge is
a X b= 72, if this condition is fulfilled
the current and voltage distribution in the
remainder of the network will be unaffected
by the value of the “ galvo-arm.”” If the
latter is short-circuited Fig. 1(b) results,
if open circuited Fig. 1(c). The only purpose
of the impedance Z, [terminals 4 and 3 of
Fig. 1(a)] is to make the network symmetri-
cal.

It remains to prove that the condition
a X b= 7,2 furnishes iterative networks
which can be used as equalizers.

Consider Fig. 1(a) and assume ferminals
4 and 3 to be open-circuited. This is per-
missible in the light of the above. The
input impedance between terminals 1 and 2
will be

e+ Z)b 4+ Zy)

2w =" ¥ p 122,
Cab 2o+ L £ 2y
DR
but ab = 7%,
g IRt 2+ Laa + 2y
T T 2, +a+b

22y +a+b iy

This proves that the input impedance of
all three networks is the same as the load
impedance if a X b = Z?; they are there-
fore suitable as equalizers. Normally Z,
will be independent of frequency and purely
resistive. The reasoning employed 1s, how-
ever, still valid if Z, is a function of frequency
and has an angle, so long as the product
a X bis made equal to Z,? at all frequencies.

II(a) and I1(b)

In view of what has been said before, it
is clear that the iterative transfer coefficient
is the same for the three networks. It can
easily be found in terms of Z, and a or 7,
and & if, for instance, terminals 4 and 3
Fig. 1(a) are considered open-circuited.
The well-known expressions for a and b
follow readily and are given here for refer-
ence :

b 2 s a=Zye — 1

e —1’
where 6 is the iterative transfer coefficient
of the networks.

If now branch b is placed in series with
Z, as shown in Fig. 2(a), the ratio of the
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applied voltage.to.the \}pltage across b is

given by :— 7 o
Vi_Zatt_ 7/, _40>/(_7\
Ve, b _<40+66—I (\ A(;)

:‘(}OZC”L[Q ~ -

Similarly for branch «, Fig. 2(b). The ratio
of the applied-voltage, to the voltage across
Z, is given by o o
V' Zyta_ ZoF Tl —1)
Voo Z ' A
= ¢ = ¢’ ng“
where « Is the attenuation of the complete
network in nepers and g its phase-shift in

radians. )
A : T A T
Z, Vs B S v
v, 4* v’ 4
v, v
‘ — Ry
(a) (b)
Fig. 2. Basic civcuits used in determining the
networks “ a” and b -
111

The well-known expressions for the two
arms of a lattice network are" :

s =, tanhg and Z, = Z, coth g where

Z, and Z, are the impedances so designated
in Fig. 3. o :
This can be rewritten as
o _. 0
-l and Z, = 7,5 I

Zl_ZOa"—i—I 0 —1-

It follows from these expressions that Z,
can be considered as consisting of Z,(¢® — 1)
in parallel with a similar impedance and
both in parallel with Z,,.

The proof is simple : ,

~ Zy(e® — 1) in parallel with Zy(€® — 1)

_ Zy(e? — 1)
7

Zy(e® — 1) |
2o = 1) in parallel with Z,

_ ZPE —1) T, =1
C Zo® —1) §2Z, “°@ ry’
Similarly the branch Z, can be con-

sidered as consisting of Z,

. .

- In series
e — 1

with a similar impedance and both in series
with Z,,. _

: The signiﬁcant elements of this type of

network are therefore- equal to Z (e — 1)
and Z, b I__
by the method discussed (see section 3.3).

3. Practical Design Procedure .
3.1. To -meet given attenuation vequirements
Considering Figs. 2(a) and (b) and applying
Principles I1(a) and (b) we get
L o and-V—, =¢f:
: - V2 _ . 8 l/// . )
if only the moduli of the two vocltages are
of interest we can write : |
1V 1
—— = ¢* and —;,
Vs |V
If actual measurements are carried out
the voltmeter used will, of course, ignore
the angles. If instead of a voltmeter a
transmission measuring set if employed the
readings corresponding to V, and V, will be
V5] Vsl
|Vl |Vl
tively, if V5 is the reference voltage and the
set is calibrated in nepers. _
The difference between the two readings
is then : :
IV1| —lo

.respectively and can be found
I N

= ¢* .

. .

M =log, -and m = log, respec;

Vel

M — m-=log, IVl
|Vl
|V

In other words the difference between the
two readings gives the attenuation of the
bridged-T or of the L network of which &
forms a part, in the units in which the set is
calibrated. Similar considerations hold for
branch 4 and the voltages ¥’ and V"

This enables us to ~
find the component
values of, say, branch
b experimentally. All

|V al

:-loge =log, ¢* =a

Basic lattice
network.

. Fig. 3.

that is necessary is to adjust the com-
ponents until M — m is equal to the desired
attenuation of the complete network at all
frequencies - of importance. The branch «
is then found by carrying out a similar
adjustment, or, for preference, simply by
making it inverse to » with respect to R,
following the well-known rules for networks
which are inverse with respect to a constant
resistance.
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As an example, the detailed procedure
for the adjustment of an equalizer suitable
for a lump-loaded line is discussed in
Appendix II.

3.2. To equalize a given line

If the line for which the equalizer is in-
tended is accessible, a more elegant way of
carrying out these adjustments is possible
and was suggested to the author by Mr.
H. ]J. Orchard, of the Engineer-in-Chief’s
School, P.O. Eng. Dépt.

] ]
: ! [
] ! ]_ 1
' j : }
! 1 osciLiator > i '
[} 1 1
1 T
j
i ' |
1 1 [}
3 ]

(a)
Fig. 4.

In practice it is more convenient to employ
the circuit of Fig. 5 which enables us to find
the arms of the lattice directly. It has been
shown that the arm Z, of the lattice of

Fig. 3 (equal to Z,coth g) can be considered

as consisting of an impedance equal to Z, in

. : . . T
series with an impedance ¢ =2 X £y 5—— -
o9

Applying the basic idea of Proposition II
T PRI

to this circuit it follows that ﬁmi 2

(b)

Circwit in (a) shows method of determining '“b" arm of equalizer for line "I which

is. available for test. Equivalent electrical circuil is shown tn (0).

The circuit of Fig. 4(a) is set up, where /
is the line for which the equalizer is to be
adjusted and P is an attenuator of say,
10 db, to mask any deviations of the output
impedance of the amplifier from its design
impedance.

Provided the design impedances of the
attenuator and associated amplifier are equal
to the iterative impedance of the equalizer,
the equivalent circuit of this arrangement,
shown in Fig. 4(b), is identical with the
circuit previously used.

Inspection of Figs. 4(a) and (b) shows
that E [the equivalent e.m.f. in Fig. 4(b)]
when expressed in db will vary with fre-
quency by exactly the same amount as that
by which A (the line attenuation) varies
with frequency, if a constant input is applied
to the line and the amplifier gain is assumed
to be flat with frequency.

Since E in db corresponds to M in section
3.1 and in Appendix II, it follows from the
results obtained in this section that the
components in 4 should be adjusted so that
m [the reading of a db meter, Fig. 4(a)] is
the same at all frequencies and equal to the
value obtained at the highest frequency.

3.3. Lattice networks

Principle III points the way to an experi-
mental design for lattice networks. One
could, of course, simply find the arms a
and b of a bridged-T network having the
same iterative parameters as the desired
lattice and convert to the lattice afterwards.

where o is the attenuation of the complete
lattice, VX is the voltage applied to this
experimental circuit and VX, the voltage
across ¢, is the “significant” part of the
lattice arm. Therefore ¢ can be found
experimentally in the usual manner and is
then placed in series with an impedance
equal to Z, to furnish the complete arm of
the desired lattice.
The other arm of the
lattice can be found in
an analogous manner
or better by recipro-
cation.

Fig. 5. Circuit used in
finding the avins of a
lattice nelwork.

\

3.4. Inverse networks not of constant-re-

ststance.

Networks of the bridged-T and L type
whose impedance is not constant with fre-
quency can be designed by adapting the
above method.

It will be necessary to design a two-
terminal network first, whose impedance-
frequency response follows the desired law.
This network is then used in place of R,
either in actual experiment or for theoretical
investigations. Let the impedance of this
network = Zy(w). The branches a and b will
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now be inverse only in the wider meaning
of the word; ie., the product a X b will
still be equal to Zy?, but as Z,2 is not constant
with frequency and may have an angle,
reciprocation cannot be carried out by
following the simple rules which apply to
constant-resistance networks. Two ways
out of the difficulty offer themselves.

One can either find both networks'a and b
separately by means of a method similar
to the one discussed, or else find one net-
work first and determine the other by means
of the bridge circuit of Fig. 6.

In the first case one network, say b, is
obtained by finding a suitable configuration
and its component values such that }—Ei} [Fig.

2
2(a)] follows the desired law, a record also

.|V .
being kept of the ratio ll—V—lll at the different
3
frequencies.
OSCILLATOR

Fig. 6. Bridge circuit used in the deteymination
of networks which ave not of constant-resistance

type.

But now —:;—1 must be equal to —I;?[Fig.
2

2(b)] both with respect to modulus and angle.
The angles of the voltage ratios represent
the phase-shift of the ultimate network.
We are no longer dealing with constant-
resistance networks, where the angle of a
need not be considered, as it automatically
becomes equal and opposite to the angle
of b by the process of reciprocation. Having

Vv
kept a record of —V—l one could now find a

i 3
- configuration for a (which will not simply

be inverse to & in the narrower sense of the
word) and adjust its components until
VI_Il e W
77 = [Vl Ty
frequencies of consequence, this will make
the angles of the two networks equal, but
they may still have the wrong sign,
which would have to be decided from
Inspection.

This method is cumbersome and the use
of the bridge circuit of Fig. 6 recommends

itself. Once one network, say b, has been
found by paying attention to the modulus

of I—/—l only, the network is inserted in the
bridg2e. The configuration and component
values of a are then found by adjusting
until the bridge is balanced over the pre-
scribed range ; a X b will then be equal to
Z,2 at those frequencies.
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. \ APPENDIX I
1. Derived >’ bridged-T networks

The completed branch b of a bridged-7 network
(¢ = 1) will normally contain a series resistance
R which, in conjunction with an inverse shunt
resistance S of branch a determines the basic loss
of the network. The remainders of the branches

a and b are shown as 4 and b [see Fig. 7(a).]

In order to save one resistor a transformation
from mesh to star can be carried out according to
Fig. 7(b), where %, 2" and p are the branches of a
star replacing the mesh consisting of §, R, and R,’.
Resistor p is of course combined with R in the
practical execution of the network as in Fig. 7(c).
The values for 2 and p follow from the star-mesh
transformation theorem and are given by :—

- 2
PV RS L p = R, _ S
2R, +-S 2R, + S R,
Resistance % is identical with %’ of the bridged-T
network shown in Fig. 1(d) and mentioned in the
introduction to this article, while » + R constitute
2—1 '

2¢

k .

’

the resistance 7, . The proof of this will be

given later.

A Dbridged-T network with ¢>1 is therefore
obtained by first designing a bridged-T network
with ¢ = 1, subsequently using the above star-
mesh transformation.

It is equally permissible to carry out a trans-
formation from star to mesh, replacing the star
formed by R,, R, and R of Fig. 7(a) by a mesh.
Combining the horizontal branch of this mesh
with S furnishes another derived network with a
saving of one resistor, There seems, however, to
be no advantage in this method over the transforma-
tion from mesh to star.

Perhaps it should be mentioned that, although
the derived bridged-T networks have the same
iterative parameters as their prototypes, it is not
permissible to short-circuit or open-circuit %’ in
order to obtain an 7] or L network in the manner
in which Z’ was treated in the case of the basic
bridged-T network.
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2. Conmnection between conventions wused wuntder I
and notation employing the factor c.

R
By definition letk=—£; then ¢ = -7“9
R,S . 2R, + S
butk— 2—120——_*_5, L= S ’

set up, consisting of a variable frequency oscillator
S, a level measuring set, in ‘‘ through level”
position U* a resistance R, equal to the design
impedance of the equalizer and variable com-
ponents L, C, and R forming the branch b of the
equalizer under consideration.

The dashes in the subsequent expressions indicate
conditions at different fre-
quencies, one dash for the values
at the highest frequency of
the band considered, two dashes
for the lowest frequency.

Let .1 be the attenuation, at
any frequency, of the line for
which the equalizer is to be
designed.

Let M be the voltage, ex-
pressed in db, applied to the
experimental circuit, at any
frequency, as indicated by the
dashes.

Let m be the voltage, ex-

S 3
Ro ; ;; Re {

i
P
k=k'

(b)

Fig. 7.
is used lo save a component.

It will be noted that this explains why passive
networks with ¢ < 1 are physically impossible.

: - R .
No\v.—-p+R__2Ra+S+R’
but RS = R,? and R=‘RS°_~
: R BE
Pt R R st
_ p 2RSH 2R _ o 4R:HARS
O RS+ S T "4R,S + 282
CRS:
— (2Ry + S)2 — S* _ » Sz
T 7 202R, + S)S T 2R, 4+ S
butc:ﬁ‘_s
: R ¢—1
L p+R=Ry . —

This establishes the identities mentioned under (1)
of this Appendix.

APPENDIX II

Detailed Design Procedure of Bridged-T Equalizer
suitable for a Lump-loaded Line

The design is commenced by concentrating on
branch b [Figs. 1(a), (b) and (c)].
For the adjustment of & the circuit of Fig. 8 is

In the derived bridged-T network a star-mesh transformation

pressed in db, measured across
the branch b of the network
under construction, at any
frequency, as indicated by the
dashes.

Let 1 be the desired attenu-
ation of the network at any
frequency, as indicated by the
dashes.

Normally 4 will be greatest
at the highest frequency con-
sidered. The equalizer network
will, however, have a ‘' residual
attenuation '’ of n’ at this fre-
quency. The equalizer must be
so designed that the total
attenuation of the line plus
equalizer is 4 7’ at all
relevant frequencies.

First the frequency of the oscillator is set to
the highest frequency considered and the tuned
circuit adjusted until M’ — w’ s a minimum,.
This furnishes n* = W m’, the value of R being
of no practical consequence at this stage.

The oscillator is now set to the lowest frequency

R

e | ey

)

=T
i

Fig. 8.  Cireuit used in delermiming the con-
stants of an equalizer for a lump-loaded line.

considered ; the attenuation n” required at this
frequency is
(A" 4 n') — A" = M"* '

* A level measuring set is said to be in ** through level ** positon
if the conditions set up in the inslrument ase such that the im-
pedance between its terminals can be considered as infinite,
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i adj {il M” — m” = (4’ adjusted in such a way that m is numerically equal
-i—lf’b’\ls— tgsrefore iR FRBE o ( to ]the desired attenuation at all frequencies.
)y — A7,

The correct attenuation at intermediate fre--

. . L .
quencies is obtained by altering the ratio Mo without

altering L x C in such a way that M — m = (4’
4+ n’) — A within the required tolerance at all
relevant frequencies.

As M is adjustable at will the work can be made
easier by keeping M to zero db at all frequencies.
In this case the above 'expression becomes :—

0 —m=(Ad"+n)— 4
In other words the components of b are then

Perhaps it is still speedier to make M negative
and numerically equal to 4 at all frequencies, then
—d —m= A+ n) -4
L= — (d” 4 n’) = a constant.
This means that all that is necessary in this case
is to adjust the tuned circuit at the highest fre-
quency until m’ becomes a (negative) minimum,

and then carry out all subsequent adjustmepts in
such a way that m remains constant within the

tolerances allowed.

CLASS B AUDIO-FREQUENCY
- AMPLIFIERS®

o By F. Butler, B.Sc, AMIE.E.

SUMMARY.—Distortion caused by the variable input impedance of an amplifier in
which grid current flows during a part of each cycle of the driving voltage is reduced by the
use of an output stage having an input impedance which is very low at all values of signal

amplitude.
comparatively small.

In this case, the additional parallel loading represented by grid-current flow is

An earthed-grid, cathode-coupled amplifier has the desired characteristics and has the
further advantage that although it requires considerable excitation power, a large proportion

of this appears as useful output.

The division of power between the final and penultimate

stages is of special importance in the design of high-power modulators, in which it may be
difficult to secure the desired output from a single stage.

1. Introduction-

T audio frequencies, the input imped-
ance of a conventional triode amplifier
is almost infinite, except when the

amplitude of the excitation voltage exceeds
the standing negative grid bias. The inter-
mittent flow of grid current then constitutes
a variable loading on the driver valve, and
unless the voltage regulation of this stage is
exceptionally good, amplitude
becomes serious, due to the clipping of the
crests of the positive half-cycles of the
driving voltage. Abrupt changes in input
impedance also tend to cause undesirable
transient oscillations, or “ringing”, often
difficult to suppress.

Negative feedback can be used to lower
the output impedance of the driver valve,
at the expense of a corresponding reduction
in stage gain. Alternatively a step-down
driver transformer may be employed, its
turns ratio being subject to the restriction
that adequate excitation for the output
valves must be available without excessive

distortion in the penultimate stage. For the.

*MS. accepted by the Editor, May 1946.

distortion .

best results, the output: power from the
driver must be greatly in excess of the
minimum excitation power requirements of
the final amplifier, the balance being dissi-
pated in a dummy load.

An examination~of the properties of the
earthed-grid, or cathode-coupled, amplifier
shows that it is almost ideally suited to
operation under Class B conditions. In the
first place, its mean input impedance is very
low at all values of signal level, and, in
comparison, the maximum variations due to
intermittent grid current flow are negligible.
Moreover, the high excitation power required
Is not entirely dissipated as in the conven-
tional system. By proper design, a large
fraction of the driver output can be trans-
ferred to the final stage. In the case of high-
power amplifiers or modulators, the contribu-
tion from the driver reduces the requirements
from the final stage and thus simplifies
design. : N

2. Cathode-inpuf Ainpliﬁer

. Fig. 1 shows a triode driver 7, coupled to
an earthed-grid amplifier V. Replacing the
actual .valves by their equivalent generator
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circuits and restricting the analysis to linear
conditions, equations may be derived for the
overall stage-gain, the final power output
and the requisite output from the driver
stage. The case of impedance coupling will
first be discussed and the necessary modifica-
tions for ideal transformer coupling will then
be given.

Replacing the actual circuit of Fig. 1 by its
electrical equivalent, shown in Fig. 2, the
network equations may be derived.

Let E = input voltage to V.
E, — equivalent generator e.m.f. of V, =y ,E.
iy, iy = mesh currents in the network.
R, = anode slope resistance of V.
we = amplification factor of V.
effective anode load impedance of V,
excluding the input impedance of V.

7, and z, in parallel.
= load resistance of V,.

slope resistance of V,.

amplification factor of V,.

, = K1 + R,.
grid-cathode potential of V,.
voltage drop across the impedance 7.

'?,; nkjkj

'3
B

©

€

= ﬁnai output voltage.

Applving Kirchhoff’s laws, it can be shown
that the ratio of the output voltage £, to
the equivalent generator voltage E, of the
driver valve is given by :

EO ) (4 1) Ry

< ML P S
Ev Rot2 LRyt (o + 1)
R,

The overall stage gain E(/E is obtained by
substituting, in equation (1), E pok.

=

Fig. 1. Basic circuil of a cathode-inpul stage
and its driver.

The terms of this equation have been
grouped in such a manner as to stress the
physical significance of each. First, there is

a reduction of gain below the theoretical
maximuin, due to the finite value of the load
impedance z, the extent of the loss being
settled by the relative magnitudes of load
and valve impedance in the first amplifier

R
stage. The term (u + 1) R \—?zz represents
o T

an increase of effective valve resistance
caused by impedance in the cathode circuit
of the final stage.
The increase 1s due
to a form of
negative feedback
similar to that which

Fig. 2. Equivalent cir-
cuit of the amplifier
of Fig. 1.

is observed in the case of an amplifier
with an unshunted cathode-bias resistance.

. Rz
The impedance Ry +2

bination of the driver-valve resistance and
its load impedance, and is the effective
output impedance viewed from the cathode
of the driven stage. \With a fixed value
assigned to the load resistance Ry the
maximum gain is obtained when z the
parallel combination of z, and z,, is infinite.
For all practical purposes this assumption
is permissible if z, and z, are iron-cored
chokes of sufficiently high inductance.
Reference to Fig. 2 shows that, in this
special case, the two valves are effectively
in series and the currents ¢, and 7, become
identical.
Setting i, = 7, = 1, with = oo, the output
voltage Eo = iRy and equation (1) may be
re-writtemn :

is the parallel com-

E\i=2; =R, _RL"”_[_{L
i3 I

(2)
E, is the equivalent generator voltage and
R, the internal output impedance of V.
The second term of equation (2) is clearly
the input impedance of V,, which forms the
load impedance of V/,. The practical design
of an amplifier of this kind then reduces to
the problem of securing a proper match
between the generator impedance R, and

R,,—{—Rf

the load impedance —— Y and to the

proper choice of the final load impedance R:.
The latter is selected according to well-estab
lished rules and, for standard valves, may
be derived from manufacturers’ data sheets.
There remains the question of matching R,
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R+ R . . .. valves and the use of centre-tapped chokes
to =% In general, direct coupling will sl AT EE,

poro .
be found 'impracticable and a matching
transformer must be used. The insertion of
an ideal transformer of turns ratio # between
the valves converts the load impedance to
R, + R:

BT )

The exact theory of transformer coupling
1s very complex but subject to the condition
that the primary inductance is sufficiently
large to make its reactance, at the lowest

the value Z = »n?.

The theory already given is sufficiently
general to cover the. present case. The
cathode-follower valve can be replaced by
an electrical equivalent. If u, R, are
respectively the amplification factor and
slope resistance of the valve and if E is
the input voltage, the equivalent generator
has an e.m.f. po/(uy + I).E and an internal
resistance Ry/(u, + I).

Substituting these values in equation (1),
the stage gain is given by :—

Mo
Ea  pat2 (w +7) Fy (3)
o ¢ KoL
B _IJXFI_'_Z + I
Ho Fi+ Ry + (4 + 1) —5
0 +Z
Mo I

significant frequency, of the order of ten
times the first valve slope resistance, there is
little loss of accuracy in considering only the
ideal case.

3. Cathode-Follower Driver Valve

It has already been stated that the relative
. Ra —f" RL

+1

in practice such as to preclude the possibility
of direct coupling.

It is of interest to consider the use of a
cathode-follower as a driver valve. The
circuit is shown in a schematic form in Fig. 3.

values of the resistances R, and are

E
l _ —HT.

Cathode-input amplifier driven by a
cathode-followey.

==

Fig. 3.

Normally Z will be an iron-core inductance,
and instead of Ry, an output transformer will
be used. The modifications for push-pull
operation simply involve duplication of the

Assuming u, and ¢ > 1 and setting Z— oo,
equation (3) can be simplified and be-

Ry

BIE = R TR, Ty
&m 1s the mutual conductance of Vi

The use of a cathode-follower avoids the
necessity for a coupling transformer and a
centre-tapped choke may be substituted.
The greatest disadvantage is the low gain,
which calls for the use of additional pre-
amplifier stages. It must also be remembered
that the driver and the driven stages are
efiectively in series and therefore the alterna-
ting component of anode current is the same
in each. This consideration limits the choice
of suitable driver valves. The foregoing
remarks are restricted to the use of valves
under linear, Class A conditions. Modifica-
tions must be introduced to cover the case
of Class B operation. These will now be
discussed in empirical terms.

4. Design of Class B Cathode—Coupled

Amplifiers

The successive steps to be performed in

the design of a push-pull Class B cathode-
coupled amplifier are as follows. The re-
marks apply to the use of triodes, using
Interstage transformer coupling. This case
is of more general interest than that of the
cathode-follower. ,

() Select a pair of valves to give the
desired output from the final stage
under normal Class B conditions.

(i) Consult valve tables and determine the
anode-to-anode load resistance, the h.i.
voltage and negative grid bias.

comes

where
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(iii) Calculate the input impedance of the
]

I\)O - I\L ope

PRS- modilymg the
result to allow for push-pull Class B
operation.

(iv) Determine the r.m.s. excitation voltage
required to load the output valves. This
information can also be obtained from
valve data sheets.

(v) Calculate the maximum-signal driving
power required from the penultimate
stage to operate the output valves,
using the known r.n.s. value of the
driving voltage and the known input
impedance.

(vi) Choose a pair of driver valves capable
of supplying this power with an ade-
quate reserve.

(vii) From valve tables, find the proper
load impedance for the driver valves.

(viii) Select the turns ratio and power
handling capacity of the coupling
transformer required to convert the
input impedance of the output valves
to the load value required by the
penultimate stage.

In view of the fact that published valve
characteristics are the results of static
observations, it is preferable to make
measurements of the input impedance under
working conditions instead of performing the
calculation shown in para. (iii) above. This
is because the separate valves of a Class B
stage are alternately active and quiescent.
which complicates the analysis.

output valves,

5. Measurement of Input Impedance

A circuit suitable for the measurement
of the input impedance of the output valves
is shown in Fig. 4, and it is convenient to
make measurements at 50 c/s. A Variac”
transformer 7T, is connected to the a.c.
mains and its variable output applied to the

primary of a coupling transformer T, of
turns ratio »:1. The secondarv centre-
tap is earthed and the outer ends of the
winding connected respectively to the centre-
taps of the separate filament transformer
windings which supply the two output valves.
Rectifier voltmeters and ammeters permit
the measurement of input and output
voltages and currents. Exceptionally good
regulation of h.t. and grid bias supplies is
essential, and impedance measurements
should be made over a wide range of input
signal level. It will be found that there is a
definite drop in the input impedance once
the peak driving voltage exceeds the fixed
negative bias, but the percentage change
remains relatively small, unless the valves are
dangerously over-driven.

Let E = measured input voltage to 1.

I observed primary current.

Then, input impedance Z; = E/I.

The actual input impedance between the
valve cathodes, taking account of the effect
of the coupling transformer, 1s:

==z

Once the value of Z is determined, either
bv measurement or by calculation, the correct
ratio of the coupling transformer required to
match the driver valves to the input impe-
dance of the final stage is given by :

n= R|Z
where R is the optimum Joad of the driver
stage. At first sight it might seem pre
ferable to make direct input-impedance
measurements on the secondary side of the
coupling transformer
By using the method
described, the trans
former losses are in-
cluded in the measure-
ment and a more
realistic figure for the
impedance is obtained.
If possible, the test
transformer should be

Fig. 4. Circuit for the
measwrement of 1k

snpul smpedance of a
Class B slage

physically similar to the component which
will eventually be employed as a driver.

6. Experimental Results

Using the circuit of Fig. 4, results are
obtained which support the theoretical
conclusions and indicate that the cathode-
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1

coupled audio-frequency amplifier has useful

properties not possessed by normal Class B

amplifiers. In making such measurements,

the experimental procedure is as follows :—

(i) From valve data sheets select a pair of
valves capable of delivering the desired
output and choose an appropriate load
resistance, allowing for the turns ratio
of the output transformer.

(ii) Using a double-beam oscilloscope, dis-
play the input voltage to the driver
transformer on one trace and the ampli-
fier output voltage on the other.

(iii) Adjust the input and output signal levels
to equality and bias the deflector plates
until the two displays can be super-
imposed. Auxiliary potentiometers used
for this purpose must be of high resistance
in comparison with the load resistance
and with the input impedance of the
driver transformer. Alternatively, allow-
ance must be made for power dissipated
in them.

(iv) Raise the input signal level until the
output shows signs of distortion. This
1s recognised by the fact that the two
traces can no longer be brought into
coincidence, and is an indication that the
maximum useful power output has been
attained.

(v) Record the input and output voltages and
currents. Note the h.t. supply voltage
and feed current,

Results are recorded below for the case
of a particular amplifier using 25-watt
triodes in the output stage. The valves are
apparently being over-run, but although the

+H.T

—G.B.

h.t. voltage is 50 per cent above the makers’
rating, the maximum permissible anode
dissipation is not exceeded. :

Type of valve.: Mareoni-Osram PXz25

H.T. Voltage : 600 V

Feed Current : 170 mA

D.C. Grid Current : 3 mA

Input Power : 102 W

Input Transformer (7', in Fig. 4) turns ratio
(Primary : Secondary): I:2. s

Output Transformer (7', in Fig, 4) turns ratio
(Primary : Secondary) : 2.8: 1.

Load Resistance : 1,100 Q

Equivalent load resistance at anodes of output

valves :
(2.3)2 X 1100 = 8,624 Q
Output Voltage : 245 V r.m.s.
Output Current : 0.223 A r.m.s.
Output Power (maximum undistorted): 54.63\W
Input Voltage : 65 V r.m.s.
Input Current: o0.22 A r.m.s.
Driving Power: 14.3 W
Input Impedance at primary ot 72 : 295.5 2
Equivalent Input Impedance (between valve
+«  cathodes) :
22 X 205.5 = 1,182 Q.

The high ratio of driving power to the
final output power is clearly evident. As
already pointed out, a proportion of the
driving power of 14.3 W is transferred to the
output and contributes to the total of 54.63
watts delivered to the load. The apparent
conversion efficiency of the amplifier is
54.63/102 = 53.6 per cent. The actual value
is lower than this since the excitation power
has not been included in the calculations.

If an attempt is made to increase the out-
put power by raising the excitation voltage,
there is a rapid increase in grid current, due
first to the increased positive grid voltage,
and to the simultaneous reduction of mini-

+HT.

H.T.
G.B.

m4 |
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mum anode potential due to the larger
alternating voltage developed across the load.
This is exactly analogous to the case of Class
B or Class C radio-frequency amplifiers,
in which there is corresponding rapid rise of
excitation power once a certain output 1s
exceeded. Correct choice of load resistance
minimizes this difficulty at the expense
of reduced efficiency.

The above experimental figures do not
reveal all the properties of the amplifier.
The relationships between driving power and
final output, between excitation voltage and
grid current, and between input impecance,
excitation voltage and load resistance should
also be studied. These are straightforward
investigations, and will not be described in
further detail.

%, Practical Amplifier Circuit

Fig. 5 shows a push-pull driver and output
stage employing the principles already de-
scribed. With the wvalve types shown,
operating at maximum ratings, the output
should be nearly 200 watts. Conventional
pre-amplifier stages may be added to raise
the overall gain to any desired level. 1If
desired, beam-tetrode driver valves may be
employed. These have the advantage of
higher efficiency, though distortion may be
rather greater than with triodes.

To secure a large output with minimum
distortion, it is essential that h.t. and grid
bias supplies are well regulated. In high-
power modulators, supplied from mercury-
vapour rectifiers, the voltage regulation Is
satisfactory. It is usually possible to select
gas-discharge regulators for stabilizing the
grid-bias supplies of medium power amplifiers.
Alternativelv, electronic regulators must be
used. It is also of importance to keep the
driver-transformer secondary windings of
low resistance, otherwise an undesired vari-
able cathode bias will be introduced, due to
the fluctuating anode current of the output
valves.

No reference has been made to the use of
negative feedback 1n connection  with
cathode-driven amplifiers. Any of the usual
systems may be employed, though voltage
feedback will normally be preferred, in order
to reduce the output impedance of the ampli-
fier. Reference to equation (1) shows that
the normal valve resistance R, is increased
to a value :—

R
Ra+(H+I)R—OG—_+Z_;

In transmitter modulators, this increase
is not objectionable, but in public address
amplifiers the loudspeaker damping is not
quite so good as with the usual Class B
system. Voltage feedback can correct this
defect and simultaneously reduce the residual
distortion.

As regards the response at high audio
frequencies, the cathode-driven valve has an
inherent advantage over other triode ampli-
fiers, since the earthed grid avoids degenera-
tive feedback due to anode-grid capacitance.
To obtain a comparable performance with
normal amplifiers, audio-frequency neutraliz-
ing would be necessary.

Professor G. W. O. Howe

On his retirement from the James Watt Chair of
Electrical Engineering in the University of Glasgow,
Professor Howe was presented with a cheque for
£200, the présentation being carried out by Pro-
fessor Bernard Hague.

Professor Howe has handed the gift to the
Principal of the University for the endowment of
a prize for the most outstanding graduate in
electrical engineering.

R. N. Vyvyan

We regret to announce the death of R. N. Vyvyan
on December 14th, at the age of 7o. Formerly
Engineer-in-Chief of the Marconi Company, Mr.
Vyvyan was one of the pioneers of wireless. He
supervised the erection of the famous Poldhu and
Cape Cod stations.

While Managing-Engineer in Canada for the
Marconi Company he built the Glace Bay station,
which formed the western link of the first regular
transatlantic wireless service. He returned to
this country in 1908.

He was responsible for the construction and
engineering design of the short-wave beam system
of the Imperial wireless stations which came into
being after the first World War. He retired in
1936.

Popov Medal

Instituted by a decree of the Soviet Government,
the Popov Gold Medal is awarded annually on
7th May by the Academy of Sciences ot the
U.S.S.R. to a scientist of any nationality for out-
standing scientific research or invention in the field
of radio. The first award will be made in 1947
for work completed in the period 1933-1945 and
work submitted must reach the Academy of
Sciences Radio Physics and Radio Engineering
Council not later than 1st February.®

Papers may be in any language, typed or printed,
and there should be three copies. The address of
the Council is Tretya Miusskaya d 3, Moscow,
USSR

*Notification of this competition was not received until early

December, and the early closing date would seem to make entries
from this country difficult.—Ed.
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TRANSIENT RESPONSE OF V.FE.
| COUPLINGS® ..
Compensated Netwofks for Wide-Band Amplifiers

By W. E. Thomson, M.A.

(P.O. Radio Branch)

SUMMARY.—Formulae and curves are given for the response to the Heaviside unit
function of a single resistance-capacitance coupled stage as commonly used in wide-band
amplifiers, the nominally resistive load being compensated to offset the low- and high-frequency
deficiencies associated with this type of coupling. ) ) ] ]

The analysis of the low-frequency response deals mainly with the compensation of grid
coupling by anode decoupling. Two orders of compensation are dealt with. o

For high-frequency compensation, one particular type of compensating circuit is

analysed. Attention is confined to-conditions which give “ critical damping.”
possible improvement with this type of circuit is demonstrated.
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1. Introduction ‘

OR amplifiers, such as oscillograph and

video amplifiers, which must” pass a

signal with as little change of waveform
as possible, the amplitude-frequency and
phase-frequency responses do not give an
entirely satisfactory criterion of performance.
It is preferable, and now fairly general, to
take as a criterion of performance the indicial
“ Tesponse ; t}}at 1s, the response to'a Heavi-
side unit function. '

In this article, several commonly used
types of coupling are analysed. The work
1s of a general nature and includes previous
results as particular .cases. Attention has

* MS. accepted by the Editor, April*1946.

zero. with increasing time.

The ultimate

been confined to the theoretical aspects, and
the numerous practical considerations in-
volved are not discussed.

The usual assumptions have been made.
These are :-— : E

(r) The valve concerned can be regarded
as a constant-current generator.

(2) . The high-frequency response can be
considered separately from the low-frequency
response. For each case an equivalent circuit
18 used which neglects certain impedances.
As far as the indicial response is concerned,
this distinction corresponds to a distinction
between the initial build-up period, which is
associated with the high-frequency response,
and the maintenance of the response at the
ideal level up to a certain maximum period,
which is associated with the low-frequency
response.

-(3) The impedance of the d.c. supply is
negligible. :

The symbols used are either standard or
are defined when required ; certain symbols,
such as «, B, have different meanings in
different sections.

2. Low-Frequency Compensation
2.1. Gesieral

For an amplifier which cannot amplify
d.c. the indicial response must tend to
‘ It is possible,
however, to design the amplifier so that the
response may approximate the ideal, within
given limits, up to a certain maximum time.
Let the indicial résponse be expressed in a
Maclaurin series in # : ’

V=1+tatta,ep! Fa; 330 4. ..
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Then the response may be made more and capacitance. The operational impedance is
more nearly ideal by choosing the design of the form:
parameters so that R/pC 1/pC
a,=ay=az=...=a, =0 R+1/pC 1 +37pﬁ5

for n as large as possible.
The corresponding expression for
operational gain is*
G =1+ a,/p + ay/p? + as/p® + . ..

The above condition may also be expressed
in terms of derivatives, thus:

vy _ [y e
7)== ==

or
[dG]_[d‘zG ]_ _ d"G]_

@), laaprl, T laapry,

In practical work it is usually sufficient
to make a; = o only, and the conditions for
this can be determined fairly readily from
the operational gain. For example the
normalized gain for the circuit of Fig. 1 is*

I + Zd/RL .
T+ chc + c"sZs) (I + I‘ngRﬂ)
where g, = sum of grid-anode, grid-screen,
and screen-anode mutual con-
ductances,
o, = screen conductance,
Z4 Z,, Z, are anode decoupling, cathode,
and screen networks,
and it is assumed that the coupling capacitor
and grid leak can be regarded as of high
impedance.

the

&=

f——

1
g

7=

Rg% oUTPUT

HT.

Typical resistance-capacilance coupled

Fig. 1.
stage including decoupling, screen-feed, and
cathode-bias networks.

Each of the networks Z 4, Z,, and Z, consists
effectively of a resistance in parallel with a

* Adapted from a formula —o_f Edwards and
Cherry .?

(1/pC) [1 —1/pCR + 1/(pCR)>. .. ]
— 1/pC to a first approximation.
Hence, to a first approximation :
TG
B (—I"*-‘?c‘ pCe + Us)"/)Cs)(I + 1/pCgR,

= (1 4 1/p) @JCqRe — g/Cc — 0,/C
1/C,R,)
L. ) dV- )
Thus the condition which makes = =018

1/CaRs = go/Co + 05/Cy + 1/Colg

Fig. 2. The basic coupling circutt; Ry Zp and
R,Z, ave networks which vespectively do and
do not pass divect current.

2.2.—Compensation of grid coupling by anode
decoupling.

A case frequently considered is illustrated
in Fig. 2 ip which R, and R, are the anode
load and grid leak respectively ; RiZ. is a
decoupling network which must pass d.c.
and R,Z, is a coupling network which does
not pass d.c. The impedance of both
networks tends to zero with increasing
frequency. The normalized operational gain
of such a stage, assuming that the grid
network can be regarded as a high-impedance
potential divider across the effective load is :

I+ 25
“=137,

Obviously if Z; = Z, the gain will be
independent of frequency and the indicial
response perfect. The d.c. requirements,
of course, make this condition impossible.
It is possible, however, by making Z; and Z
almost equal, to satisfy the conditions stated
in the previous section. Ziand Z, have the
form shown in Fig. 3. These forms auto-
matically fulfil the d.c. and high-frequency
conditions stated above. In Fig. 3, Z; and

[ » AP 4
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. . . - 7 — e—HT
Z, have n components identical ; in 3(a), n =0, I ’
Z, has an extra component C,,4,and in 3(b), — I (T ey
Z; has the extra component R,4+,. In both =I5 r—1

cases, as is shown in Appendix 2.1,

[ﬂ; [—dz_ ==

Rs Rs Rn-i Ri+i
7, =, Ca Cn
1 I~ J.
o ! ! oo —
Rs Rs Rn-1 - Ry

M ] c c
bt b

\xrhe}e T = C4Rz = C,R,, and o, as is shown
in Fig. 4, is the ratio of decoupling to load

‘resistance.
Ry R R, Rass
TCZ -[C4 Tcnﬂ
o -— ¢ - 5
Ry Rs Rn

']-Cn-u

(b)
Fig. 3. General forms of Zy and Z, of Fig. 2 are shown heve.
‘ i —0 - Cq — o
Cq '
(IRg Bcg
S R |
1, 3
L L
* <
aR, Gy
Y - .
HT. ke s
n=0 he I
L] RLCd = Rgcg = T
Fig. 4. The

compensation ;

Fig. 4 shows the three simplest cases, for
n=o0, I, and 2 respectively; the com:
ponents have been. renamed for convenience.
Case n = o is the basic resistance-capacitance
coupled stage. For case # = 1, the anode
load has been modified. The addition of the
capacitor C, alone, with value C,R /R
would give perfect response : the capacitor
must however be bypassed by Rz to allow
h.t. current to flow. The correct relation-
ship C;R; = C,R, gives an indicial response
for which [dV/df], = o as is shown in Fig. 5,
which gives responses for varicus values of
o; the curve o = o corresponds to the case
7 =0. This circuit has been adequately
analysed elsewhere 10 "' so only the
formulae are given here : )

n = 2,

three simplest practical forms of Fig. 2! n = o, yncompensated ; n — 1, first-order
second-order compensation. :

The case n = 2 is not so widely known.
This carries the process a stage further by
adding components to the grid coupling
network which compensates, to some extent,
for the resistor ak; which prevents the res-
ponse being ideal in the case # = 1. Perfoct
compensation would be achieved by shunting
C, by a resistor of value aR,, but, in order to
block h.t., a capacitor BC, must be added in
series with &R,. The addition of these two
components does not affect [dV/d¢],: provided
CiRz = C,R, we still have [aV/dt]y, = o.
The correct value of resistor, namely «R,,
improves the indicial response still further,
by making [@*V]di2], = 0. This is shown in
Fig. 6 which gives responses for various
values of o and B. The curves B8 = 0 corres-
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pond to the case n = 1. The curves also
show that it is better to increase «, rather
than B. The formula for this case 1s derived
in Appendix 2.2 and given below :

n=2;
%« I
V: — _t/aT
o —af —1 [ﬁe 0
g(x+mg — ) T (1 +mq — q) g-ilT
m — q m — q f

where m = ¢ +d ¢ = 31+ 1/o. + 1/xp)
q =c—d d*=c*—1fuf
T = C4R;, = C,R,

100
——
= ‘J_& H
B =2
= 90 T~
-d
= a
= A
= AN
= 80 N
= AN
g \\
[¥9)
<2 70
=
= N
o B
£ AN
56 s 2=
. ™
5 ; E
0 ol 02 03 04 05 06
A t
-

Fig. 5. Indicial vesponse for first-order Lf.
compensation.

3. High-Frequency Compensation
3.1.—General

Of the many types of compensated net-
works only one is considered heve; it is
shown in Fig. 7. The nominal load is Rz,
and C, is the total shunt capacitance across
the effective load. The compensation is
effected by a two-terminal network R;Z in
series with Rz, This
network is assumed to
be purely reactive for
the purposes of design ;
it may have as many
components as - desired, Cs
each extra component R.Z

Fig. 7. DBasic network
for ligh-frequency com-
pensation.

enabling some improvement in response to be
obtained. The form of Z must be such that
its impedance, as a function of frequency,
has a zero at the origin, so that the low-
frequency response is unaffected.

The change of shape of the indicial re-
sponse due to the addition of such com-
pensating mnetworks consists, in general,

of reduced build-up time, and oscillation

about the steady-state value, this oscillation
being generally referred to as overshoot "’*
For a given network, improvement in build-
up time is obtained at the expense of in-

* In certain types of response, overshoot occurs
without oscillation.

100, E==T+ 19
AN - ' \\\\\\}IO N I~
e \\\\.\ 10 \\\ 5 \\ N
g \ 5 \\\\2 \\
> NN N
: N Y
& 70 \2 \
g \ \ \/3=o
g \ \
o . \ .
i - a=1 A I L q=2 a=5
=) \\ \
40 \’8:9 lﬁ=0 J
0 i 2 3 0 | z 3 0 i 2 3
t
2

Fig. 6. Indicial vesponse for second-order 1.f. compensation.
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creasing the overshoot once the critical
value has been reached.

When Z consists of only a few components,
it is possible to make an analysis of all the
possible values to determine suitable values
for the parameters®%6%812,

A general treatment requires some simpli-

January, 1947

tuned circuit where the critical condition
is associated with equal real roots of a
quadratic equation., Here the nature of
the response is determined by the roots of
a polynomial equation which is of degree
one higher than the number of components’
in the compensating network. A pair of -
complex roots gives an oscillatory term in

PERCENTAGE OF FINAL VALUE

=T the ,response, while a real root gives an
0 | 2 5 aperiodic term. Critical damping requires
100 > =T that all the roots be real and equal, and the
W,/ = :/ imposition of this condition is sufficient to
80 ///, L P determin_e A1 thi components of the com-
? / /( ) T pensating network.
% 4 // 3.2.—Particular cases
/ // Fig. 8 gives response curves and com-
/ 1/ ponent values for networks consisting of
70 one, two, and three components. The
/ / derivation of the two-component case, which
/ Is typical, is given in Appendix 3.1.
60 \
// CURVE NETWORK COMPONENTS S 3-3-‘—Maximum Posszble
- / ) vmprovement
/ | . i xeos nors In order to determine
p / L s - o “_2“;‘_7 . }Vhether any worth-while
40 . ** | improvement can be got by
// increasing the number of
// R, 1=(1+x) €% components, it is useful to
30 2 G [L=1 R determine the response for
// ) b ) 9T 729 876 945 a network with an infinite
/| number of components.
& This has beén done in
L=f GRE | —(uaxeat)en | Appendix 3.2 and the curve
" 3 is included in Fig. 8. It
E G=t ¢ | as2 151 506 96 will be seen that up to about
/ 75 per cent of the final
0 value the various curves do
\ s - not differ. greatly from one
o GRT | elesens OB ther, g~The ydifferences
B 5. Inticiar 4 C=gq Cs are most pronounced for
1g. . -
sponse oﬂhzc;fupzﬂfg L= g CR( | ave 756 oro o7 Zz,h;éis V(;{le 1fe rog}llréd 3{33‘;2
$

networks  shown for

the condition of
critical damping.

RL
5 é, lcs
INFINITE '

fying principle. Such a principle is to be
found In specifying that the response shall
be ““critically damped,” that is to say the
response will be the fastest possible without
overshoot. )

The conditions are similar to the well-
known case of critical damping in a series-

obtained are shown in the
table below.

The form taken by the
compensating network for

werosseoe | the infinite-order case is
rather interesting.  The
Number of J
components in
compensating o 1 2 3 e}
network
_
Percentage of final
value 86.5 | 94.5 | 96.8 | 97.8 | 100
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network 1is equivalent to a negative
capacitance of value C, in series with an
open-ended transmission line, impedance
Ry, delay C,Rz. The line is thus matched
at the input so that there is only one
reflection. The combination of input and
reflected waveforms give ideal response
after a time 2CRy.

Fig. g shows one form of the infinite order
compensating network.

1 1
5Cs 7 Cs

1

| —
=
~j—-
2
=)—
o
—
W
o
w
el
=

~

O~ é 3 —— e ——

Fig. o. One form of the infinite-order coni
pensating nelwork.

permission to publish this article, and to
those of his colleagues who have helped in
its preparation.

APPENDICES

1. Operational Formulae !
Generval Formulae.

1 ¢ 1 =/0)
then ¢ (pa) 1 = f(a))
e"“l’d;(p)l:f(t a) fort >a; a>o.

for a real > o;

Standard Forms.

p {1 gat
= _— n
(p — &) 1 — 1)!
p 1 = en? n> —1

9. Compensation of grid coupling by anode
decoupling
2.1. General.
The network of Fig. 3 (a) will be treated in detail

3.4.—Attenuation and 23 - | \.
delay-frequency response. i ;
Figs. 10 and I1 give o .
respectively the attenu- g
ation - frequency and 3§ l
delay-frequency charac- = s ‘
teristics for the five § ) |
cases dealt with in & //
Fig. 8. The formulae & 10 1
. . . ]
are given in Appendix % |
25 .
B8y = .
Acknowledgments G X,
N L e
The author 1s 1n- . L — sl
debted to the Engineer- ot 02 0 ! 2 5 10
in-Chief, G.P.O., for NORMALIZED ANGULAR FREQUENCY = w(¢R|
Fig. 10 (above). Awmplitude-
0 frequency response curves of
| the networks of Fig. 8
T ~ Fig 11 (left).  Delay - fre-
o8 ™~ quency characteristics of the
. 2 \ circuits of Fig. 8
2 E — In each case—Curve 1
a AN uncompensated ;|  curve 2,
w 0% 3% . \\ first -order  comipensation ;
= 4 | k \ curve 3, second-order com-
o [ \\ | pensation ; curve 4, third-
N 04 | order compensation.; curve 5,
S l \ﬁ infinite-order compensation.
S :
z I
02 { | | that of Fig. 3 (b) is essentially
w similar.
We are concerned with
two impedances 1 + Z; and
%5 - ) = TR 7, each consisting of a

NORMALIZED ANGULAR FREQUENCY = wCgRy

unit resistance in series with
Zpor Z, respectively. These
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may be expressed as the ratio of two polynomials

in p2.

Ly ot apF . +din ¥
TS T T T b + by p¥
L, IAp + nr P
I+ Z, = dyp 4 ... + dynay P
142y agdyp b & i Dy 27
T+ Z, 1+ Or+c)p .t b cinss P

Apart from the unity term in the denominator,
numerator and denominator are equal. This can
be shown by general continued fraction theory.®
14 Zr and 14 Z, can be considered as the
(7 4 1)th and (» +- 2)th convergents of the same
continued fraction :

I I I I I
! + CgP + Rs + C4P ‘TI’ o Rn+1+ Cn+2p +
1 "‘I*‘ ZL = P7;+1/9n+1

where p, and ¢, are as defined in reference (3) and
are, in this case, polynomials in p ; similarly

2 AR Zy =Pn+2/qn+2
I Zp _ Prt1 Gnta
I + Zy Pn+2 In+1
Now, in general,
Pnn—1 — Pz In = ('_ I)n
nt2 —

S Pateotr T Patt Qe = (— )PP =
in this case, # is even.

147 _ _Pn-&-l Inte

I+ Zy 14 Pugrqnts

1, since,

Comparing - this with the previous expression
we see that p, ., ¢,,., must be identified with the
numerator and that the denominator must be
equal the numerator plus one. Now convert to a
ratio of polynomials in 1/p :

I _I"ZL__ F
14 Z, F 4 1/prtt
I
T 1 1/Fprt ,
= 1 — I/Fpn'f'l + I/(FP"’+1)2 = 5 0.

The lowest term in 1/p in this expression is of
degree 7 + 1 therefore, for the corresponding

indicial response :
[dV] . [d2 VJ . ar¥v
F=lw| = = [Tt"]o_ 0

normalized operational gain

2.2, Special case; n = 2

I — DT+ apT)(x + B+ afpT)

1+2, (1+4oapT)[1-+ (T+B+aB)pT + «Bp?T?]
. after simplification

where «, B, and T are as defined in Fig. 4.

The ,denominator may be factorized {hus s
«Bp + 1/uT)(p + m|T)(p + ¢|T)
where m = ¢ 4 d ¢ =31 + 1fa 4 1/ap)
g=c¢—d a*'= ¢* — 1/of

the gain may therefore be split into three partial
fractions each of the standard form kp[(p + a) and

hence interpreted to give the indicial response as
quoted in section 2.2.

where F is a polynomial

in 1/p

3. High-Frequency Compensation—Critically-
Damped Response :
3.1. Second order.
Normalized operatio\nal impedance of load
I 1
(RL * I +pPzz‘1C1) .P—CS
i PLy
R (Re+ 50, + )
I+ ax + offx?
:1+x+oc(1 + B) #* + afx?®
where pCRp, =%, L, =aCRz?, C, = BC,
For critical damping, denominator = (1 + bx)3

hence, comparing coefficients, we have b = 1

1,
a=qy B=3%
S L4+ o a?
So impedance = ——2— =21
P @+ #[3)°
x4 8x 27 . x(x*+ 8x + 19)
R  + 3)®
x 2% 4%

= I

¥+3 F+3)? (¥ +3)°
Each of these terms may be interpreted by standard
forms to give the indicial response
V=1 — (1" 21T - 2£2/T2) ¢~3T
where T = C,Ryg

3.2. Infinite ovder. )
For #n components the operational impedance Z
of the compensating network will be of the form
PR + agx®
I+ ax -+ + ax*
where » = pC. Ry and the a’s are coefficients
specifying Z ; # has arbitrarily been taken as even.
For this value of Z the normalized impedance of
the load becomes

I 4 awx + ax® +
I+ & (ag b ay)x 4+ ax® - (ag - a)xt
o

+ (a'n—l + aﬂ)x“ + aﬂxn+1

. . © . x n+1
For critical damping, denominator = (1 -+ T I)

&

As 7 — oo the impedance becomes the ratio of
two infinite series, and for, critical damping the
denominator equals ¢*. This specifies the a’s as

follows :
a, + ay, = 1/2! whence a; =1/2!— 1/3!
a, = 1/3!
ag + ay = 1[4 ! ay=1[41—1/5!
etc.

The numerator therefore is :
T4x2 =230+ 223+ a3lq L — 225 L ...

This series can be shown to be absolutely convergent.
It may therefore be rearranged :

T+ (P20 4 4830 4 ... )x
— @3 25 L ) e
=TI+ (e°—T—xfr— (Jer—fe* — x)/a2
= e'[x — effax? 4 e fox?
So’ the impedance is
Ljx — T[2x% |- e=23[ay2
Each of these terms may be interpreted by standard
forms.  The factor ¢=2+"in the third term delays its



January, 1947

WIRELESS 27

ENGINEER

contribution to the indicial respouse, which must
be considered in two time intervals :
(1) o LHT K2 T = C,R,
V =t|T — 2[4T?
(2) 2 <HT L
V =¢tT —2[4T* + (t|T — 2)? |4 =1
The curve is shown in Fig. 8
Z may be obtained from the equation
1+ Z
14+ x(1 4+ Z)
We find that Z = coth ¥ — 1/x;
coth & is the impedance of an open-ended trans-
mission line and — 1/x that of a negative capacitance.
The network of Fig. 9 is readily obtained from the
continued fraction expansion of coth »

impedance =

1 X
cothxy =1jx + —+
| 3[x+ 5/x+

3.3. Attenuation and Delay Characteristics.

Order of Attenuation | Delay
Compensation| Characteristics Characteristics
i [ [

o 10 log;, (1+4%) | (tanT'x)/x
b¢ 20108, (41 4% — | |2 tan~t ix —

1olog,, (16-+4%)| tan™ {xi/x

%) 30log,, (9-+4%) —| {3 tan™'}» —
10 log,, i(27— e S
x2)2__|,64x2:_ tan 1;7—;’-2}/,7
3 40108, (1627 | {stan~]x—tan 4

— 1012%107{(256 8ox—-3 Ve
| 16x%)® 256 — 1622
(8ox — x2)?%
I ey A =
™ | 20 log,o 2#* — | (tan™!
10 log,, {(1 2x — sin 2%,
cos 2x)* + (2% 1 — cos 2%
|  — sin 2%)3%
X wC:RL

The delay formulae are for the normalized delay;
i.e., ratio of delay to time constant C,Ry.
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coupling _circuits of single and multi-stage Video Amplifiers.”
R.C.A. Review, April 1942.

1 Lynch: “Video Amplifier Low Frequency Correction,”
Communications, April 1943.

12 Kallmann, Spencer and Singer: * Transient Response.”
Proc. Inst. Radio Eng., March 1945.

CORRESPONDENCE

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

Sir,—In the March issue D. G. Tucker! attempts
to find mathematically the transient response of a
“ Six-element symmetrical ' filter section. The
ordinary methods of solution prove to give only a
guide as to the nature of the solution, and an
indirect method of finding the constants involved
in the final solution has to be resorted to. Lurther
a number of approximations have to be made.

C. C. Eaglesfield? in an article in the November
issue attempts and obtains a solution which relies
on the bandwidth being small compared with the
mid-band frequency.

Acting on a remark made by Tucker in a footnote
(page 87) an attempt was made to line-up the
transient response of a band-pass network with that
of its low-pass analogue.

\ low-pass network, which includes components

R,Ry .. ,LyuLy. . ,CuCqo.sy has a transfer
impedance Z(w)Lp which may be written
Z(w)nr=f {Ry R, . jwL,, jwL,,
1 L
ijl'ij,_,' B

Now if in series with every inductance L we
. b¢ : .
place a capacitance — 57 and in parallel with every
Luo“

capacitance C we place an inductance 1/wg*C e
obtain the band-pass analogue. ‘This is just a
statement of Landon's Low-Pass: ‘Band-Pass
Analogue Theorem. TFor

jwL becomes j wl =

[ i ¢
Wl ———
Wl Y K(uo'3 L)

]wL 1 —-w',_, ]
1 I )
and - becomes I jwC ==
JwC { ]w (_____.) ]
W C
. wy®\
1 / jwC 11 o ,}

I
Thus if we replace w for the low-pass case by
w( i ;“3"-) we have the band-pass case. How-

\ ("
ever, this just states the analogy for the amplitude
and phase frequency characteristics. We may
demonstrate the analogy for a transient.

By Fourier’s Integral Theorem the frequency
characteristic of unit step is

I [ © jwh 1
glw) = - ’ g 7 ==
27 | 4 27w
while the frequency response for the wave cos wgl. 1
is
T T —Jut w
glw) { Cos wl. € I W= ———
27 ), 29) wi——wy”
Comparing these two cases, we see again that

3
the analogy is obtained by replacing w by af -"‘,

Thus we may state that if the wave cos wgh. 1 is
put into a band-pass network then the envelope of
the output wave is exactly the same as the output
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wave obtained when unit step is placed into the
low-pass analogue. This is a result (with no
restrictions on bandwidth) that should prove of
utmost use in the solving of transient problems.

For the ‘Six-element symmetrical > filter the
equivalent low-pass network is clearly (using D. G.
Tucker’s notation)

where nw, = w;

mi
L= —
@y
211
C, =
Rw,
! (1 = m)R
Lyg=——"—
2Mw,

When E is unit step, the voltage appearing across R.
is easily found to be given by C
' ' — Mmawyt

J —w,t
2m 4
Veo=1311 —¢ — " ..

L

which corresponds to equation (7) in C. C. Eagles-
field’s article.

London, E.14. ) E. T. Emums.
FILTERS
*D. G. Tucker. " “ Transient Response of Filters.” Wireless
Engineer, March 1946, p. 84.
*C. C. Eaglesfield. “ Transient Response of Filters.” Wireless

Engineer, November 1946, p. 306.

Thermistors at High Frequencies °
To the Editor, * Wireless Engineer >’

Sir,~—I have been using directly-heated high-
resistance thermistor* elements to assist impedance
measurements on cyclotron models. The models
have been operated at about 400 Mc/s and some
consideration has been given to the performance
of the high-resistance thermistor at these fre-
quencies. Three points have been considered ;
lead reactance, skin effect and distributed capaci-
tance. Simple calculation has shown that the
first two of these cause very small changes in
thermistor resistance for the frequency range
0—400 Mcfs. The distributed capacitance does,
however, exert considerable influence on the
performance of thermistors which have a resistance
of over a few thousand ohnis.

Using the equivalent transmission line method
suggested by Howel,®? for carbon-rod resistors,
an estimate has been made of the high-frequency
resistance of a thermistor of known resistance to
direct current. For calculation, the thermistor
was regarded as a cylinder of diameter 0.075 cm
and length 0.025 cm. These values were taken

1 G. W. O. Howe, Wireless Engineer, Vol. 12, p. 291, 1935.
2 G. W. O. Howe, Wireless Engineer, Vol. 17, p. 471, 1940,

* Thethermistoris asmall bead composed of a mixture of metallic
oxides and enclosed in a small glass capsule with sealed-in leads.
The main characteristic is a very large negative temperature
coefficient of resistance. In the directly-heated type of thermistor,
the resistance is varied by means of the current through the bead,
An indirectly-heated type is also made in which the temperature
and, hence, resistance are controlled by a separate heating wire.
See G. L. Pearson, Physical Review, Vol. 57, p. 1065, 1940.

after measurement with a travelling microscope.

With these dimensions the calculated capacitance

per unit Jength of the thermistor pe001nes about
.0 uuF. .

> T}(;Mcalcula‘te the effective impedance we now

regard the thermistor as equivalent to a shorted

transmission line of length /, resistance per unit

length # and capacitance per unit length ¢ where
I = semi-length of thermistor bead ]

= resistance per unit length of line ; ie., R//

d.c. resistance of thermistor

capacitance per unit length of thermistor

= 3.0 ppF per cm in our case. L

The input impedance of such a line is quoted by

Howe as

v
R
c

Vi Z = Z, tanhol
where
Zy = A rfjwc
« = Vjwor

For «f large we can take
Z = Zy=~/1fjoc

This impedance is equivalent to a resistance
V/27]we and a capacitance of reactance 4/ 2¢Jwe in
parallel. )

Thus, for sufficiently high values of resistance and
frequency, the high-frequency resistance of the
thermistor varies as the square root of the resistance
to direct current. This condition is satisfied in our
case of resistance greater than 30,000 ohms ard
frequency of about 400 Mc/s. )

Calculated values of the high-frequency resistance
for different d.c. resistance values are given in
column 2 of the following table.

These can be compared with measured yalues
given in column 3. .

D.C. Calculated h.f. Measured h.f.
resistance resistance resistance

Ma) (Ma) (Ma)

8.9 0.39 0.30

0.073 0.035 0.025

The measured high-frequency resistance has been
obtained by using the thermistor as a load on a
shorted quarter-wave transmission line. The
thermistor was actually soldered between the outer
conductor and an insulated core of the inner con-
ductor to enable the 50-¢/s control voltage to be
applied to the thermistor and to enable d.c.
resistance measurements to. be made. Screening
of the thermistor to prevent radiation was obtained
by continuing the outer conductor. The line was
formed from brass tube and was damped by a small
ring of plasticine attached to the inner conductor
to bring the Q down to about 500. From the
measured ) and the known dimensions of the line
the effective resonant impedance at the open end
was calculated. With the thermistor mounted
across the open end, the Q' of the line was again
measured for different thermistor .resistances.
From the known () and unloaded input impedance,
the effective thermistor resistance was determined
from the relation

Q. . Ry
@0 without thermistor
Q with thermistor
Effective resistance of thermistor i
: Input resistance of unloaded line at
resonance

The possibility of comparing calculated and

measured capacitances for the thermistor -was

t:j(\’li-‘
[

QO
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lrejectf,d as the calculated value was of the order

0.001 upF, which was certainly far too low to
measure with the equipment used. It was merely

' checked that the capacitance was small enough to

produce no measurable change in resonant frequency
when the effective thermistor impedance changed
by a factor of 10. For the apparatus used this meant
that the change in capacitance was less than
0.00z uuF.

I am grateful to Standard Telephones and Cables
Ltd. for giving the thermistor elements which were

) specially prepared under the direction of H. Wolfson.
'Dr. J. H. Iremlin suggested the use of thermistors

in cyclotron model measurements and has helped

greatly with several stimulating discussions.

Nuffield Physics Laboratory, J. WALKER.
University of Birmingham.

Effect of Aircraft on Fading
To the Editor, ** Wireless Engineer.’

SIR,—While some beam communication trials on
30 to 40 Mc/s and 65 to 100 Mc/s were in progress in

»

i 1944, the attention of the writer was brought to
| frequent occurrences of fading signals in which the
s fading exhibited the characteristics of steadily

changing amplitude and frequency of fade. It was
subsequently proved that the phenomenon was due
to the presence of aircraft in the transmitted beam,

| and although the effect was generally most notice-

able when field strength measurements were in
progress. within a mile or two of the transmitter,
it was also observed, but to a less extent, when

transmitter and receiver were at, or a little beyond,
the limits of optical range.

Under the -latter conditions of transmitter-
receiver separation, there is normally only the direct
ray from the transmitter to the receiver ; but when
there is an aircraft in the vicinity, there may also
be at the receiver an indirect ray reflected from the’
aircraft. This indirect ray will have travelled over a
greater distance than the direct ray, and con-
sequently there will be a phase difference between
the two signals at the receiver, the resultant being
a minimum or maximum according to whether the
phase difference is (21 + 1)= or 2nm. Thus, as
the aircraft position changes, there is a variation
of field strength at the receiver.

The accompanying figure shows the positions of
an aircraft relative to the transmitter and receiver
which will give signal reinforcement (shown by full
lines) at the receiver, and also the positions which
will result in a signal minimum at the receiver
(shown by dotted lines). ~ The loci of these positions,
when plotted in a plane passing through the line
joining the transmitter and receiver, are a set of
confocal ellipses, with the transmitter and receiver
as foci. The ellipses have been plotted with dis-
tances parallel to the line joining the transmitter
and receiver measured in terms of “d,”’ the distance
between transmitter and receiver. Lateral dis-
placements from this line are measured in terms of
wavelengths.

The resulting variation in field strength due to an
aircraft is shown for the particular case of an
aircraft flying along the path 40. Curve (a) shows
the rate of fading without taking into account

10
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the probable amplitude of the reflected wave.
Curve (b) shows the type of fading which might
be expected due to the reduction of the reflected
signal strength as the aircraft travels further
from the transmitter. The latter curve agrees
closely with observations which have been
made in connection with the alignment of beam
transmitters.

Potters Bar, Middlesex. J. W. WHITEHEAD.

(Correspondence continued overleaf.)

(a)

(b)
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Spontaneous Fluctuations in a Double-Cathode

: Valve
To the Editor, < Wiveless Engineer ™’

Sir,—W. Schottky? has indicated that ths
fluctuations of electricity arising in a * valve
with twg similar emitting filaments at the same
temperature in a state of thermal equlh‘l?rlum
must obey at once both the formula for the “ shot
effect ”” as derived by Schottky? himself and for
thermal noise as derived by H. Nyquist®. D. O.
North* has also discussed this problem ; he has

shown in detail that, since in such a valve the
conductance g (i.e., ;—II/ where [ is the mean resultant
current throughout the “ valve’) must obey the
formula :— -
ef .
= 2 oo ° oo .. .. .o (1)

8= 17 (
where ) ]

¢ = the magnitude of the electronic charge,

k = Boltzmann’s constant (1.37 X 1028

joules/°K.)
T the temperature in degrees Kelvin,

I

the mean current traversing the wvalve,
in either direction, assumed identical.
It follows that the current fluctuations should
satisfy the relationship :

A2 = 4gkTNf .. .. .. o |
where

"AT? represents the mean square fluctuation of
I from its average zero value.

Afis the integrated bandwidth of the measuring
instrument.

The latter expression may then be interpreted as
the sum of the combined ‘ shot effects ’’ of the
currents J.

This result depends on a demonstration that the
‘“ space-charge reduction factor” I'?, in such a
valve is unity. North points out that such should
be the case since any variation in the depth of the
space-charge barrier arising from a fluctuation in
the emission from either cathode should affect
the mean current in either direction equally; no
compensation of the primary fluctuations, as
normally expressed by the factor I'? in normal
valves, should therefore arise. .

As a result, originally, of discussions with
R. Fiirth, Edinburgh, on the fundamental con-
nection between ‘‘shot” and ‘‘ thermal”’ fluctua-
tions, the writer considered that it would: be of
interest to attempt an experimental verification
of this classical theorem. Valves with two tungsten
filaments in close proximity—for which the writer
is indebted to The M.O. Valve Co., Ltd., Osram
Works, London—were employed. An amplifier
with a mean response at about 1.6 Mc/s with a
bandwidth of a few kc/s was utilized. The results
obtained over a range of temperature about 2,000~
2,500°K are shown in the figure, where the ordinate
Bis the ratio of measured “ fluctuation temperature ”
to true temperature.

It appears probable therefrom that the theorem
would be obeyed for sufficiently low temperatures ;
the experimental difficulties, however, associated
with  diminishing temperatures increase most
seriously ; the valve dynamic resistance increases
rapidly—not only in an absolute ‘sense—but also
in comparison with the residual dynamic impedance

a)
b)

SN

B 10—~ g=rofo= ?::'_EJ: I
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of the amplifier input itself ; further, irom equation
(2) the magnitude of the generated fluctuations
diminishes, and finally it becomes increasingly
difficult to guarantee maintenance of equilibrium
in the wvalve. ' It is hbped later to confirm the
behaviour of 8 at even lower temperatures.

Q.

20 : ,

5= -9
re

1

e =

L

THEORETICAL VALUE OF B | |

05

8900 2000 200 2200 2,300 2,500

FILAMENT TEMPERATURE °K

2,400

Meanwhile, however the rapid increase of 8 at
higher temperatures which has been carefully
confirmed appears of interest. It has oiten been
speculated (e.g., North® Moullin®) that ‘ excess
noise ”* observed with increasing cathode tempera-
ture in normal valves arises from the emission
from the cathode of a small amount of positive
ions. These, while directly contributing negligible
noise, are presumed to influence the space-charge
severely during their *‘ leisurely transit.” Such an
explanation appears to the writer difficult to apply
in this case since, according to the discussion
mentioned in the second paragraph of this note,
the effect of the ions on the space-charge should
“ balance out.” Further, one would presumably
expect such ions in any case to be emitted with a
Maxwell-Boltzmann distribution at the tempera-
ture of the cathode(s) and thus to be incapable of
altering the basic result (equation 2a) derived on
general statistical grounds.

It is hoped latef to carry out a similar investiga-
tion on a “wvalve” with oxide-coated cathodes ;
considerably lower temperatures can thus be
examined. :

The writer would like here to acknowledge
warmly the invaluable assistance of Mr. E. W.
Houghton of the Military College of Science in this

investigation. D. K. C. MACDONALD

Military College of Science,
Shrivenham. *

1 Schottky, W.: Z. Phys., Vol. 104, p. 248, 1936.

Schottky, W.: dusn. d. Phys., Vol. 57, p. 541, 1918.

Nyquist, H.: Phys. Rev., Vol. 32, p. 110, 1928.

North, D. O.: R.C.A4. Rev., Vol. 4, p. 466, 1910.

North, D. O.: R.C.4. Rev., Vol. 5, p. 115, 1940.

Moullin, E. B.: * Spontaneous Fluctuations of Voltage,””
Clarendon Press. Cap. 6.

* Now of Clarendon Laboratory, Oxford.
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Abstracts and References Index

~ The Index to the Abstracts and References pub-
lished in 1946 is in course of Preparation and will
be available in February, priced 2s. 8d. (including
postage). Assupplies will be limited our Publishers ask
us to stress the need for early application for copies,
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PATENTS

A Summary of Recently Accepted Specifications

*The following abstracts are prepared, with the permission of the Controller of H.M. Stationery Office, from
& Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1[- evach

{ACOUSTICS AND AUDIO-FREQUENCY CIRCUITS
) AND APPARATUS

) 577 96g.—Disposition of the carbon-content in a
{directionat-microphone of the velocity or pressure
. tvpe.

Y "H. Dewhurst. Application date 15th February,
11935. (Secret patent: published 7th May, 1946.)

{ AERIALS AND AERIAL SYSTEMS

577 750.—Flexible mounting for the base of a
folded dipole aerial for use on the roof of a road
?\'ehicle.

The General Electric Co. Lid., G. C. L. Campbell,

W. Grimnbaldeston. Application date 1st March,
j 1943
' 578 018 —Dipole aerial, with coaxial reflectors

mounted above and below, for broadcasting centi-
. metre waves outwards and downwards over a
i restricted service-area.

' D.I. Lawson, D. Weighton and Pye Ltd. Applica-
i tion date Sth April, 1943.

lJ578 457.—Dipole aerial, comprising conical and
' disk-shaped elements, suitable for use on an aero-
i plane.

|| Standard Telephones and Cables, Ltd. (assignees
fof A. G. Kandotan). Convention date (U.S.A4)

{15th May, 1943.

‘DIRECTIONAL AND NAVIGATIONAL SYSTEMS

f 577 453.—D. F. receiver in which the signals from
{two or more separate aerials are combined to
generate an harmonic frequency which varies in
amplitude or phase in accordance with the direction
of the incoming signals.
J. Robinson. Application
| 1939, and 28th March, 1940.

dates 19th April,

577 455.—Frequency-changing device for use in a
. direction finder receiving signals from two separate
aerials, combined with means for selectmg a given

! harmonic frequency (divided from 577 453).

J. Robinson. Application dates 19th April, 1939,

v and 28th March, 1940.

577 458.—Directional signalling system in which
one or more gas-discharge tubes are utilized
q‘i to modulate a narrow-central zone in an existing
beam of radiation.
H. Hughes and Son Ltd., A. H. W. Beck, and A. J.
5 Hughes. Application date 10th January, 1941

' 577 460.—D. F. system wherein a directional aerial
| is constantly rotated in synchronism with an
electromagnet which is controlled by the incoming
4 signals to actuate a pointer.

H. E. Sjéstrand. Convention
26th March, 1942.

date (Sweden)

b 577 527. —Blind-landing system in which one of two
[ overlapping beams is more sharply directive m a
vertical plane than the other (addition to 577 27

¢ Standard Telephones and Cables Ltd., C. W

Z gl S T

:.1

e L

B
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=

Larp, and G. G. Sawmson.

Application date 19th
Septeniber, 194.1.

577 672.—Spaced array of aerials, coupled to a
common generator through phase-delay networks,
for scanning a predetermined area in a radiolocation
system.

Hazeltine Corporation (assignees of A. V. Loughren)
Convention date (U.S.1.) 26th May, 1941.

577 674.—Radiolocation system in which the beam
from a fixed aerial array is swung by electric control
so as to scan systematically the area to be explored
(divided out of 577 672).

Hazeltine Corporation (assignees of 4. |

. Loughren),
Convention date (U.S.A.) 26th May, 1941

577 742.—Arrangement for maintaining correct
phase and amplitude relations between the signals
received on the directional and omni-directional
aerials in a sense-determining d.f. receiver.
Marconi's W.T. Co. Ltd., S. B. Smith, and |. F.
Halch. Application date 11th Oclober, 1940.

577 824.—Navigational system in which two spaced
transmitters radiate characteristic pulses, so that a
mobile craft can follow a predetermined course by
maintaining a given time-interval between their
reception.

Standard Telephones and Cables, Lid. (commaeni-
cated by Inteynational Standard Electric Corporation).
Application date 14th May, 1942.

577 853.—Blind-landing aerial in which the phase-
excitation is arranged to offset distortion due to
earth-reflections.

Standard Telephones and Cables, Ltd., and E. H.
Ullrich. Application date 25!k September, 1940.

577 854.—Radiolocation system in which each
exploring pulse partly overlaps the resulting echo,
the residual echoes being utilized to give a distance-
indication in a graduated milliammeter.

Standard Telephosies and Cables, Litd. (commiusri~
cated by International Standard Electrical Corpora-
tion). Application date 26th December, 1941.

577 855.—Radiolocation system in which auxiliary
out-of-phase pujses are utilized to ofiset undesired
reflections from the ground or from fixed objects.

Standard Telephones and Cables, Lid., and H. G.
Busignies. Convention date (U.S..1. 5lh March,
1941.

577 937.—Radiolocation system in which the
distance is indicated by the charge developed in a
thyratron-controlled capacitor during the interval
between the outgoing pulse and the incoming echo.

J. Forman and Pye Ltd. Application date
17th April, 1941.

577 939.—Aerial and reflector system, located at
or below ground level, for radiating a navigational
beam of rotational symmetry.

H. M. Dowsett. Application date 6th June, 1941
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RECEIVING CIRCUITS AND APPARATUS
(See also under Television)
577 641.—Broadcast receiver in which the press-
button tuning control also brings a rotary frame
aerial into orientation with the selected transmitter.
E K. Cole Lid., and A. W. Martin. Application
dates, 16th March, and 3vd November, 1944.

577 775.—Discriminator circuit, for stabilizing fre-
quency-modulated signals on centimetre waves,
comprising two velocity-modulating valves of the
resonator type (divided out of 577 758).

E. L C. White. Application date 25th March,
1944.
577 795.—Remotc-control system for use say in
radiolocation wherein pulsed signals are trans-
mitted over a radio link to synchronize distant
apparatus with the rotation of a local directional
aerial

W. Jones and Pye Ltd.
January, 1943.

577 796.—Remote-control system for aligning a local
with a distant rotating indicator, applicable to
radiolocation equipment.

L. W. Germany and Pye Lid. .Application date
19th February, 1943.

Application date 22nd

577 80o.—Frequency-discriminator for developing
a fixed beat-frequency from a variably-tuned cir-
cuit and any one of a series of standard oscillators
The General Electvic Co. Ltd., N. R. Bligh, and
J. B. L. Foot. Application date 5th April, 1943.

577 8or.—Cathode-follower valve circuit, arranged
to give an output which is proportional in magnitude
and sense to the difference between two input
voltages.

D. G. 0. Morris and Metropolitan-Vickers Elec-
trical Co. Lid. Application date 16th April, 1943.

TELEVISION CIRCUITS AND APPARATUS
For TRANSMISSION AND RECEPTION

577 216.—Preventing the d. c. component of a saw-
tooth waveform from entering the deflecting coils
of a c.r. tube, used say, for television.

Marcont’s W.T. Co. Ltd. (assignees of T. T. Eaton)
Convention date (U.S.A.) 25th September, 1941.

577 670.—Television system in which, to ensure
secrecy, certain of the synchronizing signals are
provided by separately-phased local generators at
the transmitter and receiver.

Scophony Ltd., and G. Wikkenhauser. Application
date, 22nd April, 1938.

577 758.—Stabilizing device for frequency-modu-
lated signals, such as television, where there is no
definite or constant mean-frequency.

E. L. C. White. Application date 25th March,
1944.
SIGNALLING SYSTEMS OF DISTINCTIVE TYPE

577 572—Combined transmitter-and-receiver in-
stallation for carrier-wave signalling over a power-
line through a common tuned input-output coupling
and a frequency-changing circuit.

Standard Telephones and Cables Lid. (communi-
cated by I'nternational Standard Electric Corporation)
Application date 6th November, 1943.

577 710.—Impulse-generator of the multivibrator
type comprising means for varying the repetition-

WIRELESS
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frequency, and also the duration of the impulses.
A.” Newman. Application date 8th March,

1944.
577 713.—Pulse-generator of the blocking-oscillator
type in which high-frequency stability is com-
bined with a short build-up time.

Standard Telephones and Cables Lid. (assignees of

A. Alford). Convention date (U.S.A.) 12th January,
1943.
CONSTRUCTION OF ELECTRONIC DISCHARGE

DEVICES

577 599.—The use of barium thorate as the activa-
ting material in a thermionic cathode surrounded
by a perforated metal container.

The Grnerval Electvic Co. Lid., S. H. Noble, H. P.
Rooksby, W. G. S. Branson, and J. S. Herriott.
Application date, 19th January, 1944.

577 602.—Thermionic filament consisting of a
plurality of bifilar windings in which the heating
current flows in opposite directions through adjacent
turns.

Standard Telephones and Cables Ltd (assignees of
C. V. Lauton). Convention date (U.S.A.) 30th

January, 1943.
SUBSIDIARY APPARATUS AND MATERIALS

577 585.—Method of adding a thalliam content to
the barrier on boundary layer of a rectifier of the
selenium' type.

Westinghouse Brvake and Signal Co. Ltd., L. E
Thompson, and A. Jenkins. Application date 2nd
March, 1944.

577 608.—Band-pass filter in which the mid-band
frequency can be varied over a wide range, whilst
preserving a constant impedance-ratio.

F. G. Chifford. Application date, 11th Februavy,
1944.

577 613.—Capacitance arrangement for varying the
natural frequency of a coaxial resonator, as used
for ultra-short waves.

“ Patelhold ”  Patentverwertungs & Elektro-Hold-
wmg  A.G. Convention date (Switzerland), 18th
February, 1943

577 616.—Spraying or sputtering process for pre-
paring the counter-electrode of a rectifier of the
selenium type.

Westinghouse Brake and Signal Co., Ltd., L. E.

Thompson, and A. Jenkins. Application date,
2nd Mavch, 1944

577 662. . Compensating for temperature-varia-
fions 1n cavity-resonators as used for signalling
through waveguides.

Automatic Telephone and Electric Co. and T. H.
Turney. Application date, 3vrd May, 19.44.

577 663.—Circuit which is triggered by a firing
pulse of one microsecond to generate a, sweep
voltage, or an abrupt change of potential, for appli-
cation to a c. r. indicator.

A. C. Cossor Ltd., B. C. Fleming-Williams, and A.
Allen.  Application date 41h May, 1944.

577 859.—Piezo-electric crystal with roller elec-
trodes which make contact only at points, or along
lines, in the nodal plane of oscillation. ’

The General Electric Co. Ltd. and E. A. Fielding.
Application date, oth September, 1942.
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- ACOUSTICS AND AUDIO FREQUENCIES

'4.2-14 1
‘Transmission, Reflection, and Guiding of an
‘ponential Pulse by a Steel Plate in Water : Part
— Experiment.—M. F. M. Osborne & S. D. Hart.
. acoust. Soc. Awmery., July 1946, Vol. 18, No. 1,
- 170-184.) Part 1 (Theory) was abstracted in
60 of 1945, with brief reference to the present

perimental work.

12213 2
The Velocity of Sound : a Molecular Property.—
'G. Richardson. (Nature, Lond., 31st Aug. 1946,
L. 158, No. 4009, pp. 296-298.)

1.26 3
“he Diffraction of Sound Pulses : Part 1— Dif-
ction by a Semi-Infinite Plane ; Part 2 — Dif-
stion by an Infinite Wedge ; Part 3— Note on
Integral occurring in the Theory of Diffraction
ia, Semi-Infinite Screen ; Part 4 — On a Paradox
'the Theory of Reflexion.—F. G. Friedlander.
oc. voy. Soc. A., 24th Sept. 1946, Vol. 186, No.
0, PP. 322-344, 344-351, 352-356 & 356-367.)

-321.9 : 621.396.9 4
tadar in Nature.—T. Roddam. (Wiveless Woyld,
t- 1946, Vol. 52, No. o, pp- 286—288.) The
are of the mechanism by which a bat produces
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supersonic pulses was described in 258 of 1946
(Hartridge). Tts performance is here considered,
with a theoretical discussion of the requirements of a
radar model using supersonic waves in air.

53484 ' 5
Improvement in the Acoustics of Reinforced
Concrete Buildings by the Oelsner Method.—(7 ech.
wel. Tijdschy., Jan./March 1945, Vol. 14, Nos. 1/3,
P- 14. In Flemish.) Summary of a paper in
Ingenigr-og- Bygningsvoesen, roth Feb. 1943.

021.317.75.029.3 : 532.593 } 6

A Frequency Analyser used in the Study of,Ocean
Waves.—Barber, Ursell, Darbyshire & Tucker.
(See 203.)

621.395.61 : 534.43 7

Tuned-Ribbon Pickup.—\V. F. Leidel, Jr, &N E.
Payne. (Electyonic Industr., Qct. 1946, Vol. 3,
No. 10, pp. 65-69 . . 101.) Describes a variable-
reluctance type of gramophone pickup in which the
armature is supported by a tensioned ribbon.
Extremely low mass and "a flat response up to
10 000 c¢fs are claimed.

621.396.615.11 8

A Simple “ Wien Bridge Audio Oscillator.—
H. T. Sterling. (QST, Oct. 1946, Vol. 30, No. 10,
Pp. 20-32.) Details of the theory of operation
show that the oscillator has a good waveform and
a uniform output amplitude with respect to fre-
quency. Practical circuits are given for (a) an
oscillator having a variable range from 15 c¢/s to
150 kcfs, and (b) an oscillator having ten spot
frequencies between 20 ¢/s and 20 kc/s.

621.395.625.6 9

16-mm  Sound-on-Film Recorders.—]. Neil.
(Electronic Lngng, Oct. 1946, Vol. 18, No. 224,
pPp. 309-312.)

AERIALS AND TRANSMISSION LINES
621.315.2 : 621.317.33.029.63 10
The Measurement of Cable Characteristics at
Ultra-High Frequencies.—Jones & Sear. (See
175.)

621.315.21.029.4/.6]:621.317.33 11
Characteristics of R.F. Cables.—Stamford &
Quarmby. (See 174.)

621.315 [.211.2 + .22 12

Mineral-Insulated Metal-Sheathed Conductors.—
F. W. Tomlinson & H. M. Wright. (], Instn
elect. Engys, Part 11, Aug. 1946, Vol. 93, No, 34,

D
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pp. 325-335. Discussion, pp. 330-340.) I owdered impedance Zg is defined as» = Z—U——ZL where Zg is
o L

magnesium oxide is a very satisfactory insulating
material. Its dielectric constant is 3.6 and power
factor 0.0005. Copper-covered cable with this
insulator is suitable for transmission at frequencies
up to several hundred megacycles per second.

Properties, applications, and methods of manu-
facture and installation of such cables are
discussed.

621.315.232.014.1 13

[Current] Rating of Cables in Ducts.—C. C. Barnes.
(Elect. Times, 315t Oct. 1946, Vol. 110, No. 2871,
pp. 583-586.) Tables and graphs are given for
calculating the rating, which is lower owing to
heat effects than for other forms of installation.

621.317.336 L 14
Impedance Matching with an Antenna Tuner.—
G. G. (QST, Oct. 1946, Vol. 30, No. 10, pp. 38-40.)

621.392 15

On the Eigen-Values of an Electromagnetic
Waveguide.—T. Kahan. (C. R. Acad. Sci., Pavis,
11th Feb. 1946, Vol. 222, No. 7, pp. 380-381.) The
behaviour of a straight waveguide of rectangular
cross-section is illustrated by means of the special
case of a square cross-section. The form of the
vector potential and nodal surfaces (which divide
the guide into electrically distinct portions) is
considered for some of the simpler possible modes.

621.392.2 16

On the Propagation of Waves in Curved Guides.—
M. Jouguet. (C. R. Acad. Sci., Paris, 4th March
1946, Vol. 222, No. 10, pp. 537—538.) The method
of perturbation can_be used to determine the
deformation of Fg or Hy waves in cylindrical guides
even when the conductivity ¢ of the walls is finite.
The perturbation terms remain small provided
that the curvature C does not exceed a value
independent of ¢ for 1y waves and a much smaller
value, decreasing to zero as ¢ increases indefinitely,
for Hy waves. The E, waves are stable ; the phase
velocity and attenuation factor (dependent on o) are
independent of curvature to a second-order
approximation. For a perfectly conducting guide
the H, wave is unstable ; for large C and ¢ a
solution still exists but differs radically from the Hy
wave. For rectangular guides, an analogous method
yields an approximate formula easier to use than
the exact formula obtained by the Bromwich-
Borgnis method. If the walls are perfect conductors,
the phase velocity is not modified (to a second-
order approximation) by the curvature, and both Eg
and Hy waves are stable.

621.392.43 17
Conditions of Termination in a Waveguide.—
T. Kahan. (C. R. Acad. Sci., Pavris, 4th March 1940,
Vol. 222, No. 10, Pp. 535-537-) proof that if a
waveguide is terminated by a semi-transparent
cavity whose length is an odd number of quarter
wavelengths, no standing waves are produced what-
ever the mode of vibration. For a definition of
semi-transparent cavity see 1795 of 1040.

621.392.43.082.7 18

Note on a Reflection-Coefficient Meter.—XN. 1.
Korman. (Proc. Inst Radio Emngrs, W. & E.,
Sept. 1946, Vol. 34, No. 9, pp. 657-658.) The reflec-
tion coefficient of a network N terminated by an

an impedance such that the current through an
indicating device V is zero. Itis deduced that the
indication of V will be proportional to # if (1) Nisa
linear, bilateral, passive netwoik, (2) Zg is a physi-
cally realizable impedance and (3) the output
impedance of N equals Zy.

621.392.5 ) 19
Equalized Delay Lines.— Kallmann. (See 41))
621.390.67 20

New B.B.C. Mast.— (Elect. Rev., Lond., 25th Oct.
1946, Vol. 139, No. 3590, p. 043 ; LElectrician,
18th Oct. 1946, Vol. 137, No. 3508, p. 1078))
Improved reception of the B.B.C. Home bSer-
vice programme On 342.1 M Wwas made possible
from 29th Sept. 1946, by the use of a new s500-ft
vertical radiator (with adjustable capacitance-load-
ing) erected at Brookman’s Park.

621.390.07 21

Aerials—W. Buys. (Tech. wet. Tijdschr., Jan./
March, April/June & July/Sept. 1945, Vol. 14,
Nos. 1/3, 4/6 & 7/9, pp. 6-13, 20-41 & 63-72.

In Flemish.) Summarizes theory and practice up

to 1041.

621.390.07 22
The Calculation of Auxiliary Functions for

Straight Receiving Aerials of Any Height.—
J. Miller-Strobel & . Vatry. (Helv. phys. Acta,
1944, Vol. 17, No. 0, pp. 455—402.) An extension of
3527 of 1945 to aerials of any length compared with
the wavelength, but assuming constant field

strength along the aerial.

621.396.67.0I1.2 23

Simplifications in the Consideration of Mutual
Effects between Hali-Wave Dipoles in Collinear and
Parallel Orientations.—K. J. Affanasiev. (Proc.
Tnst. Radio Engrs, W.& E., Sept. 1040, Vol. 34,
No. 9, pp. 635-638.) Simple expressions for the
mutual impedance which do not involve the Si
and Ci functions are derived. They are in close
agreement with the more exact results of Carter
(1932 Abstracts, p. 585) for aerial separations greater
than one wavelength. For parallel Af2 dipoles
with spacing D the modulus of the mutual im-
pedance is given as 6oA/mD Q.

621,396.074 24

Radiation from Large Circular Loops.—E. B.
Moullin. (J. Instn elect. Engrs, Part III, Sept.
1940, Vol. 93, No. 25, pp. 345-351.) A calculation
of the radiation resistance and polar diagram of
loops of any radius at a large distance. The field
can, by suitable choice of radius, be made zero it
the equatorial plane or at any angle of elevation.
Tt is shown that the ‘ high-angle’ radiation can be
sensibly removed by using two concentric and co-
planar loops having suitably chosen radii; but
with this disposition the current must be supplied
to both loops and it is impracticable to induce oné
current from the other. The ‘ high-angle’ radia-
tion can also be much reduced by the use of two
similar coaxial large loops in parallel planes, ar}d
this offers a disposition which may be useful 10
practice.”

2
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£621.306.674.011.2 25  determined, it can be set up on the analyser;
{

Special Aspects of Balanced Shielded Loops.—
'L. L. Libby. (Proc. Inst. Radio Engrs, WW. & I,
"Sept. 1940, Vol. 34, No. 9, pp. 041-040.) An analysis
lof the impedance of the screened loop acrial in
iterms of an equivalent uniform transmission-line
isection.  In a numerical example concerning a
circularloop of 1-ft diameter, the theoretical resonant
frequency (79.4 Mc/s) is found to be within 5°, of
the measured value.

}621.390.677 1 021.397.5 26
 Rhombic Antennas for Television.—]. Minter.
(Electronic Industr., Oct. 1930, Vol. 5, No. 10, PP
33=61.)  Design data for aerials receiving horizon-
‘ally polarized signals in the ranges g4—215 Mc's
nd 430-920 Mc/s with polar diagrams for various

engths of side. A forward inclination of the
rhombic is used to lower the main lobe.

i ) 53
?21.390.678 27

A New Kind of Skyhook.—D. T. Ferrier & W. G.
aird, Jr. (QST, Oct. 1940, Vol. 30, No. 10, pp.
24-25.) A description of a “kytoon ' having the
advantages of both a kite and a balloon. The
:asing is made of light nylon fabric and the bladder
2f neoprene. The kytoon when deflated can Dbe

Y . - . . .
tarried in a package 14 inches long and 3 inches in

j"(iameter. It is used for erecting aerials at mobile
‘tations in a short time.
121.396.67 (02) 28

Currents in Aerials and High Frequency Net-
vorks. [Book Review]—F. B. Pidduck. Oxford
tJniv. Press, 97 pp., Ss. od. (Phil. Mag., Oct.
%945, Vol. 36, No. 201, p. 730.) . no one inter-
Isted in aerial theory can afiord to neglect this
{itherto unpublished account.” See also 1182 of
1

910,

| CIRCUITS AND CIRCUIT ELEMENTS
321.3:519.241.6 29
{ An Extension of Campbell’s Theorem of Random
‘luctuations.—R. S. Rivlin. (Phil. Mag., Oct.
@945, Vol. 30, No. 261, pp. 688-693.) Campbell’s

jicorem giving the mean square deviation of the

bsponse (y — 3,2 of a linear system to a large
rumber of identical random events is extended to
ne case in which the events are dissimilar, and the
jlantity (v — 3)”is also calculated. In an adden-
im the result obtained Ly Rice for P = 3 in the
1se of identical events is shown to agree with that
. the present paper.

21.3.015.1 :621.306.012.8 30
i Differentiation of a Voltage.—]. Gorner.  (Arch.
%:Iz.‘J[ess_en, July 1940, No. 109, pp. T77-78)
cnsideration of RCL, RC, transformer and choke
rcuits and electromechanical methods.

21.316.313.025 31
{A.C. Network Analyzer.—N. H. Meyers & N. K.
fhultz. (Gen. elect. Itev., Sept. 1940, Vol. 49, No. o,
). 34—40.) A general description of the analyser
3given. It may be used for determining physical
itities from equivalent circuits in problems of the
tlowing types: (a) short circuits, (b) transicnt
?bility, (c) steady state stability, (d) shunting and
it-of-step operation of electrical machinery, (e)
rsional oscillations, (f) electromagnetic cavity
sonators and (g) Schrédinger cquation of atom
‘ucture,

‘«‘Once a particular equivalent circuit has been

];....,- U e BT T e TelAs T RS

readings of current, voltage and power then corre-
spond to certain physical entitics in the physical
system for which the equivalent circuit has been
obtained.

621.310.80 1 540.281.20 32

Silicon Carbide Non-Ohmic Resistors. —Ashworth,
Needham & Sillars.  (See 141.)

021.310.974 1 021.318.4.017.31 33

Power Loss in Electromagnetic Screens.—C. I°.
Davidson, R. C. Looser & J. €. Simmonds.  (Hire-
less IEngr, Nov. 1940, Vol 23, No. 273, pPp- 315-316.)
Discussion of the formula derived by C. A. Siocos
(2710 of 1940) for the cddy current density in a
plane sheet due to an inductor of finite length,
It agrees with the formula derived by the writers
(sce 1077 of 1940) and is more convenient when the
inductor is a solenoid.

021.317.336 34
Impedance Matching with an Antenna Tuner.-—
G GoQST, Oct. 1940, Vol. 30, No. 10, pp. 38-40.)

021.318.323.2.042.15 35

Permeability of Iron-Dust Cores. - ;. W. O. H._
H. W, Lamson @ R. E. Burgess.  (Hireless Laogr,
Nov. 1046, Vol 23, No. 278, pp. 201~2q2 & 313-315.)
An editorial discussion of various permeability
formulac proposed by Doebke and Howe, and the
letters from H. W, Lamson and R, 15, Burgess which
inspired it.  Lamson investigates theoretically the
permeability for three arrangemants of particles
(i) uniform distribution  of aligncd  cubes, (i)
random distribution  of aligned cubes, and (11}
uniformly  distributcd  spheres. The results are
tabulated and compared with the experimental
values of Legg & Given (4424 of 1o40) which are
much higher at large iron concentrations.  Reasons
for this discrepancy are discussed.

Burgess comments on Howe's formula (1033
Abstracts, p. 173) at small iron concentrations,
suggests reasons for the discrepancy between this
theory and measurement, and draws attention to
L. Page’s work (1176 of 1042) which provides
satisfactory agreement for large iron concentrations.,

021.385:021.3.0171.2 a8

Negative Resistance Circuit Element.-- G. A.
Hay. (Wireless Iingr, Nov. 1a40, Vol. 23, No. 258,
pp. 2699-305.)  The possibility of making the dyng-
tron available for dynamic resistance measuroment
up to roo Mc/s is considered.  After a review of
previous work the optimum operating conditions
and the equivalent circuit of the dynatron are
considered.  Measurements of the low-fre quency
value  of the negative resistance (R a) by a
bridge method and of the high-frequency value

(Ra) by a tuned circuit method are described.
The ratio € = R R, is investigated up to

100 Meys alter removing @ spurious «fieet due to
resonances in the voltage supply leads. It s
concluded that e lies hetween 0.95 and 1.05 up to
50 Mcss. At higher frequencies the effects of dielee-
tric loss, transit time and valve lead inductances
limit the usefulness of the dynatron.

H21.385.831.012.8 37
Equivalent Noise Representation of Multi-Grid
Amplifier Tubes.-—IX. . Twiss & K. |. Schremp.
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magnesium oxide is a very satisfactory insulating
material. Its dielectric constant is 3.6 and power
factor 0.00035. Copper-covered cable with this
insulator is suitable for transmission at frequencies
up to several hundred megacycles per second.
Properties, applications, and methods of manu-
facture and installation of such cables are
discussed.

13
C. Barnes.
No. 2871,

621.315.232.014.1

[Current) Rating of Cablesin Ducts.—C.
(Elect. Times, 31st Oct. 1946, Vol. 110,
pp. 583-586.) Tables and graphs are given for
calculating the rating, which is lower owing to
heat effects than for other forms of installation.

621.317.330 : 14
Impedance Matching with an Antenna Tuner.—
G. G. (QST, Oct. 1940, Vol. 30, No. 10, pp. 38-40.)

621.392 15

On the Eigen-Values of an Electromagnetic
Waveguide.—T. Kahan. (C. R. Acad. Sci., Paris,
11th Feb. 1946, Vol. 222, No. 7, Pp- 380-381.) The
behaviour of a straight waveguide of rectangular
cross-section is illustrated by means of the special
case of a square cross-section. The form of the
vector potential and nodal surfaces (which divide
the guide into electrically distinct portions) is
considered for some of the simpler possible modes.

621.392.2 16

On the Propagation of Waves in Curved Guides.—
M. Jouguet. (C. R. Acad. Sci., Paris, 4th March
1946, Vol. 222, No. 10, pp. 537-538.) The method
of perturbation can_be used to determine the
deformation of Fg or Hy waves in cylindrical guides
even when the conductivity ¢ of the walls is finite.
The perturbation terms remain small provided
that the curvature C does mnot exceed a value
independent of o for 175 waves and a much smaller
value, decreasing to zero as o increases indefinitely,
for Hy waves. The E, waves are stable ; the phase
velocity and attenuation factor (dependent on o) are

independent of curvature to a second-order
approximation. For a perfectly conducting guide

the H, wave is unstable ; for large C and ¢ a
solution still exists but differs radically from the Hy
wave. For rectangular guides, an analogous method
yields an approximate formula easier to use than
the exact formula obtained by the Bromwich-
Borgnis method. If the walls are perfect conductors,
the phase velocity is not modified (to a second-
order approximation) by the curvature, and both E,
and Hy waves are stable. '

621.392.43 17
Conditions of Termination in a Waveguide.—
T. Kahan. (C. R. Acad. Sci., Pavris, 4th March 1946,
Vol. 222, No. 10, pp. 535-537.) A proof that if a
waveguide is terminated by a semi-transparent
cavity whose length is an odd number of quarter
wavelengths, no standing waves are produced what-
ever the mode of vibration. TFor a definition of
semi-transparent cavity see 1795 of 10406.

621.392.43.082.7 18

Note on a Reflection-Coefficient Meter.—X. 1.
Korman. (Proc. Inst. Radio Engrs, W. & I,
Sept. 1946, Vol. 34, No. 9, pp. 657-658.) The reficc-
tion coefficient of a network N terminated by an

. Zo - ZL
an impedance such that the current through an
indicating device V is zero. Itis deduced that the
indication of V will be proportional to 7 if (1) Nisa
linear, bilateral, passive network, (2) Zg is a physi-
cally realizable 1mpedance and (3) the output
impedance of N equals Zy.

621.392.5 19
Equalized Delay Lines.—Kallmann. (See 41.)
621.390.07 20
New B.B.C. Mast.—(E/ect. Rev., Lond., 25th Oct.
1046, Vol. 139, No. 3590, p. 643 ; Electvician,
18th Oct. 1940, Vol. 137, No. 3508, p. 1078.)

Improved reception of the B.B.C. Home Ser-
vice programme ONn 342.1 M was made possible
from 29th Sept. 1946, by the use of a new 3500-ft
vertical radiator (with adjustable capacitance-load-
ing) erected at Brookman’s Park.

621.390.07 21
Aerials.—W. Buys. (Tech. wet. Tijdschy., Jan.|
March, April/june & July/Sept. 1945, Vol. 14,

6-13, 29-41 & 03-72.

Nos. 1/3, 4/6 & 7/9, PP
1 theory and practice up

In Flemish.) Summarizes
to 1041.

621.3906.07 22

The Calculation of Auxiliary Functions for
Straight Receiving Aerials of Any Height.—
J. Miller-Strobel & J. Patry. (Helv. phys. deta,
1944, Vol. 17, No. 6, pp. 455-402.) An extension of
3527 of 1945 to aerials of any length compared with
the wavelength, but assuming constant field
strength along the aerial.

621.390.07.011.2 23

Simplifications in the Consideration of Mutual
Eftects between Hali-Wave Dipoles in Collinear and
Parallel Orientations.—K. ]. Affanasiev. (Proc.
Inst. Radio Engrs, W.& E., Sept. 1040, Vol. 34,
No. 9, pp. 035-638.) Simple expressions for the
mutual 1mpedance which do not involve the Si
and Ci functions are derived. They are in close
agreement with the more exact results of Carter
(1932 Abstracts, p. 585) for aerial separations greater
than one wavelength. For parallel Af2 dipoles
with spacing D the modulus of the mutual im-
pedance is given as 6oA/mD Q.

621.390.074 24

Radiation from Large Circular Loops.—E. B.
Moullin. (J. Instn elect. LEngrs, Part III, Sept.
1946, Vol. 93, No. 25, pp. 345-351.) A calculation
of the radiation resistance and polar diagram of
loops of any radius at a large distance. The field
can, by suitable choice of radius, be made zero in
the equatorial plane or at any angle of elevation.
“ It is shown that the ‘ high-angle’
sensibly removed by using two concentric and
planar loops having suitably chosen radii;
with this disposition
to both loops and it is impracticable to induce oné
current from the other. The ‘high-angle’ radia~
tion can also be much reduced by the use of two
similar coaxial large loops in parallel planes, and
this offers a disposition which may be useful ¥
practice.”

co-
but

the current must be supplied

|

radiation can bé& |
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Special Aspects of Balanced Shielded Loops.—-
L. L. Libby. (Proc. Inst. Radio Engrs, W.& E.,
iSept. 1046, Vol. 34, No. o, PPp. 641-646.) An analysis
jof the impedance of the screened loop aerial in
terms of an equivalent uniform transmission-line
section. In a numerical example concerning a
circularloop of 1-ft diameter, the theoretical resonant
frequency (79.4 Mc/s) is found to be within 59% of
}the measured value.

i!
g
?

$21.396.677 : 621.397.5 26
{ Rhombic— Antennas for Television.—]. Minter.
(Electronic Industr., Oct. 1946, Vol. 5, No. 10, PP-
;8-61.) Design data for aerials receiving horizon-
ally polarized signals in the ranges 44215 Mc/s
and 480-920 Mc/s with polar diagrams for various
engths of side. A forward inclination of the
g'hombic is used to lower the main lobe.

4

21.396.678 27
@ A New Kind of Skyhook.—D. T. Ferrier & W. G,
aird, Jr. (QST, Oct. 1946, Vol. 30, No. 10, pp.
24-25.) A description of a “kytoon’ having the
dvantages of both a kite and a balloon. The
tasing is made of light nylon fabric and the bladder
»f neoprene. The kytoon when deflated can be
varried in a package 14 inches long and 3 inches in
j‘.iameter. It is used for erecting aerials at mobile
itations in a short time.

121.396.67 (02) 28
{ Currents in Aerials and High Frequency Net-
jorks. [Book Review]—F. B. Pidduck. Oxford
lniv. Press, 97 pp., 8s. 6d. (Phil. BMag., Oct.
945, Vol. 36, No, 261, p. 730.) . no one inter-
isted in aerial theory can afford to neglect this
litherto unpublished account.” See also 1182 of
1940.

E CIRCUITS AND CIRCUIT ELEMENTS

21.3: 519.241.6 29
: An Extension of Campbell’s Theorem of Random
luctuations.—R. S. Rivlin. (Phil. Mag., Oct.
545, Vol. 36, No. 261, pp. 688-693.) Campbell’s
heorem giving the mean square deviation of the
ssponse (¥ — ¥)% of a linear system to a large
famber of identical random events, is extended to
’3;1e case in which the events are dissimilar, and the
hantity (y — )2 is also calculated. In an adden-
wm the result obtained by Rice for p = 3 in the
tse of identical events is shown to agree with that
;{' the present paper.

M

$1.3.015.1:621.396.012.8 30
éDiﬁerentiation of a Voltage.—]. Gorner. (Arch.
vh. Messen, July 1940, No. 1009, pp. T77-78.)
hnsideration of RCL, RC, transformer and choke
rcuits and electromechanical methods.

$1.316.313.025 31
{A.C. Network Analyzer.—N. H. Meyers & N. R.
‘fhultz. (Gen. elect. Rev., Sept. 1946, Vol. 49, No. o,
i~ 34-40.) A general description of the analyser
igiven. It may be used for determining physical
qtities from equivalent circuits in problems of the
jlowing types: (a) short circuits, (b) transient
nbility, () steady state stability, (d) shunting and
t-of-step operation of electrical machinery, (¢)
rsional oscillations, (f) electromagnetic cavity
bonators and (g) Schrédinger equation of atom
fucture.

.‘-;Once a particular equivalent circuit has been

Dt N
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621.396.674.011.2 25 determined, it can be set up on the analyser;

readings of current, voltage and power then corre-
spond to certain physical entities in the physical
system for which the equivalent circuit has been
obtained.

621.316.86 : 546.281.26 32
Silicon Carbide Non-Ohmic Resistors.——Ashworth,
Needham & Sillars. (See 141.)

621.316.974 : 621.318.4.017.31 33

Power Loss in Electromagnetic Sereens.—C. F.
Davidson, R. C. Looser & J. C. Simmonds. (Wive-
less Engy, Nov. 1946, Vol. 23, No. 278, pp. 315-316.)
Discussion of the formula derived by C. A. Siocos
(2716 of 1946) for the eddy current density in a
plane sheet due to an inductor of finite length.
It agrees with the formula derived by the writers
(see 1077 of 1946) and is more convenient when the
inductor is a solenoid.

621.317.336 34
Impedance Matching with an Antenna Tuner.—
G. G. (QST, Oct. 1946, Vol. 30, No. 10, pp. 38-40.)

621.318.323.2.042.15 35

Permeability of Iron-Dust Cores.—G. W. O. H. :
H. W. Lamson: R. E. Burgess. (Wireless Lngy,
Nov. 19406, Vol. 23, No. 278, Pp- 291-292 & 313-315.)
An editorial discussion of various permeability
formulae proposed by Doebke and Howe, and the
letters from H. W. Lamson and R. E. Burgess which
inspired it. Lamson investigates theoretically the
permeability for three arrangements of particles :
(1) uniform distribution of aligned cubes, (i1)
random distribution of aligned cubes, and (iii)
uniformly distributed spheres. The results are
tabulated and compared with the experimental
values of Legg & Given (4424 of 1940) which are
much higher at large iron concentrations. Reasons
for this discrepancy are discussed.

Burgess comments on Howe’s formula (1933
Abstracts, p. 173) at small iron concentrations,
suggests reasons for the discrepancy between this
theory and measurement, and draws attention to
L. Page’s work (1176 of 1942) which provides
satisfactory agreement for large iron concentrations,

621.385 : 021.3.011.2 36

Negative Resistance Circuit Element.—G. A.
Hay. (Wireless Engr, Nov. 1946, Vol. 23, No. 278,
pPp. 299-305.) The possibility of making the dyna-
tron available for dynamic resistance measurement
up to 100 Mc/s is considered. After a review of
previous work the optimum operating conditions
and the equivalent circuit of the dynatron are
considered. Measurements of the low-frequency
value of the negative resistance (R°%) by a
bridge method and of the high-frequency value
(Rg) by a tuned circuit method are described.
The ratio e = R°,/R, is investigated up to
100 Mc/s after removing a spurious effect due to
resonances in the voltage supply leads. It is
concluded that e lies between 0.95 and 1.05 up to
50 Mc/s. At higher frequencies the effects of dielec-
tric loss, transit time and valve lead inductances
limit the usefulness of the dynatron.

621.385.831.012.8 37
Equivalent Noise Representation of Multi-Grid
Amplifier Tubes.—R. Q. Twiss & E. J. Schremp.
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(Phys. Rev., 1st/15th June 1946, Vol. 69, Nos. 11/12,
p. 696.) North’s results for noise generated by
multi-grid amplifier valves are extended to the case
where there are arbitrary impedances in all the
electrode leads. Equations for ~a pentode are
given. Summary of Amer. Phys. Soc. paper.

621.392 38

Unification of Linear Network Theory.—]. D.
Weston. (/. Brit. Instn Radio Engrs, Jan./Feb.
1946, Vol. 6, No. 1, pp. 4-14.) “ The concern of
this paper is not so much to present new concepts
as to achieve a unification of old ones in a consist-
ent scheme.” The axioms of projective geometry
fall into pairs, so that either member of a pair can
be converted into the other by interchanging certain
words (correlatives). Associated, therefore, with
each theorem derived from the axioms is a valid
correlated theorem which may be written down from
inspection of the first. There is similar duality
in the six axioms (restatements of the laws of
Kirchhoff, Ohm, Coulomb and Neumann) applicable
to linear, invariant networks having lumped circuit
parameters and in which the currents and poten-
tials are steady or slowly varying. ‘*In virtue of
this [dual] correspondence it is possible to halve the
number of axioms required, provided we add to them
the Principle of Duality.”

The correlative terms are listed (e.g. junction and
mesh : admittance and impedance ; current and
fall of potential) and it is shown how they may be
used to group the network theorems into pairs.
An outline of the application of the above principles
to field theory is given, in which H and jE: M and
4P are the pairs of correlatives. ‘It is important
to notice . . . that the same general principles
apply to any dynamical system, the axioms of which
can be formulated in an analogous way.”

621.392.001.1 39
Node-Pair Method of Circuit Analysis.—W. H.
Huggins. (Proc. Inst. Radio Engys, 1V. & E., Sept.
1046, Vol. 34, No. g, pp. 661-662.) Itis claimed that
the confusion and duplication of the impedance and
admittance treatments of circuit analysis could be
avoided by greater use of the node-pair method,
particularly for valve systems. “ The node-pair
quantities are the most natural and consistent with
those already used in everyday measurements.”

621.392.5 40

Note on a Parallel-T Resistance-Capacitance Net-
work.—A. Wolf. (Proc. Inst. Radio Engrs, 1. & I,
Sept. 1946, Vol. 34, No. 9, p. 659.) Formulae
are developed for the performance of a four-terminal
parallel-T resistance-capacitance network which
serves for the elimination of a given frequency. It
is shown that an unsymmetrical form of the network
is advantageous when a high degree of frequency
discrimination is desired.

621.392.5 41

Equalized Delay Lines.—H. E. Kallmann. (Proc.
Inst. Radio Engrs, W. & E., Sept. 1046, Vol. 34,
No. 9, pp. 646-657.) The decrease in delay time
due to decrease in effective inductance of the coil
when the wavelength along the line becomes
comparable with the length of the line may be
compensated by an increase in the capacitance.
This capacitance may be artificially increased by
copper strips on the outside of the central coiled
conductor, insulated from it, from each other

and from earth. Automatic compensation due
to the self-capacitance of the coil may suffice
with high impedance lines.

The technique of measurement of delay and
transmission characteristics is discussed and it is
concluded that most of the transmission losses at
the higher frequencies occur in the insulation of wire
forming the coil. The measurement of input
impedance and the matching of the line to source
and load are also discucsed.

Practical delay lines are described including
some with sectional windings. There is a short
discussion of the delay in low-pass filters with
lumped parameters.

621.392.5 42
Network Synthesis, especially the Synthesis of
Resistanceless Four-Terminal Networks.—3. D. H.

Tellegen. (Philips Kes. Kep., April 1046, Vol. 1,
No. 3, pp. 169-184.) Tor a two-terminal network,
the “ order”’ is defined as the order of the differ-

ential equation of the free vibrations when its
terminals are connected by a resistance. This
concept is extended to four-terminal networks, and
possible types of resistanceless network for various
orders are discussed.

621.392.5 43

Determination of a Class of Coupled Circuits with .
n Degrees of Freedom, having the Same Natural
Frequencies as a Given Assemblage of n Coupled
Circuits, and such that Each Mesh also has the Same
Total and Coupling Seli-Inductance as the Corre-
sponding Mesh of the Given Assemblage.—M.
Parodi. (C. R. Acad. Sci., Paris, 11th Feb. 1946,
Vol. 222, No. 7, pp- 379-380.) A continuation of
2501 of 1946. The self-inductance condition is
satisfied by requiring one of the matrices involved
in the earlier theory to be of a special type.

621.392.5: 621.316.722.078.3 44

The Theory of the Non-Linear Bridge Circuit.—
G. N. Patchett. (J. Instn elect. Engrs, Part 111,
Sept. 1940, Vol. 93, No. 25, p. 343.) Discussion of
367 of 1946.

621.392.5 : 621.3106.722.078.3 021.326[.1 -+ .3/.4 48

The Characteristics of Lamps as applied to the
Non-Linear Bridge, used as the Indicator in Voltage
Stabilizers.—G. N. Patchett. (/. Instn elect. Engss,
Part 111, Sept. 1946, Vol. 93, No. 25, pp. 305-322.)
The effect of ambient temperature and vibration on
the usefulness of various types of lamp in d.c.
bridges is considered. Experimental and mathe-
matical results are given for the response time of
various lamps when used in this circuit. Methods
of overcoming this delay by means of suitably
designed capacitance-resistance networks are given,
together with experimental results.” See also 867
of 1946.

621,392.52 46

The Universal Characteristics of Triple-Resonant-
Circuit Band-Pass Filters.—K. R. Spangenberg.
(Proc. Inst. Radio Engrs, W. & FE., Sept. 1940, |
Vol. 34, No. 9, pp. 620-034.) ' The universal |
insertion-loss versus frequency characteristics ofa |
band-pass filter composed of one, two, or three
lossless resonant circuits in a loosely coupled cascade |
connection between a source and a load impedance
are given. The effects of load and source coupling |
and of intermesh coupling upon pass-band insertion-
loss variations and upon band width are discussed.”

——— Sy
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lf(>zI.391.5: 47  value of wjc without solving a determinantal

\  Double-Derived Terminations.—R. O. Rowlands,
Wireless Engr, Nov. 1040, Vol. 23, No. 278, pp.
1292-293.)  Extension of an earlier method (872 of
'1946) of terminating complementary filters at their
‘common ends so that the real part of the image
impedance is that of a double-derived section. The
\technique now described permits a wider choice
lof attenuation function for a prescribed impedance
function.

621.3092.52.015.3 48

Transient Response of Filters.—C. C. Llaglesfield.
y(1T7iveless  LEngr, Nov. 1040, Vol. 23, No. 228,
PP 300-307.) Analysisof the response of a 6-element
symmetrical filter section to a sudden application
of cos wet, on the assumption that the pass-band-
"width 1s small compared with the central frequency.,
yEquation (7) for the envelope of the output voltage
thas the same form as Tucker's empirical equation
?l(lsee 1188 of 19.46) but there is a discrepancy between
'the numerical results which is not fully understood.

C Rt

\

;‘621.39:.5_’.0()1 49
) The-Effect of Incidental Dissipation in Filters.—
;E. A. Guillemin. (Electronics, Oct. 1940, Vol. 19,
No. 10, pp. 130-135.) A theoretical paper which
resents " a method of ascertaining the cfiect of
‘hese losses on propagation factor, reflection factor
wnd interaction factor”.  Approximate formulac
iire developed for the various portions of a low-pass
ilter characteristic. It is shown how to extend the

esults to more complicated networks.

p21.304".3971.0.45.34 50
A Variation on the Gain Formula for Feedback
implifiers for a Certain Driving-Impedance Con-
siguration.—T. \V. Winternitz. (Proc. Tust. lad:o
Zngrs, W & E.. Sept. 1040, Vol. 34. No. 9, pp.
139-041.) An expression is obtained for the gain
irhen the source impedance is the only one across
shich the feedback voltage is developed.  This
xpression is then used to obtain the response, to a
leaviside unit step, of diffc rentiating and integrating
tmplifiers and a sweep amplifier driving a cathode-
-i;ay tube with magnetic deflexion.

}

121.3047.3907.045.015.33 51
; Pulse Transmission in Amplifiers.—A. I£. Newlon,
A Electronics, Oct. 1940, Vol. 19, No. 10, pp- 11Hh=-121.)
4D experimental investigation carricd out with
Lng pulses at a carrier frequency of 460 ke s. The
fesults may be ‘scaled ' to cover much shorter
;ulses. The rounding of the leading edge and the
ilcrease in length of the pulse are determined for
ransmission through amplifiers having various
;eady-state response charactcristics : simple ex-
ressions are derived empirically for the pulse
ilstorti_on in terms of such characteristics.  The
ransmission properties of amplifiers emploving
?ngle- and double-tuned circuits arc compared.
E21.396.()11 D318.01 52
1 Calculation of the Electromagnetic Field, Fre-
aency and Circuit Parameters of High-Frequency
sesonator Cavities.—H. Motz (/. [ustn elect.
Fngrs, Part 111, Sept. 1946, Vol. 93, No. z3, pp.
35-343.)  The wave equation d¢ - (g2 [ B
; replaced by a system of difference equations which
o1 free vibrations are soluble only for the” proper”’
jalues of wle. A method for finding the least

equation is described.  The sharp corners of lilystron
resonator boundaries present a special problem.
The analytic behaviour of the fields near such
sharp corners 1s allowed for, in a manner well suited
to the relaxation method of solving the cquations ;
the computation work is thereby reduced.  Once
the ficld components and the resonant {requency
are found, the beam impedance and the damping
constant are casily determined.

021.396.01T : 534.014.2 53

An Experimental Investigation of Forced Vibrations
in a Mechanical System having a Non-Linear Res-
toring Force.—C. A. ludcke. (. appl. Phis.,
July ta40, Vol 17, No. 5, pp. 603-004.) The appara-
tus is capable of generating and recording forced
vibrations ;. and  the  experimental  waveforms
are comparcd with the theoretical results given
by three graphical methods due to Marticnssen
(Phys. Z., 1910, Vol 11, pp. 448-400), den Hartog
(J. Frawklin Iust., Oct. 1933, Vol. 216, No. 4,
PP 459-473) and Ranscher (f. appl. Mech., 1u38,
Vol 5. pp. Arog-A177). In all cases, the wave-
forms of the resulting motion are nearly sinusoidal
as long as the frequency of the observed motion
15 the same as the frequency of the disturbing force,
but for a certain kind of non-lincarity the frequency
of the forced vibration can be made a submultiple
(e.g. 1 3 0or 1 51 of that of the driving force.

H21.3065.611.3 54

Universal Optimum-Response Curves for Arbi-
trarily Coupled Resonators.——1". 1. Richards. (/'roc.
Inst. Radio FEngrs, W, & I, Sept. 1ag6, Vol 34,
N o, pp. 02g-029.)  Generalized analysis of the
frequency response of a source and sink linked by
n coupling c¢lements and 2 resonators, with the
restrictions that (i) all the clements are losstess,
(it} the coupling crrcuits are not resonant near the
central frequency fy. (i) all the resonators have
their resonant froquoncies near fy, and (iv) the
desired bandwidth Jf is small compared with f.

The overall loss W has the form 1o log (1 - 73 db
where Z s a polynonual of dogree znoin x and
where @ = (f  for 4f and £ s any frequoney,
There is oniy one optimum farm for 7 piving
maximum  ofi-band  rejection with M .M (the
allowed loss) in the  pass band. This s
Z d T, x)® where d - antilogg (Mg 1a) 1,
and T,.iex is the Tchebyehetf polynomial  of
degree n.

H21. 300,015,171 55

A Simple * Wien Bridge ' Audio Oscillator. —
Sterling, (See 8.) .
0621.3G0.0615.17 56

Multivibrator Circuits. - N. \W. Mather,  (Flec-
Lromes, et o, Vol 1a, Noo 1o, pp. 136, 138.)
Basic types collccted for reference, shewing wave-
forms at different points, methods  of injecting
synchronizing signals, and frequeney-determining
cquations,

(l?_l_3(]’:.(}!'»,().’(;,!,_‘

Buzzer Signal Generator for 3000 Mec/s.
(Llectronics, Oct. 1940, Vol 19, No. 10, p. t4u.) A
buzzer produces r.f. pulses of complex waveform
which pass through a coaxial cable and a coupling
loop toa resonator tunable from 1 coo to 3 500 My,
The output is controlled by a piston attenuator,
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621.390.045 58 crystals, and the conduction of electricity of solids,

Preventing Self-Oscillation in Tetrode Amplifiers.
—P. D. Frelich. (QST, Oct. 1946, Vol. 30, No. 10,
pp. 22-23 . . 112.) The grid must be driven from a
source of low impedance, e¢.g. a cathode follower.
Practical details of a typical circuit are given.

621.396.645 59

Transoceanic Radio Amplifier.—C. F. P. Rose.
(Bell Lab. Rec., Sept. 1946, Vol. 24, No. 9, pp. 320
329.) A description of the Western Electric
D-158974 amplifier, the frequency of which can
be rapidly changed between 4.5 and 23 Mc/s
and which can operate for 22 hours a day.

The amplifier has one stage employing four 25-kW
tubes connected in a push-pull bridge-neutralized
circuit with the two tubes on each side of the circuit
connected in parallel. The outdoor power plant
transforms the three-phase input of 4 160V to 230V
for the low-voltage equipment and to 13000V for
the three-phase high-voltage rectifier.

621.396.645.35 60

Gas-Tube Coupling for D.C. Amplifiers.—F.
Tannone & H. Baller. (FElectronics, Oct. 1940,
Vol. 19, No. 10, pp. 106-107.) ‘‘Combining a
cathode follower with a gas diode gives a stable and
efficient coupling network.”” The grid of the cathode
follower is connected directly to the anode of the
driver stage, while the isolating gas tube is in the
cathode circuit of the cathode follower.

621.397.645 61

Video Amplifier H.F. Response : Part 1.— (1 ire-
less World, Sept. 1946, Vol. 52, No. 9, pp. 301-302.)
The procedure for determining the optimum circuit
values for the shunt-corrector circuit is given,
together with several examples. See part 2 below.

621.397.045 62

Video Amplifier H.F. Response : Part 2,—(117ire-
less World, Oct. 1946, Vol. 52, No. 10, pp. 333-334.)
The procedure is explained for finding circuit values
(a) for the flattest frequency response, (b) for critical
damping, given the drop in response required at a
known maximum frequency, or the response
required at a known time after the onset of a pulse,
and the total circuit capacitance. See part 1 above.

621.392 : 517.432.1 (02) 63

Heaviside’s Electric Circuit Theory. [Book Review]
—H. J. Josephs. Methuen, lLondon, 115 pp,
4s. 6d. (Wiveless TWorld, Oct. 1040, Vol. 5z, No. 10,
p. 332.) See also 2535 of 1940,

621.396.67 (02) 64
Currents in Aerials and High Frequency Networks.
[Book Review]—Pidduck. (See 28.)

GENERAL PHYSICS

530.162 65

On Onsager’s Principle of Microscopic Reversi-
bility.—H. B. G. Casimir (Philips Res. Rep.,
April 1946, Vol. 1, No. 3, pp. 185-190.) Omnsager’s
theory of reciprocal relations in irreversible pro-
cesses is summarized and the fluctuations in the
parameters of an adiabatic system are evaluated
in a general form. The theory is applied to a
number of simple examples : the thermon olecular
pressure difference, the conduction of heat in

considered in terms of an arbitrary four-pole.

535.13—%021.396.11- 66

On an Interpretation of the Propagation of E.M.
Waves and Its Consequences.—Haubert. (See 218))
535.241.4 67

 Foot-Lambert >’ Unit of Picture Brightness.—
(Electronic Industr., Oct. 1046, Vol. 5, No. 10,
pp. 57, 111.) Definition of the term, and its adoption
in the television industry.

535.343.4 + 538.509.4.029.04 68
+ 621.306.11,029.04]:551.57
The Absorption of 1-cm Electromagnetic Waves

ty Atmospheric Water Vapor.—Kyhl, Dicke &
Beringer. (See 219.)
535.343.4 -+ 021.317.011.5 69

4+ 621.396.11.020.04] : 540.171.1
The Inversion Spectrum of Ammonia.—'W. E.
Good. (Phys. Rev., 1st/15th Aug. 1946, Vol. 70,
Nos. 3/4, pp- 213-218.) For a preliminary account
see 3236 of 1940.

536 :621.3.012.8 70

Thermal Inductance.—R. C. L.. Bosworth. (Nature, |
Lond., 31st Aug. 10946, Vol. 158, No. 4009, p. 309.)
Earlier theory suggested that there are no induct-
ances in the equivalent circuits of a thermal system
because of the absence of oscillatory phenomena. .
Further theoretical and experimental investigation
shows that transients in a fluid system with con- ;
vection currents can only be explained by postu- |
lating an inductance corresponding to the kinetic
energy of the currents.

537.122: [532.312.62 -+ 538.22 o 71
Diamagnetism and Superconductivity of a Col- 5

lective Electron Assembly.—\V. Band. (Proc. §

Camb. phil. Soc., Oct. 1940, Vol. 42, Part 3,

pp. 311-327.)

537.122 1 538.3 72

The Classical Equations of Motion of an Electron.

—C. J. Elezer. (Proc. Camb. phil. Soc., Oct. 1946,
Vol. 42, Part 3, pp. 278-286.) r
537.222.1 73

The Two-Dimensional Electric Field of a Single
Semi-Infinite Rectangular Conductor.—N. Davy.
(Phil. Mag., Oct. 1045, Vol. 36, No. 201, pp.
604—705.) The equipotentials and lines of force
inside and outside a charged semi-infinite rectangular
conductor are investigated theoretically and experi-
mentally and their distribution shown in diagrams.
The electric intensities, surface densities, total
charges, capacitances, and mechanical forces on an
external object are discussed, and special cases of a
semi-infinite thin plate and an infinitely narrow
hollow conductor are considercd.

|

537.220 : 62 4 [

Theoretical Physics [of dielectrics] in Industry.— !
Fidhlich., (See 124.)

{\\

537.201 bl

Influence of Space Charge om the Bunching of |
Electron Beams.—L. Brillouin.  (Phys. Rev, !
1st/15th Aug. 1046, Vol. 7o, Nos. 3/4, pp. 187-196.) |
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"‘ The application of the Llewellyn method of integra- course. '* A genius for clear explanations runs

ition to electron motion within plane structures,
' taking account of space charge effects, is described.
"The conditions for bunching, i.e. intersection of
‘trajectories, are investigated by this method for the
! cases of (1) a conventional plane diode, (2) a diode
,with given initial electron velocity (with sinusoidal
J velocity modulation as a special case), (3) a plane
) magnetron, (4) a plane magnetron with velocity
' modulation. In the last case it is shown that
i multiple intersections occur with strong magnetic
\ fields.

;537.5 1621.385.18.029.04 76
,  Conductivity of Electrons in a Gas at Microwave
{Frequencies.—H. Margenau. (Phys. Rev., 15t/15th
i June 1946, Vol. 69, Nos. 11/12, p. 698.) ** Using
ithe energy distribution law the complex conduc-
/tivity is calculated as function of electron density,
\gas pressure and frequency of the field.”” The
\results are applied to t.r. switches. See 3818 of
11946. Summary of Amer. Phys. Soc. paper.
1537.531 + 539.105 77
Calorimetric Experiment on the Radiation Losses
tof 2-Mev Electrons.—W. W. Buechner & R. ]J.
Van de Graaff. (Phys. Rev., 1st/15th Aug. 1946,
i Vol. 70, Nos. 3/4, Pp. 174-177.)

CasmSligt

538.601 78

Apparatus showing the Path of an Electrified
'Particle in a Magnetic Field.—]. lLoeb. (C.R.
tdcad. Sci., Pavis, 25th Feb. 1940, Vol. 222, No. ¢,
Pp- 488—490.) If alight flexible wire is placed in any
given magnetic field, the ratio of the (direct)
current carried to the tension can be chosen so that
it assumes the shape of the trajectory of a given
charged particle in the same field. For example,
a silver wire of diameter 2.107% cm carrying a
current of 500 mA and with a tension of 18 dynes
represents a particle charged to 10000V. The
method can be applied to the study of {a) the motion
of charged particles in the earth’s magnetic field,
(b) finding pairs of image points for magnetic
lelectron lenses, and (¢) the movement of ions in
apparatus used in nuclear chemistry.

A Report on the Wilson Cloud Chamber and Ifs
Applications in Physics.—N. N. Das Gupta & S. K.
Ghosh. (Rev. mod. Phys., April 1946, Vol. 18,
No. 2, pp. 225-290.) A comprehensive account of
grecent developments in the design and use of the
apparatus, with particular reference to its applica-
’?tion to the study of cosmic rays. The physics of
jdrop formation is also discussed. There is an cx-
j‘tensive bibliography.

h)
d
1530.16.08 79
;
i

i

¥516.3 -+ 669 80
. Electrons and Metals : Part 2 — The Nature of
‘a Metal. —Hume-Rothery. (See 145.)

530.145 (02) 81
{ Philosophic Foundations of Quantum Mechanics.
[Book Review]—Reichenbach. (See 321.)

%537 + 538)(075.3) 82
! Principles of Physics. Vol. 2 : Electricity and
agnetism. [Book Review] —F. W. Sears. Addi-
son-Wesley Press, Cambridge, Mass., 1940, 434 pp.,
1$5.00. (Science, 2nd Aug. 1946, Vol. 104, No. 2692,
pPp. 112-113.) Written for a two-year elementary

|

through . . . the whole series . . . The usual welter
of units and viewpoints,is brought here into a lucid,
teachable orderliness.” Vols 1 and 3 were published

in 1945.

537.591(042) 83

Kosmische Strahlung. [Book Review]——W.
Heisenberg (Ed.). Springer, Berlin, 1943. (Schweiz.
Avch. angew. Wiss. Tech., March 1946, Vol. 12, No. 3,
p. 104.) Reprints of lectures given at the Max
Planck Institute, Berlin. “...in highly concen-
trated form the best review of the properties of
cosmic radiation hitherto published.”

GEOPHYSICAL AND EXTRATERRESTRIAL
PHENONMENA.

523.2 : 021.396.9 84
Radar Measurement of Inter-Planetary Dis-
tances.—(See 103.)

523.2: 621.396.9 : 621.390.1 85
Astronomical Radar.—Clarke. (See 100.)

523.72 1 621.396.822.029.62 86

Circular Polarization of Solar Radio Noise.—
E. V. Appleton & J. S. Hey. (Nature, Lond.,
7th Sept. 1946, Vol. 158, No. 4010, p. 339.) Appli-
cation of the magneto-ionic theory to the radiation
of electromagnetic waves from sunspots shows
that such radiation (solar noise) should be circularly
polarized. This result was experimentally verificd
for noise from sunspots on-a frequency of 85 Mc/s.
See also 323 of 1946 (Appleton) and 1825 of 1940
(Hey : Stratton) and 87 and 89 below.

523.72 : 621.396.822.029.62 87

Origin of Solar Radiation in the 1-6 Metre Radio
Wave-Length Band.—X. O. Kiepenheuer. (Nature,
Lond., 7th Sept. 1946, Vol. 158, No. 4010, . 340.)
It is claimed that the oscillation of electrons in
circular orbits under the influence of the magnetic
field in the neighbourhood of a sunspot is sufficient
to explain the increased radiation of solar noise
from these regions. See also 86 and 89.

523.72 1 621.396.822.029.02 88
Polarization of Solar Radic-Frequency Emissions.
—D. F. Martyn. (Nature, Lond., 31st Aug. 1946,
Vol. 158, No. 4009, p. 308.) Observations were
made at Canberra on 200 Mc/s of the large sunspot
group at the end of July 1946. Four Yagi arrays
in two perpendicular sets spaced by A/4 in the line
of sight were used to accept only one sense of
circular polarization. The (power) ratio of right-
handed polarization to left-handed was about 7 :1
before the group reached the solar meridian, but
became 1 : 5 after the group had crossed it. Magneto-
ionic theory shows that in both cases, the ‘‘ extra-
ordinary ” ray is stronger than the “ ordinary .
See also 1823 of 1946 (Pawsey, Payne-Scolt &
McCready) and 3252 of 1045 (Southworth}.

523.72 1 621.396.822.029.62 89

Solar Radiation on 175 Mc/s.—M. Ryle & D. D.
Vonberg. (Nature, Lond., 7th Sept. 1946, Vol. 158,
No. 4010, Pp. 339-340.) By the use of two aerial
systems spaced several wavelengths apart, solar
radiation on a frequency of 175Mc/s has been
observed even on days of low sunspot activity.
The method is analogous to Michelson’s inter-
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ference method of measuring stellar diameters.
On the occasion of the passage of a large sunspot,
the approximate diameter of the source of radiation
was found to correspond with that of the visual
spot. The circular polarization of the radiation
from the spot was confirmed. GSee also 86 and 87
above, and 1823 of 1946 (Pawsey, Payne-Scott &
McCready).

523.74/-75] 1 550.385 90
Magnetic Storms and Solar Activity, 1945.—
(Observatory, Feb. 1940, Vol. 66, No. 830, p. 225.)
Statement of sunspot numbers, positions, and
sizes, with number and intensity of solar flares.
Eleven geomagnetic storms were recorded; there
was little tendency for recurrence at 27-day inter-
vals as in the recent sunspot minimum epoch.

523.746 : (550.385 + 621.306 91
Sunspots and Radio.—H. Spencer Jones. (Observa-
tory, Aug. 1946, Vol. 66, No. 833, pp. 320—327.)
Lecture by the Astronomer Royal on the history and
characteristics of sunspots, and the consequent
radio fade-out, radio noise, and magnetic storms.

523.747 1 550.38 92

On the Coincidence of Short Period Magnetic
Activity and the Appearance of Faculae on the Sun.
—M. Burgaud. (C. IR. Acad. Sct., Paris, 4th March
It is suggested,
as a result of examining past records, that geomag-
netic disturbances of gradual commencement are
connected with the growth, or rather the birth,
of faculae. Tables are given comparing geomagnetic
disturbances with the appearance of calcium flocculi
for Jan./Feb. 1925, and for 1920-1931.

537.591 93
Cosmic Rays and Their Origin.—A. C. B. Lovell.
(Endeavour, April 1946, Vol. 5, No. 18, pp. 74-79.)
“ This article gives a brief description of recent
work and of previous experiments.” The nature
of the incident radiation from space is discussed
together with the ensuing collision processes.

537.591 94

Cosmic Radiation above 40 Miles.—S. E. Golian,
E. H. Krause & G. J. Perlow. (Phys. Reuv.,
Ist/isth Aug. 1946, Vol. 70, Nos. 3/4, pp. 223—
224.) Cosmic-ray data at heights of 200000 to
350 000 ft have been obtained by apparatus con-
tained in a V2 rocket. A number of counters in
the warhead were made to transmit results to the
ground by multichannel radio equipment. The
counters were arranged to provide data on showers
and coincidences, one set being shielded by lead.
Provisional results are given.

537-591 95
On the Production of Penetrating Ionizing
Particles by the Non-Ionizing Component of Cosmic
Radiation.—P. J. G. de Vos & S. J. du Toit. (Phys.
Rev., 1st/15th Aug. 1046, Vol. 70, Nos. 3/4, PP.
220—230.) )

537-591 96

The Power Spectrum of the Cosmic-Ray Cascade
Component.—LE. P. Ney. (Phys. Rev., 1st/rsth
Aug. 1946, Vol. 70, Nos. 3/4, pp. 221—222.)

539.16.08 97

A Report on the Wilson Cloud Chamber and Its
Applications in Physics.—Das Gupta & Ghosh,
(See 79.) .

550.38 98

Induction Effects in Terrestrial Magnetism :
Part 2-——The Secular Variation.—\. M. Elsasser.
(Phys. Rev., 1st/15th Aug. 1940, Vol. 70, Nos. 3/4,
pp. 202—212.) For part 1 see 1834 of 1946 ; see also
958 of 1942.

550.38 99

On the Origin of Terrestrial Magnetism.—Y. P.
Bulashevich.,  (Bull. Acad. Sci. U.R.S.S., sér.
géogr. géophys., 1944, Vol. 8, Nos. 2/3, pp. 93-95.
In Russian.}) According to Haalck’s theory the
existence of temperature and pressure gradients in
the crust of the earth causes a partial movement of
electrons from the central part of a metallic nucleus
towards its periphery. The rotation of the redis-
tributed charges, owing to the diurnal rotation of
the earth, causes the appearance of the magnetic
field. A formula is given for the magnetic moment
M in which a coefficient 8 is determined by equating
M to an observed value. Haalck’s theory is based
on erronecus conceptions of the behaviour of
electrons in a metal and if B is calculated from
theoretical considerations instead of an empirical
comparison, the formula for 3/ will give a value
101t times too low.

551.500 100

Weather Forecasting.—H. B. Brooks. (Elec-
tronics, Oct. 1946, Vol. 19, No. 10, pp. 84-87.) A
brief account of the methods and equipment used
by the U.S. Army for the measurement of wind
velocity at high levels in the atmosphere, and of
the application of centimetre-wave radar apparatus
to storm detection. The importance of these
techniques in weather forecasting and in reducing
flying risks is indicated.

101

551.510.535 1 021.390.1T

The Effect of the Ionosphere on Radio Com-

municatior.—McNicol.  (See 219.)

624.13 102
Soil Compaction, Moisture, and [load] Bearing

Value.—A. H. Gawith. (J. Instn Engvs Aust,

June 1946, Vol. 18, No. 6, pp. 109-115.)

LOCATION AND AIDS TO NAVIGATION

519.2 108

On the Location of a Point on a Plane by Cross
Bearings from Three Known Points.—M. I. Yudin.
(Bull. Acad. Sci. U.R.S.S., sér. géogr. géophys.,
1944, Vol. 8, Nos. 2/3, pp. 96-102. In Russian.)
Experience has shown that in plotting on a chart
the position O of a point in a plane by taking
bearings from different known points, the most
effective results are obtained when these observa-
tions are taken from three such points. On account
of errors in observations, the straight lines drawn
from the three points will not intersect at a single
point, but form a small triangle. In the present
paper equations are derived for determining the
most probable position O’ of the observed
point within the area of the triangle, and for
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calculating the quadratic error of such a determina-
tion. This is compared with the quadratic error
for the case when two observations only are made.
The advantages of using three observation points
are discussed and methods are indicated for the
most rational selection of the observation points.
In conclusion, a graphical method for determining
| O’ is described,
3 The method discussed has wide applications in
artillery practice and in geodesic surveys. It is
¢ also used in radio direction finding and for various
% other purposes, such as the determination of the
¢ wind from-three angles of drift of an aeroplane.
;1 For an extension of this paper, see 2059 of
1 1946,
L
| 621.300.9 104
| ___The Evolution of Radiolocation.—RR. A. Watson-
| Watt. (]. Instn elect. Engrs, Part 1, Sept. 1946,
' Vol. 93, No. 69, pp. 374-382.) A general historical
}survey of British radar development, delivered at
‘ the I.E.E. Radar Convention, March 1046. Funda-
mental scientific research, the British radio industry,
yand the needs of the Royal Air Force all vitally
taffected radar development; the interplay of
¢ operational and technical experience and opinion,
and close collaboration between scientists and
Service users might be called our real secret weapon.
iA few ‘technical milestones’ briefly described
. were : monostatic working ; first radar responder
system ; rotating beams; precision range- and
‘direction-ﬁnding; airborne and shipborne radar :
ithe plan position indicator; common aerial for
transmission and reception ; the * memory tube ’ ;
hyperbolic navigation ; development of centimetre
technique ; terrain discrimination ; unorthodox
(visibility and radar detection of clouds ; and
Llocation of V2 sites.
In conclusion, tribute is paid to the radio in-
dustry’s achievements under ‘ crash programme *
conditions, and some outstanding land, sea, and

ialr uses of radar as a weapon of war are mentioned.

i
|

§621.3q6.g :523.2 105
{ Radar Measurement of Inter-Planetary Distances.
«—(Observatory, TFeb, 1946, Vol. 66, No. 830, pp.
193-194.) Successful radar detection of the moon
ruggests the use of radar to measure interplanetary
slistances  more accurately.  Milne’s kinematic
elativity theory assumes in effect that astronomical
fiistances are thus measured.

$21.396.9 1 523.2 : 621.396.1 106
é Astronomijcal Radar.—A. C. Clarke. (IVireless
Vorld, Oct. 1946, Vol. 52, No. 10, pp. 321-323))
% description of U.S. Signals Corps work on radar
bchoes from the moon using a parabolic aerial
trray, and a discussion of the possibility of
ybtaining echoes from the mnearer planets or the
an by pulse methods using either microwave or
%f(ptical frequencies. Future applications of lunar
weflection for point-to-point radio transmission are
1ggested.

*

3
21.306.9 : 534.321.9 107
) Radar in Nature.—Roddam. (See 4.)

1.390.9 1 621.385.832 103

Skiatron.—(See 302.)

.
|

621.396.93 109

Naval Airborne Radar.—L. V. Berkner. (Prec.
Inst. Radio Engrs, W. & E., Sept. 1946, Vol. 34,
No. 9, pp. 671-706.) Requirements in the early
months of the war were fulfilled by meter-wave radar
using lobe-switching techniques. The development
of microwave radar gave enormous impetus to
airborne applications and produced advanced types
for air-to-air interception, high- and low-altitude
bombing, reconnaissance, submarine search, and
many specialized applications. The sharp beam
produced by microwave radiation with relatively
small antennas makes microwave techniques
particularly adaptable to aircraft use and provides
a vastly improved display permitting installation
with low aerodynamic drag. Several types of
airborne radar are briefly described and illustrated.
Fundamental problems” of design are reviewed.
Related problems such as size, weight, and per-
formance at high altitude are considered and
solutions are discussed. Several types of display
particularly suited to aircraft use, such as PPI,
B, O, and G are illustrated, Utilization, applica-
tions, and advantages of auxiliary devices, such as
computers, beacons, delay circuits, etc., are dis-
cussed. Solutions to systems problems introduced
by use of a multiplicity of electronic gear within
the aircraft are reviewed. The limitations and
advantages of airborne radar as a solution to future
aircraft problems are briefly considered.”

621.396.93 110

Airborne Search Radar-—]J. H. Cook. (Bell
Lab. Rec., Sept. 1946, Vol. 24, No. 9, pp. 321-325.)
The American ASH or AN/APS-4 airborne radar
equipment has a bomb-shaped unit containing the
aerial, power circuits, transmitter and receiver.
It weighs 150 1b (with associated units) and hangs
in a standard bomb-rack under the wing of the
aircraft. The wavelength is 3.2 ¢m, and beam
width 6°. The beam is scanned horizontally over
150° once or twice per second. The equipment is
used for ground scanning or to determine the

relative elevation of another aircraft. Reports of
its operational use are included,
621.396.93 111

Radar for Carrier-Based Planes.—C. B. Barnes.
(Electyonics, Oct. 1946, Vol. 19, No, 10, pPp. 100—
105.)  Details of the APS-4 light-weight radar
equipment operating on about 9 375Mc/s. The
equipment is suitable for search and interception
roles while provision is also made for beacon
operation.  In each application type B display is
used (slant rangefazimuth on a Cartesian graticule) ;
in in*erception operation there is special provision
for simultaneous indication of the angle of elevation
of the target on the display tube.

621.396.933 112

Radio Aids to Civil Aviation.—(Engineering,
Lond., 13th Sept. 1946, Vol. 162, No. 4209, D. 254.)
An editorial dealing with the visit of delegates of
the Provisional International Civil Aviation
Organization to this country to inspect British
equipment already in operation for controlling
aircraft, and other experimental apparatus. Methods
demonstrated included short-range supervisicn
of flight and control of aircraft outside the apprcach
zone, using very high frequency voice telephony
and long-distance communication associated with
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teleprinters. Demonstrations were also given of = 535.37 535.01-15 1921

radar methods of aircraft control, Babs and Gee.

For another account see FElectrician, 13th Sept.
1946, Vol. 137, No. 3503, P. 718.
113

621.396.933.2

On the Error in the Determination of the Median
Plane of a Radio Beacon in a Tilted Airplane.—
K. F. Niessen. (Philips Res. Rep., April 1946,
Vol. 1, No. 3, pp. 161-1068.) The electric field from
a vertical radiator situated on the ground has a
radial as well as a vertical component at an elevated
receiving point such as an aircraft. The effect of
this on the accuracy of air navigation systems having
spaced vertical radiators is considered. It is shown
that bearing errors will occur if the aircraft aerial

responds to non-vertical electric fields, e.g. when
the aircraft banks.
621.306.9(02) 114

Introduzione alla Radiotelemetria (Radar).[ Book
Review] —U. Tiberio. Editore Rivista Marittima,
Rome, 1940, 277 pp.. 300 lire. (Nature, Lond.,
31st Aug. 1946, Vol. 158, No. 4009, pp. 288-289.)
“___ an account of the Italian research on radar
from 1935 until the end of hostilities. The treat-
ment [of elementary principles] is simple and lucid.”

621.396.932(02) 115

Radio Aids to Navigation. [Book Notice] —[U.S.]
Hydrographic Office Publ. No. 200, 1946, 463 PP,
$2.00. (U.S. Govt Publ, June 1940, No. 0617,
p. 667.)

MATERIALS AND SUBSIDIARY TECHNIQUES

531.788 116

An Easily Constructed All-Metal Vacuum Gauge.—
R. T. Webber & C. T. Lane. (Rev. sct. Instrum.,
Aug. 1946, Vol. 17, No. &, p. 308.)

531.788.7 117
Radio-Active Ionization Gauge.—National Re-
search Corporation. (/. sci. Instrum., Oct. 19406,
Vol. 23, No. 10, p. 247.) The replacement of the
usual hot filament by a radium pellet as a source
of ionization results in a smaller liability to zero
drift and the coverage of a greater range of pressure.
There is a loss of sensitivity at low pressures.

5335 118

A~ Vacuum °Lead-in’.—H. Herne. (/. s7i.
Instrum., Oct. 1940, Vel 23, No. 10, p. 244.) A
current of up to 50 A had to be passed through a
metal base-plate into a high vacuum chamber.
A metal-rubber anti-vibration bush was used as an
insulator ; the outer metal cylinder of the bush was
soft-soldered to the base plate, and the inner one
to a solid conductor which would carry the required
current.

533.5 : 021.3.032.53 119

Theory and Practice of Glass-Metal Seal. :
Parts 1-3.—A. J. Monack. (Glass Ind., Aug.—Oct.
1946, Vol. 27, Nos. 8-10, pp. 389..420, 440. 470 &
502..528.)

535.37 : 535.01-15 120
Development of Infra-Red Sensitive Phosphors.—
B. O'Brien. (/. opt. Soc. Amer., July 1940, Vol. 30,

No. 7, pp. 309-371.)

On Inira-Red Sensitive Phosphors.—I". TUrbach,
D. Pearlman & H. Hemmendinger. (/. opt. Soc.
Asmer., July 1046, Vol= 36, No. 7, pp- 372-331.)

535.37 : 535.01-15 ) 122
Preparation and Characteristics of Zinc Sulfide
Phosphors Sensitive to Infra~-Red.—G. R. Fonda.

(J. opt. Soc. Amer., July 1946, Vol. 30, No. 7,
pp. 382-389.)
535.371.07 : 021.385.832 123

Long Persistence C.R. Tube Screens.—R. Ieldt.
(Electronic Industy., Oct. 1946, Vol. 5, No. 10,
pp. 70-71.) A comparison of the persistence of the
irace 1n DuMont tubes with the P2 screen (green
single layer) and the P7 screen (blue ZnS.Ag and
yellow ZnCdS.Cu) under various conditions of
voltage, writing speed and ambient illumination.
Curves and a table of results are given.

537.220 1 02 124

Theoretical Physics [of dielectrics] in Industry.—
H. Frohlich. (Nature, Lond., 7th Sept. 1946,
Vol. 158, No. 4010, Pp. 332-334.) The behaviour
of electrons in crystalline solids is discussed
theoretically with particular reference to the
properties of dielectrics. In insulators the occupied
energy bands in the atoms are completely filled,
while. conduction in metals is associated with
incompletely filled bands. Dielectric breakdown
oceurs when electrons are continuously raised to
higher energy levels until internal ionization occurs.
Dielectric strength increases with temperature up

to a critical temperature at which collisions between !l

electrons become important ; dielectric strength
decreases with further temperature increase.
Dielectric loss is due to the phase lag between the
motion of elementary dipoles and the applied field.

537.220.3 4+ 621.315.011.011.5 125
The Relation between the Power Factor and the
Temperature Coefficient of the Dielectric Constant of
Solid Dielectrics : Part 1.—DM. Gevers. (Philips
Res. Rep., April 1946, Vol 1, No. 3, pp. 197-224)
“The ratio of the temperature coefficient to . . .
tand at a given temperature and frequency 1s
nearly the same for most solid dielectrics.””  This
cannot be explained by existing theories, such as
those of Pellat, von Schweidler, Wagner, Debye,
Gyemant and others which are summarized. A
bibliography of 44 items is given. Later articles
will describe the experimental technique, and givea
{heoretical explanation of the result quoted.

538.22 1 540.77 126

Magnetic Anisotropy of Molybdenite at Different
Temperatures.—A. K. Dutta. (Indian J. Phys.,
Dec. 1945, Vol. 109, No. 0, pp. 225-234.)

538.052: 02 127 |
Magnetostriction in Industry Processes.—F. |
Sloane. (Electronic Industr., Oct. 19406, Vol. 5

No. 10, pp. 74—76, 10LI.) A general survey of the
physical principles, and of magnetostriction oscil-
lators.

538.602.13 1 537.228.1 128

The Lower Curie Point of Ferro-Electric Salts.—
H. M. Barkla. (Nature, Lond. 7th Sept. 1940,
Vol. 158, No. 4010, PP. 340-341.) In a constant |
electric field the electric moment of ferro-electric

L
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| salts analogous to potassium dihydrogen phosphate  621.315.617.3 140

, remains unchanged in passing through the lower
' Curie point.

! 546.287 129
" Take a Grain of Sand.—H. C. E. Johnson. (Sci.
! Amer., Sept. 1946, Vol. 175, No. 3, pp. 105-107.)
. Elementary survey of silicones and their uses in
! liquid, rubber or resin form.

Study of the Oxidation of Aluminjum by Air at
Ordinary Temperatures, by measuring the Potential
of [electrolytic] Dissolution.—P. Morize & P.
Lacombe. (C. R. Acad. Sci., Paris, 18th March
§ 1946, Vol. 222, No. 12, pp. 658-659.) For pure
electrolytically-polished aluminium the potential is
— 1.20 V. Exposure to air causes a fall which
increases with time at a rate dependent on atmo-
| spheric humidity : the wvalue of the potential
[ indicates the thickness of the oxide layer.

ﬁ 546.621 : 620.193.2 130
s

, 546.72 131
i Preparation and Magnetic Properties of the
%Compound Fe,N.—C. Guillaud & H. Creveaux.
: (C. R. Acad. Sci., Paris, 13th May 1946, Vol. 222,
No. 20, pp. I170-1172.)

i 551.582 : 620.19 132

Climate and the Deterioration of Materials.—
C. E. P. Brooks. (Quart. J.R. met. Soc., Jan. 1946,
Vol. 72, No. 311, pp. 87-97.) The relation of air
temperature to that of exposed surfaces or containers
is explained. Temperature and moisture effects on
materials are considered in general terms, and a
srough index of their relative sericusness in various
1 regions is plotted on a world chart.

‘620.197(213) :621.396.6.045 133

Tropicalizing [transformers and chokes!l,—O. P.
Scarff. (Wiveless 1World, Sept. 1946, Vol. 52, No. g,
Pp. 312-313.) See also 134 below. :

620.197(213) : 621.314.045 134
i Impregnated Windings [for tropicalizing trans-
‘.:formers].¥’l‘. Williams : R. Burkett. (Wireless
[ World, Oct. 1946, Vol. 52, No. 10, pp. 345-346.)
;Correspondence on 133 above.

621.314.63 135
| Metal Rectifier Developments — Possible Applica-
‘tions of Titanium Dioxide.—Henisch. (See 248.)

¥

;;621.315[.211.2 + .22 136
{ Mineral-Insulated Metal-Sheathed Conductors.—
Tomlinson & Wright. (See 12.)

021.315.6 + [621.39 : 371.3 137
. LE.E. Radio Section Address : Part 1 — Training
Courses ; Part 2— Dielectric Developments.— Jack-
‘%(‘v;on. (See 314.)

)21.315.61 138
| The Transformation of Anatase into Rutile.—
L. Nguyen. (C.R. Acad. Sci., Paris, 13th May 1946,
vol. 222, No. 20, pp. 1178-1179.)

521.315.612.3.029.6 139
i Steatite for High Frequency Insulation.—]. M.
sleason. (J. Brit. Instn Radio Engrs, Jan./Feb.
946, Vol. 6, No. 1, pp. 20-32.) Reprint of 3059
{(,lf 1045.

|

i

)

|
!

Film-Forming Materials used in Insulation.—
(J. Instn elect. IEngrs, Part 111, Sept. 1946, Vol. 93,
No. 25, p. 344.) Report of LLE.E. Radic Section
discussion led by C. R. Pye: for other accounts see
641 and 352 of 1946.

621.316.86 : 546.281.26 141

Silicon Carbide Non-Ohmic Resistors.—I". Ash-
worth, W. Needham & R. W. Sillars. (J. Instn
elect. Engrs, Part 1, Sept. 1946, Vol. 93, No. 69,
pp. 385—401. Discussion, pp. 401—405.) An
integrating paper, discussing the properties and
construction of these resistors, and the charac-
teristics of single contacts between silicon carbide
crystals. A method of calculating currents and
voltages in circuits involving these resistors is given
in an appendix, and their uses, limitations, and
specification are considered.

021.357.1 : 620.192.43 142

Electrolytic Detection of Small Amounts of Lead
in- Brass or Zinc.—D. McLean. (Nature, Lownd.,
31st Aug. 1946, Vol. 158, No. 4009, p. 307.) The
local cell set up between the lead and the ground-
mass during electrolytic polishing produces a
‘moat ’ around the lead particles which can be
identified microscopically.

621.357.8: 6060.018.2.21 143

Anodizing and Its Uses in Engine Construction.—
N. D. Tomashov. After Treatment of Aluminium-
Alloy Castings.—E. Carrington. Anodizing — A
Commentary.—P. Smith. (Light Metals, Aug. &
Oct. 1946, Vol. 9, Nos. 103 & 105, pp. 429438,
439-430 & 515-510.)

666.1 : 62 144

New Glass Compositions for Industry.—(Electronic
Engng, Oct. 1946, Vol. 18, No. 224, p. 299.) Note
on recent work by the British Thomson-Houston
Co. on glasses for the lamp and radio valve industry,
including ““ C40 " for sealing to Kovar, a leadless
glass for sealing to iron, and phosphate glasses.
Expansion viscosity and annealing prcperties are
also being fundamentally investigated.

669 - 546.3 145

Electrons and Metals : Part 2 — The Nature of
a Metal.—W. Hume-Rothery. (Melal Ind., Lond.,
25th Oct. 1946, Vol. 69, No. 17, pp. 343-346.)
Twenty-fifth instalment of a series; written as a
discussion between a young scientist and an older
metallurgist on co-valent bonds.

669 : 061.6 146

Metallurgical Research.—(Electvician, 25th Oct.
1946, Vol. 137, No. 3569, pp. 1I139-I140.) An
account of a new laboratory built at the Bilston
works of Joseph Sankey Ltd. for research on cold-
rolling processes, the fundamental nature of ferro-
magnetism, testing of sheet steels, and production
control.

609.205/.296 147

Titanium and Zirconium.—W. J. Kroll & A. W,
Schlechten. (Aetal Ind., Lond., 18th Cct. 19406,
Vol. 69, No. 10, pp. 319-322.) Properties and
extraction methcds,

669.35.5'.55 . 148
Elcctrical Resistance Alloy.—(Engineering, Lond.,
30th Aug. 1940, Vol. 162, No. 4207, p. 211.) The

!
|
|
¢
1
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physical properties of a new copper base resistance
alloy ‘Kumanal’. Its specific resistance is
41 X 10~% 0.cm and varies little between 20°C and
350°C.

679.5 149

Polytetrafluoroethylene.—M. M. Renfrew & E. L.
Lewis. (Industr. Engng Chem., Sept. 1940, Vol. 38,
No. 9, pp. 870-877.) A full account of the electrical,
mechanical and chemical properties of this new
plastic. It will withstand 300°C and is not brittle
at low temperatures. The dielectric constant is 2.0
and the power factor less than 0.000 2 at frequencies
up to 3000 Mc/s. When subject to an electric arc
the plastic does not form a conducting carbon track
but is reduced to a volatile gas. It is used for h.f.
electrical insulation and in equipment for handling
hot corrosive liquids.

679.5 150
Progress in Plastics : Parts 1 & 2.—A. L.
Williams.  (Engineer, Lond., 6th & 13th Sept.

1046, Vol. 182, Nos. 4730 & 4731, pp. 2006-207 &
Pp. 220-232.)

681.2.085 : 621.972.6 151

Improved Methods of Illuminating Instrument
Dials.—H. Huxley. (/. sci. Instrum., Oct. 1946,
Vol. 23, No. 10, pp. 234-237.) Methods involving
the leading of light in perspex can be used to give
maximum uniformity of dial illumination with
minimum extraneous light.

621.315.014.72(02) 152

Varnished Cloths for Electrical Insulation. [Book
Review]—H. W. Chatfield & J. H. Wreddon.
J. & A. Churchill, London, 19406, 255pp., 2Is.
(Gen. elect. Rev., Sept. 1946, Vol. 49, No. 9, p. 62;
Wireless World, Sept. 1946, Vol. 52, No. 9, p. 307.)
One of the authors is employed by a varnish

manufacturer, and the other by an electrical

manufacturer. See also 3648 of 1940.
MATHEMATICS

512.52 153

Interpolation with the Aid of a Plot of First

Differences.—G. S. Tulcher. (J. appl. Phys.,
July 1946, Vol. 17, No. 7, pp. 617-028.)
518.5 154

Differential Analyzer.—(Elecironic Industr., Oct.
1946, Vol. 5, No. 10, pp. 62-06..100.) A general
description, with photographs, of the Massachusetts
Institute of Technology equipment. Mechanical
integrators are used with servo-operated capacitor
bridges for transmitting the information electrically
between integrators. Punched tape is used for
automatic control of the equipment. TIor a full
description see 301 of 1040.

518.01 155

Calculation of the Electromagnetic Field, Fre-
quency and Circuit Parameters of High-Frequency
Resonator Cavities.—Motz. (See 52.)

518.01 156

Calculation of the Magnetic Field in Dynamo-
Electric Machines by Southwell’s Relaxation Method.
—H. Motz & W. D. Worthy. (J. Instn elect.
LEngyrs, Part 1I, Aug. 1946, Vol. 93, No. 34, pp.
379—382.) Discussion of 058 of 19406.

510.2 157
On the Location of a Point on a Plane by Cross

Bearings from Three Known Points.—Yudin.
(See 103.)
519.2 158

The Resultant of a Large Number of Events of
Random Phase.—Domb. (See 278.)

510.241.0 1 021.3 159
An Extension of Campbell’s Theorem of Random
Fluctuations.—Rivlin.  (See 29.)

534.014.2 : 621.396.0611 160

An Experimental Investigation of Forced Vibra-
tions in a Mechanical System having a Non-Linear
Restoring Force.—Ludeke. (See 53.)

621.317.727 : 514 161

A Simple Potentiometer Circuit for Production
of the Tangent Function.—R. Hofstadter. ([ev. sci.
Instrum., Aug. 1946, Vol. 17, No. 8, pp. 208-300.)

51(073) : 621.390 162

Basic Mathematics for Radio Students. [Book
Review] —F. M. Colebrook. Iliffe & Sons, London,
1946, 270 pp., 10s. 6d. (Electronic Ingne, Sept.
1946, Vol. 13, No. 223, p. 2093.) . the subject
is presented with the lucidity we expect from this
well-known contributor to radio technical journals.”
See also 3338 of 1946.

518.2(083) 1 517.504.4 163

Tables of Associated Legendre Functions. [Book
Review]—>Mathematical Tables Project. Columbia
Univ. Press, New York, 1945, 303 pp., $5.00.
(Phil. Mag., Oct. 1945, Vol. 30, No. 261, pp. 729~
730.) See also 1279 of 1940.

510.21(02) 164

An Experimental Introduction to the Theory of
Probability. [Book Review]—]J. . Kerrich. Einar
AMunksgaard, Copenhagen, 1940, 93 pp., 8.50 kroner.
(Nature, Lond., 13th Sept. 1946, Vol. 1538, No. 4011,
p- 360.)

MEASUREMENTS AND TEST GEAR

538.12:621.3.08 165

Production of Uniform and Constant Magnetic
Tields for Measurement Purposes : Parts 1 & 2.—
H. Neumann. (Arch. tech. Messen, Nov. & Dec.
1940, Nos. 113 & 114, pp. T128-129 & T138-139.)
Parts 3 & 4 were noted in 2323 of 1942.

538.214.082.1 166

Apparatus for Measuring Magnetic Moments.—
G. N. Rathenau & J. L. Snoek. (Philips Res.
Rep., April 1940, Vol 1, No. 3, p.- 239) The
specimen whose susceptibility is required is sus-
pended in a magnetic field such that the restoring
force on the specimen for small displacements is
proportional to the displacement. Measurement
of the period of oscillation with and without the
magnetic field enables the susceptibility to be
deduced.

540.514.51 1 620.1 167
Quartz Crystal Testing Instrumentation.—D. S.
Dickey. (Instrioments, Jan. 1940, Vol. 19, No. 1,
pp. 0—-11.) Describes the use of recording instru-
ments for production testing of the variation of
crystal frequency and activity with temperature.
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621.317 168 conditions in which cables can be measured, and

The History and Development of the British
| Scientific Instrument Industry.—Barron. (See 315.)

[ 621.317 1 621.396.6.004.67(73) 169
. Measuring Equipment in American Radio Repair

Workshops : Parts 1 & 2.—G. Keinath. (Awch.
| tech. Messen, Nov. & Dec. 1940, Nos. 113 & 114,

pp- T120 & T132-133.) The noteworthy features
'of this equipment are (i) flexibility, (ii) limited
}accuracy, (ili) convenience in use, (iv) portability,
‘yand (v) cheapness. The article considers in some
E

(/) universal receiver tester and (g) oscilloscopes.

621.317.2 : 621.390.623 170
Notes on Field Laboratory Design.—Matthews.

detail with diagrams and circuits : (a) high resist-
(See 228.)
1021.317.2 :621.397.5 171

anced.c. voltmeters, (b) capacitance meters, (c) valve
testers, (d) vibrator testers, (e) test oscillators,
i TV [television] Test Equipment.—Hunter. (See
268.)

:021.317.2 1 021.397.5 172

| A Television Pattern Test Generator.—Inskip.
(See 267.)

621.317.3:021.3092 173
1 Waveguide Measurements.—G. Ashdown. (Elec-
wronic Iingng, Oct. 1946, Vol. 18, No. 224, pp. 318~
319.) A description of a 10 000-Mc/s waveguide
test-bench whose main components are: a short
llength of waveguide carrying a klystron oscillator,
[n launching aerial, a 10-db attenuator, a coaxial-
E‘.ine wavemcter and a standing-wave detector.
2

521.317.33 1 621.315.21.020.4/.6 174
Characteristics of R.F. Cables.—N. C. Stamford &
R. B. Quarmby. (Wireless Lngr, Nov. 1946, Vol.
\|z3, No. 278, pp. 295-298.) A technique of measure-
iment at ©0oo Mc/s, for coaxial or twin cables,
developed at Manchester University. The cable
is magnetically coupled to an oscillator at one
end and left open at the other. The variations
bt input current, measured by a thermojunction,
ire observed as short lengths are cut from the open
:nd.  The phase constant is then determined from
he lengths at which successive minima of current
pccur.  The attenuation constant is found by
tomparing the outputs of short and long line lengths
éor equal inputs when the power measuring device

}‘s matched to the line. Characteristic impedance
5 measured by substituting a 1/4 section of air-
ipaced coaxial line whose characteristic impedance
3 varied (by variation of the diameter of the inner

gonductor) until the matched condition is restored.

21.317.33.020.63 : 021.315.2 175

The Measurement of Cable Characteristics at
Ntra-High Frequencies.—F. Jones & R. Sear.
|l. Brit. Instn Radio Engrs, Aug.[Sept. 1045,
/ol 5, No. 4, pp. 154-169. Discussion, pp. 170—
j72.) " The paper describes the two main methods
'f impedance measurement at frequencies above
100 Mc/s which are in general use, and their applica-
lon to the determination of cable characteristics,
vith particular attention to the work of the authors.

“ A preliminary account is given of the various

which are applicable to both of the methods
described.

“ An outline of the theory of the standing wave
method is given, together with a general description
of the equipment required. Attention is paid to
coned connectors for the attachment of the cable
to the measuring line, and the errors liable to be
incurred by their use.

“The theory and equipment for the resonance
line method are described, and an account is given
of several investigations that have been conducted
in order to extend its usefulness. These include
the measurement of twin cables, the effect on cable
attenuation values of reactive discontinuities at
the junction of measuring line and cable and at
internal supports in the line, the direct determina-
tion of the characteristic impedance of measuring
lines, and the radiation and reactive effects which
occur at their open ends.

“ The application of the resonance line method to
the determination of dielectric power factor is dis-
cussed, and a method is described which permits
greater accuracy than has been obtained up to the
present.”

621.317.372 1 621.315.2 176

End Leakage in Cable Power-Factor Measurement.
—A. Rosen. (]. Insin elect. Engrs, Part 11, Aug.
1946, Vol. 93, No. 34, pp. 383-386.) In d..
measurements of the insulation resistance of cables
a simple guard wire is used to eliminate the effects
of leakage at the cable ends. This guard wire has
been modified to make it effective for a.c. measure-
ments when used in conjunction with a suitable
bridge ; end leakage error is thereby completely
avoided.

621.317.374.029.6 177

A Microwave Dielectric Loss Measuring Technique.
—W. R. MacLean. (]. appl. Phys., July 1946,
Vol. 17, No. 7, pp. 558-566.) The dielectric loss is
measured by determinations of the Q-factor of a
resonator partially filled with the sample. The
method is restricted to the determinaticn of small
loss factors, and requires a preliminary approximate
determination of the dielectric constant. The
sample is placed inside the resonator as a dielectric
core which confines the field almost entirely to the
dielectric. Double sample technique is used to
eliminate dominant spurious losses. Detuning
for the half-power points in the determination of
the Q-factor is accomplished by large movement of
a small rod, whose characteristics as a tuning
element can be calculated.

621.317.374.029.0 178
A New Method for Measuring Dielectric Constant
and Loss in the Range of Centimeter Waves.——
S. Roberts & A. von Hippel. (]. appl. Phys., July
1940, Vol. 17, No. 7, pp. 610-616.) The closed end
of a rectangular waveguide is covered by a slab
of the material, the dielectric constant of which
is deduced from measurements of the standing-
wave pattern in the guide, determined by means of
a sliding crystal-valve probe. Certain previous
sources of error are eliminated in this method.
The paper gives a description of the apparatus,
the theory of the methcd, and results for various
solid and liquid dielectrics at 25°C for A = 6 cm.
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()21.317.374:519.283 . _

Quality Control [of dielectric material] by means
of H.F. Currents.—P. Toulon. (C. R. Acad. Sci.,
Paris, 4th March 1946, Vol. 222, No. 10, PpP- 543~
544.) Describes methods of measurement of
dielectric loss by means of a Q-meter.

621.317.384 1 0621.314.2 180

A Device for the Measurement of No-Load Losses
in Small Power Transtormers.—L. Medina. (Proc.
Instn Radio Engrs, Aust., Sept. 1940, Vol. 7, No. 9,
pp. 13-10.) The magnetizing component of the
exciting current is cancelled by means of a variable
shunt capacitance, and the no-load loss current 1s
measured by a rectifier-type microammeter 11
conjunction with a filter arrangement tuned to the
fundamental frequency of the supply voltage.
It is a method for production testing and the
accuracy is 5—10% ; circuit details are given for a
practical instrument.

181
in Electrical Measuring Instru-
Lond., 6th Sept. 1946, Vol.
Comment on 3351 of

621.317.7
Developments

ments.—(Engineering,

162, No. 4208, pp. 234-235.)

1946.
621.317.7.082.7.029.63 1 621.315.212 }82
Standing-Wave Indicator.—G. E. Feiker. (Gen.

elect. Rev., Sept. 1946, Vol. 40, No. 9, pp- 43—46.)
The indicator consists of a slotted section of coaxial
line with an adjustable outer conductor so that a
probe may be driven by a rack and pinion arrange-
ment along the line. Tts operating frequency is of
the order of 3 coo Mc/s. Methods are explained for
using it to measure (@) standing wave ratio, (b) com-
plex impedance, (c) net power flow, (d) attenuation.

621.317[.72 + .784 183
A Precision A.C./D.C. Comparator for Power and
Voltage Measurements.—G. F. Shotter & H. D.

Hawkes. (J. [nstn elect. Engys, Part 17, Aug. 1946,
Vol. 93, No. 34, pp. 314-3I0. Discussion, pp.
320-324.) The sources of error common to dynamo-

Mmeter wattmeters are briefly reviewed, and a new
instrument for measuring a.c. power and voltage
by direct comparison with a standard d.c. potentio-
meter is described.

621.317.727 184

Self Balancing Potentiometer.—— (Ilectronic Ind
ustr., Oct. 1046, Vol. 5, No. 10, p. 79.) A
“glide back’ arrangement using a galvanometer
and a double photocell in a valve bridge circuit,
drawing less than o.or pA from the source. 1t
measures potentials between 100 pV and 1V it
will produce a maximum drop of 10 V across an
output load of 2 000 Q.

621.317.733 : 621.320 185
A Method of Measuring the Current Distortion
and Phase-Angle due to a Non-Linear Impedance.—
G. M. Petropoulos. (Beama J., Sept. 1940, Vol. 53,
No. I11I, pp. 320-323.) A sinusoidal voltage 1s
applied and a suppression method using a Wheat-
stone bridge arrangement is employed. The non-
linear impedance of incandescent lamps causes
current distortion, the distortion factor and phase-
angle increasing with applied voltage, but its magni-
tude is not considered of practical importance.

A Standard of Frequency and Its Applications.—
C.'F. Booth & F. J. M. Laver. (J. Instn elect.
Engrs, Part I, Sept. 1940, Vol. 93, No. 09, rp.

417-418.) Summary of 2973 of 1940.
621.317.784.029.0 187
Air-Flow U.H.F. Watt-Meter.—2. W. Wil

chinsky & R. H. Kyser. (Electronics, Oct. 1040,
\ol. 19, No. 10, pp. 128-129.) ‘* Description of a
laboratory-type instrument, suitable for calibra-
tion of general-purpose wattmeters. A tungsten-
filament dissipative element [in an evacuated
envelope] is inserted as the central conductor mn a
section of coaxial transmission line.” The operating
wavelength is about 30 cm at power levels up to
about 20W. The temperature rise of the air
passing the load is measured Dby thermocouples.
Calibration at mains frequency is recommended.
The chief drawback of the instrument is ** that
several minutes may be required for a steady state
to be obtained .

621.317.70 1 621.390.9 188

Production of Airplane Radar speeded by New
Testing Technique.—F. Y. Wight. (Bell Lab. Rec.,
Sept. 1946, Vol. 24, No. 9, pp. 330-334.) 1escrip-
tion of test apparatus and methods designed by
the Western Electric Laboratories as an integral
part of the production programmnie for certain air-
borne radar units. The tests included determination
of wave shapes, amplitudes, frequencies, and band-
widths, and checks of general circuit performance
and mechanical alignment.

621.317.794.029.0 189

Bolometers for V.H.F. Power Measurement.—
E. M. Hickin. (1Wireless I<ngr, Nov. 1040, Vol. 23,
No. 278, pp. 308-313.) ‘' In this method the power
is dissipated in a resistor having a large temperature
coefficient (an ‘indicator’) which forms one arm
of a Wheatstone bridge. By direct-current power
substitution the indicator may be calibrated and
then one measurement of resistance will give the
power in the load.

“ Some details are given of indicators and circuits
to deal with powers from a few microwatts to a
few watts at frequencies up to 10 000 Mc/s. The
limitations of the method and possible sources of
error are discussed.”

The construction of power indicators is treated
in detail: the CV g5 using a o.or-mm tungsten
wire n vacuo, or 1n an inert gas to a given increased
power rating, and the possible use for the filament
of Wollaston wire (It coated with Ag), carbon or
iron is described.

621.362 190

Schwarz Thermopiles.—A. Hilger Ltd. (/. sci.
Insiriom., Oct. 1946, Vol. 23, No. 10, p. 240 A
new design, said to have unusually high sensitivity
and speed and to be more robust than previous

types.

621.384.5.08 191
The Properties of Glow Tubes and their Applica-

tions for Measurement Purposes.—A. Glaser. (dreh.

tech. Messen, Dec. 1940, No. 114, pPp. T136-137.)

621.302.43.082.7 192
Note on a Reflection-Coefficient Meter..—Korman.
(See 13.)
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;{,u L L L BT 183 supply on the thyratron gnd. The apphication of

. Specification ot Receiver Sensiivily and Trans-
- mutter Power Outpul at Ultra-High Frequencies.

s s huwarey, Py Jest, Fradvo b0 v 10 A )

LSept g Vol g Mg pordy Plea or ope oy
Cang revon or arcativaty o tean, of dec ety below
P L B canhrating unal wend ratore an terme
Lad an o babe joower simdlarly tro omtaeg powmor

Pman, b an ity b spe el o d b < e
M
7 TR TE N N M PEE 194

The Measurement of Time. H -jen 1 Jon -
:H/.hh/r«i ar Akt oy Nab g Neooad PP i g 130
Hu dnde e s count of the apphi ation- of crustal

P bt the Beonad Gibmeryatory, Fher ads antape-
A e awdvantages comparcd with orther tvpes
Fare drogoed The nred for O TAtNE ey st al
sl ko groups with regular antercompanson s

tre o | \ decimal counting chvenomdtor
with o o wo o mnit of time e ey deaonbied
Sr gt e s Pontip

214t ey g 195

Thermistor-Regulated Low-Frequency Oscillator.

{ bl ety e Ot 1oy Vol g
Nov g0 oo o Diran cansiderations and ide
atlod de cription of o phase <hift oscnilator covermy
Be fregenoy range g ta 1o ooa e - n four bands,
LL I I copled cathode toltower 1~ ncluded i the
codback chan and o separate cathode followe
Towoed ot the outpht ~tace  The foedback ther
He-tor Jas a0 tinie constant of about one weoond.
}H«u? cts che dow Bt (o the frequency range

3
o0 g
s

Vi 196
Alternating Current Bridge Methods. Pook
LLR T HooHaene  Pitman Fondon oth edn
:uax G P g0 fleama | Sept aape Vol sy,
%wv [N I LR ) This new edition, ke ate
tede cosors should bean e hands of ol engineers
ol twdents vho have an o omierest an bodee

s thed

t OTHER APPLICATIONS OF RADIO AND

ELECTRONICS
o1y G017 3 197
Q Electronic Micrometer for Thin Materials.
e ds e Ung Tagh, Aol ga, Nooro ppoaao, .
Jus Permits comtmuons |nm]n«1n:n Medsure-
Yent of we divmcter and stuip thickness The

it tial paser s an aperture  dlumimated by oa

anmne ~pot which throws a shadow on g photo-
el The wze of the <hadow  determines the
i Foac Genabim the load 1esistor of the photo el
L3501 0y 198
- Radioactive Infrared Detector.- (/i /i, Okt
Rr Vol 1a, Noooge, Pp g2 1y Radiactive
mtenal contamed i the detector chargos o viewine
Teen and makes 1t sensitive to e oming anfra-
A radiation retlected on ot by a penscope device
I opermits the detection of it red radiation but
o1 the wdentifis ation of obpects

BT 02T 1NS 3N 021 30y 199
| Grid-Controlled Rectitiers Yor R.F. Heating.-

FoBovd et i Ot tog00 Vol to) Nooodo,
Dor2s 127y Control of the d 0 ontput voltage 1o
W'I.nnm] by varviny the phase of an suvihaty ace

this control svstem 1o a4 100-kW power supply is
deoribied

fL1 306 57Ny oy 200

A Timer for PLoto-Printing.— N. I'hddp & F.
Lappenden fdrctronac Lagng, Oct. 1agu, Vol. 18,
Noo2zgopp.o3oo 3010 Atwe-valve clectronic switch
- Ceontrolled by the exponentially decreasing
potential difference across the tesminals of 3 capaci-
tance shounted by a discharging resistance,” whose
vadue datermines the e xposure time,

f23 310623, 623,05 201
Fuzes for Electronic magnctic Mines.— (/lec-
i1, Ot 1040, Vol 1a, No. 10, pp- 102, 160,

621 317 30 202

The * Aquatector “".—(I/cctrician, 18th Oct. 1940,
Vel 1370 Noo 3505, pp. 1073 1074 Bred descrip-
tion of the performance of two struments for
the accurate detection and measuiement of the
niosture content i a wide range of <olid materials
and emulaions,

GX1 317 750020 3 203

A Frequency Analyser used in the Study of Ocean
Waves. N I Barber, I, Ursell, J. Darbyshire &
Mo ] Tacker. (Nafine, Lond., 7th Scpt. 1940,
Vol 158 Noo go1o, pp. 320-332.)  The records of
water pressure with which the analvser is fed are
i the torm of a black trace of variable width on a
white background.  Such a record is attachod to the
perineter of o wheel 3o inches in diameter which is
rotated at a specd of several revolutions per second
and ~canned by a photocell. The amplificd output
from the photocellss fed to a vibration galvanometer,
the motion of which is recorded on a trace forming
the frequenc v spectrum. — As the speed of rotation of
the wheel 15 allowed to diminish continuously and
naturallyv under the action of friction, the varicus
frequency components present in the original record
“ghde " an turn through the resonant frequency of
the calvanometer.  Satisfactory resolution of har-
monic~ up to the order of sixty has been achicved,

621 365.5 204

Volman-Stivin High-Frequency Induction Harden-
ing Machines. -iMackinerv, Jlond., 17th Oct.
tagh, Vol 0a. Noo 1775, pp. 408-500.)  Automatic
or semt-automatic machinery for hardening special
alloyv-steel and carban-sicel components by induc-
tion heating methods.  Plant is available with
poswers up to 200 kW for handling work ranging
from small components up to workpieces four feet
i length <uch as crankshafts and camshafts.

021 3055 621301841 205

The Effect of Frequency in Induction Heating.—
R, N Nielvon.  (Electronic Lugng, Oct. 1946,
Vol as, No. 22y, ppo320-322) 0 A simple approxi-
mate formula is derived for the power dissipation
m o ovlinder heated in a long solenoid. Increasing
frequency decreases  the  necessary  current  or
number of turns, The limitation 1s occurrence of
aromy,

621,38 001 K 206
Electronics — Servant or Fad ? - Weiller. (See 318.)
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621.38.001.8 207 621.396.9:629.135.053.2 215

[Electronic] Machine-Tool Contour Controller.—
J. M. Morgan. (Electronics, Oct. 1946, Vol. 19,
No. 10, pp. 92-96.)

621.38.001.8 : 551.570 208

Remote Cloud Indicator.—([lectronics, Oct. 1940,"
Vol. 19, No. 10, p. 162.) Instrument developed in
Britain for attaching to a barrage balloon to indicate
when the balloon is flying in cloud. Strips of
metal foil separated by very thin mica sheets are
bridged by moisture when in cloud, thus firing a
thyratron operating a transmitter.

261.38.078 1 538.506.020.6 209

Will Industrial Electronic Control use Micro-
waves P—W. C. White. (Gen. elect. Rev., Sept.
1946, Vol. 49, No. g, pp.8-11.) A simple r.f.
oscillator is described, consisting of a cavity reso-
nator with output up to 1 W at a frequency of
3 000 Mc/s, together with a detector unit comprising
a half-wave dipole, silicon crystal detector, and
microammeter.

Demonstration technique is then discussed for
(a) directivity and propagation through metallic
and non-metallic objects, (b) reflection and polariza-
tion, (¢) standing waves, and (d) use of waveguides.

The object is to make properties peculiar to
microwaves more familiar to non-radio engineers :
their application will probably be similar to that
of present photoelectric relay devices.

621.383.001.8 : 535.61-15 210
The Development of Infra-Red Technique in
Germany.—V. KriZek & V. Vand. (Electronic

Engng, Oct. 1946, Vol. 18, No. 224, pp. 316-317..
322.) Resistance photocells were thought to be
the best type of detector. Thallium sulphide or
lead sulphide are the best materials for wave-
lengths up to 5 u. An infra-red image projected
on a photocathode could be converted into a visible
image on a fluorescent screen. An infra-red icono-
scope used a semiconducting layer whose resistance
changed with the intensity of illumination. An
‘electron mirror’ is also described. These infra-
red devices will probably be appreciably cheaper
than radar equipment for safeguarding transport
against collision.

11
Control.—H. H.

621.385.38.078
Simplified Thyratron Motor

Leigh. (Gen. elect. Itev., Sept. 1946, Vol. 49, No. 9,

pp. 18—27.) Basic types of control are explained,

and typical applications specified.

621.396.611.21 : 520.78 212
The Measurement of Time.—Jones. (See 194.)

621.306.619.0I8.41 : 621.384 213

Mechanical Frequency Modulation System as
applied to the Cyclotron.—F. H. Schmidt. (Rev.
sci. Imstrum., Aug. 1946, Vol. 17, No. 8, pp. 30I-

306.)

621.396.9 : 623.20 214
Metal Detectors.—Cinema-Television ILtd. (/.
sct. Instrum., Oct. 1946, Vol. 23, No. 10, pp. 244—

245.) An adaptation of the Mark IV mine detector
involving eddy-current or magnetic coupling be-
tween two coils,

Radio-Beam Speedometer for Aircratt.—(/:/ec-
tronics, Oct. 1946, Volr 19, No. 10, p. 170.) The
times at which the aircraft crosses three parallel
radar beams at right angles to its path are signalled
to a central recording station. The aircraft speed
is deduced from the known distance between the
beams.

622.19 : 621.390 216

The Propagational Method of Radio Prospecting :
A.—Subterranean Methods.—V. Fritsch. (drch.
tech. Messen, Dec. 1940, No. 114, pp. T134-135.)
The measurement of the absorption of radio waves
passing through or into a mountain provides
information on the properties (conductivity and
dielectric constant) of the material. The propaga-
tion path is chosen to be about 100m for rocks of
good conductivity and may be longer for materials
such as granite. The variation of relative field-

strength with frequency provides the °radio-
geological curve’ which usually has a minimum

at some frequency which depends on the material,

The effects of geological inhomogeneities and of
the disposition of the transmitter and receiver (with
particular reference to multiple propagation paths)
are discussed. A brief reference to the reflection
method of measurement is made. See also 3710

of 1940.

621.3035.5(02) 217
High-Frequency Induction Heating. [Book Re-

view] —F. W. Curtis. McGraw-Hill, New York,

1044, 235 Pp., 249 figs., 16s. 0d. (FElectronic Engng,

Oct. 1946, Vol. 18, No. 224, p. 324.) .. .a

thoroughly practical, lavishly illustrated work

which incorporates all the major developments
of recent years.”

PROPAGATION OF WAVES

621.396.11 4- 535.13 218

On an Interpretation of the Propagation of E.M.
Waves and Its Consequences.—A. Haubert. (C.R.
Acad. Sci., Paris, 4th March 1940, Vol. 222, No. 10,
PP. 539-541.) Schelkunoff's concept of the char-
acteristic impedance of a medium (see £03 of 1938)
has suggested the author’s consideration of atmes-
pherics
the ground and the ionosphere.

Formulae for reflection and transmission co-
efficients at a boundary between two media are
derived, which by use of complex quantities can
be extended to conducting media, but only reduce
to the Fresnel formulae when the media are dielec-
trics of equal permeability. The concepticn of the
apparent permittivity of an ionized gas can be
replaced by that of a uniformly distributed shunt
admittance.

621.390.11.029.04 + 535-343-4 219
+ 538.560.4.029.64] : 551.57

The Absorption of 1-cm Electromagnetic Waves by
Atmospheric Water Vapor.—R. I. Kyhl, R. H.
Dicke & R. Beringer. (Phys. Rev., 1st/15th June
1046, Vol. 69, Nos. 11/12, p. 694.) The position
(1.34 cm) and width (0.11 cm™1) of the absorption
line were determined using a radiometer due to
R. H. Dicke. These results agree with Van Vleck's

in terms of the waveguide formed by
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predictions but the absolute absorption is greater.
See also 3306 of 1946 (Beringer). Summary of
Amer. Phys. Soc. paper.

j621.396.11 : 551.510.535 220
The Effect of the Ionosphere on Radio Com-
smunication.—R. W. E. McNicol. (Proc. Instn
?Radio Engrs, Aust., Aug. 1946, Vol. 7, No. 8, pp.
14-20.) A very general lecture on the formation and
structure of the ionosphere, and the choice of radio
frequency for transmitting under prevailing condi-
ions. Measurements of ionospheric characteristics,
fuch as ¥virtual height, critical frequency and
absorption are briefly discussed, and illustrations
§>f ionospheric storms and fade-out effects are

ncluded.

$21.396.11 : 551.510.535 2921

Short-Wave [ionospheric] Forecasting.—T. W.
Bennington. (Wireless World, Sept. 1946, Vol, 52,
No. g, pp. 292-295.) A continuation of 3721 of
946 describing how the predicted average M.U.F.
:an be determined for a transmission path of any
ength, in any part of the world, for every hour of
lay for the month, from the contour charts compiled
irom the critical frequency measurements.

-
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21.396/.397].621.004.67 229
The Servicing of Radio and Television Receivers.—
. Instn elect. Engrs, Part II1, Sept. 1946, Vol. 93,
flo. 25, pp. 362-363.) Summary of I.LE.E. Radio
ection discussion led by R. C. G. Williams. It was
jpnsidered that, while a good grounding in princi-
fles was essential for servicing technicians,
imiliarity with the practical technique of fault-
inding was exceedingly important,

i Standardization of components was desirable
> reduce the number of parts a repairer had to
fock. The provision by the manufacturer of more
iformation in handbooks and circuit diagrams was
lggested. Test equipment requirements were
pnsidered.  See also 2086 of 1946,

1
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b1.396.62 - 223
i Tendencies in the Design of the Communication
7pe of Receiver.—G. L. Grisdale & R. B. Armstrong.
t. Instn elect. Engrs, Part 111, Sept. 1946, Vol. 93,
}). 25, pPp. 365-378. Discussion, pp. 378-384.)
1A crifical survey of the nature of the design
oblems and the solutions adopted in typical
iceivers, rather than . . . detailed design infor-
ation in connection with any particular feature.”
%In general, superheterodyne circuits are used with
;¢ or two signal-frequency circuits and an i.f.
} 400-700 ke/s. Double-superheterodyne circuits
# also used and give improved image-signal
jection characteristics.

~[he problem of input coupling for obtaining
timum signal/noise ratio is considered and
tated mathematically in an appendix and it is
ynd that optimum conditions exist when the first
cuit impedance is greater than the aerial feeder
jpedance. Curves are given of noise factor in
ms of recelver input impedance, aerial impedance
d detune ratio.

Consideration is given to the design of the fre-
ency-change oscillator to minimize frequency
tability due to variation of supply voltage and
inges in circuit parameters due to humidity,
glperature and mechanical vibration.

/
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Among other topics discussed are the i.f. circuit
(including crystal resonator circuits), the 1.{. circuit,
automatic gain control and noise limiter systems,
crystal calibrators, electrical band-spreading and
power supply systems. : :

Future developments are considered to include
proofing against extremes of temperature, climatic
and humidity variations, the reduction: in size
of components and receivers as a whole and in-
creased facilities for performance checking.

621.396.621 224

Looking over the Postwar Receivers.—B.G.
(@ST, Oct. 1946, Vol. 30, No. 10, pp. 48-49.) A
description of the receiver type RME~—435 shows that
it is * built along conventional lines : one stage of
r.f. amplification, converter and two stages of if.
amplification, with the crystal filter between the
converter and first i.f. stage ; diode second detector,
b.{.0., noise limiter, and two stages of audio ampli-
fication ”’.

621.396.621.53 225

Tubeless Converter for New F. M. Band.—H. A.
Audet. (Electronics, Oct. 1946, Vol. 19, No. 10,
PpP. 140, 142.) F.m. receivers may be converted for
the new 88-108 Mc/s band by using the original
local oscillator to supply r.f. to the germanium
crystal mixers to be added between the aerial and
the first detector.

621.396.621.54 226

Superhet Tracking Formulas.—]. Marshall. (Elec
tronics, Oct. 1946, Vol. 19, No. 10, pp. 202..214.)
A method is explained for calculating with sufficient
accuracy the capacitance and inductance values
needed for packing and trimming various types of
superheterodyne receiver. Design procedure is
‘also explained in seven stages.

621.396.622 : 621.396.619.018.41 297

Single-Stage F.M. Detector.—W. E. Bradley.
(Llectronics, Oct. 1946, Vol. 19, No. 10, pp. 88-91.)
The circuit comprises a special heptode valve, the
first control grid and cathode of which form the
electrodes of an oscillator arranged to give pulse
output at if. A heavily dampcd tuned circuit
in the anode circuit is reactively coupled to the
oscillator, while the {.m. output from the i.f. chain
is applied to the second control grid. It is shown
that the mean anode current is amplitude-modu-
lated with the intelligence contained in the f.m.
signal.

621.396.623 : 621.317.2 208
Notes on Field Laboratory Design.—A. C,

Matthews. (Radio, N.Y., Aug. 1946, Vol. 30, No. &, .
Built to simulate the average user’s’

pp. 18-19.) ] !
home conditions as closely as possible, and equipped
for testing and comparing receivers.

621.396.82.029.6 229
Elimination of Interference-Type Fading at

Microwave Frequencies with Spaced Antennas.— -

R. Bateman. (Proc. Inst. Radio Engrs, W.& E.,
Sept. 1946, Vol. 34, No. 9, pp. 662-663.) . This type
of fading, due to tropospheric changes which alter
the path length of the direct wave or the wave
reflected from the ground, may be eliminated . by
diversity reception on suitably spaced-aerials. An

E
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621.38.001.8 207 021.396.9:629.135.053.2 215

[Electronic] Machine-Tool Contour Controller.—
J. M. Morgan. (Electronics, Oct. 1946, Vol. 19,
No. 10, pp. 92-96.)

621.38.001.8 : 551.570 208

Remote Cloud Indicator.—(Llectronics, Oct. 1940,"
Vol. 19, No. 10, p. 162.) Instrument developed in
Britain for attaching to a barrage balloon toindicate
when the balloon is flying in cloud. Strips of
metal foil separated by very thin mica sheets are
bridged by moisture when in cloud, thus firing a
thyratron operating a transmitter,

261.38.078 : 538.56.020.6 209

Will Industrial Electronic Control use Micro-
wavesP—W. C. White. (Gen. elect. Rev., Sept.
1946, Vol. 49, No. 9, pp.8-11.) A simple r.f.
oscillator is described, consisting of a cavity reso-
nator with output up to 1 W at a frequency of
3 000 Mc/s, together with a detector unit comprising
a half-wave dipole, silicon crystal detector, and
microammeter.

Demonstration technique is then discussed for
(@) directivity and propagation through metallic
and non-metallic objects, (b) reflection and polariza-
tion, {c) standing waves, and (d) use of waveguides.

The object is to make properties peculiar to
microwaves more familiar to non-radio engineers :
their application will probably be similar to that
of present photoelectric relay devices.

621.383.001.8 : 535.01-15 210

The Development of Infra-Red Technique in
Germany.—V. KfiZzek & V. Vand. (Electronic
Engng, Oct. 1946, Vol. 18, No. 224, pp. 316-317..
322.) Resistance photocells were thought to be
the best type of detector. Thallium sulphide or
lead sulphide are the best materials for wave-
lengths up to 5 u. An infra-red image projected
on a photocathode could be converted into a visible
image on a fluorescent screen. An infra-red icono-
scope used a semiconducting layer whose resistance
changed with the intensity of illumination. An
“electron mirror’ is also described. These infra-
red devices will probably be appreciably cheaper
than . radar equipment for safeguarding transport
against collision.

211
Control.—H. H.

621.385.38.078
Simplified Thyratron Motor

Leigh. (Gen. elect. Rev., Sept. 19406, Vol. 49, No. g,

pp- 18-27.) Basic types of control are explained,

and typical applications specified.

621.396.611.21 : 529.78 212
The Measurement of Time.—Jones. (See 194.)

621.396.619.018.41 : 621.384 213

Mechanical Frequency Modulation System as
applied to the Cyclotron.—F. H. Schmidt. (Rew.
sct. Instruom., Aug. 1946, Vol. 17, No. 8, pp. 301—
306.)

621.396.9 : 023.20 214

Metal Detectors.—Cinema-Television Ltd. (J.
sci. Imstrum., Oct. 1946, Vol. 23, No. 10, pp. 244—
245.) An adaptation of the Mark IV mine detector
involving eddy-current or magnetic coupling be-
tween two coils.

Radio-Beam Speedometer for Aircraft.—(/:/ec-
tronics, Oct. 1946, Vol:'19, No. 10, p. 170.) The
times at which the aircraft crosses three parallel
radar beams at right angles to its path are signalled
to a central recording station. The aircraft speed
is deduced from the known distance between the
beams.

622.19 : 621.396 216

The Propagational Method of Radio Prospecting :
A.— Subterranean Methods.—V. Iritsch. {(Arch.
fech. Messen, Dec. 1940, No. 114, pp. T134-1335.)
The measurement of the absorption of radio waves
passing through or into a mountain provides
information on the properties (conductivity and
dielectric constant) of the material. The propaga-
tion path is chosen to be about 100m for rocks of
good conductivity and may be longer for materials
such as granite. The variation of relative field-
strength with frequency provides the °radio-
geological curve’ which usually has a minimum
at some frequency which depends on the material.

The effects of geological inhomogeneities and of
the disposition of the transmitter and receiver (with
particular reference to multiple propagation paths)
are discussed. A Dbrief reference to the reflection
method of measurement is made. See also 3710

of 1940.

6©21.305.5(02) 217
High-Frequency Induction Heating. [Book Re-

view] —F. W. Curtis. McGraw-Hill, New York,

1944, 235 pp., 249 figs., 16s. 6d. (Klectronic Engng,
Oct. 1946, Vol. 18, No. 224, p. 324.) .. .2
thoroughly practical, lavishly illustrated work
which incorporates all the major developments
of recent years.”

PROPAGATION OF WAVES

621.390.11 + 535.13 218

On an Interpretation of the Propagation of E.M.
Waves and Its Consequences.—A. Haubert. (C.R.
Acad. Sci., Paris, 4th March 1946, Vol. 222, No. 10,
PP. 539-541.) Schelkunoff's concept of the char-
acteristic impedance of a medium (see 203 of 1933)
has suggested the author’s consideration of atmos-
pherics in terms of the waveguide formed by
the ground and the ionosphere.

Formulae for reflection and transmission co-
efficients at a boundary between two media are
derived, which by use of complex quantities can
be extended to conducting media, but only reduce
to the Fresnel formulae when the media are dielec-
trics of equal permeability. The conceptien of the
apparent permittivity of an ionized gas can be
replaced by that of a uniformly distributed shunt
admittance.

621.390.11.020.04 + 535.343-4 219
+ 538.500.4.020.04] 1 551.57

The Absorption of 1-cm Electromagnetic Waves by
Atmospheric Water Vapor.—R. L. Kyhl, R. H.
Dicke & R. Beringer. (Phys. Rev., 1st/i5th June
1946, Vol. 69, Nos. 11/12, p. 694.) The position
(1.34 cm) and width (0.11 cm™1) of the absorption
line were determined using a radiometer due to
R. H. Dicke. These results agree with Van Vleck's
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‘predictions but the absolute absorption is greater.
See also 3306 of 1946 (Beringer). Summary of
‘Amer. Phys. Soc. paper.

621.396.11 : 551.510.535 290

The Effect of the Ionosphere on Radio Com-
munication.—R. W. E. McNicol. (Proc. Insin
Radio Engrs, Aust., Aug. 1946, Vol. 7, No. 8, Pp.
\14-20.) A very general lecture on the formation and
structure of the ionosphere, and the choice of radio
irequency for transmitting under prevailing condi-
rions. Measurements of ionospheric characteristics,
such as ¥irtual height, critical frequency and
absorption are briefly discussed, and illustrations
bf ionospheric storms and fade-out effects are
ancludedA

521.396.11 : 551.510.535 221
. Short-Wave [ionospheric] Forecasting.—T. W.
Bennington. (Wireless World, Sept. 1946, Vol. 52,
No. 9, pp. 202-295.) A continuation of 3721 of
946 describing how the predicted average M.U.F.
:an be determined for a transmission path of any
length, in any part of the world, for every hour of
§‘.ay for the month, from the contour charts compiled
irom the critical frequency measurements,

1
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121.396/.397).621.004.67 2292
The Servicing of Radio and Television Receivers.—
I. Instn elect. Engrs, Part III, Sept. 1946, Vol. 93,
jo. 25, pp. 362-363.) Summary of I.E.E. Radio
iection discussion led by R. C. G. Williams. It was
bnsidered that, while a good grounding in princi-
‘es was essential for servicing technicians,
jmiliarity with the practical technique of fault-
inding was exceedingly important.

i Standardization of components was desirable
» reduce the number of parts a repairer bad to
lock. The provision by the manufacturer of more
.formation in handbooks and circuit diagrams was
iggested. Test equipment requirements were
pnsidered.  See also 2686 of 1946.

-

21.396.62 - 283
i Tendencies in the Design of the Communication
'pe of Receiver.—G. L. Grisdale & R. B. Armstrong.
- Instn elect. Engrs, Part I11, Sept. 1946, Vol. 93,
0. 25, pp. 365-378. Discussion, Pp. 378-384.)
jA critical survey of the nature of the design
[oblems and the solutions adopted in typical
ceivers, rather than . . . detailed design infor-
ation in connection with any particular feature.”
}iln general, superheterodyne circuits are used with
i€ or two signal-frequency circuits and an i.f.
3«400*700 kcjs.  Double-superheterodyne circuits
2 also used and give improved image-signal
jection characteristics.

yThe problem of input coupling for obtaining
stimum  signal/noise ratio is considered and
tated mathematically in an appendix and it is
ynd that optimum conditions exist when the first
gsuit impedance is greater than the aerial feeder
pedance.  Curves are given of noise factor in
jms of receiver input impedance, aerial impedance
d detune ratio.

Consideration is given to the design of the fre-
$ncy-change oscillator to minimize frequency
tability due to variation of supply voltage and
inges in circuit parameters due to humidity,
ijxperature and mechanical vibration.

A= NeetemnT
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Among other topics discussed are the i.f. circuit
(including crystal resonator circuits), the 1.f. circuit,
automatic gain control and noise limiter systems,
crystal calibrators, electrical band-spreading and
power supply systems.

Future developments are considered to include
proofing against extremes of temperature, climatic
and humidity variations, the reduction in size
of components and receivers as a whole and in-
creased facilities for performance checking.

621.396.621 224

Looking over the Postwar Receivers.—B.G.
(QST, Oct. 1946, Vol. 30, No. 10, PP- 48-49.) A
description of the receiver type RME—45 shows that
it is * built along conventional lines : one stage of
r.f. amplification, converter and two stages of i.f.
amplification, with the crystal filter between the
converter and first i.f. stage ; diode second detector,
b.f.0., noise limiter, and two stages of audio ampli-
fication ”’.

621.396.621.53 225

Tubeless Converter for New ¥. M. Band.—H. A.
Audet. (Electronics, Oct. 1946, Vol. 19, No. 10,
PP. 140, 142.) F.m. receivers may be converted for
the new 88-108 Mc/s band by using the original
local oscillator to supply r.f. to the germanium
crystal mixers to be added between the aerial and
the first detector.

621.396.621.54 226

Superhet Tracking Formulas.—J. Marshall. (Elec
tronics, Oct. 1946, Vol. 19, No. 10, Pp. 202..214.)
A method is explained for calculating with sufficient
accuracy the capacitance and inductance values
needed for packing and trimming various types of
superheterodyne receiver. Design procedure is
also explained in seven stages.

621.396.622 : 621.396.619.018.41 297

Single-Stage F.M. Detector.—W. E. Bradley.
(Electronics, Oct. 1946, Vol. 19, No. 10, pp. 88-91.)
The circuit comprises a special heptode valve, the
first control grid and cathode of which form the
electrodes of an oscillator arranged to give pulse
output at if. A heavily damped tuned circuit
in the anode circuit is reactively coupled to the
oscillator, while the f.m. output from the i.f. chain
is applied to the second control grid. It is shown
that the mean anode current is amplitude-modu-
lated with the intelligence contained in the f.m.
signal,

621.390.623 : 621.317.2 ) 228
Notes on Field Laboratory Design—A. C.
Matthews. (Radio, N.Y., Aug. 1946, Vol. 30, No. 8, .
pp. 18-19.) Built to simulate the average user’s’
home conditions as closely as possible, and equipped

for testing and comparing receivers.

621.396.82.029.6 229

Elimination of Interference-Type Fading at
Microwave Frequencies with Spaced Antennas.—
R. Bateman. (Proc. Inst. Radio Engrs, W.& E.,
Sept. 1946, Vol. 34, No. 9, pp. 662-663.) . This type
of fading, due to tropospheric changes which alter
the path length of the direct wave or the wave
reflected from the ground, may be eliminated.by
diversity reception on suitably spaced-aerials. An

E
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alternative scheme is to radiate a very narrow
beam such that the wave reflected from the ground
is small, or to use a system such that there is a gap
between two lobes in the direction of the ground-
reflected wave.

621.396.822 : 621.396.619.16 230

Pulse Distortion : the Probability Distribution of
Distortion Magnitudes due to Inter-Channel Inter-
ference in Multi-Channel Pulse-Transmission Sys-
tems.—D. G. Tucker. (J. Instn elect. Engrs, Part 111,
Sept. 1946, Vol. 93, No. 25, pp. 323-334.) 1f the
probability distribution of pulse distortion magni-
tudes in a multichannel pulse-transmission system
is adequately considered, considerable economies in
design may be made. An analysis of inter-channel
interference distortion is given, and it is shown
how to determine the probability distribution for
interference of equal amplitudes from two adjacent
channels on two or more links in tandem. On a
typical multichannel v.f. telegraph system with
two links in tandem, only about one pulse in a
thousand is distorted more than half the maximum
amount ; the corresponding probabilities for other
typical systems are much less. It is therefore
evident that the basis of design should be not the
maximum distortion but a fraction of it, perhaps

between } and £.

621.397.823 231
The Noise Suppressor in the V114 [television set],—

Fairhurst. (See 274.)

STATIONS AND COMMUNICATION SYSTEMS
621.396.029.63/.64 232

Hyper-Frequency Radio.—]. M. A. Lenihan.
(J. Brit. Instn Radio Engrs, Oct./Dec. 1944, Vol. 4,
No. 3, pp. 178-186. Discussion, pp. 186-189.) A

survey of problems and techniques involved at’

wavelengths below 30cm, where conventional
oscillators fail. The devices used include positive
grid triodes, and cavity resonators. The principles
of operation of these oscillators are outlined ; the
most efficient and widely used are the klystron and
the magnetron for which methods of modulation
are given. Reception and the application of wave-
guides are briefly discussed, and {uture u.h.f.
developments forecast. A selected bibliography of
33 items is given (p. 139).

621.396.1.029.6 : 523.2 233
Astronomical Radar.—Clarke. (See 106.)
621.396.4.029.60 234

336 Channels for V.H.F.—(Llectronics, Oct. 1940,
Vol. 19, No. 10, pp. 150, 154.) Brief description of
equipment shown to the Physical Society in 1946.
336 channels were frequency-controlled to 4-10 kc/s
during transmission and reception by only three
crystals, selection being made remotely by means
of numbered or lettered dials.

621.396.619.018.41 235

A Review of Wide Band Frequency Modulation
Technique.—C. E. Tibbs. (J. Brit. Instn Radio
Engrs, June/Sept. 1944, Vol. 4, No. 2, pp. 85-119.
Discussion, pp. 119-129.) The basic theory of
frequency modulation is first outlined and the form
of the frequency spectrum derived. The improve-
ment in signal/noise ratio resulting from the use
of frequency modulation is discussed and illustrated
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graphically, and the effects of increasing the {ire-
quency deviation, the use of pre-emphasis and the
suppression of a weaker signal by a stronger one are
explained.

1t is shown that selective fading during propaga-
tion of a {requency-modulated signal can lead to
serious distortion and that a system operating over
an ionospheric path would therefore be unsatis-
factory. Most frequency-modulated systems operate
in the v.h.f. band with a stacked dipole or * turn-
stile * transmitting aerial array and a simple dipole
receiving aerial.

Transmitter features peculiar to this form of
modulation are discussed, including the modulator
originally designed by Armstrong and one in-

corporating a reactance valve. Two types of
station monitor are described, with a signal
generator suitable for test work. The general

design of a suitable receiver is given, with details
of a typical limiter circuit, double tuned circuits,
phase difference discriminators, and a tuning
indicator.

A bibliography of 28 items is appended.

621.3906.619.16 + 621.390.01.029.04 236

Army No. 10 Set.—(Wireless World, Sept. 1946,
Vol. 52, No. 9, pp. 282-285.) Description of the
u.h.f. sender, a split-anode magnetron with the
segments arranged cylindrically about the cathode
as axis, the receiver and the aerial system. A
miniature triode is used as a local oscillator, with
a crystal as the first detector, in the superheterodyne
receiver. The aerial system comprises a waveguide
matching section connected to a flexible wave-
guide, with a reflector placed before its open end,
brought through the centre of a parabolic mirror.
For previous articles on this set see 470 and 2706
of 19406.

621.396.619.106

Pulse Terminology.—MW. A. Beatty: ' Cathode
Ray . (Wireless World, Sept. 1940, Vol. 52, No. g,
pp. 311-312.) Discussion of the proper terminology
for various types of pulse modulation, arising out
of 2006 of 1946 (' Cathode Ray ).

237

621.396.010.16 : 621.306.822 238
Noise and Pulse Modulation.—T. Roddam.
(Wireless World, Oct. 1946, Vol. 52, No. 10, pp.
327-329.) Pulse position modulation, with constant
amplitude pulses and a constant number of pulses
per second, would appear to give a noise-free
communication system, since reception depends
only on the position of the leading edge of each
pulse.  Considerations of bandwidth, however,
show that this is untrue, and a value for the ratio
of bandwidth to highest modulation frequency is
obtained for the signal-to-noise ratio to be an im-
provement over a.m. systems. Examples of
typical pulse systems show an improvement of
up to 30db. The effect of impulsive noise is also
considered. See also 20006 of 1946 (** Cathode
Ray ") for basic principles of pulse modulation.

621.396.610.16 : 621.396.97 239

Pulse Time Multiplex System tested at New York
Demonstration.—(Telegr. Teleph. Age, Oct. 1940,
Vol. 64, No. 10, pp. 15-18.) Outline description of
a system employing pulse-time modulation, with
notes on a recent demonstration in which eight
programmes of various types (ordinary broadcast,




January, 1947

 facsimile, teleprinter, recording of music, etc.)
were dealt with simultaneously.  The pulse repeti-
tion frequency for each chanuel is 24 ooo per scc.
A width of gkefs is available on cach channel for
modulation purposes; each channel may  carry
low definition information (such as high-speed
morse) on a number of sub-channels defined by
appropriate tone filters. The demonstration was
carried out at a frequency of 930 Mc s (peak power
;300 W), omnidirectional and  paraboloid (ype
perials being used respectively at the transmitter
’and the reeeiver. Seealso 3040 0f 1446 (Gricy).

]
H21.300.7 240
H.M.S. ““Boxer’.—G. M. Bennett. (II'ireless
1orld, Oct. 10460, Vol. 52, No. 10, pp. 324-320))
Fitted with equipment designed for fighter direction
over sea and shore, this British warship has six
high-power radar sets of various ranges  with
pssociated  interrogators and beacons. Other
nstallations include transmitters and  receivers
lor use in all frequency bands, direction-finding
squipment and a \W,;T homing beacon. Sets can
e operated without mutual interfercnce and data
we collated in a central control room.

5;21.390.82 1 021.390.1 241
J Interference Considerations affecting Channel-
frequency Assignments.—M. Reed & S. H. Moss,
j/’ Insti elect. Engrs, Part 111, Sept. 1946, Vol 93.
0. 25, pp. 355-301.) A study is made of the
Jmtual interference problems which arise when a
jumber of stations transmitting c.w. signals and
javing the same frequency tolerance share a given
requency band.  On  the assumption that the
ransmitters are grouped into a numbcr of channels
ioread over the frequency band, it is shown that,
1 a given receiver selectivity specified by its gate
idth, no practical advantage is gained by having
| spacing of the channel frequencies less than
3b0ut 75% of the nominal transmitter tolerance
andwidth, although (except over a limited region
‘hen the receiver gate is wider than the transmittor
plerance) a spacing equal to this bandwidth
f1ould not be exceeded. lor a given separation
get\veen channels it is demonstrated that, in
2neral, the interference falls with reduction of the
i:cei\‘er gatewidth.

331_396.97(4) 242
{ Broadcasting in Europe.—{ J. DBrit. Instn Radio
{ngrs, Jan./Feb. & March, Mav 1946, Vol o,
05. 1 & 2, pp. 33-40 & 41400 A summary of
;qcussions held by various sections of the Dritisk
ititution of Radio Engincers on a plan suggested
i/ the Radio Industry Coundil in July, 1443,
r a complete reallocation of broadcast frequencics
troughout Europe (see 3007 of 19.45).
21.3906.97(058) 243
3 Broadcasting * Year Book, 1946. ook
feview]—Broadcasting Publications Inc., Wash-
gton, 3580 pp. (Hireless World, Oct. 10946, Vol
i, No. 10, p. 332.) A reference book containing
-Je F.C.C. broadcasting regulations and dircctories
U.S., Canadian, and S. American stations.

i
i
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;8.652 162 244
fMagnetostriction in Industry Processes.— Sloanc.
ite 127.)
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0621520 245

Theory of Servo Systems, with particular reference
to Stabilization.—A. 1. Whitcley. (/. Justn elect.
Engrs, Part 11, Aug. 1940, Vol. a3, No. 34, pp-
353-307.  Discussion, pp. 3608-372.) Mcthods are
described  for achieving  stability in continuous-
control servo systams. Stability may be nmproved
by the insertion of passive networks at the input
end of the system to give approximations to de-
rivatives andjor integrals of crror which may he
used to modify the performance characteristics.
Ieedback methods may often be used similariy,
To assist calculations of constants of the added
stabilizing networks, standard forms, which have
been found to apply 1o widely ditfferent electrie
servos, are tabulated. .\ summary of this paper
was noted in 2013 of 1a406.

021-520 248

Dynamic Behavior and Design of Servomech-
anisms.—G. S Drown & A, C. Hall (Trans.
Amer. Noc. wech. Fugrs, July 1a40, Vol 08, No. 5
PP. 503-522.  Discussion, pp. 522- 524.)

021-520:021.313.28 247

A New Torque Motor.—A. . Adams & 1), Walaff,
(Flectraimic Tgng, Oct. rago, Vol 18, No. z24,
P. 308)  For servo applications.  The noymal
rotating armature is replared by gyratory mation
of a low-inertia armature so that starting  and
stopping are almost instantanesus.  The gyratory
motion is transformed into rotation m the autput
shaft by a single stage of planctary geanng.

021.31.4.03 248

Metal Rectifier Developments — Possible Applica-
tions of Titanium Dioxide.. H. K. Hemsch,
tfdectronic Fuvng, Oct. 1046, Vol 15, No. RAd),
bp. 313-315.5  The three man problems  are
(a} producing the vonducting matenal consistently,
() making the semwonductor as a thin Blm, aned
{c) the nature of the hest electrodes.

6G21.315.21.020.4/.67 1 5304 249

The Power Rating (Thermal) of Radio-Frequency
Cables.— . . Mildner. (] Tustn clect. Fonigrs, Part
I Sept. 1046, Vol w3, Now oo, poog14. Summary
of 3006 of 1046,

021,315,008, 250

Steel Tower Economics.~ I'. J. Ryle. (}. [»nitn
elect. Longrs, Part 10 Sept. pag0, VAl a3 No. 6o,
PP- 407 oo Summary of TEIL paper, See sl
3007 of 1040,

0O21.310.80 0 546,281 20 251
Silicon Carbide Non-Ohmic Resistors.— Ashwiorth,
Necedham & Sillars, (Sev 1471

021.317.755 252
A New Oscilloscope with D.C. Amplification.--
J. Ho Reyner & V. R Milsom. (Electronge Lngng,
Oct. 1040, Vol 18, No_ 224, pp. 207- 200} .\ general
purpose instrument designed so that {a) all fre.
quencies from zerg to the megacycle region can be
handled, () the image is sharply defined and com-
pletely steady, (o) instantancous positioning at any
part of the sereen is provided, (d) any part of the
trace can be expanded, (e) the various controls
arc independent, and {1) performance is connistent,
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and the instrument has long life. Methods of
achieving these objectives are explained.

621.318.323.2.042.15 253
Permeability of Iron-Dust Cores.—G. W. O. H.:
Lamson : Burgess. (See 35.)

621.318.4.017.31 : 621.316.974 254
Power Loss in Electromagnetic Screens.— David-
son, Looser & Simmonds. (See 33.)

621.304.652 1 621.394.141 255

A Deluxe Electronic Key.—W. R. De Hart.
(QST, Sept. 1946, Vol. 30, No. 9, pp. 17-23.) An
electronic circuit for automatic keying and monitor-
ing purposes. The apparatus consists of two units :
(a) a multivibrator which gives an output of dots
or dashes depending on the position of an operating
key ; (b) A keying amplifier, monitoring oscillator
and loudspeaker. The system has the advantage
that no mechanical device is included.

621.396.6I5.17 256

Laboratory Pulse Generator with Variable Time
Delay.—D. R. Scheuch & F. P. Cowan. ([tev.
sci. Instrum., June 1946, Vol. 17, No. 6, pp. 223~
'226.) A biased multivibrator (‘flip-flop’) can be
adjusted so that the output pulse occurs at any
desired interval between 2pus and 8s0ps after
the input. Output pulse width is adjustable
between T us and 40 us. Input signals of arbitrary
waveform may be used at {frequencies up to
100 kefs. At 1o ke/s the minimum sine-wave input
signal to operate the instrument is 0.2 V. The
delayed pulse is delivered at low impedance with
maximum amplitude 150 V. Block and circuit
diagrams are given and fully explained.

621.396.68 : 621.397.5 257

30 kV Power Supply.—H. C. Baumann. (Elec-
tronic Industr., Oct. 1946, Vol. 5, No. 10, pp. 77-78.)
Details of a voltage trebler circuit giving 100 pA
at 30 kV. It has a push-pull oscillator at 300 kcls
with a 350-V plate supply, and a r.f. transformer
with separate secondaries for the high voltage and
the rectifier filaments.

621.396.681 258
A Simple Battery Operated High Voltage Supply.—
L. E. Williams. (Rev. sci. Instrun., Aug. 1046, Vol.
17, No. 8, pp. 296-297.) The audio frequency from
a Dblocking oscillator is transformed to a high
voltage and is rectified by a diode to give an output
of more than 1000 V at 100 pA. The battery supply
is go V at about 15 mA and a variable resistance in
series with this battery adjusts the voltage output.
(Appears similar to 3539 of 1940 [Burgess].)

TELEVISION AND PHOTOTELEGRAPHY.

535.241.4 259
¢ Foot-Lambert *> Unit of Picture Brightness.—
(See 67.) 2

621.385.832.032.2 260
Magnetic Focusing and Deflection.—Rawcliffe &
Dressel. {See 303.)

621.385.832.032.2 .261
Comparison of Electrostatic and Electromagnetic
Deflection in Cathode-Ray Tubes.—{See 304.)

621.397.20 262

Electronic Newspaper.—(Gen. elect. HKev., Sept.
1946, Vol. 49, No. 9,- pp. 49-50.) In a trial next
year, four 94 inch by 12 inch pages of text or photo-
graphs will be relayed by f.m. broadcasting stations
to facsimile receivers during transmissions lasting
15 minutes. See also 3444 of 1946.

621.397.26 263

Method of Transmitting Sound on the Vision
Carrier of a Television System.—D. I. Lawson,
A. V. Lord & S. R. Kharbanda. {J. Televis. Soc.,

June 1946, Vol. 4, No. 10, pp. 239-250.) See 300TI
of 1946 and back references.
621.397.26 264

A Method of Transmitting Sound on the Vision
Carrier of a Television System.—D. I. Lawson,
A. V. Lord & S. R. Kharbanda. (]. Insin elect.
Engrs, Part I, Sept. 1046, Vol. 93, No. 69, pp.

415-416.) Summary of 3091 of 1940.
621.397.4 : 621.394.64.029.04 265
Facsimile over 4 000-Mc/s Relay System.—

(Electronics, Oct. 1046, Vol. 19, No. 10, pPp. 146,
150.) An experimental two-way radio relay system,
with repeater stations, has been used for trans-
mitting various types of intelligence including
facsimile transmission of text and photographs
using a 4.8 ke/s bandwidth.
621.397.5 266

System Standards.—(Electronic  Industy., Oct.
1946, Vol. 5, No. 10, pp. 72-73.) Reference data
and standards currently in use for the information
and guidance of television design engineers.

621.397.5 : 621.317.2 267

A Television Pattern Test Generator.—F. A.
Inskip. (/. Televis. Soc., June 1946, Vol. 4, No. 10,
pp. 255-250. Discussion, p. 257.) The unit is
portable and is modulated to give a simple pattern
on ac.r. tube screen. The tuning range is 30-60 Mcfs
with calibration points at 45 and 41.5Mc/s so
that the sound section of the receiver can also be
checked. A circuit diagram is given, and the
procedure for testing receivers and sound explained.

621.397.5 1 621.317.2 268

TV [television] Test Equipment.—P. H. Hunter.
(Electvonic Industr., Oct. 19406, Vol. 5, No. 10,
pp. 49-51..108.) There is a particularly urgent
demand for a . synthetic video patterd
generator capable of producing various types of

‘

test patterns on television receiver screens for the !

evaluation of their over-all performance . Design

trends are discussed, and existing equipment |

reviewed.

621.397.5: 621.390.677 269
Rhombic Antennas for Television.—Minter. §

(See 20.) {

621.307.5(44) &0 |
Television in France.—(J. Televis. Soc., March |

1946, Vol. 4, No. 9, pp. 224-225.) An abstract |
of a report by the Combined Intelligence Objectives |
Sub-Committee, which describes visits to the {“
Compagnie des Compteurs, Montrouge, and to the !
studios of the R.DF. At the former a 400-liné ¢
projection on a screen 6 ft by 4 ft was seen, the |
quality being comparable with that from Alexandra |
Palace. Iconoscopes were employed for all cameras: |
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Jowing to the shortage of mica the mosaic was
‘deposited on oxidized aluminium sheet. Demon-
strations of both a 1050- and a 450-line system
‘were seen, the increase in entertainment value
with the 1050-line system being most marked.
Electrostatic lenses were used in all the - icono-
scopes, but magnetic lenses were used in the pro-
jection tubes.

The transmitter in the Eiffel Tower belonging
to ‘ R.D.F.” was damaged by the Germans before
jthey left, and will probably not be in operation for
two years— ‘ R.D.F.” has a large television studio
built to the order of the Germans and in which all
jthe equipment is German and made by Fernseh
A.G. Demonstrations of film transmission with a
441-line interlaced system gave very good definition
and a quality comparable with film transmission
k{l‘om Alexandra Palace. Three additional studios
:‘Evere under construction. See also 2741 and 1105

pf 1946.

21.397.621 271
, Line Scanning Systems for Television.—A. M.
Spooner & E. E. Shelton. (Electronic Engng, Oct.
1946, Vol. 18, No. 224, pp. 302-307.) Kormulae
ire derived for the time-base wattage of electro-
static and eclectromagnetic deflecting systems. A
| figure of merit’ is obtained for deflecting coils,
ind its experimental measurement considered.
The importance of each variable involved, such as
llumination, anode voltage, beam current, and tube
thape, is considered, and the relative merits of
-arious scanning coils deduced.

121.397.621 : 621.397.645 272
Electromagnetic Frame Scanning.—W. T. Cocking.
Wayeless 1World, Sept. 1946, Vol. 52, No. 9, pp.
189—291.) A linear frame-scan can be obtained
conomically only by compensating for the non-
nearity of the coupling to the scan coils by the
ralve curvature. See also 3086 of 1946 (Cocking).

121.397.645 273
Video Amplifier H.F. Response ; Parts 1 & 2.—
See 61 & 62.)

121.397.823 274
. The Noise Suppressor in the V114 [television set],
i-H. A. Fairhurst. (Murphy News, Oct. 1946,
‘ol. 21, No. 10, pp. 244-246.) Suppression for
oise pulses shorter than the periodic time of the
ighest audio frequency is obtained by a series
siode in which a backing potential is derived from
he audio signal through a circuit of time constant
'ss than that corresponding to the maximum audio
yequency but greater than the noise pulse duration.

¥ TRANSMISSION

21,396.13 : 621.304.65 275
’g Frequency Shift Keying Techniques.—C. Buff.
%?adio, N.Y., Aug. 1946, Vol. 30, No. 8, pp. 14 . .
.) The change in bias of a reactance tube, con-
peted across the tuned circuit of a 200 kc/s
icillator, produces the desired frequency shift.
Jhe gain in signal-to-noise ratio is experimentally
timated as 11 to zodb better than for on-off
rying. Circuit and design data are included.
€ also 2306 of 1946 (Peterson ef al.).

21.306.61 276
A Medium-Power Bandswitching Transmitter.—
M. Smith. (QST, Oct. 1946, Vol. 30, No. 10,
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PP. 13-21..7108.) A crystal oscillator, arranged for
five alternative crystals, is connected directly to a
type 807 amplifier on the 80- and 40-metre amateur
bands or through a type 6N7 frequency multiplier
into the 807 amplifier on the 20- and To-metre
bands. The final amplifier uses a type 4-125A
beam tetrode with an input of 375 W for c.w. or
270 W for telephonic operation.

621.396.619.018.41 : 621.385.5 77

Phasitron F.M. Transmitter.—F. M. Bailey &
H. P. Thomas. (Electronics, Oct. 1946, Vol. 19,
No. 10, pp. 108-112.) Describes in detail the mode
of operation of the phasitron (see also 1405 and 2767
of 1946) and its application to a 250-W transmitter
covering the frequency range 88-108 Mc/s. The
Phasitron output frequency is multiplied by 432 to
give carrierfrequency. Inductive tuning is employed
in the output tank circuit of the transmitter, the
entire frequency range being covered without
changing coils or taps.

VALVES AND THERMIONICS

519.2 278

The Resultant of a Large Number of Events of
Random Phase.—C. Domb. (Proc. Camb. phil.
Soc., Oct. 1946, Vol. 42, Part 3, PP. 245-249.)
“ Rayleigh’s method of deducing the probability
distribution of the amplitude of the sum of #
equal vibrations of random phase is generalized
to the case when the amplitude of each vibration is a
definite function of its phase. The same method is

.applied to the shot effect and it enables the distri-

bution of random noise to be obtained. Campbell’s
theorem and its generalizations can then be deduced
from this.” :

537-291 279
Influence of Space Charge on the Bunching of
Electron Beams.—Brillouin. (See 75.)

537.533.8: 621.385.1.032.216 280

Dissociation Energies of Surface Films of Various
Oxides as determined by Emission Measurements
of Oxide Coated Cathodes.—H. Jacobs. (Phys. Rev.,
Ist/I5th June 1946, Vol. 69, Nos. 11/12, pp. 692-693.)
Summary of Amer. Phys. Soc. paper.

537.533.8:621.385.1.032.216 281

Enhanced Thermionic Emission from Oxide
Cathodes.—]. B. Johnson. (Phys. Rev., Ist/15th
June 1946, Vol. 69, Nos. 11/12, p. 702.) After
bombardment by a short pulse of electrons, the
thermionic activity of a cathode in the tempera-
ture range for emission can remain abnormally
high for many microseconds.  Summary of Amer.
Phys. Soc. paper.

537.533.8:621.385.1.032.216 282

Secondary Emission of Thermionic Oxide Cathodes.
—J. B. Johnson. (Phys. Rev., 15t/15th June 1940,
Vol. 69, Nos. 11/12, p. 693.) The number, §, of
secondary electrons emitled per primary, rises

‘with primary energy from 1 at about 30eV to a

maximum of 4-10 at I zo00-1500eV. When cold
the oxide has a higher § but acquires a surface
charge which limits the escape of secondaries.
8 decreases with increased temperature and the
reported exponential increase with temperature
(see 1925 0f 1939, Morgulis & Nagorsky) is attributed
to a temporary increase in thermionic activity.
Summary of Amer. Phys. Soc. paper.




A.22

WIRELESS

January, 1947

ENGINEER

537.533.8 1 621.385.1.032.216 283

The Poisoning of Oxide Cathodes by Gold.—].
Rothstein.  (Phys. Iev., 1st{i5th June 1940,
vVol. 69, Nos. 11/12, p. 003.) The experimental
technique is described. It is concluded that ‘* Au
readily migrates (diffuses) over (BaSrCa)O and NI,
that Au inhibits emission, and that suitable thermal
gradients can alter Au concentration and restore
emission. It seems likely that Au exerts its maxi-
muin inhibiting effect when present at the outer
surface of the oxide.” Summary of Amer. Phys.
Soc. paper.

537.533.8 : 621.385.1.032.210 284
Dissociation Energies of Surface Films of Various
Oxides as determined by Emission Measurements
of Oxide Coated Cathodes.—H. Jacobs. (]. appl.
Phys., July 1936, Vol. 17, No. 7, pp. 590-0603.)
When an electron achieves a critical kinctic energy
in moving from cathode to an oxide-coated anode, a
dissociation of the oxide results. Liberated oxygen
returning to the cathode reduces emission. This
critical energy was found to be equivalent to the
heats of formation of the oxides bombarded.

621.314.632 285

Small Deviations from Diode Behavior in Crystal
Rectification.—K. F. Herzfeld. (Phys. Rev., 1st/15th
June 1946, Vol. 69, Nos. 11/12, p. 683.) Assuming
that the mean free path of the electrons in the
blocking layer is large, but not infinite, compared
with the thickness of the layer, it is found that the
dependence of current on voltage is slightly less
than in the pure diode theory. Summary of Amer.
Phys. Soc. paper.
621.3260{.1 + .3/.4]1:621.392.5 286

621.316.722.078.3

The Characteristics of Lamps as applied to the
Non-Linear Bridge, used as the Indicator in Voltage
Stabilizers.—Patchett. (See 45.)

621.384.5.08 287
. The Properties of Glow Tubes and Their Applica-
tions for Measurement Purposes.—Glaser. (See 191.)

621.38.216 288
A High Power Rising Sun Magnetron.——A.
Ashkin.  (Phvs. Rev., 1st/15th June 1940, Vol. 09,

Nos. 11/12, p. 701.) A mode separation of a rising
sun magnetron is independent of anode length.
Tubes with long anodes have been constructed to
give a peak power of 1 MW for A 3 ¢m with output
efficiency of about 45°%. Summary of Amer. Phys.
Soc. paper. ’

621.385.10 289

“Crown of Thorns’’ Tuning of Magnetrons.—
S. Sonkin. (Phvs. Rev., 1st/i3th June 1046,
Vol. 69, Nos. 11/12, p. 701.) Description of a
mechanically tunable vane-type magnetron for
which linear tuning up to 109 was obtained. The
causes and elimination of variations in power output
with wavelength are discussed. Summary of Amer.
Phys. Soc. paper. i

621.385.160 290

Space-Charge Frequency Dependence of a Mag-
netron Cavity.—M. DThillips & W. E. Lamb, Jr.
(Phvs. Rev., 1st/15th June 1946, Vol. 69, Nos. 11/12,
p. 701.) A correction to the resonant frequency
due to a thin layer of space charge surrounding the
cathode is given “ by a resonance type formula

about the cyclotron frequency eB/2am . A small
amplitude theory is used based on a single stream
steady state, and is limited to low level oscillations.
Summary of Amer. Phys. Soc. paper.

621.385.16 291
Energy Build-Up in Magnetrons.—L. P>. Hunter.
(Phys. Rev., 1st{isth June 1946, Vol. 69, Nos.
11/12, p. 700.) Analysis of the law of build-up
and its dependence on load, initial noise level and
cavity Q. Summary of Amer. Phys. Soc. paper.

621.385.10 292

One Centimeter Rising Sun Magnetrons with
96 and 38 Cavities.—A. V. Hollenberg, S. Millman
& N. Kroll. (Phvs. Rev., 1st/i5th June 19406,
Vol. 69, Nos. 1112, p. 701.) Summary of Amer,
Phys. Soc. paper.

611.385.16:621.390.015.14.029.()3/.04 293

The Magnetron as a Generator of Centimeter
Waves : Parts 1 & 2.—J. B. Fisk. H. D. Hagstrum
& P. L. Hartman. (Bell Syst. tech. J., April 1946,
Vol. 25, No. 2, pp. 1672603 & 204-348.) In Part1
the fundamentals of the magnetron are discussed.
A general picture is given of the nature of the
electronic mechanism, and of the role played by
the r.i. circuit and load. The second part gives a
description of tests on a British 10-cm, 10-kW,
8-resonator magnetron which led to the develop-
ment of radar magnetrons for A 20 to 45cm with
peak power up to 700 kW ; the introduction of
strapping improved efficiency greatly at the higher
powers. Tunable magnetrons were first investi-
gated at this wavelength, but later also for A 3cm,
Variations of the British design resulted in a series
of magnetrons with powers up to 1 MW for A 10 cm.
Then came magnetrons with A 3 cm for airborne and
marine applications, while finally for A Icm the
3] 21 ‘rising sun ' magnetron was developed.

Details of design, production problems, and
general performance of all these magnetrons are
given, together with a short account of work on
cathode design.

621.385.16.029.63 294

New Magnetron Designs for Continuous Operation
in the Decimeter Wave Range.—D. A. Wilbur.
(Phys. Rev., 1st/15th July 19406, Vol. 70, Nos. 1/2,
p. 118.) Two devices to eliminate cathode back
heating from high-frequency operation of the split-
anode magnetron are described, in which multi-gap
operation is attained together with an easily tunable
external tank circuit. (1) Only two segments of
the multi-gap are used, the remainder being replaced
by a single electrode maintained at zero r.f. potential.
(z) A multiplicity of electrodes is used mounted
internallv on a conducting helix.

Abstract of an Amer. Phys. Soc. paper.

621.385.16.032.21.029.63 295

A 10-Kilowatt Magnetron with Water-Cooled
Cathode.—R. V. Langmuir & R. B. Nelson. (Phys.
Rev., 1st/15th July 1946, Vol. 70, Nos. 1/2, p. 118))
A simple split-anode magnetron delivering oVver
10 kW c.w. at 60% efficiency and tuning from 560
to 625 Mc/s was developed for radar jamming.
The efficiency is comparable with that of multiple-
anode types. The cathode operates by secondary
emission, and is water-cooled ; the best secondary-
emission surface found was made of a magnesium
allov.

Abstract of an Amer. Phys. Soc. paper.
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§621,385,16.032,22 296  crossover forming electrode : to a close approxima-
» Development of the Rising Sun Magnetron Anode tion, in any system where the space charge is

Structure.—S. Millman & A. Nordsieck. (Phys.
fRev., 1st{isth June 1946, Vol. 69, Nos. 11/12,
p. 701.) With very short waves the mode separation
'of magnetrons by strapping becomes difficult and
ixpensive. An alternative method is to make the
resonator cavities alternately large and small with
iresonant wavelength ratio between 1.5 and 2.5.
[The mode spectrum, and the advantages and
yimitations of these magnetrons are discussed.

v

summary of Amer. Phys. Soc. paper.

‘121,385.16033.22 297
{ Theory of the Rising Sun Magnetron Anode.—
. Kroll & \W. E. Lamb, Jr. (Phis. Rer., 1st/15th
une 1946, Vol. 69, Nos. r11/12, p. 70or.) The
nethod is analogous to that of Clogston for a
ymmetric anode. DMaxwell’s equations can be
tolved for both the cathode-anode space and the
pide resonators for a specified boundary tangential
tlectric field. Resonance is determined by the
;ontinuity of the average magnetic field at the
iunctions, The method may be extended to other
Jtructures. Summary of Amer. Phys. Soc. paper.

121.385.18.029.64 1 537.5 298
Conductivity of Electrons in a Gas at Microwave
requencies.—Margenau. (See 76.)

21.385.831.012.8 299
i Equivalent Noise Representation of Multi-Grid
unplifier Tubes.—Twiss & Schremp. (See 37.)

21.385.832 + 621.397.331.2 300
Simplification of Cathode Ray Tube Design by
e Application of the Theory of Similitude.—
ii. Moss. (J. Televis. Soc., March 1946, Vol. g4,
0. 9, pp. 206-219. Discussion, p. 228.) A discus-
on of ““the application of the general theories
{' scale, dimensional homogeneity, and energy
onservation to cathode-ray tube designing. From
jrese simple bases it is shown that many important
@ductions can be drawn about the general form
shich the tube geometry should assume.”

J The following four rules form the basis of the
‘elaxation’ methods of cathode-ray-tube design.
ae first three are quite rigorous within their
niting postulates. The fourth has some theoretical
stification, but the main support is experimental.
i (1) Principle of voltage similitude: in any
jectron optical system, in which space charge is
peligible, and in which the electrons start from
4st, the electron trajectory is unaltered by multi-
jication of all electrode potentials by a constant
ictor k. The transit time between any two fixed
bints in the system varies as 1/47k.

.(2) Principle of geometrical similitude: in any
ectron optical system in which the total current
%w is constant, the shape of the field and of the
sctron trajectory is unaltered by multiplication of
¢ size of all the bounding electrodes by a constant
tor k. The transit time between corresponding
ints in the two systems is proportional to &.

(3) Spot size/crossover size relationship : if the
pssover and spot are formed in regions of the same
tential, then spot size = crossover size x geo-
etrical magnification (M). More generally, if 17
the crossover potential, and V4 the spot potential,
BN spot size = crossover size » M x V' ViIN V.
{4) Dependence of crossover size on voltage on

negligible, the crossover diameter is inversely. pro-
portional to the square root of the potential on the
crossover-forming electrode.

Proofs of these principles are given, and they are
applied to some specific problems including the
design of projection tubes.

021.385.832 1 535.371.07 301
Long Persisience C.R. Tube Screens.— Feldt,
(See 123.)

621.385.832 : 621.396.9 302

Skiatron.—( Electronics, Oct. 1946, Vol. 19, No. 10,
Pp. 216..220.) A short account of a lecture by
P. G. R. King at the I.E.IZ. Radiolocation Conven-
tion, already noted in 2404 of 1946.

021.385.832.032.2 : 303

Magnetic Focusicg and Deflection.—D. Raw-
cliffe & R. W. Dressel. (Electronic Industy., Oct.
1940, Vol. 5, No. 10, pp. 52-50..111.) Magnets have
the advantages of light weight and stability with
respect to temperature, but generally give a focus
inferior to that obtained with coils.” Air-core and
iron-core deflection coils are designcd to overcome
the distortion in a display pattern due to the curva-
ture of the tube screen, non-uniformity of the mag-
netic field and inductive and capacitive coupling
between the various points of the coils.

021.385.832.032.2 304

Comparison of Electrostatic and Electromagnetic
Deflection in Cathode-Ray Tubes.—(/. Insin elect.
FEngrs, Part 111, Sept. 1946, Vol. 93, No. 23, p. 304.)
Summary of I.LE.E. Radio Section discussion lcd
by E. W. Bull and V. A. Stanley. It was pointed
out that defocusing with beam deflexion was
greater with electrostatic deflexion because. the
electron beam underwent energy changes in ihe
deflecting field. Electrostatic tubes suffered from
trapezium distortion. The effects of gaseous ions
were less with electrostatic deflexion. Less energy
was required to scan an electrostatic 1ube.

The use of mixed magnetic and electrostatic
deflection, the difficultics of aligning deflexion and
focusing coils when replacing magnetic tubes and
the question of deflexion metheds for oscillograph
purposes were also discussed. IFor another account
sce J. Televis. Soc., June 1946, Vol. 4, No. 10,
p. 204.

621.300.622 1 621.396.619.018.41 395
Single-Stage F. M. Detector.—DBradley. (See
227.)

021.385 (02) 308
Inside the Vacuum Tube. [Book Review)—
J. . Rider. J. F. Rider Publisher Inc., New
York, 84.50. (Proc. Instn IRadio Iingrs, A ust.,
Sept. 1946, Vol. 7, No. g, p. 37.) '“ The aim in his
rthe author’s] numerous well-known works has been
to cover one subject at a time, dealing mainly with
fundamentals and starting from ground level."

MISCELLANEQUS
001.891 307
Research Problems of the Smaller Firm.—
(Electrician, 25th Oct. 1946, Vol. 137, No. 3569,
p. 1140.) Brief summary of address by Sir Iidward
Appleton, 0
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002 : 001,81 308 Verbatim account of a lecture in which the advan-

The Preparation of Technical Papers.—W. E.
Clegg. (J. Instn Engrs Aust., June 1946, Vol. 18,
No. 6, pp. 135-139.) Paper presented before the

Juniors’ and Students’ Section of Newcastle
division. A bibliography of 11 items is given.
061.6 309

The National Physical Laboratory at Teddington.—
(Nature, Lond., 14th Sept. 1946, Vol. 158, No. 4011,
pp. 361-363.) A review of its work as seen on the
first post-war open day.

614.825 310

Dangerous Electric Currents.—C. F. Dalziel.
(Trans. Amey. Inst. elect. Engrs, Aug.[Sept. 1946,
Vol. 65, Nos. 8/9, pp. 579—584.) A general account
of the physiological effects, and the factors deter-
mining their magnitude, of the passage of electric
currents through the body. Illustrative results of
particular tests applied to certain animals and to
man are included.

620.197 (213) : 621.396.06.045 311
Tropicalizing [transformers and chokes],—Scarff.
(See 133.)

620.197 (213) : 621.314.045 312
Impregnated Windings [for ** tropicalizing " trans-

formers),—Williams : Burkett. (See 134.)

621.3(091) : 51 313

Notable Electrotechnical Forecasts.—C. Grover.
(Distvib. Llect., Oct. 1946, Vol. 19, No. 164, pp.
180-182.) An historical review of the contribution
of mathematics to the development of electrical
theory and forecasting of phenomena.

021.39 :371.3] + 021.315.6 314
L.E.E. Radio Section Address : Part 1 — Training

Courses; Part 2 — Dielectric Developments.—W'.
Jackson. ([Llect. Rev., Lond., 18th Oct. 1946,
Vol. 139, No. 3595, p. 609 ; ILlectrician, 18th Oct.
1940, Vol. 137, No. 3568, pp. 1065-1006.) Summa-
ries of Chairman’s inaugural address.

621.317 315

The History and Development of the British
Scientific Instrument Industry.—S. 1. Barron.
(Beama J., Sept. 1946, Vol. 53, No. 111, pp. 325-
328.) Abridged version of a lecture delivered at the
Stockholm Exhibition of British Scientific Instru-
ments, 1940.

621.317.785 316

Trends in Measurements.—I.. J. Matthews. ([Zlect.
Tumes, 315t Oct. 1946, Vol. 110, No. 2871, p. 003.)
Summary of inaugural address of the Chairman to
the I.E.E. Measurements Section dealing par-
ticularly with recent deveclopments in consumers’
a.c. meters.

621.327.43 : 628.971.6 317
Dimming Fluorescent Lighting.—H. A. Miller.

(Elect. Rev., Lond., 20th Sept. 1940, Vol. 139,
No. 3591, pp. 457—458.) The possible circuits
discussed are (a) series resistance, (b) wvariable-
voltage auto-transformer, (¢) saturable reactor

control, (d) thyratron control. Diagrams are given
for each.

621.38.001.8 318
Electronics — Servant or Fad P—P. G. Weiller.
(Instruments, Jan. 1946, Vol. 19, No. 1, pp. 2-8.)

tages and disadvantages of electronic control and
measuring devices for industrial applications are
discussed. It is stressed that very careful prior
consideration is necessary to decide whether such
a device is likely to provide a practicable and
economic solution to the problem in hand. Several
instructive examples are described.

621.390 : 371.3 319

Aids to [radio] Training.-—M. G. Scroggie. (IViye-
less World, Sept. 1940, Vol. 52, No. 9, pp. 303-304.)
A review of an exhibition ot equipment used in the
teaching and training of R.A.I'. personnel in the
operation and maintenance of radio and radar
apparatus.

654.19(41) 320

Broadcasting in Great Britain.—(Nature, Lond.,
31st Aug. 1946, Vol. 158, No. 4009, pp. 314-315.)
Abstract of the White Paper on Broadcasting
policy which justifies the renewal of the B.B.C's
Royal Charter for 5 years from 1st January, 1947,

530.145(02) 321

Philosophic Foundations of Quantum Mechanjes.
[Book Revriew] —H. Reichenbach. University of
California Press, Berkeley & Los Angeles:
Cambridge University Piess, London, 1944, 182 pp,,
$3. (Nature, Lond., 14th Scpt. 1046, Vol. 158,
No. 4011, pp. 356-357.)

621.3(031) 322
Whittaker’s Electrical Engineer’s Pocket Book.

[Book Review]— R. E. Neale (Ed.). Pitman,
London, 7th edn 1946, 938 pp., 30s. ([ilectrician,
12th July 1946, Vol. 137, No. 3554, p. 100;

Wirveless World, Oct. 1946, Vol. 52, No. 10, p. 332.)
New edition, almost completely rewritten to bring
it into line with modern practice.

621.394/.395](021) 323

A Handbook of Telecommunication (Telephony &
Telegraphy over Wires). [Book Review] —1I3. Cohen,
Pitman, London, 437 pp., 30s. (Llect. Rev., Lond.,

25th Oct. 1946, Vol. 139, No. 3596, p. 652.)

621.396(075) 324

An Experimental Course in the Fundamental
Principles of Radio. [Book Review]—R. H.
Humphrey. Pitman, London, 194 pp., 12s. 6d.
(Electronic Engng, Sept. 1946, Vol. 18, No. 223, p.
292.)

621.396(075) 325

Radio Communications. [Book Review] —W. T.
Perkins & R. W. Barton. George Newnes, London,
312 pp., 12s. 6d. (Llect. Rev., Lond., 23rd Aug. 1940,
Vol. 139, No. 3587, p. 296, Wireless World, Sept.
1946, Vol. 52, No. 9, p. 307.) . primarily a

manual of the ‘question and answer’ type
intended for students....”
621.396.3(075) 326

Handbook of Technical Instruction for Wireless
Telegraphists. [Book Review]—H. M. Dowsett &
L. E. Q. Walker. Iliffe & Sons, London, 8th edn,
6060 pp., 30s. (FElectronic Engng, Sept. 1946, Vol. 18,
No. 223, pp. 292-293.) ““. . . It is an essential require-
ment for passing the P.M.G. Certificate and can be
confidently recommended to all prospective wireless
telegraphists.”
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